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SUMMARY

Keywords

Urolithins and intestinal health

Chunhua Lu*, Xintong Li, Zeyuan Gao, Yuliang Song, Yuemao Shen

Department of Natural Product Chemistry, Key Laboratory of Chemical Biology (Ministry of Education), School of Pharmaceutical Sciences, 
Cheeloo College of Medicine, Shandong University, Ji'nan, Shandong, China.

Urolithin, intestinal microbiota, intestinal health

There are trillions of microorganisms in the human intestine. They can react to the intestinal micro-
environment by metabolizing food or producing small molecular compounds to affect the host's 
digestive ability and resist the risk of infection and autoimmune diseases. Many studies have 
revealed that intestinal flora and its metabolites play an important role in human physiology and the 
development of diseases. Urolithins are kind of intestinal microbiota metabolites of ellagitannins 
(ETs) and ellagic acid (EA) with potent biological activity in vivo. However, different individuals 
have different intestinal flora. According to the different metabolites from ETs and EA, it is 
divided into three metabo-types including UM-A, UM-B and UM-0. This paper reviews the origin 
of urolithins, the urolithin producing microorganisms and the effects of urolithins on regulating 
intestinal diseases. This review will provide a theoretical basis for the regulation of urolithins in the 
homeostasis of intestinal flora and a reference for the scientific utilization of urolithins and foods 
rich in ETs and EA.

1. Introduction

It is estimated that the number of bacteria in human 
intestine is about 10 times that of human cells. 
The micro-ecological balance of intestinal flora 
affects energy absorption and immune system, thus 
affecting human health. Studies have reported that 
small molecular compounds produced by intestinal 
microbiota have direct correlation with human health. 
For example, short chain fatty acids (SCFAs), produced 
by Bacteroides and Firmicutes through anaerobic 
fermentation of dietary fiber, can enhance host 
immunity (1,2). Indole produced by intestinal flora can 
regulate the host's immune system and inflammatory 
diseases (3). Flavonoid metabolites of intestinal flora 
can reduce the prevalence of obesity (4). Meanwhile, 
specific intestinal bacteria and their products can lead 
to human diseases. For example, the small molecule 
TMAO produced by intestinal microbiota from nutrients 
rich in choline is related to many metabolic diseases 
(5,6) Colibactin produced by a polyketide synthase 
positive (PKS+) Escherichia coli can promote the 
occurrence of colorectal cancer (CRC) (7). Therefore, 
it is of great significance to study the mechanism of the 
intestinal microbiota metabolites and their occurrence 
together with their effects on development of diseases.
	 Ellagitannins (ETs) and ellagic acid (EA) are 

natural polyphenols found in fruits and nuts, as well as 
some traditional Chinese medicines. The physical and 
chemical properties of ETs with high molecular weight 
and strong polarity determine their low bioavailability. 
The micro-ecological balance of intestinal microbiota 
affects energy absorption from food and immune 
system, thus affecting human health. As metabolites 
of intestinal flora, urolithins have many biological 
activities, such as anti-oxidation (8), anti-inflammation 
(9), inducing fat browning (10), and regulating lipid 
metabolism (11). In recent years, the regulatory effects 
of urolithins on intestinal microbiota and intestinal 
inflammatory diseases have also received widely 
attention (12). Here, we review the origin of urolithins, 
urolithin-producing microorganisms and the regulatory 
effects on intestinal related diseases.

2. The origin of urolithins

Urolithins (uros) are polyhydroxyl derivatives of 
diphenylpyran-6-one, which can be considered as a 
combination of coumarin and isocoumarin in chemical 
structure. Although uro-M5 has been reported to be 
isolated from plants Terminalia (13), Rosa chinensis 
(14), Lagerstroemia speciosa (15), Punica granatum 
(16), Mallotus furetianus (17), and uro-A from 
pomegranate (18), uros are not common in nature. 
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After eating food rich in ETs, most of them are first 
metabolized to EA in stomach and small intestine of 
mammals. Then, EA loses a lactone ring to obtain 
uro-M5 under the action of esterase and decarboxylase 
in intestinal microbiota, and then gradually loses 
hydroxyl groups under the action of dehydroxylase 
to form a class of internal metabolites with different 
hydroxyl substitutions (19,20). Uro-A and uro-B 
were first isolated from sheep kidney stones as EA 
metabolites (21), and then were found in urine, feces, 
bile, prostate, colon and milk of human, rat, mouse, 
cow, pig, beaver and other animals. Compared with 
ETs and EA, urolithins are more easily absorbed in 
colon and can be detected in blood a few hours later 
under the action of intestinal microbiota. After that, it is 
widely distributed in the cells of the body or enters the 
liver with the blood circulation to participate in phase 
II metabolism, which is gluconic acidified, sulfated or 
methylated to further exert biological effects (22,23). 
The concentrations of phase II metabolites in human 
plasma were uro-A glucuronide with 0.024-35 μM, iso-
uro-A glucuronide with 0.0045-0.745 μM and uro-B 
glucuronide with 0.012-7.3 μM (24), respectively. With 
the application of high-throughput and high-sensitivity 
detection methods, more and more urolithins and their 
derivatives have been discovered and studied. Members 
of the urolithin family include uro-M5, uro-D, uro-M6, 
uro-E, uro-C, uro-M7, iso-uro-A, uro-B, uro-A, uro-
M6R, uro-M7R, uro-CR and uro-AR (Figure 1) and 
their corresponding phase II metabolites (25,26). 
According to final metabolic products, it is divided into 
three metabo-types including UM-A (producing only 
uro-A conjugates), UM-B (producing uro-A, isouro-A 
and/or uro-B) and UM-0 (no urolithins) (27,28). Uro-
AR exists in both UM-A and UM-B metabo-types (25). 
Studies have shown that the urolithin producing ability 
and the metabo-types are not closely related to food 
sources, age and health status (27), but are determined 
by the intestinal microorganisms that can metabolize 
ETs and EA. However, the analysis of the metabo-types 

of 839 healthy people aged from 5 to 90 showed that 
70-80% of healthy young people aged 5-30 were UM-
A, 10-20% were UM-B, while UM-B type increased in 
people aged 30-90 (29). In addition, individual health 
status such as obesity, colon cancer, hyperlipidemia, 
cardiovascular disease also affects metabo-types. 
Romo-Vaquero et al. analyzed the intestinal microflora 
of 249 healthy individuals by 16S rDNA sequencing. 
The results showed that bacteria Coriobacteriaceae 
may be the relationship between the level of UMs and 
blood cholesterol. From the current research, UM-A 
may be more conducive to health, while UM-B may be 
associated with some diseases and flora disorders (30).

3. Urolithin-producing strains from intestinal 
microorganisms

Urolithins have been found in many animals such as 
mice, rats, beavers, sheep, cattle and humans after 
eating foods rich in ETs (31,32). Recently, urolithin-
producing microorganisms have also been reported. The 
transformation of ETs and EA by fecal microorganisms 
of 6 volunteers in anaerobic environment was studied. 
Uro-A was detected in the fermentation products by 
fecal bacteria of different volunteers, which confirmed 
that uro-A is the metabolite of ETs in vitro for the first 
time, but the concentrations and yields were different, 
indicating that the composition of individual fecal flora 
was different (33). Studies have also been carried out 
on the isolation of microorganisms which can convert 
EA into urolithins from the feces of healthy people. 
Selma et al. confirmed for the first time that the new 
species Gordonibacter urolithinfaciens DSM27213 and 
G. pamelaeae DSM19378 have the ability to convert 
EA to urolithins in stationary culture under anaerobic 
conditions in vitro, and HPLC-DAD-MS analysis 
showed that pentahydroxy uro-M5, tetrahydroxy 
uro-M6 and t r ihydroxy uro-C were produced 
sequentially, but uro-A and uro-B were not detected in 
pure culture. It is suggested that the UM-A or UM-B 

106

Figure 1. The presentative structures of urolithins.
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formation of quorum sensing-related biofilm and the 
movement ability of bacteria, and maintain the balance 
of intestinal flora (44). Uro-M5 is an inhibitor of type 
three secretion system of Salmonella and can protect 
the host by reducing virulence and inflammation 
(45). Moreover, uro-A, uro-B and uro-D have certain 
antibacterial activity, but their antibacterial activities 
are weak, coupled with their weak cytotoxicity, the 
researchers attributed their antibacterial activity to 
high intake (46). The above results suggested that 
urolithins are inhibitors of bacterial virulence without 
killing pathogens, and are substitute antibiotics without 
producing drug resistance (47).

