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Drug-Selection Standard for Multimodal Analgesia Using Mechanistic Membrane
Interactivity Specific to Each Applicable Drug
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We studied the membrane interactions of diverse drugs applied to multimodal
analgesia in order to gain a new insight into their mechanisms and use the drug structure-specific
membrane activity as one of criteria for drug selection. During the COVID-19 pandemic, we could not
conduct originally planned experiments and research presentations, therefore, entirely focused on
the preliminary experiments for performing a series of studies. Based on their results, we analyzed
the biomimetic membrane interactions of acetaminophen in 2021, capsaicin in 2022, and nonsteroidal
anti-inflammatory drugs in 2023 by using a fluorescence polarization method. Consequently, we found
the possibility that the membrane interactivity is a property common to drugs used in multimodal
g?a!ggsia and also characterized them based on the membrane interaction-induced changes in membrane

uidity.
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Fig. 1. Effects of acetaminophen and phenacetin on neuro-mimetic membranes (a) and their relative
membrane interactivity (b). Mean + SEM (n = 8). ** p < 0.01 vscontrol.
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Fig. 2. Effects of acetaminophen and phenacetin on nephro-mimetic membranes (a) and their relative
membrane interactivity (b). Mean + SEM (n =8). ** p < 0.01 vscontrol.
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Table 1. Interactions of capsaicin and capsazepine with DPPC membranes and neuro-mimetic
membranes.

Relative DPH polarization change (%)

Concentration

M) Capsaicin Capsazepine
DPPC Neuro-mimetic DPPC Neuro-mimetic
50 —24+05%* —-4.1+0.0%* 2.6+£0.1** 1.8+ 0.1**
100 -85+ 0.4%* —7.8+0.0* 45+ 0.1** 3.2+ 0.1**
200 -20.0+0.2%* —8.1+0.0¢* 17.9+0.1** 5.7 +£0.1**
250 - 254+ 0.5** 46.7 £ 0.3%* 9.7 £0.2%*

Mean + SEM (n = 8). **p < 0.01 vs controls.
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Fig. 3. Effect of 50 uM capsazepine on 0.5-200 uM capsai cin-induced DPH polarization changes in neuro-
mimetic membranes. Open and closed circles represent DPH polarization changes induced by capsaicin in
the absence and presence of capsazepine, respectively. Each point, mean + SEM (n = 5).
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Table 2. Interactions of nonsteroidal anti-inflammatory drugs with neuro-mimetic membranes.

Polarization change

pH 7.4 | pH 4.0
Concentration IBU DIC CEL ASP IBU

M)

05 0.0000 £ 0.0003 _ 0.0000 = 0.0002 _ 0.0018 = 0.0002%*

2 0.0002£0.0002  0.0002 = 0.0004  0.0054 = 0.0004**

10 0.0009 £0.0001  0.0006 =0.0001  0.0121 = 0.0002%*

50 0.0034 £ 0.0000%* 0.0027  0.0001** 0.0445 = 0.0003** 0.0009 = 0.0000%* 0.0098 = 0.0003**
100 0.0065 +0.0003%* 0.0047 + 0.0000%* 0.0026 % 0.0000%* —0.0067 = 0.0002**
200 0.0102  0.0002%* 0.0046 = 0.0001**

500 —0.0270 £ 0.0002**

Means + SEM (n = 8). **p < 0.01 vs controls. IBU, ibuprofen; DIC, diclofenac; CEL, celecoxib; ASP,
aspirin.

Table 3. Interactions of nonsteroidal anti-inflammatory drugs with gastrointestinal mucosa-mimetic 1,2-
dipalmitoylphosphatidylcholine membranes at different pH.

Polarization change

Concentration

(M) IBU DIC CEL ASP
pH 7.4
50 0.0010 + 0.0002* 0.0010 £ 0.0000* 0.0283 £ 0.0003** 0.0000 £ 0.0001
100 0.0018 + 0.0003** 0.0025 £ 0.0002** 0.0407 £ 0.0009** 0.0002 £ 0.0001
200 0.0040 + 0.0002** 0.0054 + 0.0003** 0.0703 £ 0.0002** 0.0008 £ 0.0000**
pH 4.0
50 —0.0059 £ 0.0002**  —0.0095 £ 0.0005**  —0.0350 = 0.0007** 0.0098 £ 0.0003**
100 —0.0134 £0.0004**  —0.0310 £ 0.0008**  —0.0570 = 0.0005%*
200 —0.0398 £ 0.0004**  —0.0469 + 0.0002** —0.0150 + 0.0002**
500 —0.0518 £ 0.0004**
1mM —0.0562 + 0.0005**
pH 2.5
25 —0.0252 £ 0.0004**  —0.0369 £ 0.0004**  —0.0163 + 0.0006**
50 0.0006 + 0.0000 —0.0832 + 0.0004**  —0.0634 + 0.0006**
100 —0.0059 £ 0.0003**  —0.0920 £ 0.0004**  —0.1028 + 0.0005**
200 —0.0916 + 0.0005**  —0.1029 + 0.0006**
500 —0.1081 £ 0.0003**
1mM —0.1119 £ 0.0005**

