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parents [ 15]. These programs suggest the need to explore the types
of psychosocial support that might be provided in Japan.

There are several limitations to this study. First, we used figures
obtained at the NCCH to make national inferences using PBCR
cancer incidence data from patients in the same strata of age,
gender, and cancer type. Therefore, if the number of the children
within the same stratum in our study is different from that of the
entire cancer patient population in japan, our estimates may be
biased. Another limitation arises from the use of PBCR data, which
does not have a mandatory reporting system and does not capture
all incidences of cancer in Japan. This may have resulted in an
underestimation of our findings. Lastly, we did not include data
from cancer patients who were very young or very old. However,
we obtained similar results to those of a study in Norway that used
cancer registry and national birth cohort data of cancer patients
between 17 and 70 years of age. They report that annual incidence
of parental cancer for children under 18 years of age was 0.3%.
Future studies should include data from various hospitals so that a
more representative estimate is obtained.

5. Conclusion

To our knowledge, this is the first study to estimate the
nationwide incidence of cancer among patients who have minor
children in Japan. Our finding showed that a substantial number of
children are likely to be experiencing the hardships of having their
parents diagnosed with cancer. Greater attention should be paid to
these children by both service-providers and policy-makers. The
cancer parent also faces the added burden of child-rearing whlle
undergoing cancer treatment. More research on the

841

Critical revision of the article: 1. Inoue, Higashi, lwamoto,
Heiney, Tamaki, Osawa, M. Inoue, Shiraishi, Koijima, Matoba.

Final approval of the article: ). Inoue, Higashi, lwamoto,
Heiney, Tamaki, Osawa, M. Inoue, Shiraishi, Kojima, Matoba.

Statistical analysis: . Inoue, Higashi, Iwamoto.

Obtained funding: Tamaki, Osawa, M. Inoue, Shiraishi, Kojima,
Matoba.

Overall responsibility: 1. Inoue, Higashi, lwamoto, Heiney,
Tamaki, Osawa, M. Inoue, Shiraishi, Kojima, Matoba.

Acknowledgement

This research was supported by a grant from the Ministry of
Education, Culture, Sports, Science and Technology of Japan (JSPS
25282227).
References

of life failawing &

G estat edtatToplartal do, 2009 (ac:esscd ‘August 2015,
mcer Control and Information Services, National Cancer Cener
sed

2014).
5} Lifetime Risk (Percent) of Being Dmmcsed with Cancer by Site and Race/
Ethnicity: Males, 18 SEER Are 1 (Table 116) and Females, 18 SEER
Aveas, 2003--011 (T3ble 117). 675_2011/

esime, it laccessed Augusz 2015),

and socioeconomic characteristics of these patients will be helpful
in understanding the needs of the patients and in planning
effective support programs for both cancer patients and their
children.
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Abstract

It has been reported that pain relief for patients with cancer is suboptimal in Japan. This has been mainly attributed to inadequate
dissemination of the World Health Organization (WHO) guidelines for cancer pain management. To better understand this
problem, we reviewed how 6 hospital palliative care teams (HPCTs) used the WHO guidelines for unrelieved pain in a |-year
audit that included 534 patients. The HPCT interventions were classified according to the contents of the WHO guidelines.
In our study, HPCT interventions involved opioid prescriptions in >80% of referred patients, and “For the individual” and
“Attention to Detail” were the 2 most important principles. Qur study indicates which parts of the WHO guidelines should

be most heavily emphasized, when disseminating them in Japan.
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Introduction

Unrelieved pain is a common fear among patients with can-
cer.' To address this issue, the World Health Organization
(WHO) published guidelines for cancer pain relief in adults
in 1986. One year later, the document was translated into Japa-
nese by Fumikazu Takeda. The guidelines have been widely
implemented in Western countries.”> However, in 1999 and
2004, nationwide surveys in Japan® revealed that the majority

of the WHO guidelines are not being used by nonpalliative
care physicians when managing cancer pain in Japanese acute
care hospitals.

The initial aim of the current study was to examine the parts
of the WHO ines that the
left unused but which were used by HPCTs that were well
acquainted with the guidelines. We used an original protocol

of Japanese care pl were iliar with
the WHO guidelines. In 2002, the Ministry of Health, Labour,
and Welfare introduced insurance coverage of palliative care
services that are provided by certified hospltal palliative care
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teams (HPCTs).” In 2009, for cancer
pain management with strong opioids, in accordance with the
‘WHO guidelines, was approved. Despite these efforts, medical
opioid consumption, a potential indicator of nationwide cancer
pain treatment adequa::y,R has not increased in Japan. In fact,
in one study Japan had one of the lowest medical opioid con-
sumption rates among the Group of Seven countries exam-
ined.’ This may indicate that many Japanese patients have
cancer pain because of inappropriate pain management. To
improve this situation, it is important to determine which parts.
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that we derived from the WHO guideli Using a

to the symbols and checklist items with the

sheet based on our protocol, we retrospectively reviewed the
medical records of inpatients having cancer with pain who
were referred to HPCTS, to learn which parts of the protocol
corresponded with HPCT interventions, the frequency of inter-
ventions, and which interventions were prioritized by the
HPCTs. We also evaluated the ability of HPCTs to relieve can-
cer pain using a patient-rating scale.

Materials and Methods
Design and Setting

This study was a multicenter, retrospective, 1-year review con-
ducted in the 6 designated cancer care hospitals in Japan. These
include the National Cancer Center Hospital (600 beds), Hok-
kaido University Hospital (946 beds), Chukyo Hospital (668
beds), Nagasaki Municipal Hospital (414 beds), Akita City
Hospital (458 beds), and Ofunato Prefectural Hospital (489
beds). While none of these hospitals had dedicated palliative
care units at the time of the study, they all had HPCTs knowl-
edgeable in implementing the WHO guidelines. Based on the
referring physicians’ requests, the HPCTs followed patients
every day and prescribed medications for symptom relief on
their own.”

Patients

All inpatients initially referred to each HPCT for pain relief
between January and December of 2009 were considered for
inclusion in the analysis. Patients were excluded if they were
under 13 years of age, died on the same day as the first HPCT
visit, or were unable to confirm pain symptoms due to con-
sciousness disturbance (eg, severe delirium) at the time of
referral.

Data Collection Algorithm

Based on the WHO pain relief guidelines'® and additional
related publications,!'™'* we created a checklist algorithm to
assist nonpalliative care physicians and inexperienced HPCTs.
The algorithm contains 6 decision points and 4 checklists
(Figure 1 and Table 1). The protocol was named “Algorithm
with Lists for Palliation Helped by Analgesia™ (ALPHA).

Data Collection Form

We created a structured form based on ALPHA—to uni-
formly obtain data from medical records. The form consisted
of entry colummns corresponding to each symbol and all the
checklist items contained in the ALPHA. The 6 HPCTs were
instructed to complete each column based on the medical
records. First, if HPCT interventions corresponded to sym-
bols (1) and (3), they placed a check mark in the appropriate
entry column with the first date of intervention. Second, if
HPCT interventions corresponded to symbols (2), (4), (5),
or (6), they placed a check mark in the entry columns

first date of intervention.

To properly represent patient pain, the data collection period
was limited to the first week following HPCT referral,” in
which the referral day was defined as day 0 and the last day
of the week-long round was defined as day 7. Collected data
fell into the following 5 categories: patient characteristics, fre-
quency of intervention, priority of intervention, opioids and
adjuvant analgesics, and pain relief performance, as detailed
subsequently.

Patient Characteristics

Apart from age, gender, and primary cancer site, the patient
characteristics analyzed included “medical condition” based
on the Japanese version' of the Eastern Cooperative Oncology
Group (ECOG) performance status (PS) and tumor modifying
therapy. Based on ECOG PS (where 0 = no disability and
4 = totally bedridden), “poor” was defined as <2,'

Frequency of Intervention

The frequency of an HPCT intervention was defined as the pro-
portion of patients with at least 1 check mark in the correspond-
ing entry column.

Priority of Intervention

To explore the order of HPCT interventions, the dates on which
HPCT interventions were recorded according to the 6 ALPHA
symbols were analyzed. In addition, we defined “early inter-
vention” as intervention implemented within the first 2 days
(day 0 or day 1), indicating intervention priority.

Intervention With Opioids and Adjuvant Analgesics

The proportion of patients prescribed around-the-clock (ATC)
opioids or adjuvant analgesics (eg, carbamazepine for neuro-
pathic pain) was examined. All prescribed ATC opioid doses
were converted to the daily oral morphine equivalent dosage
(DOMED) for analyses. In opioid-naive patients without any
history of opioid prescription on day 0, only the doses on day
7 were recorded. In opioid-tolerant patients with opioid pre-
scriptions on day 0, the doses used on days 0 and 7 were
recorded, and the opioid dose ratio (day 7 DOMED/day 0
DOMED) was calculated. The opioid conversion ratios
employed to calculate the DOMEDS in this study were as fol-

lows'®'3: oral morphine 100 = intravenous morphine 33 =
Yy ine 70 = transder femanyl
1 = oral d 70 = d oxyco-

done 50 = suppository/intravenous buprenorphine 2. On days
0 and 7, information on whether or not adjuvant analgesic
drugs had been prescribed was collected to determine pre-
scription rates.
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Figure |. Draft protocol used in the Algorithm with Lists for Palliation Helped by Analgesia (ALPHA) survey: Query answers at each of the

6 decision symbols are shown in Table 1.

Qutcome of Pain Relief Interventions

Pain intensity on days 0 and 7 was determined using a 4-point
(none, mild, moderate, and severe) verbal rating scale (VRS).
If the 11-point pumeric rating scale (0 = no pain and 10 =
worst imaginable pain) had been used, pain levels were con-
verted to the VRS in the following manner: 0 = no pain,
1 to 3 = mild pain, 4 to 6 = moderate pain, and 7 to 10 =
severe pain.'® When patients complained of pain at multiple
sites, the highest pain level reported was recorded. Intervention

success was defined as at least 1 step down in VRS between
days 0 and 7. 2

Statistical Analyses

Comparisons were performed using Wilcoxon sign-rank tests,
Kruskal-Wallis tests, or chi-square tests, as appropriate. Statis-
tical software (SAS 9.1, SAS Iustitute, Inc, Cary, North Caro-
lina) was used to perform analyses. Statistical significance was
defined as P < .05.
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Table 1. Frequency of Interventions by the 6 Hospital Palliative Care Teams (HPCT) in Each Algorithm with the Lists for Palliation Helped by

Analgesia (ALPHA) Symbol*

ALPHA Symbol Number

Intervention Category and Percentage of Patients®

| Diagnosis of pain from comorbid disease: 4.7
2 Etiology-oriented intervention to relieve pain: 204

Decompression procedure: 8.1

Immobilization or nonweight bearing device: 6.1
Recalcification with biphosphate: 5.7

Palliative radiation therapy: 3.9
Antimicrobial therapy: 1.5
Oncology emergency identified: 0.7

3 Change or stop of nonopioid drugs: 4.5

4 Opioid analgesic interventions (based on the 5 principles of the WHO guideline): 80.5
Opioid introduction, according to the By the ladder principle: 23.0
Route switch of opioid using the By mouth principle: 37.1

To oral: 122
To subcutaneous: | 1.6
To intravenous: 10.3

To transdermal: 4.3
To recal: 04
To spinal: 04

Optimal scheduling of opioid administration along pain intensity pattern using the By the clock principle: 41.6

Introduction of rescue dose: 200
Continuous infusion with a syringe driver: 19.7

Dosage-interval adjustment: 3.5
Rescue-dose adjustment: 10.7

Titration of opioid-dose for pain refief using the for the individual principle: 47.9

Escalation by treating adverse effects: 21.1
Escalation as a simple approach: 19.7

Eventual retention: 8.1
Reduction or suspension: 1.3

Seeking compromise to refractory toxicities: 0.7
Maximization of benefit and minimizing adverse effects using the Attention to detaif principle: 66.3
Response to opioid-related adverse effects: 57.1

To constipation: 33.1

To stimulated vomiting center: 27.7

To delirium: 8.2

To stimulated vestibular nerve: 7.1
Implementation of opioid rotation: 82

To delayed stomach emptying: 6.4
To respiratory depression: 0.9

To skin opioid toxicity: 0.9

To drowsiness: 0.8

Switching administration route: 6.9

Achieving accountability of the opioid regimen with other drug regimens: 39.0
5 Response to opioid resistant pain: 34.5

Presumptive cause of resistant pain

Neuropathic pain: 20.6
Ceiling effect of opioid: 5.6

Complex pain of bone metastasi
Malignant mucositis or ulceration: 3.7

Treatment for opioid resistance
Anticonvulsant: 10.1
Corticosteroid: 6.0
Opioid rotation: 5.8
Antiarrhythmic agent: 5.4
Nerve block or ablation: 4.3

NMDA receptor antagonist: 4.3

Spastic pain: 3.7

Peritonitis carcinomatosa: 3.2
Intracranial hypertension; 1.3
Inflammatory pain: 0.7

Physical modality: 3.4
Antidepressant: 2.6

NSAIDs prescription: 1.5

Topical agent to mucosa or skin: 1.1
Anticholinergic agent: 0.4

6 Psychological approach to manage pain: 11.0
Suspected ctiology requiring psychological therapy

Anxiety: 82
Unexplainable insomnia: 2.6

Depression or adjustment disorder: 1.3
Specific psychological interventions

Active listening: 8.6
Psychologist consultation: 3.2

Grief: 1.3
Misunderstanding: 0.7
Anger: 0.6

Communication facilitation: 4.3
Sleeping medication: 2.1

AID, i v agent; NMDA, Nemethyl o-aspartate.

NS/
“All daca were collectod during the frst weck of HPCT care (n = 534 patients)

®ln each category, the sum of subcategory rates is greater than main category rates because of subcategory overlap.
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Table 2. Demograph!cs and Cancer-Related Information of All
Enrolled Patients.

Age, years (mean + SD) 613 + 147
Gender, male (% patients) 57.3
Primary site of cancer (% patients)

Head and neck region 26
Alimentary tract 219
Hepatobiliary-pancreatic system 99
Respiratory system 169
Breast 79
Genitourinary system 245
Lymphatic-hematopoletic system ]
Skin. bones, connective tissue 39
Others or more than one 73

Performance status (PS” level, mean # SD) 28 + 1.0
PS | 125
PS2 287
PS3 242
PS4 346

Receiving antineoplastic therapy 378

Abbreviations: PS, performance status; SD, standard deviation.

20 = 534,

he definition of Eastern C i &
(ECOG).
Results

Patient Characteristics

A total of 534 patients (306 male and 228 female) were included
in the study. The most common primary cancers observed were
those of the digestive system, and approximately 60% of patients
had a poor PS (Table 2).