4.2. Urolithins regulate intestinal flora

The intestines of human contain 100 trillion viable 
bacteria, including beneficial and harmful to human 
health. After feeding uro-A to colitis mice for 10 days, 
the abundance of the beneficial bacteria Lactobacillus, 
Bifidobacterium and Clostridium in fecal samples 
significantly increased (48). Also, the abundance of 
Akkermansia and Gordonibacter in intestinal flora of 
uro-A producers was higher than that of non-uro-A 
producers (49). The body weight of high-fat diet 
induced obese mice was greatly reduced by treatment 
with 2.5 mg/kg uro-A or uro-B. 16S rDNA sequencing 
analysis showed that the anti-obesity effects of uro-A 
or uro-B may play an important role in weight loss by 
regulating intestinal flora (50). Uro-A can also help 
restore colon tissue damage and regulate intestinal 
flora, thereby reducing inflammation (51). Food-
derived metabolites can also regulate intestinal flora 
(24). Medicinal edible plants rich in ETs have different 
metabo-types (UM-A, UM-B and UM-0) after intestinal 
flora metabolism, and different metabo-types also 
reflect the differences of intestinal flora. Foods rich in 
ETs can increase the abundance of urolithin-producing 
Gordonibacter in fecal microorganisms (52). High-fat 
diet caused intestinal flora disorder in mice, in which 
Ruminococcus increased significantly. Compared with 
high-fat diet, foods rich in polyphenols increased the 
abundance of Roseburia and decreased the abundance 
of Mogibacteriaceae,  while the polyphenols in 
red raspberry seeds increased the abundance of 
Bifidobacterium (53). Therefore, ET-containing food 
and urolithins can increase the beneficial bacteria such 
as Akkermansia and Bifidobacteria, and can restore 
normal intestinal balance and produce beneficial effects 
to maintain intestinal homeostasis.

4.3. Urolithins enhance the function of intestinal barrier

Uro-A showed anti-inflammatory activity against 
m o u s e  R a w 2 6 4 . 7  m a c r o p h a g e s  i n d u c e d  b y 
lipopolysaccharide (LPS). Uro-A pretreatment and 
post-treatment of DSS induced colitis mice can reduce 

metabolism may require the participation of other 
microorganisms or the regulation of culture conditions 
(34-36). Strains Ellagibacteris isourolithinifaciens 
DSM104140 and G. urolithinfaciens DSM27213 could 
convert EA into uro-M5, uro-M6, uro-C and isouro-A 
(37); 48 strains of Bifidobacteria and 1070 strains of 
other bacteria were isolated from the feces of healthy 
women and their ability to produce urolithins were 
tested, only strain Bifidobacterium pseudocatenulatum 
INIA P815 could convert EA into uro-A in Brain-Heart 
Infusion (BHI) medium (38).
	 The number of bacteria in human intestinal tract 
is about 10 times that of human cells, obviously, the 
study of microorganisms (genes or enzymes) involved 
in the transformation of EA in vivo is not deep enough. 
The key rate-limiting steps of urolithin production in 
vivo have not been solved (20). The future research 
should combine the traditional microbial isolation 
and microbial culture technology together with 
metagenomics and culturomics to determine the 
key genes or enzymes involved in the production of 
urolithins and carry out in vivo investigation, and 
further to explore the role of these microorganisms and 
enzymes in the regulation of intestinal flora and their 
effects on human health (39).

4. Urolithins and intestinal health

ETs and EA are polyphenols present in a variety of 
fruits, vegetables, nuts and medicinal plants, with 
a variety of biological activities. Most of EA is 
metabolized by intestinal flora to produce a series 
of urolithins that are more easily absorbed, and their 
concentrations in different tissues ranging from 0.003 
to 50 μM (40). Therefore, urolithins may be the real 
bioactive substances rich in ETs in organisms. Uro-A 
has been reported as a potential molecule in regulating 
metabolic diseases such as neuro-inflammation, 
cardiovascular disease and obesity (41). Anti-oxidation, 
anti-inflammation, anti-cancer, anti-obesity and 
neuroprotective activities have been reported (42). Also, 
uro-A showed protective potential in the gastrointestinal 
inflammatory diseases such as CRC and inflammatory 
bowel disease (IBD) (12). Here, we mainly summarize 
the role of urolithins in regulating intestinal flora and 
intestinal health.

4.1. Urolithins inhibit bacterial infection

The virulence factor of bacteria is the guarantee for the 
stable existence of intestinal flora in human digestive 
tract and against human immunity (43). Inhibiting 
virulence is an important way to control pathogen 
infection. Four μM uro-A and uro-B can reduce the 
levels of N-hexanoyl-L-homoserinelactone (C6-HSL) 
and N-(3-oxohexanoyl)-L-homoserinelactone (3-oxo-
C6-HSL) in Yersinia enterocolitica, thus inhibit the 
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inflammatory signals and up-regulate the expression of 
tumor suppressor genes, thus alleviating colonic injury 
and playing an important role in regulating the balance 
of intestinal flora in mice (48). Aromatic hydrocarbon 
receptor (AhR) plays an important regulatory role in 
enteritis. Recent studies on inflammatory cell models 
have shown that uro-A can improve the biosynthesis of 
tumor necrosis factor alpha (TNF-α) and interleukin-6 
(IL-6) by activating the AhR-Nrf2 dependent pathway, 
up-regulate the expression of tight junction proteins, 
prevent inflammation, and improve the barrier function 
of intestinal epithelium in IBD disease (54). Uro-A and 
its synthetic analog UAS03 enhance the barrier function 
of intestinal epithelial cells by up-regulating Nrf2 
dependent epithelial cell connexin, and protect IBD by 
reducing inflammatory response (55).

4.4. Urolithins inhibit CRC and IBD

Urolithins are mainly produced in the small intestine 
and colon. Therefore, urolithins are expected to play 
a role in the intestine and intestinal wall (56). In vitro 
studies have proved that uro-A has the inhibitory 
effects on CRC and IBD. The anticancer effect of 
uro-A may come from autophagy induction, because 
autophagy will be triggered after eating polyphenols, 
thus inhibiting the growth and metastasis of CRC cells 
(57). The mixture of uro-A and uro-B acts on colorectal 
adenocarcinoma Caco-2 cells both in the long and short 
term, and the drug reaching the intestinal cavity helped 
to reduce oxidative stress, and prevented the damage 
caused by reactive oxygen species (58). Uro-A has a 
significant inhibitory effect on the growth of colon 
cancer cell line HCT116 with IC50 of 19 μM (72 h) 
and has a synergistic effect with oxaliplatin, which can 
induce the stability of p53 and the expression of p53 
target gene, resulting in p53/p21 dependent aging like 
growth arrest (59). At an achievable concentration in 
the human colon and rectum, uro-A can enhance the 
sensitivity of 5-fluorouracil to the anticancer effect of 
human colon cancer cells, block the cells at G2/M and 
cause the activation of caspases 8 and 9 (60).
	 IBD is a chronic disease that causing inflammation 
in the small or large intestines, and is thought to 
increase the risk of CRC. Uro-A has been reported to 
prevent the intestinal inflammation by attenuating the 
inflammatory signaling and upregulating of the tumor 
suppressor genes (61), to increase the permeability 
of tight junctions (62), and to prevent the detrimental 
effect of inflammation on the cells' viability (63). Those 
finding have given evidence of urolithins, especially 
uro-A, in the protection of intestinal diseases such as 
CRC and IBD.

