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Binding of phenochalasin A, an inhibitor of lipid droplet
formation in mouse macrophages, on G-actin
Keisuke Kobayashi1,2, Daisuke Matsuda1, Hiroshi Tomoda1,3,*, Taichi Ohshiro1,2,*
1

Department of Microbial Chemistry, Graduate School of Pharmaceutical Sciences, Kitasato University, Tokyo, Japan;
Medicinal Research Laboratories, School of Pharmacy, Kitasato University, Tokyo, Japan;
3
Laboratory of Drug Discovery, Graduate School of Pharmaceutical Sciences, Kitasato University, Tokyo, Japan.
2

SUMMARY

Phenochalasin A, a unique phenol-containing cytochalasin produced by the marine-derived fungus
Phomopsis sp. FT-0211, was originally discovered in a cell morphological assay of observing the
inhibition of lipid droplet formation in mouse peritoneal macrophages. To investigate the mode of
action and binding proteins, phenochalasin A was radio-labeled by 125I. Iodinated phenochalasin A
exhibited the same biological activity as phenochalasin A. [125I]Phenochalasin A was found to be
associated with an approximately 40 kDa protein, which was identified as G-actin. Furthermore,
detail analyses of F-actin formation in Chinese hamster ovary cells (CHO-K1 cells) indicated
that phenochalasin A (2 µM) caused elimination of F-actin formation on the apical site of the
cells, suggesting that actin-oriented specific function(s) in cytoskeletal processes are affected by
phenochalasin A.

Keywords

Phenochalasin, cytochalasin, actin, lipid droplet, macrophages

1. Introduction

cytochalasin on actin filament formation.

Marine-derived microorganisms are a promising natural
resource for new drug discovery because they produce
a wide range of structurally diverse compounds.
Phenochalasins A and B, produced by the marinederived fungus Phomopsis sp. FT-0211 which was
isolated from seawater collected near Ponape Island
(1,2), were originally discovered in a cell morphological
assay of observing the inhibition of lipid droplet
formation in mouse peritoneal macrophages (3). These
compounds belong to the well-known cytochalasan
family (4,5). Intriguingly, phenochalasin A (Figure
1) possesses a unique phenol moiety in the structure,
and this type of cytochalasans has not been reported
to date. Thus, the marine-derived Phomopsis sp. FT0211 is valuable for phenochalasin A production.
Furthermore, cytochalasans are generally considered as
mycotoxins showing cytotoxic activity to mammalian
cells by binding to the actin filaments (6). Importantly,
phenochalasin A inhibited lipid droplet formation in
mouse macrophages without cytotoxic effect (3). These
findings prompted us to investigate the mechanism of
action of phenochalasin A on lipid droplet formation
in mouse macrophages. In this study, we examined
the action of phenochalasin A compared to cytotoxic

2. Materials and Methods
2.1. Materials
Phenochalasin A was produced by fermentation of
the marine-derived fungus Phomopsis sp. FT-0211 in
the production medium (seawater concentration was
changed from 50% to 25%) at 27°C for 4 days according
to a previously reported method (1). From the 10 L
culture, pure phenochalasin A (15 mg) was obtained
as white powder. Cytochalasin E, phosphatidylcholine,
phosphatidylserine, dicetylphosphate, cholesterol,
G-actin (derived from rabbit muscle), Ham's F-12
medium, and bovine serum albumin (BSA) (fatty acid
free, fraction V) were purchased from Sigma-Aldrich
(now Millipore Sigma, St. Louis, MO, USA). Iodination
Beads were purchased from Pierce (now Thermo Fisher
Scientific, Waltham, MA, USA). [125I]Sodium iodinate
and [14C]oleic acid were purchased from PerkinElmer
(Waltham, MA, USA). GIT medium was purchased
from Nippon Seiyaku Co. (Tokyo, Japan). Penicillin
(10,000 units/mL) and streptomycin (10,000 mg/mL)
were purchased from Invitrogen (now Thermo Fisher
Scientific, Waltham, MA, USA).
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M glucose) together with [14C]oleic acid (5 µL (1.85
kBq) in 10% ethanol/PBS(-) solution) were added to
each well. Following 14-h incubation, the medium
was removed and the cells in each well were washed
three times with PBS(-). The cells were lysed with 250
µL of 10 mM Tris·HCl/PBS(-) containing 0.1% (w/v)
sodium dodecyl sulfate (SDS), and the cellular lipids
were extracted by the method of Bligh and Dyer (12).
After concentrating the organic solvent, the total lipids
were separated on a TLC plate (silica gel F254, 0.5 mm
thick, Merck, Darmstadt, Germany) and analyzed with
a BAS-2000 (Fuji Film, Tokyo, Japan).

Figure 1. The structure of phenochalasin A.

2.2. Preparation of [125I]phenochalasin A
Preparation of [125I]phenochalasin A was performed
according to the instruction manual for Iodination
Beads(7-9) with a slight modification. In brief, 100
µg of phenochalasin A (0.20 µmol) was dissolved in
500 µL of 20% methanol/phosphate-buffered saline
(PBS)(-), and then 5.0 µL of [125I]sodium iodinate (20.0
MBq) was added. After 30-min incubation at room
temperature, the supernatant was collected and the
beads were washed with 100 µL PBS(-). The aqueous
solutions were two times extracted with 500 µL of
ethyl acetate. The organic layer was collected and ethyl
acetate was evaporated under nitrogen atmosphere.
[ 125 I]Phenochalasin A solution was prepared at a
concentration of 1 mg/mL using acetonitrile and stored
at -20℃ until use.

2.5. Binding of [125I]phenochalasin A to macrophage
cell lysate and G-actin

2.3. Cell culture

2.5.2. Binding assay using [125I]phenochalasin A

CHO-K1 cells (a generous gift from Dr. Kentaro
Hanada, National Institute of Infectious Diseases,
Tokyo, Japan) were maintained at 37°C in 5%
CO 2 in medium A containing Ham's F-12 medium
supplemented with 10% heat-inactivated FBS,
penicillin (100 units/mL) and streptomycin (100 mg/
mL) using a method described previously (10).

The macrophage lysate or G-actin (derived from
rabbit, 40 µg or 10 µg in 80 µL of Tris·HCl (pH 7.8),
respectively) was incubated with cytochalasin E (10 µL,
0-400 µmol) at 4℃ for 15 min, then [125I]phenochalasin
A (370 kBq, 4 µmol, 2 µL) was added, and the samples
were incubated at 4℃ for 15 min. The binding assay
was stopped by transferring an equal amount of 2×
sample buffer containing 2.0% of 2-mercaptoethanol,
which was boiled for 5 min at 95℃ and centrifuged. A
portion of supernatant was separated by SDS-PAGE at
a constant current of 20 mA for 2 h. [125I]Phenochalasin
A binding proteins were detected by radioactivity using
image analyzer BAS-2000.

2.4. Assay for [ 14C]neutral lipid synthesis in mouse
macrophages
The assay for the synthesis of neutral lipid from [14C]
oleic acid was conducted according to a previously
described method (11). In brief, primary mouse
peritoneal macrophages (5 × 105 cells/250 µL of GIT
medium) in each well of a 48-well plastic plate (Corning
Co., Corning, NY, USA) were incubated at 37℃ in
5% CO2 for 2 h. The medium was then replaced with
250 µL of DMEM containing 8% (v/v) lipoproteindeficient serum (LPDS), penicillin (100 units/mL)
and streptomycin (100 mg/mL) (hereafter referred
to as medium B). After another 2-h preincubation, a
test compound (2.5 µL in acetonitrile solution) and
liposomes (10.0 µL, 1.0 µmol phosphatidylcholine, 1.0
µmol phosphatidylserine, 0.20 µmol dicetylphosphate
and 1.5 µmol cholesterol, suspended in 1.0 mL of 0.3

2.5.1. Preparation of lysate of mouse peritoneal
macrophages
The microsomes of mouse peritoneal macrophages
were prepared according to a previously described
method (13,14). Briefly, mouse peritoneal macrophages
(2 × 108 cells) were homogenized in 3.0 mL of cold
Tris·HCl (pH 7.8) containing protease inhibitor cocktail
(Roche) in a Teflon homogenizer. The supernatant was
collected by centrifugation at 10,000 rpm for 15 min at
4℃. The lysate was prepared at a concentration of 5 mg
of protein/mL and stored at -80℃ until use.

2.6. Analysis of actin filaments in CHO-K1 cells by
confocal microscopy
CHO-K1 cells (3 × 103 cells in 200 µL of medium A)
in each well of an 8-well of glass chamber slide (Nalge
Nunc International K.K., Rochester, NY, U.S.A.) were
incubated at 37℃ in 5% CO2. Following the overnight
recovery, a sample (2.0 µL in acetonitrile solution)
was added to each well. After 1 and 6 h of incubation,
cells were washed three times with 200 µL of PBS(-),
and then fixed by soaking in 100 µL of 3.7% formalin
for 20 min at room temperature. After washing three
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times with PBS(-), actin filaments were stained with
Alexa Fluor 594-phalloidin (0.66 µM, 100 µL in
3% BSA/PBS(-)) for 1 h at room temperature under
shading condition. After washing three times with
PBS(-), the cells were mounted with Prolong Antifade
reagent (Thermo Fischer Scientific) according to the
manufacturer's instructions. The formation of actin
filaments was examined by confocal laser scanning
microscopy (LSM-510 META, Carl Zeiss, Oberkochen,
Germany).
2.7. MALDI-TOF-MS analysis of phenochalasin A
treated-G-actin

150

incubated with [125I]phenochalasin A (370 kBq, 4 µmol),
proteins in the lysate were separated by SDS-PAGE and
radiolabeled proteins were detected by autoradiography.
As shown in Figure 3 (right 3 lanes), an approximately
40 kDa protein was mainly radiolabeled. Preincubation
of the lysate with excess of cytochalasin E (40 and
400 µmol) caused elimination of the radioactivity
from the protein, suggesting that [125I]phenochalasin
A is strongly bound to actin filaments in the lysate. To
validate this, pure G-actin (10 µg) was similarly treated
with [125I]phenochalasin A and analyzed (Figure 3 left 3

A complex of a test sample (phenochalasin A and
cytochalasin E) and G-actin was prepared by incubation
of 2.1 µM of actin with 20 µM of a test sample in
milliQ for 3 h on ice. The molecular weight of the actin
incubated with or without a test sample was determined
by a MALDI-TOF/MS spectrometer (AXIMA-CFR,
SHIMADSU, Kyoto, Japan). Sinapinic acid (for
proteome research, Wako) was used as the matrix for
the measurement.
3. Results
3.1. Inhibition of macrophage-derived lipid droplet
formation by iodinated phenochalasin A
As demonstrated in the previous study, phenochalasin
A blocked the lipid droplet formation by selectively
inhibiting cholesteryl ester (CE) synthesis (IC50, 0.61
µM) without any cytotoxic effect (even at the highest
dose of 20 µM) in mouse peritoneal macrophages.
Furthermore, the target site of phenochalasin A is
limited to within the prelysosomal stages of cholesterol
metabolism in the lipid droplet synthetic process (3).
To investigate the target molecule of phenochalasin
A in this process, radiolabeled phenochalasin A was
prepared by taking advantage of having a phenol
residue in the structure to produce [125I]phenochalasin A.
During the setup conditions for the iodination reaction,
monoiodinated ([I]) and diiodinated ([I2])phenochalasin
A were prepared. We confirmed that [I]- and [I 2]
phenochalasin A exhibited inhibitory activity of lipid
droplet formation and CE synthesis (Figure 2) in mouse
macrophages analogous to phenochalasin A. Indeed,
their IC50 values of CE synthesis were the range of 0.1
to 1.0 µM (Figure 2). Finally, under 30 min reaction
time for the iodination, [125I]phenochalasin A (including
[125I] and [125I2]phenochalasin A) was prepared and used
in the subsequent experiments.
3.2. Analysis of [125I]phenochalasin A-binding proteins
in macrophage lysate
After the macrophage lysate (40 µg protein) was

Figure 2. Iodination of phenochalasin A and its inhibitory effect on
CE synthesis. Left lane shows HPLC chromatogram of iodination at
indicated times. HPLC conditions were as follows; column, YMC-Pack
D-ODS-5 (4.6 × 250 mm); mobile phase, 30-70% acetonitrile/H2O0.1% H3PO4 20-min linear gradient; flow rate, 1.0 mL/min; detection,
UV at 210 nm. Right lane shows the inhibitory activity of CE synthesis
of mixture of iodinated phenochalasin A at indicated reaction times.

Figure 3. Binding of [ 125 I]phenochalasin A on G-actin and
macrophage lysate. G-actin or macrophage lysate was incubated with
[125I]Phenochalasin A (4 µmol, 370 kBq) after the preincubation with
cytochalasin E (0, 40, 400 µmol). Bound proteins were analyzed using
SDS-PAGE and radio autography.
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A-treated cells, suggesting that the specific function of
actin is affected by phenochalasin A.
4. Discussion

Figure 4. Effect of phenochalasin A on F-actin in CHO-K1 cells.
(A) CHO-K1 cells were treated with phenochalasin A (2 μM) or
cytochalasin E (2 μM). Following 1-h and 6-h incubation, cells
were stained with Alexa Fluor 594-phalloidin. a, d: control cells; b,
e: phenochalasin A-treated cells; c, f: cytochalasin E-treated cells.
Bars, 20 μm. (B) CHO-K1 cells were treated with (e-h) or without
phenochalasin A (2 μM) (a-d). Following 6-h incubation, cells were
stained with Alexa Fluor 594-phalloidin. a, e; whole scanning images, b,
f; bottom scanning images, c, g; top scanning images, d, h; sectioning
images. Bars, 10 μm.

lanes). G-actin was found to be radiolabeled with [125I]
phenochalasin A, but not radiolabeled by preincubation
with cytochalasin E. Thus, it was concluded that
phenochalasin A is exclusively bound to actin filaments
of mouse macrophages.
3.3. Effect of phenochalasin A on actin filament
formation in CHO-K1 cells.
Since it is difficult to observe actin filaments in intact
mouse peritoneal macrophages, CHO-K1 cells were
used to investigate the effect of phenochalasin A on
actin filament formation. Confocal microscopical
observation (Figure 4A) indicated that ostensibly
similar F-actin filaments were formed in control
cells and phenochalasin A-treated cells, whereas
F-actin filaments were fragmented/broken (at 1 h) and
aggregated (at 6 h) in cytochalasin E-treated cells.
To search for the difference between control and
phenochalasin A-treated cells, F-actin formation was
compared at the bottom (basal) and top (apical) sites
between the cells (Figures 4B-g and -h). Intriguingly,
F-actins disappeared at the top site of phenochalasin

In the previous study (3,15), we reported that 7
cytochalasans tested (two phenochalasins, three
cytochalasins and two aspochalasins) inhibited
macrophage-derived lipid droplet formation. Six
cytochalasans except phenochalasin A caused
morphological abnormality in macrophages at the doses
corresponding to the IC50 values (0.20-3.0 µM) for CE
synthesis. Only phenochalasin A did not induced such
morphological abnormality even at a much higher dose
(19 µM) than its IC50 value (0.61 µM) for CE synthesis.
Regarding cytotoxic effects on macrophages measured by
the MTT assay, cytochalasins D and E induced 10-fold
higher IC50 values than the doses causing morphological
abnormality. These findings indicate that most
cytochalasans cause both morphological abnormality
and plasma membrane damage on macrophages at
similar doses, and certain ones like cytochalasins D and
E induce morphological abnormality without plasma
membrane damage at lower doses (3,16). Intriguingly,
among cytochalasans, phenochalasin A has a very unique
characteristic of lack ability to cause morphological
abnormality and plasma membrane damage even at
higher doses. Indeed, phenochalasin A did not show any
cytotoxic effects on measurements by the alamar blue
(detectable cell viability) and LDH assays (detectable
cell membrane damage) in macrophages, and did not
inhibit growth of CHO-K1 cells (Figure S1, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=118). Note that, to date, phenochalasin A is a
rare cytochalasan with a phenol moiety in the structure
only produced by the marine-derived fungus Phomopsis
sp. FT-0211.
Cytochalasans are well known to disrupt the actin
cytoskeleton (4-6) by binding to the barbed end of actin
filaments (17), causing morphological abnormality
and cytotoxic effect on mammalian cells. Therefore,
we initially considered that the target molecule of
phenochalasin A is not actin. However, phenochalasin
A was found to be also bound to G-actin in macrophage
lysates and purified G-actin using [125I]phenochalasin A
(Figure 3), which showed the same biological activity
as phenochalasin A on CE synthesis on macrophages
(Figure 2). Furthermore, the binding site of [ 125I]
phenochalasin A in G-actin was the same as that of
cytochalasin E (Figure 3), and one phenochalasin A
that appeared bound to one G-actin by MS analysis
(Figure S2, http://www.ddtjournal.com/action/
getSupplementalData.php?ID=118). Accordingly, the
biological characteristics observed by phenochalasin
A appear very mysterious among cytochalasan family.
To approach this question, actin filaments in CHO-K1
cells were observed after 1 (or 6)-h treatment of the
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drug (phenochalasin A or cytochalasin E) (Figure 4A).
Researchers have utilized CHO-K1 cells to investigate
actin filament formation because clear actin filaments are
observed in the cells. The dose of 2 µM phenochalasin
A showed no effects on CHO-K1 cells by MTT assay,
whereas 2 µM cytochalasin E caused 50% damage to the
cells. The effects on actin filament formation in CHO-K1
cells are in good agreement with morphological changes
and cytotoxicity observed in mouse macrophages,
suggesting that phenochalasin A ostensibly caused
almost no effects on actin filament formation in CHO-K1
cells even though it was bound to the actin. Although
actin-cytochalasan complex structures have not been
extensively studied, Nair et al. reported that cytochalasin
D binds the hydrophobic cleft between subdomains 1
and 3 of G-actin based on the crystal structures (17).
They showed 6 hydrogen bonds between the protein and
the ligand, 5 of which were mediated by the isoindolone
core and its adjacent cyclohexynol ring. The benzene
ring in cytochalasin D structure did not appear to have
any interaction with surrounding amino acids nor face
outside from actin. According to the 3D structure,
it might be that the hydroxy moiety of the phenol in
phenochalasin A may be involved in a hydrogen bonding
to an amino acid in actin or outside proteins to provide a
different function of actin. Intriguingly, detailed analysis
of actin filament formation using a confocal microscopy
revealed that F-actins disappeared at the apical site of
phenochalasin A-treated cells (Figures 4B-g and -H).
Actin cytoskeleton interacts with a number of proteins
such as actin related proteins (Arp2/3 etc) and actin
accessory proteins (thymosin, profilin, formin and so
on), to have diverse functions and interaction with
plasma membranes (18-20). Therefore, it is plausible that
phenochalasin A binding to G-actin affects a specific
function of actin cytoskeleton, leading to blockade
of lipid droplet formation in mouse macrophages.
Further studies are required to clarify the mechanism of
phenochalasin A.
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SUMMARY

Parkinson's disease (PD) is the world's second most common neurological disorder. Oxidative stress
and neuroinflammation play a crucial role in the pathogenesis of PD. Eugenol is a phytochemical
with potent antioxidant and anti-inflammatory activity. The present investigation is aimed to study the
effect of eugenol in a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced mouse model
of PD and its relationship to antioxidant effect. The effects of seven days of oral pre-treatment and
post-treatment with three doses of eugenol (25, 50 and 100 mg/kg/day) were investigated against
the MPTP-induced PD mouse model. In addition to the assessment of behavioural parameters using
various tests (actophotometer, beam walking test, catalepsy, rearing, rotarod), biochemical parameters
including lipid peroxidation and reduced glutathione levels in brain tissues, were also estimated
in this study. The binding mode of eugenol in the human myeloid differentiation factor-2 (hMD2) was also studied. Results showed that MPTP administration in mice resulted in the development
of motor dysfunction (impaired motor coordination and hypo locomotion) similar to that of PD in
different behavioural studies. Pre-treatment with eugenol reversed motor dysfunction caused by MPTP
administration while post-treatment with eugenol at a high dose aggravated the symptoms of akinesia
associated with MPTP administration. MPTP resulted in increased lipid peroxidation while decreased
reduced glutathione levels in the brains of mice. MPTP-induced increased lipid peroxidation and
attenuated levels of reduced glutathione were found to be alleviated with eugenol pre-treatment while
augmented with eugenol post-treatment. Eugenol showed a binding affinity of -6.897 kcal/mol against
the MD2 coreceptor of toll-like receptor-4 (TLR4). Biochemical, as well as neurobehavioral studies,
showed that eugenol is having a protective effect, but does not have a curative effect on PD.