Frequency of Interventions

In all enrolled patients, at least 1 intervention fell into one of
the checklist items (Table 1). Re ALPHA symbol I (cause of
pain), approximately 5% of the patients had pain caused by
comorbid conditions (eg, disc herniation). Re ALPHA symbol
2 (etiology-oriented therapy), approximately 20% of the
patients were treated with the relevant therapies (eg, decom-
pression procedures). Re ALPHA symbo! 3 (nonopicid analge-
sics), <5% of patients began a new regimen of nonopioid
analgesics, whereas re ALPHA symbol 4 (interventions with
opioid analgesics), 430 (80.5%) of the 534 patients in the study
received some form of HPCT opioid analgesic intervention in
accordance with the 5 principles of the WHO guidelines. Com-
paring the frequency of interventions of the 5 principles, *with
attention to detail” (66.3%) and “for the individual” (52.1%)
principles were the 2 most frequent, followed by “by the
clock” (41.6%). Notably, the “with attention to detail” and
“for the individual” principles were often applied concur-
rently. Of the 278 patients to whom the “for the individual”
principle was applied, 225 (80.9%) concurrently received an
“attention to detail” intervention. Of these 225 patients,
196 (87.1%) received an intervention based on “response to
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Figure 2. Priority of intervention of the hospital palliative care teams
(HPCTs). Mean timing of HPCT interventions is displayed for each of
the 5 Algorithm with Lists for Palliation Helped by Analgesia (ALPHA)
cavegories (Figure 1). Error bars represent | standard error of the
mean. * indicates P < 0001, as tested with the Kruskal-Wallis test.
Exiology indicates etiology-oriented therapies; nonopioids, nonopioid
interventions; opioids, opioid interventions; opioid resistance, inter-
ventions for opioid-resistant pain: psychological approach, psycholo-
gical Intervention to relieve pain.

adverse effects of opioids,” and 140 (62.2%) received an inter-
vention based on “accountablhty of medicines.” Re ALPHA
symbol 5 P! to opioid-resistant pain), anti

were most often prescribed as adjuvant analgesic drugs. Inter-
ventions categorized as ALPHA symbol 6 (psychological
approach) were used the least, in <10% of patients.

Priority of Interventions

The results of the study suggested that etiology-oriented ther-
apy, nonopioid prescriptions, and opioid prescriptions were
used before therapies for opioid-resistant pain and treatments
for psychological problems (Figure 2). In addition, the rates
of “carly intervention” defined in this study suggested that the
rationale of time frames of interventions corresponding to
ALPHA symbols 4, 5, and/or 6 were as follows: 89.9% for
symbol 4 (132 of 149 patients), 72.4% for symbol 5 (134 of
185 patients), and 48.3% for symbol 6 (28 of 58 patients).

Opioids and Adjuvant Analgesic Drugs for Pain Relief

The DOMED data are presented as the mean + standard devia-
tion (median) mg/d. Analysis of related data within groups was
performed via the Wilcoxon sign-rank test. The HPCTs used
opioids for pain relief in approximately 80% of the opioid-
naive patients. On day 7, the DOMED had increased to 35.6
+ 29.0 (30.0) mg/d. Additionally, in the 380 patients (71.2%
of all enrolled patients) who were opioid tolerant, the HPCTs"
interventions increased the DOMED from 111.3 + 1439
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Figure 3. Efficacy of the 6 hospital palliative care team (HPCT)
interventions for pain relief. All interventions examined occurred
during the first week of HPCT intervention. The day of referral was
defined as day 0. By day 7, patient pain intensity had significantly
decreased (P < 0001, chi-square test). *indicates established 4-point
verbal rating scale. 1 indicates 24 cases not included in day 7 data
because of in-hospital death (n = 20 patients), hospital discharge

(n = 3 patients), and HPCT round cessation at the patient's request
(n = 1 patient).

(60.0) mg/d on day 0 to 143.9 +
(P = .0088).

‘We divided the 380 opioid-tolerant patients into 3 subgroups
based on the change rate of DOMED from days 0 to 7,
increased, unchanged, or decreased. In the increased subgroup
(n = 220, 57.9% of all opioid-tolerant patients), DOMED was
increased significantly, from 84.4 + 118.8 (59.0) mg/d to
147.1 + 82.2 (105.0) mg/d (P < .0001). In the unchanged sub-
group (n = 108, 284% of all opioid-tolerant patients),
DOMED remained at 153.7 + 387.7 (42.5) mg/d. In the
decreased subgroup (n = 52, 13.7% of all opioid-tolerant
patients), DOMED decreased significantly, from 137.0 +
146.6 (90) mg/d to 68.6 + 94.9 (30.0) mg/d (P <.0001). In the
increased subgroup, the change rate was 1.6 + 2.2 (2.0), and in
the decreased subgroup it was 0.38 + 0.34 (0.44). The number
of patients prescribed adjuvant analgesics increased signifi-
cantly, from 102 patients on day 0 (19.1% of the total 534
enrolled) to 178 (34.0%) on day 7 (chi-square test, P = .025).

254.0 (84.0) mg/d on day 7

Qutcome of Pain Therapy Interventions

Average pain intensity, as determined via the VRS, decreased
significantly during the first week of HPCT intervention
(Figure 3). During this time, 68.9% of patients had their pain
successfully reduced. Additionally, among all the enrolled
patients, the prevalence of severe pain was reduced from
33.0% to 2.4%, and the prevalence of moderate pain was
reduced from 33.9% to 15.1%. Finally, 410 patients (76.8%

of the total enrolled) were suffering from pain and they rated
moderate or greater on day 0, but on day 7, 68.0% of these
patients reported that their pain had been reduced to mild or
Tess than mild.

Discussion

The present study yielded 2 major findings. First, based on the
WHO guidelines, we identified potential targets for improve-
ments in cancer pain treatment by nonpalliative care physicians
in Japan. The targets were clarified by our 1-year multicenter
audit that analyzed day-to-day interventions used by the 6
experienced HPCTSs in Japan to relieve cancer pain in their
patients. The I-year audit was based on an original protocol
derived from the widely accepted WHO guidelines. We
showed that interventions with opioids were used most fre-
quently and that these tended to be given high priority because
they were used early in the course of pain management. When
used, the “for the individual” and “attention to detail” ratio-
nales were regarded as the most important 2 of the § principles
in the WHO guidelines. In addition, the 2 were often used in
combination. This suggests that major reasons for insufficient
opioid dosage were inappropriate management of adverse
effects (eg, opioid-induced constipation) and/or lack of ade-
quate patient education on analgesics and other adjuvant med-
ications (eg, disregard for patient anxiety on increased opioid
doses).

The HPCT interventions for constipation were observed in
approximately one-third of all the enrolled patients. Opioid-
induced bowel dysfunction (OIBD) often limits opioid-dose
escalation®®* and could result in insufficient pain relief’
Constipation is one of the most severe symptoms of OIBD and
should be evaluated using objective measures (eg, abdominal

i hy) rather than subjective patient symp ! 1t was
suspected that the HPCTs acknowledged that constipation
relief is one of the most important reasons why daily HPCT
consultations successtully relieve patient pain.?'

Patient/family education should be presented in clear writ-
ing,'® and information on analgesic regimens is included under
the “attention to detail” principle in the WHO guidelines."'"?
Previous studies®>** validating the WHO guidelines have
focused on the “by the ladder™ principle. However, many Japa-
nese panems having cancer wnh pain are most concerned about

d on morphine, which
resulis in pahents taking inadequate opioid doses. 25 Therefore,
we suggest that a trial in Japan examining the effects of
“educational interventions™' is needed to determine whether
following the WHO guidelines can improve the pain manage-
ment ability of inexperienced HPCTs and nonpalliative care
physicians.

This study suggested that the management of opioid-
resistant pain and psychological interventions are utilized
significantly later and less often than other types of HPCT
interventions, at least by experienced HPCTs in Japan. Opnmal
opioid doses are not i and only
20% of the cases with cancer-related pain are estimated to have
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opioid resistance that could be relieved by means of opioid
rotation.*® Therefore, it is considered appropriate that HPCT
interventions for managing opioid-resistant pain were adminis-
tered significantly later than initial opioid therapy.
Psychological distress can be a sole cause of cancer pain,'
and treatments aiming to improve mental health can improve
treatment efficacy and reduce pain intensity.?” However, we
found that HPCT interventions of a psychological nature were
administered significantly later than the physical

HPCTs.* Therefore, our study population might not be repre-
sentative of Japanese inpatients with pain. Future studies
should explore the characteristics of all patients having cancer
with substantial pain,’” particularly those of patients not
referred to an HPCT. Finally, our study only focused on pain
intensity and did not review other aspects of pain, which is mul-
tifactorial (eg, perceived pain chronicity).>*

In conclusion, our study indicates which parts of the WHO

falling into the other 5 ALPHA symbol categories. We specu-
late that this occurred because HPCTs were aware of important
clinical practice rules, as described subsequently. First, symp-
toms of disordered mood, thought, and behavior shou]d be

idelines should be I d and prioritized in the manage-
ment of cancer-related pain, at least in Japanese cancer center
hospitals. Particularly, titrating opioid doses, responding to
adverse effects, and patient education on analgesics were
identified as the most important factors. In addition, we retro-

defined as nonspeclf c until a complete
can be obtained.?® This is because more physically 11! patients
are more likely to have secondary psychological problems.*®
Second, HPCTs are often not able to effectively determine a
patient’s emotions and treat them via a psychological approach
until they gain the patient’s trust, which is often achieved
through pain relief.” Third, if attending physicians requesting
HPCT consultations did not request evaluation and resolution
of a patient’s mental or psychological issues and requested only
the management of the patient’s physical problems (eg, refrac-
tory pain), HPCT psychological interventions might be viewed
as a violation of consultation etiquette. >

The second major finding of our study was confirmation that
the HPCTs were 1 in relieving difficult-to-ma
pain, as assessed via a patient-rated pain scale. In Western
countries, significant improvements in cancer pain, along with
other symptoms, have been verified by systematic reviews.>®
Japan, however, HPCT capabilities have only been certified in
2 single-center audits, neither of which used a patient-rated
pain scale, but instead used a physician-rated one (Support
Team Assessment Schedule-Japanese vers.ion)."3 To the best
of our knowledge, the present 1-year audit is the first to report
HPCT efficacy in Japan using a patient-rated pain scale across
multiple centers. A randomized trial for verifying HPCT com-
petence of pain relief is considered to be ethically questionable
and thus infeasible.’>** Therefore, we propose that prospec-
tive, multi-centered, and before-and-after studies should be
performed in Japan.

This study had some limitations. First, due to its retrospec-
tive nature we could not help omitting undocumented care,
including informal psychosocial support. Second, the recogni-
uen of vanous symptoms besides pain is vital to properly

! WHO guidelines™ as has previously been shown
in a group of Japanese patients.’” However, our study did not
evaluate physical symptoms other than pain. Third, we did not
evaluate the potential underestimation of pain intensity by
HPCT-referring physicians. Thus, the potential effects on the
result of HPCT pain relief were not clear. Fourth, only ATC
opioid doses were evaluated, and rescue opioid doses for break-
through pain were not taken into account. This might be impor-
tant in successful interventions, because breakthrough pain can
severely reduce patient quality of life.*® Fifth, some attending
physicians in Japan are reluctant to refer their patients to

spectively verified the ilities of 6 experienced HPCTs
to relieve pain. Well-designed prospective clinical trials are
needed to confirm the results of this audit, however, the present
study will potentially help iati e physi in
Japan to effectively utilize the WHO guldelmes
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Introduction We calculated the amount of opioid analgesics prescribed for can- o B Estimates abtained from electronic medical
Morphine-cquivalent consamption of opioids in milligrams (g} cer patients by month in oral morphine equivalent dose (MED, mg), A
lorphine-cquivalent consumption ok Opioids in milg B} per according 10 the type of opioids (morphinc, oxycodone, fentanyl, 5 Ferimates obtained from DPC ciolms data
capita is often used as an indicator of access to pain treatment and pal- 0 = 1000
o : ; codeine and tramadol), drug form (injection, oral or 7o
lative care (1). Although this Hows for 2 global ©
P y suppository drugs) and patient setting (inpatient or outpatient), We 5
of drug accessibility, it does not telt us about the state of opioid con- > o : : 2
€ ; e y compared the cstimate of total opioid consumption obtained from z
sumption among cancer patients as it includes se by all patients for “ K
ng canect pal ' - DPC claims data and the estimate obtained from EMR, by calculating H
all purposes, including opioids prescribed against non-malignancy | 2
e el : the percent difference berween the two estimates for each month by : P
related pain. Similarly, the Ministry of Health, Labour and Welfare g ¢ o :
i ur and TEBAIE drug type. Percent differences (%) were calculated by dividing the ;
in Japan annually monitors and reports the state of nation-wide opioid ! -
e of naon-wiEe o difference berween the two estimates by the average of the rwo, with y
consumption, but its use among cancer patieats, in particular, is not 8 Y ¢ the ¥ 25000
values obtained from EMR as the baseline, Lastly, we investigated the
known (2).
. ) reasons and amount of dose discrepancy between EMR and DPC
In order to fill this knowledge gap, many developed countries s e ¢ ¢ discrepar e
claims data by reviewing patients’ medical charts and administrative
calculate the total amount of opioids prescribed to cancer patients an :
N ) ) . A data within the EMR for April, May, June and July 2013.
by analyzing administrative claims data or prescription database une f
7y o serpuon < The study was approved by the Institutional Review Boards of the 5 o
(3-3). Claims data are useful for monitoring medical utilization and . . . 3
L y . National Cancer Center and Aomori Prefectural Central Hospital. g
prescription patterns, but it requires that its accuracy, validity and re- =
liability are tested, so that characteristics and limitations of the dataset s
is well understood by those who use the data for fatuce research (6-9).  Results .
However, these studies have not yet been adequately conducted in T ) i i o s = - EE o
Japan, and it is not known whether estimates of opioid consumption  We identified 1158 cancer patients who received at least one prescrip- ¢ s Mo s g
could accurately be obtained from Diagnosis Procedure Combination 0P of an opioid analgesic at Aomori Prefectural Central Hospital be- é H
{DPC) claims data. tween 1 October 2012 and 30 September 2013 (Table 1. The mean g d:ri"'ﬁ"‘:@ ~16%  -08% <18 23%  -10%  168%  -30%  -LS%  04%  -25%  -10%  -2.2% §
The format of claims data was standardized in Japan in 2003, 8¢ {SD) of cancer patients was 649 (SD 10.7). 'n;/e most common £ g
when the DPC system, simifar to that of the Diagnosis-Related cancer sites were lung (30.4%], colorcctal (12.8%) and stomach E g