5. The safety of urolithins

Urolithins are the metabolites of tannic polyphenols 

in vivo, which exist in blood, urine and feces in a 
free form or phase II conjugation, and have extensive 
biological activities in vivo and in vitro. Therefore, 
the experiments based on direct oral administration 
can verify their safety. The genetic and toxicological 
toxicity of oral uro-A in rats were studied. The 
results suggested that high-dose oral synthetic uro-A 
did not show any toxicity to the target organs at the 
histopathological level, indicating the clinical safety of 
uro-A (64). Andreux et al. recruited 60 elderly people 
and randomly divided them into four groups: placebo 
group, uro-A 250 mg, 500 mg and 1,000 mg daily 
for 28 days. The effects of uro-A on the body were 
evaluated by the levels of health biomarkers of cells and 
mitochondria in blood and muscle tissue. The results 
indicated that uro-A can help slow down the aging 
process by improving the function of cell mitochondria. 
It was also found that intake of uro-A had no risk to 
human health (65). And now, the safety evaluation of 
urolithin in vivo is limited to uro-A. So, many problems 
need to be studied, such as the safety and biological 
activity of other uros to human body, whether they can 
enter the blood-brain barrier, their existing form and 
concentration, the specific function in human body and 
the relationship with human health.

6. Conclusions

Intestinal microbiota regulates the material and energy 
metabolism of the host, "You are what you eat" (66). 
Different eating habits have a great impact on the 
types of intestinal microorganisms in human. At the 
same time, the types of intestinal microorganisms 
also determine the metabo-types. At present, the 
production process of urolithins in vivo, the mechanism 
of intestinal diseases and the interaction with intestinal 
flora are still in the exploratory stage. It is of great 
significance to analyze the pharmacological effect and 
mechanism of urolithins in vivo through metabonomics, 
culturomics and microbiomics,  to explore the 
development of relevant microbial preparations and 
drugs, and promote its application in the prevention and 
treatment of intestinal diseases.
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Various herbal medicines with hemostatic properties have been applied for centuries to accelerate 
hemostasis and control bleeding. However, the mechanisms of action and active constituents 
remain unknown. This report provides an overview of current clinical hemostatic agents and 
their disadvantages, then focuses on the clinical value of Chinese herbal medicines with unique 
hemostatic features that modern medicines lack. A comprehensive review of hemostatic agents 
derived from Chinese herbal medicines and their potential medical applications is also presented.

1. Introduction

Seepage from ruptured blood vessels results in the 
loss of valuable blood from the circulatory system. 
When blood flows out of damaged vessels, local blood 
vessels contract to suppress bleeding and platelets 
simultaneously aggregate to form thrombus that blocks 
damaged sites. Fibrin generated through the activation 
of a series of blood coagulation factors, strengthens 
platelet aggregation to form stable thrombus at 
wounds to stop bleeding (hemostasis) (Figure 1) (1,2). 
Bleeding is not only caused by injury, but also by 
abnormalities among clotting factors or platelets (3). 
An excessive loss of blood by bleeding can lead to 
death. Thus, hemostasis is critical to maintain healthy 
biological activities, prevent blood loss, and function as 
a physiological self-defense mechanism that impedes 
bacterial and viral invasion (4). This review provides an 
overview of current clinical hemostatic agents and their 
disadvantages, then summarizes the features of Chinese 
herbal hemostatic agents and their potential applications 
to contemporary and future medicine.

2. Hemostatic system and hemostasis

Hemostasis is achieved when procoagulants and 
anticoagulants are balanced (2,3).  The human 
hemostatic system comprises platelets, coagulation 
and fibrinolytic factors, vessels, and endothelial cells 
that line the insides of vessels (4). Local blood vessels 
constrict to contain bleeding from damaged vessels and 
activated platelets rapidly aggregate to form soft plugs 

at sites of damage. This process is primary hemostasis, 
which starts immediately after platelets adhere to the 
subendothelial matrix (5). After primary hemostasis, 
coagulation factors on the surface of the phospholipid 
bilayer membranes of activated platelets convert 
fibrinogen through a proteolytic coagulation cascade 
into insoluble cross-linked fibrin, which forms a mesh 
that is incorporated into and around a soft aggregate 
plug. The mesh strengthens and stabilizes blood 
clots during the process of secondary hemostasis (5). 
Fibrinolysis also plays a significant role in hemostasis 
by dissolving blood clots formed during wound healing 
after hemostasis (6). 

3. Characteristics of clinical hemostatic agents and 
issues

Table 1 shows the classification of clinical hemostatic 
agents.  Carbazochrome and adrenochrome are 
hemostatic capillary stabilizers that treat hemorrhage 
by improving capillary fragility (7-10). These agents 
might be applicable to stopping extravascular blood 
leakage. Carbazochrome is clinically administered 
orally and by intravenous injection. Although details 
of the mechanism(s) remain obscure, this agent exerts 
hemostatic effects regardless of the impact on the 
coagulation and fibrinolytic systems and platelet 
activity. Administering these agents orally can control 
purpura, as well as bleeds from the skin and mucous 
membranes (9,10). However, the effects are not potent, 
and this agent is not applicable to bleeds due to tissue 
wounds. 

Mini-Review
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The enzyme hemocoagulase (reptilase) is a blood 
coagulation accelerator purified from snake venom that 
has been recognized for ~18 centuries (11). Its activity 
is associated with batroxobin, a defibrinogenating 
hemostatic agent derived from Bothrops atrox moojeni 
(pit viper) venom (12).  Hemocoagulase works 
by causing the cleavage of fibrinogen into fibrin 
monomers which eventually leads to the formation of 
fibrin polymers (13). The characteristics and nature of 
batroxobin differ from those of thrombin. Batroxobin 
remains systemically active as well as at local sites of 
application in the absence of important clotting factors. 
Snake venom has evolved to contain several enzymes, 
including proteases, several of which specifically act 
on the blood coagulation system (14,15). Although 
much effort has been directed towards using these 
enzymes to regulate the blood coagulation system, 
hemocoagulase seems to remain the sole clinically 
applied venom-derived agent. Hemocoagulase is used 
to control pulmonary hemorrhage, hemorrhage in 
alcoholic cirrhotic liver disease, oral, genital, dental 
bleeds, and bleeds from wounds and is administered 
intramuscularly or intravenously to control renal 
hemorrhage (16-18). Biopharmaceutial hemocoagulase 
is used many bleeding situations, but it cannot be 
orally administered due to high risk of anaphylaxis-like 
symptoms. 
	 Tranexamic and ε-aminocaproic acids are anti-

fibrinolytic agents that inhibit plasmin, a protease that 
dissolves fibrin clots and has antithrombotic activity. 
These agents to the lysine-binding site of plasminogen, 
thus inhibiting its binding to fibrin. They also inhibit 
plasminogen activator action on fibrin, thus preventing 
fibrin degradation and exerting hemostatic effects (19). 
Tranexamic acid is a prevalent hemostatic agent that is 
clinically administered as an internal medicine and by 
injection (20,21). It is applied when bleeding tendencies 
might be associated with systemic hyperfibrinolysis 
(due to leukemia, aplastic anemia, purpura for example, 
and abnormal peri- and post-operative bleeding), and 
abnormal bleeding possibly associated with focal 
hyperfibrinolysis (epistaxis pulmonary, genital, and 
renal bleeds, as well as abnormal peri- and post-
operative bleeds) (22). Tranexamic acid can be 
delivered orally, but its therapeutic value is limited 
for bleeding tendencies associated with systemic 
hyperfibrinolysis and abnormal bleeds that might be 
associated with hyperfibrinolysis,.
	 Topical hemostatic agents applied to the skin can 
stop bleeding from small blood vessels and capillaries. 
Thrombin, collagen microfibers, oxidized regenerated 
cellulose, liquid fibrin glue, adrenaline and water-
insoluble sponges prepared from gelatin are all 
functional topical agents (23-26). Thrombin purified 
from human or bovine blood dissolved in physiological 
saline or powdered, can be sprayed onto bleeding 
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Table 1. Classification of hemostatic agents

Mode of action

Capillary stabilizers
Coagulation accelerator
Anti-fibrinolytic
Topical

Vasoconstrictor

                                                                        Hemostatic agent(s)

Carbazochrome and adrenochrome
Hemocoagulase
Tranexamic acid
Thrombin, collagen, oxidized regenerated cellulose, liquid fibrin glue, adrenaline and water-insoluble sponge 
prepared from gelatin
Epinephrine (adrenaline)

Figure 1. Overview of hemostasis and its components.
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antithrombotic agents have decreased hemostatic 
activity (46); hence, bleeding can be difficult to stop 
after tooth extraction. Denshichi hemostasis has been 
applied in dental practice in Japan (47,48). Denshichi 
notably also has many other pharmacological activities 
in addition to hemostatic activity (49-51). Sun et al. 
subsequently reported that terpene glycosides in Chiyu 
exert hemostatic activity by inhibiting α2-plasmin 
inhibitor, an inhibitor of fibrinolysis (52), but other 
herbal medicines have not yet been reported.