Keywords
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1. Introduction
Parkinson's disease (PD) is the world's second most
common neurodegenerative illness, with an estimated
frequency of 0.1% to 0.2% (1). PD is affecting about
1% of adults older than sixty years of age (2,3). PD is
mainly characterized by the depletion of dopaminergic
neurons in the substantia nigra pars compacta (SNpc)
region of the brain (4,5). Symptoms of PD involve both
motor dysfunctions as well as non-motor symptoms.
Motor dysfunctions include tremors, muscle rigidity,
postural imbalance, bradykinesia and variable degree of
cognitive impairment (5). The molecular mechanism for
PD is still not clear but the aggregation of the presynaptic
protein, α-synuclein leads to the formation of the Lewy
body, which is a distinct pathological hallmark of PD
(6). Apart from the deposition of the Lewy body, the

generation of free radicals and oxidative stress plays
a crucial role in the pathogenesis of PD (7). These
generated free radicals can cause the formation of protein
carbonyls, DNA damage and lipid peroxidation (8).
Neural membranes consist of phospholipids with high
content of polyunsaturated fatty acids. Lipid peroxidation
results in the peroxidation of these polyunsaturated
fatty acids and results in the formation of phospholipids
and malondialdehyde (MDA). The earlier report shows
increased lipid peroxidation activity in the PD patients
(9).
1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP) is a neurotoxin that causes clinical
manifestations that is quite similar to PD, and it is
commonly used in experimental animals as a PD model
(10,11). It has been reported that oxidation of MPTP
produces the 1-methyl-4-phenylpyridinium (MPP+) ion,
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which blocks the activity of mitochondrial complex I and
thus results in the generation of reactive oxygen species
(ROS) (12).
Current therapies for PD include levodopa,
dopaminergic agonists and monoamine oxidase B
inhibitors, and combinations of these medications.
However, with time these methods become less
effective (13). This emphasizes the requirement for
the development of novel therapeutic strategies for
the management and treatment of PD. Phytochemicals
having anti-oxidant and anti-inflammatory activities
have been presented as a possible treatment for PD
(14). Eugenol is chemically 4-allyl-2-methoxyphenol
and is the main bioactive compound present in herbs
and spices like clove, cinnamon, and nutmeg, which
has strong anti-oxidants and anti-inflammatory
activities (15). World health organization (WHO)
declared eugenol as a non-mutagenic and generally
recognized as a safe (GRAS) substance. Since eugenol
is hydrophobic, it may easily penetrate into the brain
bypassing the blood-brain barrier when consumed
orally. Several in vivo and in vitro experiments have
demonstrated that eugenol exerts a neuroprotective
effect in many CNS disorders (16). Eugenol is reported
to have anti-stress properties (17). In previously
reported animal studies, eugenol was found to be
protective against neurotoxicity induced by acrylamide
(18), aluminium (19,20), chlorpyrifos (21), scopolamine
(22), as well as 6-hydroxydopamine (23). In gerbils,
it has also been shown to protect against ischemiainduced brain toxicity (24). It also prevents amyloid
protein aggregation (25) and thus prevents symptoms
associated with Alzheimer's disease in insulin and Aβinduced rat models (26). Eugenol also aided functional
recovery after traumatic brain injury by reducing
oxidative stress and neuronal death (27) and is also
effective against spinal cord injury in rats (28). The
neuroprotective benefits of eugenol can be attributed
in part to its anti-oxidant and anti-inflammatory
characteristics. Considering the therapeutic benefits of
eugenol in various studies, the objective of this research
is to investigate the effect of eugenol in MPTP-induced
mouse model of PD and its link to antioxidant function.
2. Materials and Methods
2.1. Chemicals
MPTP was procured by Sterling biologicals,
Ahmedabad while Hank's balanced salt solution
(HBSS) was obtained from Invitrogen (Thermo Fisher
Scientific), Bangalore. Eugenol, 5,5-dithio-bis-(2nitrobenzoic acid) (DTNB) (Ellman's Reagent) and
thiobarbituric acid (TBA) were purchased from Sigma
Aldrich (USA). Sodium dodecyl sulphate (SDS),
1,1,3,3-tetraethoxypropane (TEP), trichloroacetic acid,
pyridine, n-butanol, glacial acetic acid and all additional

solvents and reagents were acquired by HiMedia
Laboratories Pvt. Ltd., Mumbai. Eugenol was suspended
in 40% propylene glycol in phosphate buffer with pH 6.8
as it is hydrophobic. MPTP is water-soluble so it was
dissolved in sterile saline.
2.2. Animals
In the present study, swiss male albino mice were
used weighing 30-35 gm. This study was undertaken
at the central animal house, Institute of Pharmacy,
Nirma University, Ahmedabad, India. All the studies
were conducted as per the national institute of health
"Guide for the care and use of laboratory animals".
All the experimental procedures were approved by
the institutional animal ethics committee (IP/PCOL/
MPH/25/2019/012).
2.3. Experimental design
This study includes the evaluation of pre-and posttreatment with eugenol (25, 50 and 100 mg/kg) against
the MPTP-induced mouse model of PD. A schematic
representation of the experimental design is shown
in Figure 1. Eight groups of six animals each (n = 6)
were formed by randomly assigning the animals to the
groups. The list of groups and details of each group is
mentioned below: Group I: Control (saline + no MPTP
administration); Group II: MPTP; (MPTP (3 mg/kg,
i.p.) consecutively for five days); Group III: Eug-25 +
MPTP (seven days of treatment with eugenol (25 mg/
kg, p.o.) followed by co-administration of MPTP (3
mg/kg, i.p.) for five days from the third day of eugenol
treatment); Group IV: Eug-50 + MPTP (seven days of
treatment with eugenol (50 mg/kg, p.o.) followed by coadministration of MPTP (3 mg/Kg, i.p.) for five days
from the third day of eugenol treatment); Group V: Eug100 + MPTP (seven days of treatment with eugenol (100
mg/kg, p.o.) followed by co-administration of MPTP (3
mg/kg, i.p.) for five days from the third day of eugenol
treatment); Group VI: MPTP + Eug-25 (five days of
treatment with MPTP (3 mg/kg, i.p.) followed by seven
days treatment with eugenol (25 mg/kg, p.o.)); Group
VII: MPTP + Eug-50 (five days of treatment with MPTP
(3 mg/kg, i.p.) followed by seven days treatment with
eugenol (50 mg/kg, p.o.)); Group VIII: MPTP + Eug100 (five days of treatment with MPTP (3 mg/kg, i.p.)
followed by seven days treatment with eugenol (100
mg/kg, p.o.)).
Lastly, behavioural parameters using various tests
(actophotometer, narrow beam walking test, catalepsy
bar test, cylinder test and rotarod) were estimated
and then animals were sacrificed and their brain was
isolated, collected and stored in -20℃ cold storage.
Other biochemical parameters like oxidative stress i.e.,
lipid peroxidation and endogenous antioxidant i.e.,
reduced glutathione were estimated.
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Figure 1. An illustration showing the treatment schedule and design of the study. P.O.: per oral; GSH: reduced glutathione; MDA:
malondialdehyde.

2.4. Behavioral parameters
2.4.1. Actophotometer
Actophotometer is mainly used to check the locomotor
activity of the rodent. Actophotometer consists of
photoelectric cells coupled in a circuit with a counter.
When a beam of light strikes the photoelectric cell,
the circuit is complete. The animal was placed in the
metal box and when it walked through it, the lights
of the photocell were being cut off and then a count
was recorded. All the animals were initially placed in
the apparatus for five minutes for acclimatization. In
the main test, mice were kept for five minutes in the
apparatus and then the readings were recorded as activity
scores (29).
2.4.2. Narrow beam-walking test
A narrow beam-walking test is a useful tool for assessing
the balance and motor coordination of animals. The main
objective of this technique was to monitor the functional
recovery of locomotor capacity in rodents following
sensorimotor cortex damage (30,31). The width, length
and thickness of the beam were 12 mm × 50mm × 6mm.
For this neurobehavioral test, the mice were placed on
one end of the thin beam where they were trained to walk
across the elevated beam to reach the platform on the
other side of the arm. The time taken in seconds to cross
the beam was noted for each animal (32).
2.4.3. Catalepsy bar test
Catalepsy is a condition in which an animal maintains
an aberrant posture for an extended period. Catalepsy
bar test is often performed in laboratory animals to
investigate the effects of medications on extrapyramidal
symptoms associated with PD (33). The catalepsy was
measured using a bar test. The front paws of animals
were alternately placed on a horizontal bar of 3 cm
and 9 cm above and parallel to the base in this bar test.
The time was recorded at which the animal removes its

paw from the bar. The severity of catatonic response
was observed and recorded as follows: Stage I: When a
mouse is placed on a table, it moves normally, scoring 0.
Stage II. The mouse starts moving only when pushed or
touched, scoring 0.5. Stage III. When the front paws of
the mouse are alternatively put on a 3 cm high block and
the animal fails to straighten its posture after 10 seconds,
give it a 0.5 for each paw and a total scoring of 1 for
this level. Stage IV. When the front paws of the mouse
are alternately put on a 9 cm block, the mouse fails to
remove it; give it a 1 for each paw, with a total scoring
of 2 for this level. Thus, the highest possible scoring
for a single mouse would be 3.5, indicating complete
catatonia.
2.4.4. Spontaneous forelimb elevation (cylinder) test
This test was conducted to observe the exploratory
behaviour (rearing behaviour) in the subject animal.
The animal was placed in a cylindrical jar in such a way
that both the hind paws should be in the upright position
against the wall of the cylinder. The number of rearing
behaviour was observed for each animal for five minutes
(34).
2.4.5. Rotarod
Rotarod is an apparatus that is used to check motor
coordination and balance. In this test, the mice were
placed on the horizontal rod that rotates about its long
axis. The time taken by each of the mice to fall off was
recorded. The normal mouse should remained on the rod
for a long time while the mouse treated with MPTP and
that showed the Parkinson's-like symptoms were fallen
off from the rod as they were not able to maintain their
motor coordination and balance (35).
2.5. Biochemical parameters
2.5.1. Evaluation of lipid peroxidation
MDA is a byproduct of lipid peroxidation
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(polyunsaturated fatty acids) in cells. As a result,
MDA level is a good indicator of lipid peroxidation.
The amount of MDA in brain tissue was assessed as
described before by Draper and Hadley (36) with minor
modifications. The cortical area of brain tissue was
weighed (100 mg). Weighted tissue was homogenized
with HBSS buffer (5 mL) at 3,000 rpm in three cycles
of 30 seconds each with a 30-second interval in a tube.
Centrifugation of the homogenized tissue was done at
3,000 rpm for 10 minutes at 25°C. The supernatant was
discarded, and the cell pellet was recovered and then
mixed in tubes with 1.5 mL of acetic acid, 1.5 mL of
TBA, 0.2 mL of SDS and 0.7 mL of MilliQ water. The
control tubes were filled with HBSS (0.1 mL) at the
place of homogenate for reference solution. For 1 hour,
the tubes were immersed in boiling water. 1 mL Milli
Q was added to each tube after it had boiled. Each tube
received 5 mL of butanol: pyridine (15:1) solution and
then vortexed for 5 minutes. The top organic layer was
collected following centrifugation at 3,000 rpm for 10
minutes at 25°C. The amount of MDA generated was
determined by measuring the absorbance at 532 nm of
the top organic layer. MDA concentration was calculated
in µM/mg of brain tissue using standard curves created
by TEP.
2.5.2. Assessment of reduced glutathione
The levels of reduced glutathione were measured
using Ellman (37) method with minor modifications.
100 mg of tissue from the cortical region of the brain
was homogenized in ice-cold phosphate buffer (5
mL). The tissue homogenate was treated with 0.1
mL of trichloroacetic acid, followed by a 10 minutes
centrifugation at 3,900 g at 25°C. One millilitre of
supernatant was collected and then combined with one
millilitre each of DTNB and phosphate buffer, vortexed
for one minute, and then incubated for five minutes
at room temperature. As a blank, 1 mL of DTNB was
added to 2 mL of phosphate buffer. At 412 nm, both
test samples and blanks were evaluated for absorbance.
A standard curve was used to calculate the reduced
glutathione levels and expressed as µM/mg of brain
tissue.

deleted, polar hydrogen atoms were added and Kollman
United Atoms charges were loaded to perform docking
calculations. Co-crystalized lipid IVa was removed
from the hMD-2 structure. A grid box was constructed
at 0.375 Å spacing with grid points in xyz dimensions
of 40, 44, and 35, respectively. The Lamarckian genetic
algorithm was selected as the search algorithm.
2.7. Statistical analysis
Graph Pad Prism 9 was utilized for the statistical
analysis. The data were analyzed by using the oneway ANOVA method followed by Tukey's multiple
comparison test. Each bar in the graph represents a
mean ± SEM, with each group containing 6 animals.
It is statistically significant if the significance value
(p-value) is less than 0.05.
3. Results
3.1. Eugenol improved the MPTP-induced lowered
activity score of the mice in actophotometer
Figure 2 illustrates the effect of pre-and post-treatment
with eugenol on the locomotor activity of mice
treated with MPTP using an actophotometer. MPTP
administration for five consecutive days significantly
(p < 0.05) reduced the activity score of mice in the
actophotometer. Pre-treatment with eugenol (100 mg/
kg) significantly (p < 0.05) mitigated the MPTPinduced deterioration in the performance of mice in
the actophotometer while 25 and 50 mg/kg doses of
eugenol were found ineffective. On the contrary, posttreatments with 25 and 50 mg/kg doses of eugenol were
not showing any significant protective effect against
MPTP-induced deterioration in the locomotor activity
of mice in the actophotometer. However, post-treatment

2.6. In silico docking studies
Lipopolysaccharide (LPS) is activating the toll-like
receptor 4 (TLR4)/myeloid differentiation factor
2 (MD-2) complex, which then activates an innate
immune response. A docking study was carried out
using Autodock 4.2 software (38). Crystal structures
of human MD-2 (hMD-2) complex with antiendotoxic
lipid IVa (PDB ID: 2E59) (39) solved at 2.21 Å
resolution were downloaded from the protein data
bank (PDB). Auto-dock tools (ADT) were used to
prepare eugenol and hMD-2, all water molecules were

Figure 2. Effect of seven days pre- and post-treatment with
eugenol on mean activity score in actophotometer apparatus
against mouse model of MPTP-induced PD. Each bar represents
data in mean ± SEM (n = 6). *p < 0.05 compared to control and #p <
0.05 compared to MPTP using one-way ANOVA followed by Tukey's
multiple comparisons test.
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with eugenol at 100 mg/kg resulted in aggravating
significantly (p < 0.05) the MPTP-induced deterioration
in the locomotor activity of mice in the actophotometer.
3.2. Eugenol improved MPTP-induced deteriorated
performance of mice on narrow beam walking test
The effect of pre-and post-treatment with eugenol on
the performance of mice treated with MPTP in the
narrow beam walking test is shown in Figure 3. MPTP
administration for five consecutive days significantly
(p < 0.05) increase the time taken by mice to cross
the narrow beam. The oral pre-treatment with eugenol
at all the doses (25, 50 and 100 mg/kg) showed a
significant improvement in MPTP-induced deteriorated
performance of mice in the beam-walking test. On the
contrary, post-treatment with eugenol at all the doses
resulted in aggravating significantly (p < 0.05) the
MPTP-induced deterioration in the performance of
mice in the beam walking test.
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3.4. Eugenol improved MPTP-induced decreased
rearing behaviour in mice
The effect of pre-and post-treatment with eugenol on
the rearing behaviour of mice treated with MPTP is
shown in Figure 5. This test was mainly performed
to evaluate the exploratory behaviour of mice. In this
study, MPTP administration for five consecutive days
in mice significantly (p < 0.05) decreased the rearing
behaviour of mice. Pre-treatment with eugenol (50
and 100 mg/kg) showed a significant increase in the
MPTP-induced decrease in rearing behaviour while
pre-treatment with eugenol at the dose of 25 mg/kg was
not showing any improvement. Post treatments with all
the doses of eugenol (25, 50 and 100 mg/kg) were not
showing any significant alteration in the MPTP-induced
decreased rearing behaviour in mice.
3.5. Eugenol alleviates motor incoordination of mice
administered with MPTP in rotarod apparatus

3.3. Effect of eugenol on motor behaviour of mice in
catalepsy bar test
The effect of pre-and post-treatment with eugenol on the
performance of mice treated with MPTP in the catalepsy
bar test is illustrated in Figure 4. This test was mainly
assessed the immobility or muscle rigidity in mice
after MPTP administration for five consecutive days.
MPTP administration for five consecutive days in mice
significantly (p < 0.05) increased the catalepsy score.
Pretreatment with eugenol at two doses (50 and 100 mg/
kg) showed significant alleviation of MPTP-induced
augmented catalepsy score while eugenol at the dose of
25 mg/kg was found ineffective. Post treatments with all
the doses of eugenol (25, 50 and 100 mg/kg) were not
showing any significant protective effect against MPTPinduced increase in catalepsy score in mice.

Figure 3. Effect of seven days pre- and post-treatment with
eugenol on performance in beam walking test against mouse
model of MPTP-induced PD. Each bar represents data in mean ±
SEM (n = 6). *p < 0.05 compared to control and #p < 0.05 compared
to MPTP using one-way ANOVA followed by Tukey's multiple
comparisons test.

Figure 4. Effect of seven days pre and post treatment with
eugenol on catalepsy behaviour against mouse model of MPTPinduced PD. Each bar represents data in mean ± SEM (n = 6). *p < 0.05
compared to control and #p < 0.05 compared to MPTP using one-way
ANOVA followed by Tukey's multiple comparisons test.

Figure 5. Effect of seven days pre and post treatment with eugenol
on rearing activity against mouse model of MPTP-induced PD.
Each bar represents data in mean ± SEM (n = 6). *p < 0.05 compared
to control and #p < 0.05 compared to MPTP using one way ANOVA
followed by Tukey's multiple comparisons test.
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Figure 6 illustrates the effect of pre-and post-treatment
with eugenol on the performance of mice treated with
MPTP in rotarod apparatus. This test was mainly
performed to assess the motor coordination activity.
MPTP treatment in mice resulted in a decrease in the
fall of time in comparison to control. Thus, MPTP
administration in mice caused deterioration in motor
coordination. The pre-treatment with a 100 mg/kg of
dose of eugenol showed a significant improvement in the
motor coordination of mice in rotarod apparatus while
the other two doses of eugenol (25 and 50 mg/kg) were
found ineffective. On the contrary, post-treatments with
the two doses of eugenol (25 and 50 mg/kg) were not
showing any significant protective effect against MPTPinduced deterioration in the motor coordination activity
of mice in rotarod apparatus. However, post-treatment
with eugenol at 100 mg/kg resulted in aggravating
significantly (p < 0.05) the MPTP-induced deterioration
in the motor coordination of mice in rotarod apparatus.
3.6. Eugenol attenuated the MPTP-induced increased
lipid peroxidation in the brain of mice

3.7. Eugenol mitigated the MPTP-induced decreased
reduced glutathione in the brain of mice
The effect of pre-and post-treatment with eugenol on the
reduced glutathione levels in mice treated with MPTP is
shown in Figure 8. Reduced glutathione is an endogenous
antioxidant. In this study, it was observed that when
compared with the control group, MPTP administration
in mice decreased the reduced glutathione levels in the
brain. The pre-treatment with eugenol (50 and 100 mg/
kg) significantly alleviated the MPTP-induced attenuated
levels of reduced glutathione in the brain of mice while
the dose of 25 mg/kg was found to be ineffective. The
post-treatment with all the doses of eugenol were not
showing any significant alteration in the MPTP-induced
decreased reduced glutathione levels in the brain of mice.
3.8. In silico docking interactions of eugenol with TLR4
TLR4/MD-2 heterodimer complex formed via transport

Figure 7 depicts the effect of pre-and post-treatment
with eugenol on the lipid peroxidation in the brain of
mice treated with MPTP. MDA is the marker of lipid
peroxidation. In this study, it was observed that when
compared with the control group, MPTP administration
in mice augmented the MDA levels in their brain. The
pre-treatment with eugenol at all the doses (25, 50 and
100 mg/kg) followed by MPTP administration reduces
the MDA level when compared with the MPTP group,
which indicates the neuroprotective effect of eugenol.
The post-treatment group of eugenol at the dose of 100
mg/kg further increased the MDA levels in the brain of
mice treated with MPTP while the two doses of posttreatment of eugenol were not showing any significant
alteration.

Figure 7. Effect of seven days pre and post treatment with
eugenol on MDA levels against mouse model of MPTP-induced
PD. Each bar represents data in mean ± SEM (n = 6). *p < 0.05
compared to control and #p < 0.05 compared to MPTP, using one-way
ANOVA followed by Tukey’s multiple comparisons test.

Figure 6. Effect of seven days pre and post treatment with eugenol
on motor coordination in rotarod apparatus against mouse model
of MPTP-induced PD. Each bar represents data in mean ± SEM (n
= 6). *p < 0.05 compared to control and #p < 0.05 compared to MPTP
using one way ANOVA followed by Tukey's multiple comparisons
test.

Figure 8. Effect of seven days pre and post treatment with
eugenol on reduced glutathione levels against mouse model of
MPTP-induced PD. Each bar represents data in mean ± SEM (n =
6). *p < 0.05 compared to control and #p < 0.05 compared to MPTP,
using one-way ANOVA followed by Tukey’s multiple comparisons
test.
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Figure 9. Binding mode of eugenol in the hMD-2 proposed by docking studies using AutoDock 4.2. Eugenol is in stick model with colour by
atoms and labelled protein residues are capped in wireframe with colour by atom. Hydrogen bonds are shown as green dotted lines (A). 2D view
of interacting amino acid residues in the hMD-2 with eugenol (B).

of LPS at MD-2 site, which activates TLR4 and its
co-receptor MD-2 that will lead to activation of the
intracellular signaling. The formation and activation of
this complex can be prevented through the binding of
an antagonist ligand to the extracellular domain, which
will block further intracellular signaling events. In the
absence of the X-ray structure of the hTLR4, we selected
the crystal structure of hMD-2 (PDB-ID: 2E59) to study
the binding of eugenol in the hMD-2. Eugenol showed
a binding free energy value (∆G) of -6.897 kcal/mol.
Aromatic ring in eugenol showed pi-sigma interaction
with Ile80, One oxygen atom of methoxy group
and another oxygen atom of hydroxyl group formed
conventional hydrogen bonds with Arg90, which is an
important residue for binding of lipid IVa. The methylene
group also showed pi-alkyl interaction with Ile153
and van dar Wall interaction with Tyr131. The overall
orientation of eugenol in the binding site of hMD-2 is
shown in Figure 9.
4. Discussion
PD is one of the most idiopathic diseases of
neurodegenerative disorders, which is characterized
clinically by the presence of tremor, rigidity, postural
inability and bradykinesia (40,41). MPTP is a neurotoxin
that causes clinical manifestations that is quite similar to
PD, and it is commonly used in experimental animals as a
PD model (10,11). The current investigation also reveals
that MPTP administration in mice caused the neuromotor
impairment in five battery tests (actophotometer, narrow
beam walking test, catalepsy bar test, cylinder test and
rotarod test). Pre-treatment with eugenol at 50 mg/kg
and 100 mg/kg showed a significant reduction in most
of the behavioural abnormalities that were observed in
the MPTP-induced mouse model of PD. On the contrary,
post-treatments with any of the doses of eugenol were
not showing any significant protective effect against
MPTP-induced Parkinson's symptoms. Moreover,
post-treatment with eugenol at 100 mg/kg resulted in
aggravating the Parkinson's-like symptoms (Figure 2-6).

