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SUMMARY

Keywords

Novel and emerging therapeutics for antimicrobial resistance: A 
brief review

Raja Amir Hassan Kuchay*

Department of Biotechnology, Baba Ghulam Shah Badshah University, Rajouri, J&K, India.

anti-microbial resistance, mechanisms, drugs, therapeutics, FDA approved, monoclonal 
antibodies, anti-microbial peptides, AMR vaccines

A pandemic known as anti-microbial resistance (AMR) poses a challenge to contemporary medicine. 
To stop AMR's rise and quick worldwide spread, urgent multisectoral intervention is needed. This 
review will provide insight on new and developing treatment approaches for AMR. Future therapy 
options may be made possible by the development of novel drugs that make use of developments 
in "omics" technology, artificial intelligence, and machine learning. Vaccines, immunoconjugates, 
antimicrobial peptides, monoclonal antibodies, and nanoparticles may also be intriguing options for 
treating AMR in the future. Combination therapy may potentially prove to be a successful strategy for 
combating AMR. To lessen the impact of AMR, ideas like drug repurposing, antibiotic stewardship, 
and the one health approach may be helpful.

1. Introduction

Antibiotics, widely used to treat diseases in both humans 
and animals, are hailed as the greatest medical discovery 
of the 20th century. Global antibiotic usage increased by 
46% between 2000 and 2018, according to a new analysis 
that provided longitudinal estimates for human antibiotic 
consumption across 204 nations (1). However, rising 
levels of antimicrobial resistance (AMR) globally pose 
a danger to the beneficial health effects of antibiotics. 
AMR has become one of the main public health issues 
of the twenty-first century, posing a threat to the 
efficient prevention and treatment of a growing variety 
of microbial illnesses (2). The relationship between 
spread of AMR and antibiotic use is well documented 
(3). Additionally, it has been predicted that AMR would 
be the primary cause of death worldwide by 2050 due to 
the declining effectiveness of existing antibiotics and the 
dearth of novel antibiotics available on the market (4). 
It is concerning to note that AMR caused 1.27 million 
fatalities globally in 2019 alone, more than HIV and 
malaria combined (1). In addition to its direct effects on 
human health, AMR is linked to a substantial worldwide 
financial burden because of rising hospitalization and 
medication-related healthcare expenses (5).
	 Recognizing the seriousness of the situation, the 
World Health Organization (WHO) drafted the Global 
Action Plan (GAP) on AMR, which was approved at 

the 68th World Health Assembly in May 2015 (6,7). 
This was followed by National action plans (NAPs) by 
many countries. The World Health Assembly recently 
called on member states to support and encourage basic, 
applied, and implementation research on infection 
prevention and control, diagnostic tools, vaccines, 
therapeutics, and antimicrobial stewardship through 
cooperation with academia, the private sector, and civil 
society in its 77th resolution on accelerating national 
and global responses to AMR (8,9). Furthermore, a key 
dimension to overcome AMR is ensuring that the world 
has a sustainable supply of antimicrobials. To this end, 
there is an urgent need to replace drugs rendered useless 
by the emergence of resistance by new therapeutics. 
This review will focus on new and emerging therapeutic 
options to combat AMR.

2. AMR mechanisms

Bacteria can develop acquired or innate antibiotic 
resistance (10). The intrinsic resistance characteristic, 
which is uniformly shared within a bacterial species, is 
unrelated to horizontal gene transfer and unaffected by 
prior antibiotic exposure (11). Intrinsic resistance might 
help bacteria survive an antibiotic through evolution 
(like changing their structure or components). Intrinsic 
resistance, for instance, might result from the natural 
activity of efflux pumps and decreased permeability 

Review
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of the outer membrane, such as the lipopolysaccharide 
(LPS) in gram-negative bacteria (11,12). Acquisition of 
genetic material through horizontal gene transfer (HGT) 
including transformation, transposition, and conjugation 
or a new genetic mutation can lead to acquired resistance 
(11,13). AMR mechanisms include limiting uptake of 
a drug, modifying a drug target, inactivating a drug and 
active drug efflux (11,14). Figure 1 represents some 
AMR mechanisms and some novel and emerging options 
to tackle AMR.
	 Antibiotic uptake may be hampered by modifications 
in the permeability of the outer membrane or by the 
presence of porins, a subclass of transmembrane pore-
forming outer membrane proteins (OMPs) (11,14). 
Drug uptake may be restricted by a reduction in the 
number of porins or mutations that alter the porin 
channel's selectivity (11). AMR, especially carbapenem 
resistance, is significantly influenced by outer-membrane 
remodeling, a key characteristic of many bacterial 
pathogens (15). Recently, the five-protein β-barrel 
assembly machine (BAM) complex, which is essential 
for the synthesis of outer membrane proteins in gram-
negative bacteria, has become a viable target for drug 
development (16,17).
	 The antibiotic's low potency may result from changes 
to the drug target that prevent it from binding (11,13). 
Antimicrobial treatments may target several different 
parts of the bacterial cell, and the bacteria may alter 

many of these targets to make them resistant to the 
medications. β-lactam antibiotics target penicillin-binding 
proteins (PBPs), which are necessary for the bacterial 
cell wall to form (18). The quantity of drug binding to 
that target will be affected by an increase in PBPs with 
reduced drug binding ability or a decrease in PBPs with 
normal drug binding (11). Compared to sensitive strains, 
AMR strains frequently feature chimeric high molecular 
mass PBPs (HMM PBPs) (19).  The analysis of 26,465 
S. pyogenes genome sequences revealed that amino acid 
alterations in PBP1a, 1b, 2a, and 2x resulted in decreased 
susceptibility to β-lactams (19,20). The vanA gene 
cluster on the transposon Tn1546, which is commonly 
found on plasmids, can give vancomycin resistance by 
altering the structure of peptidoglycan precursors, which 
reduces vancomycin's binding capacity (21). A 44-bp 
deletion in the vanHAX promoter region that permits the 
production of vanHAX was linked to an enhanced vanA 
plasmid copy number in a study on vancomycin variable 
enterococci with resistant phenotype (22).
	 Drug inactivation leading to AMR can be achieved 
by actual degradation of the drug, or by transfer of a 
chemical group to the drug (11). Modified existing 
bacterial enzyme can interact with an antibiotic making 
it inactive towards bacteria (14). The common structural 
element of all β-lactam antibiotics, including penicillins, 
cephalosporins, carbapenems, and monobactams, is the 
amide bond in the β-lactam ring, which is hydrolyzed by 

270

Figure 1. AMR mechanisms and some novel and emerging options to tackle AMR.
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emerging options include monoclonal antibodies 
(mAbs), antimicrobial peptides (AMPs), novel antibiotic 
compounds, phage therapy, vaccines, combination drug 
therapy and nanoparticles to name a few. Many mAbs 
against bacteria have entered clinical trial but only few 
have succeeded (28,29). Obiltoxaximab and raxibacumab 
against Bacillus anthracis, actoxumab and bezlotoxumab 
against Clostridium difficile ,  edobacumab and 
nebacumab against Escherichia coli, aurograb against 
Staphylococcus aureus are few important examples 
(28,29). Bezlotoxumab has recently obtained FDA 
approval for preventing recurrent Clostridium difficile 
infections, while obiltoxaximab and raxibacumab for 
the treatment of inhalational anthrax (30,31). Being 
distinct from conventional small-molecule antibiotics, 
mechanisms of action of mAbs is less prone to drug 
resistance. AMPs are peptide sequences linked to 
biological action that typically contain 10–60 amino acid 
residues and lack any particular consensus amino acid 
patterns (32,33). Dalbavancin, daptomycin, telavancin, 
telaprevir, bacitracin and polymyxins are some examples 
of AMP approved by FDA (34). Phage therapy, an 
alternative therapy to combat bacterial infections has 
also been extensively investigated (35). Phage therapy 
registered clinical trials seek to exploit the bacteriocidal 
activity of lytic phages. Furthermore, focus on the ability 
of phages to disrupt biofilms is also under consideration 
(36). List of some novel and emerging therapeutics to 
treat AMR is given in Table 1.
	 Zolif lodacin,  a  compound based on a  new 
benzisoxazole scaffold containing the pyrimidinetrione 
spirocyclic pharmacophore is in phase III trial since 
2019 for the treatment of multidrug-resistant N. 
gonorrhoeae (37,38). Ridinilazole, a bis-benzimidazoles 
class of synthetic antibiotic has been reported to have 
rapid bactericidal activity and is in phase II trial for 
effective clinical response in the eradication of C. 
difficile compared to vancomycin (39). Recently, a 
new potential combination therapy to combat AMR 
by targeting two key bacterial enzymes involved in 
resistance was published (40). Triple combination 
of meropenem (MEM), a novel metallo-β-lactamase 
(MBL) inhibitor (indole-2-carboxylate 58 (InC58), and 
a serine-β-lactamase (SBL) inhibitor (avibactam (AVI) 
showed a much wider spectrum of activity against 
different carbapenemase-producing bacteria, revealing 
a new strategy to combat β-lactamase-mediated AMR 
(40). Ceftolozane-tazobactam (C-T) and ceftazidime-
avibactam (CAZ-AVI) are two novel antimicrobials that 
retain activity against resistant Pseudomonas aeruginosa 
(41-43).
	 Carbon-based nanoparticles (NPs) including carbon 
quantum dots (CDots), nanotubes and 2-D materials, 
including graphene have been proven to be effective 
with their bactericidal action against Klebsiella 
oxytoca, Pseudomonas aeruginosa and Staphylococcus 
epidermidis (44). 2,2-(ethylenedioxy)bis(ethylamine) 

β-lactamases, a superfamily of hydrolyzing enzymes with 
over 2,000 members, rendering them ineffective (23). 
Aminoglycoside-modifying enzymes (AMEs) catalyze 
enzymatic modification of aminoglycoside antibiotics 
leading to their inactivation.  AME-encoding genes were 
found in 48 out of 619 clinical isolates of P. aeruginosa 
in a recent study using bioinformatics analysis. The most 
prevalent of these genes were ant(2′)-Ia and aac(6′)-
Ib3, which are linked to tobramcyin and gentamicin 
resistance (24). Macrolide phosphotransferases (MPHs) 
are enzymes that add a phosphate to the 2'-OH group 
of macrolides thereby modifying and inactivating them 
(25). Macrolides interact with 23S rRNA at the A2058 
residue within the nascent peptide exit tunnel around the 
peptidyl transferase center to inhibit protein synthesis 
(25). The substitution of 23s rRNA in the A2058 or 
A2059 positions leads to macrolide resistance in both 
Enterobacteriaceae and gram-positive isolates alike (26).
	 Efflux pumps decrease the intracellular concentration 
of drugs and function at the frontline to protect bacteria 
against antimicrobials (27). Efflux transporters are 
mainly categorized five superfamilies: ATP-Binding 
Cassette (ABC) superfamily, Multidrug and Toxic 
Compound Extrusion (MATE) superfamily, Major 
Facilitator Superfamily (MFS), Resistance Nodulation 
and Cell Division (RND) superfamily, and Small 
Multidrug Resistance (SMR) superfamily (27). The 
tripartite complex MacAB-TolC efflux pump, an ABC-
type transporter that has been extensively explored in 
gram-negative bacteria, actively extrudes macrolides 
and polypeptide virulence factors that are driven by 
the ATPase MacB (27). The efflux of cationic dyes, 
including the efflux of fluoroquinolone medications, is 
facilitated by the MATE efflux family, which uses the 
Na+ gradient as its energy source (27).  In gram-positive 
microorganism, MFS family is the largest characterized 
family of transporters with 12 or 14 transmembrane 
segments (27). MFS pumps like Lde and NorA in Listeria 
monocytogenes and NorA in Staphylococcus aureus 
extrude hydrophilic fluoroquinolones like norfloxacin 
and ciprofloxacin (27). In many gram negative bacteria, 
substrate efflux via substrate/H+ antiport mechanism is 
catalyzed by RND efflux family members (27). Pumps 
like MexAB-OprM in P. aeruginosa, AcrAB-TolC in 
E. coli, OqxAB in K. pneumoniae and AdeABC in A. 
baumannii are some examples of RND superfamily 
pumps (27). Energized by the proton-motive force (H+), 
SMR efflux family are hydrophobic, efflux mainly 
lipophilic cations having a narrow substrate range (27). 
The SMR superfamily member EmrE protein, which is 
found in E. coli and P. aeruginosa, detects and facilitates 
the extrusion of harmful poly-aromatic chemicals (27).

3. Novel and emerging therapeutics for AMR

In the light of above information, it is imperative to 
look for new therapeutics to combat AMR. Some 
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carbon quantum dots (EDA-CDots) were reported to be 
effective and treatment at 0.1 mg/mL for 1 h reduced 
3.26 logs of viable cells (44). PEI600-CDots and PEI1200-
CDots treatment at 0.1 mg/mL for 1 h reduced > 7 logs 
and 1.82 logs viable cells, respectively (45). Potential 
effectiveness of CuO NPs against biofilms has been 
recently demonstrated in many microorganism groups 
(44). Recently, TiO2 NPs were reported to be effective 
against MRSA (46). After 12 hours of incubation, it 
was shown that the most effective dose was 2 mM TiO2 
nanoparticles, however the combination of erythromycin 
and 3 mM TiO2 nanoparticles was more efficient and 
considerably reduced the MIC of erythromycin to 2–16 
mg/L (46). List of some novel and emerging therapeutics 
to treat AMR is given in Table 1 and Table 2.
	 Combination therapy, the concurrent use of 
multiple antimicrobials in clinical practice has been 
successfully used to prevent resistance evolving during 
the treatment of diseases like tuberculosis and HIV 

(64,65).  In a report on laboratory evolution of E. coli, 
three pairwise combinations of antibiotics that included 
amikacin, chloramphenicol and enoxacin significantly 
suppressed the resistance acquisition (66). Zheng et al. 
(2018) reported that vancomycin in combination with 
beta lactams: piperacillin-tazobactam, cefazolin, and 
meropenem effectively prevented the development of 
vancomycin intermediate S. aureus (67).
	 Four vaccine candidates in phase 3 clinical trials 
against M. tuberculosis were recently identified in a 
paper that offered insight into mapping vaccination 
options against pathogens prioritized owing to AMR. 
Phase 3 trials for VPM1002, GamTBvac, MTBVAC, 
and Immuvac are presently underway. Immuvac 
is a therapeutic vaccine that employs a heat-killed 
Mycobacterium indicus pranii and is undergoing a 
phase 3 trial in India; MTBVAC is a live attenuated M. 
tuberculosis candidate; and VPM1002 is a preventive 
recombinant BCG vaccine (68). ExPEC9V, a nine-

Table 1. List of some novel AMPs, mAbs and antibiotics (approved/clinical trials) for AMR

Drug Name

Dalbavancin
Raxibacumab
Obiltoxaximab
Bezlotoxumab
Polymyxins

TNP-2092
Edobacumab
Tefibazumab
Aurograb
Oritavancin
Telavancin
Afabicin
Benapenem
Cefiderocol
Zoliflodacin
Levonadifloxacin
Sulopenem
Gepotidacin
Ceftobiprole
Imipenem
Pretomanid
Lefamulin
Cefilavancin
LTX-109
Surotomycin
Murepavadin
Opebacan
Plazomicin
Sarecycline
Eravacycline
XOMA-629
Novarifyn
AMP PL-18
Omiganan
Salvecin
MEDI4893
MAB-T88
Brilacidin

Type

AMP†

mAb*

mAb
mAb
AMP

Antibiotic
mAb
mAb
mAb
AMP
AMP
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
Antibiotic
AMP
AMP
AMP
AMP
Antibiotic
Antibiotic
Antibiotic
AMP
AMP
AMP
AMP
mAb
mAb
mAb
AMP

†Anti-Microbial Peptide; *Monoclonal Antibody.

Bacterial Species/Clinical Target

Methicillin-resistant Staphylococcus aureus
Bacillus anthracis
Bacillus anthracis
Clostridium difficile
Drug resistant Enterobacterales, Acinetobacter baumannii and 
Pseudomonas aeruginosa
Bacterial skin infection
Escherichia coli
Staphylococcus aureus
Staphylococcus aureus
Gram-positive bacteria
Staphylococcus aureus and other gram-positive bacteria
Bacterial skin infection
Anti-Bacterial
Gram-negative bacteria
Gram-negative bacteria
MRSA
Anti-Bacterial
Gram-negative bacteria
MRSA
Anti-Bacterial
Anti-Bacterial
Anti-Bacterial
Bacterial skin infections
MRSA
Clostridium difficile
P. aeruginosa
Meningococcal infections
Enterobacteriaceae infections
Anti-Bacterial
Anti-Bacterial
Endotoxins of gram-negative bacteria
Bacterial infection
Bacterial vaginosis
Staphylococcus species
Staphylococcus aureus
Staphylococcus aureus
Escherichia coli
Broad spectrum antibacterial therapy

Phase

FDA Approved
FDA Approved
FDA Approved
FDA Approved
FDA Approved

Phase 2
Phase 3
Phase 2
Phase 3
FDA Approved
FDA Approved
Phase 2
Phase 2
FDA Approved
Phase 3
Phase 3
Phase 3
Phase 3
Phase 3
FDA Approved
FDA Approved
FDA Approved
Phase 3
Phase 2
Phase 3
Phase 3
Phase 2
FDA Approved
FDA Approved
FDA Approved
Phase 2
Phase 1
Phase 1
Phase 3
Phase 2
Phase 2
Phase 2
Phase 2

Reference

(47,48,49,51)
(51,52,53,54)

(51,52,53)
(51,52,54)

(55)

(60)
(52)
(52)
(52)

(52, 56,57)
(52, 58)
(59,60)

(60)
(59,60)
(59,60)

(60)
(60)

(59,60)
(61)
(62)
(62)
(62)
(62)
(63)
(63)
(63)
(63)
(62)
(62)
(62)
(63)
(63)
(63)
(63)
(52)
(52)
(52)
(63)
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valent-O-polysaccharide conjugate vaccine is currently in 
a phase 3 clinical trial against extraintestinal pathogenic 
E. coli (68). PF-06425090 is a recombinant toxin 
vaccine targeting C. difficile, consisting of genetically 
and chemically detoxified TcdA and TcdB toxins (68).  
For Klebsiella pneumoniae, a tetravalent bioconjugated 
vaccine candidate, KlebV4, is being assessed with and 
without the AS03 adjuvant in a phase 1/2 trial (68). 
Besides these, next generation approach, CRISPR-Cas9 
antimicrobials, nanoparticle based strategies, artificial 
intelligence (AI) approaches also offer as potential 
options to tackle AMR in future (69-71).

4. Conclusions

AMR's emergence poses a serious threat to global public 
health, requiring the creation of novel antibiotics and 
multifaceted approaches to effectively combat it. An 
attempt was made to educate researchers and physicians 
about new and developing treatments for AMR in this 
review article. While creating novel antimicrobials 
is a crucial part of treating AMR, other viable future 
solutions to address AMR include enhancing surveillance 
systems, repurposing current medications, antibiotic 
stewardship, and one health approach (72). Additionally, 
new synergistic drug interactions to combat AMR can be 
found with the aid of machine learning (ML) algorithms 
that are being used to predict and create innovative 
treatments (73). By using AI and ML, it is possible 

to take use of the potential to create new medicine 
combinations to control the growth of AMR. Because 
AMR affects people all around the world and crosses 
national borders, international cooperation is essential 
to combating its worldwide scope. Governments, 
international organizations, and stakeholders must 
encourage worldwide collaboration on AMR in order 
to share best practices, harmonize regulations, and 
coordinate efforts to successfully combat AMR.
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Comparing the formulation characteristics of brand-name and 
generic bifonazole creams
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Brand-name drug, generic drug, cream, bifonazole, thixotropy

A comparative evaluation of the brand-name drug Mycospor and six generic drugs (IWAKI, 
Bifonol, F, YD, Sawai, and TEVA), all comprising a cream formulation containing the antifungal 
drug bifonazole, was performed based on physicochemical measurements. The pH of the various 
formulations was significantly higher for the generics Bifonol (pH 7.1), Sawai (pH 6.7), and TEVA 
(pH 7.3) and significantly lower for YD (pH 4.3) than for the brand-name drug Mycospor (pH 
5.5). The viscosity of the various formulations was significantly higher for TEVA (25,011 mPa·s) 
versus Mycospor (22,376 mPa·s) and significantly lower for IWAKI, Bifonol, F, YD, and Sawai, 
with Bifonol (8,572 mPa·s) being particularly low. Considering the hysteresis loop area obtained 
for the shear rate vs. shear stress, which represents the thixotropic properties, and using the value 
of Mycospor as the reference for 100%, YD (179%), Sawai (557%), and TEVA (201%) showed 
significantly higher values. Furthermore, the membrane permeability of bifonazole at 24 hours was 
significantly higher for Bifonol (309 μg/mL) and F (182 μg/mL) and significantly lower for Sawai 
(124 μg/mL) and TEVA (92 μg/mL) than for Mycospor (153 μg/mL). Finally, optical micrographs 
showed that the dispersion of particles was similar in the various formulations, but the particles 
of F and TEVA were uniformly dispersed with a smaller particle size than the other formulations. 
Overall, significant differences were observed in the formulation characteristics between the brand-
name drug and generic drugs, which were attributed to differences in the manufacturing process and 
the types of additives.