5. Hemostatic activity of Pollen Typhae

Several cattail species in the family Typhaceae, 
including Typha angustifolia L. (narrow leaf cattail, 
lesser bulrush, or jambu), T. latifolia L. (common 
cattail), and T. orientalis Preel (broadleaf cumbungi 
or raupo) are perennial herbaceous plants that inhabit 
North and South America, Europe, Asia, and Africa (53). 
Dried pollens of a series of cattails (Pollen Typhae) 
comprise an established Chinese herbal medicine used 
to treat internal and external hemorrhagic conditions 
(32). Hematuria, blood discharge from the anus, 
metrorrhagia and erythrocyturia have been treated with 
oral Pollen Typhae for centuries. Pollen Typhae has also 
served as a hemostyptic agent to treat excoriations or 
cuts on the skin surface (54). Pollen Typhae is believed 
to work against bleeding and has been administered 
orally and topically for centuries. Although not fully 
understood, more is known about the mechanism of 
action and the active substance in Pollen Typhae than 
any other herbal medicine. The hemostatic activity 
of Pollen Typhae extract (PTE) has been assessed 
in mice in vivo and in human blood in vitro (55). 
The effects of PTE on the extrinsic and intrinsic 
coagulation pathways have been assessed by measuring 
prothrombin (PT), activated partial thrombin (APTT) 
and plasma recalcification times (55,56). Pollen Typhae 
extract significantly and dose-dependently decreases 
the amount of time required to form clots in PT and 
APTT tests and in recalcified plasma (55). These 
findings suggested that PTE promotes the coagulation 
system in human plasma. Indeed, negatively charged 
polysaccharide in PTE activates factor XII, which is 
a proenzyme in the intrinsic coagulation pathway that 

sites (23). Microfibrillar collagen is a hemostatic 
agent that maintains the three-dimensional structure 
of bovine dermal collagen, exerts powerful platelet 
aggregation activity, and adheres tightly to wounds 
(27). Oxidized cellulose is a common surgical hemostat 
that seems to work via caustic action by decreasing 
the pH and generating an artificial clot (28). Fibrin 
glue is a mixture of fibrinogen, factor XIII, thrombin, 
and calcium that mimics the last stages of the clotting 
cascade and forms fibrin clots (29). These topical agents 
achieve hemostasis by generating adhesive cross-linked 
fibrin in wounds. Epinephrine (adrenaline), a hormone 
secreted by the medulla of the adrenal glands, works as 
a topical hemostatic agent by exerting vasoconstrictor 
effects that stop bleeding (30,31).

4. Chinese herbal medicines

Various herbs have a long history of ethno-medical 
application to control bleeds and are popular worldwide, 
so they might be valuable sources of new hemostatic 
drugs (32). Here, we focused on the hemostatic 
potential of Chinese herbal medicines. Several Chinese 
herbs with hemostatic action have been applied for 
many years. Kosuge et al. rigorously evaluated the 
active components in 12 Chinese hemostatic herbal 
medicines during the 1980s and analyzed their activities 
using mouse tail bleeding assays in vivo (33,34). Tail 
bleeding reflects platelet activity (35). Kosuge et al. 
identified hemostatic activities in Denshichi, Panax 
pseudo-ginseng Wall. var. notoginseng (Burkill) Hoo 
& Tseng; Chiyu, Sanguisorba officinalis L; Kanrenso, 
Eclipta prostrata L; Seikon, Rubia cordifolia L; 
Sokuhakuyo, Biota orientalis (L.) ENDL; Renbo and 
Gusetsu, Nelumbo nucifera Gaertn (36). Table 2 shows 
the hemostatic components in these herbal medicines 
and their active compounds (37-44) (Table 2). Although 
Kosuge et al. isolated and determined the structures 
of these compounds, they did not elucidate their 
hemostatic mechanisms and sites of action. 
	 Among these Chinese herbal medicines, Denshichi 
is renowned for treating hemorrhagic diseases and it 
might help to stop uncontrollable bleeds. For example, 
the livers of patients with hepatitis produce less blood 
coagulation factors (45), and patients medicated with 

Table 2. Hemostatic herbal medicine and active components (Kosuge et al.)

Crude drug

地楡 (Chiyu)
田七 (Denshichi)

蒲黄 (Hoou)
槐花 (Kaika)
蓮房 (Rembo)
小連翔 (Shorengyo)
側柏葉 (Sokuhakuyo)
大薊 (Taikei)

                                   Origin

Sanguisorba officinalis L.; roots
Panax pseudo-ginseng Wall. var. Notoginseng
(BURKILL) HOO and TSENG; radix
Typha lactifolia L.; pollen
Sophora japonica L.; ground buds
Nelumbo nucifera GAERT.; ground toruses
Hypericum erectum Thunb.; ground herb
Biota orientalis (L.) ENDL.; leaves and branches
Cirsium japonicum DC.; ground herb

                               Active compounds

3,3',4-Tri-O-methylellagic acid
Dencitine (β-N-oxalo-L-α-b-diaminopropionic acid)

Isorhamnetin 3-rutinoside-7-rhamnoside, unknown, 
Quercetin 
Quercetin
Wedelolactone, Demethylwedelolactone
Quercitrin	
Pectolinarin

Ref.

42
41

40
37
39
43
44
38
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accelerates coagulation (2). Activation of the intrinsic 
coagulation pathway by acidic polysaccharide in PTE 
partly contributes to the hemostatic activity of topical 
Pollen Typhae. The time-dependent activation of factor 
XII to factor XIIa by acidic polysaccharide from PTE 
has shown that Pollen Typhae has potential as a rapid 
hemostyptic (56). 
	 The oral effects of PTE have also been assessed in 
mouse tail-bleeding models. Oral PTE significantly 
decreases the duration of tail bleeding compared with 
control mice (55).Pollen Typhae extract with and 
without an acidic polysaccharide that might contribute 
to oral hemostatic activity was administered to mice. 
Hemostatic activity persisted in PTE without acidic 
polysaccharide (55), indicating that compounds other 
than acidic polysaccharides are responsible for the 
hemostatic properties of orally administered Pollen 
Typhae. Isorhamnetin, a flavonoid extracted from 
Pollen Typhae, shortens the duration of tail bleeds 
in mice when injected intraperitoneally (i.p.) (46). 
Therefore, the compound in oral Pollen Typhae 
responsible for the reduced tail bleeding duration is 
likely to be isorhamnetin or a derivative (55). Topical 
PTE also has hemostatic effects in the mouse tail 
bleeding model. Blood loss measured in the tips of 
mouse tails immersed in PTE revealed significantly 
reduced blood loss (55). 
	 Although the detailed mechanisms and components 
involved in the hemostatic action require validation, 
the hemostatic action of topical and oral Pollen 
Typhae have been confirmed in vivo and in vitro. The 
hemostatic activity of Pollen Typhae applied to wounds 
is due to activation of the intrinsic coagulation pathway, 
whereas the oral effects are due to platelet activation 
and/or vasoconstriction. 
	 Biocompatible carbon dots (CDs) are quasi-
spherical charcoal nanoparticles with high stability 
and low toxicity, the efficacy and safety of which are 
under evaluation. Fusing traditional Chinese medicine 
(TCM)-based CDs have attracted considerable interest 
to treat common diseases (57) and they have hemostatic 
properties (58,59). Hemorrhagic states have been treated 
with charcoal-processed products of Pollen Typhae 
for many years in China. The hemostatic bioactivity 
of CDs derived from Pollen Typhae Carbonisata have 
been identified and their pharmacodynamics have 
been investigated (60). This provides new insights into 
potential biomedical applications of Pollen Typhae to 
hemostasis for future drug discovery.