In astrocytes, the innocuous MPTP is bioactivated to the dangerous metabolite 1-methyl-4phenyl-pyridinium ion MPP+ by the synthesis of a
dihydropyridinium intermediate by monoamine oxidase
(42). The dihydropyridinium intermediate passes the
cellular membrane easily and performs autoxidation in
the extracellular area to produce superoxide anion in
addition to MPP+ (42). MPP+ stimulates the production
of ROS (43-45). As a result, oxidative stress is important
in the pathogenesis of MPTP-induced PD, as well as
the establishment and development of neurobehavioral
deficits. The outcomes obtained in this study presented
that MPTP administration in mice led to the augmented
MDA and attenuated reduced glutathione levels in
the brains. MDA is an indicator of lipid peroxidation
and oxidative stress, while reduced glutathione is an
endogenous antioxidant. Pre-treatment with eugenol
at 50 mg/kg and 100 mg/kg significantly alleviated the
MPTP-induced altered levels of MDA and reduced
glutathione. Thus, pre-treatment with eugenol decreased
lipid peroxidation and increased endogenous antioxidants
in mice treated with MPTP. However, post-treatment
with eugenol with any of the doses did not show any
significant effect against MPTP induced augmented
levels of MDA, as well as attenuated levels of reduced
glutathione in the brain while, post-treatment with
eugenol at 100 mg/kg, resulted in aggravating the MPTPinduced augmented levels of MDA in the brain. Similar
types of results were depicted in the previously published
work (23,46). Eugenol has been shown to have direct
free radical scavenging properties (47). Hence, it appears
that the beneficial impact of eugenol pre-treatment on
MPTP-induced lipid peroxidation in mice brains was
mediated, at least in part, by its free radical scavenging
and antioxidant properties (Figure 7). Healthy mice can
develop antioxidant systems such as reduced glutathione
in response to the oxidative stress induced by MPTP
administration. Therefore, pretreatment with eugenol can
prevent MPTP-induced neurotoxicity. Damaged mice, on
the other hand, have a lower tolerance for oxidative stress
and are unable to build up adequate antioxidant systems.
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This might make MPTP-induced oxidative stress
worsened. These effects are called hormesis (48). Taking
this statement of result into an account, it shows that the
pretreatment of eugenol in a dose-dependent manner
shows antioxidant activity and exerts a neuroprotective
effect that will ultimately inhibit the oxidative stress
while post-treatment at higher dose results in aggravating
neurodegeneration. This hormesis is also seen with
other phytochemicals such as Zingerone (46,49). These
findings suggest that following the development of PD
symptoms, we should avoid swallowing these spice
constituents. However, for further confirmation in vivo
work needs to be done.
Previous studies indicated that TLR4 is upregulated
in the brain of MPTP-treated mice (50,51). Several
recent pieces of literature report the TLRs as novel
disease-modifying therapeutic targets in PD patients
(52-54). Hence, targeting TLR4 for the management of
neurodegenerative diseases including PD has gained a
lot of attention around the world. For a better insight
into the mechanism behind the anti-inflammatory
activity we have docked the eugenol against the MD2
co-receptor of TLR4. Results of the present study
elucidated that eugenol had a binding potential against
the active site of the MD2 with a binding affinity of
-6.897 kcal/mol. The important binding interactions
include pi-sigma interaction between the aromatic ring
of eugenol with Ile80, conventional hydrogen bonds
between one oxygen atom of methoxy group and another
oxygen atom of the hydroxyl group with Arg90, which
is an important residue for binding of lipid IVa. The
methylene group also showed pi-alkyl interaction with
Ile153 and van dar Wall interaction with Tyr131 (Figure
9). A previous report showed that eugenol significantly
inhibited the gene expression of TLR4 markers (55).
Eugenol suppressed the expression of LPS-induced proinflammatory mediators in human macrophages (56)
where LPS is the natural agonist of TLR4. Thus, the
anti-inflammatory activity of eugenol might be partial
because of its antagonistic activity at TLR4. However,
this is a very preliminary finding and further in-vitro, as
well as in-vivo studies, are required for confirmation.

to develop safe and effective medicinal goods. However,
still further preclinical as well as clinical studies are
required to understand its molecular mechanism in detail.
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SUMMARY

This study aims to clarify the clinical significance of dupilumab-induced elevation of blood eosinophil
in Japanese patients with atopic dermatitis (AD). Eosinophil elevation was defined as ≥ 5% increase
of eosinophil percentage within one year after dupilumab initiation. Seven patients (15.7%) were
shown to have eosinophil elevation, six of whom developed dupilumab-associated conjunctivitis
(DAC) and were accompanied with DAC more frequently than those without eosinophil elevation,
with statistically significant difference. Eosinophil percentage resolved spontaneously in all seven
patients, including the one without DAC, despite the continuation of dupilumab treatment. None
of the patients with eosinophil elevation had cardiac or pulmonary complications attributable to the
hypereosinophilia. The patients with eosinophil elevation were all male. Furthermore, none of four
patients in whom efficacy of dupilumab was < 25% showed eosinophil elevation. Childhood onset
tended to be more common in patients with the elevation of eosinophil. This study suggests that most
eosinophil elevation is associated with DAC, and that the eosinophil ratio is a biomarker for DAC.
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1. Introduction
Dupilumab is a fully human monoclonal antibody
against the α subunit of the IL-4 receptor (IL4Rα), which inhibits the IL-4/13 signaling pathway.
This pathway is involved in various pathological
conditions of atopic dermatitis (AD) including B-cell
differentiation, IgE production, activation of eosinophils,
basophils, or mast cells, Th2 immune response, goblet
cell metaplasia and proliferation, epidermal barrier
dysfunction, and inhibition of the production of antimicrobial peptides (1,2).
Biologic therapies such as dupilumab inhibit specific
cytokine pathways and suppress inflammation in
target organs, but sometimes paradoxically induce or
increase inflammation in other organs, which are called
paradoxical reactions (3). Blood eosinophil elevation is
a known adverse effect of dupilumab in patients with
AD, but it has not yet been the focus of any studies.
This study aims to compare the clinical characteristics
of patients with AD with and without the eosinophil
elevation, and to clarify its clinical significance.
2. Methods
2.1. Patients

This study was approved by the Wakayama Medical
University Institutional Review Board (No.3423), and
written informed consent was obtained before patients
were entered into this study, in accordance with the
Declaration of Helsinki.
Medical information was collected from 46 patients
with AD (thirty-four males and twelve females) who
were treated with dupilumab between May 2018 and
February 2022 at our institute. Their clinical features are
shown in Table 1.
2.2. Clinical assessment
Patients who met the previously described diagnostic
criteria (4) and who showed the characteristic features
(pruritus, eczema with typical morphology and agespecific patterns and chronic or relapsing history, xerosis,
atopic predisposition such as elevated IgE, medical
history of allergic diseases, and family history) were
defined as having typical AD.
As in a previous study (5), moderate, severe, and very
severe AD before dupilumab were defined by Eczema
Area and Severity Index (EASI) score ≥ 7, ≥ 21.1 and ≥
50.1, respectively. In this study, efficacy of dupilumab
was evaluated by the percentage improvement in EASI
scores after the treatment compared to those before the
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treatment. Blood eosinophil elevation was defined as ≥
5% increase of eosinophil percentage within one year
after initiation of dupilumab without any other causes.
The diagnosis and severity of conjunctivitis
was evaluated based on clinical manifestation and
ophthalmologic examination.
2.3. Statistical analysis
Statistical analysis was carried out with Fisher's exact
probability test (2 × 2-table) and Pearson's chi-square
tests (m × n-table) to compare percentages. MannWhitney tests were used to compare medians between
the two groups. p < 0.05 was considered statistically
significant.
3. Results
3.1. Clinical characteristics of patients with AD in the
present study
Forty-six patients (34 males and 12 females, average
age of 51.3 years), were diagnosed with AD based
on previously published guidelines (4) (Table 1).
Approximately 70% of them showed typical clinical
manifestation with erythema, papules, scales,
lichenification-based eczema lesions, characteristic
rash distribution, atopic predisposition such as elevated
IgE, medical history of allergic diseases, and family
history. The past history of other allergic diseases was
seen in 34.8% of the patients, among which allergic
rhinitis (19.6%) and asthma (23.9%) were the most
frequent. The childhood onset was in 13.0% of our
patients, although the onset was not recorded for 24%
patients. In terms of severity of AD before dupilumab
initiation, 30.4% were moderate, 54.4% were severe,
and 15.2% were very severe. More than 25% efficacy
of dupilumab treatment was seen in nearly 90% of the
patients. These results are consistent with previous large
studies published in 2021(6) except for the percentage
of childhood onset (13.0% vs. 37-39% respectively).
3.2. Correlation between blood eosinophil elevation and
dupilumab-associated conjunctivitis (DAC)
Clinical characteristics were compared between
patients with and without blood eosinophil elevation
by dupilumab treatment (Table 2). When eosinophil
elevation was defined as ≥ 5% increase of eosinophil
percentage within one year after dupilumab initiation,
seven patients (15.7%) showed the eosinophil elevation.
In these patients, there were no evidence of parasitic
infections or other hematologic diseases that are known
to cause eosinophil elevation.
Six of these seven patients with eosinophil elevation
developed DAC, while DAC was seen in only in seven
of the 39 patients without eosinophil elevation. Patients

Table 1. Summary of clinical features in AD patients
treated by dupilumab (n = 46)
Age at the time of dupilumab initiation (mean years)
Sex (male)
Clinical manifestation
typical
atypical
Past history of other allergies
bronchial asthma
allergic rhinitis
Age of onset
childhood
adult
Severity before dupilumab initiation
moderate
severe
very severe
Mean eosinophilic percentage before dupilumab initiation
Efficacy of dupilumab
75-100% improvement
25-75% improvement
0-25% improvement
Adverse effects
elevation of eosinophil
conjunctivitis

51.3
73.9
69.6
30.4
34.8
19.6
23.9
13.0
63.0
30.4
54.4
15.2
9.8
28.3
63.0
8.7
43.5
15.2
28.3

Unless indicated, values are percentages.

with eosinophil elevation were therefore accompanied
with DAC more frequently than those without, with
statistically significant difference (p = 0.00106, by
Fisher's exact test, Table 3). Only one patient with
eosinophil elevation did not develop DAC; the patient
received chemotherapy for cutaneous squamous cell
carcinoma at the same time, but no causes of the
eosinophil elevation other than dupilumab treatment
could be identified.
When blood eosinophil percentage was compared
to severity of conjunctivitis, in three (cases 1, 5, and 6)
out of the six patients, the peak of eosinophil percentage
mostly coincided with the most serious DAC (Figure 1).
In these three cases, the eosinophil percentage decreased
and DAC improved at the same time.
Eosinophil percentage resolved spontaneously
in all seven patients, including one patient without
DAC, despite the continuation of dupilumab treatment.
None of the patients with eosinophil elevation had
cardiac or pulmonary complications attributable to the
hypereosinophilia.
3.3. Correlation of blood eosinophil elevation with other
clinical features
There were no significant differences between AD
patients with or without eosinophil elevation in mean
age, clinical manifestation, past history of other allergies,
severity before dupilumab initiation, or efficacy
of dupilumab. Mean eosinophil percentage before
dupilumab initiation was slightly higher in patients with
eosinophil elevation than in patients without elevation.
On the other hand, although not statistically
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Table 2. Correlation of clinical features and blood eosinophil elevation in AD patients treated by dupilumab (n = 46)
Patients with elevated
eosinophil (n = 7)

Items
Age at the time of dupilumab initiation
Sex (male)
Clinical manifestation
typical
atypical
Past history of other allergies
bronchial asthma
allergic rhinitis
Age of onset
childhood
adult
Severity before dupilumab initiation
moderate
severe
very severe
Mean eosinophilic percentage before dupilumab initiation
Efficacy of dupilumab
75-100% improvement
25-75% improvement
0-25% improvement
Adverse effects
conjunctivitis

Patients without elevated
eosinophil (n = 39)

53.3
100

51.0
69.2

71.4
28.6
28.6
0
28.6

69.2
30.8
35.9
23.1
23.1

71.4
14.3

28.2
46.2

42.8
28.6
28.6
10.3

28.2
59.0
12.8
9.7

42.9
57.1
0

25.6
64.1
10.3

85.7

17.9

p value
0.810
0.101
1.000
0.479
0.073
0.302

0.711
0.500

0.00106

Unless indicated, values are percentages.

Table 3. Comparison of prevalence of conjunctivitis
between AD patients with and without blood eosinophil
elevation
Items

Conjunctivitis (+) Conjunctivitis (-)

Elevation (+)
Elevation (-)

6
7
13

1
32
33

Total p value
7
39
46

0.00106

Eosinophil elevation is defined as ≥ 5% increase of eosinophil
percentage within one year after dupilumab initiation. *p < 0.05 using
Fisher's exact probability test.

significant (p = 0.101 by Fisher's exact test), the patients
with eosinophil elevation were all male, while male were
only 69.2% of the patients without eosinophil elevation.
Furthermore, although insignificant (p = 0.500), none of
four patients in whom efficacy of dupilumab was < 25%
showed eosinophil elevation.
Additionally, among the patients with eosinophil
elevation, the number of patients with childhood onset
was five, and adult onset was one (Table 4). Among
those without eosinophil elevation, however, 11 had
childhood onset and 18 had adult onset. Childhood onset
tended to be more common in patients with eosinophil
elevation, although without significant difference (p =
0.073).
4. Discussion
Blood eosinophil elevation has been previously reported
in patients with AD treated with dupilumab, but the
exact percentage of AD patients with the eosinophil

elevation is unclear because there is no universallyaccepted definition of eosinophilia (7).
As the mechanism, blockage of IL-4/13 signaling
by the monoclonal antibody in mouse models prevents
eosinophils from invading each organ, leading to
accumulation of eosinophils in the bloodstream (8).
Conversely, blood eosinophil elevation is not observed
in all AD patients treated with dupilumab, so druginduced changes of blood eosinophil number may
depend on the levels of chemokine suppression by
dupilumab and the speed of eosinophil production in
each patient (7).
In the present study, clinical characteristics were
compared between seven patients with (15.2%) and 39
patients without (84.8%) elevation of blood eosinophil.
The incidence of DAC was significantly higher in
patients with elevation. DAC is one of the most wellknown adverse events of dupilumab. The high incidence
of DAC by dupilumab is notably seen only in AD, and is
less common in other allergic diseases, such as asthma
or nasal polyps (9). The mechanism of DAC remains
unclear, but suppression of goblet cell proliferation and
mucin secretion by dupilumab may contribute to its
development (10,11). Katsuta et al. (12) also compared
the clinical features of AD patients with and those
without DAC, and described that blood eosinophil
number two month after the dupilumab therapy was
significantly higher in those with DAC. Consistently, in
the present study, four out of the six patients with DAC
also had a peak of eosinophil elevation 2-4 months after
administration, and in three out of the four patients,
eosinophil percentage was proportional to the activity
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Figure 1. Correlation between eosinophil percentage and severity of conjunctivitis. Vertical axis: severity of conjunctivitis and eosinophil
percentage; horizontal axis: month after dupilumab treatment. The solid and dotted lines indicate the eosinophil percentage and the severity of
conjunctivitis, respectively. The results were compared for each.

Table 4. Comparison of onset age between patients with
and without eosinophil elevation
Items
Elevation (+)
Elevation (-)

Childhood

Adult

5
11
16

1
18
19

Total p value
6
29
35

0.07

of DAC. In these three cases, maximum eosinophil
percentage exceeded 20%, which was higher than the
other three cases.
Taken together, this is the first report to identify
the clinical characteristics of patients with AD with
eosinophil elevation, and the results suggest that most
eosinophil elevation may be seen in association with
DAC. Blood eosinophil percentage can therefore be
considered to be a predictive marker for DAC. Moreover,
eosinophil elevation by dupilumab does not seem to
cause organ damage, and moreover spontaneously
disappears, so it is perhaps unnecessary to discontinue
dupilumab.

In this study, although not significant, there were no
patients showing low efficacy by dupilumab (0-25%
improvement) in AD patients with blood eosinophil
elevation, while such non-responder was seen only
in those without eosinophil elevation. This may also
be associated with the action of dupilumab to prevent
migration of eosinophils from the bloodstream to
the skin. We speculate, for example, that the lack of
eosinophil influx into the skin tissue may attenuate the
skin inflammation in patients with blood eosinophil
elevation.
Similarly, although insignificant, there were more
patients with childhood onset among those with
eosinophil elevation, perhaps suggesting that the disease
duration of AD may correlate with action of dupilumab.
Compared with patients with adult-onset, for example,
those with childhood onset may tend to have a longer
Th2 immune response and increased eosinophil
production speed in the bone marrow, resulting in the
blood eosinophil elevation after dupilumab therapy.
Lack of information of disease duration of several
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patients in medical records was a limitation of this
comparison.
In conclusion, seven patients (15.7%) among 46
patients with AD were considered to have elevation of
blood eosinophil. Those with eosinophil elevation were
accompanied with DAC more frequently than those
without, with significant difference. Most eosinophil
elevation may therefore be seen in association with
DAC, and blood eosinophil percentage seems to be a
predictive marker for DAC, although further studies
with a greater number of patients are required.
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SUMMARY

Thermography is a well-known risk-assessment tool for diabetic foot ulcers but is not widely used
in the home setting due to the influence of the complicated home environment on thermographic
images. This study investigated changes in thermographic images in complicated home environments
to determine the feasibility of smartphone-based thermography in home settings. Healthy volunteers
(age > 20 years) were recruited and required to take plantar thermal images using smartphone-based
thermography attached to a selfie stick at different times of the day for 4 days. The thermal images and
associated activities and environmental factors were then analyzed using content analysis. Areas with
the highest temperature on the plantar thermal images were described and categorized. Device usability
was evaluated using 10-point Likert scales, with 10 representing the highest satisfaction. A total of 140
plantar thermal images from 10 participants were analyzed. In 12 classifications, the three commonest
patterns based on the highest temperature location were medial arch (42.1%), whole plantar (10.7%),
and forefoot and medial arch (7.9%). The medial arch pattern is most frequently seen after awakening
(67.5%) compared to other time points. Device usability was rated 7.5 out of 10 on average. This study
was the first to investigate the plantar thermal patterns in the home settings, and the medial arch pattern
was the most common hot area, which matches previous findings in well-controlled clinical settings.
Therefore, smartphone-based thermography may be feasible as a self-assessment tool in the home
setting.

Keywords
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1. Introduction
The diabetic foot ulcer (DFU) is one of the major
complications of diabetes. It contributes to high
amputation and mortality rates, presenting an enormous
economic burden, both on community as well as patients
and their families (1-3). Interim foot self-management
between regular podiatry care sessions could enable
timely identification and treatment of pre-ulceration
signs (1,4,5). Foot skin-temperature monitoring is a
recommended self-management tool that has proved
effective in preventing DFUs, using identification of
inflammation (6).
Over the past two decades, many skin-temperature
monitoring self-management devices have been
developed, including infrared dermal thermometry (712), remote temperature monitoring systems (13,14), and

temperature sensor devices (15-17). Moreover, to detect
problem areas typically masked by sensory neuropathy,
thermographic devices can visualize skin temperature as
a map, helping patients better understand their condition
and thereby improve adherence (20,21). However, due
to stringent environmental requirements and high cost,
thermography is only used for diagnostic assessment in
well-controlled clinical settings (22-24).
Recent technological advances have facilitated the
development of high-quality, clinically validated (25,26),
inexpensive smartphone-based thermography tools. We
proposed a smartphone-linked thermal imaging camera
(FLIR ONE Gen 3, Teledyne FLIR LLC, Wilsonville,
OR) on a selfie stick as a self-assessment tool for
patients at high-risk for DFUs, testing the prototype
on two older adults with diabetes. One participant
found the tool difficult to use due to unfamiliarity with
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smartphones. The other successfully self-assessed his
plantar region, but showed no signs of inflammation
during the study period (27). However, it is unclear as
to the extent to which the usability concerns of patient
1 or their complex home environment impacted on the
device's feasibility. Factors such as ambient temperature
or the patient's daily activities could have affected
the thermograms (28,29). Because localized areas of
increased temperature serve as warning signs for latent
inflammation (30,31), environmental factors may cause
misclassification by creating variance in temperature
readings. Therefore, understanding how the home
environment could affect thermographs is necessary to
better enable its use. Although previous studies classified
plantar thermal patterns based on plantar angiosome
types (24,32), and variations of plantar temperatures in
post-exercise thermograms in a clinical setting (33), no
study has investigated plantar thermal patterns in a home
environment.
This study aimed to investigate thermographic
changes in plantar temperature distributions in healthy
participants to control for pathological variance, to
determine whether the home environment affects the
thermal images, to assess the feasibility of the use of the
novel device, and to identify the minimal environment
prerequisites for the use of thermography in the home
environment. Furthermore, we investigated the usability
of the modified device set.
2. Methods
2.1. Study design and participants
This study, conducted from February to March 2021,
recruited healthy adult volunteers (age > 20 years)
using the snowball sampling method. Individuals with a
diagnosis of angiopathy or with an existing foot wound
were excluded.
2.2. Study variables and measurements

170

The main outcomes were changes to the participants'
plantar thermographs, self-obtained by using
smartphone thermography devices in their home. Data
on participants' baseline characteristics, thermographyrelated variables, and usability-related variables were
collected via a customized self-reported questionnaire.
Participant-related characteristics included age, sex,
body mass index (BMI), presence of callus(es), callus
site, presence of dry skin, foot deformity, foot photos,
and smoking. Thermography-related variables included
the characteristics of the home environment, including
ambient temperature, humidity, type of floor, use of
heating devices, shoe type. This also included activities
undertaken immediately before thermography such as
smoking, drinking, standing, sitting, and exercising. The
timing of the thermographs was determined, such as after
waking, after returning home, after showering or bathing,
and before bed, along with main daily activities and daily
steps.
Device usability was evaluated using a questionnaire
for obtaining information regarding usability-related
variables, such as ease of use, adherence, and their
main problems with the device, on a 10-point Likert
scale (score range: 0-10, with 10 indicating the highest
satisfaction with the provided device set).
This study used a modified prototype set, which
included an extension cord to connect the smartphone
to FLIR ONE (27) that enabled easier control and
angle adjustment during thermography (Figure 1);
FLIR ONE Gen 3-IOS thermal imaging camera [FLIR®
Systems, Inc.] attached to a 100-cm selfie stick [Elecom
P-SSB01RWH, Elecom Co., Ltd., Osaka, Japan] and
connected to a smartphone [iPhone SE 2nd generation,
Apple Inc., CA, USA] with an extension cord [F.Wave
concept, F.Wave Corp., Tokyo, Japan]).
Photographs of feet were taken with a digital camera
(Panasonic DMC-FX70, Panasonic Corp., Osaka, Japan).
Ambient temperature and humidity were measured with
Tanita TT-558 GY Thermo-Hygrometer (TANITA
Corp., Tokyo, Japan). Daily steps were measured with