1. Introduction

In Japan, the overall national healthcare costs have 
recently been increasing each year, becoming a major 
social problem (1), and generic drugs are being promoted 
to reduce these healthcare costs (2). As of September 
2023, the ratio of "generic drugs" to "brand-name 
drugs with generics + generic drugs" was 80.2%, but 
considering that the ratio was 79.0% in both 2021 and 
2022, further increases are difficult to achieve (3). 
Therefore, as a new measure to increase the ratio, the 
"selective treatment of brand-name drugs (long-term 
listed drugs) with generic drugs" came into effect in 
October 2024 (4). This increases the patient's co-payment 
when a patient requests a prescription for a brand-

name drug for which a generic drug is available, which 
is intended to facilitate the transition to generic drugs. 
However, awareness of generic drugs among outpatients 
is low, and many patients are concerned about the side 
effects and efficacy of generic drugs (5). In addition, 
patients have different preferences when applying topical 
drugs. One study showed that some patients favored 
the topical solution that was "not sticky" and "smooth," 
while some patients reported that "other solutions are 
better," which were "sticky feeling" and "moist" (6). 
Notably, if pharmacists can inform patients regarding 
the sense of use characteristics for various products, then 
they can recommend generic drugs that meet patients' 
needs.
	 We have previously reported that the physicochemical 
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characterization of various dosage forms, mainly topicals 
with significant differences in the sense of use, including 
creams (7,8), ointments and lotions (9,10), ophthalmics 
(11,12), nasal sprays (13), and tapes (14-18), is necessary 
to help distinguish the formulations for patients and 
meet their needs. These reports suggest that differences 
in the formulation technology and additives used in 
the manufacturing process affect the sense of use and 
efficacy of each product among patients.
	 In this study, a comparative evaluation of brand-name 
and generic antifungal bifonazole-containing cream 
formulations was conducted to provide information that 
may assist patients in selecting the most appropriate 
product for their needs.

2. Materials and Methods

2.1. Materials

The brand-name bifonazole-containing cream 
(Mycospor® cream 1%) and the six generic versions used 
in this study are listed in Table 1.

2.2. pH measurement

The pH of each formulation was measured 10 times 
using a pH/°C meter designed for dairy and semi-solid 
foods (HI 99161N, Hanna Instruments Japan, Inc., 
Chiba, Japan).

2.3. Viscosity measurement

The viscosity of each formulation was measured using 
a TPE-100H cone-plate viscometer equipped with an 
integrated temperature control system (Toki Sangyo Co., 
Ltd., Tokyo, Japan). The measurement temperature was 
25°C, the rotational speed of the cone plate (CORD-P1: 
1°34' × R24) was set to 1 rpm, and the viscosity (Pa·s) 
after 90 seconds was recorded. The experiment was 
conducted 10 times for each formulation.

2.4. Thixotropy measurement

Thixotropy was measured using a TPE-100H cone-plate 

viscometer with the CORD-04: 3° × R14 cone plate at a 
constant temperature of 25°C.
	 Step 1 was shear rate 2 (1/s), Step 2 was shear rate 
4 (1/s), Step 3 was shear rate 10 (1/s), Step 4 was shear 
rate 20 (1/s), Step 5 was shear rate 40 (1/s), Step 6 was 
shear rate 100 (1/s), Step 7 was shear rate 200 (1/s), 
Step 8 was shear rate 100 (1/s), Step 9 was shear rate 40 
(1/s), Step 10 was shear rate 20 (1/s), Step 11 was shear 
rate 10 (1/s), Step 12 was shear rate 4 (1/s), Step 13 was 
shear rate 2 (1/s), and the cone plate was rotated for 90 
seconds during each step to obtain the shear stress (Pa). 
The loop area obtained from the viscosity curve of each 
formulation was calculated using Visco-chart software 
(Toki Sangyo Co., Ltd., Tokyo, Japan), and the relative 
area ratio (%) of the generic drug was compared using 
the loop area of the brand-name drug as the reference 
value of 100%.

2.5. Measurement of the membrane permeation volume

A vertical diffusion Franz cell (vertical palm cell) TP-
8S (Biocom Systems, Inc., Fukuoka, Japan) was used 
for membrane permeation volume measurements, and 
the Strat-M® membrane designed for skin diffusion tests 
(Merck Ltd., Tokyo, Japan) was used as the membrane. 
The receptor solution used to fill the vertical diffusion 
Franz cell was a 1:1 ratio of phosphate buffer saline 
(pH 7.4) and acetonitrile. After the membrane was 
mounted in the vertical palm cell, various formulations 
(0.5 g) were applied to the membrane for measurement 
at 37°C. The volume of bifonazole that permeated the 
membrane after 1, 2, 4, 6, and 24 hours was determined 
by high-performance liquid chromatography (HPLC) 
using an LC-2000 Plus System (Japan Spectroscopic 
Corporation, Tokyo, Japan) equipped with an Inertsil 
ODS-3 column (4.6 × 150 mm, 5 μm; G.L. Science 
Corporation, Tokyo, Japan). The following HPLC 
conditions were used: column oven temperature of 
40°C, wavelength of 254 nm, flow rate of 1.5 mL/min, 
analysis time of 4 min, uptake time of 3 min, and a 
mobile phase consisting of acetonitrile:0.12 M sodium 
acetate:methanol (84:15:1).

2.6. Visual observation by microscopy

278

Table 1. List of the creams evaluated in this study

Product name
(Former product name)

Mycospor® cream 1%
Bifonazol cream 1% "IWAKI"
(Bicronol® cream 1%)
Bifonol® cream 1%
Bifonazol cream 1% "F"
Bifonazol cream 1% "YD"
Bifonazol cream 1% "Sawai"
Bifonazol cream 1% "TAKEDA TEVA"
(Bilmitin® cream 1%)

Class

brand name
generic

generic
generic
generic
generic
generic

Abbreviated name

Mycospor
IWAKI

Bifonol
F

YD
Sawai
TEVA

Company name

Bayer Yakuhin, Ltd.
Iwaki Seiyaku Co., Ltd.

Toko Pharmaceutical Industries Co., Ltd.
Fuji Pharma Co., Ltd.
Yoshindo Inc.
Sawai Pharmaceutical Co., Ltd.
Teva Takeda Pharma Ltd.

Lot number

BJ35620
84065

B1101
AA18A
YAA-1
17Z01
CD011
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For a dispersion system formulation, the viscosity curve 
may show hysteresis when the shear rate is reciprocated. 
This phenomenon is called thixotropy, and the magnitude 
of thixotropy is determined by measuring the hysteresis 
area. Therefore, Figure 3 shows the relationship between 
shear rate (1/s) and shear stress (Pa) obtained by cone-
plate viscometry for the various formulations used in this 
experiment. The shear stress is lower for Bifonol (▲) and 
YD (○) than for Mycospor (●), whereas IWAKI (■), F (♦), 
Sawai (□), and TEVA (Δ) have higher shear stress, in that 
order.
	 The hysteresis loop areas for the various formulations 
are shown in Figure 4. The loop area of Mycospor (100%, 
the reference) was significantly lower than that of YD 
(179%), Sawai (557%), and TEVA (201%).

3.4. Measurement of the membrane permeation volume

The membrane permeation results at each time point are 
shown in Figure 5. Membrane permeation continually 
increased after 2, 4, 6, and 24 hours for all formulations. 
The permeated volume at 24 hours was significantly 
higher for F (182 µg/mL) and Bifonol (309 µg/mL) and 
significantly lower for Sawai (124 µg/mL) and TEVA (92 
µg/mL) than that for Mycospor (153 µg/mL).

Microscopic observation of the various formulations 
in the emulsification state was performed using a 
DMBA310 digital microscope (Shimadzu Rika 
Corporation, Tokyo, Japan) at 400× magnification. Motic 
Images Plus 2.2s software (Shimadzu Rika Corporation, 
Tokyo, Japan) was used to capture images.

2.7. Statistical analysis

The results of each pH measurement, viscosity 
measurement, flow curve loop area measurement, and 
membrane permeation volume measurement were tested 
for significance against the brand-name drug using 
Dunnett multiple comparison test (19). Significance 
levels are indicated on the graphs for each measurement 
result using * for P ≤ 0.05 and ** for P ≤ 0.01.

3. Results

3.1. pH measurement

The pH measurement results for the various formulations 
are shown in Figure 1. The generic drugs Bifonol (pH 
7.1), Sawai (pH 6.7), and TEVA (pH 7.3) showed 
significantly higher values than Mycospor (pH 5.5), and 
YD (pH 4.3) showed significantly lower values.

3.2. Viscosity measurement

Figure 2 shows the viscosity measurement results for the 
various formulations. The viscosity of TEVA (25,011 
Pa·s) was significantly higher than that of Mycospor 
(22,376 Pa·s), whereas IWAKI (15,301 Pa·s), Bifonol 
(8,572 Pa·s), F (15,050 Pa·s), YD (20,649 Pa·s), and 
Sawai (12,347 Pa·s) exhibited significantly lower 
values. Bifonol had particularly high flowability, with 
approximately 40% of the viscosity observed for 
Mycospor.

3.3. Thixotropy measurement

Figure 1. Comparison of pH among the various creams. (n = 10, 
vs. Mycospor, **P < 0.01, Dunnett-test) Black bar: brand-name drug, 
white bar: generic drugs.

Figure 2. Comparison of viscosity among the various creams. (n 
= 10, vs. Mycospor, **P < 0.01, Dunnett-test) Black bar: brand-name 
drug, white bar: generic drugs.

Figure 3. Comparison of thixotropy among the various creams. (n 
= 10) →: direction to strengthen shear stress, ←: direction to weaken 
shear stress.
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3.5. Observation of each formulation in the dispersion 
state

Figure 6 shows the optical micrographs of each 
formulation in the dispersion state. Particles were 
dispersed in all formulations, but IWAKI and Bifonol 
had the same level of dispersion as Mycospor, YD and 
Sawai had the largest particles, and F and TEVA had the 
smallest particles.

4. Discussion

In this study, we comparatively evaluated the formulation 
characteristics of an antifungal brand-name bifonazole 
cream (Mycospor® cream 1%) and six generic creams by 
performing physicochemical measurements.
	 The pH was significantly higher for Bifonol (pH 7.1), 
Sawai (pH 6.7), and TEVA (pH 7.3) and significantly 
lower (pH 4.3) for YD than for Mycospor (pH 5.5) 
(Figure 1). In general, the pH of the healthy skin surface 
is reported to be slightly acidic (4.5-6.0) (20). However, 
Bifonol, Sawai, and TEVA may be less irritating to the 
skin because of their neutral pH range of 6.7 to 7.3. As 
an antifungal agent, the most common application sites 
are between the toes and on the soles, including the arch 

and heel of the foot. Considering that epidermal damage 
may occur due to pruritus, a low pH may be irritating to 
the skin, especially in the interdigital area.
	 The viscosity is an indicator of comfort and is one 
of the most important factors when applying creams to 
the affected area. Generally, for ointments and creams, a 
higher viscosity results in a higher stickiness, and a lower 
viscosity results in a lower stickiness. The viscosity of 
TEVA was significantly higher than that of Mycospor, 
and the viscosities of IWAKI, Bifonol, F, YD, and Sawai 
were significantly lower (Figure 2). Based on these 
results, we believe that TEVA can be recommended for 
patients who do not mind stickiness when using cream 
formulations containing bifonazole, and Bifonol or 
Sawai, which have lower viscosity, can be recommended 
for patients who are concerned about stickiness. 
Furthermore, YD has a relatively similar viscosity to 
Mycospor, which may support a smoother changeover 
from the brand-name drug to the generic formulation.
	 Next, the hysteresis loop area (the area encompassed 
by the viscosity curves generated in the direction of 
the increasing (→) and decreasing (←) shear rate) 
was calculated for the various formulations (Figures 3 
and 4). The larger the hysteresis loop area, the greater 
the thixotropy. Thixotropy is an indicator of the shear 

Figure 5. Comparison of membrane permeability of bifonazole 
after 24 hours among the various formulations. (n = 5, vs. 
Mycospor, *P < 0.05, **P < 0.01, Dunnett-test).

Figure 6. Optical micrographs of the various formulations (400×).

Figure 4. Comparison of hysteresis loop area (%) among the 
various creams. (n = 10, vs. Mycospor, *P < 0.05, **P < 0.01, 
Dunnett-test) Black bar: brand-name drug, white bar: generic drugs.
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stress that is initially required during application with 
the fingers. Herein, we compared the formulations 
using the hysteresis loop area of Mycospor (●) as the 
reference (100%). Figure 3 shows that Bifonol (▲) and 
YD (○) have weaker shear stress values, with areas of 
91% and 179%, respectively, indicating that they can be 
spread on the skin with relative ease. In contrast, Sawai 
(□) and TEVA (Δ) have higher shear stress values and 
hysteresis loop areas of 557% and 201%, respectively, 
indicating that they require relatively higher force when 
spreading them on the skin. These results indicate that 
the "usability" of Mycospor (●) significantly differed 
from that of the generic drugs. The formulations with 
relatively close shear stresses to Mycospor (●) were 
IWAKI (■) and TEVA (Δ), with loop areas of 79% and 
82%, respectively. Therefore, recommending these two 
formulations may promote a smoother changeover from 
the brand-name drug to the generic drug.
	 The membrane permeability of bifonazole was 
measured for the different formulations using the 
Strat-M® membrane, an artificial membrane developed 
as a substitute for animal or human skin in permeability 
studies. Strat-M® is a multilayer membrane with varying 
permeability; the upper layer is a double layer of 
polyethersulfone and the lower layer has a polyolefin 
structure, which are used to predict the permeation of 
lipophilic and hydrophilic molecules (21). We found 
that the amount of permeation was significantly higher 
for Bifonol (309 μg/mL) and F (182 μg/mL) than 
Mycospor (153 μg/mL), whereas Sawai (124 μg/mL) 
and TEVA (92 μg/mL) showed significantly lower 
permeability. According to a questionnaire on generic 
drugs that was distributed among dermatologists in 
Kanagawa prefecture, Japan, "Some topicals with 
different substrates clearly have different efficacy" 
(22). Our results showed that there was approximately 
a 0.6- to 2-fold difference in permeation compared 
with Mycospor depending on the formulation, which is 
consistent with the opinion of the dermatologists, and 
this may be attributed to the different additives used in 
the formulations.
	 Microscopy showed that the dispersion of particles 
was similar among the various formulations (Figure 6). 
However, the F and TEVA particles were smaller and 
more uniformly dispersed than the Mycospor particles, 
and some YD and Sawai particles appeared to be 
crystals. The slight differences in dispersion and particle 
size may reflect the differences in viscosity, thixotropy, 
and membrane permeability, which may influence the 
sense of use.
	 Characteristic differences were observed among 
the bifonazole-containing cream formulations in terms 
of viscosity and thixotropy. Furthermore, the amount 
of drug permeation significantly differed among the 
formulations, suggesting that the permeation of the drug 
into the skin, as well as the effectiveness of the drug, is 
affected by the formulation.

	 In promoting the use of generic drugs, the differences 
in the sense of use and efficacy when switching from 
brand-name to generic drugs may lead to a decrease 
in adherence and therapeutic efficacy. Providing 
pharmacists with product-specific information may be 
critical in selecting or recommending drugs that meet the 
various needs of patients.
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Mitotic abnormalities and spindle assembly checkpoint inactivation 
in a cell model of Shwachman-Diamond syndrome with mutations 
in the Shwachman-Bodian-Diamond syndrome gene, 258+2T > C
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Hematologic abnormalities are the most common symptoms of Shwachman-Diamond syndrome (SDS). 
The causative gene for SDS is the Shwachman-Bodian-Diamond syndrome (SBDS) gene; however, the 
function of SBDS and pathogenesis of each condition in SDS are largely unknown. SBDS is known to 
be localized at mitotic spindles and stabilizes microtubules. Previously, we demonstrated that SBDS is 
ubiquitinated and subsequently degraded in the mitotic phase, thereby accelerating mitotic progression. 
In this study, we examined mitosis in a myeloid cell model of SDS (SDS cells). 4',6-Diamidino-
2-phenylindole (DAPI)-stained chromosome observation and cell cycle analysis of nocodazole-
synchronized cells revealed that the SDS cells have abnormally rapid mitosis. In addition, many 
lagging chromosomes and micronuclei were detected. Moreover, the phosphorylation of threonine 
tyrosine kinase, the crucial kinase of the spindle assembly checkpoint (SAC), was suppressed. 
Chromosomal instability caused by SAC dysfunction may cause a variety of clinical conditions, 
including hematologic tumors in patients with SDS.

1. Introduction

Shwachman-Diamond syndrome (SDS) is an autosomal 
recessive inherited disorder characterized by bone 
marrow failure and exocrine pancreatic insufficiency (1). 
Neutropenia is present in almost all patients with SDS 
and can lead to serious infections, including sepsis. In 
addition, SDS is associated with other life-threatening 
complications such as myelodysplastic syndrome (MDS) 
and acute myeloid leukemia (AML) (2-4). Patients with 
SDS usually present in infancy and have an average life 
expectancy of 30-40 years; however, the life expectancy 
of patients with hematologic disorders, such as those 
aforementioned, is significantly shorter (5,6).
	 The causative gene for SDS is the highly conserved 
Shwachman-Bodian-Diamond syndrome (SBDS) 
gene on chromosome 7 (7). The most widely accepted 
function of SBDS is ribosome biogenesis and ribosomal 
RNA metabolism (8,9). In addition, SBDS is reportedly 
involved in several biological processes including 
cellular stress responses, proliferation, and differentiation 
(10-12). SBDS has also been implicated in mitosis. 
Austin et al. showed that SBDS localizes to mitotic 

spindles and stabilizes microtubules (13). In addition, 
Orelio et al. showed the similar mitotic localization of 
SBDS, which may be associated with cell proliferation 
(14). Furthermore, we previously showed that SBDS 
colocalizes with ring finger protein 2 (RNF2) on 
centrosomal microtubules in the mitotic phase (M phase) 
and that the ubiquitination and degradation of SBDS by 
RNF2 accelerate mitotic progression (15,16). However, 
the precise role of SBDS remains unknown.
	 To elucidate the function of SBDS and the 
pathogenesis of SDS, we established a cell model of SDS 
harboring a common SBDS variant at intron 2, 258+2T 
> C, using a murine myeloid cell line (17). The mutation 
results in an aberrant splicing at position 251-252, 
which generates a premature termination codon in the 
mRNA of SBDS and consequently produces a truncated, 
non-functional protein. We examined the cell division 
process and found that mitosis was abnormally rapid 
in these cells. In addition, many lagging chromosomes 
and micronuclei were detected. Furthermore, the spindle 
assembly checkpoint (SAC), which is essential for proper 
chromosome segregation, was inactivated. As improper 
chromosome segregation is associated with DNA 
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damage, cell death, and tumor cell malignancy, failure 
of this mitotic checkpoint may be a key factor in various 
hematologic conditions such as neutropenia, AML, and 
MDS in patients with SDS.

2. Materials and Methods

2.1. Antibodies, reagents

Anti-SBDS antiserum was prepared as previously 
described (18). Anti-cyclin B1 antibody (sc-245) and anti-
pituitary tumor-transforming gene (PTTG) antibody (sc-
56207) were obtained from Santa Cruz Biotechnology 
(Dallas, TX, USA). Anti-threonine tyrosine kinase (TTK) 
(phospho Thr676) antibody was from Wuhan Huamei 
Biotech (CSB-PA060023; Wuhan, Hubei, China). Anti-
TTK antibody was from Affinity Biosciences (DF6969; 
Cincinnati, OH, USA). Anti-phospho-Ser/Thr-Pro mitotic 
protein monoclonal 2 (MPM-2) antibody (anti-MPM-2 
antibody) was from Sigma (05-368; St. Louis, MO, 
USA). Anti-α-tubulin antibody (017-25031) and anti-β-
actin antibody (281-98721) were from Wako Chemicals 
(Osaka, Osaka, Japan). The secondary antibodies for 
immunofluorescence were anti-rabbit IgG-FITC (sc-
2012; Santa Cruz Biotechnology) and anti-mouse IgG-
rhodamine (55539; Cappel Laboratories, Malvern, PA, 
USA). Nocodazole (NCZ; 036-18371) was from Wako 
Chemicals.

2.2. Cell culture

32Dcl3 cells were cultured in Iscove's Modified 
Dulbecco's Medium supplemented with fetal bovine 
serum and WEHI-3b conditioned medium (16). 32Dcl3 
cell model of SDS (SDS cells) was established as 
previously described (17). SDS cells were transfected 
with pcDNA3.1/Flag-SBDS via electroporation, as 
required. The synchronization of cells to the G2/M phase 
was achieved through the overnight culturing of cells in 
the presence of 100 ng/mL NCZ.

2.3. Immunofluorescence and chromosome staining

Cells were attached to a microscope slide and 
subsequently fixed, permeabilized, and stained in 
accordance with the previously described procedure 
(16). Images were obtained using the LSM800 confocal 
microscope (Carl Zeiss Microscopy, White Plains, NY, 
USA).