6. Discoveries of novel hemostatic agents from 
Chinese herbal medicines

Many plants and plant-derived agents have hemostatic 
activity and perhaps even more novel hemostatic 
substances in Chinese medical herbs await discovery. 
We screened extracts derived from 114 plant species in 

a library of common herbal crude extracts and identified 
potential hemostatic agents by measuring blood 
coagulation activities (61). Seventeen herbal extracts 
induced extrinsic blood coagulation. Among them, 
Goboushi and Gaiyou activated coagulation factor 
XII, which is the key enzyme in the intrinsic blood 
coagulation pathway and promoted blood coagulation. 
Because we found the activities of these plants using 
the procoagulant effect in vitro as an index, an actual 
hemostatic effect in vivo was not apparent. Nonetheless, 
these crude extracts remain novel hemostatic candidates 
from known medicinal plants.
	 Ebrahimi et al. comprehensively reviewed the 
ethno-pharmaceutical applications of medicinal plants 
or their isolates that stimulate the hemostatic process 
(62). Although that report included non-Chinese herbal 
medicine, the authors found via a literature search that 
several plants could be considered as sources of new 
herbal hemostatic medicines.

7. Conclusions

Many hemostatic agents are clinically applied depending 
on the situation, but they do not always meet medical 
needs. Some herbal medicines with hemostatic properties 
have characteristics that complement modern medicines. 
Pollen Typhae is of interest because it can be applied 
internally and externally. The mechanisms of the effects 
of orally-administered Pollen Typhae obviously differ 
from those of clinical oral hemostatic agents such as 
capillary stabilizers and anti-fibrinolytic agents, but its 
hemostatic effects are clearly comparable.
	 Although the mechanisms of action and active 
constituents of plant-derived hemostatic compounds 
await further investigation, many plants contain natural 
compounds that have been applied for centuries to 
control bleeding. New hemostatic sources in Chinese 
herbal medicines that might be discovered in the 
future should become clinically valuable under various 
conditions after their mechanisms of action and active 
principles are elucidated.
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COVID-19 pandemic, college students, perceptions of smoking, interest in quitting, smoking 
behavior

This study examined college students' perceptions of the association between smoking and novel 
coronavirus disease 2019 (COVID-19), changes in smoking behavior, and interest in quitting 
categorized by smoking device, to identify public health challenges. A questionnaire survey was 
conducted among 8,547 students in a Japanese university in March and April 2021. In response to 
"Awareness of the increased risk of COVID-19 infection due to smoking and the tendency to develop 
severe disease", current smokers (70.2%) were more aware of the risk than non-smokers (49.8%) (p 
< 0.001), with no significant difference according to smoking device (p = 0.213).  "Interest in quitting 
smoking" (p = 0.323), and "Changes in smoking behavior during the COVID-19 pandemic" (p = 0.146) 
did not differ by smoking device. However, approximately 50% of the respondents answered that 
they were not interested in quitting smoking, while two-thirds reported that the number of cigarettes 
they smoked did not change during the pandemic. During the COVID-19 pandemic, college students 
were found to be less interested in quitting and not likely to change their smoking behavior, despite 
the knowledge of the increased risk of COVID-19 transmission and severity of disease from smoking, 
regardless of smoking device.

1. Introduction

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2), which causes novel coronavirus 
disease 2019 (COVID-19), was first reported in Wuhan, 
China, in December 2019 (1) and is responsible for 
a global pandemic. A previous study reported that 
college students in the United States showed increased 
stress and anxiety due to COVID-19, including fear and 
worry about their health, disruption of sleep patterns, 
and concerns about academic performance (2). Japanese 
university students may have similar concerns, as they 
may not be able to lead the student life they envisioned 
due to online lectures, restrictions on school entry, 
restrictions on clubs, and other activities.
	 The WHO estimates that there are currently about 

1.1 billion smokers worldwide, and this is expected 
to increase to 1.3 billion worldwide by 2025 (3). 
The United Nations has established the Sustainable 
Development Goals (SDGs), particularly Goal 3, which 
is to "ensure healthy lives and promote well-being for 
all people of all ages" including "the implementation 
of the WHO Framework Convention on Tobacco 
Control be strengthened in all countries, as appropriate" 
(target 3.a). Smoking has been reported as a possible 
risk for COVID-19 infection (4). Furthermore, a study 
reported that patients with a history of smoking have a 
higher rate of rapid deterioration in health status during 
hospitalization than non-smokers (5).
	 Previous studies have reported that there was no 
noticeable change in the smoking status of college 
students during the pandemic (6). However, there are 
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no studies that have examined changes in smoking 
behavior by smoking devices, such as cigarettes or 
new types of cigarettes (heated cigarettes/electronic 
cigarettes). The use of new types of cigarettes, including 
electronic and heated cigarettes, is increasing rapidly 
in every country in the world (7-9). Youth smokers 
reportedly hold misconceptions such as how easy it is 
to quit using e-cigarettes and perceived benefits such as 
having more friends and looking cool (10). Therefore, 
it is important to clarify the characteristics of different 
smoking tools, including new types of cigarettes, 
in terms of the perception of harm, concern, and 
behavioral changes in smokers during the COVID-19 
pandemic.
	 Therefore, we conducted a survey of smoking 
among university students in Japan during the 
COVID-19 pandemic. Its purpose was to compare and 
evaluate the perceptions of the association between 
smoking and COVID-19, interest in quitting, and 
changes in smoking behavior by smoking devices.

2. Methods

2.1. Subjects

From March to April 2021, a self-administered, 
anonymous, questionnaire was distributed to all 
8,547 students from University A in Japan. Eligible 
students included undergraduate and graduate students. 
Responses were received from 8,117 students (95%). 
The valid response rate was 100%. The age of the 
students was 19.5 ± 2.87 years (mean ± SD). The 
survey was conducted between March and April 2021, 
which was between the third and fourth expansion 
periods of COVID-19 infection in Japan. At this time, 
other countries were taking measures to introduce 
lockdowns (city blockades), but there were no city 
blockades in Japan. The Japanese government had 
already lifted its declaration of a state of emergency, 
requesting the restriction of activities.

2.2. Survey items

For all subjects, responses were obtained for age, 
sex, and smoking history. To determine why current 
smokers started smoking, participants were able to 
check all that applied from the following: "Influence 
from friends, classmates, and older adults", "Curiosity", 
"Stress relief", "Influence from people at part-time 
jobs", and "My family smoked". Participants could 
select "Yes, I know" or "No, I did not know" about 
their awareness of the increased risk of COVID-19 
infection and the increased severity of the disease due 
to smoking. Interest in quitting smoking was indicated 
as follows: "I would like to quit smoking now", "I 
am interested and plan to quit within a month", "I 
am interested but want to start after a month", "I am 

interested but do not plan to quit within 6 months", 
and "I am not interested in quitting smoking at all". 
Respondents were asked to select one of the following 
items regarding changes in smoking behavior during the 
COVID-19 pandemic: "I would like to quit smoking", 
"I have reduced the number of times I smoke", "The 
number of times I smoke has not changed", or "The 
number of times I smoke has increased".

2.3. Statistical analysis

To analyze the association between smoking history and 
"perception of increased risk of COVID-19 infection and 
susceptibility to severe disease due to smoking", smoking 
history was divided into three groups: never smokers, 
former smokers, and current smokers, and Pearson's 
χ2 test was performed. In addition, smoking devices 
were divided into three groups: cigarette smokers, new 
types of cigarettes smokers, and cigarette smokers who 
smoked both cigarettes and new types of cigarettes (dual 
users). In addition, to analyze the relationship between 
smoking devices and "awareness of increased risk of 
COVID-19 infection and susceptibility to severe disease 
due to smoking", "interest in quitting among current 
smokers", and "changes in smoking behavior during the 
COVID-19 pandemic", we performed Pearson's χ2 test. 
SPSS statistics 26 (IBM Corp Armonk. NY. USA) was 
used for analysis, and p < 0.05 was set as statistically 
significant.