Figure 1. Demonstration of the use of the self-monitoring thermography set. The components of the set are show in picture A, including a
smartphone (iPhone 8) (i), a smartphone-based thermography FLIR ONE (ii), an extension cord (iii) to connect the phone and the thermography,
and a selfie stick (iv) to control the angle of the thermography. Picture B shows the demonstration of the use of the set, and the taken thermographic
image (C).
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a pedometer (OMRON HJ-325-W, Omron Co., LTD,
Osaka, Japan).
2.3. Procedures
On the initial day of recruitment, all participants were
given the device set and followed the researcher's
instructions to practice obtaining thermographs. The
researcher adjusted the distance between FLIR ONE
and the plantar surface and marked the distance on the
selfie sticker for participants to use as a reference when
obtaining thermographs at home. Photographs of the
participants' feet were taken, and the participants took the
device set and instructions home for 1 week. Participants
were required to use the device to take thermographs
of their foot sole at home for 4 days, at least twice per
day, including before going to bed and after waking up.
Furthermore, they were required to fill out questionnaires
that included items such as thermal image-associated
home-environment and activities. After 4 days
participants were asked to fill out another questionnaire
on usability of the device.
2.4. Data analyses
Participant characteristics were summarized, and
responses to the questionnaire on device usability were
described as numbers and percentages. The acquired
thermographic images were analyzed qualitatively as
follows. Thermographic images were arranged on the
time axis, including the home environment and physical
activities, characteristics of thermographic patterns
as descriptions of the plantar area with the highest
temperature, activity-related events, and the home
environment before obtaining the thermographic images
were independently converted sequentially into text by
two researchers. The content summarized by the two
researchers was compared, and consensus was reached
in cases of any disagreement. Then, content analysis
was conducted to determine the relationship between

the thermographic images and related variables. The
core phrases were extracted as meaning units from the
descriptive texts for each participant and summarized
in a cross table. Thermographic patterns were then
classified based on the connected phrases before them
– namely, the time of thermography. Each connected
phrase became a category of thermographic patterns.
Thereafter, the frequency of each thermographic
pattern was determined as numbers and percentages.
The most frequently described thermographic patterns,
overall and in each category, were counted as common
patterns. Next, rare patterns were identified, and
other environmental characteristics in addition to the
aforementioned categories were searched in the raw
data, summarized, and then qualitatively described as the
environment to be avoided during thermography.
2.5. Ethical consideration
This study was approved by the Research Ethics
Committee of the Graduate School of Medicine, The
University of Tokyo, Tokyo, Japan (No. 2020275NI).
Written informed consent was obtained from all
participants before their enrolment in this study.
3. Results
3.1. Participant characteristics
Participant characteristics and information related to
the home environment are shown in Table 1. Among
the 10 participants (age 30.3 ± 5.6 years [mean ± SD];
BMI 21.06 ± 1.9 kg/m2), four were male and six were
female.
3.2. Representative case description
The changes in participants' thermal patterns over time
during the survey period were verbally described as
follows, with the thermographic pictures arranged on a

Table 1. Participants' characteristics and home settings
ID

Age

Sex

BMI
(kg/m2)

Presence of
callus(es)

Pain on
callus

Dry skin
(Sole)

Foot deformity

Smoking
behavior

Floor type

Indoor shoes

01
02

36
23

F
M

21.9
19.6

Painless
Painless

No
No

Wood
Wood

Socks or barefoot
Barefoot

30
29
27
40
35

M
M
M
F
F

24.7
22.7
19.8
21.7
22.5

/
/
/
/
Painless

No
No
No
No
No

No
No
No
No
No

Wood
Carpet
Carpet
Wood
Wood

08
09

24
33

F
F

18.6
19.6

2nd MTH on both feet
2nd MTH on both feet

Painless
Painless

No
No

No
No

Wood with heating
Wood

Barefoot
Barefoot
Barefoot
Barefoot
Fluffy indoor
boots
Barefoot
Slippers

10

26

19.5

No

/

No

No
Hallux valgus on
both feet
No
No
No
No
Hallux valgus on
left feet
No
Hallux valgus on
both feet
No

No
No

03
04
05
06
07

5th MTH on both feet
1st toe, 2nd MTH on
both feet
No
No
No
No
2nd MTH on both feet

No

Wood

Socks and slippers

M, Male; F, Female; BMI, body mass index; MTH, metatarsal head.
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time axis (Figure 2).
Case 1 was a 36-year-old female participant (BMI
21.9 kg/m2). She had painless calluses on the lateral
first toe and the 5th metatarsal head (MTH) on both
feet. Her home had wooden flooring; she walked
barefoot at home most of the time; and kneeled on the
floor sometimes. On the first day of survey, she stayed
home for remote work and mostly did desk work. She
arose at 6:30 in the morning, assumed Seiza (a formal
position of sitting in Japan) for 18 minutes, and then
took one thermograph of her feet when she experiences
feet numbness. The temperature was 13.7℃, and the
humidity was 36%. Thermographs showed the highest
temperatures on the midfoot and heel in both feet. She
then started her day of remote work, with a daylong
seminar until 5:30 pm. Most of the time, she sat on
the floor with a blanket to warm her legs; ambient
temperature was 16.6℃, and the humidity was 36%.
The thermograph obtained after sitting the whole day
showed the highest temperature in the midfoot region.
She took a 15-minute bath. After the bath, the highest
temperature shifted from the midfoot to forefoot region;
ambient temperature was 17.0℃, and the humidity
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was 39%. She did some stretches after the shower
and went to bed, before which she felt cold; the room
temperature was 17.5℃, and the humidity was 40%.
The temperature on the forefoot decreased, and the
midfoot region regained the highest temperature again.
She walked 1,513 steps from the time she got up until
she went to sleep.
3.3. Classifications of change in thermographic images
Based on the description of highest temperature of
the foot plantar aspect on the thermal images, the
sites of highest temperature were separated into five
areas: forefoot (toe and MTH), toe, MTH, arch, and
heel; 12 types of thermal patterns were classified. The
representative thermal images for each thermal pattern
and the illustration for each pattern are shown in Figure
3. The patterns were named based on the combination
of the highest temperature areas.
The overall pattern distributions and those at
different times of the day are shown in Table 2. The
top three common patterns were medial arch (42.1%),
whole plantar (10.7%), and forefoot and medial arch

Figure 2. One example of case summary from ID1. Photos of foot plantar (A) and foot calluses (B, C, D, E) were taken before starting the survey.
The descriptions of feet are shown on the right side of the foot photos. Information including temperature, time, activities before taking thermal
images and subjective feelings while taking thermal images are displayed under the photos.

Figure 3. Representative images of thermal patterns. Patterns were named based on the highest temperature area of the plantar on the thermal
images. The images on the top are representative images for each pattern, and the images on the bottoms are conceptual images where orange color
indicates higher temperature. Pattern A: medial arch; Pattern B: whole plantar; Pattern C: forefoot and medial arch; Pattern D: medial plantar; Pattern E:
medial arch and heel; Pattern F: forefoot and heel; Pattern G: forefoot; Pattern H: MTH (metatarsal head) and heel; Pattern I: MTH and medial arch;
Pattern J: heel; Pattern K: MTH; Pattern L: toe; Pattern M: asymmetric.
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(7.9%). Medical arch pattern was most frequently seen
in the morning after getting up and staying indoors.
Thermal patterns in the afternoon varied by activities.
After walking, increased forefoot and medial arch
(18.5%) and medial plantar (18.5) patterns were noted,
whereas when remaining indoors, the medial arch had
the highest temperature. In the evening, after bathing
and before bed showed an increased number of whole
plantar pattern (21.4%) and asymmetric patterns
(22.9%).
Most of the patterns were symmetric; however,
there were 16 (11.4%) asymmetric thermal images
(Table 3). Half of the asymmetric thermal images were
taken before bed, 18.8% were after getting up, 18%
were after outdoor walking, and 12.5% were after
taking a bath.
Some atypical patterns were found in different
participants. A few representative thermal images are
shown in Figure 4. Two were taken before bed, and one

was obtained after getting up.
3.4. Results of usability evaluation
The results of questionnaires related to usability are
shown in Table 4. The main problem in the use of the
device set concerned the selfie stick and extension cord.
One participant wrote "the selfie stick was difficult
to extend". Two participants wrote "bluetooth control
would be better than an extension cord". To improve
adherence for self-monitoring, participants wrote
"one measurement per day is preferrable", "it would
be better if you can set the camera angle still because
sometimes the camera angle changes easily", "having
an alarm reminder would be helpful", "instead of using
a selfie stick, a tripod might be better for older adults".
In other suggestions, one participant wrote "being able
to check on the photo prior to taking the thermograph
to make sure my feet were in frame was easier. It

Table 2. Thermal pattern distribution at different times of the day
Pattern
Medial arch
Whole plantar
Forefoot and medial arch
Medial plantar
Medial arch and heel
Forefoot and heel
Forefoot
MTH and heel
MTH and medial arch
Heel
MTH
Toe
Asymmetric
Total images

Total
59 (42.1)
15 (10.7)
11 (7.9)
8 (5.7)
8 (5.7)
7 (5.0)
6 (4.3)
3 (2.1)
2 (1.4)
2 (1.4)
2 (1.4)
1 (0.7)
16 (11.4)
140 (100.0)

Morning N (%)

Afternoon N (%)

After getting up

Indoor

27 (67.5)
2 (5.0)
1 (2.5)
3 (7.5)
3 (7.5)
0 (0.0)
0 (0.0)
0 (0.0)
1 (2.5)
0 (0.0)
0 (0.0)
0 (0.0)
3 (7.5)
40 (100.0)

4 (80.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1 (20.0)
0 (0.0)
5 (100.0)

Evening N (%)

After outdoor walking After biking
10 (37.0)
1 (3.7)
5 (18.5)
5 (18.5)
1 (3.7)
1 (3.7)
1 (3.7)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
3 (11.1)
27 (100.0)

2 (40.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
2 (40.0)
1 (20.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
5 (100.0)

After bathing Before bed
7 (25.0)
6 (21.4)
4 (14.3)
0 (0.0)
0 (0.0)
3 (10.7)
3 (10.7)
1 (3.6)
1 (3.6)
0 (0.0)
1 (3.6)
0 (0.0)
2 (7.1)
28 (100.0)

9 (25.7)
6 (17.1)
2 (5.7)
0 (0.0)
4 (11.4)
3 (8.6)
0 (0.0)
1 (2.9)
0 (0.0)
2 (5.7)
0 (0.0)
0 (0.0)
8 (22.9)
35(100.0)

*

Number of images varies between participants. **N (%): Number (percentage of the total images). MTH: metatarsal head

Table 3. Asymmetric thermal pattern distribution at different times of the day
Items

Total

Asymmetric patterns in total
Right medial arch and left medial arch and heel
Right toe and medial arch and heel and left toe and medial arch
Right medial plantar and left medial arch
Left medial plantar
Left medial arch and heel
Right forefoot and heel and left heel
Left 5th MTH
Right forefoot and heel and left whole plantar
Right MTH and left medial arch
Right forefoot and left medial arch
Right heel
Right forefoot and left lateral plantar
Left foot medial arch
Right medial arch and left whole plantar

16
2
2
1
1
1
1
1
1
1
1
1
1
1
1

Morning N (%)

Afternoon N (%)

Evening N (%)

After getting up After outdoor walking After bathing Before bed
3 (18.8)

3 (18.8)
1 (100)

1 (100)

1 (100)
1 (100)

Number of images varies between participants. **N (%): Number (percentage of the total pattern number).
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1 (100)

8 (50.0)
1 (50)
2 (100)
1 (100)
1 (100)
1 (100)

1 (100)
1 (100)

*

2 (12.5)
1 (50)

1 (100)
1 (100)

174

Drug Discoveries & Therapeutics. 2022; 16(4):169-176.
Table 4. Results of questionnaires related to usability
Scores* N (%)**

Questions

0–2

How easy do you find this device set to use?
Do you think you can use this device to assess your feet every day?
*

3

4

5

6

7

8

9

10

2 (20) 3 (30) 3 (30) 2 (20)
2 (20) 2 (20) 2 (20) 2 (20)
2 (20)

Scale from 0 to 10, and 10 is the highest level in satisfaction and agreement. **N (%): Number and percentage of all answers.

Figure 4. Atypical thermal patterns. A. thermal pattern before bed;
B. thermal pattern after getting up; C. thermal pattern before bed.
Thermal images are from different participants.

might be helpful for people with vision problems". All
participants could use the device at least once per day
during the survey (data not shown).
4. Discussion
This study is the first to investigate thermographic
patterns at different times of the day in a home
environment to provide information for the use of a novel
self-assessment tool for people with diabetes. Thermal
images from healthy participants were summarized into
mainly 12 symmetric and 16 asymmetric patterns. The
commonest pattern, the medial arch pattern, is mostly
like to be seen immediately after getting up and indicates
that the morning might be the best time for plantar selfassessment.
Thermal patterns at different times of the day and
activities prior to the thermal imaging were recorded. We
found that the change of thermal patterns is less likely
to be affected by activities rather than the time that the
thermal images were taken, and thermal patterns in the
morning are most consistent compared with those at
other times of the day, possibly because of skin bloodflow changes caused by activities (28). Skin blood flow
is sufficiently relevant as one of the primary factors
influencing thermography. Skin blood flow is related
to the autonomic nervous system, which controls
vasoconstriction and vasodilatation of the capillary
vessels to maintain homeostasis. Therefore, other factors
such as physical activity may directly correlate with
skin blood flow (29). In the clinical settings, acclimation
time is usually set before taking the thermal images
(31). However, it could be difficult when considering
thermography as a daily assessment tool. Therefore,
thermography after getting up is associated with

minimal activities, which could provide the most stable
and consistent images for the evaluation of the risk of
diabetic foot ulcers.
The medial arch pattern is the commonest thermal
pattern, with a 42.1% of the thermographic images
belonging to this category and was most frequently seen
after getting up (67.5%) and staying indoors (80%). This
pattern has previously been called the bilateral butterfly
pattern and is considered a normal pattern that indicates
an overlapping area supplied by the medial plantar and
lateral plantar arteries (34). This butterfly pattern has
been confirmed in 50% (34) and 46.9% (32) of healthy
participants in two studies that investigated plantar
thermographic patterns in well-controlled environments.
The results suggest that thermal images obtained in the
morning can obtain the same information as in a wellcontrolled environment (33).
Nonetheless, 11.4% of thermal patterns from different
healthy participants were asymmetric. Asymmetric or low
temperature on one side of the foot is usually an indicator
of peripheral artery disease in people with diabetes (36).
However, it was found in healthy participants in this
study, which suggested that assessment based on a single
thermal image is insufficient to judge the risk of DFUs;
thus, assessment of plantar thermal images on a regular
basis is more reliable. Assessment of a single foot might
generate information bias.
Atypical thermal patterns showed a hotspot on the
MTH and heel areas with asymmetric patterns. Hotspot
is a sign of early inflammation, and most previous studies
used algorithms that relied on a comparison between
temperatures in the same region of interest, e.g., MTH,
on both feet (10-13). This study showed that, in the
home environment, many patterns could be mistaken as
danger signs, since they also exist in healthy participants.
Certain situations should be avoided before taking a
thermographic image of the soles such as immediately
after waking and showering. Moreover, the algorithm
for studies used thermometry, temperature sensors, and
thermal mats that could not be applied to smartphonethermography and which are easily mistaken and cause
unnecessary concerns (23). Normal patterns are usually
restored in the morning, suggesting that if a suspicious
hotspot shows on the thermographic image, another
one should be obtained the following morning to check
whether the hotspot has disappeared. If it does disappear,
then it may likely have resulted from activities rather
than inflammation. If it does not disappear, then patients
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could then contact health care professionals or visit them
for further examination.
All participants gave a high score on the ease
of using the thermography set. However, some
improvement is required. Most relate to remembering to
use daily and how to take a clear thermographic image.
For people who do not have an ulcer, the requirement
of taking daily plantar thermal images may be a burden
(37). To improve adherence, a daily reminder seems to
be an easy approach. To improve the user friendliness,
personalized adjustment is needed for the use of the
thermography set.
This study had several noticeable limitations. First,
only 10 participants from a younger healthy population
with a low BMI were included. Older adults with
diabetes or higher BMI might show different thermal
patterns (24). Second, all participants had a similar
lifestyle of limited home environments and activities;
accordingly, it is unclear whether people with more
complicated lifestyles would have similar results; this
needs to be further investigated. Finally, this study
was conducted over a short time period. Therefore, the
seasonal effect on the results of this study should be
confirmed.
In conclusion, this study provided information for
the feasibility of a novel self-assessment tool using
smartphone-based thermography in the home setting.
When using thermography for foot assessment in a home
setting, assessment immediately after waking is the most
preferred for reliable evaluation. To avoid false positives
and unnecessary concerns, daily self-assessments and
communication with trained healthcare professionals on
abnormal patterns on consecutive days are recommended.
This easy-to-use and relatively inexpensive tool may
have high clinical value and help empower people with
diabetes for foot self-care.
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SUMMARY

Heart failure with reduced ejection fraction (HFrEF) due to ischemic heart disease (IHD) showed a
progressive decline in left ventricular contractile function. However, no previous study has examined
the left ventricular global longitudinal strain (LV GLS) parameter that represents LV contractile
function. We investigated whether trimetazidine could improve the LV GLS value in patients with
HFrEF due to IHD. We performed a double-blind, randomized controlled trial (RCT) including
26 patients with HFrEF due to stable IHD who were given modified-release trimetazidine 35 mg
twice per day (n = 13) or placebo (n = 13) for 3 months in addition to standard medication. Left
ventricular systolic function including GLS values was assessed at baseline and after 3 months using
echocardiography. A total of 25 participants (13 control and 12 trimetazidine groups) were recruited
with a baseline average age of 57.1 ± 10 years, and LV ejection fraction (LVEF) value of 34.6% ± 4.4%,
and a GLS value of 7.4% ± 2.1%. Baseline clinical characteristics and echocardiogram were similar
between the two groups. There was significant GLS improvement in the trimetazidine group (−6.9% ±
2.4% to −8.4% ± 2.6%, p = 0.000), but no significant differences were noted in the control group. The
GLS improvement was significantly higher in the trimetazidine group than the control (1.5% + 0.9%
vs. −0.7% + 1.7%, p = 0.001). No adverse drug reactions from the administration of trimetazidine in
this study. Trimetazidine may improve GLS values in patients with HFrEF due to IHD.

Keywords

Heart failure with reduced ejection fraction, ischemic heart disease, trimetazidine, global
longitudinal strain, LV contractile

1. Introduction
Over the last four decades, the prevalence of heart
failure with reduced ejection fraction (HFrEF) related
to ischemic heart disease (IHD) has increased by 26%
in men and 48% in women (1). Despite significant
improvements in clinical symptoms and a reduced
pace of clinical decline, heart failure progression
has remained due to diminished contractile function.
Furthermore, it is still the world's greatest cause of
morbidity and mortality (2). Over the past few years,
many studies have established metabolic remodeling as
another pathophysiological mechanism of heart failure
(HF) that is not widely known (3,4). Trimetazidine
([2,3,4-trimethoxybenzyl piperazine dihydrochloride;
TMZ) is a metabolic modulator that is useful in treating
HF with angina due to IHD. In addition to the treatment

of angina, there is growing evidence that TMZ improves
cardiac contractile function in heart failure (5-9).
However, no study has used the global longitudinal strain
(GLS) parameter to describe a better left ventricular (LV)
contractile function yet. GLS is a strong predictor of
mortality and morbidity of HFrEF in various etiologies
including IHD and can detect improvement or decrease
in contractility function earlier than other conventional
echocardiographic parameters (10-13). This study aimed
to determine whether TMZ administration can increase
LV GLS values in patients with HFrEF due to IHD.
2. Materials and Methods
2.1. Research design
This study was an experimental clinical study with a
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double-blind, randomized, placebo-controlled trial design
conducted at Dr. Kariadi General Hospital Semarang
from January to July 2020.
2.2. Research subjects
The subjects were stable patients with HFrEF due to IHD
from an outpatient cardiac clinic of Dr. Kariadi General
Hospital Semarang who met the inclusion and exclusion
criteria and agreed to participate by signing informed
consent. The study inclusion criteria were patients with
functional class New York Heart Association (NYHA)
I–II HFrEF with LV ejection fraction (LVEF) 20-40%
of echocardiography, significant IHD evidence from
previous coronary angiography examination, and/
or a history of the acute coronary syndrome and/or
revascularization, who received established standard
medical therapy for 4 weeks before randomization.
Exclusion criteria were patients who were over 75 years
of age; have atrial fibrillation and severe arrhythmias,
revascularization history within 60 days, primary heart
valve abnormalities, Parkinson's disease, or symptoms,
routinely used monoamine oxidase inhibitor drugs, and
stage 4 chronic kidney disease (CKD) history; were
undergoing dialysis (hemodialysis), and have inadequate
echocardiographic image quality (poor echo window).
The research protocol has received ethical clearance from
the Ethics Commission for Health and Medical Research,
Faculty of Medicine, Diponegoro University, and Dr.
Kariadi General Hospital Semarang (No. 433/EC/KEPKRSDK/2020) and a permit to conduct research from the
Diklit section of Dr. Kariadi General Hospital Semarang.
2.3. TMZ drug administration
Trizedon modified-release® (MR; PT. Servier Indonesia,
Tower of Kadin Indonesia 18th Floor: HR Rasuna Said
Road Block X-5 Kav. 2-3, Jakarta 12950, Indonesia)
was administered at a dose of 35 mg/12 h for 12 weeks
(14). It was given with food, swallowed whole, and not
chewed (15). TMZ adherence rate was defined as the
number of doses taken during the study protocol period
(12 weeks) of 85% of all TMZ treatment protocols (16).
2.4. Echocardiography and GLS examination of the left
ventricle
Echocardiography was performed according to the
standard procedure of transthoracic echocardiography
examination. GLS examination was assessed using the
two-dimensional (2D) speckle-tracking method by taking
apical views of two, three, and four chambers at a frame
rate of 40-90/s and focusing on the left ventricle. The
GLS analysis was aggregated into a bull's eye pattern (17
segments), and a mean value was calculated. LV GLS
was processed offline using IntelliSpace Cardiovascular
version 1.2 B.V with Qlab version 11 (Phillips Medical
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System, Netherland). GLS was measured twice; at the
beginning and end of the study at 12- week intervals,
in percentage (%). The change in GLS is obtained by
subtracting the final GLS value from the initial GLS
value.
2.5. Statistical analysis
Data analysis includes descriptive analysis and
hypothesis testing. Descriptive data will be displayed in
the form of mean ± standard deviation, frequency, and
percentage. The groups were compared using a twotailed unpaired Student's t-test for variables with normal
distribution and Wilcoxon test for variables without
normal distribution. P values < 0.05 were considered
statistically significant.
3. Results
Thirty-six subjects met the inclusion criteria. Ten
patients were excluded because three had atrial
fibrillation, three had CKD stage IV/V, and four
underwent a revascularization procedure within 60 days.
Twenty-six subjects were randomized using a random
sample generator application. Subjects were divided into
two groups as follows: the TMZ group with 13 subjects
who received standard therapy plus TMZ 35 mg/12 h
and the placebo group with 13 subjects who received
standard therapy plus placebo. One patient from the
TMZ group dropped out 1 week after initial treatment
due to stroke, widespread infarction, decreased
consciousness, severe lung infection, and sepsis in a
private hospital (Figure 1).
3.1. Baseline demographics and clinical characteristics
There were no statistically significant differences in
demographic characteristics between the two groups
examined by gender, age, and body mass index (BMI).
The median age of the participants was 54 (43-68) years
old in the TMZ group and about 60 (41-66) years old in
the control group (p = 0.241). Most subjects from both
groups were men, with 11 (91.7%) samples in the TMZ
group and 11 (84.6%) samples in the control group (p =
1.000). The mean BMIs of the participants were 25.3 ±
4.1 and 23.3 ± 3.5 kg/m2 in the TMZ and placebo groups,
respectively (Table 1).
The clinical characteristics were similar between
groups as shown in Table 1. The median serum creatinine
levels in the TMZ and control groups were 1.1 (0.51.9) and 1.1 (0.7-1.5) mg/dL (p = 0.324), respectively,
with estimated glomerular filtration rates of 76.2 ±
38.4 and 77.7 ± 30.6 mL/min/1.73 m2, respectively
(p = 0.914). Most samples from both groups (76%)
had a history of multivessel disease due to coronary
angiography, and no substantial difference was found
between the two groups. Four respondents (30.8%) in
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Figure 1. Participant flow. AF, atrial fibrillation; CKD, chronic kidney disease.