Group (DRG) classification system used in Medicare reimbursements
in the USA, was introduced (10). Although the DPC system itself is a
set of diagnosis groups, based on which the per diem reimbursements
10 hospitals are decided, the DPC claims database collects information
on all prescriptions, procedures and administrative costs of patients
from both inpatient and outpatient settings, in order to monitor the
adequacy of the DPC groupings. As these data are being used more ex-
tensively to measurc hospital activity and patterns of care, it is pertin-
ent o testits accuracy compared with what s in the electronic medical

veconds (ENER) oo ot he wteertyof faure stedicsthat e the DIG._ preseripion of opioid amelgesic between 1 Gelober 2012 and 30 s fafxzon%la‘xycoqzye‘whyfh had the largest pscripien vo:]um: in Mfl”:l)s (484 mg)doi the djssxep@;n;y n opioid et Another reson that s
Umabase is ensoeed (11). September 2013 at Aomori Prefectural Central Hospital = of 2 million milligrams in lucral prsceiption volume, an ranged from  accounted for ~13% of the discrepancy in the ssum:;)l:fs ( ’ ;ng) E
Therefore, we aimed to investigate the accuracy of total opioid — = E =2.7% GI‘m: 2013) to 2.6% (May 2013). Estimate of total MEDs was p?uc:'n death. All prescriptions that were written before the ::\m g
o . ‘ ’ Characreristics n % E for the entirc study period was 3725 157 mg for EMR and 3720436 of patient’s death, but cover for drugs beyond the date of death aze in- s
consumption by cancer patints by using the DPC claitns data come N % mg for DPC claims d: ring in a total percent diff f-0.1%  cludedin the EMR database, but are excluded from DPC claims data as £
pared with estimates obtained from EMR, and to examine the causes  Total paticats, » 1158 £ N / - ) E
s e e P 107 z {4721 mg) between the o data sources. ) a coding sule. For inscance f  pavint rceives prescrptions for mor- g
° pancies, fany Sex, men 8067 €41 g Reasons for discrepancy between estimates obtained from EMR  phine on January 10th for 10 days, but dies on January 15th, DPC g
Stage = and DPC claims data were investigated for the months bevween  claims dara will only include prescription dara until January 15th, z
. o 2 1.9 B April and July 2013, by reviewing administrative data and individual  whereas EMR drug-dispensing data will include prescriptions for five S
Patients and methods i 278 240) 2 medical charts. We excluded March 2013 from this analysis, w!uch more days. Forthermore, prescription orders that are made on the last z
We identified all morphine, oxycodone, fentanyl, buptenorphine, co- i 151 13.0) had the greatest discrepancy (51981 mg), duc to an dayofth he DPC data in the foll
deine and tramadol prescriptions made berween 1 October 2012 and mn 223 19.3) an unusual error. There was a large volume of paper pxcsmpnons ing month, resulting in differences in opioid consumption estimates.
30 September 2013 at Aomori Prefectural Central Hospital using the v 345 29.8) that were accidentally not entered into the EMR, but the mistake  This occurs because DPC claims data are always created after all pre-
DPC claims database (refer 10 Supplementary Table for a list of claims ~ UPknown 140 121 was captured when DPC claims data were created. Table 3 shows  scription orders are placed within the EMR, and orders placed on the
P Tumor site, 7 {%} N N N N N N N
codes used). In order to abstcact only the prescriptions that were made AR - s the difeences i total opioid consumption estimates obtained from st day of the month may not have had enough time ro be entered on
toward cancer patients, we linked DPC claims database with hospital- Lot vy 3041 EMR and DPC claims data in MED (mg), categorized by reasons  che same day. Lastly, prescriptions that cross over to the following
based cancer registry dara, and excluded data of patients who have Esophagos b 29) for discrepancy. month are sometimes divided into two DPC claims dasa. For instance,
never been registered or those who were diagnosed with cancer after Stomach 105 9.1) We categorized the reasons for discrepancy into three major cavses  a prescription order for oral oxycodone for 30 days made on 20 May
30 September 2013. We also excluded prescriptions that were made Colorecral 148 12.8) {Table 3). The first reason was due to the study design. We failed to fully 2013 are divided 1 data, one for 10 d: i) in May and
on the day of any sergical procedures in order to exclude opioids Breast 51 @) exclude opioids used on the day of surgery from both EMR and DPC  another for 20 days in June, which was why there was 840 mg less
used for surgical pain management. Lives 31 27 claims data, which resulted in differences in consumption estmates.  opioids calculated from DPC claims data in April 2013, but an excess
Similarly, we obrained prescription data of all opicid analgesics Pancreas 54 “7) Opioids for surgical pain management was excluded from DPC claims  of §40 mg in May 2013 However, these differences in estimates tend to
prescribed for all patients berween 1 October 2012 and 30 September Biliary track 38 3.3) data by excluding all opioids flagged for opioids used during afl surgical  even out when opioid consumptions are followed over several months.
2013 using EMR’s drug-dispensing data. By linking EMR data to g::\‘:‘ i; ‘ég; procedures (12). However, when surgical opioids were excluded from The third reason for discrepancy was cavsed by ecrors in data
hospital-based cancer registry data, we pulled prescriptions that pon Jies o the analysis for EMRs, we only excluded opioids that wore used from  entry. Errors in data entry occurred when making DPC claims data,
were made for cancer paticnts who were diagnoscd before 30 Septem- i, M 0o the operating room’s drug invenrory. This difference in how opioids for  but also when prescription data were not entered accurately into the

ber 2013. Opioid prescriptions made on the day of surgical procedures
were, again, omitted.

cancers {9.1%).

Figure 1 shows the toral amount of opioid analgesic prescriptions
caleulated from EMR and DPC claims data by month. Percent differ-
ences beaween these two estimates were mostly between 0% and ~3%,
except for March 2013 (16.8%).

Variability in percent differences became evident when estimates of
opioid consumption was compared for cach drug type by month, but

Table 1. Characteristics of cancer patients who received at least one

*Mean, {standard deviation).

i

— 209 —

Figure 1. Total opioid analgesics prescribed 10 al cancer patients at Aomori Prefectural Cental Hospital between October 2012 and September 2013 in morphine

Diagnosis

Procedure Combination claims data by the average of the tvio, with values obtained from EMR as the baseling.

the range was larger for drugs that had smaller volumes of drugs pre-
scribed, and smaller for drugs with larger prescription volumes
(Table 2. Injection buprenorphines, which only had ~900 mg of

MED: ibed, had percent ranged from —43% (Feb-
ruary 2013) to 66.7% (October 2012). Differences were much smaller

The second cause was related to the nature of DPC claims data or
how the data were created. Healthcare claims cannot be made for med-
ical services that are self-pay, or are covered by worker's compensation
insurance or patients on social welfare programs, and are not entercd
into DPC claims dara. However, this reason accounted for only ~1%

surgical use were excluded from the study accounted for about a third of
the total discrepancy in our study.

EMR. These accounted for over 50% of the discrepancy in the esti-
mates (20852 mg).
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@ 5290 USINNSZN SSOSESSREORE  EREEReREweae Table 3. Difference in oral MED caleulated from EMR and DPC claims data between 1 April 2013 and 31 July 2013
£ || SESen®lcosa”k Frsncc®oscsng 3A3433333333
& || SgpRETRES R R3gLETLeER g TUERTIST 7 Reasons for discrepancy between EMR and DPC claims data Differences in oral MED {mg) Total (%)
E & N - = -
E] Apr 13 May 13 Jun13 Jul13
s
£ - TR2ZR2BLIBOHE 2588223880 gRwggfggtggsy Discrepancy caused by study design
n| 2FSE5R3%R T AN2&53g88% 2 SLLKEELNE5ER « .
n 232Rg"%eEA S ZRZ3="52R 3583 & a Failure to exclude surgical use from EMR 140 o 230 20 390 1
2 13 2°288% g2 2%pog R F7%3 S5 ) e
g |&| | - 5 i 7 Failure 1o exclude surgical use from claims data —a200 -1720 1850 -6012 -13782 (34)
5 Discrepancy related to the nature of claims data
3 T ODOMODMNOOL VWOOOWO OIS ©D 30 R R 3 0 3 3E 3T < 3% Workers compensation 64 —420 0 0 484 (1)
o = pu=s g BT AT AR AT R R N AR R SN
s |2 3ESZEREZZ2773 2E29HSal4TTE RLELLENREEEE Self-pay o o 0 0 o ©
3 » a¥gung wvT AR TR S —®SWS e - y 5
& 2] gFg=d = g k7825 % g feEs 2y : = Death or discharge -455 -1325 683 -2708 -5171 13
- 2 Clain made in the following month o 4650 4650 0 0 ©
H e e ono e 2 Divided claims —840 840 0 0 0 )
& || REZEZ2B3523% 2FRSURERSING SENSISLESLEs| ¢ Discepaney caused by eeors i daca ncry
g |Z| 2s3%z goR® I ZogB8graRE £ “mdge gea da| € Different doses administered than what was claimed 6 12 33 128 229 [
g = ~ - - - V ! ' @ Failure to enter prescription data into claims data -5060 -1182 ~2835 -2941 ~12018 (30}
S 5 Failure to enter prescription data into EMR 1382 3653 670 2900 8605 {20)
g M
3 6220 n8RN2°onY TSSSUSSNRONY E2Ew wwwgxwe| 2 Total -5031 -3072 1885 -2621 8839 (100
2 o) ZEREHBEUITHE CZEZREOBZRE RE REELREREEEEL)
§ 5 f87a"n8 2 g RTa"a’ R ki i 2 “Differences in oral MED (mg) were calculated by subtracting estimares obtained from EMR from the estimates obtained from DPC claims data.
S & g
H ‘ g
K 2 E
3 £ . . ’ ) .
= = 2822 BRREEIZR KS8ERKRLER g S8R BosLfsassgen 3 2 Discussion However, there are major advantages of using the DPC claims
|7 S25Z%EERE5T3 HL0023RId"h BR5ELERESERY H g U ki
£ |5 paacy o S memoam ames £ J8ddaTE PR F g j ) ] database. First is the format of the data, which is standardized across
g% Ruu"3 = 8 88377 2 - R A BET g g “The accuracy of sing DPC claims dara for calculating opioid con- %% 5% Wt B O weament hospls  apn. Secondly, -
3 : g sumption among cancer patients has never been tested since thelaunch 3 % " 0 o D pan il
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Tramadol and Its Metabolite M1 Selectively Suppress
Transient Receptor Potential Ankyrin 1 Activity, but
Not Transient Receptor Potential Vanilloid 1 Activity

Kanako Miyano, PhD,* Kouichiro Minami, MD, PhD,} Toru Yokoyama, MD, PhD,+ Katsuya Ohbuchi, BS,#
Takuhiro Yamaguchi, PhD,§ Satoshi Murakami, MD, || Seiji Shiraishi, MD, PhD*
Masahiro Yamamoto, PhD,} Motohiro Matoba, MD, PhD,{ and Yasuhito Uezono, MD, PhD*

BACKGROUND: The transient receptor potential vanilloid 1 (TRPV1) and the transient receptor
potential ankyrin 1 (TRPAL), which are expressed in sensory neurons, are polymodal nonselec-
tive cation channels that sense noxious stimuli. Recent reports showed that these channels

play important roles in inflammatory, neuropathic, or cancer pai

suggesting that they may

serve as attractive analgesic pharmacological targets. Tramadol is an effective analgesic that
is widely used in clinical practice. Reportedly, tramadot and its metabolite (M1) bind to w-opicid
receptors and/or inhibit reuptake of monoamines in the central nervous system, resulting in
the activation of the descending inhibitory system. However, the fundamental mechanisms of
tramadol in pain control remain unclear. TRPV1 and TRPAL may be targets of tramadol; however,

they have not been studied extensively.

METHODS: We examined whether and how tramadol and M1 act on human embryonic Kidney
293 (HEK293) cells expressing human TRPVL (hTRPV1) or hTRPA1 by using a Ca?* imaging

assay and whole-cell patch-clamp recording.

RESULTS: Tramadol and M1 (0.01-10 uM) alone did not increase in intracellular Ca** con-
centration {{Ca*]) in HEK293 cells expressing hTRPVL or hTRPAL compared with capsaicin (a
TRPV1 agonist) or the allyl isothiocyanate (AITC, a TRPAL agonist), respectively. Furthermore,
in HEK293 cells expressing hTRPV1, pretreatment with tramadol or M1 for 5 minutes did not
change the increase in [Ca®*}, induced by capsaicin. Conversely, pretreatment with tramadol
(0.1-10 M) and M1 (1-10 pM) significantly suppressed the AITC-induced [Ca?®*], increases in
HEK293 cells expressing hTRPAL. In addition, the patch-clamp study showed that pretreatment
with tramadol and M1 (10 M) decreased the inward currents induced by AITC.
CONCLUSIONS: These data indicate that tramadol and M1 selectively inhibit the function of
hTRPA1, but not that of hTRPV1, and that hTRPAL may play a role in the analgesic effects of
these compounds. (Anesth Analg 2015;120:790-8)

4 mong the transient receptor potential (TRP) fam-
ily, the TRP vanilloid 1 (TRPV1) and TRP ankyrin

1 (TRPA1) are important detectors of pain sensation

in sensory afferent neurons.’? These nonselective cation
channels are activated by numerous stimuli. TRPV1, which
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is stimulated by capsaicin, heat (>45°C), proton, and lipid
peroxidation products,** is distributed in sensory afferent
neurons ing pain such as r
(SP)5¢ Conversely, TRPA1, which is activated by allyl iso-
thiocyanate (AITC), formaldehyde, and reactive oxygen
species,® colocalizes mainly with TRPV1 in sensory affer-
ent neurons.” We previously showed that these agonists
induced SP release from sensory afferent neurons,'>*® indi-
cating that pain information activated by these channels
is transmitted to spinal dorsal horn via SP Many studies
using pain models, including knockout mice lacking the
channels and their selective inhibitors, demonstrated that
both TRPV1 and TRPA1 contribute to severe pain, such as
allodynia or hyperalgesia. Thus, these channels are evi-
dently involved in pain transmission in primary sensory
neurons and are potential targets for analgesic development.

‘Framadol has commonly been used as an analgesic in
clinical practice to moderate cancer or postoperative pain.’-
¥ Currently, 2 actions of tramadol are believed to contribute
to its analgesic effects by activating the descending inhibi-
tory system: (1) tramadol binds to p-opioid receptors (the
affinity of tramadol for the receptors is approximately 6000
times weaker than that of morphine) and (2) tramadol inhib-
its the reuptake of monoamines, such as norepinephrine
and serotonin, in the central nervous system.*? Compared
with the typical opioid agonist morphine, tramadol rarely
causes adverse effects, such as respiratory depression and
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physical depend, 2 although it p 1/30 of the
analgesic efficacy of morphine Tramadol undergoes bio-
transformation in the liver via 2 P to

selected using zeocin (100 pg/mL) and blasticidin S (10 pg/
mL) and were gmwn in Dulbecco’s modified Eagle medium

form § 1 or O-d thyl lites (M1-5),5
among which, only O-desmethyl tramadol (M1) has anal-
gesic activity in mice and rats?® Despxte extensive investi-
gation into tramadol, the derlying its (and
MI's) therapeulic actions remain unclear. Previous stud-
ies suggest that the analgesic mechanisms of tramadol are
complex; our previous studies revealed that both trama-
dol and M1 suppress the activation of receptors related to
pain i such as the y-ami ic acid recep-
tor, N-methyl-p-aspartate receptors, and some G protein-
coupled receptors, such as 5-hydroxytryptamine type 2C
(5-HTc) receptors or the type-1 muscarinic (M) recep-
tor.7-® Moreover, TRPV1 is also involved in p

d with 10% fetal bovine serum, penicillin (100
U/mL), and streptomycin (100 mg/mL) at 37°C in a humid-
ified atmosphere of 95% air and 5% CO,. The cells were
treated with tetracycline (1 pg/mL) the day before experi-
ments to induce the expression of hTRPV1 and WTPRA1,
which was confirmed by Western blot analysis using an
anti-TRPV1 rabbit antibody (Abcam, Cambridge, UK} and
an anti-TRPA1 mouse antibody (Abgent, San Diego, CA).

fGeasurement of [Ca® ], in hRTRPVL or hTRPAL-
Expressing HEK2SZ Cells

The measurement of [Ca™], was performed using a
method described previously® The cells were plated

and cancer pain*** Marincsak et al. reported that trama-
dol increased infracellular Ca?* concentration ([Ca?}) via
the activation of TRPV1; this could be rapidly followed by
the rapid desensitization of the sensory afferent neurons
and then produce analgesic effects. However, the effects
of M1 on TRPV1 have not been studied in detail. In addi-
tion, little is known about the involvement of tramadol in
the functions of TRPA1, even though it is an attractive anal-
gesic ical target. We investigated the effects of
tramadol and M1 on the function of TRPV1 and TRPAT in
‘human embryonic kidney (HEK293) cells expressing human
TRPV1 (hTRPV1) and hTRPA1, respectively, by using an
electrophysiology method and a Ca? imaging system.