2.4. Ethics

The purpose, methods, and management of personal 
information of the study were explained in writing 
to the subjects, and their consent was obtained by 
answering the questionnaire. This study was approved 
by the Chubu University Ethics Review Board 
(Approval No. 20200095).

3. Results

3.1. Attributes of respondents

The attributes of the respondents are listed in Table 1. 
The number of current smokers was 356 (4.4%). When 
the current smokers were divided by smoking devices, 
128 (36.0%) were cigarette smokers, 68 (19.1%) were 
new types of cigarettes smokers, and 160 (44.9%) were 
dual users.

3.2. Current smokers' reasons for smoking

Table 2 shows the reasons for smoking among current 
smokers. The results indicate that "influence from 
friends, classmates, and older adults" was the primary 
reason for smoking (68.3%), followed by "curiosity" 
(29.2%).
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3.4. Interest in quitting among current smokers

Table 4 shows the results of the responses to the 
question about interest in quitting smoking among 
current smokers. There was no association with 
smoking paraphernalia in terms of interest in quitting (p 
= 0.323). "I want to quit smoking now" was answered 
by a small number of students for all smoking devices. 
However, responses of "I am interested but will not 
quit smoking within six months" were answered by 
traditional cigarette smokers, 35 students (27.3%), new 
types of cigarettes smokers, 22 (32.4%), and dual users, 
38 (23.8%). The number of students who answered, 
"I am not interested in quitting smoking at all" was 61 
(47.7%) of cigarette smokers, 30 (44.1%) of new types 
of cigarettes smokers, and 91 (56.9%) among dual 
users.

3.5.  Changes in smoking behavior during the 
COVID-19 pandemic

The changes in smoking behavior during the COVID-19 
pandemic, shown in Table 4, were not associated with 
smoking device (p = 0.146). A small number of students 
answered, "I will try to quit smoking," for all smoking 
devices. However, more than half of the students 
answered that the number of cigarettes smoked did not 
change during the COVID-19 pandemic: 87 (68.0%) 
among cigarette smokers, 38 (55.9%) among new types 
of cigarettes smokers, and 116 (72.5%) among dual 

3.3. Awareness that smoking increases the risk of 
COVID-19 infection and the likelihood of severe disease

The increased risk of COVID-19 infection due to 
smoking and the perception of susceptibility to severe 
disease are shown in Table 3. Among non-smokers, 
former smokers, and current smokers, the results 
demonstrate that the number of respondents who 
"knew" that smoking increased the risk of COVID-19 
infection and increased the severity of the disease was 
significantly higher among current smokers compared 
to non-smokers 250 (70.2%) and 3,587 (49.8%) 
respectively; (p < 0.001).
	 In addition, we divided current smokers according 
to smoking types and compared their perceptions of 
increased risk of COVID-19 infection and susceptibility 
to severe disease due to smoking, as shown in Table 4. 
There were no significant differences when comparing 
cigarettes, new types of cigarettes, and dual users (p = 
0.213). However, the percentage of "knew" was more 
than half for all smoking equipment groups, especially 
for the new types of cigarettes, with nearly 80% of 
students knowing that smoking caused an increased risk 
of COVID-19 infection and the likelihood of severe 
disease.
	 Furthermore, other factors (year, gender) and 
awareness that smoking increases the risk of COVID-19 
infection and the likelihood of severe disease were 
explored by regression analysis but no significance was 
found (data not shown).

Table 2. Current smokers' reasons for smoking (multiple answers) (n = 356)

Items

Influenced by friends, classmates, and older adults
Curiosity
Stress relief
Influenced by people at my part-time job
A family member was smoking

%

68.3
29.2
21.3
20.8
8.7

n

243
104
  76
  74
  31

Table 3. Perception of increased risk of COVID-19 infection and susceptibility to severe disease due to smoking (n = 8,117)

Items

I knew it.
I didn't know.

Non-smokers
(n = 7,202)

3,587 (49.8%)
3,615 (50.2%)

Current smokers
(n = 356)

250 (70.2%)
106 (29.8%)

Former smokers
(n = 559)

339 (60.6%)
220 (39.4%)

Total

4,176 (51.4%)
3,941 (48.6%)

p-value

< 0.001

Table 1. Basic attributes of respondents (n = 8,117)

Gender 

Male (n = 5,551)
Female (n = 2,500)
Non-response (n = 66)

Non-smokers
(n = 7,202)

4,789 (66.5%)
2,357 (32.7%)

 56 (0.8%)

Former smokers
(n = 559)

456 (81.6%)
  95 (17.0%)

 8 (1.4%)

Cigarette smokers
(n = 128)

116 (90.6%)
  11 (8.6%)
    1 (0.8%)

  Current smokers (n = 356)

     New type types of cigarettes 
           smokers (n = 68)

56 (82.4%)
11 (16.2%)
  1 (0.4%)

Dual users
(n = 160)

134 (83.8%)
  26 (16.3%)
    0 (0.0%)
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users. There were also a few students who answered, 
"the number of times I smoke has increased.

4. Discussion

We surveyed students from one university in Japan 
during the period between the third and fourth expansion 
of COVID-19 infection in Japan. This study found that 
although university students who smoke were aware that 
smoking increases the risk and severity of COVID-19 
infection, many of them tended not to change their 
smoking cessation interest or smoking behavior during 
the COVID-19 epidemic. This result was true for all 
smokers. To the best of our knowledge, this is the 
first study to evaluate COVID-19 awareness, smoking 
cessation concerns, and changes in smoking behavior 
among college students during the pandemic.
	 Many smokers start smoking as adolescents or 
young adults (11,12). Therefore, it is important to 
prevent the initiation and continuation of smoking 
among adolescents. The largest number of current 
smokers in this study started smoking because they were 
"influenced by friends, classmates and older adults". In 
previous studies, the most common reason for initiating 
smoking was reported to be "smoking by friends" (13), 
which is consistent with the results of this study.
	 Smokers were more likely than non-smokers to 
know that smoking increases the risk and severity of 
COVID-19. We believe that this result is due to the fact 
that non-smokers are less interested in smoking than 
current smokers and have fewer opportunities to gain 
knowledge about the harmful effects of smoking.
	 The results of the comparison of awareness of the 
increased risk of COVID-19 infection due to smoking 
and the increased severity of the disease by smoking 
habit showed that the percentage of students who were 
aware was nearly 80%, especially among smokers 
who use new types of cigarettes. Prior research has 
shown that new types of cigarette smokers have lower 
awareness of the harmfulness of new types of cigarettes 
(10) and that those who perceived them to be less 
harmful than cigarettes had higher rates of e-cigarette 
use (14). Interestingly, our results differed from the 
results of this previous study in terms of the perceived 
harmfulness of new tobacco products. Previous studies 
have reported that beliefs that e-cigarette use helps 
people quit smoking, tastes good, and looks cool is 
associated with e-cigarette use, and the belief that heated 
cigarettes taste good and help people quit smoking is 
associated with heated cigarette use (15). In summary, 
we found the new types of cigarettes smokers are aware 
that smoking increases the risk of COVID-19 infection 
and the severity of the disease, but they continue to 
smoke because they prioritize the benefits such as 
helping them to quit smoking and the attractiveness of 
the taste.
	 For interest in quitting smoking, there was no T
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relationship with smoking device, but the results showed 
that the percentage of respondents who answered "I 
am not interested in quitting smoking at all" was over 
50%. Additionally, more than 70% of the smokers in 
this study reported that they were aware of the increased 
risk of COVID-19 infection and susceptibility to severe 
disease, suggesting that many students are not at all 
interested in quitting smoking, even if they are aware of 
the negative health effects of smoking.
	 In terms of changes in smoking behavior during the 
COVID-19 pandemic, there was no association with 
smoking devices, and more than half of the students 
reported that the number of cigarettes smoked (times) 
remained the same for all smoking devices, with a few 
students reporting an increase. A previous study on 
changes in smoking behavior during the COVID-19 
pandemic reported that 40% of smokers did not change 
their smoking behaviors (16). This is similar to our 
results. Furthermore, previous studies have reported 
that increased smoking is associated with depression, 
anxiety, and stress symptoms during the COVID-19 
pandemic (17). Although this study did not explore the 
factors that prevented the target students from reducing 
the number of times they smoked during the pandemic, 
it did suggest the need for smoking cessation education 
during the pandemic as well as psychological support 
for students who smoke.
	 This study had several limitations. First, the subjects 
of this study were university students, most of who had 
probably been smoking for a few months to a few years. 
Different results may occur when targeting students with 
a longer smoking history. Second, this study did not 
distinguish between e-cigarettes and heated cigarettes 
for new types of cigarettes. Heated cigarettes sold in 
Japan contain nicotine, whereas e-cigarettes do not. 
Therefore, different characteristics of cigarettes may 
result in different perceptions of COVID-19, interest in 
quitting, and changes in smoking behavior. Third, the 
questionnaire survey was conducted during the period 
between the third and fourth expansion of COVID-19 
infection in Japan. This was the time when the 
declaration of a state of emergency to prevent the spread 
of infection and take measures to secure the medical 
system had been lifted. The results may vary depending 
on the future spread of the infection and the measures 
taken, such as vaccines.
	 However, the strength of this study is that the 
questionnaire survey was conducted on a large scale 
with over 8,000 people. In addition, University A is 
a general university with many faculties, including 
humanities, social sciences, natural sciences, and 
medical sciences. Furthermore, most of the students are 
from all over Japan. While these results are insufficient 
to apply to the country as a whole, as they are only 
an assessment within a single Japanese university, we 
believe that they are important data for the smoking 
behavior of college students.