the control group and four respondents (33.3%) in the
TMZ group underwent a complete revascularization
procedure. All patients received angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers,
beta-blockers, mineralocorticoid receptor antagonists,
antiplatelets, and statins as part of the medical treatment.
Other medications were calcium channel blockers (4.0%),
nitrate (68%), diuretics (20%), and antidiabetic drugs
(28%). There was no significant difference in medical
treatment between the groups. The TMZ group received
standard medical therapy plus TMZ 35 mg/12 h for
88.5 (88-90) days with an adherence rate of 99.3%. The
control subjects received standard medical therapy plus
a placebo for 89 (87-90) days with an adherence rate of
99.2%.
3.2. Baseline echocardiogram characteristics
Baseline echocardiographic findings were comparable
between groups in 2D values and systolic and diastolic
functions of the left ventricle. There were no differences
in LVEF using the biplane method (LVEF Biplane;
33.3% ± 4.9% vs. 35.8% ± 3.5%, p = 0.150), GLS (−7.8%
± 1.7% vs. −6.9% ± 2.4%, p = 0.280), and LV global
circumferential strain (GCS) values (−11.9% ± 4.0%
vs. −14.4% ± 4.5%, p = 0.150) between the TMZ and
control groups. In LV diastolic function, the E/e' ratios of
the TMZ and control groups were 16 (8.9-29.2) and 13.4

(7.0-10.2, p = 0.355), respectively. Left atrial volume
index (LAVi) was also comparable between groups (33.7
± 14.9 vs. 35.7 ± 16.1 mL/m2, respectively; p = 0.758;
Table 2).
3.3. Comparison of Pre- and Post-echocardiographic
findings between groups
There was a significant increase in the parameters of
early and late systolic functions in the TMZ group, which
included LVEF, GLS, and LV GCS, whereas there was
no significant difference in the control group. In the TMZ
group, there were significant increases in the LV GLS
(from − 6.9% ± 2.4% to − 8.4% ± 2.6%, p = 0.001) and
GCS values (from −11.6% [−5.9% to −19.4%] to 13.9%
[−8.3% to –19.7%], p = 0.028). The mean LVEF values
increased significantly from the pre-value of 33.3% ±
4.9% to 40.3% ± 5.5% (p = 0.000) in the TMZ group but
not significantly from a median of 36.7% (29.7%-40.0%)
to 37.1% (29.5%-45.2%, p = 0.542) in the control group
(Table 3).
There were significant differences between the initial
and final diastolic function parameters in the TMZ group
(E/e' ratio and LAVi), whereas there was no significant
difference in the control group. The mean E/e' ratio
decreased significantly in the TMZ group from 16.8 ± 6.1
to 13.5 ± 6.6 (p = 0.046), whereas it also decreased but
not significantly in the control group from a median of
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Table 1. Baseline demographic and clinical characteristics
Variables

Groups

Table 2. Baseline echocardiogram characteristics

p-value

Variables

Echocardiographic
measurements Left
ventricle dimension*
EDV (mL)
ESV (mL)
EDVi (mL/m2)
ESVi (mL/m2)
Left Ventricular
Systolic Function*
LVEF (%)
GLS (%)
GCS (%)
Left Ventricular
Diastolic Function*
E/A
E/e'
LAVi (mL/m2)
Diastolic Dysfunction**
Grade I
Grade II
Grade III

Trimetazidine
(n = 12)

Control
(n = 13)

Age (years)*
54 (43-68)
Sex**
Male
11 (91.7%)
Female
1 (8.3%)
Body Mass Index (kg/m2)*
25.3 ± 4.1
Systolic Blood Pressure (mmHg) 111.5 ± 13.5
Heart Rate (times/min)
71.5 ± 1.5
QRS complex duration (ms) 111 (96–177)
History of Disease**
DM
4 (33.3%)
Hypertension
5 (41.7%)
Obesity
2 (16.7%)
Acute Coronary Syndrome
7 (41.7%)
Multivessel Disease
9 (75.0%)
CTO lession
1 (8.3%)
Complete Revascularization 4 (33.3%)
Medical treatment**
Diuretic
3 (25.0%)
ACEi/ARB
12 (100%)
Beta blocker
12 (100%)
MRA
12 (100%)
Nitrate
9 (75.0%)
CCB
0 (0.0%)
Ivabradine
0 (0.0%)
Digoxin
1 (8.3%)
Antiplatelet
12 (100%)
Statin
12 (100%)
Diabetes Mellitus Drugs
4 (33.3%)
Renal Function*
Creatinine (mg/dL)
1.1 (0.5–1.9)
eGFR (mL/min/1.73 m2) 76.2 ± 38.4

60 (41–66)

0.241a

11 (84.6%)
2 (15.4%)
23.3 ± 3.5
119.4 ± 16.4
73.9 ± 10.8
115.5 (91–140)

1.000b

5 (38.5%)
7 (53.8%)
0 (00.0%)
5 (38.5%)
10 (76.9%)
3 (23.1%)
4 (30.8%)

1.000b
0.551c
0.220b
1.000b
1.000b
0.593b
1.000b

2 (15.4%)
13 (100%)
13 (100%)
13 (100%)
8 (61.5%)
1 (7.7%)
1 (7.7%)
0 (0.0%)
13 (100%)
13 (100%)
3 (23.1%)

0.645b
0.842c
0.842c
0.842c
0.673b
1.000b
1.000b
0.480b
0.842c
0.842c
0.576c

1.1 (0.7–1.5)
77.7 ± 30.6

0.324a
0.914a

a

0.195
0.197a
0.634a
0.703a

*

Described as mean ± standard deviation and median (min-max).
Described in n (%). The value is significant if p < 0.05. aUnpaired
t-test with the alternative Mann–Whitney U test. bFischer exact test.
c
Chi-square test. DM, diabetes mellitus; CTO, chronic total occlusion;
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin
receptor blocker; MRA, mineralocorticoid receptor antagonist; eGFR,
estimated glomerular filtration rate; CCB, calcium channel blocker.
**

13.4 (7.1-30.2) to 12.6 (5.4-21.9, p = 0.301). There was a
significant decrease in the mean LAVi value in the TMZ
group from 33.7 ± 14.9 to 25.5 ± 12.2 mL/m2 (p = 0.049),
whereas there was no significant difference in the control
group from 35.7 ± 16.1 to 36.3 ± 13.1 mL/m2 (p = 0.889).
There was no significant difference between the mean E/
A ratio's initial and final values in the two groups (Table
3). There were significant differences between the initial
and final diastolic function parameters in the TMZ group
(E/e' ratio and LAVi), whereas there was no significant
difference in the control group. The mean E/e' ratio
decreased significantly in the TMZ group from 16.8 ±
6.1 to 13.5 ± 6.6 (p = 0.046), whereas it also decreased
but not significantly in the control group from a median
of 13.4 (7.1-30.2) to 12.6 (5.4-21.9, p = 0.301). There
was a significant decrease in the mean LAVi value in the
TMZ group from 33.7 ± 14.9 to 25.5 ± 12.2 mL/m2 (p
= 0.049), whereas there was no significant difference in
the control group from 35.7 ± 16.1 to 36.3 ± 13.1 mL/m2

Groups
Trimetazidine
(n = 12)

Control
(n = 13)

p-value

177.0 ± 42.6
118.9 ± 34.2
102.8 ± 26.3
69.1 ± 21.0

149.5 ± 37.7
96.9 ± 29.3
95.3 ± 27.8
61.8 ± 18.1

0.100a
0.096a
0.456a
0.359a

33.3 ± 4.9
– 6.9 ± 2.4
–11.9 ± 4.0

35.8 ± 3.5
–7.8 ± 1.7
–14.4 ± 4.5

0.150a
0.280a
0.150a

1.2 (0.5–3.2) 0.8 (0.6–3.6) 0.742a
16 (8.9–29.2) 13.4 (7.0–10.2) 0.355a
33.7 ± 14.9
35.7 ± 16.1 0.758a
4 (33.3%)
5 (41.7%)
3 (25.0%)

8 (61.5%) 0.347b
2 (15.4%)
3 (23.1%)

*

Described as mean ± standard deviation (intersection of deviation)
and median (min-max). **Described as n (%). The value is significant
if p < 0.05. aUnpaired t-test with the alternative Mann-Whitney U
test. bChi-square test. EDV, End-Diastolic Volume; ESV, End-Systolic
Volume; EDVi, End-Diastolic Volume index; ESVi, End-Systolic
Volume index; GLS, Global Longitudinal Strain; GCS, Global
Circumferential Strain; LAVi, Left Atrial Volume index.

(p = 0.889). There was no significant difference between
the mean E/A ratio's initial and final values in the two
groups (Table 3).
3.4. ∆ Changes in LV GLS and others chocardiographic
parameters between TMZ and Control Group
After 3 months intervention, there were no differences in
LV GLS (−8.4% ± 2.6% vs. −7.1% ± 1.8%, p = 0.170),
and LV GCS (−13.8% ± 3.9% vs. −13.3% ± 5.5%, p =
0.828) and LVEF using the biplane method (40.3% ±
5.5% vs. 37.0% ± 5.5%, p = 0.142), between the TMZ
and control groups as shown in Table 3.
A significant difference was noted in the change (Δ)
in GLS values between the TMZ and control groups
(1.5% + 0.9% vs. −0.7% + 1.7%, p = 0.001). TMZ also
increased the mean LV GCS by 1.9% (p = 0.024) and
there was a significant difference (Δ) in the mean GCS
value between the TMZ and control groups (Δ 1.9 vs. −
1.1, respectively; p = 0.005). Using the biplane method,
significant increases were noted in the mean LVEF
values of the TMZ (7.0%, p = 0.000) and there was a
significant difference in the increase (Δ) of the mean
LVEF value between the TMZ and control groups (Δ 7.0
vs. 1.1, respectively; p = 0.001) (Table 3).
There was no significant difference between TMZ
and control groups in the change (Δ) of diastolic function,
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Table 3. Pre-Post Echocardiographic and ∆ Changes between Trimetazidine and Control groups
Variables
Left Ventricular Dimension
EDV (mL) Pre
EDV (mL) Post
P
Δ EDV
ESV (mL) Pre
ESV (mL) Post
P
Δ ESV
EDVi (mL/m2) Pre
EDVi (mL/m2) Post
P
Δ EDVi
ESVi (mL/m2) Pre
ESVi (mL/m2) Post
P
Δ ESVi
Left Ventricular Systolic Function*
LVEF (%) Pre

Mean ± SD; Median (min–max)
Control (n = 13)

177.0 ± 42.6
159.8 + 41.6
0.075c
–17.2 ± 30.2
118.9 ± 34.2
96.5 ± 30.8
0.005c
–22.4 ± 22.4
102.8 ± 26.3

149.5 ± 37.7
151.1 ± 39.2
0.824c
1.6 ± 26.1
96.9 ± 29.3
96.8 ± 32.2
0.991c
–0.1 ± 18.2
95.3 ± 27.8
89 (68–142)
97.1 ± 26.6
89 (62–143)
0,946b
1.8 ± 17.9
61.8 ± 18.1
62.2 ± 21.3
0.901c
–0.4 ± 12.2

0.100d
0.594d

0.150d

0.742a

91.7 ± 21.4
0.056c
–11.0 ± 17.9
69.1 ± 21.0
55.3 ± 16.4
0.005c
–13.8 ± 13.6

LVEF (%) Post

40.3 ± 5.5

P
Δ LVEF
GLS (%) Pre
GLS (%) Post
P
Δ GLS
GCS (%) Pre

0.000c
7.0 ± 4.5
–6.9 ± 2.4
–8.4 ± 2.6
0.000c
1.5 ± 0.9
–11.9 ± 4.0
11.6 (5.9–19.4)
–13.8 ± 3.9
13.9 (8.3–19.7)
0.024b
1.9 ± 2.6

35.8 ± 3.5
36.7 (29.7–40)
37.0 ± 5.5
37.1 (29.5–45.2)
0.542b
1.1 ± 3.1
–7.8 ± 1.7
–7.1 ± 1.8
0.162c
–0.7 ± 1.7
–14.4 ± 4.5
13.9 (9.8–22.1)
–13.3 ± 5.5
10.3 (7.9–20.2)
0.175b
–1.1 ± 2.1

1.4 ± 0.9
1.2 (0.5–3.2)
1.4 ± 1.1
0.760c
0.04 ± 0.5
0.1 (–0.9 to 1.0)
16.8 ± 6.1
16.1 (8.9–29.2)
13.5 ± 6.6
10.0 (7.1–26.0)
0.046b
–3.3 ± 5.0
–2.2 (–13.8 to 5.6)
33.7 ± 14.9
32.3 (9.4–56.4)
25.5 ± 12.2
24.8 (12.5–50.9)
0.049b
–8.2 ± 12.9

1.5 ± 1.0
0.8 (0.6–3.6)
1.2 ± 0.7
0.877c
–0.3 ± 0.7
–0.1 (0.7 to–2.1)
14.8 ± 6.6
13.4 (7.1–30.2)
13.2 ± 5.1
12.6 (5.4–21.9)
0.301c
–1.6 ± 5.8
–1.7 (–17.6 to 7.8)
35.7 ± 16.1
33.9 (12.7–67.3)
36.3 ± 13.1
33.9 (19.4–68.2)
0.889b
0.6 ± 16.0

GCS (%) Post
P
Δ GCS
Left Ventricular Diastolic Function*
E/A Pre
E/A Post
P
Δ E/A
E/e' Pre
E/e' Post
P
Δ E/e'
LAVi (mL/m2) Pre
LAVi (mL/m2) Post
P
Δ LAVi

p-value

Trimetazidine (n = 12)

33.3 ± 4.9

0.108d
0.096d
0.983d
0.012d
0.456d
0.586d
0.008d
0.359d
0.379d
0.012d

0.142d
0.001d
0.280d
0.170d
0.001d
0.150a
0.828a
0.005a

0.935d
0.299a
0.355a
0.907a
0.264a
0.758a
0.041a
0.144d

Statistical analysis was performed using the aMann–Whitney U test, bWilcoxon test, cpaired t-test and dunpaired t-tests. The value is significant
if p < 0.05. SD, standard deviation; EDV, End-Diastolic Volume; ESV, End-Systolic Volume; EDVi, End-Diastolic Volume index; ESVi, EndSystolic Volume index; GLS, Global Longitudinal Strain; GCS, Global Circumferential Strain; LAVi, Left Atrial Volume index.

although in the TMZ group there were improvements in
E/e' and LAVi parameters as shown in Table 3.
3.5. Intrarater and Interrater variability

Intrarater and interrater reliability of the GLS
examination were analyzed by calculating the intraclass
and interclass correlation coefficients. Intraclass and
interclass correlation coefficients and 95% CI were
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calculated using MedCalc Statistical Software version
19.1 based on the mean-rating (k = 2), absoluteagreement, and two-way mixed-effect model. Intraclass
correlation coefficient = 0.991 with 95% CI = 0.9780.997 for interrater reliability and interclass correlation
coefficient = 0.982 with 95% CI = 0.954-0.993 for
interrater reliability were obtained. Thus, it can be said
that the interrater and interrater reliability of the GLS
examination in this study is excellent.
3.6. TMZ safety
Two subjects from the control group experienced
gastrointestinal side effects, including nausea, stomach
pain, and vomiting. The subjects who experienced
digestive system disorders had the same complaints
before they participated in the study; thus, these
complaints could not be ascertained to be related to the
intervention conducted in this study. The patients welltolerated this indigestion complaint. Meanwhile, in the
TMZ group, no subjects complained of any side effects.
There were no subjects who stopped treatment because
of the complaints they felt.
4. Discussion
4.1. Effect of TMZ on the LV GLS values
The results of this study showed that administration of
TMZ MR 35 mg/12 h for 3 months can improve LV
contractile function with an LV GLS value parameter
of 1.5% ± 0.9% (p = 0.001), followed by an increase in
other contractility function parameters, including LV
GCS (1.9% ± 2.6%, p = 0.005) and LVEF values (7.0 ±
4.5, p = 0.000).
Improvement of LVEF with the addition of TMZ
to the standard medical procedure has been shown by
previous studies. For instance, the meta-analysis of Gao
et al. (2) (17 randomized clinical trials [RCTs]/n = 955)
that reported that the addition of TMZ can increase
weighted mean difference LVEF + 7.37% (p < 0.01) on
IHD-induced HFrEF and the meta-analysis of Zhang
et al. (17) (16 RCTs/n = 884) showed that TMZ could
increase LVEF + 6.46% (p < 0.01).
Most studies used the LVEF parameter to represent
the LV contractility function. This technique has
limitations, including the determination of suboptimal
endocardial margins and extensive wall motion
abnormalities. Other technical challenges include
geometric assumptions related to using two axes to assess
LV function globally, optimal apical display alignment
without foreshortening, arrhythmias, and loadingdependent factor influence on the ventricular function
assessment (10). Given the limitations of this routine
parameter, the complexity of LV's contractile function
is unlikely to be comprehensively represented by the
LVEF assessment method alone. GLS with 2D-speckle-
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tracking echocardiography is a new noninvasive
method of ultrasound imaging with quantitative and
objective capabilities to assess the global and regional
functions of the cardiac myocardium. This modality
is semi-automatic and capable of analyzing a complex
cardiac mechanical system and a reproducible, angleindependent examination with no geometric assumptions
and less load-dependent and of detecting early changes
in myocardial contractile function and predictors of
mortality and morbidity of HFrEF due to IHD (18-20).
Inhibition of metabolic remodeling, which includes
mitochondrial dysfunction, energetic disturbances,
oxidative stress, and EC coupling disorders in the
myocardium, is the mechanism underlying the increase
in GLS values in TMZ administration. The four
components of metabolic remodeling are interrelated
with structural remodeling, which underlie decreased
contractility function in HFrEF. Administration of
TMZ induces partial β-FA (β-ox) oxidation inhibition,
increases pyruvate dehydrogenase and glucose oxidation,
which is energetically beneficial in IHD (21), limits the
accumulation of sodium, Ca2+, and intracellular acidosis,
reduces induced cell damage reactive oxygen species
(ROS), inhibits cardiac fibrosis and inflammation through
the ROS/connective tissue growth factor pathway,
prevents cell apoptosis through the mitogen-activated
protein kinase/ATK pathway, reduces uncoupling protein,
and increases the creatinine phosphate (PCr)/adenosine
triphosphate (ATP) ratio. ATP and its final effects are
decreased cellular damage and repair of HF (2).
The TMZ mechanism improves contractility using
GLS through improved mitochondrial and energetic
functions. In Fragasso et al. study (22), which involved
12 patients with HFrEF due to IHD, TMZ increased the
functional grade and LV function in patients with HF and
increased the PCr/ATP ratio, indicating preservation of
levels of noninvasive myocardial high-energy phosphate,
as viewed using in vivo 31P magnetic resonance
spectroscopy. On TMZ, the NYHA grade decreased from
3.04 ± 0.26 to 2.45 ± 0.52 (p < 0.005), whereas EF (34
± 10 vs. 39% ± 10%, p ≤ 0.03) and METS (from 7.44
± 1.84 to 8.78 ± 2.72, p < 0.03) increased. The mean
cardiac PCr/ATP ratio was 1.35 ± 0.33 with placebo but
increased 33% to 1.80 ± 0.50 (p < 0.03) with TMZ.
The TMZ mechanism to improve LV contractility
through inhibition of oxidative stress was demonstrated
in the study of Belardinelli et al. (23). The research
involved 51 patients (mean age 51.4 ± 6 years) with
cardiac HF secondary to ischemic cardiomyopathy (EF
32.5% ± 4.5%), decreased plasma malondialdehyde
levels (from 3.98 ± 0.69 to 2.15 ± 0.59 mmol/L), and
decreased lipid hydroperoxides (from 3.72 ± 0.9 to 2.06
± 0.6 mmol/L) versus the placebo group (p < 0.01),
demonstrating the antioxidant properties of TMZ after
4 weeks of treatment with oral TMZ (20 mg TID).
Similarly, the study of Di Napoli et al. (6), involving 61
patients with dilated ischemic cardiomyopathy, showed
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that the 18-month administration of TMZ increased the
mean C-reactive protein of the control group than the
TMZ group (p < 0.001) and showed an increase in LVEF
+ 11% (p < 0.001), an improvement in NYHA, and a
decrease in mean LVESV and LVEDV (p < 0.001) in the
TMZ group (p < 0.001).
Another mechanism for enhancing LV contractility
with TMZ was also shown in the study of Belardinelli
et al. (14), which included 49 patients with ischemic
cardiomyopathy and multivessel disease who received
TMZ with standard HF therapy for 2 months. The
sample was tested for low-dose contractile response to
dobutamine, with an improvement in mean LVEF + 5.6%.
This improvement is also consistent with this study in
which TMZ administration of 35 mg/12 h for 3 months
significantly increased GLS values in HFrF by 1.5% ±
0.9% (p = 0.001) due to IHD for 3 months.
Another finding of this study, besides the
improvement in LV systolic function, is the increase in
diastolic function after 3 months of TMZ administration.
IHD and severe LV dysfunction altered the diastolic
function and progressively decreased LV compliance and
increased left atrial pressure and LV filling pressure at
the diastolic as assessed by the parameters recommended
by the 2016 American Society of Echocardiography
guidelines for diastolic dysfunction assessment (24).
This effect on TMZ's LV diastolic function may also
be related to TMZ's metabolic anti-ischemic effect in
the myocardium undergoing chronic hypoperfusion.
Improvements in diastolic function due to the addition
of TMZ in ischemic cardiomyopathy have been shown
in the study of Vitale et al. (25), which showed that
adding TMZ to standard therapy for 6 months improved
diastolic function as assessed by mitral flow doppler
analysis with echocardiography, in addition to improving
LVEF.
The clinical importance of GLS improvement
after TMZ administration to HFrEF was demonstrated
in the study of Sengeløv et al. (13), which involved
1,065 HFrEF patients and showed that GLS remains
an independent predictor of all-cause mortality in a
multivariable model after adjusting for age, sex, BMI,
total cholesterol, mean arterial pressure, heart rate,
ischemic cardiomyopathy, percutaneous transluminal
coronary angioplasty, Cardiac bypass surgery,
noninsulin-dependent diabetes mellitus, and conventional
echocardiographic parameters (hazard ratio [HR]: 1.15;
95% CI 1.04-1.27, p = 0.008 per 1% decrease). No other
echocardiographic parameters remained independent
predictors after adjusting for these variables. This study
is the first double-blind RCT that evaluated the effect
of TMZ on LV contractile function with the GLS value
parameter in patients with HFrEF due to IHD. The
results of this study indicate that TMZ can improve LV
systolic function as assessed by the LV GLS value and
is clinically significant because each reduction in GLS
value is 1% (HR: 1.15; 95% CI 1.04-1.27, p = 0.008).