2.4. Cell cycle analysis

Cell cycle analysis was performed as previously 
described (16). In brief, DNA in fixed cells was stained 
with propidium iodide (Wako Chemicals). DNA content 
was measured using the FACSCalibur flow cytometer 
(BD Biosciences, Franklin Lakes, NJ, USA).

2.5. Immunoblotting

Cells were lysed in extraction buffer (20 mM Tris-
HCl, pH 7.5, 150 mM NaCl, 1 mM EDTA, 100 μM 
sodium orthovanadate, 1% NP-40, 2 μM leupeptin, 2 
μM pepstatin A, 1 mM phenylmethylsulfonyl fluoride, 
5 nM calyculin A). Lysates were centrifuged at 20,000 
g for 15 min at 4°C to remove debris. The cell extract 
was denatured by heating to 55°C for 10 min in sodium 
dodecyl sulfate loading buffer (50 mM Tris-HCl, pH 6.8, 
100 mM dithiothreitol, 2% sodium dodecyl sulfate, 0.1% 
bromophenol blue, 10% glycerol), separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis, and 
electrotransferred to polyvinylidene fluoride membranes. 
The membranes were blocked in 1% bovine serum 
albumin in tris-buffered saline with Tween 20 (200 mM 
NaCl, 20 mM Tris-HCl, 0.05% Tween 20, pH 7.5), and 
then incubated with primary antibodies followed by 
horseradish peroxidase-conjugated anti-immunoglobulin 
secondary antibodies.

2.6. Micronucleus assay

Cells were treated with 100 ng/mL NCZ for 16 h to 
induce micronuclei. The cells were deposited to a slide 
glass by centrifugation at 40 g for 5 min (StatSpin 
Cytofuge 2; StatSpin, Norwood, MA, USA). Cell 
fixation, permeabilization, and staining of chromosomes 
were performed as for immunofluorescence. Images 
were acquired on the LSM800 confocal microscope 
(Carl Zeiss Microscopy). Nuclei that are completely 
independent of the main nucleus and sufficiently 
small compared to the main nucleus were identified as 
micronuclei.

3. Results

3.1. Abnormally rapid M phase progression in SDS cells

We previously reported an association between SBDS 
degradation and mitotic progression (16) . Therefore, we 
examined the mitotic progression of the myeloblastic 
32Dcl3 cell model of SDS harboring a common 
pathogenic SBDS variant in both alleles at intron 2, 
258+2T > C (SDS cells). Wild-type (WT) and SDS cells 
were synchronized at the G2/M phase by NCZ treatment 
and collected every 15 min during mitosis. Cell cycle 
progression was analyzed by chromosome observation 
and flow cytometry analysis of DNA content. The 
observation of 4',6-diamidino-2-phenylindole (DAPI)-
stained chromosomes revealed that SDS cells transitioned 
to anaphase earlier than WT cells (Figure 1A). Following 
the removal of NCZ, 51% of SDS cells had progressed 
to anaphase after 30 min, compared to 26% of WT 
cells (Figure 1B). Although no significant differences 
were obtained because the degree of progression of the 
mitotic phase differed in each experiment, the observed 
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In the previous chromosome observation experiment, we 
observed lagging chromosomes. This finding prompted 
us to determine the frequency of lagging chromosomes 
in mitosis. It has been reported that the formation of 
lagging chromosomes is enhanced in cells released 
from NCZ treatment (19). Indeed, several lagging 
chromosomes were observed during the chromosome 
observation experiment. Briefly, WT and SDS cells 
were synchronized at the G2/M phase by treatment 
with 100 ng/mL NCZ for 13 h, and then released into 
fresh medium. To recover the anaphase cells, SDS 
cells were collected 30 min after release from the NCZ 
block, and WT cells were collected 15 min later. Then 
DAPI-stained chromosomes were observed together 
with immunostained microtubules (Figure 2A). Cells 
undergoing chromosome segregation were counted 
to determine the percentage of cells with lagging 
chromosomes. Lagging chromosomes were observed in 
about half of the anaphase SDS cells and were almost 
twice as frequent in SDS cells as in WT cells (Figure 
2B). Chromosomal instability seems to be increased in 
SDS cells.

3.3. SAC inactivation in SDS cells

trend exhibited a consistent pattern across all three 
experiments (Figure S1, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=218). Consistent 
with this result, SDS cells transitioned to G1 phase 
faster than WT cells after NCZ removal (Figure 1C 
and Figure S2, https://www.ddtjournal.com/action/
getSupplementalData.php?ID=218). These results 
demonstrated that SDS cells had an abnormally rapid 
mitosis.
	 Another notable finding was that SDS cells exhibited 
incomplete G2/M arrest when treated with NCZ. Most 
WT cells treated with 100 ng/mL NCZ for 16 h stopped 
at the G2/M phase and only 1.25% of cells leaked into 
the G1 phase, whereas 3.97% of SDS cells leaked into 
the G1 phase (Figure S3, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=218). In addition, 
at 24 h after NCZ removal, many WT cells remained in 
the G2/M phase, whereas most SDS cells had already 
returned to the normal cell cycle (Figure S2, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=218). These findings indicate a reduced 
sensitivity to NCZ in SDS cells.

3.2. Chromosomal instability in SDS cells

Figure 1. Abnormally rapid M phase progression in SDS cells. Cells were synchronized at the G2/M phase by treating with NCZ for 13 h, 
released into fresh medium, and harvested at the indicated time. (A) DAPI-stained chromosome observation. Prophase, in which chromosomes are 
cohesive; prometaphase, in which chromosomes are aligned in a ring; and anaphase, in which chromosomes are segregating (white arrows). (B) More 
than 50 mitotic cells were observed and the ratio of pre-metaphase to post-metaphase cells was calculated. The experiment was repeated three times. (C) 
Cell cycle analysis with propidium iodide. The percentage of cells transitioning from the M to G1 phase after NCZ removal was analyzed over time.

https://www.ddtjournal.com/supplementaldata/218
https://www.ddtjournal.com/supplementaldata/218
https://www.ddtjournal.com/supplementaldata/218
https://www.ddtjournal.com/supplementaldata/218
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NCZ, an inhibitor of microtubule polymerization, 
activates SAC and induces G2/M arrest in cells (20). 
The abnormally rapid mitosis, reduced sensitivity to 
NCZ, and especially, the increased number of lagging 
chromosomes led us to hypothesize that SAC may not 
be functioning properly in SDS cells. SAC monitors 
the attachment of spindle microtubules to kinetochores. 
Once the nuclear membrane disappears, the SAC leader 
kinase, TTK/monopolar spindle kinase 1, localizes to 
the kinetochore and is activated by autophosphorylation 
(21). Activated TTK on the unattached kinetochores 
phosphorylates a number of substrates and triggers the 
accumulation of SAC proteins, leading to formation of 
the mitotic checkpoint complex (MCC). MCC inhibits 
the anaphase-promoting complex/cyclosome (APC/C) E3 
ubiquitin ligase. Once the SAC is satisfied, the APC/C is 
activated and initiates chromosome segregation through 
ubiquitination-mediated degradation of PTTG1/securin 
and cyclin B1 (22). First, we examined the activation of 
TTK in cells treated with NCZ. TTK phosphorylation 
was enhanced after NCZ treatment of WT cells, whereas 
it was drastically suppressed in SDS cells (Figure 3A). A 
similar trend was observed for the amounts of M phase-
specific phosphoproteins recognized by the anti-MPM-2 
antibody (Figure 3B). In addition, the substrates of APC/
C, namely, PTTG1 and cyclin B1, were decreased from 
early mitosis in SDS cells (Figure 3C). These results 
suggest that SAC activation is attenuated in SDS cells.

Figure 2. Increased frequency of NCZ-induced lagging 
chromosomes in SDS cells. (A) Lagging chromosomes (white arrows) 
detected in SDS cells after release from NCZ. (B) Approximately 
50 anaphase cells were observed and the frequency of lagging 
chromosomes was calculated. The experiment was repeated three 
times.

Figure 3. SAC inactivation in SDS cells. Cells were synchronized with NCZ treatment and harvested at the indicated time after release from NCZ. (A) 
Phosphorylated TTK, the master kinase in SAC, (B) a variety of mitosis-specific phosphoproteins detected by anti-MPM-2 antibody, and (C) PTTG/
securin and cyclin B1, representative substrates of APC/C, were detected by immunoblotting.
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3.4. SBDS required for SAC activation

SDS cells have mutations in the SBDS gene, resulting in 
a substantial reduction of SBDS protein expression. We 
overexpressed Flag-SBDS in SDS cells. Re-expression 
of SBDS in SDS cells increased the phosphorylation of 
TTK and other mitotic proteins upon NCZ treatment 
(Figure 4A). In addition, the abnormally rapid mitosis 
and reduced sensitivity to NCZ were improved (Figure 
4B). Lagging chromosomes that are not incorporated into 
the main nucleus form micronuclei. In accordance with 
the observed increase in lagging chromosomes (Figure 
2), the formation of micronuclei was also elevated in 
SDS cells, which was suppressed by the re-expression of 
SBDS in SDS cells (Figures 4C and 4D). These results 
indicate that SBDS is essential for proper functioning of 
the SAC. In addition, the mitotic localization of SBDS 
was examined in detail. The WT 32Dcl3 cells were 
harvested every 15 min after release from NCZ block 
and immunostained with the appropriate antibodies. 
Consistent with our report and others (13,14,16), SBDS 
was localized to the nucleolus in interphase and to the 
mitotic spindles in the M phase. The mitotic localization 

was stronger from prometaphase to metaphase and 
weaker in anaphase (Figure S4, https://www.ddtjournal.
com/action/getSupplementalData.php?ID=218). This 
change in SBDS localization coincides with the timing of 
SAC activation and inactivation, suggesting that SBDS 
coordinates with SAC activation.

4. Discussion

This is the first study to present evidence showing the 
inactivation of SAC in SBDS-downregulated cells and 
the involvement of SBDS in SAC activation. In 2008, 
localization of SBDS to the mitotic spindles and its 
contribution to the stabilization of the mitotic spindles 
were shown for the first time, but the contribution of 
SBDS to SAC was unclear as the cells lacking SBDS 
were arrested at the G2/M phase by treatment with 
NCZ, an activator of SAC (13) . In our study, SDS 
cells with mutations in both SBDS alleles were also 
synchronized to the G2/M phase by NCZ treatment, but 
a fraction of the cells leaked into the G1 phase during 
G2/M arrest (Figure S3, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=218). In addition, 

Figure 4. Re-expression of SBDS reactivates the SAC and normalizes mitosis in SDS cells. (A) Immunoblot analysis of phosphorylated TTK 
and mitosis-specific phosphoproteins detected by anti-MPM-2 antibody in WT, SDS, and SDS/SBDS cells. (B) Assessment of mitotic progression 
and NCZ sensitivity by cell cycle analysis. NCZ sensitivity was assessed by the percentage of cells that leaked into the G1 phase under G2/M arrest 
by NCZ treatment (NCZ release 0 min), and mitotic progression was assessed by the percentage of cells that transited to the G1 phase 45 min after 
release from NCZ block. (C, D) Evaluation of genomic instability by micronucleus assay. More than 100 cells were observed and the experiment was 
repeated three times.

https://www.ddtjournal.com/supplementaldata/218
https://www.ddtjournal.com/supplementaldata/218
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after NCZ removal, the SDS cells immediately entered 
anaphase and then the G1 phase compared to WT cells 
(Figure 1). Furthermore, more lagging chromosomes 
were detected in the SDS cells (Figure 2). These 
results suggest that SAC, the surveillance mechanism 
to delay mitotic progression for accurate chromosome 
segregation, is not functioning properly in SDS cells. 
This is also supported by the fact that SDS cells returned 
to the normal cell cycle sooner than WT cells after 
NCZ removal (Figure S2, https://www.ddtjournal.com/
action/getSupplementalData.php?ID=218). Indeed, 
the activation of TTK, the leader kinase of SAC, was 
suppressed in SDS cells (Figure 3A). These findings are 
consistent with the report that SAC inactivation through 
TTK inhibition significantly decreases the mitotic delay 
caused by NCZ treatment (23).
	 The SAC monitors microtubule attachment to 
the kinetochore and arrests the metaphase-anaphase 
transition until all microtubules have attached to the 
kinetochore (24). Therefore, an incomplete SAC leads 
to chromosome missegregation, which in turn leads to 
genomic instability and tumorigenesis. Mutations in 
SAC genes and alterations in the protein levels of SAC 
proteins have been reported in several human tumors 
including T-cell leukemia/lymphoma, B-cell lymphoma, 
and AML (25-27), which are often associated with 
SAC impairment, chromosomal instability, and even 
aneuploidy. Genomic instability has been found in 
primary bone marrow stromal cells derived from 
patients with SDS as well our established SDS cell 
model (13). In addition, hematologic malignancies such 
as AML and MDS are serious complications of SDS. 
SAC inactivation may contribute to genomic instability 
and tumorigenesis in SDS.
	 Most patients with SDS have variants of SBDS. 
The most common combination of mutations is 
183-184TA>CT/ 258+2T>C (50%), followed by 
the 258+2T>C/ missense mutation (27.8%) (7) . 
The mutations result in a decrease of SBDS protein. 
Although little is known about the function of 
SBDS, it is well known that SBDS is localized to the 
nucleolus for the assembly of mature ribosomes and 
ribosome biogenesis in the interphase. SBDS binds 
to microtubules and stabilizes the mitotic spindles in 
the M phase. In addition, here we revealed that SBDS 
is localized to the mitotic spindles, particularly in the 
prometaphase to metaphase interval, which is associated 
with the activation of SAC (Figure S4, https://
www.ddtjournal.com/action/getSupplementalData.
php?ID=218). SBDS may support the activation of 
SAC by stabilizing microtubules and inhibiting the 
initiation of chromosome segregation until all of 
the spindles are bound to the chromosomes. On the 
other hand, the interaction between SBDS and M 
phase-specific polo-like kinase 1 (PLK1)-interacting 
protein (MPLKIP) has been reported (28). PLK1, 
the mitotic binding partner of MPLKIP, is a kinase 

that phosphorylates TTK and other SAC proteins to 
promote SAC signaling. SBDS may regulate PLK1 
activity through the SBDS-MPLKIP-PLK1 interaction. 
At present, it is unclear whether there is a link between 
spindle stabilization and SAC activation.
	 In conclusion, we found that SAC does not function 
properly in SDS cells, resulting in chromosomal 
instability. Additionally, our results also suggest 
that SBDS contributes to SAC activation by some 
mechanism. Further studies focusing on this mitotic 
checkpoint, which is essential for chromosome stability, 
may help elucidate the pathogenesis of neutropenia, 
AML, and MDS, which are important pathological 
conditions in SDS. Our findings provide new 
perspectives for therapeutic drug development in SDS.
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The silkworm Nocardia infection model has been established as a useful animal model for screening 
the pathogenicity of Nocardia and evaluating the therapeutic effects of antimicrobial agents against 
Nocardia infection. No histopathological analysis of silkworms infected with Nocardia farcinica 
has yet been performed. In this study, we performed histological analyses on organs of silkworms 
infected with N. farcinica. One day after infection with N. farcinica, the organism developed a 
branching filamentous form from coccid cells in the hemolymph. In addition, we evaluated effective 
doses (ED50) values by treating infected silkworms with amikacin 30 seconds and 24 hours after 
infection and found that the ED50 values treated within 30 seconds and 24 hours after infection 
were 4.1 μg/larva and 5.6 μg/larva, respectively. Evaluation of treatment with amikacin against the 
infected silkworms was unaffected by the growth process form of Nocardia. These results suggest 
that the silkworm Nocardia infection model is a useful tool for evaluating the antimicrobial therapy 
in the growth process of the N. farcinica.

1. Introduction

Nocardia farcinica, a ubiquitous bacterial species in an 
environment such as soil organic material and water 
(1), is an important opportunistic pathogen, causing 
infections in the lung, blood, and central nervous 
system sites in immunocompromised patients (2,3). 
In addition, nocardial brain abscesses by N. farcinica 
rarely occur in healthy individuals (4). This organism 
is more likely to cause disseminated infection and 
higher mortality than other Nocardia species (5-7). 
The whole-genome sequencing identified virulence 
factors in the organism, including genes responsible for 
antimicrobial resistance and virulence (8,9). However, 
current research on pathogenesis and virulence using 
a mouse model on this organism is limited (10). In 
addition, although an antimicrobial susceptibility test is 
necessary for selecting antimicrobial agents for infection 
by N. farcinica, the correlation between the results of 
an in vitro antimicrobial susceptibility test and the in 
vivo response to antimicrobial therapy in patients with 

Nocardia infection has not been adequately investigated 
(11). These problems are due to very few reports of 
experimental infections with this organism in a mouse 
model.
	 Animal  experiments  using mice and other 
mammalian models have contributed to the development 
of pathological analysis, drug discovery, and medicine 
related to human diseases (12). However, high costs 
and ethical considerations have been a hindrance to 
international experimentation with mammalian infections 
(13,14), so it is desirable to develop an experimental 
animal model that can serve as an alternative to 
mammals. For this purpose, invertebrate larvae, such 
as the Waxworm (Galleria mellonella), the Hornworm 
(Manduca sexta), and the cotton bollworm (Helicoverpa 
armigera) have attracted attention as alternative models 
for mice (13,15,16), and the silkworm (Bombyx mori) is 
one of non-mammalian animals (13).
	 Silkworms can be reared in a small space at low 
cost and used for experiments on large numbers of 
individuals, and they grow to a size that can be used for 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2024; 18(5):290-295.

experiments after about three weeks of rearing (13,17,18). 
Silkworm infection models have been established to 
date for various pathogenic microorganisms, including 
Staphylococcus aureus, Pseudomonas aeruginosa, 
and Bacillus anthracis (13,19), as well as Aspergillus 
fumigatus and Cryptococcus neoformans (20,21). A 
silkworm Nocardia infection model has been established 
for the evaluation of pathogenicity of N. farcinica 
(22). However, the focal area of N. farcinica in the 
silkworm Nocardia infection model is not identified. 
Histopathological analysis is a direct method of revealing 
the causal relationship between a lesion and its cause. 
Recently, those silkworm infection models have yielded 
to histopathological analyses, to identify and observe the 
focal site of infection (20,23,24), however, not with N. 
farcinica.
	 The aims of the present study were to observe the 
accumulation of N. farcinica in the hemolymph of 
infected silkworms using histopathological analysis, 
then to elucidate if changes in the filament morphology 
of the organism over time could be observed. We finally 
determined the utility of the silkworm Nocardia infection 
model, which may represent a potentially useful tool for 
studying the mechanisms of the growth process of N. 
farcinica in infected lesions.

2. Materials and Methods

2.1. Bacterial strain, culture condition, and adjustment of 
bacterial cell suspension

The N. farcinica TUTN006 strain was used in this study. 
This strain was stored at - 80°C in a microbank tube 
(Iwaki & Co., Ltd., Tokyo, Japan) and cultured on a 
brain heart infusion agar plate (BHI, Eiken Chemical 
CO., Ltd., Tokyo, Japan) under CO2 conditions at 37°C 
for 72 h. The colonies grown on the BHI agar plate were 
picked up using a 10 μg loop, suspended in sterile 1 
mm glass beads (Fuji Manufacturing CO., Ltd., Tokyo, 
Japan) and 4 mL sterile saline (Otsuka Pharmaceutical 
Co., Ltd., Tokyo, Japan), and after 3 minutes of vortex 
and adjusted to OD600=2.5~2.6 using a UVmini-1240 
spectrophotometer (Shimadzu Co., Ltd., Kyoto, Japan). 
The bacterial cell suspension was diluted 100-fold 
using sterile saline, and used for silkworm infection 
experiments.

2.2. Silkworm rearing

Silkworm eggs were purchased from Ehime Sansyu Co. 
LTD (Ehime, Japan), disinfected, and reared at 27°C. The 
silkworms were fed Silkmate 2S (Katakura Industries 
Co., Ltd., Tokyo, Japan) until they developed the fifth 
molted larva. Fifth-instar larvae were fasting for 24 h and 
used for the infection experiment.

2.3. Silkworm infection experiment

An experimental protocol on producing silkworm 
infection models were described elsewhere (22). Briefly, 
either 50 μL bacterial cell suspension of N. farcinica 
TUTN006 cells (3.2 × 106 cells per larva) or saline 
(the control group) was administered to the silkworm 
hemolymph by injecting the silkworm dorsally using 
a 1 ml tuberculin syringe (Terumo Medical CO., Ltd., 
Tokyo, Japan). The amount of bacteria inoculated into 
silkworms was measured by plating the used bacterial 
cell suspension on the BHI agar plate. After inoculation, 
silkworms were reared in incubators at 25-27°C without 
feeding and observed over time.