	 In recent years, a wide variety of smoking devices 
have been marketed. The current COVID-19 pandemic 
should be viewed as an opportunity to motivate smokers 
to quit smoking and to further improve smoking 
cessation education for smokers who use all types of 
smoking devices. In addition, from the perspective 
of the SDGs, since smoking cessation is one factor in 
achieving the health and well-being of all people, we 
believe that providing guidance on smoking cessation 
to smokers, including young people such as college 
students who have just started smoking, will ultimately 
lead to the achievement of a sustainable society.

5. Conclusions

In this study, we found that college students who smoked 
during the COVID-19 pandemic were less interested in 
quitting smoking and not likely to change their smoking 
behavior, despite awareness that smoking increases 
the risk of COVID-19 infection and the severity of the 
disease. This trend applies to smokers of cigarettes, 
new types of cigarettes, and dual users. To address 
these emerging public health challenges identified by 
this study, the current COVID-19 pandemic should be 
viewed as an opportunity to motivate smokers to quit 
and to further improve smoking cessation education for 
smokers who use all types of smoking devices.
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Efficacy and safety of sotrovimab for vaccinated or unvaccinated 
patients with mild-to-moderate COVID-19 in the omicron era
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COVID-19, severe acute respiratory syndrome coronavirus 2, adverse event, efficacy, neutralizing 
antibodies

Although sotrovimab, one of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
neutralizing antibodies has been shown to be effective in patients with mild-to-moderate coronavirus 
disease 2019 (COVID-19) with risk factors, their efficacy in mRNA COVID-19 vaccinated patients 
in omicron era is unknown. To evaluate the effectiveness of sotrovimab clinical data from both 
COVID-19 vaccinated and unvaccinated patients who were hospitalized and receiving sotrovimab 
at the Japanese Red Cross Medical Center were compared. The efficacy and adverse events were 
evaluated. Of the total 60 patients enrolled in this study, 45 had received the mRNA COVID-19 
vaccine and 15 were unvaccinated. The clinical progression with low nasal cannula or face mask was 
not significantly different between groups (occurring in one patient in each group; p = 0.44), with no 
further progression in both groups. The duration of hospitalization was eight days for both groups (p 
= 0.90). Two patients in each group experienced adverse events (7%, p = 0.26). The results suggested 
that the efficacy and safety of sotrovimab against mild-to-moderate COVID-19 with risk factors in the 
omicron era might not be different regardless of the vaccination status. The results of the present study 
are encouraging; however, further randomized clinical studies are needed.

1. Introduction

The number of people infected with coronavirus disease 
2019 (COVID-19) is increasing worldwide (1). The 
number of COVID-19 patients is increasing in Japan 
as well, and infection control and medical care are 
essential. From July 2021, severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2)-neutralizing 
antibody therapeutics and oral drugs were approved for 
use in patients with COVID-19 with risk factors (2). 
SARS-CoV-2-neutralizing antibodies and oral drugs are 
therapies used for mild-to-moderate cases, and SARS-
CoV-2-neutralizing antibodies are said to be particularly 
effective against mild-to-moderate COVID-19 with risk 
factors (3). Two SARS-CoV-2-neutralizing antibodies, 
REGN-COV2 (Regeneron Pharmaceuticals, Inc., USA) 
and sotrovimab (VIR-7831; Vir Biotechnology and 
GlaxoSmithKline, United Kingdom), are available in 
Japan (4-6). However, the omicron variant became 
prevalent in Japan in January 2022, and it is said that 
the effect of REGN-COV2 on the omicron strain is 
diminished (2). Therefore, sotrovimab became the 

antibody drug of choice. However, during clinical 
trials of sotrovimab, only patients unvaccinated against 
COVID-19 were included as target patients, and the 
efficacy and safety of sotrovimab in vaccinated patients 
remains unknown (5). Therefore, we investigated the 
efficacy and safety of sotrovimab in the omicron era for 
patients with COVID-19 with risk factors, and compared 
the results between patients who were vaccinated or 
unvaccinated against COVID-19.

2. Materials and Methods

2.1. Eligibility criteria

Patients diagnosed with COVID-19 and admitted to the 
Japanese Red Cross Medical Center were screened for 
the analysis. In accordance with the National Institutes 
of Health classification criteria, patients with COVID-19 
were classified into four categories as follows: 1) mild 
illness group, which included patients with different 
signs and symptoms of COVID-19 excluding shortness 
of breath, dyspnea, or abnormal chest imaging finding; 
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2) moderate illness group, which included patients with 
lower respiratory diseases diagnosed based on clinical 
assessment or imaging examination and a blood oxygen 
saturation level (SpO2) ≥ 94% on room air at sea level; 
3) severe illness group, which included patients with 
respiratory rate > 30 breaths per minute, SpO2 < 94% on 
room air at sea level, arterial partial pressure of oxygen 
to fraction of inspired oxygen ratio < 300 Torr, or lung 
infiltrates > 50%; and 4) critical illness group, which 
included patients with respiratory failure, septic shock, 
and/or multi-organ dysfunction (7). 
	 From January 2022 to February 2022 of the omicron 
era, patients who demonstrated mild or moderate illness 
with COVID-19 risk factors on admission and who 
received sotrovimab were consecutively enrolled in 
this study. Patients with a compatible symptom onset 
no more than seven days before the administration 
and who had at least one of the following risk factors: 
age ≥ 55 years; body mass index (BMI) ≥ 30 kg/m2; 
or comorbidity with diabetes, chronic kidney disease 
(estimated glomerular filtration rate, < 60 mL per 
minute per 1.73 m2 of body-surface area) including 
hemodialysis, congestive heart failure (New York 
Heart Association class II, III, or IV), cancer, chronic 
obstructive pulmonary disease, moderate-to-severe 
asthma, hypertension, hyperlipidemia, pregnancy, or 
long term use of steroids or immunosuppressants were 
included in the study. 

2.2. Procedures 

Consecutive patients received a single 500 mg, 30 
minutes infusion of sotrovimab on the day of, or the 
day after, admission. This study did not mandate any 
treatment for COVID-19 other than sotrovimab; as a 
result, the patients received another treatment at the 
discretion of their physicians according to the local 
standard of care if the patient's condition worsened. 

2.3. COVID-19 vaccines

Two kinds of mRNA vaccines (8); mRNA-1273 
(developed by Moderna Ltd., USA) and BNT162b 
(developed by Pfizer and BioNTech Ltd., USA) were the 
first vaccines approved for emergency use in Japan. In 
this study, patients who had received at least two doses 
of either of these vaccines were defined as the vaccinated 
group, and those who had not received either of these 
vaccines were defined as the unvaccinated group.