4.2. Adherence to drugs and side effects of TMZ
In this study, TMZ was relatively safe and well-tolerated
in patients with HFrEF, which can be seen from the
compliance level, with 99.3% TMZ at a median of 88.5
(88-90) days of taking medication. During the study
period, no allergies or serious side effects were reported
by the TMZ administration. None of the patients
discontinued the TMZ drug. This safety is relevant to
various previous studies, which also stated that TMZ is
safe enough to be given to HFrEF sufferers due to IHD
even for a longer period (2,26-27).
4.3. Research limitations
This study assessed the short-term effect (3 months) of
TMZ on echocardiographic parameters alone and did
not assess other clinical outcome parameters such as
exercise capacity, major cardiovascular events, and HF
hospitalization incidence. Additionally, most standard
HF treatments of the subjects could not achieve the
maximum recommended daily dose target guidelines for
HF.
5. Conclusion
TMZ may improve the LV contractile function in patients
with HFrEF due to IHD using the LV GLS value.
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SUMMARY

School-based coronavirus disease 2019 (COVID-19) testing is an important part of a comprehensive
prevention strategy in public health. To assess the prevalence of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) antibodies in a university athletic club community with repeated
occurrences of SARS-CoV-2 infections, we conducted a cross-sectional survey for asymptomatic
antibody prevalence using a SARS-CoV-2 rapid antibody test kit. On January 26, 2021 we
administered questionnaires to determine their history of contact with infected individuals and took
blood samples from 129 undergraduates. The prevalence of SARS-CoV-2 antibodies among the
subjects was 3.9%. Only 6.2% of the participants reported close contact with infected individuals. In
this study, we clarified the prevalence of asymptomatic SARS-CoV-2 antibodies in university athletic
clubs where SARS-CoV-2 infections had repeatedly occurred, which will be helpful in discussing how
to identify and prevent the transmission of infections within university athletic club communities.

Keywords

SARS-CoV-2 antibodies, university athletic club, COVID-19, asymptomatic antibody prevalence,
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1. Introduction
The appearance of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in late 2019 led to the
pandemic of coronavirus disease 2019 (COVID-19).
As of June 2022, the pandemic has resulted in more
than 530 million infected cases and over 6.3 million
deaths worldwide. This has had the most serious global
consequences on society, the economy, health systems,
and human health since the 1918 influenza pandemic,
which killed more than 50 million people.
In August 2020, a study in the United States
reported a widespread outbreak of SARS-CoV-2
infection in a large university (1), and another study,
in the next month, reported a rapid increase in SARSCoV-2 infections in adults aged 18-22 years (2). With
the increasing number of COVID-19 cases in college
students, continuous preventive efforts, including
strong testing regimes, were implemented to prevent

outbreaks on or near university campuses. The need
for quarantine was emphasized to protect the wider
community (3). School closures were imposed in many
countries to prevent the spread of the disease to young
people and their surroundings. In previous studies,
school closures were associated with a temporary
reduction in COVID-19 incidence and mortality (4).
COVID-19 mortality rates rise with age, with
death being relatively rare among young adults (5). In
general, the perception that young people have lower
morbidity, severity, and mortality than older people
can result in reduced awareness of infection control.
When college students are infected with SARSCoV-2, the potential for the rapid spread of the virus
in the university environment is a significant concern,
considering that students tend to have wider social
networks than the general population.
Cluster infections of COVID-19 can occur in any
population, including within families (6), communities
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(7), and nursing homes (8). Educational institutions
can be one such example (9). Therefore school-based
COVID-19 testing is considered an important part of
a comprehensive prevention strategy for identifying
SARS-CoV-2 infections in schools and for maintaining
face-to-face instruction and extra-curricular activities
(10). Therefore, we conducted a cross-sectional
screening survey of SARS-CoV-2 antibody prevalence
in a university community. We also retrospectively
investigated the contact history of the members of this
community. This university community comprised
students belonging to two athletic clubs. Many of the
students at this university live in dormitories. We chose
this community to study because of the elevated risk
of outbreaks of not only COVID-19, but also other
infectious diseases in these populations. The inclusion
criterion was a lack of obvious symptoms of infection
among the participants.
In this study, the primary objective was to assess the
prevalence of asymptomatic SARS-CoV-2 antibodies
among the students in university athletic clubs where
COVID-19 had occurred repeatedly. The secondary
objective was to observe the infection dynamics that
can occur within university athletic clubs. Finally, to
our knowledge, this is the first study to provide the
prevalence of SARS-COV2 asymptomatic infections
in athletic clubs of universities. We believe that these
results could help identify and prevent the transmission
of COVID-19 within university athletic club
communities.
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2. Materials and Methods
2.1. Participants
The flowchart of this study is shown in Figure 1. The
participants were undergraduates belonging to either of
the two athletic clubs at a private university in Japan.
This university has an enrollment of approximately
12,000 students. The first confirmed COVID-19
infection in these athletic clubs was identified on July
14, 2020. Subsequently, 11 infections were confirmed
from late November 2020 to mid-January 2021. This
population was operationally defined in the present study
as "the university athletic club with repeated occurrences
of COVID-19 infection". A total of 129 students from
these clubs without obvious symptoms of infection were
included in the study; the COVID-19-infected students
mentioned above were excluded. In Japan, vaccination
with the COVID-19 mRNA vaccine began in early
February 2021, therefore, none of the study populations
had received the COVID-19 mRNA vaccine at the time
we conducted our survey in January 2021.
2.2. SARS-CoV-2 antibody testing
SARS-CoV-2 antibody testing was performed on January
26, 2021, after the outbreak of infections in this club
had ended. This period of blood collection was the first
COVID-19 epidemics in Japan. We collected blood from
the fingertips of the participants using safety lancets,

Figure 1. Study flow-chart. The first confirmed COVID-19 infection in this communities were identified on July 14, 2020. Subsequently,
11 infections were confirmed consecutively from late November 2020 to mid-January 2021. SARS-CoV-2 antibody testing was performed on
January 26, 2021, after the outbreak of infections in this club had ended. We tested the participants (n = 129) for SARS-CoV-2 IgM and IgG
antibodies using rapid antibody test kits. However, the selection criteria for the 129 subjects were those without obvious symptoms of infection,
and COVID-19 patients were not included. Five blood samples (3.9%) tested positive for IgG antibodies, among which one sample was also
positive for IgM antibodies. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IgM/G,
Immunoglobulin M/G; PCR, polymerase chain reaction.
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paying close attention to hygiene and infection control.
The blood samples were tested using the SARS-CoV-2
Rapid Antibody Test RUO (Roche Diagnostics KK,
Tokyo, Japan) by following the procedure on the package
insert. This kit simultaneously detects SARS-CoV-2 IgG
and IgM antibodies using immunochromatography. The
procedure is as follows: the collected blood is placed into
the sample drop hole of the test device, 3 drops (90 µL)
of buffer solution are added into the sample drop hole of
the test device, and the results are read after 15 minutes.
This test kit indicates that the patient may not be infected
with SARS-CoV-2 if the line appears only on C (Control).
The appearance of a line at G or M, together with C,
indicates positivity for IgG or IgM antibodies specific
for SARS-CoV-2, suggesting possible previous SARSCoV-2 infection.
2.3. Reverse transcription-polymerase chain reaction
(RT-PCR) testing
Saliva samples were collected from those who were
positive for IgM and IgG antibodies in the SARS-CoV-2
antibody testing to perform real-time RT-PCR to check
for SARS-CoV-2 infection. The Light Cycler 96 (Roche,
Basel, Switzerland) and SARS-CoV-2 Direct Detection
RT-qPCR Kit (TaKaRa, Siga, Japan) were used, and
assessments were made by following the protocols. This
kit uses the primer and probe sequence described in the
"2019-Novel Coronavirus (2019-nCoV) Real-time RTPCR Panel Primers and Probes" (Effective: Jan 24, 2020)
published by the U.S. Centers for Disease Control and
Prevention.
2.4. Survey
We surveyed the participants' attributes (age, sex),
lifestyle habits (smoking and alcohol consumption),
and medical history using a questionnaire. Participants
were asked about contacts with individuals infected
with SARS-CoV-2 in the last 6 months. The yes or no
questions were: "Have any close relatives or anyone else
around you been infected with COVID-19?" and for
close contact, "I was in contact with a COVID-19 patient
closer than 1 meter for 15 min or more without any
infection prevention measures (mask, etc.)".
2.5. Statistical analysis
Microsoft Excel 2019 was used to aggregate the data
collected and to calculate descriptive statistics. The data
were primarily for exploratory purposes and are thus
expressed as numbers and percentages.
2.6. Ethics
This study was approved by the ethics committee of the
Chubu University (Approval No. 20200039). The study

was performed in accordance with the principles of the
Declaration of Helsinki. The participants provided their
written informed consent to participate in this study.
3. Results and Discussion
The participants included 120 men (93.0%) and 9
women (7.0%) with a mean age of 19.3 ± 1.0 years.
Table 1 shows the participants' attributes, habits
(smoking and alcohol consumption), and medical
history. Six of the participants (4.7%) smoked
and 21 (16.3%) drank alcohol. The most common
medical complaint was asthma (17 participants,
13.2%), followed by pneumonia (5 participants,
3.9%), meningitis and heart disease (one each, 0.8%).
Although we surveyed the participants' smoking and
drinking habits and their medical history, there was no
significant relationship between these factors and the
prevalence of SARS-CoV-2 antibodies.
Results of the questionnaires revealed that 103
(80.6%) participants were aware of contacts infected
with SARS CoV-2 and 26 (19.4%) were not. Among
the 103 participants who answered "Yes", 94 (92.2%),
did not have close contact with the infected person,
eight (6.2%) had close contact and one (1.6%) did not
respond. Participants were allowed to choose more
than one option for relationship to infected contact,
and the results showed that the vast majority (102,
99.0%) reported "a fellow club member" as the infected
contact, one said "a friend outside the club," and one
did not provide a response (Table 2).
We tested the participants (n = 129) for SARSCoV-2 IgM and IgG antibodies. Five blood samples
(3.9%) tested positive for IgG antibodies, of which one
was also positive for IgM antibodies (Table 2). These
antibody-positive samples were all from men (20.4 ± 0.8
years) and none of them reported any clinical symptoms
associated with COVID-19. The PCR test results of
Table 1. Background characteristics of the study participants
Items
Sex
Male
Female
Smoking status
Non-smoker
Former smoker
Current smoker
Alcohol
Non-drinker
Drinker
Medical history*
None
Asthma
Pneumonia
Meningitis
Heart disease
*

Multiple responses were allowed.
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n (%)
120 (93.0)
9 (7.0)
123 (95.3)
0 (0.0)
6 (4.7)
108 (83.7)
21 (16.3)
112 (86.8)
17 (13.2)
5 (3.9)
1 (0.8)
1 (0.8)
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saliva samples were negative in all five samples (100%)
(Table 3).
All participants who tested positive for SARSCoV-2 antibody (5 participants, 100%) were aware of
the infected contacts, however four (80%) said that they
had no history of close contact with the infected person,
one (20%) did not respond. In addition, four (80%)
said that they were fellow members of the same club
for relationship to infected, one (20%) did not respond
(Table 4).
We were inspired to conduct this study, because we
wanted to determine the prevalence of asymptomatic
COVID-19 infections and infection dynamics in one
university athletic club with repeated COVID-19
infections. To the best of our knowledge, there have
been no studies on the prevalence of asymptomatic
COVID-19 infections in university athletic club
communities where SARS-CoV-2 infections occurred.
Our study revealed that the prevalence of asymptomatic
COVID-19 infections was 3.9% in the university
athletic club community where COVID-19 infections
had repeatedly occurred. This result is consistent

Table 2. SARS-CoV-2 antibody test results, presence or
absence of infected individuals in the vicinity; contact history
and relationship with infected individuals
Items

n (%)

SARS-CoV-2 antibodies
IgM Negative
Positive
IgG Negative
Positive
Awareness of infected individuals in the vicinity
Yes
No
Contact history†
Yes
No
No response
Relationship††
Fellow club member
Friend outside club
No response

128 (99.2)
1 (0.8)
124 (96.1)
5 (3.9)

with previous studies of university students and staff
that reported SARS-CoV-2 antibody-positive rates of
approximately 1-4% (11,12). However, a similar study
conducted in Japan reported a rate of 1.23% (13). Our
results were well above this value.
The first COVID-19 infection in this population
was confirmed in mid-July 2020. Subsequently, 11
infections were confirmed from late November 2020
to mid-January 2021. To retrospectively track the
contact history of this community, we conducted a
questionnaire survey along with SARS-CoV-2 antibody
testing of serum samples. The results showed that about
80% of the participants were aware of an infected
person nearby, and only about 6% had close contact
with the infected individual. Because of the lack of a
comparison group, it is unclear whether this contact rate
is higher than that in other communities.
In Japan, priority vaccination with the COVID-19
mRNA vaccine began in early February 2021 for
approximately 4.8 million healthcare workers,
therefore, none of the study populations had received
the COVID-19 mRNA vaccine at the time we
conducted our survey in January 2021. Therefore,
the data obtained here provide valuable information
on the prevalence of asymptomatic SARS-CoV-2
antibodies among members of athletic clubs prior to the
widespread use of the COVID-19 mRNA vaccine.
In addition, since the club activities continued during
Table 4. Presence/absence of infected individuals in the
vicinity of SARS-CoV-2 antibody-positive individuals,
contact history, and relationship
Items

103 (80.6)
26 (19.4)
8 (6.2)
94 (92.2)
1 (1.6)
102 (99.0)
1 (1.0)
1 (1.0)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IgM/
G, Immunoglobulin M/G. †Contact history and Relationships, n = 103.
††
The relationship question allowed for multiple responses.

n (%)

Awareness of infected individuals in the vicinity
Yes
No
Contact history
Yes
No
No response
Relationship
Fellow club member
Friend outside club
No response

5 (100)
0 (0)
0 (0)
4 (80.0)
1 (20.0)
4 (80.0)
0 (0)
1 (20.0)

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

Table 3. Attributes of SARS-CoV-2 antibody-positive individuals, detection of SARS-CoV-2 IgM and IgG antibodies
Case No.
1
2
3
4
5

Age

Sex

Medical history

SARS-CoV-2 PCR

COVID‐19 Symptoms

21
21
20
20
19

Male
Male
Male
Male
Male

Asthma
Asthma, pneumonia

Negative
Negative
Negative
Negative
Negative

None
None
None
None
None

SARS-CoV-2 Antibodies
IgM

IgG

+
-

+
+
+
+
+

+, positive; -, negative; COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; PCR, polymerase
chain reaction; IgM/G, Immunoglobulin M/G.
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the COVID-19 pandemic, university administrators
and coaches must implement preventive measures,
such as encouraging appropriate social distancing,
conducting daily health checks, and measuring body
temperature (14). Furthermore, many members of
these athletic clubs live in student dormitories which
are places where crowded situations can occur easily.
The risk of spreading COVID-19 infections in shared
living environments, such as dormitories, has long been
pointed out (15).
Club activities are an essential element of university
life, the suspension of club activities during the
COVID-19 pandemic can affect the members' progress
and be a source of serious anxiety. Moreover, it has
been pointed out that exercising during a pandemic
has a positive effect on mental health (16). Therefore,
university administrators and club coaches should try to
maintain opportunities for exercise in order to maintain
the students' physical and mental health. As such,
strategies to prevent the spread of COVID-19 in club
communities, in addition to robust infection control
measures, must involve the creation of an environment
that enables monitoring of SARS-CoV-2 antibody
prevalence through continuous testing.
This study had several limitations. 1) The specificity
declared by the manufacturer of the SARS-CoV-2 rapid
antibody test kit used in this study was 98.65%, with a
sensitivity of 99.03% for cases after 14 days of illness.
However, SARS-CoV-2 antibody tests can produce
contradictory results depending on the assay used
(17,18). 2) Differences in the positive rates of SARSCoV-2 antibodies can arise due to factors, such as
country, region, community, race (19), socioeconomic
environment (20), and cultural background (21). 3)
Due to the limited number of samples we were able
to collect, the sample size for this study was not large,
so caution should be exercised when generalizing
the results. In addition, the male-female ratio in this
population was 40:3 and the age group was 19.3 ± 1.0
years, which makes our results difficult to compare
with those of previous studies (22), which have
observed age- and sex-based differences in SARSCoV-2 antibody responses. A variety of other potential
biases were not addressed, such as participation in
social activities outside of the club activities and
district of residence. 4) In the questionnaire survey,
it should be noted that the participants' knowledge or
awareness of infected people nearby and their contact
history were based on self-reports. Regarding the
operational definition of contact history, in particular,
there is limited evidence supporting its accuracy. In
addition, although a low percentage of participants had
a history of contact with infected people, the results
of this study do not necessarily mean that it was more
likely that exposure came from outside the community.
Multiple previous studies that investigated contact
history through questionnaires and interviews have also

designated operational definition (23,24). In discussing
the relationship between SARS-CoV-2 antibody
prevalence within communities, it is important to
carefully consider how to devise tracking methods, set
operational definitions, and consider the subjective bias
of the participants with regard to the contact history
data obtained from questionnaires and interviews. 5)
Because this was a cross-sectional study, we did not
follow up on the prevalence of SARS-CoV-2 antibodies
in the participants' community. 6) Finally, this study
represents provisional results as of January 2021, and
results may change due to future epidemics, changes in
the state of control, and the impact of new variants.
In summary, the present study provides novel
and unique data on the prevalence of asymptomatic
COVID-19 infections within a community of university
athletic clubs where infections had repeatedly occurred.
This is a strength of this study. These findings could be
useful for comparative data for future studies involving
athletic club communities.
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Electrolyzed water produced using carbon electrodes promotes
the proliferation of normal cells while inhibiting cancer cells
Kyoko Nakamura*
Pharmaceutical Research and Technology Institute, Kindai University, Osaka, Japan.

SUMMARY

We previously developed electrolyzed water (EW) using carbon electrodes and estimated its ability
to inhibit the proliferation of human cervical carcinoma HeLa cells. In this study, we found that EWcontaining media could not only inhibit HeLa cell proliferation, but were also capable of promoting
the proliferation of normal human dermal fibroblasts (NHDF). In addition, the developed EW could
reduce cytochrome c, as demonstrated by the cytochrome c reduction assay. Interestingly, EW
with a greater pH, which was unable to inhibit HeLa cell proliferation, completely lost the ability
to reduce cytochrome c. Our results indicate that EW has opposite effects on cancer and normal
cell proliferation and has the ability to reduce cytochrome c. Based on our findings, we suggest
the possibility that the reducing capacity of our developed EW may be involved in the significant
inhibition of HeLa cell proliferation.
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1. Introduction
Electrolyzed water (EW) is usually produced using an
electrolytic cell with a separation baffle between the
anode and cathode. The produced water from the anode
side is called electrochemically oxidized water (EOW)
or acidic water and is characterized by low pH values.
On the other hand, electrochemically reduced water
(ERW) is characterized by high pH values and is also
known as alkaline water. The particular EOW generated
by electrolysis of sodium chloride solution has a strong
bactericidal effect and can disinfect viruses, such as
hepatitis B virus (1,2). There have been many reports
on ERW, which has been suggested to have many health
benefits in humans (3). With regard to the inhibition of
cell proliferation, ERW inhibited the growth of human
lung adenocarcinoma A549 and HeLa cells as well as the
growth of human normal fibroblast TIG-1 cells (4,5). A
recent study showed that ERW treatment of MCF-7 and
MDA-MB-453 human breast cancer cells or a TUBO
cloned cell line derived from a mammary carcinoma
of Her2-neu transgenic mice inhibited cell survival and
induced apoptosis (6). This study also showed that ERW
treatment delayed the development of mammary tumors
in transgenic mice (6). Thus, although ERW inhibits
the proliferation of cancer cells and shows anticancer
potential, it also inhibits the proliferation of normal
cells. Recently, we showed that EW produced without

a separation baffle using carbon electrodes exhibited
acidic pH (pH ≤ 3.5) and inhibited human HeLa cancer
cell proliferation (7). Several researchers have reported
that EW produced without a separation baffle is neutral
(pH 6.6 to 7.8) (8) and slightly acidic (pH 5.0 to 6.5) (910). Therefore, it is interesting to note that our developed
EW without a separation baffle exhibits an acidic pH.
There have been very few studies on the effect of acidic
EW on cell proliferation. Nakamura et al. examined the
effect of slightly acidic EW, which inhibited adult human
gingival fibroblasts and normal human dermal fibroblasts
(NHDF) (9). However, there are no reports on the effects
of acidic EW on cancer cell proliferation. Therefore, we
first reported the potential ability of acidic EW produced
using carbon electrodes to inhibit the proliferation of
cancer cells (7). We have yet to examine the effect of our
developed acidic EW on normal cell proliferation.
Reactive oxygen species (ROS) play an important role
in cell proliferation, and cancer cells are characterized by
elevated levels of ROS compared to normal cells (11).
A previous study showed that increased cell number
by mammary carcinogens is mediated through ROS
generation (12). Hence, ROS have been implicated in
anticancer drug mechanisms (13). Furthermore, ERW
acts as a scavenger of ROS-induced oxidative stress and
is useful for treating various diseases caused by ROS.
Kim et al. showed that ERW consumption in diabetic
db/db mice reduces blood glucose concentration and

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2022; 16(4):191-195.