METHODS

All experiments were approved and performed in accor-
dance with the Guide for Genetic Modification Safety
Comumittee, National Cancer Center, Japan.

Haterials

The following reagents were used in the present study:
fura-2  acetoxymethyl ester (Dojindo Laboratories,
Kumamoto, Japan); fetal bovine serum and 0.25% tryp-
sin-EDTA (Gibeo, Carlsbad, CA); blasticidin S and zeocin
(Invitrogen, Carlsbad, CA); AITC and Dulbecco’s modified
Eagle medium (Nacalai Tesque, Kyoto, Japan); capsaicin,
penicillin/strep in, and pe Sigma-Aldrich,
St. Louis, MO); and tetracyclme (Wako Pure Chemical
Industries, Osaka, Japan). Tramadol and M1 were kindly
provided by Nippon Shinyaku (Kyoto, Japan). All other
reagents were of the highest purity available from commer-
cial sources.

Cell Culture

All experiments were performed using HEK293 cells sta-

bly expressing hTRPVI or KTRPAL, which were prepared

using the tetracycline-inducible T-Rex™ expression system

(Invitrogen). The ¢cDNAs for hTRPV1 and hTRPA1 were
lified by iptase p chain reac-

into glass-bottc dishes (di: 35 mm; Greiner Bio-
Ore, Germany) p with poly-
D-lysine (50 ug/mL) at a density of 1.6 x 10° cells/dish
the day before the assay. To obtain hTRPV1-expressing or
hTRPAl-expressing HEK293 cells, 1 pg/mL of tetracycline
was added to the growth medium to induce the expres-
sion of either the hTRPV1 or hTRPA1 protein. All experi-
ments were performed in Hanks balanced salt solution
(1.3 mM CaCl;2H;0, 0.81 mM MgSO,, 5.4 mM KCl, 0.44
mM KH,PO;, 42 mM NaHCO;, 136.9 mM NaCl, 0.34 mM
Na,HPO,, and 5.6 mM p-glucose) at room temperature. The
cells were loaded with 5 pM of fura-2 acetoxymethy} ester
for 20 minutes at 37°C. After washing, the cells were pre-
treated with tramadol or M1 for 5 minutes at room temper-
ature. Subsequently, these cells were continuously treated
with a TRPV1 or TRPA1 agonist, respectively. The fluores-
cence intensity was measured at excitation wavelengths of
340 and 380 nm and at an emission wavelength of 510 nm.
The video image output was digitized using AquaCosmos
2.5 (Hamamatsu Photonics, Shizuoka, Japan). The extent of
increase in the fura-2 fluorescence ratio (340/380), which
was considered as relative and qualitative change of [Ca*],
was estimated using the peak value of the fura-2 fluores-
cence ratio (340/380) after treatment with each reagent.

i B in hTRPVI-
or hTRPAL-Exp HEKZSE Celis
The cells were plated on coverslips precoated with poly-L-ly-
sine (Twaki, Tokyo, Japan). The coverslips were transferred
to the recording chamber* and kept in a perfusion solution
(140 mM NaCl, 5 mM KCL 2 mM CaCl,, 2 mM MgCl,6H,0,
10 mM glucose, and 10 mM HEPES; pH 7.4 with NaOH).
The volume of the recording chamber was 1 mL, and the
perfusion rate was 1.4 mL/min. Recording electrodes were
triple-pulled using a Flaming/Brown micropipette puller
(P-97; Sutter Instrument Co., Novato, CA) from glass capil-
laries. Patch electrodes were filled with the pipette solution
(140 mM K-gluconate, 1 mM MgCl,, 1 mM CaCl,, 10 mM
EGTA, and 2 mM adenosine triphosphate-Mg; pH 7.3 with
Tris base). Their tip resistance was 5 to 9 MQ. Patch-clamp

Etects

tion using mRNAs obtained from OriGene
{Rockville, MD; NM_018727 for hTRPV1 and NM_007332
for hTRPA1). The ¢cDNAs were subcloned into pcDNA4/
TO (Invitrogen) and then transfected into HEK-T-Rex cells
using Lipofectamine 2000 (Invitrogen). HEK T-Rex cells
that stably maintained the hTRPV1 or hTRPAL gene were
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periments were d in the tight-seal whole-cell
configuration using a MultiClamp 700B apparatus (Axon
Instruments, Forster City, CA). Voltage-clamp experiments
were performed at a holding potential of ~60 mV, and
recordings were sampled at 10 kHz and filtered at 2 kHz.
Currents were recorded and analyzed using the pCLAMP
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our experimental (Fig. 1, A and B). In RTRPV1-

software (Axon Instruments). The current itude was

quantified using peak current Li inall

and normalized to the currents evoked initially by the ago-
pist. Current density (pA/pF) was also measured. In some
experiments, reagents were contained in perfusion solution.
Allpatch experi ere atraom

Statistical Analysis

The data are presented as the means = SEM. All data were
analyzed using a statistical analysis software SAS v. 9.3.
(SAS Institute Inc., Cary, NC). The statistical analysis of all
data was performed using the Dunnet method adjusted
for unequal variances and unequal sample sizes which is
used for multiple comparison tests with the control groups
and the simultaneous confidence intervals (Cls). We used
SAS Proc Mixed ADJUST=DUNNETT option in LSMEANS
statement and the L&meax\s are conelaked PROC MIXED
uses the fac Iy ion described
in the study by Hsu 2 In this study, P < 0.05 was considered
statically significant.

RESULTS
Neither nor lis ite RiL

HEK293 cells, capsaicin rapidly evoked an
increase in [Ca™], which gradually decreased (Fig. 1A).
As shown in Figure 1B, significant increases in [Ca®],
were observed after treatment with capsaicin at 0.1 to 10
M (vehicle [ = 25] versus capsaicin; 0,01 M [r = 25]:
mean difference, 0.0153 {adjusted 95% CI, -0.039 to 0.1415;
P =0.4470], 0.1 uM [n = 25): 5450 [2.516-8.384; P = 0.0001],
UM [n = 18): 18.14 [10.62-25.66; P < 0.0001], 10 pM [z = 21):
10.99 {5.679-16.30; P < 0.0001]). Conversely, capsaicin at 0.1
M did not change the level of [Ca®}; in HEK293 cells not

WTRPVI (Fig. 1A), ing that capsaicin spe-
cifically elicited an increase in [Ca?*}, via hTRPV1. Based on
these results, 0.1 M capsaicin was used for the activation
of hTRPV1 in further investigations examining the effects of
tramadol and of its metabolite M1.

In such experimental conditions, we investigated the
effects of tramadol and M1 (both at 0.01-10 uM) on hTRPV1
activity. As shown in Figure 2, A-E, treatment with tram-
adol or M1 alone did not induce an increase in [Ca?], in
HEK293 cells expressing hTRPV1, when compared with the
capsaicin-induced increase in [Ca®], (vehicle [# = 35] ver-
sus dol; 0.01 pM [ = 21]: mean difference, —0.04432

the Capsaicin-induced increase in [Ca™) in
HEK2%3 Celis Expressing hTRPVL

Anesthetic modulation of receptor functions often depends
on the degree of activation of the receptor.® Therefore, we
first examined the relation between a TRPV1 agonist cap-
saicin concentration and Ca*-mobilizing effects under
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Figure 1. Changes of the fura-2 fluorescence ratio in human transient receptor potential vanilloid 1 (\TRPV1)-expressing or human transient
receptor potential ankyrin 1 (NTRPA1}-expressing human embryonic kidney 293 (HEK293) cells stimulated with each agonist. A, Changes of

the fura-2 fuorescence ratio (340/380) by treatment with capsaicin in

HEK293 cells ing hTRPVL or

The

P

fura-21oaded cells expressing emply-vector or hTRPV1 were treated with 0.1 uM capsaicin (Cap, A) in Hank's balanced sail solution, respec-

tively. B, Concentration-response relationship for the increase in the fura-2 fiuorescence ratio (340/380) induced by Cap. C, Changes of the

fura-2 fluorescence ratio (340/380) by treatment with 100 M alli isothiocyanate (AITC) in HEK293 celis expressing hTRPAL or emptyvector,
D, C

for the increase in the fura-2 flucrescence ratio (340/380) induced by AITC. The extent

of increase in the fura-2 fluorescence ratio (340/380) induced by capsaicin (B) or AITC (C) was estimated using the peak vaiue of the fura-2
fluorescence ratio (340/380) after treatment with each agonist. The data are expressed as the means + SEM (bars). *P < 0.05, **P < 0.01,
**4P < 0.001, and ***P < 0.0001 compared with the value observed in cells treated with venicie alone.
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Figure 2. Effects of tramadol and M1 on the human transient receptor potential vanilioid 1 (hTRPV1) channeis. A-C, Changes of the fura-2
fluorescence ratio (340/380) in hTRPV1-expressing cells. The fura-2-loaded cells were treated with vehicle (A), 1 pM tramadol (B), or 1
1M M1 (C) and were then stimulated with 0.1 uM capsaicin {Cap). D and E, Effects of tramadol (D) or M1 (E) at 2 concentration range of
0.01-10 M on the Cap-induced increase in the fura-2 fluorescence ratio (340/380). F, Effects of pretreatment duration of 10 uM tramadol
on the Cap-induced increase in the fura-2 fluorescence ratio {340/380). The extent af increase in the fura-2 flucrescence ratio (340/380)
was estimated using the peak value of the fura-2 fluorescence ratio (340/380) after treatment with each reagent. The data are expressed

as the means + SEM (bars).

P =01133], 0.1 uM [n 0.02334 [-0.06230 to 0.01562;
P =0.3857], 1 uM [ = 40}: -0.03536 [-0.07150 to 0.000783;
P = 0.0571], 10 uM [n = 42]: 0.03407 [-0.02830 to 0.09644;
P = 0.4694]). After pretreatment with tramadol or M1 for 5
minutes, the cells were subsequently stimulated with cap-
saicin; tramadol and M1 did not significantly change the
capsaicin-induced increase in {Ca®]; (capsaicin [z = 35] ver-
sus tramadol + capsaicin; 0.01 uM [n = 21]: 0.5269 [adjusted
95% CI, -0.5226 to 1.5764; P = 0.7519], 0.1 pM [n = 4]
0.7414 [-0.05685 to 1.5398; P = 0.2408], 1 uM [ = 13}
0.03142 [-0.8325 to 0.8953; P .0000], 10 uM [n = 41}
0.9992 [-0.8554 to 1.0535; P = 0.9992]) and (capsaicin [# = 35]
versus M1 + capsaicin; 0.01 uM [ = 31]: mean difference,
04116 [adjusted 95% CI, -0.1511 to 0.9742; P = 0.4114],
0.1 M [ir = 24]: 0.4756 [-0.03394 to 0.9852, P = 0.2059], 1
UM [ = 40): 0.07118 [-0.4801 to 0.6225; P = 0.9971], 10 uM
[n = 42]: -0.07219 {-1.1282 to 0.9839; P = 0.9998]). We also
examined the pretreatment time of tramadol (Fig. 2F); how-
ever, regardless of the treatment time, tramadol did not
change the capsaicin-induced increase in [Ca*); (capsaicin
[n = 35] versus tramadol + capsaicin; 30 seconds [n = 6]:
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mean difference, 1.6852 [adjusted 95% CI, ~1.2125 to 4.5830;
P =0.2942], 5 minutes [n = 40]: 0.08914 [-1.1504 to 1.3287;
P =0.9788]).

Apreviou: reported that dol activates TRPV1
and causes an increase in [Ca?); in Chinese hamster ovary
(CHO) cells expressing rat TRPV1 (rTRPV1).® Therefore, we
investigated the effects of tramadol (1 pM) on the activity of
FTRPV1 in HEK293 cells expressing 1TRPVI. As shown in
Figure 3, tramadol changed neither the basal [Ca™], level
{vehicle {1 = 42] versus tramadol; 0.1 pM [n = 95} mean
difference, 0.004123 [adjusted 95% CI, ~0.00378 to 0.01203;
P =04404], 1 pM [nr = 57}: 0.007512 [-0.00258 to 0.01761;
0.1841], 10 pM [n = 0.00081 [-0.00843 to 0.006817;
P = 0.9866]) nor the capsaicin-induced increase in [Ca®"],
(capsaicin [n = 42] versus tramadol + capsaicin; 0.1 uM
[1 = 95]: mean difference, 0.2889 [adjusted 95% CI, ~0.9173
to 1.4952; P = 0.8801}, 1 uM [n = 57}: 0.09926 [-1.7421 to
1.9406; P = 0.9982], 10 pM [n = 52} ~0.3479 [-1.4030 to
0.7072; P = 0.7518)) in rTRPV1-expressing HEK293 cells.
These data were similar to those obtained with HEK293
cells expressing hRTRPV1.
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Figure 3, Effects of tramadol and M1 on the rat transient receplor
potentiai vanilloid 1 (TRPV) channels, Changes of fura-2 the fluores-
cence ratio (340/380) in rTRPVA-expressing cells (A, B). The fura:2-
Ioaded cells were treated with vehicle (A), 1 M tramadol (8) and were
then stimulated vith 0.1 M capsaicin (Cap). C, Effects of tramadol at
a concentration range of 0.1-10 uM on the Capinduced increase in
the fura-2 fluorescence ratio (340/380). The extent of increase in the
fura:2 fluorescence ratio (340/380) was estimated using the peak
value of the fura-2 fluorescence ratio (340/380) after treatment with
each reagent. The data are expressed as the means + SEM (pars).

Both Tramadol and M1 Suppressed the AITC-
Induced RTRPAL Activation in hTRPAL-Expressing
HEK282 Celis
The effecls of AITC (a TRPA] agomst) on mtracellular Ca>
HEK293
cells. As shown in F)gum 1C AITC at 100 pM significantly
evoked an increase in [Ca*]; in hTRPAl-expressing cells,
but not induce any significant change in cells that did not
express hTRPAL In addition, AITC at 1 to 1000 uM con-
centrations induced an increase in [Ca?] in a dose-depen-
dent manner (vehicle [ = 4] versus AITC; 1 M [n = 7):
mean difference, 2.3044 [adjusted 95% ClI, 1.1436-3.4652;
P =0,0024], 10 uM [n = 3): 48832 [0.4631--9.3033; P = 0.0338],
100 pM [n = 49]: 7.9164 [4.4159-11.4168; P = 0.0012], 1000
M [ = 19): 10.6265 [4.0445-17.2084; P = 0.0064]) (Fig. 1D).
These data suggest that AITC stimulates TRPA1 to elicit
increases in {Ca*,. Based on these results, AITC at 100 uM
was used for further investigation of the effects of tramadol
and M1 on hTRPA1 activation.