2.4. Histopathological analysis

Silkworms were fixed at 15, 18, 24, 28 and 40 hours 
after inoculation of bacterial cell suspension. Tissue 
specimens of silkworms fixed in 10% neutral buffered 
formalin (Fujifilm Wako Pure Chemicals Co., Ltd., 
Osaka, Japan) were prepared according to standard 
pathology physiological techniques. Briefly, for fixation, 
silkworms were placed on ice in a state of suspended 
animation, wrapped in gauze as they were to prevent 
bending, and then immersed in 10% neutral buffered 
formalin for 72 hours while pinned to an eraser. After 
fixation was completed, silkworms were cut out by 
inserting a blade from the dorsal side and slicing them 
into rings. After paraffin embedding, sections were 
thinned to 3 μm thickness, pasted onto Super Frost 
(Matsunami Glass Industries Co., Ltd., Osaka, Japan), 
stretched at 50°C, and dried at 37°C. Each paraffin 
section was deparaffinized, de-xyleneated, and rinsed 
under running water, and then staining of each was 
performed. Hematoxylin-eosin (HE) staining was 
performed by staining with Carracci's hematoxylin for 7 
minutes, fractionating and coloring with 1% hydrochloric 
alcohol, rinsing, passing through distilled water, staining 
with eosin for 3 minutes, dehydrating, permeabilizing, 
and encapsulation. The specimens were stained with 
Gram staining (Hucker) methods (Muto Chemical Co., 
Ltd., Tokyo, Japan), and sealed in xylene. After staining, 
each specimen was observed and photographed using 
an OlympusBX43 (Olympus Co., Ltd., Tokyo, Japan) 
and Olympus DP21 (Olympus Co., Ltd., Tokyo, Japan) 
optical microscope. For some specimens, the virtual 
slide scanner NanoZoomer (Hamamatsu Photonics K.K., 
Shizuoka, Japan) was used to convert the histopathology 
slides into image data.

2.5. Assessment of survival rates and ED50 values in the 
infected silkworms to injection of amikacin at two points 
in time

The N. farcinica TUTN006 strain suspension (3.5 × 
107 CFU/larva•g in 50 μL saline) was injected into the 
hemolymph of silkworms, followed by an injection of 
various amounts (1.0, 2.0, 4.1, 5.4, 8.1, 16.25, 43, 65 
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	 Next, we analyzed the histopathological finding 
of the silkworms infected with N. farcinica TUTN006 
at various time points. Gram staining of thin sections 
showed the Gram-positive, filamentous branching bacilli 
and beaded structure at 15-40 hours after inoculation 
with the bacterial cell suspension, whereas none of the 
control silkworms. Compared to druse at 15 hours (Figure 
1d), the size of druse was observed to grow over time 
more than twice with growing filamentation (Figures 1e-
1h). In addition, bacterial cells surrounded a granule-like 
mass, which disappeared over time.

3.2. Effect of different time amikacin inoculation on 
silkworm survival

Silkworms in the reference group, which was inoculated 
with bacterial cell suspension alone, started to die at 48 
hours after inoculation, and all the silkworms died after 
72 hours, whereas all the silkworms in the sterile saline 
(control) and amikacin inoculation groups survived 
(Figure 2). These results indicate that the effect of 
administration of bacterial cell suspension alone on the 
survival of silkworms tended to increase with time after 
48 hours, while that of amikacin alone did not.
	 Next, we evaluated silkworm survival rates by 
inoculating infected silkworms with amikacin within 
30 seconds and 24 hours (Figure 2). In the group of 
silkworms inoculated with amikacin 24 hours later, 
mortality increased predominantly at high amikacin 
concentrations (more over 16.5 μ/mL).

and 130 μg/larva) of amikacin (FUJIFILM Wako Pure 
Chemical CO., Ltd., Osaka, Japan) within 30 seconds 
and 24 hours (the reference group). Silkworms were kept 
without feeding in an incubator at 27°C. Each group 
had 20 silkworms. The survival rate of silkworms after 
infection was determined at 48 hours. Next, the ED50 
values were determined as the amount of amikacin of 
silkworms required for a 50% survival rate at 72 hours 
post-infection. To confirm the dilution concentrations 
of amikacin, the quality control strains used in this 
study include Staphylococcus aureus ATCC 29213 and 
Escherichia coli ATCC 25922.

3. Results

3.1. Histopathological analysis of the silkworm Nocardia 
infection model

No tissue damage was observed in the infected 
silkworms compared with non-infected controls (Figure 
1). In the HE stained tissue specimen of the silkworms 
with infection, bacteria were found in the hemolymph, 
and showed filamentous branching bacilli (Figure 1). 
The formation of filament morphology of the bacterium 
indicated that the bacterium had established and grown in 
the hemolymph. The location of the filament morphology 
of the bacterium was mainly around the fat body in the 
hemolymph, not in the muscular and capsular cell layer 
of the mid-gut, and no invasion into the fat body tissue 
was observed.

Figure 1. Histopathological analysis. Hematoxylin-eosin staining (100× magnification) was shown non-infected with N. farcinica TUTN006 
strain (control, a) and infected with N. farcinica TUTN006 strain (b). (1) Hemolymph. (2) Gut lumen. No tissue damage was observed in the 
infected silkworms. Hematoxylin-eosin staining and observed under a microscope (200 × magnification) was showed infected with N. farcinica 
TUTN006 strain (c). (1) Hemolymph. (2) Gut lumen. (3) Branching bacilli. (4) Intestinal membrane cell layer. (5) Skin. Bacteria were found in 
the hemolymph, and showed filamentous branching bacilli. Gram staining (1000 × magnification) was showed at 15 (d), 18 (e), 24 (f), 28 (g), and 
40 (h) hours after infection showing the Gram-positive, filamentous branching bacilli and beaded structure. Bacterial cells surrounded a granule-
like mass.
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3.3. ED50 values in the infected silkworms to amikacin 
inoculation at two points time

We evaluated ED50 values by inoculating infected 
silkworms with amikacin 30 seconds and 24 hours after 
infection. The ED50 values of inoculation within 30 
seconds and 24 hours of amikacin were 4.1 μg/larva and 
5.6 μg/larva, respectively. These results are consistent 
with our previously reported results (22) and are 
reproducible.

4. Discussion

In this study, our histopathological analyses demonstrated 
that N. farcinica develops filamentous forms in vivo 
in the silkworm Nocardia infection model. To our 
knowledge, this study is the first report to demonstrate 
the filamentous forms of Nocardia species in vivo in 
the silkworm. It was found in the present study that 
the coccoid form of Nocardia is transformed into a 

filamentous form during the growth process. This is one 
of the characteristics of Nocardia transformation (25,26). 
N. farcinica is often observed as branched bacterial 
filaments by Gram staining in clinical specimens from 
patients with nocardiosis (27,28). The study using a 
mouse model similarly developed a filamentous form 
(29). Therefore, the growth process of Nocardia in 
the silkworm infection model was consistent with that 
reported in the mouse model. The form of coccid and 
filament in Nocardia has been shown to undergo both 
complex structural and chemical modification (30). 
These changes in structure have significant effects 
on nocardial virulence and host-parasite interactions. 
Virulence and toxicity in the filamentous form were 
consistently stronger than the coccoid cells in the study 
using the infected mouse model (31-33).
	 In this study, silkworms started to die after 48 
hours when the filament morphology of the organism 
becomes larger. This finding suggests that the growth of 
filamentation may contribute to survival in the silkworm 

Figure 2. Evaluation of survival rates. Silkworms were injected with saline (50 μL) (control), N. farcinica TUTN006 strain cell suspension 
(1.75 × 107 cells per 50 μL) or amikacin (130 μg/larva) at 27°C, (a) The survival curves were drawn using the Kaplan-Meier method. Evaluation 
of survival rates. Silkworms were injected with N. farcinica TUTN006 cell suspension (1.75 × 107 cells per 50 μL). Amikacin at 1.0-130 μg/larva 
was then administered within 30 seconds or 24 hours after (b-j). The survival curves were drawn using the Kaplan-Meier method. Each symbol 
indicates the following: *P < 0.05; **P < 0.01; ****P < 0.0001.
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infection model. The silkworm Nocardia infection 
model may be a useful alternative to the mouse model 
for studying the pathogenicity in vivo form during 
the growth process of Nocardia. However, the tissue 
damage in silkworms, unlike a murine model, was quite 
limited in the present study, suggesting that silkworms 
may secrete protective agents or maintain their immune 
system against Nocardia infection, which may be 
elucidated by further molecular analysis.
	 The morphology of the organism at the lesion site 
in patients with N. farcinica infection is a filamentous 
form (27,34-36) . Therefore, antimicrobial therapy in 
many cases is directed against filamentous forms of 
the organism. However, no quantitative evaluation of 
the effectiveness of antimicrobials against filamented 
organisms has been reported to date. Also, no studies 
were identified that evaluated the therapeutic effects 
of antimicrobial agents against filamentous forms 
of Nocardia in mice. Thus, this study demonstrated 
that the silkworm Nocardia infection model is able to 
quantitatively evaluate the therapeutic effect of amikacin 
against filamentous forms. In addition, the evaluation 
of the therapeutic effect of amikacin by differences in 
morphology of the coccoid forms and filamentous form 
of Nocardia was consistent. This trend in humans was 
consistent with that reported in Nocardiosis in Japan (37). 
Therefore, the silkworm model is useful for evaluating 
the therapeutic effectiveness of antimicrobial agents 
adapted to various morphological changes in Nocardia 
infections. Furthermore, the survival rate of silkworms in 
the high-concentration amikacin-only inoculation group 
was the same as that in the sterile saline-only group, 
and it maintained a high survival rate of silkworms. 
Therefore, high concentrations of amikacin are not 
toxic to silkworms. However, we found that groups 
of silkworms inoculated with high concentrations of 
amikacin after 24 hours in the infected silkworms had 
significantly higher mortality rates. These findings raised 
the following possibilities: the administration of high 
concentrations of amikacin is effective in the early stages 
of Nocardia infection, but it may weaken the host's 
resistance to infection once the infection has progressed. 
The establishment of a silkworm model for the purpose 
of screening for the side effects of antibiotics will be an 
important future research topic.
	 The present study was able to reproduce the bacterial 
morphology of N. farcinica in the silkworm Nocardia 
infection model over time. We further speculated that this 
model has the potential for a more clinical assessment of 
antimicrobial efficacy against morphological changes of 
Nocardia in antimicrobial susceptibility testing.
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intracytoplasmic sperm injection

Xiayan Fu1,§, Wenli Cao1,§, Feijun Ye1, Jialu Bei1, Yan Du2,3,*, Ling Wang3,4,5,*

1 Reproductive Medicine Center, Zhoushan Maternal and Child Health Care Hospital, Zhoushan, Zhejiang, China;
2 Clinical Research Unit, Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China;
3 Laboratory for Reproductive Immunology, Obstetrics and Gynecology Hospital of Fudan University, Shanghai, China;
4 The Academy of Integrative Medicine, Fudan University, Shanghai, China;
5 Shanghai Key Laboratory of Female Reproductive Endocrine-related Diseases, Shanghai, China.

polycystic ovary syndrome, insulin resistance, oocyte quality, pregnancy outcomes

This study aimed to evaluate the effect of astaxanthin compound nutrient (ACN) complementary 
therapy on pregnancy outcomes in polycystic ovary syndrome (PCOS) patients undergoing in vitro 
fertilization/intracytoplasmic sperm injection (IVF/ICSI). This study enrolled 92 patients with PCOS 
who were continuously supplemented with ACN for three months prior to IVF/ICSI treatment from 
2021 to 2023, and selected 92 patients who did not receive the treatment during the same period 
as controls. Baseline characteristics, ovulation induction outcomes, and pregnancy outcomes were 
compared between the two groups. In addition, the body mass index (BMI), anti-Müllerian hormone 
(AMH), antral follicle counting (AFC), fasting blood glucose (FBG), fasting insulin (FINS), 
homeostasis model assessment of insulin resistant (HOME-IR), and basal sex hormones of the 
supplementary group patients before and after treatment were compared. The results showed that 
there were no significant differences in the patient's duration of stimulation, total gonadotropin dose, 
peak E2 levels, and number of retrieved oocytes between the two groups. However, the number of 2 
pronucleus (PN) fertilization, transferable embryos, and high-quality embryos was significantly higher 
in the ACN group compared with the control group. For both fresh and frozen embryo transplantation, 
positive pregnancy outcomes increased in PCOS patients who received supplementation of ACN for 
3 months. In addition, after 3 months of supplementing with ACN, the patient's BMI, AMH, fasting 
insulin, HOME-IR, basal luteinising hormone (bLH), and basal testosterone (bT) decreased compared 
to before treatment. This study suggested that ACN improved insulin resistance, hormone levels, 
embryo quality and pregnancy outcomes in PCOS patients.

1. Introduction

Polycystic ovary syndrome (PCOS) is a highly 
heterogeneous disease featured by ovulation dysfunction, 
polycystic ovary morphology, and hyperandrogenism, 
often accompanied by endocrine disorders such as 
obesity and disorders of glucose and lipid metabolism. 
Seventy-five percent of underweight and 95% of 
overweight women with PCOS have insulin resistance 
(IR) (1). IR is not only related to ovulation disorders 
and hyperandrogenicity in PCOS patients, but also 
increases the risk of cardiovascular and other metabolic 
diseases in PCOS patients (2). In recent years, research 

has found that up to 80% of PCOS patients suffer from 
serious damage to their endocrine and reproductive 
health, leading to infertility as well as a younger age of 
occurrence (3), which has become a challenge in the 
reproductive field. Due to the complexity of the etiology 
and the diversity of symptoms, the cure of PCOS is 
relatively difficult. One of the treatment strategies 
recommended in the 2023 International Evidence-based 
Guideline of PCOS is healthy lifestyle, including diet and 
exercise interventions (4). Women with PCOS often lack 
some common vitamins, vitamin nutrients, and minerals. 
Supplementation of individual nutrients may improve the 
symptoms and severity of PCOS patients by influencing 
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key pathways, such as insulin signaling, IR, and lipid 
metabolism. Therefore, nutritional supplementation as an 
adjunct to traditional lifestyle treatments for PCOS can 
provide additional benefits (5).
	 Astaxanthin compound nutrient (ACN, Yunlike®) 
is a complex dietary supplement that contains D-chiro 
inositol (DCI), astaxanthin, L-carnitine, inulin, and 
α-linolenic acid (ALA). It is suitable for women with 
infertility, undergoing in vitro fertilization, or women 
of advanced maternal age preparing for pregnancy. 
Previous studies have shown the beneficial effects in 
improving PCOS condition of each ingredient (6-13). 
Our own practice also suggested that ACN is effective 
in improving insulin resistance, ovarian function, and 
oocyte quality. However, the clinical efficacy of ACN 
lacks the support of evidence-based medicine. Therefore, 
we conducted a single center study to evaluate the 
clinical efficacy of ACN supplementation in PCOS 
patients prior to IVF/ICSI (Figure 1).

2. Materials and Methods

2.1. Study population

PCOS patients who met the new diagnostic criteria of 
Rotterdam (4) and underwent IVF/ICSI-ET at Zhoushan 
Maternal and Child Health Hospital from 2021 to 2023 
were screened. Patients with combined chromosomal 
abnormalities and those who have already taken other 
medications to treat PCOS, such as oral contraceptives, 
liver and kidney dysfunction, thyroid dysfunction, 
hyperprolactinemia, and any other endocrine disorder 
causing increased androgen were excluded from the 
study.
	 We enrolled 94 patients with PCOS who received 

ACN supplementation for 3 months prior to IVF/ICSI 
treatment as the supplement group, 2 of whom were lost 
to follow-up. For the control group, 92 patients with 
PCOS who did not receive any drug supplementation 
prior to IVF/ICSI treatment during the same period were 
selected. The study was approved by the Institutional 
Review Board of Zhoushan Maternal and Child Health 
Hospital and followed the guidelines established in the 
Declaration of Helsinki 2013 for research involving 
human participants (Reference No. 2024024).

2.2. Ovarian stimulation and oocyte retrieval

All enrolled patients were treated with an antagonist 
regimen for superovulation induction. Starting from 
the 3rd day of the menstrual cycle, gonadotropin 
(Gn, uniformly selected recombinant human follicle 
stimulating hormone injection, 450 IU/tube, Merck 
Serrano, Sweden) 150-225 IU was injected to stimulate 
ovulation. On the 6th to 8th day of the menstrual cycle 
or when serum LH > 5IU/L, GnRH-A (uniformly 
selected injection of cetuximab acetate, 0.25mg/
tube, Merck Serrano, Sweden) 0.25 mg was injected. 
Regular monitoring of B-ultrasound and serum sex 
hormone levels were applied to adjust Gn dosage. When 
B-ultrasound detected 2 or more follicles with a diameter 
> 18mm, stop using Gn and inject HCG 5,000-10,000 
U trigger. After 36.5 hours, puncture was performed for 
oocyte retrieval.

2.3. Embryo transfer plan

After oocyte retrieval, fertilization was performed 
through IVF or ICSI, depending on the patient's 
cond i t i ons  (e .g .  whe the r  t he re  was  ova r i an 
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Figure 1. Study flowchart. A total of 201 patients met the diagnostic criteria of PCOS, of which 15 patients were excluded. Among included 
patients, 94 PCOS patients received continuous ACN supplementation for 3 months before IVF/ICSI treatment, of whom 2 patients were lost to 
follow-up. For the control group, 92 PCOS patients who did not supplement any nutrients except folic acid were included, and no one was lost to 
follow-up.
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3-months of ACN supplementation were compared using 
paired Student t-test. All data were analyzed by using 
SPSS 28.0 version, and the threshold of significance was 
bilateral P < 0.05.

3. Results

3.1. Participant characteristics

The 184 PCOS patients ranged in age from 24 to 42 
years, and BMI ranged from 17.06 kg/m2 to 32.27 kg/m2. 
The ACN and control groups each contained 92 PCOS 
patients. In general, the baseline characteristics are 
comparable between the two groups (P > 0.05 for all), as 
presented in Table 1.

3.2. ART outcomes

As for the ART outcomes, the duration of stimulation, 
total gonadotropin dose, Peak E2 levels and the number 
of retrieved oocytes showed no significant differences 
between the two groups (P > 0.05 for all, Table 2). 
However, compared to the control group, the number of 
2PN fertilization (10.85 ± 3.77 vs. 9.07 ± 3.06, P = 0.04), 
transplantable embryos (7.96 ± 2.88 vs. 6.01 ± 1.98, P = 
0.02), and high-quality embryos (4.34 ± 2.51 vs. 3.16 ± 
1.87, P < 0.001) were significant increased in the ACN 
group, as shown in Table 2.

3.3. Pregnancy outcomes

The pregnancy outcomes between the two groups are 
shown in Table 3. There were 25 cases in the ACN group 
underwent fresh embryo transfer, 67 cases underwent 
frozen embryo transfer; while the control group had 23 
cases and 69 cases underwent fresh and frozen embryo 
transplantation, respectively. There was no significant 
difference in biochemical pregnancy, miscarriage, 
and ectopic pregnancy rates between the two groups, 
regardless of the embryo transfer methods. However, 
the positive pregnancy outcome was significantly higher 
than that in the control group (fresh embryo transfer, 
44.00% vs. 34.78%, P = 0.03; frozen embryo transfer, 
49.25% vs. 43.48%, P = 0.04).

3.4. Comparison of indicators in the supplementary 
group after 3 months of ACN supplement

After 3 months of ACN supplementation, the general 
indicators of the patients are compared, as shown in 
Table 4. Compared with before supplementation, there 
was no significant difference in AFC, FBG, bFSH, bE2, 
and bP among patients treated with ACN for 3 months. 
However, after 3 months of ACN supplementation, the 
patient's BMI (22.83 ± 3.11 kg/m2 vs. 20.09 ± 3.13 kg/
m2, P = 0.03), AMH (7.13 ± 3.11 ng/mL vs. 5.88 ± 2.97 
ng/mL, P = 0.02), fasting insulin (15.09 ± 5.84 μU/

hyperstimulation syndrome, infection, hydrosalpinx, 
etc.). If transplanted, intramuscular injection of 60 mg/
day progesterone injection was started after oocyte 
retrieval, and continued for three days to provide corpus 
luteum support. On the third day, two high-quality 
embryos were routinely selected and transplanted into 
the patient's uterine cavity. Luteal support was performed 
after transplantation.
	 If frozen embryo transfer was performed, hormone 
replacement regimen would be used to prepare the 
endometrium. Starting from the 3rd to 5th day of 
menstruation, 4 mg/day of estradiol valerate tablets 
(Bayer, Germany) were given for 5 consecutive days. 
From the 6th day onwards, the dosage was changed 
to 6 mg/day, and subsequently adjusted according to 
the patient's endometrial and blood hormone levels. 
When the thickness of the endometrium reached 8 mm, 
intramuscular injection of progesterone 60 mg/day was 
performed to transform the endometrium. After three 
consecutive days, two high-quality embryos were taken 
and transplanted into the patient's uterine cavity. Luteal 
support was performed post transplantation.
	 Urine pregnancy test or blood hCG quantification test 
was conducted 12 days after transplantation. For hCG 
positive patients, the first vaginal ultrasound examination 
should be performed 21 days after transplantation to rule 
out ectopic pregnancy. After 28 days of transplantation, 
ultrasound examination should be performed again to 
assess the number and development of embryos.

2.4. Data collection

Basic information, including age, height, weight, years 
of infertility, type of infertility, baseline sex hormones, 
AMH, AFC, FBG, and FINS levels was collected. The 
following variables were also collected after 3 months of 
ACN supplement: body weight, basal hormone levels, 
AMH, AFC, FBG, and FINS levels. BMI was calculated 
as weight (kg)/height (m)2. HOME-IR was calculated as 
FBG (mmol/L) × FINS (μU/mL)/22.5.
	 The following variables of assisted reproductive 
technology (ART) were collected: Gn dosage, Gn days, 
total number of retrieved oocytes, 2PN fertilization rate, 
the number of transferable embryos, and the number of 
high-quality embryos. Pregnancy outcomes of patients 
undergoing frozen embryo transfer or fresh embryo 
transfer were followed-up.