192

prevents the loss of β-cell mass by oxidative stress (14).
Moreover, ROS have been shown to be associated with
cisplatin toxicity, including nephrotoxicity, and ERW has
been reported to exert a nephroprotective effect against
cisplatin-induced kidney toxicity and oxidative damage
in mice (15). Shirahata et al. and Huang et al. reported
that ERW can scavenge ROS with a high reducing ability
(16,17). Thus, ERW is an antioxidant that scavenges
ROS. However, we do not know whether our developed
EW has a reducing ability.
The goal of the present study was to evaluate the
reducing ability of our developed EW and its effect on
NHDF cell proliferation. We first examined whether
the developed EW affected the cell proliferation of the
normal cell line NHDF and then, using a cytochrome c
reduction assay, investigated whether it had a reducing
ability. Our results demonstrate that our developed EW
promotes the proliferation of NHDF while inhibiting that
of cancer cells is associated with its reducing ability.

were grown in culture dishes under standard conditions
at 37°C and 5% CO2. To study the effects of EW on the
proliferation of HeLa and NHDF cells, these cells were
cultured in EW or W (control) media.

2. Materials and Methods

2.4. Cytochrome c reduction assay

2.1. Preparation of electrolyzed water (EW) -containing
media

Cytochrome c reduction was monitored by measuring
the increase in absorbance at 550 nm at 37°C using a
spectrophotometer. Cytochrome c was soluble in 0.15
M NaCl 20 mM Tris-HCl, pH 7.4 (1 mM cytochrome c
solution). The assay was carried out in a 1 cm cuvette,
and the reaction mixture consisted of 50 µL Tris-HCl
pH 7.5 (1 M), 20 µL cytochrome c solution (1 mM), and
830 µL distilled water. To initiate the reaction, 100 µL
of EW test samples were added to the reaction mixture
in a cuvette. The activity was expressed as the change in
absorbance at 550 nm and was monitored for a period of
7200 sec (2 h).

The EW production method used in our study has
been described in detail elsewhere (7). To investigate
the effects of EW on the proliferation of cancer and
normal cells, media was prepared using EW or tap water
(W) (control). The EW had a pH of 3-3.5. Dulbecco's
modified Eagle medium (DMEM) powder (Nissui
Pharmaceutical Co., Ltd., Tokyo, Japan) was dissolved
in W or EW (①-W or ①-EW, respectively) according
to the manufacturer's instructions. We observed
differently sized black dots in the ①-EW medium under
the microscope in a previous study (data not shown)
(7). Then, these media were filtered through a 0.2-µm
filter (cellulose acetate membrane) to remove relatively
large fragments that had broken off a piece of carbon
electrodes (②-W and ②-EW). W-medium and EWmedium were sterilized by autoclaving at 121°C and
then supplemented with 10% fetal bovine serum (FBS)
(Nichirei Biosciences Inc., Tokyo, Japan), 0.584 g/L
glutamine (Wako Pure Chemical Industries, Ltd., Osaka,
Japan), 100 µg/mL streptomycin (Nacalai Tesque, Kyoto,
Japan), 100 U/mL penicillin (Nacalai Tesque), and
10% sodium hydrogen carbonate (Wako). Finally, the
W-culture medium had a pH of about 8.3 and the EWculture medium a pH of about 8.1.
2.2. Cell culture
In this study, a human cancer cell line (HeLa) and a
normal cell line (NHDF) were used. HeLa and NHDF
cells were maintained in low-glucose DMEM (Sigma,
St. Louis, MO, USA) supplemented with 10% FBS, 100
µg/mL streptomycin, and 100 U/mL penicillin. The cells

2.3. Cell proliferation assay
Cell proliferation assays were performed on HeLa and
NHDF cells as described previously (7). Briefly, cultured
cells were trypsinized and collected by centrifugation
at 800× g for 5 min. Subsequently, the cells were
resuspended in EW or W control culture media, and 8
× 104 cells were seeded in culture flasks, followed by
incubation for 3 d at 37°C in a humidified atmosphere
containing 5% CO2 and 95% air. The effects of EW
on cell proliferation were assessed by counting the
number of viable cells. HeLa and NHDF cells were
trypsinized, stained with trypan blue, and counted using
a hemocytometer daily for 3 days.

3. Results and Discussion
Our previous experiments showed that EW generated
using a special carbon electrode and exhibited acidic pH
(pH ≤ 3.5) inhibits the proliferation of human cervical
carcinoma HeLa cells (7). The EW-containing medium
used in this study inhibited HeLa cell proliferation (Figure
1A). Although it is known that EW-containing medium
affects the proliferation of cancer cells, the effect of
EW-containing medium on the proliferation of normal
cells remains unknown. To investigate the effect of the
EW-containing medium on the proliferation of normal
cells, we utilized the NHDF cell line. Surprisingly, the
proliferation of NHDF was remarkably upregulated by
the EW-containing medium, whereas the proliferation
of NHDF cultured in the W control medium exhibited
slower proliferation for 3 days (Figure 1B). The growth
of NHDF cells in the W control or the EW-containing
medium was also observed as shown in Figure 1C.
Our developed EW was containing carbon compounds
observed very small black dots (Figure 1C) and we
found that these carbon compounds are associated with
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Figure 1. The effect of W and EW media on the proliferation of
human cancer cell line HeLa and human normal cell line NHDF.
Each ②-W and ②-EW was prepared by filtration (0.2 µm) of ①-W or
4
①-EW, respectively. Cells were seeded at a density of 8 × 10 cells in
flasks containing each culture medium. Cells were counted daily for 3
d (A; HeLa cells, B; NHDF cells). NHDF cells were photographed for
3 days at ×10 (C). The arrow indicates very small black dots. Data are
expressed as the mean ± SD of three independent experiments.

Figure 2. Reduction of cytochrome c by EW. Cytochrome c reduction
by EW 17 h (1), EW 72 h (2), EW high pH (3), and frozen EW (4) (A).
Each EW 17 h and EW 17 h was prepared by electrolysis of tap water
for 17 h and 72 h, respectively. EW high pH meant that EW had a pH of
6.21. Number 4 denotes that EW was stored at − 20°C. Time difference
absorption spectra (2 h aged spectra minus the corresponding 1 min
aged ones) of four EW samples (B) and (C). Up to 2 h of incubation,
EW 72 h evidenced increases in absorbance at 550 nm.

the inhibition of HeLa cell proliferation in our previous
study (7). These results indicate that EW inhibits cancer
cell proliferation and promotes normal cell proliferation.
Although few studies on the effect of EW on normal cell
proliferation have been reported, Shirahata et al. reported
the anti-proliferative effects of ERW on normal cells
(4,5). On the other hand, Satoh et al. reported that neutral
pH hydrogen-enriched EW exerted repressive effects
against both colony formation and cell proliferation in
human tongue carcinoma HSC-4 cells, but not in normal
human tongue epithelial-like cells DOK (8). Moreover,
Tsai et al. reported that treatment with a combination
of ERW and glutathione had no inhibitory effect on the
viability of normal peripheral blood mononuclear cells,
whereas cytotoxic effects were observed in leukemia
cells (HL-60) (18). This phenomenon of promotion
of normal cell proliferation in EW-containing culture
medium has never been reported before. Thus, it is
noteworthy that our developed EW stimulates normal
cell proliferation while inhibiting that of cancer cells.
While ERW is considered to play a potentially
beneficial role in inhibiting cancer cell proliferation,
several findings have also indicated that ERW has the
ability to scavenge ROS such as hydrogen peroxide
(H2O2), with has a high reducing ability (16,17). ROS
scavengers are a group of antioxidant substances that
can be considered reducing agents (19). Furthermore,
Komatsu et al. reported that scavenging ROS by ERW
is associated with the suppressive effect of ERW on
the growth of cancer cells (20). Satoh et al. reported
that neutral pH hydrogen-enriched EW caused growth
inhibition of cancer cells, together with scavenging of

intracellular oxidants (8). Thus, the reducing ability may
contribute to the inhibitory effect of ERW on cancer cell
proliferation. Since our developed EW could inhibit the
proliferation of cancer cells, we investigated whether it
possessed a reducing ability. To evaluate the potential
activity of EW as a reducing agent, a cytochrome c
reduction assay was performed with EW electrolyzed
for 17 h (EW 17 h) and 72 h (EW 72 h). EW used in
our study of cell proliferation was electrolyzed for 72
h and has a pH of 3-3.5 (7). EW 17 h has a pH of less
than 4; however, it remains unknown whether EW 17
h inhibits the proliferation of HeLa cells. A reduction
in cytochrome c level was observed at 550 nm (21).
As shown in Figure 2A and 2B, EW 72 h was able to
reduce cytochrome c. On the other hand, EW 17 h barely
reduced cytochrome c (Figure 2A), and a slight reducing
ability of EW was observed (Figure 2C). These results
suggest that the EW developed in this study has reducing
ability and that 72 h of electrolysis may be required to
gain this reducing ability. Furthermore, we evaluated
the reducing ability of EW at a pH greater than 3.5. In a
previous study, we found that EW with at a pH greater
than 3.5 was unable to inhibit HeLa cell proliferation (7).
EW with a pH of 6.21 had no reducing ability (Figure
2A and 2C). Thus, our findings indicate that the reducing
ability of EW contributes to the inhibition of HeLa cell
proliferation.
ROS also plays an important role in the control
of cellular senescence. Cellular senescence was first
reported by Hayflick and Moorhead (1961). They
discovered that cultured normal human fibroblasts had a
slow proliferative rate and a finite proliferative capacity,
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now termed cellular senescence (22). Increased ROS
levels in normal cells cause oxidative stress, resulting
in cellular senescence (23). Thus, cultured normal cells
are limited in the number of times they can divide and
exhibit a process termed cellular senescence or cellular
aging (24). However, cancer cells generally have higher
levels of ROS than normal cells, and the increase in
ROS levels contributes to the promoting of cancer cell
proliferation (25,26). Hence, as shown in Figure 1, it
could be speculated that ROS levels are associated with
the proliferative rate of normal (NHDF) or cancer (HeLa)
cells cultured in a W control medium. Conversely,
normal (NHDF) or cancer (HeLa) cell proliferation was
enhanced or inhibited in the EW-containing medium
when compared with that in the W control medium
(Figure 1). It is thought that one of the reasons for these
results may be the reduced ability of the EW-containing
medium to lower cellular ROS levels.
Although EW was stored at 4°C in our previous
study, it was dispensed into 50 mL tubes and stored
at −20°C in this study. We also assessed the reducing
ability of the frozen EW. Surprisingly, the reducing
ability of EW was decreased upon freezing (Figure
2A and 2B). In a previous study, we found that carbon
compounds present in EW were associated with
inhibition of HeLa cell proliferation (7). Therefore, it is
possible that carbon compounds have a reducing ability,
which is affected by frozen storage, whereas storage
at 4°C has no effect. We hope to investigate these
possibilities in future studies.
In conclusion, we found that the developed EW
not only inhibited tumor cell proliferation, but also
stimulated normal cell proliferation. We also show that
EW has the ability to reduce cytochrome c, suggesting
that the reducing ability of EW may contribute to
the inhibition of cancer cell proliferation in an EWcontaining medium. Thus, our results indicate that
the developed EW has dual functions in inhibiting
cancer cell proliferation and promoting normal cell
proliferation. Previous studies have shown that the
inhibitory effect of carbon compounds in EW on
tumor cell proliferation can be removed by washing
cultured cells with PBS. We then suggested that carbon
compounds predicted to be associated with cell growth
inhibition are reversibly attached to the cell surface.
Therefore, as a treatment for cancer, particularly
gastric cancer, carbon compounds in EW may be better
administered orally than injected into patients. We
hope that EW with reducing ability will be useful for
developing anti-cancer agents.
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Listing of the neutralizing antibodies amubarvimab and
romlusevimab in China: Hopes and impediments
Miaona Liu, Wei Li, Hongzhou Lu*
National Clinical Research Center for Infectious Disease, The Second Affiliated Hospital, Southern University of Science and Technology,
Shenzhen, Guangdong, China.

SUMMARY

The coronavirus disease 2019 (COVID-19) pandemic continues to ravage the world, and the virus'
constant evolution has made it increasingly difficult to contain. The combination of the neutralizing
antibodies amubarvimab and romlusevimab has recently been introduced as a treatment for COVID-19
in China. Based on its potential to effectively combat severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) and its Omicron variant at a modest cost and under medical insurance, this
controversial biotherapy is anticipated to be widely available in China. Hopefully, whether and how
the proposed medication will alter the treatment of COVID-19 in China will be apparent soon, as well
as if it will help to reduce hospitalizations, reduce the incidence of severe illness, or even act as preexposure prophylaxis.
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Coronavirus disease 2019 (COVID-19), a global
epidemic caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), continues to
flare up three years later. As a result of the emergence
of Alpha, Beta, Gamma, Delta, and now Omicron
variants, COVID-19's level and speed of transmission
have substantially increased (1,2). Repeated infections
and severe, prolonged symptoms pose significant social
and economic concerns and cast serious doubts on the
efficacy of vaccination. Other than vaccination against
COVID-19, systemic treatment options are quite limited
in terms of safety and expense. Small molecules and
neutralizing antibodies are reliable and effective therapies
for COVID-19. Combining neutralizing antibodies in a
cocktail therapy decreases the possibility of a resistant
virus strain emerging in individuals with COVID-19 and
maintains neutralization activity against several emerging
mutant strains. Therefore, the successful development
of combination therapies with neutralizing antibodies
could play a critical role in reshaping the world's ability
to combat the epidemic.
The first neutralizing antibody cocktail therapy for
COVID-19 to be commercially marketed in China was
introduced on July 7, 2022. It consisted of two noncompeting, anti-SARS-CoV-2 monoclonal antibodies,
amubarvimab (BRII-196) and romlusevimab (BRII-198),
obtained from the B cells of eight patients recovering
from COVID-19 in the early stages of the 2020

pandemic. In response to promising results of a phase
1 clinical trial conducted in China, BRII-196 and BRII198 were selected for inclusion in NIH's Accelerating
COVID-19 Therapeutic Interventions and Vaccines
2 (ACTIV-2) international multicenter clinical trial.
As reported in the ACTIV-2 study, the combination of
BRII-196 and BRII-198 reduced hospitalization and the
risk of death by 78% compared to a placebo (3). After
this trial demonstrated the safety and effectiveness of
the treatment for COVID-19, the FDA granted it an
Emergency Use Authorization (EUA). In December
2021, the State Drug Administration of China approved
the combination therapy for the treatment of adult and
adolescent patients with mild or general COVID-19 with
risk factors for progression, and the National Health
Commission included it in the Diagnosis and Treatment
Protocol for COVID-19 (Tentative 9th ed.) in March 2022
(4,5). These advances have contributed to improved
treatment options for COVID-19 and bolstered clinicians'
confidence in their ability to combat SARS-CoV-2 in
China.
As a thriving avenue of drug discovery, many
monoclonal antibodies either singly or in combination
have been granted an EUA by authorities in various
countries (6). Hundreds of monoclonal antibodies are
in different stages of clinical studies as COVID-19
therapies. However, the widespread adoption of
neutralizing antibodies poses major obstacles. The most
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significant problem is loss of neutralizing antibodies'
efficacy against emerging SARS-CoV-2 variants, such
as Omicron and its sub-variants (BA.1, BA.2, BA.3,
and BA.4/5). Among the more than 50 mutations
present in Omicron, 32 occurred in the receptor binding
domain of the spike protein (7). Since the receptor
binding domain is the primary target of neutralizing
antibodies following infection and immunization,
these modifications may result in Omicron's evasion
of antibody therapy. Studies have indicated that most
of the therapeutic antibodies licensed under an EUA
lose their binding and neutralizing properties when
combined with Omicron variants. This will provide
a serious challenge to the efficacy of neutralizing
antibodies. This might be overcome by the newly
listed amubarvimab and romlusevimab. A live virus
neutralization assay revealed that amubarvimab had
reduced neutralizing activity against the Omicron
variant while romlusevimab displayed enhanced
neutralizing action against the Omicron variant (8).
The total concentrations of the two drugs in the blood
remained 60 times higher than the amount needed to
neutralize the live virus isolate BA.2 by 90%.
The normal use of neutralizing antibodies is
dependent on availability and affordability, which
are ongoing concerns for policymakers and patients.
Due to a combination of technical advancements
and market demand, the capacity for and price of
antibody preparations have changed radically, and
once prohibitive prices have become more affordable.
As a medication that must be used long-term, the
combination therapy will place a significant financial
burden on patients. Moreover, injectables pose an
obvious challenge for patients at home. Amubarvimab
and romlusevimab are covered by medical insurance in
China, but if their use is driven by medical necessity,
this will put pressure on the Chinese health insurance
system.
Overall, the use of neutralizing antibodies to treat
COVID-19 presents both opportunities and challenges.
Existing policies in China to combat the epidemic have
been adjusted in light of the country's economic and
social development. A broader selection of therapeutic
options will make the strategy more adaptable and
flexible, so the healthcare system will not become
overburdened or better preventative measures can be
taken to reduce the spread of the disease. Amubarvimab
and romlusevimab, along with their derivatives, are
expected to contribute to achieving these goals.
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SUMMARY

This study was aimed at assessing the adherence and incorrect drug intake associated with changes
in the dosing schedule of raltegravir, the first integrase strand transfer inhibitor, from 400 mg twice a
day (BID) to 600 mg × 2 tablets once a day (QD) in human immunodeficiency virus (HIV)-infected
patients. Medication adherence over 1 month was evaluated in 25 male patients using the 100-mm
visual analog scale (VAS) at the 3-day recall pill count and during pharmacist counseling after the
first post-change visit. VAS scores before and after the raltegravir formulation change were compared.
Medication adherence increased from 96 ± 4.3 mm (BID) to 100 ± 0.3 mm (QD) (P < 0.05). The
patients exhibited improved medication adherence; however, three patients incorrectly took the drug
when the formulation changed. This discovery can be used to facilitate the treatment of HIV-infected
patients to increase treatment suitability and safety.

Keywords
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Letter to the Editor,
Raltegravir, the first integrase strand transfer inhibitor,
was approved in October 2007. It is a key drug in the
treatment of infection with human immunodeficiency
virus-1 (HIV-1) (1). In 2017, Cahn et al. reported that a
change in the dosing schedule of raltegravir from 400mg tablet taken twice a day (BID) to 1,200 mg (2 × 600
mg tablets) once a day (QD) is noninferior in efficacy (2).
We previously reported a case in which raltegravir underdosing occurred when the formulation changed (3). In
HIV treatment, a high level of HIV medication adherence
increases the likelihood of complete control of the
infection. However, the association between formulation
changes and medication errors, such as incorrect use of
anti-HIV agents, remains unclear. Therefore, we assessed
medication adherence and incorrect drug use when the
dosing schedule changed from BID to QD in raltegravirtreated patients with HIV infection. We expect that our
results can shed light on how formulation changes are
associated with errors and could be used by pharmacists
to better treat and care for patients with HIV infection in
the future.
The medical records of 25 men with HIV infection
whose dosing schedules were changed from BID to QD
were retrospectively reviewed at the Institute of Medical
Science Hospital, the University of Tokyo, from July
2018 to September 2018. A 3-day recall was used to

determine the total pill count to discover the patients
who incorrectly took anti-HIV drugs. Data on medication
adherence was collected from the medical and drug
management instruction records. Medication adherence
before and after formulation changes was evaluated
using a 100-mm visual analog scale (VAS) and 3-day
recall pill count. The former was self-assessed by the
patients for 1 month according to pharmacist instructions.
Comparisons of VAS data between BID and QD were
performed using a paired t-test. All statistical analyses
were performed using EZR (4). All p-values were twosided, and values < 0.05 were considered statistically
significant. The study was approved by the Institutional
Review Board of our institution.
The dosing schedule for 25 patients who were
prescribed raltegravir in our hospital was changed from
BID to QD. The mean age of the patients was 51.9 ±
14.4 years. The drugs used by the patients included
lamivudine/abacavir (n = 11), emtricitabine/tenofovir
alafenamide (n = 11), and other drugs (n = 3), and the
number of drugs used per patient was 4.5 ± 2.9. The
median duration of HIV treatment was 104 months
(range, 50-214 months). Medication adherence as
assessed by the VAS score increased from 96 ± 4.3 mm
(BID) to 100 ± 0.3 mm (QD) (p < 0.05, Figure 1). Three
patients were found to have incorrectly taken the antiHIV agents, including raltegravir. The incorrect drug use
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their medications when the raltegravir formulation was
changed. Although only a small proportion of patients
made an error, this discovery can be used to improve the
safety and suitability of HIV treatment. Pharmacists and
physicians should closely monitor medication adherence
and ensure that each patient takes the correct dose.
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Figure 1. Patient self-assessment data using the 100-mm visual
analog scale for medication adherence before and after the
raltegravir dosing schedule was changed from BID to QD.

was discovered in the 3-day recall pill count. The three
patients who had incorrectly taken drugs after raltegravir
formulation change were elderly patients with HIV in
their 50s, 60s, and 70s.
In this study, we demonstrated that changing the
dosing schedule from BID to QD improved adherence in
all patients. This result is similar to previous reports (2,57). However, the formulation changes caused medication
errors in 3 of 25 patients. In HIV-infected patients,
medication compliance of less than 95% increases
treatment-resistant viral load (8). Therefore, our results
on medication adherence and medication errors show the
need for detailed instructions from pharmacists for each
patient when they change dose timings. In addition, aging
patients with HIV infection are more prone to medication
errors as the number of medications for comorbidities
increases and cognitive function declines. In particular,
as anti-HIV medications are taken throughout life, the
risk of medication errors is expected to increase further
as daily treatment regimens, including the timing and
frequency of dosing, become habitual. Thus, physicians
and pharmacists must also consider polypharmacy and
the complex medication treatment strategies used by
patients with HIV infection. Based on our results, we
can recommend that to discover any errors in dosage
and medication adherence in clinical settings, strict
monitoring is required using multiple methods, including
subjective and objective tools, when a formulation is
changed.
This study had a few imitations. First, this was a
single-center study with a small number of patients.
Second, our patients included many elderly patients.
Interestingly, three patients who incorrectly took the antiHIV agents were elderly. Therefore, their actions may
have been influenced by and partially attributable to their
age.
Our patients exhibited improved medication
adherence after the dosing schedule changed from
BID to QD; however, three patients incorrectly took
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SUMMARY