Compared with the AITC-induced increase in [Ca*],
treatment with tramadol and M1 alone did not induce a
dose-dependent and large change of [Ca®"}, although some
doses of tramadol {0.01 and 0.1 uM) and M1 (0.1 and 10
M) induced a slight increase in (Ca*]; (Fig. 4, A-E) (vehicle
[1 = 39] versus tramadol; 0.01 tM [ = 26]: mean difference,
0.07868 {adjusted 95% CI, 0.005530-0.1518; P = 0.0321}, 0.1
1M [ = 9]: 0.1084 [0.01248-0.2044; P = 0.0231], 1 uM [t = 34]:
0.06218 [-0.00328 to 0.1276; P = 0.0665], 10 pM {n = 22}
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0.1162 [-0.01781 to 0.2502; P
versus M1; 0.01 uM [ = 18]: mean difference, 0.06010
[adjusted 95% CI, ~0.01300 to 0.1332; P = 0.1266}, 0.1 uM
[ = 17]: 0.06638 [0.005024-0.1277; P = 0.0317], 1 uM [ = 60]:
0.05474 [-0.00065 to 0.1547; P = 0.0533}, 10 M [n = 7]:
0.08693 [0.01911-0.1547; P = 0.0099]). In contrast, pretreat-
ment with tramadol for 5 minutes dose dependently sup-
pressed the AITC-induced increase in [Cai}, (AITC {n =39}
versus tramadol + AITC; 0.01 uM fi = 26}; mean difference,
-1.3038 [adjusted 95% CI, ~3.1056 to 0.4980; P = 0.1942],
0.1 pM [ = 9]: —2.9075 [~5.0443 to —0.770; 0.0055], 1
1M [ = 34} —2.2820 {-3.9133 to ~0.6508; P = 0.0043), 10 M
[ = 22]: -2.8138 [~4.5441 to ~1.0835; P = 0.0009)) (Fig. 4D).
M1 also inhibited the increase in {Ca®) evoked by AITC in
a dose-dependent manner (Fig. 4E); at concentrations of 1
and 10 uM, M1 significantly attenuated the AITC-induced
[Ca?], increase, respectively (AITC [ = 39] versus M1 +
AITC; 0.01 uM [n = 18}: mean difference, ~0.6108 [-2.7631
to 1.5415; P = 0.7912], 0.1 M [n = 18]: -1.4498 [-3.1421 to
0.2425; P =0.1032], 1 pM [1r = 27]: ~2.1736 [-3.7670 to ~0.5802;
P =0.0059}, 10 uM [n = 7]: ~2.7950 [adjusted 95% CI, —4.4650
to ~1.1249; P = 0.0007]). However, pretreatment with tra-
madol for 30 seconds did not change the capsaicin-induced
increase in [Ca*), (Fig. 4F), suggesting tramadol pretreat-
ment was necessary for at least 5 minutes to inhibit the
hTRPAL1 activation {AITC [n = 39] versus tramadol + AITC;
30 seconds [ = 15}: mean difference, ~0.3107 [adjusted 95%
Cl, -5.5114 to 4.8901; P = 0.9867], 5 minutes {n = 21]: -2.8136
[adjusted 95% ClI, -4.5227 to ~1.1049; P = 0.0014]).

To further elucidate the influence of tramadol and M1
on AITC-induced hTRPA1 activation, we measured the
AITC-evoked inward currents using a whole-cell patch-
clamp technique. Treatment with AITC at 100 gM for 20
seconds elicited rapid inward currents (-1.0 = 0.39 nA),
which returned toward the basal level within 2 to 3 min-
utes. After a 20 minutes washing interval, it was confirmed
that the response to AITC was recovered (data not shown).
Therefore, the inward currents initially elicited by AITC
were regarded as a control response. Subsequently, we elu-
cidated the effects of tramadol and M1 at 20 minutes after
first stimulation. Treatment with tramadol and M1 alone
did not change the basal current in HEK293 cells expressing
RTRPAT (Fig. 5, A and B). Conversely, as shown in Figure 5,
C and D, pretreatment with tramadol and the M1 metabo-
lite for 5 minutes inhibited the AITC-induced inward cur-
rents (ATTC [n = 5] versus tramadol + AITC [ = 3]; mean
difference, —91.9667 {adjusted 95% CI, -172.83 to -11.1056;
P =0.0339], AITC [ = 5] versus M1 + AITC [n = 3]; ~88.3184
[-168.89 to -7.7515; P = 0.0378]). The AITC-induced current
density was also decreased by tramadol treatment (AITC
[ = 7} versus tramadol + AITC [n = 3}; mean difference,
52.6905 [4.7303-100.65; P = 0.0361}) and M1 (AITC [n = 7]
versus M1+AITC [ = 3]; mean difference, 48.3381 [adjusted
95% CI, 0.1604-96.5158; P = 0.0494]) (Fig. 5, E and F).

.1048]) and (vehicle [n = 39]

DISCUSSION

In clinical practice, tramadol has analgesic effects on various
types of painy, such as cancer pain or postoperative pain.-¥
Many studies using animal models have shown that some
of these types of pain are associated with TRP channel acti-
vation®* The results of the present study showed that
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Figure 4. Effects of tramadol and M1 on the human transient receptor potential ankyrin 1 (RTRPA1) channels. A~C, Changes of the fura-2 fluores-
cence ratio (340/380) in hTRPAL-expressing cells. The fura-2-loaded celis were treated with vehicle (A), 1 pM tramadol (8), or 1 pM M1 (C) and
then were stimutated with 200 uM allyl isothiocyanate (AITC). D and E, Effects of tramadot (D) or M1 (E) at a concentration range of 0.01-10 uM
on the AITC-induced increase in the fura-2 fluorescence ratio {340/380). The results of ShapiroWilk test for each group (vehicle, Tramadol: 0.01,
0.1, 1, and 10 M) are P = 0.0548, 0.1682, 0.2208, 0.2566, and 0.2689, respectively. F, Effects of pretreatment duration of 10 M tramadol on
the AITC-induced increase in the fura-2 fluorescence ratio (340/380). The data are expressed as the means + SEM {bars). The extent of increase
in the fura-2 fluorescence ratio (340/380) was estimated using the peak value of the fura-2 fluorescence ratio (340/380) after treatment with
each reagent. *P < 0.05, **P < 0.01, ***P < 0.001 compared with the value observed cells treated with AITC aione.

tramadol and its metabolite M1 inhibited the function of
hTRPA1, but not that of \TRPV1, ata of 0.1 to

inamouse model of

Cr P P

10 pM. According to Lintz et al,” the concentration of fra-
‘madol in human serum reaches 612.7 + 221 ng/mL (approxi-
mately 2 M) after IV injection of 100 mg, which could be

ic pain** In healthy vol-
unteers, tramadol at 100 mg significantly reduced menthol
(an agonist of TRPA1 and TRPM8)-evoked cold hyperalgesia
although the effects of the nonsteroidal anti-inflammatory

used for a clinical dosage. A ingly, the of

drug ibup (600 mg) and the anticonvulsant/analgesic

tramadol and M1 (up to 10 xM) used in the present study
may reflect concentrations that can be used in human clinical
practice. These data suggest that both tramadol and M1 act
as inhibitors of TRPA1 in patients taking tramadol clinically.

One difference between TRPV1 and TRPA1 regarding their
activation is temperature, TRPV1is activated by heat (>43°C),
‘whereas TRPA1 is activated by cold (<17°C). Ta et al.# lmve
demonstrated that TRPV1 is involved in heat 1

adjuvant pregabalin (100 mg) were not as significant.” These
data are in accordance with our data: the antinociceptive
effects of tramadol and M1 on cold hyperalgesia may depend
on inhibition of TRPA1 activity.

The presence of a methyl group (-CH,) or hydroxyl
group (-OH) constitutes the differences in chemical structure
Dbebween rramadol and M1. Grond et al* showed that the

but not in cold hyperalgesia, induced by the anti drug
cisplatin, Nassini et al.** also have shown that the TRPA1
antagonist HC—OSO(B] decreases cold hyperalgesia induced
by the that cold and
heat hyperalgesia may be regulated by TRPA1 and TRPV1,
respectively. Conversely, tramadol was effective against cold
hyperalgesia but did not produce antihyperalgesic effects on

Aprit 2015 » Volume 120 « Number 4

(minimal effective) serum concentration of trama-
dol (2 0= 1.4 tM) is 7 times greater than that of its metabolite
M1(0.29 +0.12 uM). In this study, significant inhibition by tra-
madol was observed at 0.1 to 10 M, whereas that exerted by
M1 was observed at 1 to 10 pM (Fig. 4, D and E), suggesting
that tramadol rather than M1 is important for the regulation
of TRPA1 functions. In addition, we showed previously that
tramadol inhibits the function of muscarinic M3 receptors,
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Figure 5. Effects o( tramadol and M1 on the inward currents

which are central nervous system targets of analgesic drugs,
‘whereas M1 had little effect on the function of M3 receptors.*
Conversely, Gillen et al* showed that M1 had 300 to 400
times greater affinity for opioid receptors than did the parent
compound tramadol. Collectively, these data suggest that this
small sn'uctuxal difference between h‘amadol and M1 might
play an imp role in lated receptors
or channels. In the pain produced by "TRPA1 activation, such
as cancer pain and neuropathic pain, the inhibitory effect of
tramadol on TRPA1 activation might be at least one of the
mechanisms underlying tramadol-induced analgesic actions.

In our present study, we investigated the pretreatment
time of tramadol on the activation of both TRPV1 and TRPA1.
Interestingly, pretreatment with tramadol for 5 minutes sig-
nificantly suppressed the ATTC-induced increase in [Ca®*],
but not that for 30 seconds in hTRPAl-expressing HEK293
cells (Fig. 4F). These data indicated that at Jeast S-minute
pretreatment was required for the inhibition of TRPA1 acti-
vation, suggesting hat it would be unlikely that tramadol
had direct antagonistic effects on TRPAL In other words, the
mechanism of these inhibitory effects seems to be involved
in some metabolic changes, such as changes in intraceltular
signaling. Some reports revealed that the activation of TRPA1
was regulated by changing the intracellular signaling, such
as protein kinase A.5# It might be possible that tramadol
inhibits the activation of TRPA1 by regulating intracellular
signaling, such as protein kinase A, although further study is
needed to reveal the inhibitory mechanisms.

In contrast, Marincsik et al®” have shown that tramadol
directly activated TRPV1 and led to an increase in [Ca],
which was not consistent with our present results. The
present study was performed in HEK293 cells expressing
RTRPV1, whereas the study reported by Marincsék et al®
was performed in CHO cells expressing *TRPV1. Therefore,
we examined the effects of tramadol on the activity of
rTRPV1 using rTRPV1-expressing HEK293 cells. However,
tramadol alone did not cause any increase in [Ca®*}; (Fig. 3)
In addition, tramadol did not affect the capsaicin-induced
increase in [Ca™}; (Fig. 3) as well as hTRPVi-expressing
HEK293 cells. These data suggest a possibility that the
reason for this discrepancy between the study reported by

induced by ally! i ). Aand B,
ings of the currents in human transven\ receptor potential ankyrin
1 (hTRPALyexpressing human embryonic Kidney 293 (HEK293)
celis that was voitage-clamped at -60 mV. The cells were stimu-
fated with 100 M AITC for 20 seconds. After a 20-minute wash-
ing Interval, the inward currents induced by AITC were completely
recovered 1o the basal level. Tramadol (10 M, A) and M1 (10 uM,
B) were preapplied for 5 minutes before and during AITC applica-
tion for 20 seconds. Currents were normalized to the currents
evoked by AITC alone as a control (C, D). C. AFTC (n = 5) versus
Tramadot + AITC (n = 3); P = 0.0339. The results of Shapiro-Wilk
test for each group are P = 0.3609 and 0.6286. D, AITC (n = 5)
versus M1 + AITC (n = 3); P = 0.0378. The results of Shapito-Wilk
test for each group are P = 0.3604 and 0.7664. Current density
(pA/pF) was also measured (£, F). E, AITC (n = 7) versus Tramadol
+AITC {n = 3); P = 0.0361. The results of Shapiro-Wilk test for
each group are P = 0.1058 and 0.3914. F, AITC (n = 7) versus M1
+ AITC (0 = 3); P = 0.0494. The results of Shapiro-Wilk test for
each group are P = 0.0911 and 0.0629. The data are expressed
as the means £ SEM (bars). *P < 0.05 compared with the vaiue
abserved in cefls treated with AITC alone.
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ak et al. and our study might have been the differ-
ences of cell line expressing TRPV1 (CHO versus HEK293),
rather than different species. Several reports have indicated
that differences of cell lines had effects on the function of
TRP channels. For example, Veldhuis et al.% reported that
N-glycosylation regulated inactivation and ion selectivity
of TRPV1. Go et al. 5 showed that there were specific glyco-
sylation profiles between CHO and HEK293T cells. These
data suggest that differences of glycosylation between CHO
and HEK293 cells might be one of the keys demonstrating
the conflict between previous reports and ours. However,
further experiments could be required to settle this issue.
In conclusion, our results indicate that tramadol and
its metabolite M1 inhibit the functions of TRPAL, but not
those of TRPVI These obsermnons provide valuable new
insights the of one of the
logical properties of tramadol. &5
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HIGHLIGHTS

o we developed two new methods to apply direct stimulations to the oral mucosa for traditional behavioral pain assays in conscious rats.
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 Oral ulcers induced hypersensitivity to pain associated with chemical and mechanical stimulations.
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foliowing the develupmen( of an acetic acnd-mdu(ed ulcer. The stable intraoral opening method enabled

stable

threshold in the oral mucosa of conscious rats. Ulcer

development decreased the mechanical threshold, whereas topical lidocaine treatment increased the

threshold.

methods: These new

Comparison

behaviors in respanse to intraoral stimulations without any anesthetic effects.
Conclusions: The intraoral dropping and stable intraoral apening methods can be used in combination
with traditional behavioral assays to evaluate nociception in the oral mucosa of conscious rats.

©2014 Elsevier BV. All rights reserved.

1. Introduction

In pain research, a variety of behavioral assays have been
employed to qualify and quantify nociceptive sensations in exper-
1menta] animals. Nocifensive behavmr& including grooming-like
and behaviors, have t been measured as
signs of spontaneous andfor evoked nociception in the hind paw
and orofacial regions, such as the whisker pad skin (Krzyzanowska
and A 0, 2012). Most facial grooming behaviors, including
mouth rubbing (licking) and wiping by the forelimbs, have been
used as signs of orofacial pain in models of inflammatory, neuro~
pathic and cancer pain (Chidiac et al., 2002; Claveiou et al., 19

jarano ci al, 2010 Hidaks 2011 Hitomd et al, 207
et al. 2009: Pelissier e al. 2002; S, ei ak, 2012; Shim
Laotie, 2008). However, facial scratching by the hind paw is
considered to reflect an itch sensation rather than pain (Shimada
and LaMosie, 2008). The head withdrawal threshold/iatency in the
orofacial regions has been used as a measure of evoked pain sensa-
tions to mechanical or thermal stimulation in orofacial pain models

X ta and Avendano, 2

Stomatitis and oral cancer induce severe pain (Lam and Sclvmdi,
2011 Lean et al, 2007). Oral mucosal pain is triggered by pungent
food and physical contact during eating and swallowing (Dieninelly
et al. 2003 Trowtd et al., 2003). Therefore, it is important to under-
stand the mechanisms that underlie chemically or mechanically
induced pain in the oral mucosa. Because of the technical difficul~
ties associated with the application of these types of stimulations
to the oral mucosa of conscious animals, most intraoral pain studies
have used ized rats and elect to measure the
head withdrawal reflex following mechanical and/or thermal stim~
ulations (Katagiri et al, 2012; Ohara et al., 2013). Because general
anesthetic agents have been reported to affect peripheral nocicep-
tion and central pain perception {Cerviett et al. §; Devor and
Zalkind, 2001), the results obtained from anesthetized animals are
complicated by the potential effects of anesthesia. Recently, several
new pain assays have been developed to evaluate intraoral noci-
ception in conscious animals, including measurements of gnawing
time, sucrose intake and grimacing (Dolan et G10; Gibbs et al.,
20131 Liso et al. 2614). These novel assays have great potential
in the evaluation of oral mucosal pain in conscious animals, but
special equipment is required to perform these assays. In addition,
the results obtained from these assays cannot be directly com-
pared to previously reported results from extra-oral regions using
traditional pain assays.