2.5. Statistical analysis

Continuous variables conforming to the normal 
distribution were expressed in mean ± standard deviation 
and student t-test was used for comparison. Categorical 
variables were represented as numbers and percentages, 
and compared with chi-square tests. In addition, BMI, 
AMH, AFC, FBG, FINS, HOME-IR, and basal sex 
hormones of the experimental group patients after 
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mL vs. 12.01 ± 4.13 μU/mL, P = 0.01), and HOME-IR 
(2.71 ± 2.01 vs. 1.91 ± 1.09 μU/mL, P = 0.02) decreased 
significantly. At the same time, after supplementation 
with ACN, the patient's basal LH (9.93 ± 2.08 IU/L vs. 
7.14 ± 1.97 IU/L, P = 0.03) and basal T (2.81 ± 0.98 
nmol/L vs. 1.84 ± 0.86 nmol/L, P = 0.01) levels were 
significantly decreased.

4. Discussion

As one of the main causes of female infertility, about 
10% of PCOS patients seek ART treatment to aid in 
pregnancy (3). In this study, we retrospectively collected 

92 PCOS patients who received ACN supplementation 
for 3 months prior to IVF/ICSI treatment, and selected 92 
PCOS patients who did not receive any supplementation 
as controls. Our results showed that after complementary 
treatment with ACN, the number of 2PN fertilization, 
high-quality embryos, and transferable embryos 
significantly increased, and the positive pregnancy 
outcomes of fresh and frozen embryo transplantation also 
improved.
	 The etiology of PCOS is complex. Research has 
shown that excessive androgen, IR combined with 
hypothalamic pituitary dysfunction leading to ovarian 
dysfunction and ovulation disorders are the main 

Table 1. Clinical characteristics

Characteristics

Age, years
Years of infertility, years
Infertility type, n (%)
     Primary infertility
     Secondary infertility
BMI, kg/m2

AMH, ng/mL
AFC, n
FBG, mmol/L
FINS, μU/mL
HOME-IR
bFSH, IU/L
bLH, IU/L
bE2, pg/mL
bT, nmol/L
bP, pmol/L

BMI: body mass index; AMH: anti-Müllerian hormone; AFC: antral follicle count; FBG: fasting blood glucose; FINS: fasting insulin; HOME-IR: 
homeostasis model asses sment of insulin resistant; bFSH: basal follicle-stimulating hormone; bLH: basal luteinising hormone; bE2: basal estradiol; 
bT: basal testosterone; bP: basal progesterone.

ACN group (n = 92)

31.51 ± 3.03
  3.17 ± 2.47

      54 (58.7%)
      38 (41.3%)
22.83 ± 3.11
  7.13 ± 3.11
13.02 ± 2.01
  5.96 ± 1.87
15.09 ± 5.84
  2.71 ± 2.01
  5.67 ± 1.73
  9.93 ± 2.08
34.05 ± 7.95
  2.81 ± 0.98
  1.09 ± 0.58

Control group  (n = 92)

31.79 ± 3.39
  2.95 ± 2.53

61 (66.30%)
31 (33.70%)
22.37 ± 2.62
  7.80 ± 3.68
13.43 ± 1.98
  5.88 ± 1.63
16.55 ± 6.09
  3.68 ± 2.43
  5.83 ± 1.49
10.06 ± 2.15
32.60 ± 8.39
  2.69 ± 1.08
  0.96 ± 0.78

P value

0.62
0.61

0.38

0.35
0.25
0.57
0.63
0.27
0.16
0.36
0.73
0.47
0.18
0.23

Table 2. Assisted reproductive technology (ART) outcomes

Parameters

Duration of stimulation, days
Total gonadotropin dose, IU
Peak E2 levels, pg/mL
Number of retrieved oocytes
Number of 2PN fertilization
Number of transferable embryos
Number of high-quality embryos

ACN group (n = 92)

  9.09 ± 2.60
2179.15 ± 455.16
4383.29 ± 899.17

14.88 ± 5.31
10.85 ± 3.77
  7.96 ± 2.88
  4.34 ± 2.51

Control group  (n = 92)

  9.73 ± 2.78
2236.97 ± 540.65
4199.16 ± 815.67

14.60 ± 5.38
  9.07 ± 3.06
  6.01 ± 1.98
  3.16 ± 1.87

P value

 0.39
 0.18
 0.14
 0.71
 0.04
 0.02

< 0.001

Table 3. Pregnancy outcomes

Pregnancy outcome

Fresh embryo transfer, n (%)
     Biochemical pregnancy, n (%)
     Positive pregnancy outcome, n (%)
     Miscarriage, n (%)
     Ectopic pregnancy, n (%)
Frozen embryo transfer, n (%)
     Biochemical pregnancy, n (%)
     Positive pregnancy outcome, n (%)
     Miscarriage, n (%)
     Ectopic pregnancy, n (%)

ACN group (n = 92)

25 (27.17%)
1 (4.00%)

11 (44.00%)
1 (4.00%)
1 (4.00%)

67 (72.82%)
4 (5.97%)

33 (49.25%)
2 (3.00%)
2 (3.00%)

Control group  (n = 92)

    23 (25.00%)
    1 (4.35%)

      8 (34.78%)
    1 (4.35%)
    1 (4.35%)

69 (75%)
    5 (7.25%)

    30 (43.48%)
    3 (4.35%)
    2 (2.90%)

P value

0.77
0.81
0.03
0.81
0.81
0.77
0.08
0.04
0.38
0.89
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mechanisms of infertility in PCOS patients (14). 
Previous studies have shown that supplementation of 
multiple nutrients can improve IR in PCOS patients 
(5,15). However, it is not clear whether the composite 
components are beneficial for superovulation and 
pregnancy outcomes in PCOS patients. To the best of our 
knowledge, our study is the first of its kind to investigate 
the synergistic effects of different nutrients (ACN) on 
PCOS patients.
	 ACN contains active ingredients which have 
been respectively proven to be beneficial in PCOS 
patients receiving ART. It was observed that decreased 
availability of DCI in plasma or increased excretion 
of DCI in urine was associated with IR, supporting 
the role of DCI as an insulin sensitizer (16). An early 
study about DCI on PCOS patients showed that the 
DCI group (n = 22) had increased insulin sensitivity, 
decreased free testosterone levels, and significantly 
higher ovulation rates than the placebo group (n = 22) 
(86% vs. 27%, P < 0.05 for all) (7). Astaxanthin is a 
ketocarotenoid, super antioxidant molecule (8). It has 
various biological activities such as clearing free radicals, 
antioxidation, enhancing immunity, and anti-aging. In 
animal experiments, astaxanthin can inactivate the Wnt/
β-Catenin signal by upregulating Klotho and activate 
the MEK/ERK signal, thereby preventing inflammatory 
reactions, improving hormone levels in PCOS rats, and 
improving symptoms of obesity and polycystic ovary 
morphology (9). An in vitro experiment on primary 
culture of human granulosa cells showed that DCI can 
reduce the expression of cytochrome P450 family 19 
subfamily A member 1 (CYP19A1), P450Side-chain 
cleavage (P450scc), and insulin-like growth factor-
1R (IGF-1R), indicating that DCI can reduce the 
production of steroidogenic enzymes by antagonizing 
the action of insulin (17). A randomized clinical trial 
showed that after taking astaxanthin for 8 weeks, FBG, 

insulin, and HOMA-IR levels in PCOS patients were 
significantly reduced (18). It is reported that thin women 
with PCOS had lower levels of L-carnitine, which was 
mainly related to hyperandrogenism and IR (19). After 
supplementing PCOS patients with L-carnitine, their 
insulin sensitivity and glucose tolerance tests were 
significantly improved (11). Different aggregation levels 
of inulin can improve metabolic outcomes, androgen 
status, and clinical manifestations in PCOS patients by 
reducing total testosterone, free androgen index, BMI, 
fasting insulin, and HOMA-IR levels (20). Animal 
experiments have shown that supplementing with inulin 
can improve the estrus cycle and ovarian morphology 
of PCOS mice, reduce luteinizing hormone levels, 
increase serum levels of FSH and interleukin (IL)-22, 
and regulate gut microbiota and bile acid profile (21). 
Flaxseed oil rich in ALA improved the estrus cycle, 
ovarian morphology, steroid hormone imbalance, weight, 
lipid abnormalities, and IR in mice (22). It also improved 
plasma and ovarian inflammatory IL-1β, IL-6, IL-10, IL-
17A, monocyte chemotactic protein-1 and tumor necrosis 
factor (TNF)-α (22). Consistent with previous findings, 
our study confirmed that after taking ACN for 3 months, 
BMI, AMH, fasting insulin, and HOME-IR improved 
significantly, while basal LH and T also decreased 
significantly compared to before the treatment.
	 Previous studies have also suggested that nutrients 
were beneficial for improving ART outcomes in 
PCOS patients. A study of seven oocyte quality 
markers in patients with PCOS receiving ICSI showed 
that high-dose DCI helped improve oocyte quality 
(23). It is speculated that DCI participates in oocyte 
activation and increases granulosa cell activity through 
phosphatidylinositol-3-kinase. Another study showed 
that supplementation with astaxanthin in PCOS 
significantly increased the expression of oxidative stress 
factors such as Nrf2, HO-1, and NQ-1 in its granulosa 
cells. In addition, the rates of metaphase II oocytes and 
high-quality embryos significantly increased, while there 
was no significant intergroup difference in biochemical 
pregnancy and clinical pregnancy rates (24). In a PCOS 
rat model, after adjuvant treatment with astaxanthin, the 
expression levels of IL-6, TNF-α and NF-κ in ovarian 
tissue decreased, as well as the malondialdehyde level, 
while the level of superoxide dismutase increased 
(25). Therefore, it is speculated that astaxanthin can 
protect ovary from oxidative stress damage. A study of 
214 infertile women receiving oral L-carnitine during 
IVF cycles reported that the total number of oocytes 
retrieved, oocyte maturation rate, and fertilization rate 
before and after supplementing with L-carnitine showed 
no significant differences, but the embryo quality 
significantly improved (26). However, our results were 
slightly different. It is possible that the high number of 
2PN insemination in our experimental group may be due 
to other components in pregnancy. Some studies have 
shown that antioxidant properties of L-carnitine can 

Table 4. Comparison of indicators in the supplementary 
group after 3 months of ACN supplementation

Parameters

BMI, kg/m2

AMH, ng/mL
AFC, n
FBG, mmol/L
FINS, μU/mL
HOME-IR
bFSH, IU/L
bLH, IU/L
bE2, pg/mL
bT, nmol/L
bP, pmol/L

BMI: body mass index; AMH: anti-Müllerian hormone; AFC: antral 
follicle count; FBG: fasting blood glucose; FINS: fasting insulin; 
HOME-IR: homeostasis model assessment of insulin resistant; bFSH: 
basal follicle-stimulating hormone; bLH: basal luteinising hormone; 
bE2: basal estradiol; bT: basal testosterone; bP: basal progesterone.

Before treatment 
(n = 92)

22.83 ± 3.11
  7.13 ± 3.11
13.02 ± 2.01
  5.96 ± 1.87
15.09 ± 5.84
  2.71 ± 2.01
  5.67 ± 1.73
  9.93 ± 2.08
34.05 ± 7.95
  2.81 ± 0.98
  1.09 ± 0.58

After treatment  
(n = 92)

20.09 ± 3.13
  5.88 ± 2.97
12.86 ± 1.95
  5.04 ± 1.67
12.01 ± 4.13
  1.91 ± 1.09
  5.02 ± 2.11
  7.14 ± 1.97
32.79 ± 6.93
  1.84 ± 0.86
  0.99 ± 0.47

P value

0.03
0.02
0.21
0.48
0.01
0.02
0.45
0.03
0.29
0.01
0.22
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improve and maintain mitochondrial activity in oocytes, 
obtain high-quality oocytes with high developmental 
ability, thus improving embryo quality (27).
	 In conclusion, ACN, a complex dietary supplement, 
can improve IR, hormone levels, embryo quality and 
pregnancy outcomes in PCOS patients. It is recommended 
that PCOS patients receive ACN supplementation for 3 
months before entering the IVF/ICSI cycle to improve 
their pregnancy outcomes.
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Electrolytic-reduction ion water protects keratinocytes from 
hydrogen peroxide through radical scavenging activity and 
induction of AQP3 expression
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antioxidant, electrolytic-reduction ion water, Electron Spin Resonance, heme oxygenase-1, 
aquaporin 3

Skin exposed to ultraviolet light produces hydrogen peroxide (H2O2) and reactive oxygen species 
(ROS) that cause protein denaturation and other disorders. We investigated whether electrolytic-
reduction ion water (ERI), which has reducing properties and has been reported to protect skin, 
exhibits antioxidant activity in skin keratinocytes. The antioxidant activity of ERI was first 
examined using DPPH assay and Electron Spin Resonance to test for radicals, and using the Amplex 
Red method to test for H2O2. Concentration-dependent scavenging of hydroxyl radical but no 
H2O2 depletion were detected. An investigation of the expression of heme oxygenase-1, which is 
upregulated by oxidative response in cells, showed an increase through H2O2 oxidation, which was 
inhibited by ERI in a concentration-dependent manner. This suggests that ERI directly removes ROS. 
Quantitative real-time polymerase chain reaction analysis was performed to determine whether ERI 
regulates the expression of aquaporin 3 (AQP3), a known H2O2 transporter. This analysis revealed that 
ERI enhances AQP3 expression in a concentration-dependent manner and is involved in the transport 
of intracellular H2O2 to the extracellular space. In addition, ERI inhibited H2O2-induced cytotoxicity 
in a concentration-dependent manner. These results suggest that ERI protects keratinocytes from ROS 
by directly scavenging them and indirectly by eliminating them through the promotion of the efflux 
of intracellular H2O2.

1. Introduction

The epidermal layer of the skin plays a fundamental 
role in the defense against environmental pathogens. 
In addition, moisture is essential for organisms, and 
they must have a mechanism to prevent moisture loss 
from the epidermis. Keratinocytes, which constitute 
the predominant cell type of the stratum corneum, 
produce protective factors such as ceramide (1) and 
hyaluronic acid (2) to protect against invasion of 
external substances and moisture loss. Ultraviolet (UV) 
radiation comprises wavelengths present in sunlight 
that may cause substantial damage to organisms (3) by 
inducing the generation of H2O2 and reactive oxygen 
species (ROS) (4). ROS cause lipid oxidation, protein 

denaturation, and DNA damage. UV radiation also 
causes disorders of the skin's defensive system, as well 
as wrinkle formation and skin hyperpigmentation. 
Because wrinkling, pigmentation, and sagging are signs 
of skin aging, UV-induced skin modifications are also 
referred to as photoaging. Suppressing excessive ROS 
production in the epidermis to protect the body from UV 
radiation and other damages is a crucial skin-metabolic 
function.
	 Electrolytic-reduction ion water (ERI) contains 
0.3% mineral salts, such as sodium, potassium, calcium, 
magnesium, chlorine, silicon and phosphorus, and has a 
weak basicity and high reducing properties. Studies have 
reported beneficial effects of ERI such as improvement 
in skin burns (5-7) and atopic dermatitis (8). While 
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clarifying the mechanism through which ERI improves 
dermatitis, we reported that ERI enhances the expression 
of CerS3 (ceramide synthase 3) and ELOVL7 (very 
long chain fatty acid elongase 7), enzymes involved in 
ceramide synthesis (9). The observed anti-inflammatory 
effects were believed to be due to the increase in skin 
ceramide content, which enhances the protective 
function of the skin. ROS scavenging is also expected 
to be involved in the skin's protective function, but 
antioxidant effects of ERI on cells have not yet been 
reported.
	 The Nrf2-Keap1 system is a mechanism of biological 
response of cells to oxidative stress and is responsible for 
maintaining cellular homeostasis (10). In the absence of 
oxidative stress, Nrf2 is retained in the cytoplasm by the 
inhibitor Keap1, which inhibits its nuclear translocation, 
thereby suppressing gene expression. In oxidative stress-
exposed cells, the Nrf2-inhibitory mechanism of Keap1 
is unlocked and the nucleus-translocated Nrf2 induces 
the expression of oxidative stress response genes such 
as glutathione synthetase and heme oxygenase-1 (HO-
1) (11). Therefore, genes induced by the Nrf2-Keap1 
system can be used as indicators of cellular oxidative 
stress. In the present study, we sought to clarify 
whether ERI can exert its antioxidant effect on cells by 
evaluating the expression of HO-1, which is regulated 
by Nrf2-Keap1, as an indicator of this direct antioxidant 
effect. In addition, we examined the effect of ERI on the 
expression of aquaporin 3 (AQP3), a known transporter 
of H2O2, as an indirect mechanism of antioxidant effect.

2. Materials and Methods

2.1. Materials

ERI was obtained from AI System Products (Aichi, 
Japan). Normal human epidermal keratinocytes 
(NHEKs) were purchased from PromoCell (Heidelberg, 
Germany). All other chemicals were of reagent grade. 
The NHEKs were cultured in Keratinocyte Growth 
Medium 2 (PromoCell) under humidified air containing 
5% CO2 at 37°C.

2.2. DPPH antioxidant assay

The antioxidant activity of ERI was measured via DPPH 
assay. ERI was mixed with the DPPH (1,1-diphenyl-2-
picrylhydrazyl radical; 2,2-diphenyl-1-picrylhydrazyl; 
Dojindo, Kumamoto, Japan) solution, and the mixture 
was incubated in the dark at 25°C for 30 min. The 
antioxidant activity was measured at 520 nm using a 
microplate reader (VersaMAX, Molecular Devices, San 
Jose, CA, USA).

2.3. Measurement of hydroxyl radical

Fenton reaction was employed to generate hydroxyl 

radical (•OH) by mixing 1.8 mM DMPO (5,5-Dimethyl-
1-pyrroline-N-oxide; Labotec Co. Ltd., Tokyo, Japan), 
0.8 mM H2O2, various concentrations of ERI and 0.08 
mM Fe2+. The mixture solution was transferred to a 
quartz flat cell and X-band ESR spectra were recorded 
using a JES-FA 100 ESR spectrometer (JEOL Ltd., 
Tokyo, Japan). Mn2+ was used as the external standard.

2.4. Measurement of hydrogen peroxide

Amplex Red (N-acetyl-3,7-dihydroxyphenoxazine; 
Chemodex Ltd., St. Gallen, Switzerland) was prepared 
in DMSO and stored at –20℃. Immediately before 
use, the thawed stock solution was diluted in 50 mM 
Tris-HCl buffer, pH7.4. H2O2 solution was mixed with 
various concentrations of ERI, and after respectively 
2 and 24 h, the reaction solution containing Amplex 
Red at 10 μM and 1 U/mL HRP was incubated at room 
temperature for 10 min. Subsequently, the fluorescence 
intensity (ex. 563 nm, em. 587 nm) was measured using 
a spectrofluorophotometer (RF-5300PC; Shimadzu, 
Kyoto, Japan).

2.5. MTT assay

A 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT; Dojindo) assay was used to evaluate the 
effect of ERI on the cellular activity of keratinocytes 
and the inhibitory effect of ERI on H2O2 injury. To this 
end, NHEKs were cultured in Keratinocyte Growth 
Medium 2 (PromoCell) under humidified air with 5% 
CO2 at 37 °C. The cells were subsequently seeded into 
a 96-well plate (104 cells/well) and cultured overnight. 
For the effect of ERI on keratinocytes, we prepared 
the cells by incubating them for 24 h with various 
concentrations of ERI. For the inhibitory effect of ERI 
on H2O2 injury, we cultured keratinocytes with 0.1% 
H2O2 and/or various concentrations of ERI. The cells 
were subsequently treated with 110 µL of Dulbecco's 
modified Eagle's medium containing 0.5 mg/mL MTT 
and incubated at 37°C for 4 h. Thereafter, the formazan 
crystals that formed in metabolically active cells were 
dissolved with 100 µL of 10% sodium dodecyl sulfate 
in 10 mM hydrochloric acid. Spectrophotometric 
absorbance was determined at 560 nm, using a 
microplate reader, and expressed as a percentage of 
cellular activity.