Means = SEM (n = 8). *p < 0.05 and **p < 0.01 vs controls. IBU, ibuprofen; DIC, diclofenac; CEL,
celecoxib; ASP, aspirin.
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Table 4. Comparison of neuro-mimetic membrane interactivity of drugs used in multimodal analgesia.

Neur o-mimetic membraneinteraction-induced

Drug class Drug Change in membrane fluidity
Local anesthetic Lidocaine Increase
Ropivacaine Increase
Bupivacaine Increase
Aniline derivative Acetaminophen Increase
NSAID Ibuprofen Decrease
Diclofenac Decrease
Celecoxib Decrease
TRPV1 agonist Capsaicin Increase

Membrane interactivity is expressed by the fluidity changes induced by drugs at clinically-relevant
concentrations.



COVID-19
COVID-19
CoviD-19
SARS-CoV-2 ACE2
COVID-19 COVID-19
CoviD-19
COVID-19 2020
CoviD-19
SARS-CoV-2 COVID-19
COVID-19
SARS-CoV-2 CoviD-19
SARS-CoV-2 SARS-CoV-2
COVID-19
SARS-CoV-2
COVID-19
CoviD-19

COVID-19 SARS-CoV-2



11 11 0 11

Hironori Tsuchiya, Yoshiaki Takai 33(2)

COVID-19 in Dental Practice Is Prevented by Eugenol Responsible for the Ambient Odor Specific 2024

to Dental Offices: Possibility and Speculation

Medical Principles and Practice 83-89
DOl

10.1159/000535966

Hironori Tsuchiya 11(6)

Treatments of COVID-19-Associated Taste and Saliva Secretory Disorders 2023

Dentistry Journal 140
DOl

10.3390/dj11060140

Hironori Tsuchiya 17(2)

The Oral Cavity Potentially Serving as a Reservoir for SARS-CoV-2 but Not Necessarily 2023

Facilitating the Spread of COVID-19 in Dental Practice

European Journal of Dentistry 310-318
DOl

10.1055/s-0042-1757909

Hironori Tsuchiya 32 .(3)

COVID-19 Oral Sequelae: Persistent Gustatory and Saliva Secretory Dysfunctions after Recovery 2023

from COVID-19

Medical Principles and Practice 166-177

DOl
10.1159/000531373




Maki Mizogami, Hironori Tsuchiya

23(7)

Membrane Interactivity of Capsaicin Antagonized by Capsazepine 2022

International Journal of Molecular Sciences 3971
DOl

10.3390/ijms23073971

Maki Mizogami, Hironori Tsuchiya 31(2)

Acetaminophen Has Lipid Composition-Dependent Membrane Interactivity That Could be Related to 2022

Nephrotoxicity but Not to Analgesic Activity and Hepatotoxicity

Medical Principles and Practice 111-117
DOl

10.1159/000524210

Hironori Tsuchiya 12(3)

Gustatory and Saliva Secretory Dysfunctions in COVID-19 Patients with Zinc Deficiency 2022

Life 353
DOl

10.3390/1ife12030353

Hironori Tsuchiya 9(3)

Oral Symptoms Associated with COVID-19 and Their Pathogenic Mechanisms: A Literature Review 2021

Dentistry Journal 32

DOl
10.3390/dj 9030032




Hironori Tsuchiya

9(11)

Characterization and Pathogenic Speculation of Xerostomia Associated with COVID-19: A Narrative 2021

Review

Dentistry Journal 130
DOl

10.3390/dj9110130

Hironori Tsuchiya 33(22)

Persistent Gustatory Dysfunction in COVID-19 Survivors: A Narrative Literature Review 2021

Journal of Advances in Medicine and Medical Research 94-119
DOl

10.9734/JAMMR/2021/v3312231162

Hironori Tsuchiya, Maki Mizogami 14

Interaction of drugs with lipid raft membrane domains as a possible target 2020

Drug Target Insights 34-47

DOl
10.33393/dti.2020.2185

NSAIDs COX-2

71

2024




COX-2

NSAIDs

70
2023
TRPV-1
69
2022
NSAIDs
44
2022
68

2021




67

2020

(Mizogami Maki)

(10231614)

(93703)