Therefore, in this study, we developed two new methods to
directly stimulate the oral mucosa in conscious rats prior to the
assessment of traditional behavioral pain assays. One previous
study that examined pungency-induced pain in the incisors of rats
reported that facial grooming is enhanced following the appli-
cation of a capsaicin solution into the oral cavity (Chidiac et al.,
2002). Based on the results of this study, we first established a new
method to directly apply pungent solutions to the oral mucosa of
the mandibular vestibule in conscious rats using a plastic dropper
(termed the 'intraoral dropping method') and then measured facial

Becauseitwas hanical
stimulation with von Frey filaments while performmg the intraoral
dropping method, we subsequently developed a second method
to expose the mucosa more stably {termed the ‘stable intraoral
opening (SI0) method"). Furthermore, to examine whether these
methods are available to evaluate pain hypersensitivity in oral
mucosal disease, we performed traditional pain assays in an exper-
imental modei of oral ulcers (OUs).

2. Materials and methods
2.1, Animals

Male Wistar rats (150-350g, n=100, Kyudo, Saga, Japan) were
used in the present study. The rats were maintained on a light-
dark cycle (L:D, 12:12-h) and housed in pairs in a temperature-
and humidity-controlled room (22-25°C and 40-60%) with food
and water provided ad libitum, All experiments were conducted
in accordance with the National Research Council of the National
Academies Guide for the Care and Use of Laboratory Animals (8th
edition) and were approved by the Animat Experiment Committee
of Kyushu Dental University. All efforts were made to minimize
animal suffering. Rats were randomly selected for each experiment.

22. Histology

All samples of lower lip tissue, including the oral mucosa and
mental skin, were collected fmm rats that were deeply anes-
thetized thh sodium (100 mg/ke, i
(ip. aortic perfusion with 4% in0.1M
phosphate buffer (pH 7.4). The tissues were post-fixed in the same
fixative for 1 day at 4°C. The fixed tissues were subsequently
embedded in paraffin, and 5-pm-thick sagittal sections were cut
and stained with hemnatoxylin and eosin.

2.3, Intraoral dropping method

To expose the labial fornix region of the inferior incisors for
several seconds, each rat was briefly held in the left hand of the
operator, as shown in Fig. 1A. First, both forelimbs of each rat
were held between the second and third fingers. The rat's head
was then extended to the back using the thumb, and the lower
lip was pulled down using the forefinger. A drop of stimulant was
administered using a plastic dropper {(VECTASTAIN ABC kit: Vector
Lab, CA, USA). All rats were acclimated to this procedure by admin-
istering drops of distilled water at Jeast three times prior to the
behavioral measurements. The method was termed the “intraoral
dropping method” in this study. Capsaicin (Wako, Osaka, Japan)
and aliyl 1sulhlucyanate (AITC: Wako, Osaka, japan) were used as

they are reliable nocicep
Capsaicin was diluted with dimethyl sulfoxide (DMSO) to make a
stock solution and was further diluted to 0.1% with water (10 and
100 M) just prior to the AITC diluted
to 10 or 100 mM with mineral oif (Sigma, MO, USA). The effects of
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s Mouth rubbing

¢ Facial wiping

I

Fig. 1. inuraoral dropping method. (A) A rat was held tightly in the experimenter's
feft hand, and the forelimbs of the rat were held betvieen the second and third
fingers. The rat's head was extended by the experimenter’s thumb, and the iower
fip was pulied down by the forefinger. The stimuli were paced on the labial fornix
region of the inferior incisors using a plastic dropper. (B) Mouth rubbing behavior.
(Cy Facial wiping behavior.

vehicle treatment (0.1% DMSO for capsaicinand 100% mineral il for
AITC) were observed 20 min prior to the application of the pungent
solutions. To determine the effects of repetitive application of the
pungent solutions on grooming behavior, the rats were observed
following the administration of 100 ;1M capsaicin or 100 mM AITC
twice at 20 min intervals in the control rats.

2.4. Measurements of facial grooming behaviors

In the present study, facial grooming behaviors were divided
into two different parameters: (1) mouth rubbing by both fore-
limbs with licking (¥ig. 1B) and (2) facial wiping with one or both
forelimbs (Fig. 1C). Animal observations were performed for 3min
to evaluate pungent-evoked nociception and for 10 min to evalu-
ate spontaneous nociception. All studies were conducted between
1:00 and 5:00pm. All rats were acclimated to the plastic cage
(30cm x 30cm x 30 cm) that was used for the observations over

To

A

B o mwm ew e @w
5w 6w Tw 8w Sw
L 1 L 1 1
4 —
R_IngA Restrainer QOral ulcer

Adaptation Test
C

Fig. 2. Stable intaoral opening (S10) mecho. () Ring sppliation. A magnerized
needie: rats lower
lip{left). bentintoaring. aff{night).
(B) The method consists of three steps: (1) nngappucauon in 5-week-old rats, (2)

with von Frey Rlaments 1-2 weeks atet fing application. (C) Performing the pain
test. The oral mucosa of rats is stably exposed by pulling the iower lip with the
‘magnetic ring. and the exposed oral mucosa i stimulated sing von Frey fiiaments

aperiod of 3 days (one time per day) prior to the .
examil facial groomingisa behav-
ior, one cohort of rats were administered morphine Lp. (either 4
or 10mg/kg dissolved in saline at a final volume of 0.5 ml) 40 min
before capsaicin application. As a control for morphine administra-
tion, another group of rats received an equivalent volume of saline
(saline group). The morphine concentration used and the subse-
quent timing of the behaviaral observations were chosen based
on previously published studies (Shinods et sk, 2008), The mor-
phine experiment was performed blindly with respect to the drug
2dministration.

2.5. SI0 method

To stably expose the oral mucosa in the labial fornix region of
the inferior incisors, the mental skin of 5-week-old rat was pierced
with a magnetized ring (Fia. 2A); the rats were then trained in the
necessary experimental procedures prior to von Frey filament tests
(Fiz. 2B). The SIO method was carefully developed with consider-
able trial and error. First, the rats were anesthetized with sodium
pentobarbital (50 mg/kg, i.p.), and additional local anesthesia was
applied to the mental skin (8% lidocaine, Astra Zeneca, Osaka,
Japan). A magnetized needle (22-gauge-like size, Daiso Sangyo,
Hiroshima, Japan) was used to pierce the mental skin below the

region.

rat's lower lip. The needle was then bent inte a ring, and the tip
of the needle was cut off. One week after the piercing, the rats
were trained for 10min per day to stably protrude their perio-
ral regions through a hole in a hand-made black box (W: 6cm,
L: 6¢m, H: 13cm), made from plastic rectangular bottle, the so-
called iner, as previ described (Kobayashi et al, 203 1),
importantly, the rats were free to avoid the stimulations if they felt
pain. After demonstrating stable behavior in the restrainer (approx-
imately 3-4 days from the initiation of training), the rats were
further trained to expose the oral mucosa. A small neodymium
magnet, which was attached to a weight by a string (3,4 and 5g
weights were tried, but 4g was ultimately used), was attached
to the ring that was inserted in the rat's lip, which resulted in
a constant vertical pressure on the ring (Fiz. 2C). When the rats
flicked away and backed away, the magnet was released from the
ring without damage to the pierced region. The following intraoral
behavioral test was performed after confirming that each rat had
adapted to the experimental conditions {approximately 2-3 weeks
after the piercing).
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Fig. 3. Oral ulcer (OU) model, (A) Typical images of the oral mucosa in the labial fornix

tment. (B) Hist

. on day 2 and day S after

‘mucosal region in naive and OU model rats on day 2 and day § after acetic acid treatment. Scale bars, 100 . Spontaneous rubbing time (C) and the number of wiping (D)
during 2 10 min period in control and OU modef rats. *P<0.05 versus control, Error bars indicate the SEM.

2.6. Measurements of the head withdrawal threshold to
mechanical stimulation

in the SIO method, head withdrawal threshold to mechanical
stimulation was measured in the oral mucosa using a setaf van Frey
filaments (0.02, 0.04, 0.07,0.16, 0.4, 0.6, 1,2, 4 and 6 g, North Coast
Medical, Morgan Hill, CA, USA) to evaluate the mechanical pain
threshold. We prepared two hand-made filaments as follows: 0.2g
filament was made by cutting to 3.4 cm from 3.7 cm of 2 0.16 g von
Frey filament and 0.3 g filament was made by using 4.1 cm of nylon
fiber {#3, TOHO, Hiroshima, Japan). The filaments were applied to
the labial fornix region of the inferior incisors (¥ig. 2C inset). For
stimulations of the mucosa, a cut-off of 6 g was estabhshed to pre—

(white area, indicated in ¥ig. 3A, day 2) in OU model. Behavioral
observations were performed before and after the induction of OUs.
The control iawithoutany

OU rats were housed alone or mxxed housed with control rats.

2.8. Analysis

The data are expressed as the mean = SEM, and n represents
the number of rats. To analyze spontaneous grooming behavior,
a two-way analysis of variance followed by Bonferroni post hoc
tests was used to compare the control and the OU model. Student’s
t-tests were used to compare the pungency-evoked grooming
behavwrs and the grooming behaviors observed following vehicle

vent tissue damage. These were also
the whisker pad skin and mental skin. The head withdrawal [hresh-
old was defined as the minimum pressure required to evoke an
escape attempt in at least 3 of the 5 tests at that pressure, To exam-
ine the effects of topical anesthesia on the withdrawal threshold,
a small swab soaked with 20 pl lidocaine (8%) was applied to the
al mucosa for 5 min, The were measured prior
to and after the topical anesthetic treatment.

2.7. OU model

OUs were induced in rats using previously described methods
(Vilela-Goulart et at., 2008), Eight-week-old rats were anesthetized
with sodium pentobarbital (50 mg/kg, i.p.). A 9 mm? piece of filter
paper (3 mm x 3 mm, Whatman, Maidstone, UK) was soaked in 50%
acetic acid diluted with water and placed in the labial fornix region
of the inferior incisors for 30s (Fig. 3A). Chemical and mechani-
cal stimulations were applied to acetic acid-induced leukoderma

in the same animal group (paired} or between differ-
ent animal groups (unpaired). To evaluate the effects of morphine
on capsaicin-evoked grooming behaviors, Dunnett's post hoc tests
were used following one-way analysis of variance. To analyze the
head withdrawal threshold to von Frey stimulations, Dun’s multiple
post hoc tests were used following Friedman tests for time course
changes in the mental skin after piercing, among examined dif-
ferent pulling weights or different facial regions. Wilcoxon signed
rank tests were used to evaluate OU development and the effects of
lidocaine. Differences were considered significant at Pvalues <0.05.

3. Results
3.1. Characteristics of experimental OUs
To determine the availability of new methods to evaluate intra-

oral nociception, we prepared an experimental OU model. ¥
shows the typical images of the oral mucosa before, during and after
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indicates spontaneous nociception has no effects on short-time
facial grooming behavior following drug application.

n the control rats, capsaicin at 10 uM (n=5) and AITCat 10mM
+ {n=4)had no significant effects on facial grooming behaviors com-
pared with vehicle {data not shown). However, tenfold higher
concentration of these drugs induced significant changes in facial
grooming behavior (F:z. A, C and D). Compared with the vehicle
application {0.1% DMSO in water), capsaicin at 100 wM significantly
prolonged rubbing time for 3min (P<0.001, n=10, Fig. 4A), but it
did not change the number of wiping (Fig. 4B). Compared with
the vehicle application (100% mineral oil), AITC at 100mM sig-
nificantly prolonged rubbing time and increased the number of
wiping for 3min (P<0.01, n=5, fig. 4C and D) These pungencyA

evoked facial groomin; iors bserved
the application. Capsaicin-induced facial grooming had essentially
ceased by the end of the observation time, but AITC-induced facial
grooming continued past the observation time. To examine the
desensitization of pungency-evoked facial grooming behaviors, a
subset of control rats that received 100 M capsaicin (n=4 of 10)
and all control rats that received 100mM AITC (n=5 of 5} were
subsequently administered the same pungent solution following
a 20min interval. Rubbing behavior in response to the second
capsaicin application was significantly shorter than that observed
following the first application (P<0.05, A).In contrast, the sec-
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Fig. 4. Evaluation of oral mucosal pain by facial groomi h
im0 e Rbing o (5 200 (s raner of winie s ond AITC application tended to prolong rubbing time and ncrease
during a 3min period following the application of vehicle (0.1% DMSO) or 100 uM facial wiping compared with the behaviors observed following the
capsaicin tothe fabial fornix region of the inferior onday  first application, although this effect was not significant (Fig. 4C
2ofthe rat “'m"mifnlghe rubbing time (C) and the "“’"”“‘;2‘?’,':;8‘,‘“‘3 ;;‘;g"s and D). These results suggest that capsaicin and AITC have the
the labial fornix region of the inferior incisors in the contrl ravs and on day 2 of  POtential to induce desensitization and sensitization, respectively,
the rat ulcer model. OU: aral vicer; Veh: vehicle; CAP: capsaicin; CAP1: first apphi-  Of facial grooming behaviors in the second application. Hence, in
catmn of capsaicin; mvz second app)x(auon of capsaicin: ATTC1; first application the following experiments, pungent solutions were applied only
a TAITC.P<005."P<001  once to each rat to avoid repetitive effects. Furthermore, to con-
3;‘,‘: o ogfrg}[s):s‘ ZXL“"?&Téf,ff’n"éfiii’e"lke's’éﬁns and “P<001 versuscontol. firm whether pungency-evoked facial grooming behavior is caused
by nociceptive sensation, we investigated the effects of morphine

administration on the capsaicin-induced prolongation of rubbing

rime. Compared with the saline group (31.043.5s, n=6), mor-
phine pre-treatment led to a significant, dose-dependent reduction
in the capsaicin-induced prolongation of rubbing time (4 mg/kg:

treatment with acetic acid in the same rat. On days 2-3 after the
treatment, the appearance of the mucosa had clearly changed from
pink to white, which indicates the development of leukoderma. In
addition, the white mucosal membrane was occasionally peeled 16.7+4.3s, n=6, P<0.05 and 10mgfkg: 5.6 £3.3s, n=5, P<0.01).
and the dermis was exposed. On day 5, the acetic acid-treated  No motor defects were observed in the morphine-administered
region was visibly cured. Histology revealed a significant infiltra-  pa¢s,

tion of inflammatory cells into the dermis of the treated mucosa In the OU model, the rubbing time observed following capsaicin
on day 2, but this pathological aspect had disappeared by day 5 3gministration was significantly longer compared with the control
(Fig. 3B), To examine spontaneous nociception in the OU model.  rars (P<0.05, Fig. 4A) or the OU model animals foliowing vehicle
mouth rubbing (F1¢. 3C) and facial wiping (Fig, 3D) were observed  administration (P<0.05, n=G, Fig. 7). Interestingly, the number of
for 10min in the non-treated controf rats and in the rats exposed  wiping observed in the model animals was significantly increased
to the OU model {each n=6). Compared with the control rats, the by capsaicin (P<0.05 compared with vehicle, Fiz. 4B) despite the
spontaneous rubbing time was significantly prolonged in the OU  fact that no changes in this behavior were observed following cap-
model rats on day 2 (P<0.05, Fig. 3C). No significant differences  gajcinadministrationin the control rats (P< 0,01 compared with the
were observed in the amount of wiping between the two groups of gy model). In contrast, AITC significantly prolonged rubbing time

animals (Fiz. 3D). From these results, we performed the pain tests  and increased the number of wiping compared with the vehicle
prior to treatment (day 0) and day 2 after treatment with acetic (P<0.01 and 0.05, respectively, n=5, 4C and D). Unlike cap-
acid. saicin, the AITC-evoked facial grooming behaviors in the OU model

animals were similar compared with the control rats (Fig. 4C and

3.2. Intraoral dropping method and facial grooming behaviors D).

3.3, §10 method and head withdrawal threshold to mechanical
stimulation

To evaluate evoked nociception in the oral mucosal region, pun-
gent solutions were directly applied to rats using the intraoral
dropping method, as shown in Fig. 1A, and facial grooming behav-
jors were subsequently measured in the plastic cage. To avoid
the potential involvement of spontaneous facial grooming effects
on the measurements, we observed the behaviors for the first
3mini i after the ication. Vehicle i (0%
DMSO in water and 100% mineral oil) led to no significant differ-
ences between the non-treated control and OU model groups with
respect to mouth rubbing and facial wiping (Fiz. 4A and B), which