2.6. Quantitative real-time polymerase chain reaction

Cell oxidation was assessed by evaluating HO-1 
mRNA expression through real-time polymerase chain 
reaction (RT-PCR). Keratinocytes (105 cells/well) were 
seeded into a 6-well tissue culture plate and incubated 
overnight. The cells were cultured in media containing 
0.03% H2O2 and/or various ERI concentrations for 24 
h. Total RNA was extracted from the keratinocytes 
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approximately 2.57-fold. ERI decreased this expression 
in a concentration-dependent manner.
	 Because AQP3 expressed in keratinocytes uses 
water, glycerol, and H2O2 as substrates (12), AQP3 
plays a role in skin moisturization and suppresses 
intracellular antioxidant activity to efflux intracellular 
excess H2O2. Therefore, we examined whether ERI 
exerts a cytoprotective effect against indirect oxidative 
stress through AQP3 expression (Figure 2C). H2O2 
did not affect AQP3 mRNA expression, but ERI 
enhanced the expression of AQP3 in a concentration-
dependent manner. This result suggests that ERI exhibits 
a cytoprotective function that is mediated by AQP3. 
Unlike HO-1 expression, gene expression is not affected 
by intracellular oxidation induced by H2O2 treatment, 
which suggests that a different mechanism is involved; 
however, this mechanism remains unknown to date. 
AQP3 in keratinocytes is upregulated by retinoic acid, 
and AQP3 expression is believed to be enhanced through 

using Isogen (Nippon Gene, Tokyo, Japan). cDNA was 
synthesized from the extracted RNA using ReverTra Ace 
(Toyobo, Osaka, Japan) according to the manufacturer's 
instructions. Specific primers were designed to amplify 
human HO-1 (5′-CTTTCAGAAGGGCCAGGTGA-3′ 
and 5′-TCCTCCAGGGCCACATAGAT-3′), human 
AQP3 (5′-CACTCTGGGCATCCTCATCG-3′ and 5′- 
GCCGGTCCTGGTCAAAGAAG-3′), and human 
β-actin (5′-AGTCCTGTGGCATCCACGAAAC-3′ and 
5′- GCAGTGATCTCCTTCTGCATCC-3′). RT-PCR 
was performed using the StepOne system (Applied 
Biosystems, Foster City, CA, USA) or Thermal Cycler 
Dice Real-Time System III (Takara bio, Tokyo, Japan). 
Specificity of the PCR products was verified on the 
basis of the melt curve. Ct values of the samples were 
normalized to that of β-actin, and the relative expression 
was calculated using the comparative Ct method.

2.7. Statistical analysis

Data are presented as the mean ± standard deviation 
(SD). The results were analyzed using the Tukey–
Kramer test performed in R (R Development Core 
Team), and a P-value < 0.05 was considered statistically 
significant.

3. Results and Discussion

Skin keratinocytes were used in this study to evaluate 
the antioxidant effect of ERI on intracellular oxidation 
in the presence of H2O2.
	 First, radical-scavenging activity was evaluated using 
the DPPH method (Figure 1A) and hydroxyl radical 
was detected using the ESR spin trapping technique 
(Figure 1B). These are among the common methods 
for determining the free radical-scavenging capacity 
of substances. The results revealed that ERI scavenged 
DPPH radicals and hydroxyl radical in a concentration-
dependent manner, with an IC50 of respectively 3.37% 
(v/v) and 6.81% (v/v). We also evaluated the scavenging 
capacity of H2O2 when mixed with ERI. No decrease 
in H2O2 was present in the ERI even when reacted at 
concentrations of 50% (v/v) ERI for up to 24 h (Figure 
1C).
	 Next, we evaluated the intracellular antioxidant 
activity of ERI by way of keratinocytes. To determine 
the required concentration of ERI, the cytotoxic potential 
of ERI on keratinocytes was evaluated using the MTT 
test. ERI exhibited no cytotoxicity up to a 5% (v/v) 
concentration (Figure 2A), and this value was therefore 
used as a maximum concentration in subsequent 
experiments. To assess intracellular antioxidant activity, 
we used HO-1, the expression of which is upregulated 
by the Nrf2-Keap1 system, as an indicator of cellular 
oxidative stress. We used 0.03% H2O2 as an ROS 
donor. As shown in Figure 2B, stimulation with 0.03% 
(w/v) H2O2 increased HO-1 mRNA expression by 

Figure 1. Scavenging activity of ERI on free radicals and hydroxy 
peroxide. The scavenging properties of ERI for radicals were measured 
using DPPH radicals (A) and hydroxyl radicals (B), vs. ERI non-
additive as control (implied 100%). Data are shown as the mean ± SD 
(n = 3-4). To assess the decrement activity of hydroxy peroxide of ERI, 
concentrations of hydroxy peroxide were measured with Amplex Red 
(C). Data are shown as the mean ± SD (n = 4-6).
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the retinoic acid receptor (RAR) (13). Therefore, ERI 
can be assumed to enhance AQP3 expression through 
RAR. Further verification is required to validate this 
conclusion.
	 Finally, the inhibitory effect of ERI on 0.1% H2O2-
induced keratinocyte injury was evaluated via an MTT 
assay. ERI inhibited cell injury caused by H2O2 in a 
concentration-dependent manner (Figure 2D). This result 
suggests that ERI may reach the keratinocytes in the 
epidermal layer and protect the skin when the stratum 
corneum is damaged by UV exposure, atopic dermatitis, 
burns, and factors such as H2O2 and ROS generated by 
inflammation. In addition, ERI has been used to deliver 
drugs through the skin, and dissolving drugs in ERI 
reportedly enhances their absorption efficiency without 
damaging the skin (14). Although the mechanism of 
skin-permeability enhancement by ERI has not been 
fully clarified, ERI holds promise as a vehicle with the 
ability to scavenge H2O2 and ROS.
	 In summary, our results indicate that ERI exerts its 
protective effect on keratinocytes by reducing oxidative 
stress through two pathways: one pathway in which ERI 
acts directly on intracellular oxidants and electrophiles to 
reduce oxidative damage, and another pathway in which 
intracellular H2O2 is eliminated through AQP3.
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Panax notoginseng root extract, BDNF, CRTC1, calcineurin, L-VDCC

Brain-derived neurotrophic factor (BDNF), a member of the neurotrophin family, is deeply involved 
in the development and higher function of the nervous system, including learning and memory. 
By contrast, a reduction in BDNF levels is associated with various neurological disorders such as 
dementia and depression. Therefore, the inducers of Bdnf expression might be valuable in ameliorating 
or protecting against a decline in brain functions. We previously reported that, through high-throughput 
screening to identify inducers of Bdnf expression in Bdnf-luciferase transgenic mice, several herbal 
extracts induced Bdnf expression in cortical neurons. In the present study, we found that Panax 
notoginseng root extract (PNRE) potently induced Bdnf expression in primary cultured cortical 
neurons primarily via the L-type voltage-dependent Ca2+ channel (L-VDCC) and calcineurin. PNRE 
promoted nuclear translocation of cAMP-responsive element-binding protein-regulated transcription 
coactivator 1 (CRTC1). These findings suggest that PNRE activates the L-VDCC/calcineurin/CRTC1 
axis, which is the primary signaling pathway involved in the neuronal activity-dependent expression 
of Bdnf. Moreover, we demonstrated that PNRE increased the dendritic complexity of cortical neurons 
in vitro. Thus, by upregulating Bdnf expression, PNRE is a potential candidate for improving cognitive 
impairment seen in several kinds of dementia.

1. Introduction

Overcoming dementia, including Alzheimer disease, 
is an urgent global health issue, and many strategies 
for developing treatments have been proposed. Brain-
derived neurotrophic factor (BDNF) is a member of the 
neurotrophin protein family and plays roles in memory 
and in the survival and differentiation of neurons (1). 
The level of BDNF mRNA is decreased in patients with 
Alzheimer disease (2,3). By contrast, antidepressant 
drugs may increase BDNF levels (4,5), and high 
expression of BDNF in the brain may delay the decline 
in cognitive function caused by aging (6). Therefore, 
upregulating Bdnf expression is a potential therapeutic 
target for the treatment of dementia.
	 Previously, we established a high-throughput 
screening method to identify inducers of Bdnf expression 
using primary cortical cell cultures derived from Bdnf-

luciferase (alias Bdnf-luc) transgenic mice (7). We 
screened 120 herbal extracts and found that several 
extracts, including those from Panax notoginseng root 
(8), contained Bdnf inducers (7). The roots of Panax 
notoginseng (Burkill) F. H. Chen are traditionally used in 
the Chinese medicine and known for its various effects 
on the immune and cardiovascular systems and for its 
antitumor and antiatherosclerotic effects (9). A flavonol 
glycoside from the root of P. notoginseng decreases Aβ-
mediated neurotoxicity (10). However, little is known 
about the effect of Panax notoginseng root extract 
(PNRE) on the nervous system, including its effect on 
regulating gene expression for neurotrophic factors, 
such as BDNF. In the present study, we found that 
PNRE induces Bdnf transcription via the L-type voltage-
dependent calcium channel (L-VDCC) and calcineurin. 
PNRE is also a potent inducer of nuclear translocation of 
the cAMP-responsive element-binding protein (CREB)-
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regulated transcription coactivator 1 (CRTC1), which 
is known as a substrate of calcineurin and a regulator 
of Bdnf. Furthermore, PNRE promoted dendritic 
complexity of cortical neurons.
	 Adminis t ra t ion  of  the  Panax  notoginseng 
root saponin ginsenoside Rg1 to rats ameliorated 
Aβ1–42-induced deficits in learning and memory by 
downregulating Aβ1–42 production and promoting Aβ1–42 
degradation (11). In addition, P. notoginseng root 
saponins upregulated neurogenesis in the hippocampus, 
attenuated the reduction in BDNF protein levels caused 
by cerebral ischemia, activated the mTOR pathway, and 
ameliorated neurological deficits (12). Therefore, PNRE 
in this study might contribute to novel drug designs to 
improve cognitive impairment.

2. Materials and Methods

2.1. Animals

Pregnant female Sprague Dawley rats were purchased 
from Japan SLC (Hamamatsu, Shizuoka, Japan). All 
experiments were performed in accordance with the 
ARRIVE guidelines and the requirements of the Animal 
Care and Experimentation Committee of the University 
of Toyama, Sugitani Campus. The Committee 
approved the protocols with permit Nos. A2022PHA-6, 
A2022PHA-7, A2019PHA-7, A2019PHA-10, and 
A2016PHA-8. Every effort was made to minimize 
animal suffering and the number of animals used.

2.2. Cell culture

Primary cultured cortical cells were prepared and 
maintained as described previously (7). Plastic dishes 
(35 mm diameter, AGC Techno Glass, Shizuoka, Japan) 
were coated with poly-L-lysine (P9155, Sigma, St. 
Louis, MO, USA) and used for real-time quantitative 
PCR experiments. Cortical cells were seeded at 1.8 × 
106 cells/dish. For immunostaining, coverslips (83-0233, 
Matsunami, Osaka, Japan) were coated with poly-D-
lysine (P6407, Sigma) and placed into a well in 12-well 
plates. Cortical cells were seeded at 7.0 × 105 cells/well 
in 12-well plates. Half of the medium was exchanged 
for fresh medium every 3 days.

2.3. Reagents

PNRE was prepared by extracting Panax notoginseng 
root (purchased from Tochimoto Tenkaido (lot No. 
029716001, Osaka, Japan) in autoclaved Milli-Q water 
(10× the volume of herbal medicine) at 100°C for 50 min, 
after which the infusion mixture was filtered. Then, 
the extract was freeze-dried to obtain a powder. The 
powdered extract was redissolved in autoclaved Milli-Q 
water before use. The PNRE was characterized using LC-
IT-TOF ME ESJ (Shimadzu), and the results are shown 

in the Traditional Medical & Pharmaceutical Database 
of the University of Toyama at the following URL 
(https://dentomed.toyama-wakan.net/en/information_
on_experimental_crude_drug_extracts/Panax%20
Notoginseng%20Root-T/EXC278004). DL-APV 
(A5282), nicardipine (N7510) and FK506 (F4679) were 
obtained from Sigma. STO609 (570250, Calbiochem, La 
Jolla, CA, USA) and KN93 (AG-CR1-0065, AdipoGen 
Life Sciences, San Diego, USA) were used.

2.4. RNA isolation and quantitative (q)PCR

Total RNA isolation and the complementary DNA 
synthesis were performed as described previously 
(7). To detect Bdnf and glyceraldehyde-3-phosphate 
dehydrogenase gene (Gapdh) at the mRNA level, PCR 
was performed in 20 μL of 1× SYBR Select Master 
Mix (4472908, Thermo Fisher Scientific) containing 2 
μL of cDNA solution and 0.2 μM of each primer. The 
primer sequences and PCR program is provided in the 
Supplementary material (https://www.ddtjournal.com/
action/getSupplementalData.php?ID=217). The value 
indicating relative expression was obtained by the ratio 
of Bdnf mRNA level/Gapdh mRNA level, and was 
indicated as the fold change, where the vehicle control 
value was regarded as "1".

2.5. Plasmids and antibodies

Enhanced green fluorescent protein (pEGFP-C1) vector 
was purchased from Takara Bio USA (San Jose, CA, 
USA). The following primary goat antibodies were 
used: CF594-conjugated anti-mouse IgG (20110, 
Biotium, Fremont, CA, USA; 1:1,000) and CF488A-
conjugated anti-rabbit IgG (20019, Biotium; 1:1,000). 
Polyclonal rabbit antibodies were used as follows: anti-
GFP (598, Medical & Biological Laboratories, Tokyo, 
Japan; 1:1,000) and anti-transducer of CREB protein 
1 (TORC1) (#A300-769A, Bethyl Lab, Montgomery, 
Texas, USA; 1:500) for detecting CRTC1. A mouse 
monoclonal antibody raised against microtubule-
associated protein 2 (MAP2) (M4403, 1:1,000) was 
purchased from Sigma.

2.6. DNA transfection

Four-day primary cultured cortical cells were transfected 
using a previously described calcium phosphate 
precipitation method (13). The vector expressing EGFP 
(4 μg/well) was transfected.

2.7. Immunostaining

We used an existing method for immunostaining (13) 
with only minor modifications. 4′,6-diamidino-2-
phenylindole (DAPI) was used for nuclear staining. 
MAP2-positive cells were regarded as neurons.

309

https://www.ddtjournal.com/supplementaldata/217


www.ddtjournal.com

Drug Discoveries & Therapeutics. 2024; 18(5):308-313.310

2.10. Statistical analysis

Data sets were compared using a one-way ANOVA 
followed by a Scheffe F test, or by paired or Welch t 
tests. Differences were considered significant when P 
< 0.05/x (where x was the number of tests). Microsoft 
Excel 2013 [version 15.0.5127.1000] was used for all 
statistical analyses.

3. Results and Discussion

We had identified PNRE as an inducer of Bdnf 
expression using high-throughput screening (7). We 
initially examined whether PNRE induces endogenous 
Bdnf mRNA expression via activity-dependent Ca2+ 
channels in primary cultured rat cortical cells. PNRE 
increased Bdnf mRNA expression, and an NMDA 
receptor antagonist, APV, inhibited this increase slightly 
(Figure 1A). By contrast, the PNRE-induced increase 
in Bdnf mRNA expression was strongly inhibited by 
nicardipine, an inhibitor of L-VDCC (Figure 1B). These 
findings suggest that PNRE might activate primarily 
via L-VDCC and subsequent Ca2+ signaling in cortical 
neurons. Elevated Ca2+ levels in neurons via the 
L-VDCC propagate multiple signals, thereby regulating 

2.8. Localization of CRTC1

Immunofluorescence images of immunostained cells 
were acquired using an LSM 700 confocal microscope 
(Zeiss). Fluorescence intensities with nuclear or 
cytoplasmic localization were evaluated using ImageJ 
software (National Institutes of Health, https://imagej.
nih.gov/ij/) by investigators blinded to the various 
treatments. The fluorescent area within the DAPI-
positive area was regarded as the nuclear, and the 
area within the MAP2-positive area was regarded as 
cytoplasmic. At least 50 cells were examined in each of 
three independent experiments.

2.9. Morphological analysis

Sholl  analysis was used to evaluate dendrit ic 
morphology (13). The immunofluorescence images 
were obtained using a fluorescence microscope (BX50-
34LFA-1, Olympus). MAP2-positive cell processes 
were regarded as dendrites. The number of GFP and 
MAP2 double-positive dendrites crossing circles drawn 
at the center of the cell body (at 20, 40, and 60 μm 
radii) was counted and totaled to obtain the number of 
crossings.

Figure 1. PNRE induces Bdnf mRNA expression in primary cultured cortical cells and the effects of signaling inhibitors on this induction. 
(A-D) Influence of signaling inhibitors on PNRE-induced Bdnf mRNA expression [days in vitro (DIV)13]. Inhibitors were added 10 min before 
administering PNRE (500 μg/mL). Three hours later, total RNA was extracted and subjected to qPCR. (A) APV (200 μM) partially inhibited Bdnf 
mRNA expression. The bars represent the means ± SEMs (n = 3-6). Differences between treatment outcomes were analyzed using a Welch t test 
with post hoc Bonferroni correction (**P < 0.01/2; NS, not significant). (B) Nicardipine (5 μM) significantly inhibited Bdnf mRNA expression. Bars 
represent the means ± SEMs (n = 3). Differences between treatment outcomes were analyzed using a Welch t test with post hoc Bonferroni correction (*P 
< 0.05/2; #P < 0.05/2). (C) FK506 (5 μM), but not STO609, significantly inhibited Bdnf mRNA expression. Bars represent the means ± SEMs (n = 
3-4). Differences between treatment outcomes were analyzed using one-way ANOVA with a post hoc Scheffe F test (##P < 0.01; NS, not significant) 
or a Welch t test with post hoc Bonferroni correction (**P < 0.01/3). (D) KN93 (10 μM) partially inhibited Bdnf mRNA expression. The bars represent 
the means ± SEMs (n = 4). Differences between treatment outcomes were analyzed using one-way ANOVA with a post hoc Scheffe F test (##P < 0.01; 
NS, not significant) or a Welch t test with a post hoc Bonferroni correction (***P < 0.001/3).
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neuronal activity-dependent gene expression (14). 
Therefore, we next determined the main Ca2+ signaling 
pathway downstream of Ca2+ channels. STO609, a Ca2+/
calmodulin-dependent protein kinase kinase (CaMKK) 
inhibitor, tended to inhibit the induction of Bdnf, but 
the effect was not significant (Figure 1C). A Ca2+/
calmodulin-dependent protein kinase (CaMK) inhibitor 
(KN93) appeared to inhibit the induction of Bdnf slightly 
at 10 μM, but not at 2 μM (Figure 1D), indicating that 
CaMK pathways, such as the CaMKIV–CREB axis, but 
not CaMKII, might also contribute to PNRE-induced 
Bdnf transcription, at least in part. Subsequently, we 
focused on calcineurin, a Ca2+/calmodulin-dependent 
serine–threonine phosphatase. FK506, a calcineurin 
inhibitor, strongly inhibited PNRE-induced Bdnf mRNA 
expression (Figure 1C). These experiments suggested 
that L-VDCC/calcineurin signaling might be the primary 
pathway that mediates PNRE-induced Bdnf.
	 CREB and its cofactor, CRTC1, are transcription 
factors involved in Bdnf induction (15). CRTC1 is 

dephosphorylated by calcineurin, thereby translocating 
into the nucleus (15). As described above, our findings 
suggest that calcineurin is involved in PNRE-induced 
Bdnf (Figure 1). Therefore, we next investigated whether 
PNRE induces the nuclear translocation of CRTC1 in 
cortical neurons. Immunostaining of CRTC1 in cortical 
neurons with and without PNRE-treatment revealed 
that the extract strongly promoted nuclear translocation 
of CRTC1 (Figure 2A). PNRE increased the nuclear/
cytoplasmic ratio of CRTC1, suggesting that the extract 
significantly induced the nuclear translocation of CRTC1 
in cortical neurons (Figure 2B). Among the herbal and 
Kampo extracts we screened, ginseng extracts and the 
Kampo formula daikenchuto were identified as Bdnf 
inducers via L-VDCC and calcineurin activation (7,16). 
The ginseng extract induces CREB phosphorylation 
and the translocation of CRTC1 into the nucleus in 
cortical neurons (7). Our screening method is considered 
appropriate for identifying Bdnf inducers mediated by the 
L-VDCC/calcineurin/CRTC1 axis, which is the primary 

Figure 2. PNRE promotes the translocation of CRTC1 into the nucleus in cortical neurons. (A) Representative images showing the localization 
of CRTC1 (white arrowheads). Primary cultured rat cortical cells (DIV13) were stimulated with PNRE (500 μg/mL) for 15 min and immunostained. 
The cells were stained with an anti-CRTC1 antibody (left), an anti-MAP2 antibody (middle), and DAPI (right). Scale bars, 25 μm. (B) Bar graphs 
showing the nuclear/cytoplasmic ratio of CRTC1 under the experimental conditions shown in A. The bars represent the means ± SEMs (n = 3). 
Intensities of the fluorescence immunostaining were quantified using ImageJ software (National Institutes of Health). Differences in treatment 
outcomes were analyzed using a paired t test (***P < 0.001).