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, acquired clonal hematopoietic stem cell
disorder, characterized by hemolytic anemia, bone marrow failure and thrombosis. Portal vein
thrombosis (PVT) is relatively rare in patients with PNH. In this paper, we reported PVT as
the first clinical presentation of PNH in a female patient. PVT related symptoms resolved after
anticoagulation therapy.
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Letter to the Editor:
Paroxysmal nocturnal hemoglobinuria (PNH) is a
rare, life-threatening, clonal hematopoietic stem cell
disorder (1). PNH arises from a somatic mutation in the
phosphatidylinositol N-acetylglucosaminyltransferase
subunit A (PIG-A) gene located on chromosome
X (1). It is characterized by a deficiency of
glycosylphosphatidylinositol (GPI) anchored proteins,
including CD55 and CD59, leading to complementmediated hemolysis (2). The incidence of PNH
is approximately 1-1.5 per 1,000,000 individuals
worldwide with a 5- and 10-year mortality of 35% and
50%, respectively (3-5). Thrombosis, is a common
complication of PNH, however, the most commonly
involved site of thrombosis is hepatic vein, portal vein
thrombosis (PVT) is rarely reported (6). Herein, we
describe the disease course of and anticoagulation
treatment for PVT in a PNH patient. Notably, no obvious
clinical symptom was observed during a 15-year history
of PNH. Abdominal pain secondary to PVT should be
considered as the first presentation of PNH in this patient
and was soon resolved after anticoagulation therapy.
A 55-year-old woman presented with fever and right
upper abdominal pain for 30 days. She was accidentally
diagnosed with PNH 15 years ago. Because she had not
suffered any significant clinical symptoms potentially
related to PNH, no specific medical treatment had been
given for PNH. Neither regular medications nor family
history of thrombosis was reported. On August 5, 2021,
the patient was admitted to our hospital. On laboratory
tests, hemoglobin was 84 g/L (reference range: 115-150
g/L), mean corpuscular volume was 107.6 fL (reference
range: 82.0-100.0 fL), and platelets count was 38 × 109

cells/L (reference range: 125-350 × 109 cells/L), white
blood cell was 3.3 × 109 cells/L (reference range: 3.5-9.5
× 109 cells/L) with 68.4% granulocytes, 8.7% monocytes,
and 21.8% lymphocytes, lactate dehydrogenase (LDH)
was elevated at 642 U/L (reference range: 109-245 U/L),
total bilirubin level was 24.1 μmol/L (reference range:
5.1-22.2 μmol/L), alkaline phosphatase level was 269.28
U/L (reference range: 35-135 U/L), and γ-glutamyl
transferase level was 245.3 U/L (reference range: 7-45 U/
L). The Coombs test was negative, and the D-dimer was
3.71 mg/L (reference range: 0.00-0.55 mg/L). On August
6, contrast-enhanced abdominal computed tomography
(CT) revealed portal vein, superior mesenteric vein, and
splenic vein thrombosis with portal cavernoma (Figure 1).
Endoscopy demonstrated mild varices on gastric fundus.
On August 6, she received anticoagulation therapy
of PVT at our department. Low molecular weight
heparin (LMWH) was given at a dosage of 5,000 IU
subcutaneously twice a day. Three days later, abdominal
pain and fever completely disappeared. Fourteen days
later, a repeat CT was performed, and showed that
portal vein, superior mesenteric vein, and splenic vein
thrombosis remained, but inflammatory exudate around
the superior mesenteric vein was resolved (Figure 2).
On November 20, follow-up CT still showed portal vein
thrombosis, and superior mesenteric vein thrombosis
with portal cavernoma. LMWH was converted to
rivaroxaban (Figure 3). At the last follow-up on April
15, 2022, her general condition was stable without any
complaints.
PNH can be characterized as hemolytic anemia, bone
marrow failure, renal dysfunction, erectile dysfunction,
pulmonary hypertension, infection, and unexplained
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Figure 1. Computed tomography scans performed on August 6, 2021, at admission. Computed tomography showed portal vein thrombosis
(solid arrow) (A) and superior mesenteric vein thrombosis (dotted arrow) (B).

Figure 2 Computed tomography scans performed on August 20, 2021, after anticoagulation. Axial computed tomography scans showed
portal vein thrombosis (solid arrow) (A) and superior mesenteric vein thrombosis (dotted arrow) (B). Coronal computed tomography scans
showed portal vein thrombosis (solid arrow) (C).

Figure 3. Computed tomography scans performed on November 20, 2021, during follow-up. Axial computed tomography scans showed
portal vein thrombosis (solid arrow) (A) and superior mesenteric vein thrombosis (dotted arrow) (B). Coronal computed tomography scans
showed portal vein thrombosis (solid arrow) (C).

thrombosis (7). However, some PNH cases do not have
any clinical presentations (8). Similarly, despite PNH
was diagnosed 15 years ago, our case did not have any
classical manifestations until abdominal pain secondary
to PVT developed as the first clinical presentation.
There are some possible mechanisms of thrombosis
in patients with PNH. 1) PNH clone. The risk of
thrombotic events appears to be directly associated
with the size of PNH clone, especially the percentage
of GPI protein-free granulocytes (PNH granulocytes
> 50%). The 10-year cumulative thrombosis rate was
34.5% for PNH granulocytes > 50%, but only 5.3%
for PNH granulocytes < 50% (p < 0.01) (9). The
International PNH Registry analysis, the largest PNH
study to date, also found that the incidence of thrombotic
events was significantly higher in patients with PNH
granulocytes > 50% than those with PNH granulocytes
< 10% and PNH granulocytes within 10-50% (10). 2)
Endothelial cell (EC) damage. EC damage can occur
during any thrombotic event. In PNH patients, the free
hemoglobin released from lysed PNH erythrocytes

and its breakdown oxidative product heme can directly
activate EC, increase the production of tissue factors,
and further promote inflammation and coagulation
(11,12). 3) Platelets activations. The absence of CD59 in
PNH patients makes platelets vulnerable to complement
attack, resulting in complement-mediated activation and
disruption (13). Activated platelets also interact with
neutrophils to promote thrombosis through the release
of serine proteases and nucleosomes from neutrophils,
which synergistically activate factor X to initiate
coagulation primarily through the extrinsic pathway
(14). 4) Intravascular hemolysis. Elevated hemoglobin
from intravascular hemolysis may lead to nitric oxide
depletion, which has also been reported to contribute to
thrombosis (11).
Thrombosis is the leading cause of death in PNH
patients. A thrombotic event increases the relative risk
of death in PNH patients by 5- to 10- fold (15,16). There
are some risk factors that help identify thrombosis in
PNH patients, including LDH level ≥ 1.5 times the upper
limit of normal (ULN), high PNH symptom burden,
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ethnicity, and infection. In a Korean registry study of
patients with PNH, LDH ≥ 1.5 times ULN at diagnosis
was independently associated with increased odds of
thrombotic events after adjusting for age, gender, and
bone marrow failure (odds ratio 7.0; 95% confidence
interval 1.5-32; p = 0.013) (17). In our case, the LDH
level was 642 U/L, which is 2.6 times of the ULN. PNH
symptom burdens include abdominal pain, fatigue,
dyspnea, hemoglobinuria, and dysphagia. Higher PNH
symptom burdens had a positive correlation with the GPIdeficient granulocyte clone size, and was also recognized
as a risk factor for thrombosis (10,17). Ethnicity may be
another risk factor for the development of thrombosis
in PNH patients, because the incidence of thrombotic
events was 13-17% in Asian PNH patients (17,18) and
29-44% in Western PNH patients (5,8). Taken together,
venous thrombosis should be regularly observed in
PNH patients, especially those with above-mentioned
risk factors. On the other hand, Western studies have
also suggested that routine screening for PNH should
be considered in PVT patients (19). However, there was
a very low prevalence of PNH in Chinese patients with
PVT (19,20), which did not support the necessity of
routine screening for PNH in such patients.
In PNH patients with acute thrombosis, eculizumab
and anticoagulation should be given immediately with
a duration of 3-6 months, and anticoagulation can be
discontinued if thrombotic symptoms are resolved (1).
Eculizumab is recommended as the first-line therapy
for PNH, can improve long-term survival and quality
of life, and reduce hemolysis and thrombotic events
(21-24). However, high costs and difficulty to access
limit the use of eculizumab in China (25). Additionally,
anticoagulation can reach an overall response rate of
more than 70% in patients with acute non-cirrhotic, nonmalignant PVT (26). In a systematic review, complete or
partial portal vein recanalization was observed in 38.3%
and 14% of cases after initiation of anticoagulation
therapy, respectively, but in 16.7% of cases without
anticoagulation (27). Direct oral anticoagulants, such
as rivaroxaban, are likely equivalent, but have not been
well studied in PNH (28). Notably, anticoagulation also
potentially increases the morbidity of variceal bleeding. A
risk-benefit ratio of anticoagulants in non-cirrhotic PVT
may be evaluated based on grade of gastroesophageal
varices, recent bleeding events, prothrombotic disorders,
and thrombocytopenia (29). Our case had PNH as a
permanent thrombotic risk factor with low-risk varices
without any previous bleeding events, so anticoagulation
might be less risky. Alternative treatments would be
considered if anticoagulation failed or was not feasible.
Transjugular intrahepatic portosystemic shunt can be
considered for the treatment of portal hypertension in
patients with non-malignant and non-cirrhotic portal vein
thrombosis (30), even those with portal cavernoma (31).
In conclusion, thrombosis should be routinely
screened in patients with PNH, especially in high-
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risk patients. It is probable that PVT should be the first
clinical presentation of PNH. Early anticoagulation
therapy may be preferred in PNH patients with PVT.
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patient but usually describe an unusual or novel occurrence.
Unreported or unusual side effects or adverse interactions
involving medications will also be considered. Case Reports
should not exceed 3,000 words in length (excluding references).
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5 figures and/or tables and 30 references.
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patient. Case reports may contain a demographic profile of the
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global health and medical practice that are of immediate
importance. Depending on their content, Communications
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2 figures and/or tables and 20 references.
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issue of immediate importance to the fields of global health,
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application. Editorials should not exceed 1,000 words in length
(excluding references) and should be limited to a maximum of
10 references. Editorials may contain one figure or table.
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and medical research from around the world. News should not
exceed 500 words in length.
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articles published in Drug Discoveries & Therapeutics in the
last 6 months or issues of general interest. Letters should not
exceed 800 words in length and may contain a maximum of 10
references. Letters may contain one figure or table.
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For publishing and ethical standards, Drug Discoveries &
Therapeutics follows the Recommendations for the Conduct,
Reporting, Editing, and Publication of Scholarly Work in
Medical Journals (http://www.icmje.org/recommendations)
issued by the International Committee of Medical Journal
Editors (ICMJE), and the Principles of Transparency and Best
Practice in Scholarly Publishing (https://doaj.org/bestpractice)
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World Association of Medical Editors (WAME).
Drug Discoveries & Therapeutics will perform an
especially prompt review to encourage innovative work. All
original research will be subjected to a rigorous standard of
peer review and will be edited by experienced copy editors to
the highest standards.
Ethics: Drug Discoveries & Therapeutics requires that authors
of reports of investigations in humans or animals indicate
that those studies were formally approved by a relevant
ethics committee or review board. For research involving
human experiments, a statement that the participants gave
informed consent before taking part (or a statement that it was
not required and why) should be indicated. Authors should
also state that the study conformed to the provisions of the
Declaration of Helsinki (as revised in 2013). When reporting
experiments on animals, authors should indicate whether
the institutional and national guide for the care and use of
laboratory animals was followed.
Conflict of Interest: All authors are required to disclose
any actual or potential conflict of interest including financial
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interests or relationships with other people or organizations
that might raise questions of bias in the work reported. If no
conflict of interest exists for each author, please state "There is
no conflict of interest to disclose".
Submission Declaration: When a manuscript is considered
for submission to Drug Discoveries & Therapeutics, the
authors should confirm that 1) no part of this manuscript is
currently under consideration for publication elsewhere; 2) this
manuscript does not contain the same information in whole or
in part as manuscripts that have been published, accepted, or
are under review elsewhere, except in the form of an abstract,
a letter to the editor, or part of a published lecture or academic
thesis; 3) authorization for publication has been obtained from
the authors' employer or institution; and 4) all contributing
authors have agreed to submit this manuscript.
Cover Letter: The manuscript must be accompanied by a
cover letter prepared by the corresponding author on behalf
of all authors. The letter should indicate the basic findings
of the work and their significance. The letter should also
include a statement affirming that all authors concur with the
submission and that the material submitted for publication has
not been published previously or is not under consideration
for publication elsewhere. The cover letter should be
submitted in PDF format. For example of Cover Letter,
please visit: Download Centre (https://www.ddtjournal.com/
downcentre).
Copyright: When a manuscript is accepted for publication in
Drug Discoveries & Therapeutics, the transfer of copyright is
necessary. A JOURNAL PUBLISHING AGREEMENT (JPA)
form will be e-mailed to the authors by the Editorial Office
and must be returned by the authors as a scan. Only forms
with a hand-written signature are accepted. This copyright
will ensure the widest possible dissemination of information.
Please note that your manuscript will not proceed to the next
step in publication until the JPA form is received. In addition,
if excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article.
Peer Review: Drug Discoveries & Therapeutics uses singleblind peer review, which means that reviewers know the names
of the authors, but the authors do not know who reviewed their
manuscript. The external peer review is performed for research
articles by at least two reviewers, and sometimes the opinions
of more reviewers are sought. Manuscripts sent out for peer
review are evaluated by independent reviewers. Peer reviewers
are selected based on their expertise and ability to provide
high quality, constructive, and fair reviews. For research
manuscripts, the editors may, in addition, seek the opinion of a
statistical reviewer. Consideration for publication is based on
the article’s originality, novelty, and scientific soundness, and
the appropriateness of its analysis.
Suggested Reviewers: A list of up to 3 reviewers who are
qualified to assess the scientific merit of the study is welcomed.
Reviewer information including names, affiliations, addresses,
and e-mail should be provided at the same time the manuscript
is submitted online. Please do not suggest reviewers with
known conflicts of interest, including participants or anyone
with a stake in the proposed research; anyone from the same
institution; former students, advisors, or research collaborators
(within the last three years); or close personal contacts. Please

note that the Editor-in-Chief may accept one or more of the
proposed reviewers or may request a review by other qualified
persons.
Language Editing: Manuscripts prepared by authors whose
native language is not English should have their work
proofread by a native English speaker before submission. If
not, this might delay the publication of your manuscript in
Drug Discoveries & Therapeutics.
The Editing Support Organization can provide English
proofreading, Japanese-English translation, and ChineseEnglish translation services to authors who want to publish
in Drug Discoveries & Therapeutics and need assistance
before submitting a manuscript. Authors can visit this
organization directly at http://www.iacmhr.com/iac-eso/
support.php?lang=en. IAC-ESO was established to facilitate
manuscript preparation by researchers whose native language
is not English and to help edit works intended for international
academic journals.
4. Manuscript Preparation
Manuscripts are suggested to be prepared in accordance with
the "Recommendations for the Conduct, Reporting, Editing,
and Publication of Scholarly Work in Medical Journals", as
presented at http://www.ICMJE.org.
Manuscripts should be written in clear, grammatically correct
English and submitted as a Microsoft Word file in a singlecolumn format. Manuscripts must be paginated and typed in
12-point Times New Roman font with 24-point line spacing.
Please do not embed figures in the text. Abbreviations should
be used as little as possible and should be explained at first
mention unless the term is a well-known abbreviation (e.g.
DNA). Single words should not be abbreviated.
Title page: The title page must include 1) the title of the paper
(Please note the title should be short, informative, and contain
the major key words); 2) full name(s) and affiliation(s) of the
author(s), 3) abbreviated names of the author(s), 4) full name,
mailing address, telephone/fax numbers, and e-mail address
of the corresponding author; and 5) conflicts of interest (if
you have an actual or potential conflict of interest to disclose,
it must be included as a footnote on the title page of the
manuscript; if no conflict of interest exists for each author,
please state "There is no conflict of interest to disclose").
Please visit Download Centre and refer to the title page of the
manuscript sample.
Abstract: The abstract should briefly state the purpose of the
study, methods, main findings, and conclusions. For article
types including Original Article, Brief Report, Review, Policy
Forum, and Case Report, a one-paragraph abstract consisting
of no more than 250 words must be included in the manuscript.
For Communications, Editorials, News, or Letters, a brief
summary of main content in 150 words or fewer should be
included in the manuscript. Abbreviations must be kept to a
minimum and non-standard abbreviations explained in brackets
at first mention. References should be avoided in the abstract.
Three to six key words or phrases that do not occur in the title
should be included in the Abstract page.
Introduction: The introduction should be a concise statement
of the basis for the study and its scientific context.
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Materials and Methods: The description should be brief
but with sufficient detail to enable others to reproduce
the experiments. Procedures that have been published
previously should not be described in detail but appropriate
references should simply be cited. Only new and significant
modifications of previously published procedures require
complete description. Names of products and manufacturers
with their locations (city and state/country) should be given
and sources of animals and cell lines should always be
indicated. All clinical investigations must have been conducted
in accordance with Declaration of Helsinki principles. All
human and animal studies must have been approved by
the appropriate institutional review board(s) and a specific
declaration of approval must be made within this section.
Results: The description of the experimental results should be
succinct but in sufficient detail to allow the experiments to be
analyzed and interpreted by an independent reader. If necessary,
subheadings may be used for an orderly presentation. All
figures and tables must be referred to in the text.
Discussion: The data should be interpreted concisely without
repeating material already presented in the Results section.
Speculation is permissible, but it must be well-founded,
and discussion of the wider implications of the findings is
encouraged. Conclusions derived from the study should be
included in this section.
Acknowledgments: All funding sources should be credited
in the Acknowledgments section. In addition, people who
contributed to the work but who do not meet the criteria for
authors should be listed along with their contributions.
References: References should be numbered in the order in
which they appear in the text. Citing of unpublished results,
personal communications, conference abstracts, and theses in
the reference list is not recommended but these sources may
be mentioned in the text. In the reference list, cite the names
of all authors when there are fifteen or fewer authors; if there
are sixteen or more authors, list the first three followed by
et al. Names of journals should be abbreviated in the style
used in PubMed. Authors are responsible for the accuracy of
the references. The EndNote Style of Drug Discoveries &
Therapeutics could be downloaded at EndNote (https://www.
ddtjournal.com/examples/Drug_Discoveries_Therapeutics.ens).
Examples are given below:
Example 1 (Sample journal reference):
Nakata M, Tang W. Japan-China Joint Medical Workshop on
Drug Discoveries and Therapeutics 2008: The need of Asian
pharmaceutical researchers' cooperation. Drug Discov Ther.
2008; 2:262-263.
Example 2 (Sample journal reference with more than 15
authors):
Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of
lung cancer: Collaborative analysis of individual data from 13
European case-control studies. BMJ. 2005; 330:223.
Example 3 (Sample book reference):
Shalev AY. Post-traumatic stress disorder: Diagnosis, history

and life course. In: Post-traumatic Stress Disorder, Diagnosis,
Management and Treatment (Nutt DJ, Davidson JR, Zohar J,
eds.). Martin Dunitz, London, UK, 2000; pp. 1-15.
Example 4 (Sample web page reference):
World Health Organization. The World Health Report 2008 –
primary health care: Now more than ever. http://www.who.int/
whr/2008/whr08_en.pdf (accessed September 23, 2010).
Tables: All tables should be prepared in Microsoft Word or
Excel and should be arranged at the end of the manuscript
after the References section. Please note that tables should
not in image format. All tables should have a concise title and
should be numbered consecutively with Arabic numerals. If
necessary, additional information should be given below the
table.
Figure Legend: The figure legend should be typed on a
separate page of the main manuscript and should include a
short title and explanation. The legend should be concise but
comprehensive and should be understood without referring
to the text. Symbols used in figures must be explained. Any
individually labeled figure parts or panels (A, B, etc.) should
be specifically described by part name within the legend.
Figure Preparation: All figures should be clear and cited in
numerical order in the text. Figures must fit a one- or twocolumn format on the journal page: 8.3 cm (3.3 in.) wide for
a single column, 17.3 cm (6.8 in.) wide for a double column;
maximum height: 24.0 cm (9.5 in.). Please make sure that
artwork files are in an acceptable format (TIFF or JPEG)
at minimum resolution (600 dpi for illustrations, graphs,
and annotated artwork, and 300 dpi for micrographs and
photographs). Please provide all figures as separate files.
Please note that low-resolution images are one of the leading
causes of article resubmission and schedule delays.
Units and Symbols: Units and symbols conforming to
the International System of Units (SI) should be used for
physicochemical quantities. Solidus notation (e.g. mg/kg,
mg/mL, mol/mm2/min) should be used. Please refer to the SI
Guide www.bipm.org/en/si/ for standard units.
Supplemental data: Supplemental data might be useful for
supporting and enhancing your scientific research and Drug
Discoveries & Therapeutics accepts the submission of these
materials which will be only published online alongside the
electronic version of your article. Supplemental files (figures,
tables, and other text materials) should be prepared according
to the above guidelines, numbered in Arabic numerals (e.g.,
Figure S1, Figure S2, and Table S1, Table S2) and referred
to in the text. All figures and tables should have titles and
legends. All figure legends, tables and supplemental text
materials should be placed at the end of the paper. Please note
all of these supplemental data should be provided at the time
of initial submission and note that the editors reserve the right
to limit the size and length of Supplemental Data.
5. Submission Checklist
The Submission Checklist will be useful during the final
checking of a manuscript prior to sending it to Drug
Discoveries & Therapeutics for review. Please visit Download
Centre and download the Submission Checklist file.
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6. Online Submission
Manuscripts should be submitted to Drug Discoveries &
Therapeutics online at https://www.ddtjournal.com. The
manuscript file should be smaller than 5 MB in size. If for any
reason you are unable to submit a file online, please contact
the Editorial Office by e-mail at office@ddtjournal.com.
7. Accepted Manuscripts
Proofs: Galley proofs in PDF format will be sent to the
corresponding author via e-mail. Corrections must be returned
to the editor (proof-editing@ddtjournal.com) within 3
working days.
Offprints: Authors will be provided with electronic offprints
of their article. Paper offprints can be ordered at prices quoted
on the order form that accompanies the proofs.

Under exceptional circumstances, the author(s) may apply to
the editorial office for a waiver of the publication charges at the
time of submission.
Misconduct: Drug Discoveries & Therapeutics takes seriously
all allegations of potential misconduct and adhere to the
ICMJE Guideline (http://www.icmje.org/recommendations)
and COPE Guideline (http://publicationethics.org/files/Code_
of_conduct_for_journal_editors.pdf). In cases of suspected
research or publication misconduct, it may be necessary
for the Editor or Publisher to contact and share submission
details with third parties including authors’ institutions and
ethics committees. The corrections, retractions, or editorial
expressions of concern will be performed in line with above
guidelines.
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