To apply mechanical stimulation and longer drug treatments,
we developed the 'SIO method’, which consists of surgically pierc-
mg the menwl skin (Fiz. 2A) and subsequently training and
rats prior to the performance of pain tests (Fig, 2B).
To examine the effects of piercing on nociception in the mental
skin, the head withdrawal threshold to von Frey stimulation in the
pierced region was measured on days 3,7, 14 and 21 after the ring
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implantation. Scale bar, 100 pm. (C) Withdrawal threshold in fesponse to the stimulation of the oral mucosa and the whisker pad skin. WP: whisker pad skin, *"P<0.01

versus 4g weight. Error bars indicate the SEM.

application (n=6). The mechanical threshold in the mental skin was
significantly decreased on day 3 after the piercing, but it recovered
to pre-surgery levels from days 7 to 21 (F ). Hnstologxcal anab
yses revealed that the pierced region exhibited

nociception in the oral mucosa using traditional pain assays for
facial grooming behaviors. A similar application technique of
capsaicin- and formalin-containing solutions to the oral cavity

without inflammatory cell infiltration on day 21 after the piercing
(Fig. 5B). The behavioral and histological results indicate that com-
plete healing of the pierced mental skin had occurred, and no pain
hypersensitivity was observed when we measured the head with-
drawal threshold in the oral mucosa on our experimental schedule.
As shown in Fig. 2C, the rats with pierced mental skin were trained
to stably expose the labial fornix region of the inferior incisors in
a black restrainer for 2 weeks. We subsequently determined the
appropriate pulling force for the lower lip. No significant differ-
ences in the head withdrawal thresholds were observed among the
three pulling weights examined (3, 4 and 5g, n=6, Fig. 5C). Finally,
the 4 g weight was selected as the most apprnprla[e pulling force
because it exposed the largest mucosal area. in the final experimen-
tal condition of the Si0 method, the mechanicai threshold of the oral
mucosa that was vertically pulled by 4g was significantly lower
{0.25+0.05g, n=13, P<0.01) compared with the whisker pad skin
{8.58+:1.66g, 5, Fig. 5C) and the mental skin (10.38£3.67g,
, Fig. 5A pre).

Compared ‘with the pre-trearment with acetic acid, the head
withdrawal threshold to von Frey stimulation in the oral mucosa
was significantly decreased from its peak on day 2 (n=5, P<0.05,
GA), which is similar to the time course observed for spon-
taneous rubbxng time (Fig. 3C). Our previous study reported

painin the whisker kin iated with infl

tion of the lower lip (Shinada et ai, 201 1). However, no significant
differences in the threshold of the whisker pad skin were observed
in the QU model (Pre: 7.21 £ 1.79g and day 2: 8.12+3.11g,
We next investigated the effects of ropical anesthesia with I;do-
caine on the mechanical pain threshold of the oral mucosa. In all
control rats (n=6), topical anesthesia permitted the stimulation to
reach the cut-off value (6g) (Fiz. GB). On day 2 following acetic
acid treatment in the same rats, the mechanical threshold was sig-
nificantly decreased (P<0.05 compared with the pre-level prior to
0OU development). The mechanical threshoid of the OU was also
significantly increased by the administration of topical anesthesia
{P<0.05 compared with the pre-level after OU development), but
it did not reach the cut-off value {Fig. 6B).

4. Discussion

The present study demonstrated that the intraoral dropping
method enables relatively easy evaluations of pungency-evoked

has been demonstrated in a preliminary experi-
ment (Chudiac et ai.. 2002). Compared with the previous study,
our-developed intraoral dropping method has an advantage in
stimulation te a more limited oral mucosal region, in which uicer

= 2
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Pre 1 2 3 4 5
B Post-procedure day
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0.4-]
0.16+

0.07+4
0.04+
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Pre Lido Pre

Before Oral ulcer

Figg. 6. Mechanical pain hypersensitivity in the oral mucosal region after orai ulcer
(ou) development. (A) The mechanical pain threshold was assessed based on
in the OU model. *P<0.05 versus pre-ulcer development (Pre). (B) The mechanical
pain thresholds in the oral mucosa following lidocaine application to the mucosa
before and during the OU model. Pre: pre-application of lidocaine; Lido: lidocaine.
*P<0.05 versus Pre before the OU. *P<0.05 versus Pre in OU model. Error bars
indicate the SEM.
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observation time, which is different from the time course observed
for capsaicin-evoked mouth rubbing. The difference in AITC- and
capsaicin-evoked facial grooming time appears to depend on sensx'
tization itization, respectively, in the sec
Similarly, a previous study (Raisinghani et al, 201 1) reported longer
nocifensive licking behavior after an AITC injection in the hind paw,
sensory neurons (Catering et 199 o1 alk, 20049). In the comparedthhacapsalcmlmemon However, the amount of spon-
present study, prolonged rubbing time was observed following ubbing 10minwasp inthe
100 M capsaicin and 100mM AITC, but not following ten times OU model; thus, the longer observation times required to measure
lower concentrations. These results suggest lhat the prolongation pungent-evoked faual grooming were unsuitable for the evalua-
of rubbing time induced by pungent tion of | to pungency in the OU model because of its
In addition, because the increment in rubbing time induced by involvement in spontaneous behavior, Therefore, further research
100 M capsaicin could be inhibited by morphine, we conciude is required to determine whether TRPA1 sensitization is involved
that this prolongation of rubbing time is a nocifensive behavioral in OU-induced nomcepnon
response in the oral cavity, which has been suggested by previous ou
studies (Chidac et al,, 2002). AITC also increased wiping behavior threshold, which suggests OUs lead to mechanical pain hypersen-
in the control rats, which suggests that facial wiping is also a sign sitivity. The mechano-sensitive channels TRPA1, TRPV4 and Piezo2
of intraoral nociception, as reported for facial nociception (P ier have all been associated with mechanical hypersensmvxcy under
et ai, 2002). Compared with mouth rubbing, facial wiping behavior conditions of inflammation and nerve mJury (Ales: Haber
appears to be less sensitive to nociception because no changes in el al. 2008; Boset ef al, 2013; Dubw et al., 2012). Therefore,
spontaneous wiping were observed in the OU model and wiping these channels may be involved in the mechanical hypersen-
did not increase following capsaicin administration in the control sitivity induced by OUs. Clinically, topical anesthesia is often
rats. insufficient to suppress the pain in pulpitis and apical periodon-
This study is the first report to show a stable method (S0 titis (Boronat Lopez and Penartocha Diage, 2006, Umno ot
method) of direct mechanical stimulation to the oral mucosa in 2008). In the present study, the topical treatment of lidocaine in
conscious rats. The baseline mechanical pain threshold observed rats with OUs significantly increased the mechanical pain thresh-
in the oral mucosa was considerably lower compared with the old, but the anesthetic effect was considerably less compared
facial skin, which is cnnslsmnt with previous reports in humans with the healthy oral mucosa. The following two hypotheses may
(jacobs et al., 200 fidh - 1936), This difference in pain explain the anesthetic failure in inflammation: (1) a decrease in
t‘nreshnld is most hkely caused by dlffeanCEs in tissue tough- the active non-ionized drug molecules in inflamed tissues because
Because most published of inflammation-induced metabolic acidosis (Punnia-eorthy,
1987); (2) an increase in the number of inflammatory cells that
produce peroxynitrite, which is known to antagonize anesthetic
effects (Jeno
Using both the intraoral dropping and SIO methods comple-

was developed, without any special restrainers. Capsaicin and AITC
were used as painful stimulants because these chemicals are widely
known to be the pungent campounds in red hot chili pepper and
wasabi, respectively (Baut al., 2005 Jancso et al, 1967). Cap-
salcm and AlTCactivate translem receptor potermal {TRP), vanilloid
1 (V1) and TRP ankyrin 1 (A1) channels, respectively, in primary

i

reduced the jcal pain

dri

pain- related animal studies of inflammatory and neuropathic pain
have rneasured

regarding stimu-
Gl 1er, 2004), the mechanical thresholds in the
oral mucosa in conscious animals can be compared with manypub«
iished results from extra-oral regions. In anesthetized animals, il ments the individual methodological limitations of each methed.
possible that a specific nociceptive threshold involves both periph- Although the intracral dropping method is relatively easy, it pro-
eral and central anesthetic effects (Cornett et a and vides less spatial specificity in the stimulation because stimulants
Zalkind, 2001). A previous human study reponed that the pain applied in this manner gradually diffuse throughout the entire
threshold was increased by anesthesia {Siker . hus, mouth through the saliva during licking and movement of the
there are si mandible. The SIO method provides advantages in spatial speci-
tion in the oral cavity of conscious animals. ficity and in the variety of stimulation modes it allows (e.g.
In the OU model, capsaicin application induced a further pro- mechanical, thermal and chemical stimuli), but the SIO method
longation of rubbing time and a significant increment of wiping requires substantially longer preparation periods more than
behavior compared with the control rats. These results suggest 3 weeks) to heal after piercing surgery and the habituation of ani-~
that OU induces pain hypersensitivity to capsaicin. The destruc- mals to the experimental handling conditions compared with the
tion of the epidermal layer that was observed in OUs is thought intraoral dropping method. As a common limitation in both the
to increase the accessibility of chemicals to free-nerve endings in methods, it is arisen the SubjEt!lVlty of experimenters in measur-
the oral mucosa. Therefore, the capsaicin solution that is applied ing facial grooming and head behaviors,
via the intraoral dropping method may activate more penpheral of gnawing time usmg a "Dolognawmeter” (Dolan et al, 2016),
nerves in animals with OUs compared with rats by sucrose {Cibbs ot &1, 2013) and thermal operant
healthy mucosa. Because inflammation has been reported to elicit ~ behavior based on a reward-conflict paradigm using Orofacnal Pain
pain hypersensitivity as a result of the up of TRPV1 Device {And: n et al., 2013; Neubert er al. 2008),
expression in sensory nerves and/or TRPV1 plmsphorylalmn m which represent three recently developed methods for orcfacnal
peripheral tissues (Caterina ¢t al., 2000 Kwon o1 al. 2 pain assessments in conscious rodents, enable the assessment of
possible that these TRPV1 modulations are related, in part o the nociception that does not depend on the subjectivity of the expe-
capsaicin hypersensitivity in OU regions characterized by inflam- rimenters.
mation in histological analyses. Unexpectedly, AITC application did The intraoral dropping and SIQ methods are applicable for use
not change rubbing time or wiping behavior after OU develop- not only in the oral mucosa but also in other intraoral rsgmns For
ment despite the fact that TRPA1 sensitization has been implicated example, sti; i f the inferior
in pain itivity following i ion and nerve injury are enabled using the intraoral dropping method by spreading a
(Bonet er al, 2013, Staaf et al, 2009). The lack of changes in AITC- stimulant solution in the mouth. The $10 method also enables stim-
evoked facial grooming behavior in animal models of OUs may ulations of the inferior gingiva and incisor teeth for investigations
result from an insufficient observation time to detect nociceptive of pain sensation in experimental periodontal disease, pulpitis or
hypersensitivity to AITC. In the present experiments, AITC-evoked tooth movement. Clinically, oral pain is the primary complaint in
facial grooming behaviors were observed continuously over the the field of dentistry. Pain during orthodontic therapy is a major

nacxcep-
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problem that can lead to poor appetite. Patients with head and
neck cancer treated with chemo-radiotherapy frequently exhibit
oral mucusms. which causes oral hypersensmvny thatcanresultin

in eating, talking and Donnelly ¢t al., 2003
Our newly developed methods will contribute to future investiga-
tions of these unsolved problems of oral pain and may facilitate the
development of drug therapies to prevent oral pain.

5. Conclusion

The two new me:hods ufunraaral dropping and SI0 allow for
the of lated behaviors in response
o intraoral nociception in the absence of potentially confounding
anesthetic effects. Our data reveal that OUs lead to pain hypersen-
sitivity to both direct chemical and mechanical stimulations. We
believe that the assessment of behavioral pain assays with our new
methods will provide novel clues to explore new pain therapies for
patients with severe oral mucosal pain in the future.
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Regicsal Concer Centers amd Hospitals in Japan™ was issued.
The notice included details on sequirements for concrele
messures, insluding “making rounds in the ward and holding
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are wsed infrequently, indi pein selief for cancer
pasients remafes insufficient, sphasizes the imporiance
of physicicn education by showing the physiciass the cntire
pain treatment process, including the actu! preseription of
medicatiors. thereby necessitating & deviation from the
pallistive care team's conventicnzl approacit of exclusively
secommending pain treatment,

In onder 1o provide snswers to the questicn of what
professional paistive care is, funther enhancement of the
skilis of prafessional in pein trestment is nesessary, 25 well 4

many facilitics.

— 215 —

ML Lo Thnd
FUYFEES ST TLIAD

T LIRS WG R RHE AT H B,

LELTLEL

AXOEREREENRS UMERCS5 Y, B
SREUEIEE & HE T 5 LR E LT B 0. (F
EI2AF 6 A 7 ANTHEBERALE]

28{2016) SO 5
BY, BRrve

TUHNE t, LEHEROH &
BRAOMHBEROLN OB

AShB.