Figure 3. Dendritic complexity is increased by PNRE. (A) Primary cultured cortical cells (DIV4) were transfected with a green fluorescent protein 
(GFP) vector. Cells were stimulated with PNRE (500 μg/mL) 48 h posttransfection and incubated for 24 h. Then, the cells were immunostained with 
anti-GFP (left), anti-microtubule-associated protein 2 (MAP2) monoclonal antibodies (middle), and 4′,6-diamidino-2-phenylindole (DAPI) (right). 
Scale bars, 200 μm. (B) Bar graphs showing the total number of dendritic crossings of circles drawn around soma (at 20, 40, and 60 μm radii) as a 
proxy for dendritic complexity under the experimental conditions described for A. The bars represent the means ± SEMs (n = 3). Differences between 
treatment outcomes were analyzed using a paired t test (*P < 0.05).
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pathway involved in BDNF expression.
	 The activity-dependent expression of Bdnf may 
contribute to neurite outgrowth (17). As described above, 
we found that PNRE increased Bdnf induction in cortical 
neurons. These findings prompted us to investigate 
whether PNRE promotes the dendritic complexity of 
cortical neurons. Compared with vehicle control, PNRE 
induced greater dendritic complexity in GFP- and MAP2-
double-positive neurons (Figure 3A). Sholl analysis to 
quantify dendritic morphology revealed that the total 
number of dendritic crossings across circles drawn 
around cell bodies increased significantly in response to 
treatment of cortical neurons with PNRE (Figure 3B), 
suggesting that PNRE had a neurotrophin-like effect on 
dendritic morphology. Daikenchuto, which includes the 
ginseng, induces Bdnf and promotes dendritic complexity 
(16). Additionally, we identified deltamethrin as an 
inducer of Bdnf, which mediates dendritic complexity in 
cortical neurons through endogenously expressed BDNF 
(17). Therefore, the dendritic complexity observed in 
the present study may be due to endogenous BDNF 
expression induced by PNRE.
	 Panax notoginseng root may be valuable for 
treating neurological disorders (11,12,18). The Panax 
notoginseng root saponin ginsenoside Rg1 may be 
a promising compound which induces Bdnf gene in 
our study because of identification of the Rg1 for 
ameliorating Aβ1–42-induced deficits in learning and 
memory (11). The protection of Panax notoginseng 
root against traumatic brain injury is associated with 
inhibiting autophasic events via the mTOR pathway 
(18). Natural products, such as polygalasaponin XXXII 
(19), P7C3 (20), and Glehnia Root and Rhizome extract 
(21), reverse scopolamine-induced BDNF reduction 
and memory impairment. To our knowledge, the present 
study is the first to demonstrate that PNRE induces 
Bdnf expression at the mRNA level and to elucidate the 
mechanisms by which Ca2+ signaling via the L-VDCC 
enhances the calcineurin/CRTC1 axis-mediated 
activation of Bdnf expression. This study on PNRE 
potentially contributes to the development of therapeutic 
strategies to upregulate BDNF expression for patients 
with neurological disorders associated with dysfunction 
of higher brain functions.
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Padding the seat of a wheelchair reduces ischial pressure and 
improves sitting comfort
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wheelchair cushion, pressure redistribution, sling seat

In this study, we aimed to examine whether a wheelchair cushion placed directly atop a sling seat or 
deflection of the sling seat compensated by a pad along with the placement of a wheelchair cushion 
changed sitting pressure. Additionally, we examined whether these additions changed sitting comfort. 
For twenty healthy adults who consented to participate, measurements were taken for three types of 
cushions, each with and without padding, under six conditions. The cushion types tested included 
air (cushion A), urethane foam (cushion U), and three-dimensional thermoplastic elastomer (cushion 
T). A pressure distribution measurement equipment was used for the measurements. Following the 
measurement, the comfort of the wheelchair cushion was measured. The ischial area pressure of the 
cushion A pad was significantly lower than that without the pad. Cushions U and T were for ischial 
area pressure with a pad, resulting in a decreasing trend in ischial area pressure with a pad compared 
to that without a pad; however, the difference was insignificant. For all cushions, sitting comfort was 
significantly better in all groups with padding than in those without. In conclusion, ischial pressure can 
be dispersed by placing a pad on the seat surface of a wheelchair cushion, and pads were suggested to 
improve sitting comfort for all cushions.

1. Introduction

Pressure ulcers occur when soft tissues are compressed 
between the bony prominence and external surface for 
a prolonged period or when blood flow is obstructed by 
external forces such as misalignment (1). Although some 
studies have posited pressure ulcers as preventable, their 
incidence remains high (2-4). In addition, when pressure 
ulcers develop, long-term treatment is required before 
healing, resulting in significant medical and economic 
losses (5-7).
	 Pressure ulcers are more common in wheelchair users 
who are at long-term risk of developing these sores (8). 
When an individual sits in a wheelchair, external forces 
are concentrated on the bony prominences of the ischium 
and tailbone, increasing the risk of pressure ulcers 
(8). Thus, wheelchair users should remove external 
forces every 15-30 min (9); however, individuals of 
advanced age have difficulty removing external forces 

by themselves. Therefore, the pressure ulcer prevention 
guidelines recommend the use of wheelchair cushions 
for pressure ulcer prevention (1,10). We have previously 
reported that the use of wheelchair cushions enables 
pressure dispersion (11).
	 However, because the seat of a wheelchair is 
a sling, deflection of its surface is prone to occur, 
contributing to pelvic tilt, which in turn increases local 
pressure and leads to pressure ulcers (12). In addition, 
because the level of seat deflection of a wheelchair 
varies from model to model, wheelchair cushions 
cannot accommodate all deflections, and the effect of 
seat pressure dispersion of the wheelchair cushion is 
reduced by half. In our previous study, the pressure 
dispersion effect of wheelchair cushions with padding to 
compensate for deflection was high (11). Another study 
evaluated the insertion of a pad under the wheelchair 
cushion, referred to as the "pelvic well pad" study (13). 
In that study, researchers created and inserted a pad with 
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the ischial area cut off and reported a decrease in the 
mean and peak pressures and an increase in the contact 
area in the buttocks and thighs. These results suggest that 
inserting a pad that compensates for the deflection under 
a wheelchair cushion can increase sciatic pressure and 
contribute to the prevention of pressure ulcers.
	 Therefore, in this study, we aimed to examine 
whether sitting pressure changes when a wheelchair 
cushion is placed directly on top of a sling seat or when a 
pad and a wheelchair cushion compensate the deflection 
of the sling seat is placed on top of the sling seat. 
Additionally, we examined whether there was a change 
in sitting comfort with and without a pad.

2. Materials and Methods

2.1. Participants

The number of participants in this study was calculated 
using the G Power software. Based on a previous study 
(11), with an effect size of 0.7, an alpha error of 0.05, 
and a power of 0.8, the required sample size was 19. 
Therefore, 20 participants were included in this study, 
after excluding those who withdrew consent and those 
with missing data. The inclusion criteria for this study 
were a sitting girdle width of 34–40 cm and a sitting 
base length of 41–49 cm. In contrast, the exclusion 
criteria were a sitting girdle width of ≥ 41 cm and ≤ 33 
cm, sitting base length of ≥ 50 cm and ≤ 40 cm, and the 
presence of back or lower limb disease. The final sample 
included 20 healthy adults (10 male and 10 female).

2.2. Ethics

This study was conducted in accordance with the 
Declaration of Helsinki. Its purpose and significance 
were fully explained to all participants, who all provided 
their signatures on a consent form before the study. 
This study was approved by the Ethics Committee of 
Naragakuen University (approval number/ID 3-R003).

2.3. Devices and equipment used

A CONFORMat (Nitta Corp., Osaka, Japan) was used 

to measure body pressure, which is a sensor mat with 
previous testing for reliability and validity (11,14-16). 
The specifications of the sensor sheet were as follows: 
depth, 471 mm × width, 471 mm; 1024 sensors (32 rows 
× 32 columns); thickness of 1.8 mm, and a resolution 
of 14.7 mm. A standard wheelchair (MATSUNAGA 
MANUFACTORY Co., Ltd., Tokyo, Japan) was used. 
Three types of cushions were tested: an air material 
(ROHO; Permobil Co., Ltd., Västernorrland Sweden: 
single-valve low-profile air material, 40.5 × 43 × 5.5 
cm: cushion A), urethane foam material (Moderate 
cushion; LAC Healthcare Ltd., Osaka, Japan: special 
urethane material, 40 × 40 × 6 cm: cushion U), and a 
three-dimensional (3D) thermoplastic elastomer material 
(Geltron; Pacific wave Co., Ltd., Japan: 3D thermoplastic 
elastomer material, 38 × 38 × 3.5 cm: cushion T). The 
seat deflection was measured beforehand, and urethane 
foam pads were prepared to match the deflection.

2.4. Measurements

Measurements were taken for the three cushion types, 
each with and without padding, under six conditions. 
After the participant's seated lower leg length was 
measured and foot support was adjusted, they were 
assessed for 5 min without a wheelchair cushion to 
determine the reference value. The order of the six 
conditions was randomly assigned using the envelope 
method. The participants then sat in a wheelchair in the 
assigned order, and the position of the ischial region was 
identified. The measurement position was taken with 
the pelvis positioned as far back in the seat as possible, 
and the seat and thighs were positioned horizontally. The 
feet were placed on footrests, and both upper limbs were 
positioned on the thighs instead of the arm supports. 
Measurements were taken after the sitting pressure 
stabilized (after approximately 5 min) for 10 min. After 
the measurement, the sitting comfort of the wheelchair 
cushion was measured using a numerical rating scale 
(NRS). Using the NRS, the participants were then 
instructed to rate their sitting comfort on a scale of 10, 
with 10 being "very poor" and 0 being "very good and 
comfortable." When the state of sitting comfort without 
the standard cushion was set to 10 (very poor), the 
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Figure 1. Measuring and padding wheelchair seat deflection. (A) Measurement of wheelchair seat deflection. Wheelchair (B) with deflection 
compensation pad and (C) without deflection compensation pad.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2024; 18(5):314-318.316

of wheelchair cushions for wheelchair users decreases 
sciatic pressure ulcers and reduces the risk of pressure 
ulcers (1,10), these devices should be used to reduce 
and prevent ischial pressure ulcers. However, as the seat 
surface of a wheelchair is a sling, deflection occurs and 
is believed to reduce the performance of the wheelchair 
cushion. In a previous study, Shin et al. reported that 
padding the seat surface reduces peak pressure (13). 
However, adding a seat surface increases ischial pressure 
(18). Therefore, unlike the previous study, this research 
was conducted with a pad placed on the seat surface of a 
wheelchair following the deflection of the seat surface. 
Consequently, ischial pressure was significantly reduced 
when the wheelchair cushion was used with padding 
compared with when it was used without padding; 
however, no significant reduction was observed in 
cushions U and T, the effect sizes were high (cushion 
U), and medium (cushion T) and ischial pressure tended 
to decrease. In our previous wheelchair cushion study, a 
hybrid-type wheelchair cushion was padded, resulting in 
lower ischial pressure (11). Although the ischial pressure 
was shown to increase in a study by Kamegaya et al. (18), 
this may have been due to different materials. Wood was 
used in their study, whereas urethane was used in ours. 
It is possible that the urethane foam material dispersed 
the pressure while compensating for the deflection as 
it is a porous material used for cushions (19). Based on 
the aforementioned findings, placing a pad on the seat 
surface of a wheelchair when using a wheelchair cushion 
can reduce the ischial pressure ulcer pressure and 
contribute to the prevention of pressure ulcers.
	 Regarding seating comfort, the three cushions had the 
following values: cushion U (without pad, 5.0 ± 1.1; with 
pad, 4.1 ± 0.9), cushion T (without pad, 5.1 ± 0.9; with 
pad, 4.0 ± 0.6), and cushion A (without pad, 5.5 ± 1.0; 
with pad, 4.5 ± 0.8). The sitting comfort was significantly 
better in all groups with padding than in those without 
padding (P < 0.015; cushion U: r = 0.66, effect size, 

participants were instructed to indicate how comfortable 
they felt in the target group. The wheelchair cushion and 
pad were replaced after the NRS score assessment, and a 
5-min break was allowed between measurements.

2.5. Analyses

For assessing pressure at the ischium, the mean value of 
the four sensors around the maximum pressure area (peak 
pressure index) was calculated for each condition. Sciatic 
pressure and NRS scores with and without deflection 
correction in each condition were compared using a 
paired t-test. In addition, 95% confidence intervals and 
effect sizes were calculated. Effect sizes were calculated 
using Field's r to measure the standardized mean 
difference between the two groups, calculated as r = √t2/
(t2+df) (17). All analyses were performed using the R 
(version 4.0.3, R Foundation) for Windows. Statistical 
significance was set at a Bonferroni-corrected P < 0.015.

3. Results and Discussion

The ischial area pressures of cushion A were 34.2 ± 6.2 
mmHg without a pad and 31.0 ± 7.1 mmHg with a pad. 
The ischial area pressure with a pad was significantly 
lower than that without a pad (P = 0.0021), and the effect 
size was large (r = 0.63). The ischial area pressures of 
cushion U were 26.4 ± 4.4 mmHg without a pad and 
24.2 ± 5.1 mmHg with a pad, showing a decreasing 
trend in ischial area pressure with a pad compared to 
that without a pad. However, the difference was not 
significant (P = 0.018). However, the effect size was 
large (r = 0.51). The ischial area pressures of cushion 
T were 37.9 ± 8.4 mmHg without a pad and 33.4 ± 8.3 
mmHg with a pad, showing a decreasing trend in ischial 
area pressure with a pad compared to that without a 
pad, but without significant difference (P = 0.031). The 
effect size was moderate (r = 0.47) (Table 1). As the use 

Table 1. Comparison of ischial area pressure with and without a pad

Cushions

U
T
A

Without pad

26.4 ± 4.4 (24.3–28.5)
37.9 ± 8.4 (34.0–41.8)
34.2 ± 6.2 (31.3–37.1)

Values are expressed as means±standard deviations (95% confidence intervals). Abbreviations: U, urethane foam material; T, three-dimensional 
thermoplastic elastomer material; A, air material.

With pad

24.2 ± 5.1 (21.3–26.6)
33.4 ± 8.3 (29.5–37.3)
31.0 ± 7.1 (27.7–34.3)

P value

   0.018
   0.031
< 0.015

Effect size: r

0.51
0.47
0.63

Table 2. Comparison of seating comfort with and without a pad

Cushions

U
T
A

Without pad

5.0 ± 1.1 (4.5–5.5)
5.1 ± 0.9 (4.7–5.5)
5.5 ± 1.0 (5.0–6.0)

Values are expressed as means±standard deviations (95% confidence intervals). Abbreviations: U, urethane foam material; T, three-dimensional 
thermoplastic elastomer material; A, air material.

With pad

4.1 ± 0.9 (3.7–4.5)
4.0 ± 0.6 (3.7–4.2)
4.5 ± 0.8 (4.1–4.9)

P value

< 0.015
< 0.015
< 0.015

Effect size: r

0.66
0.88
0.83
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large; cushion T: r = 0.88, effect size, large; cushion A: r 
= 0.83, effect size, large) (Table 2). This result confirmed 
the comfort of the wheelchair seating position using 
pads. Regarding wheelchair seating comfort, Harms 
reported that wheelchair sling seats promoted a kyphotic 
posture and caused neck and back discomfort in able-
bodied and disabled participants (20). Wheelchair sitting 
in a sling seat also promotes scoliosis and poor posture 
(21), which can contribute to deformities (22) and 
increase the risk of neck and back pain due to muscle 
strain (23,24). Therefore, sitting comfort is important. 
This study showed that padding compensated for the 
deflection and increased the contact area of the buttocks 
to maintain a stable posture, resulting in significantly 
better seating comfort for all cushions. This suggests 
using pads to compensate for the deflection and improve 
sitting comfort.
	 Nevertheless, this study has some limitations. First, 
the participants were healthy. Therefore, in the future, we 
would like to conduct studies on older individuals with 
atrophied gluteal muscles and patients with spinal injuries 
to confirm the prevention of pressure ulcers. Second, 
the sitting time was approximately 10 min. Wheelchair 
users are forced to sit for long periods. Therefore, it is 
necessary to observe changes in ischial pressure and 
sitting comfort when sitting for long periods. Third, only 
ischial pressure was measured as an external force in 
this study. Because the external force can be misaligned, 
we believe that verifying misalignment is also necessary 
in the future. In conclusion, ischial pressure can be 
dispersed by placing a pad on the seat surface of the air 
material. Although no significant pressure-reducing effect 
was observed for the urethane and 3D thermoplastic 
elastomer material cushions, a pressure-reducing effect 
was confirmed. In addition, the pads improved the sitting 
comfort of all the cushions.
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Fever is one of the most common complications in stroke patients and can generally be classified 
as either infectious or non-infectious. Infectious fevers are commonly caused by pulmonary 
infections, urinary tract infections, and secondary infections associated with medical interventions 
such as endotracheal intubation, urinary catheterization, and nasogastric tubes. Non-infectious 
fevers primarily manifest as central fevers, although in rare cases, they may also result from 
drug-induced causes. Existing research indicates that the most common cause of central fever is 
brainstem hemorrhage, followed by hemorrhage in the basal ganglia and thalamus, then cerebellar 
hemorrhage, large cortical infarction, and basilar artery occlusion, with intraventricular hemorrhage 
being relatively rare. Stroke patients' body temperatures can rise to 39°C within 12 hours after onset 
and peak within 24 hours. In this case, a stroke patient with acute cerebral infarction and secondary 
thalamic hemorrhage developed new sensory abnormalities in the left limbs and intermittent fever 
during hospitalization. Despite the use of antibiotics targeting a pulmonary infection, the patient's 
fever did not show significant improvement. Gabapentin was added to the treatment regimen to 
address the sensory abnormalities. Surprisingly, within four hours of gabapentin administration, 
the patient's body temperature normalized and remained stable during subsequent monitoring. This 
observation led us to hypothesize that gabapentin may have a potential role in alleviating central 
fever.

Letter to the Editor,
	 The typical manifestation of central fever is a 
significant fluctuation in body temperature over a 
short period, characterized by a rapid rise followed 
by a gradual decline, and is often associated with 
high mortality rates (1,2). Additionally, studies have 
suggested that dysphagia may also be linked to fever 
(3,4). Paroxysmal sympathetic hyperactivity can 
also cause fever, with clinical symptoms including 
paroxysmal hyperthermia, tachycardia, rapid breathing, 
hypertension, and generalized muscle rigidity 
(5,6). Common treatments for such fevers include 
acetaminophen and nonsteroidal anti-inflammatory 
drugs (NSAIDs) (7-9). Traditional pharmacological 
interventions, such as diclofenac sodium, are widely 
used, while bromocriptine and dantrolene are frequently 
prescribed for patients with malignant hyperthermia 
(10). Furthermore, the literature mentions the adjunctive 
use of non-pharmacological therapies and physical 
cooling methods, such as warm compresses, ice packs, 

and alcohol wipes (11,12).
	 The thalamus not only functions as the brain's 
primary sensory relay center but also plays a critical 
role in temperature regulation, as the hypothalamus, 
which is responsible for thermoregulation, is closely 
linked to central fever symptoms (13). Central fever 
is not uncommon in clinical practice, particularly 
among stroke patients. A review of the literature 
and case reports reveals that treatment for central 
fever primarily focuses on anti-infective and anti-
inflammatory therapies. However, to date, no reports 
have documented the use of gabapentin for treating 
central fever following a stroke.
	 Here, we report a novel case: A 70-year-old patient 
initially presented with persistent dizziness, vomiting, 
and urinary incontinence, without any clear cause. 
Upon admission, her symptoms included drowsiness, 
slowed responses, cognitive impairment, poor speech 
fluency, and reduced motor function in both limbs, with 
more pronounced symptoms on the right side, including 
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sensory deficits in the right lower limb. Muscle strength 
assessment revealed 2/5 in the right upper and lower 
limbs, 4/5 in the left upper limb, and 3/5 in the left 
lower limb.
	 An initial evaluation at the local hospital included a 
brain MRI, which showed medullary infarction. Due to 
the severity and complexity of her condition, the patient 
was transferred to our hospital for further evaluation 
and treatment. Upon admission, we developed a 
comprehensive treatment plan to address her medical 
issues. According to stroke management guidelines, 
the patient received dual antiplatelet therapy with 
aspirin and clopidogrel to prevent stroke recurrence. 
In addition, atorvastatin was prescribed to regulate 
lipid levels and stabilize plaques. Butylphthalide 
was introduced to improve cerebral circulation and 
metabolism. Urokinase was used to promote collateral 
circulation, and betahistine was administered to prevent 
vertigo episodes. Fibrinolysin was also used to manage 
the patient's hypercoagulable state.
	 During hospitalization, the patient developed 
additional complications, including signs of upper 
gastrointestinal bleeding, prompting the introduction 

of omeprazole to protect the gastric mucosa. The 
patient also experienced intermittent fever, leading 
to immediate laboratory tests and imaging studies. 
Subsequent imaging revealed a hematoma in the right 
thalamus with rupture into the ventricle. A chest CT 
also showed patchy shadows in the right upper lobe and 
left lower lobe, suggestive of pulmonary inflammation. 
Based on these findings, standard antibiotic therapy 
was initiated with cefoperazone-sulbactam. However, 
despite treatment, the patient's temperature continued 
to rise, and infection markers did not improve as 
expected. Cefoperazone-sulbactam was then combined 
with linezolid, but the results remained unsatisfactory. 
Antibiotic therapy was escalated to meropenem, and 
after detecting Legionella, moxifloxacin was added 
for targeted treatment. Despite these anti-infective 
interventions and improvement in infection markers, 
the patient's intermittent fever persisted, and her clinical 
condition remained complex and challenging (Figures 1 
and 2).
	 When we were struggling to control the patient's 
fever, the patient's family reported the recent onset of 
pain in the left limbs. Given that the patient's pain likely 
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Figure 1. Clinical imaging of stroke indicators at initial presentation. (A and B) Suspected areas of ischemia and infarction are observed 
in both the basal ganglia, frontal and parietal lobes, the left thalamic region, and the brainstem, with associated softening. (C and D) A slightly 
hypodense area is visible in the right thalamic region.