BAOESEREEAE $ 200 #”,
HEERMB IR 2 LML LTPuL, KA
EERCELOFAREOREN S EH2IHD
RTOEVT EF RS NS FALZREZL
LEEDS, GUERERETE FRVED
T EOHROEEER, HECERREREGH

SHERS S, EXETORENIRAIHALE
FCHUC, BEPOBGREAT PUHFARE
ORTELFFIRBES ATV GV

¥ 13207kl # =B 9.82kghiin L
T ds
L5 O E

LRBELI b 0r

26 N6 2015 99

DA B MR




an 012 ()
BozLgz8

W HILLF Y S  FIR20000 & Y 2 A
B B IR st ToloRa
AR FF JZZHIDNTH
B, 17 =y SRR R L
s 2 ERGHEL
Eiibie

HTHD Y.

FRPE S
RLGLOF
Wt w.«‘zsvsmr «%f’

&

AL LT Vo

1&(&0&;’."‘7137 MY Xh

S S T R -

Bife B s b GRS S
L. #hE

"
oy

?5%

)
405

;

(R S TV EMASERY
F OIS

Ry
25035, Pﬁ}:?#iuﬁ Hhdd

TERHT
DRy

FREPIT S
AT
i A 3 LT
Rk Tk s
R o T { s SR OB F5I31T
BT

B 7 B BRI B TAARE

%f’l’ii"&‘k{?!: “H#,
Al :
sE}fI’fTw"*“v’)(m

IO, 20085
Bzel
03010017 K
i BEGUE

[ A it AR A
T‘L’x_éO’Xé >51

R %ol

PR R o 2oy T"f——.a L& (')t’fﬁi

AL {qﬁ::{!"?’
SR

E->4 #—&‘(%%Lm@m‘r

S EORBA O LA TE

- wmr

=S

NG AT FAL I N S
BRI BT e - s YRIOEN
LA, THE ISR B
U ERROTHE Lo latisE v,

FIH LTHER P LY BRI D SER DD

FAEFLRUDETBF ABFDEHINL
T, BECGU THERS 8y 7 F - LTE
HTIE,
MIERTERWERET AL, (FHROE R
108 #FABRTERRARREOEECOVLT)

AT ERPERGE Val26 Nod 2015

1

12012

. AR

'm fEFAREr TS

Gy T E-ALE

TH LSRR

LEiiN )

i LR oA

ek

VAR
S ey

Foiou Y RIOHE
LRWETH DA
LTLIRAET B
AHHGITR r&f‘,‘"l’f’r:"— %
THHY, ok
-—.tw»‘u:

T g,
70)’:‘.3‘1'::7/'#7. M‘u Bt
Foo PUKIRES
Py 2o
Ao Tnbdsa BT A

BAY T F - A DR mn“:f;-.
rl"l‘”ﬁ'»»?ﬁ? BBV FL r\,éeﬁ!{:éﬂ'ﬁ

RiGeHER L
Liewsd Evd3tfs L
LT HR «Afvn%i’L"(«
Wik, AR L0 B L
L2

COWREHT BN, HaohiREe Y

Hid o
B THRRLE
-3 PHE

FALNEIIERE vl

6 No.d o 2015

mf)!}{, t?l/) )
’2‘!‘«5!222i,}~i0!!26 i
17158 TdH o, .._’3’)
LB DR HAE
LAY, HATT

';7}‘?)5' &

Dz -u%rr
AD2BHT
zzé

ETHY, WARTTELRVILPHSTVE
SEHHLT AN
‘Sii 2 4id)

— 216 —

‘t:x,fm&!ztma LT

eHATS

%
L ST AN -:us;fx D BOEEHE STEEE)

[t

~1ph6i

@ AJ‘; . Ll
ZTETIE A

UDFEHPRR LTS

COHEHE

LEGLY

R

GNP T LR

b2+

SIS ERBL
[EES
ZeEi

BRI T F - LA ABEOBREERTAFE
o, BERAUTHA, BEAYISIS GO

BEEREDPS

L, FRENLER

DR TESUHERRTEIL,
BRTTF - L NFABREORREERT IR
P AMICERELLL,

BAGETOBFRERZCMNTIE DI, @
LT OBRRCHT PN 3REASEER

Bk, (FRE T BI0R FABEERER
HREOBRIIOWT

f(@riu;"" ?U”‘xL"“L AEAOHMRY
EEEENTTHEL L

GREETIE

BT %; AR R 2
TRV EVHTWA
ZEFBLT CMHLABHIIENT. A2 Y-
=y Zas | MEEMIC T DIVB RNy T
FEEOL T S ETI 450 | DEHOR
AUETEARLHRTVL, T8,
BB AHOERE BT TS
Tk

M')’ T DRI B iR

- gzvgih_gwlr;»rww;é:ﬁ,

DA EREEHHE Vol 2015




14141

. ST
2 TEDHD kLT

HWRHTAE L S

WHOHBR ALY

P AT
Ll IoRELE &

DL I

I EHTER O VR

(LickE RO

T

A N

B

b, BN AN
LR

[ AP
5L AR

Gl TERY TS
6 % B TR ity

FHAT

Bl 2 AL

RERE %7

EESASE R

BABBLGERE Vol 26 Not 2015

SHIE, ST A G e T ENRRF —

LIEESTHOETCHS.

Wl LT, SHRO#IT
v iR

Ry e g,
DELOCEH~O G
A R
MTLEITLEHE. UL,
ENTL LT R ORMOLETE RS
SIS T ALk e TR EEL
i I e ST e fitan
BEOECEERTE, WHTEaTs sy

<o s

BA SRR R AWEY
F2D T (wwwprefaivagi jp/uplordeds
avtichmnen 25 ]
31 EEREEE A AR
fi2iis 2R

tpeis

F AR
.23

MG R < SPRIE IR T

— 217 —



— 812 —

Palliative Care Research 2015; 10(2): 135-41

PABEOERBORE L RE
—SR/ ABRDIE E B E ISR AT HTT—

RE EEY, R MIAY, T

=W KRS, Bk BT,

B, =@ Y, HAR A,

MEOETD, g T

1) BERESREORE KSR R Y X v MR GRS,
2) EHIERBEN BLAAREL Y 5 — AL Y & — P ABIRRIERIZER,
3) WHREMLRGER B TRy 5 —, 4) F BRI,
5) BRMATEEEA HURBEFESAEHEENRAL JCHO FRE MATRRARR, o) IR P IuHE,
7) BEMESEHAAS BMEEREE, 8) WARRN R MAESS (B ERRTEHERY Y - B TR

S4B 2014 F 11 B10R/HETH 201543 A 26 A/ REHA2015E4 /818

[F#] B ABEORBORBE+HMBASHEF>TOENI EXFBL. FTOEELEDEDICE, 25 LEERE
BHEREOEENVLETHS. [BN] FABEOER OHURROBE, 40, REZBETS. [HE] MEFRY
AREBHEHHLSRRE T & 3 BRBILPRFRED LD A BE CRIEHFE S W AH EWRICEBOWR® QOL, ARES £ IE
U, ABR/SME, H4U, Bitd (2651 /FEHE (<651|) #HmLA. [BR] LRI S570%THY, ARLYUHA
RCEBBED I BIMEA 0 IS < (RRgHe: 538 28.9% vs AR 52.6%, NRS: 443£3.9 vs ABZ2.1, P<0.001),
SR THIIBHEDRBRIEDL > 1 (BUE: 24.7% vs ESME: 35.8%, P<0.01). [ER] —MICHRTCOEBOT
fli - FADIRDBRTHDEEADNBY, BILEMENONAOBREN BN LN IPF AL,

Palliat Care Res 2015; 10(2). 135-41

Key words: $R%047 7, B#E, 1A, EE BRE

#

o)

WHO OEFY 7 OEFTIREBRORM» B I Lo
ELAGEOEROFME FH - HUOBEERSEON TS
00, BAFEOHECBNTOENT 7 IIESTEE LT
BoToh, BErS0BHr 7TREROR 7Y -2 VO
HEEMAMAINATVE?. L Lants, bRETIE, &
H OGN TR & LTV e WA EIRR LB e T
EENDDY, BNRELETEA, BB NS L
RHECRLN TS, By 713, HALBIF S
WroRAESnD LIS T ST R CUNE L (ER
ENDZUEYH B, L) EHPLOFABESBOERED
RiR, BLU, ARRHRREOBIIEIL IO IH
LMo TWR, RIS, PABEO L ORED ASE
FOREYEE L, FOBREOHSTHRENTVED
P, FEEGEOT— 5 b-HATRRW,

I, ERCPPLLT, L OPABREVEE LIS
MHEFLTWAEENS B H T, Bl AR IR
BIBMLTY37. SBZIEMEREL L THYY, &
BB OB ORI A3 Th MRS H 5. — IR
T ERERCTEP DRSS D Z EHE L, MIRBb RS
RT3 2hid, FAEBICBVTLRAKTH
01 B REENICE VT b EiE ATIER LT,

B ABBEOEFOERE, THICHELPIIE TR

PLboZ &ns, 2B LURRE L W) 2 00BE»
S OMEEER Yy THED L OLETH L EELLNDE. K
WD Bgid, HEHERADEEIHSHERETH 2 HHE
STHREIEIC B A MBED L ORI, £NABRE LR
V2, EROFERRE, HOMRICBITAERE, BLU
EOTRTH L. SHIT, FWANONRETIICHLY,
IV BEREDOBHAAADERHRERET AL T 5
b, AB/Ak, BLU, BilE (2655 /EEEE (<65
) REELA.

Bk

20134E4 A 16 H~8 A 16 HOMIS, FHRRLHImEIC
TiTo7e. MHEFCHAABEOBHER 2R L2BE O
He/ABE) RHBBERH L Lz 2055, HUEFFEHIIC
WEELRBTH S LRI LR, BX0° BAEiicEys
% C HERBOGHRS L USR5 5%, BIESMOREH
RRIEENRE L, fRECHORAREMREE H
T, QBB @HAFER EORTC QOL C15-PAL (the
European Organization for Research and Treatment of Cancer qual-
ity of life core 15 palliative questionnaire), ®fifi 555 AT
Brief Pain Inventory (BPI), @FEZHKB L UBRFE, 1IKon

Corresponding Author : IR EE | EVHIEHREA BERIPFARELY ¥ — HFAMEERY 5 — PABRKEEHESR
T 104-0045  FUHARH K LR 5~1-1
TEL 03-3547-5201 (PA#: 1604) FAX 03-5565-2322 E-mail: nsakakib@ncc.go.jp

PABEDEBOEEEEE 135

Palliative Care Research

FAOBRH(=)

[REE=0+0 / OD+0+@+®@]

1 HEECBRENERE, BREROER

THMEPE L.

ABIRTE, FRO (Al 2, B (HAadrd 5]
LR, BBV TERSZRAL TS ] LB X EE
LEFELE. 0L, [BRELRAL TS b EX1E
EBATTERVI LR TVRAZIENH Y ETH] ©
TR (5] LB BEZRIEARE L L. BENSHE
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B =R 2B (51.0%). ARTI, HEEHEGE
N1L632 B THBEA RV 1,023 805 AL B
(62.7%). HBEHEE 2 B & BEWEOSH R, sk
3,333 %, ABE701 %, AFF 4,034 BThHo7z. FEEKIN
31,001 £ (30.0%), ARBE207 4 (42.4%), A& 1,298%
(322%) CThotz. BREEDOBBARNOEE, BLU,
HRRBERA 8218 (633%) T, EFEAHT (e,
HORE, BHEOFEICHET 2 EROBRE) 217o7.
QOL DY, EWAF TRV F— 455 QOL DEHEOXR
HEBE Iz 634 % (77.2%) TIHEAT L7z KFED EMHHTT
FAnieyF—s 0BEHERERR1IORT.

[ HEEOES

RO EE OHE 1 32.2%(1,298/4,034) Th o 7.
S3kTid 30.0% T (1,001/3,333), Hilied L b bIEEiREICE
B EENE Do 2 (28.8% (592/2,059) vs 32.1% (409/
1274), P=0.04). ABETIt42.4% (297/701) T, HilsE &
FERIE BRI L A& o 72 (42.1% (168/399) vs 42.7%
(129/302), P=0.87).

AR B 2 HEZOEEE, (KHEOFEIIPDS
F) R OWEFA OF L RIEGHCTHEIAF D HED 2 210D
B, TORRERD L, FHEEOFTEMANY Ph T
W B (R % L - WD 1 1) ofIa13 9.2% (120/1,298)
Thot BH79% (79/1,001), Ak 13.8% (41/297)).
[ERH Y - EHE L] oBF Ulks523% (524/1,001), A
B639.7% (118/297)) & [HEFd Y - thiEd Y | oBH (4
¥ 39.8% (398/1,001), APBE46.5% (138/297)) OHIE&HH
SEHOKER ED, EWRE LT THERIE> Ty —
AR, JEIENH o TOREMTH L LBEVERIH S H»
Lol B, 10 B & OERE CRY - HIEEOHE
12, kB ILUARTERLEN, 413K 28.1~38.0%, AR
27.3~47.3% LUBIEAH SN2, —B LGmidk <, SEHk
FLINL OEFHEARIEIE L 2 o2 (P=0.19,
P=058) (H2).

(2] Bigse

SR e ABECEAROBIREIME L (28.9% (177/612) vs
52.6% (110/209), P<0.001]), #BROEHGEXIEEGHE T
AT MEA 5 72 (24.7% (94/380) vs 35.8% (83/232),
P=0003). AROERES L UEBBZORERIE, 46.8%
(51/109), 59.0% (59/100) THo7z (P=0.08) (F2). 10
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£ 8 675 +11.9 (22-95) 64.4 117 (29-87)
2Rt - n % n %
2R 228 373 51 244
iR 44 72 20 96
AR 80 131 36 72
H SRR R 75 13 62
= N
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ABE 80.0~46.6%, P=033). %8B, BBEIHERIIBNT
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il & < 60 %A (OR=2.4, P=0.01) ~80 bl E (OR=
5.3, P<0.001) LAEWALERBIZON, A Z OMINE R
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Current status of pain control for older cancer patients in
comparison to younger patients in outpatient and inpatient
settings: a report from one prefectural cancer care hospital
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Background: While the number of older cancer patients increases as the society ages, the current status of the pain
control is not well characterized among older patients. To improve the quality of care, it is necessary to understand the
current status. Objectives: The aim of this study was to describe the pain control for older cancer patients in comparison
to younger counterparts and characterize it. Methods: During four months in 2013, Aomori Prefectural Central Hospital
started asking all hospitalized cancer patients about their pain every day using a standardized pain questionnaire. In
addition, a questionnaire adopted to the outpatient setting was distributed to the patients who visited outpatient depart-
ment of the hospital. The information about pain, quality of life (QOL) and the medical histories were included in the data
analyses. Their responses were compared between outpatients versus inpatients and older (=65 years) versus younger
(<65 years) patients. Results: The response rate was 57.0%. Pain management was less adequate among outpatients
than among inpatients, with pain relief rate of 28.9% for the former and 52.6% for the latter (P<0.001). Among outpa-
tients, the pain relief rate for the older patients was particularly low (older: 24.7% vs younger: 35.8%, P<0.01). Conclu-
sion: Pain management for older patients in the outpatient settings needs a particular attention for improvement.
Resources should be allocated to enable better detection and relief of pain among outpatients.
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