Figure 2. Imaging examinations on days 13, 17, and 25 of hospitalization. (A) Infectious lesions are considered in both lungs, with left pleural 
effusion and partial left lung collapse. (B) Inflammatory changes in both lungs, with partial absorption compared to the previous scan. Both 
pleurae are thickened, with left pleural effusion and partial left lung collapse or consolidation. (C) Inflammatory changes in both lungs. Both 
pleurae remain thickened, with left pleural effusion and partial left lung collapse or consolidation, showing slight improvement compared to the 
previous scan.
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by the hypothalamus and brainstem, with the 
hypothalamus playing a central role (13). Thalamic 
fever refers to fever originating from thalamic lesions, 
as the thalamus is involved in various sensory and 
motor functions, as well as temperature regulation. 
Reviewing the patient's medical history, we suspected 
that the left-sided brainstem infarction may have 
disrupted the thermoregulatory pathways. Furthermore, 
the later-stage right thalamic hematoma, which extended 
into the ventricle, may have stimulated specific areas 
of the thalamus. The combined influence of these two 
factors likely increased neuronal excitability, enhancing 
the sensitivity of the thermoregulatory center to 
inflammatory stimuli. This heightened sensitivity could 
lead to significant increases in body temperature, even 
in response to mild external or internal stimuli.
	 Gabapentin, an anticonvulsant, is also used to 
manage neuropathic pain and certain neurological 
conditions. It works by modulating neural signals 
in the central nervous system, helping to alleviate 
abnormal neuronal excitability. In cases of central 
fever, gabapentin may help stabilize body temperature 
by reducing the abnormal electrical excitability in the 
thermoregulatory center triggered by thalamic lesions 
(Figure 3).
	 In this case, we observed that gabapentin may 
have potential efficacy in intervening against central 
or thalamic fever induced by abnormal neuronal 
excitation. This suggests that gabapentin could be 
considered as an alternative treatment when traditional 
antipyretic therapies fail. Although more scientific 
research is needed to establish a definitive link, this case 
highlights the importance of considering central fever 
in the differential diagnosis of fever in stroke patients, 
particularly those with complex or severe conditions, 
and paying close attention to lesion locations.
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originated from thalamic lesion stimulation, we decided 
to administer gabapentin to target the neuropathic pain. 
The patient was initially given 0.3 g of gabapentin via a 
nasogastric tube. Unexpectedly, by 2 p.m., the patient's 
body temperature had dropped to 36.3°C, without the 
use of any other medications during this time. Over the 
next 29 days of treatment, gabapentin was continued to 
manage the patient's neuropathic pain. On the second 
day, the patient received 0.3 g of gabapentin twice daily 
via the nasogastric tube, and from the third day onward, 
the dosage was increased to 0.3 g three times daily. 
Encouragingly, not only did the patient's neuropathic 
pain improve, but her body temperature also remained 
consistently between 36°C and 36.9°C, with no 
recurrence of intermittent fever (Table 1).
	 In clinical practice, managing post-stroke fever 
involves not only providing antipyretic treatment 
when necessary but also collecting laboratory and 
imaging data to assess for the presence of infection or 
inflammation, as infectious fever is the most common 
cause in such cases. If infection is confirmed, targeted 
antibiotic therapy should be administered. However, if 
the patient's condition does not improve after the use 
of appropriate antibiotics, other potential causes of 
fever, such as drug-induced or central fever, should be 
considered. Central fever, primarily caused by lesions or 
injury to the central nervous system, can be particularly 
challenging to manage. In this case, despite the use of 
broad-spectrum antibiotics and the fact that laboratory 
indicators and imaging results suggested that the 
infection was under control, the patient's fever did not 
significantly improve. This led us to suspect that while 
the initial fever may have been related to infection, the 
persistent intermittent fever that followed was likely 
due to central factors affecting thermoregulation. 
Considering the location of the patient's lesion and the 
concurrent thalamic hemorrhage during fever episodes, 
we hypothesized that the primary cause of the ongoing 
intermittent fever was not infection or inflammation, 
but central fever (14-16).
	 Body temperature regulation is primarily managed 

Table 1. Temperature variations following medication use during hospitalization

Pre-medication temperature (℃)

38-39

*d: days

Post-medication temperature (℃)

  37.5-38.5 (+5d*)
   37-38.9 (+3d)
36.5-38.5 (+5d)
36.2-38.4 (+4d)
36.4-37.9 (+5d)
36.4-38.1 (+2d)
   36-36.8 (+5d)

     36-36.9 (+10d)
36.1-36.8 (+8d)
   36-36.6 (+2d)
36.2-36.6 (+2d)

Drugs

sulperazone
Sulperazone + linezolid
Sulperazone + linezolid + azithromycin
meropenem
Meropenem + moxifloxacin
Sulperazone + aspirin-dl-lysine
Sulperazone + gabapentin
Sulperazone + gabapentin + tigecycline + fluconazole
Gabapentin + tigecycline + fluconazole + meropenem
Gabapentin + tigecycline + meropenem
Gabapentin + meropenem
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The case reports a woman in her 70s, with type 2 diabetes and chronic kidney disease in G4 stage. 
The patient had elevated HbA1c, and she was switched from linagliptin, a dipeptidyl peptidase 4 
inhibitor, to dulaglutide, a glucagon-like peptide-1 receptor agonist (GLP-1RA). Thereafter, the HbA1c 
level decreased; however, since the dulaglutide supply became a problem, the patient was switched 
to tirzepatide, a glucose-dependent insulinotropic polypeptide (GIP)/GLP-1RA. To date, no clinical 
studies have evaluated the efficacy and safety of switching from GLP-1RA to GIP/GLP-1RA, but we 
report this case because efficacy was observed in this patient. The therapeutic effects after switching to 
tirzepatide included decrease in HbA1c, increase in eGFR, and decrease in BUN, when compared to 
when dulaglutide was used. A change from dulaglutide to tirzepatide, could inhibit renal impairment 
progression and improve renal function.

Letter to the Editor,
	 Diabetes mellitus is a group of metabolic diseases 
characterized by chronic hyperglycemia caused by 
insufficient insulin action. Type 2 diabetes (T2DM), 
accounts for about 90% of all diabetic patients. T2DM 
treatment requires a stepwise approach that combines diet 
and exercise therapy with pharmacotherapy.
	 Incretin-related drugs were developed because 
incretin, a hormone secreted by gastrointestinal endocrine 
cells upon ingestion of food and other factors, plays a 
major role in hypoglycemic effects by stimulating insulin 
secretion. Incretins include glucagon-like peptide-1 (GLP-
1) and glucose-dependent insulinotropic polypeptide (GIP). 
GLP-1 in particular, has various effects, including blood 
glucose lowering and weight loss effects, via inhibition 
of glucagon secretion and delayed gastric emptying (1). 
GLP-1 receptor agonists (GLP-1RA) are recommended 
in major international diabetes treatment guidelines (2). 
Conversely, GIP has been neglected as a target for diabetes 
drugs due to its lack of insulin secretagogue action and 
concerns over weight gain due to its fat storage effect (3). 
However, a chimeric peptide that has elements of both 
GLP-1 and GIP and can activate both receptors has been 
demonstrated to have remarkable weight loss and blood 
glucose lowering effects in obese T2DM patients (4). 
Tirzepatide was launched as a drug that acts on both GIP 
and GLP-1 receptors via a single molecule. There are no 

reports of clinical trials evaluating the efficacy and safety 
of switching from GLP-1RA to GIP/GLP-1RA.
	 We describe our experience with a patient who 
switched from dulaglutide (5) to tirzepatide, the most 
commonly used GLP-1RA in Japan, and who exhibited 
improvement not only in glycemic control but also in renal 
function values.
	 The case is a woman in her 70s, with type 2 diabetes 
and chronic kidney disease at G4 stage. She refuses to 
receive nutritional guidance and does not stop eating 
between meals. Because of increased HbA1c and 
decreased renal function, she was switched from linagliptin 
of dipeptidyl peptidase 4 inhibitor to dulaglutide. The 
HbA1c level decreased; however, due to dulaglutide supply 
challenges, the patient was switched to tirzepatide. Figure 
1 shows the changes in HbA1c, eGFR, and BUN from the 
start of dulaglutide to after change to tirzepatide. Following 
change to tirzepatide, HbA1c and eGFR and BUN values 
improved, when compared to when dulaglutide was used. 
After the change to tirzepatide, treatment has continued 
without any significant side effects. The patient's informed 
consent obtained and was given in writing.
	 Diabetes is considered a risk factor for chronic kidney 
disease, and diabetic nephropathy is a major cause of 
dialysis induction in many countries. The development of 
diabetic nephropathy is not only a risk factor for end-stage 
renal disease (ESRD) and the introduction of dialysis, but 
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also increases the rate of cardiovascular events and all-
cause mortality due to decreased eGFR (6,7). Therefore, 
delaying progression to ESRD and introduction of dialysis 
is considered a key strategy for the maintenance of patient 
quality of life but also life support. Dulaglutide, a GLP-
1RA, reportedly increases eGFR in addition to decreasing 
HbA1c and weight loss (8). However, when patients 
were switched to tirzepatide, a GIP/GLP-1RA, there 
was a further decrease in HbA1c, an increase in eGFR 
and a decrease in BUN compared to when dulaglutide 
was used. In a recent clinical trial in obese or associated 
overweight patients, tirzepatide was shown to reduce 
body weight and other cardio-renal risk factors (blood 
pressure, low-density lipoprotein cholesterol, glycated 
hemoglobin, and albuminuria) and to potentially prevent 
chronic kidney disease (9). However, the results were 
not reported when switching from GLP-1RA to GIP/
GLP-1RA. The cases suggest that tirzepatide is more 
effective than dulaglutide in controlling blood glucose and 
preventing renal impairment progression or improving 
renal function. Dulaglutide, as a once-weekly formulation, 
has been reported to have a higher retention rate than 
the daily dosing formulation (10). Tirzepatide, similar to 
dulaglutide, is a once-weekly formulation; therefore, a 
high continuation rate can be expected. Furthermore, while 
changes in self-injection formulations, such as insulin and 
GLP-1RA, may involve issues such as operability due to 
changes in injectors, the injector for both dulaglutide and 
tirzepatide is the same, Ateos®. Therefore, there are no 
concerns regarding the operability of the injector for the 
patient following drug change.
	 Finally, GLP-1RA have different indications for 
patients with impaired renal function and should be used 
according to renal function as well. Although dulaglutide 

has no restrictions in the package insert, its clinical results 
in patients with severe renal dysfunction are limited, 
and careful administration is advised. A change from 
dulaglutide to tirzepatide, could inhibit the progression of 
renal impairment and improve renal function.
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Figure 1. Course of treatment after dulaglutide initiation and 
change to tirzepatide.
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Guide for Authors

1. Scope of Articles

Drug Discoveries & Therapeutics (Print ISSN 1881-7831, Online ISSN 
1881-784X) welcomes contributions in all fields of pharmaceutical 
and therapeutic research such as medicinal chemistry, pharmacology, 
pharmaceutical analysis, pharmaceutics, pharmaceutical administration, 
and experimental and clinical studies of effects, mechanisms, or uses 
of various treatments. Studies in drug-related fields such as biology, 
biochemistry, physiology, microbiology, and immunology are also 
within the scope of this journal.

2. Submission Types

Original Articles should be well-documented, novel, and significant 
to the field as a whole. An Original Article should be arranged into the 
following sections: Title page, Abstract, Introduction, Materials and 
Methods, Results, Discussion, Acknowledgments, and References. 
Original articles should not exceed 5,000 words in length (excluding 
references) and should be limited to a maximum of 50 references. 
Articles may contain a maximum of 10 figures and/or tables. 
Supplementary Data are permitted but should be limited to information 
that is not essential to the general understanding of the research 
presented in the main text, such as unaltered blots and source data as 
well as other file types.

Brief Reports definitively documenting either experimental results 
or informative clinical observations will be considered for publication 
in this category. Brief Reports are not intended for publication of 
incomplete or preliminary findings. Brief Reports should not exceed 
3,000 words in length (excluding references) and should be limited to a 
maximum of 4 figures and/or tables and 30 references. A Brief Report 
contains the same sections as an Original Article, but the Results and 
Discussion sections should be combined.

Reviews should present a full and up-to-date account of recent 
developments within an area of research. Normally, reviews should 
not exceed 8,000 words in length (excluding references) and should be 
limited to a maximum of 10 figures and/or tables and 100 references. 
Mini reviews are also accepted, which should not exceed 4,000 words 
in length (excluding references) and should be limited to a maximum 
of 5 figures and/or tables and 50 references.

Policy Forum articles discuss research and policy issues in areas 
related to life science such as public health, the medical care system, 
and social science and may address governmental issues at district, 
national, and international levels of discourse. Policy Forum articles 
should not exceed 3,000 words in length (excluding references) and 
should be limited to a maximum of 5 figures and/or tables and 30 
references.

Case Reports should be detailed reports of the symptoms, signs, 
diagnosis, treatment, and follow-up of an individual patient. Case 
reports may contain a demographic profile of the 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).

Communications are short, timely pieces that spotlight new research 
findings or policy issues of interest to the field of global health and 
medical practice that are of immediate importance. Depending on 
their content, Communications will be published as "Comments" or 

"Correspondence". Communications should not exceed 1,500 words in 
length (excluding references) and should be limited to a maximum of 2 
figures and/or tables and 20 references.

Editorials are short, invited opinion pieces that discuss an issue of 
immediate importance to the fields of global health, medical practice, 
and basic science oriented for clinical 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.

News articles should report the latest events in health sciences and 
medical research from around the world. News should not exceed 500 
words in length.

Letters should present considered opinions in response to 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.

3. Editorial Policies

For publishing and ethical standards, Drug Discoveries & Therapeutics 
follows the Recommendations for the Conduct, Reporting, Editing, 
and Publication of Scholarly Work in Medical Journals issued by the 
International Committee of Medical Journal Editors (ICMJE, https://
icmje.org/recommendations), and the Principles of Transparency and 
Best Practice in Scholarly Publishing jointly issued by the Committee 
on Publication Ethics (COPE, https://publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-
publishing), the Directory of Open Access Journals (DOAJ, https://
doaj.org/apply/transparency), the Open Access Scholarly Publishers 
Association (OASPA, https://oaspa.org/principles-of-transparency-and-
best-practice-in-scholarly-publishing-4), and the World Association of 
Medical Editors (WAME, https://wame.org/principles-of-transparency-
and-best-practice-in-scholarly-publishing).
	 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.

Ethical Approval of Studies and Informed Consent: For all 
manuscripts reporting data from studies involving human participants 
or animals, formal review and approval, or formal review and waiver, 
by an appropriate institutional review board or ethics committee is 
required and should be described in the Methods section. When your 
manuscript contains any case details, personal information and/or 
images of patients or other individuals, authors must obtain appropriate 
written consent, permission and release in order to comply with all 
applicable laws and regulations concerning privacy and/or security 
of personal information. The consent form needs to comply with the 
relevant legal requirements of your particular jurisdiction, and please 
do not send signed consent form to Drug Discoveries & Therapeutics 
to respect your patient’s and any other individual’s privacy. Please 
instead describe the information clearly in the Methods (patient 
consent) section of your manuscript while retaining copies of the signed 
forms in the event they should be needed. Authors should also state that 
the study conformed to the provisions of the Declaration of Helsinki 
(as revised in 2013, https://wma.net/what-we-do/medical-ethics/
declaration-of-helsinki). When reporting experiments on animals, 
authors should indicate whether the institutional and national guide for 
the care and use of laboratory animals was followed.

Reporting Clinical Trials: The ICMJE (https:// icmje.org/
recommendations/browse/publishing-and-editorial-issues/clinical-trial-
registration.html) defines a clinical trial as any research project that 
prospectively assigns people or a group of people to an intervention, 
with or without concurrent comparison or control groups, to study 
the relationship between a health-related intervention and a health 
outcome. Registration of clinical trials in a public trial registry 
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at or before the time of first patient enrollment is a condition of 
consideration for publication in Drug Discoveries & Therapeutics, 
and the trial registration number will be published at the end of the 
Abstract. The registry must be independent of for-profit interest and 
publicly accessible. Reports of trials must conform to CONSORT 
2010 guidelines (https://consort-statement.org/consort-2010). Articles 
reporting the results of randomized trials must include the CONSORT 
flow diagram showing the progress of patients throughout the trial.

Conflict of Interest: All authors are required to disclose any actual or 
potential conflict of interest including financial 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.

Initial Editorial Check: Immediately after submission, the journal’s 
managing editor will perform an initial check of the manuscript. A 
suitable academic editor will be notified of the submission and invited 
to check the manuscript and recommend reviewers. Academic editors 
will check for plagiarism and duplicate publication at this stage. The 
journal has a formal recusal process in place to help manage potential 
conflicts of interest of editors. In the event that an editor has a conflict 
of interest with a submitted manuscript or with the authors, the 
manuscript, review, and editorial decisions are managed by another 
designated editor without a conflict of interest related to the manuscript. 

Peer Review: Drug Discoveries & Therapeutics operates a single-
anonymized review process, which means that reviewers know the 
names of the authors, but the authors do not know who reviewed their 
manuscript. All articles are evaluated objectively based on academic 
content. External peer review of research articles is performed by at 
least two reviewers, and sometimes the opinions of more reviewers 
are sought. Peer reviewers are selected based on their expertise 
and ability to provide quality, constructive, and fair reviews. For 
research manuscripts, the editors may, in addition, seek the opinion 
of a statistical reviewer. Every reviewer is expected to evaluate the 
manuscript in a timely, transparent, and ethical manner, following the 
COPE guidelines (https://publicationethics.org/files/cope-ethical-
guidelines-peer-reviewers-v2_0.pdf). We ask authors for sufficient 
revisions (with a second round of peer review, when necessary) before 
a final decision is made. 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 Chinese-English 
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 https://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.

Copyright and Reuse: Before a manuscript is accepted for publication 
in Drug Discoveries & Therapeutics, authors will be asked to sign 
a transfer of copyright agreement, which recognizes the common 
interest that both the journal and author(s) have in the protection of 
copyright. We accept that some authors (e.g., government employees 
in some countries) are unable to transfer copyright. A JOURNAL 
PUBLISHING AGREEMENT (JPA) form will be e-mailed to the 
authors by the Editorial Office and must be returned by the authors 
by mail, fax, or as a scan. Only forms with a hand-written signature 
from the corresponding author are accepted. This copyright will ensure 
the widest possible dissemination of information. Please note that the 
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. 

4. 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 an example of Cover Letter, please visit: Download 
Centre (https://www.ddtjournal.com/downcentre).

5. Submission Checklist

The Submission Checklist should be submitted when submitting 
a manuscript through the Online Submission System. Please visit 
Download Centre (https://www.ddtjournal.com/downcentre) and 
download the Submission Checklist file. We recommend that authors 
use this checklist when preparing your manuscript to check that all 
the necessary information is included in your article (if applicable), 
especially with regard to Ethics Statements.

6. 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 single-column 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; 5) author 
contribution statements to specify the individual contributions of all 
authors to this manuscript, and 6)  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 
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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. https://apps.who.int/iris/
handle/10665/43949 (accessed September 23, 2022).

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 two-column 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 

exists for each author, please state "There is no conflict of interest to 
disclose"). 

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. For articles reporting clinical 
trials, the trial registration number should be stated at the end of the 
Abstract. 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 provide sufficient background 
information to make the article intelligible to readers in other 
disciplines and sufficient context clarifying the significance of the 
experimental findings. 

Materials/Patients 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 the Declaration of Helsinki (as revised in 2013, https://wma.
net/what-we-do/medical-ethics/declaration-of-helsinki). 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 should be 
referred to in the text in order, including those in the Supplementary 
Data. 

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 (including grant 
identification) should be credited in the Acknowledgments section. 
Authors should also describe the role of the study sponsor(s), if any, 
in study design; in the collection, analysis, and interpretation of data; 
in the writing of the report; and in the decision to submit the paper 
for publication. If the funding source had no such involvement, the 
authors should so state.
	 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).
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and length of Supplemental Data.

7. Online Submission

Manuscripts should be submitted to Drug Discoveries & Therapeutics 
online at https://www.ddtjournal.com/login. Receipt of your 
manuscripts submitted online will be acknowledged by an e-mail from 
Editorial Office containing a reference number, which should be used 
in all future communications. If for any reason you are unable to submit 
a file online, please contact the Editorial Office by e-mail at office@
ddtjournal.com

8. Accepted Manuscripts

Page Charge: Page charges will be levied on all manuscripts accepted 
for publication in Drug Discoveries & Therapeutics (Original Articles 
/ Brief Reports / Reviews / Policy Forum / Communications: $140 
per page for black white pages, $340 per page for color pages; News 
/ Letters: a total cost of $600). Under exceptional circumstances, 
the author(s) may apply to the editorial office for a waiver of the 
publication charges by stating the reason in the Cover Letter when the 

manuscript online. 

Misconduct: Drug Discoveries & Therapeutics takes seriously all 
allegations of potential misconduct and adhere to the ICMJE Guideline 
(https://icmje.org/recommendations) and COPE Guideline (https://
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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