2.4. Statistical analyses

All data are presented as medians with interquartile 
ranges (IQRs) or absolute numbers with percentages. 
The Fischer exact test was used for categorical data, and 
the Mann-Whitney U test was used for numeric data 
to evaluate the difference between the vaccinated and 

unvaccinated groups. P-values < 0.05 were considered 
significant. Data were analyzed using EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, 
Japan; http://www.jichi.ac.jp/saitama-sct/SaitamaHP.
files/statmed.html), a graphical user interface for R 
software (version 2.13.0; The R Project for Statistical 
Computing; http://www.r-project.org) and a modified 
version of R Commander (9). Adverse events were 
reported in accordance with the Common Terminology 
Criteria for Adverse Events (CTCAE) version 5.0.

2.5. Ethics approval and consent to participate

This study was approved by the Ethics Committee for 
Clinical Studies of the Japanese Red Cross Medical 
Center (No. 1394; April 28, 2022). Written informed 
consent for the use of sotrovimab was obtained from all 
patients. Additional informed consent for this study was 
waived owing to the nature of the study design, which 
involved retrospective chart review to obtain clinical 
information. In accordance with the Japanese ethical 
guidelines for clinical research, the need for informed 
consent was waived. 

3. Results

In total, 60 patients with mild or moderate COVID-19 
who received sotrovimab were enrolled in this study. 
Of the 60 patients, 43 had received two doses of mRNA 
COVID-19 vaccine, two had received three doses of 
mRNA COVID-19 vaccine, and 15 had never received 
any mRNA COVID-19 vaccine. Thus, 45 patients 
were enrolled in the vaccinated group and 15 in the 
unvaccinated group. Details on whether the mRNA 
COVID-19 vaccine ingested was mRNA-1273 or 
BNT162b were not available. The clinical characteristics 
of the patients on admission are presented in Table 1. 
Briefly, the median patient age was 67 years (IQR: 53-
79 years), and 36 patients (60%) were male. Regarding 
concurrent risk factors, 17 (28%) patients had one, 18 
(30%) patients had two, and 26 (42%) patients had 
three or more. At admission, 46 patients (77%) were 
diagnosed with mild symptoms and 14 (23%) with 
moderate symptoms. There was no significant difference 
in baseline admission data between the vaccinated and 
unvaccinated groups.
	 The patient outcomes are presented in Table 2. One 
patient in each group experienced severe or critical 
progression (p = 0.44). Both groups had one patient 
requiring a low nasal cannula or face mask, but they 
had no further progression. The median duration of 
hospitalization was 8 days (interquartile range [IQR]: 
6-10 days) for both groups, with no significant difference 
(p = 0.90).
	 The adverse events are presented in Table 3 and 
were reported in accordance with CTCAE version 5.0. 
Adverse events occurred in a total of four patients (7%), 
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status. 
	 COVID-19 is an infection caused by SARS-
CoV-2 (1). In patients with severe disease, excessive 
inflammation and cytokine storm-like conditions are 
considered serious; therefore, anti-inflammation and 
antiviral drug combination therapies are currently 
being used for patients with severe COVID-19 (10). 
However, early intervention is necessary for patients 
with risk factors to improve the efficacy of COVID-19 
therapy (3).
	 The clinical trial of sotrovimab for mild-to-

wherein infusion-related reactions occurred in 2% of 
patients, post-dose fever in 3%, and liver dysfunction in 
2%. There were no significant differences between the 
two groups (p = 0.26).

4. Discussion

To the best of our knowledge, this is the first report to 
investigate the efficacy and safety of sotrovimab for 
patients with mild-to-moderate COVID-19 with risk 
factors in the omicron era according to their vaccination 

Table 1. Clinical characteristics of the patients on admission

Characteristic

Age, years (IQR)
Male sex-No. (%)
BMI, kg/m2 (IQR)
Any risk factor
     Age ≥ 55 years (%)
     Obesity: BMI ≥ 30 (%)
     Diabetes (%)
     Chronic kidney disease (%)
     Congestive heart failure (%)
     Cancer (%)
     Chronic obstructive pulmonary disease (%)
     Moderate-to-severe asthma (%)
     Hypertension (%)
     Hyperlipidemia (%)
     Pregnancy (%)
     Long term use of steroids or immunosuppressants (%)
No. of concurrent risk factors (%)
     1
     2
     ≥3
Severity on admission (%)
     Mild
     Moderate

Overall (n = 60)

67 (53-79)
36 (60)
22.8 (19.8-26.2)
60 (100)
43 (72)
  3 (5)
15 (25)
  9 (15)
  6 (10)
  8 (13)
  2 (3)
  4 (7)
23 (38)
13 (22)
  3 (5)
  3 (5)

17 (28)
18 (30)
25 (42)

46 (77)
14 (23)

IQR, interquartile range; BMI, Body Mass Index. 

Unvaccinated (n = 15)

64 (46-70)
  9 (60)
23.5 (20.3-25.7)
15 (100)
11 (73)
  1 (6)
  3 (20)
  4 (27)
  1 (6)
  2 (13)
  0 (0)
  0 (0)
  7 (47)
  5 (33)
  2 (13)
  0 (0)

  4 (27)
  3 (20)
  8 (53)

11 (73)
  4 (27)

Vaccinated (n = 45)

70 (54-83)
27 (60)
22.8 (19.6-26.1)
45 (100)
32 (71) 
  2 (4)
12 (27)
  5 (11)
  5 (11)
  6 (13)
  2 (4)
  4 (9)
16 (36)
  8 (18)
  1 (2)
  3 (7)

13 (29)
15 (33)
17 (38)

35 (78)
10 (22)

p value

0.1
1.0
0.98

1.0
1.0
0.70
0.21
1.0
1.0
1.0
0.56
0.54
0.28
0.15
0.57
0.51

0.73

Table 2. Patient outcomes

Outcome

Primary outcome
     Severe or critical progression, No. (%)
     Low flow nasal cannula or face mask
     High flow nasal cannula or noninvasive mechanical ventilation
     Intensive mechanical ventilation
     Admission to ICU for any cause
     Death from any cause
Secondary outcome
     Duration of hospitalization, days (IQR)

Overall (n = 60)

2 (3)
2 (3)
0 (0)
0 (0)
0 (0)
0 (0)

8 (6-10)

ICU, intensive care unit; IQR, interquartile range. 

Unvaccinated (n = 15)

1 (7)
1 (7)
0 (0)
0 (0)
0 (0)
0 (0)

8 (6-10)

Vaccinated (n = 45)

1 (2)
1 (2)
0 (0)
0 (0)
0 (0)
0 (0)

8 (6-10)

p value
	

0.44

0.90

Table 3. Adverse events 

Event

All adverse events, No. (%)
     Infusion-related reactions, No. (%)
     Post-dose fever, No. (%)
     Liver dysfunction, No. (%)

Overall (n = 60)

4 (7)
1 (2)
2 (3)
1 (2)

Unvaccinated (n = 15)

  2 (14)
0 (0)
1 (7)
1 (7)

Vaccinated (n = 45)

2 (4)
1 (2)
1 (2)
0 (0)

p value
	
0.26



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2022; 16(3):124-127. 127

moderate COVID-19 included 583 patients (291 in 
the sotrovimab group and 292 in the placebo group) 
(5). That study reported that three patients (1%) in the 
sotrovimab group and 21 patients (7%) in the placebo 
group had disease progression leading to hospitalization 
or death, with sotrovimab significantly reducing disease 
progression compared to that in the placebo group. 
The placebo group also reported five intensive care 
unit admissions, including one death by day 29. Safety 
was evaluated in 868 patients (430 in the sotrovimab 
group and 438 in the placebo group); 17% and 19% of 
the individuals in the sotrovimab and placebo groups, 
respectively, reported adverse events, with serious 
adverse events occurring rather less frequently in the 
sotrovimab group than in the placebo group. Based on 
these results, the investigators reported that sotrovimab 
reduced the risk of disease progression in patients with 
mild-to-moderate Covid-19 with risk factors and had no 
safety problems. 
	 In the present study, sotrovimab was found to be 
highly effective, with only a 3% (2 out of 60 patients) 
clinical progression rate, and no patients required 
invasive mechanical ventilation or admission to the 
intensive care unit (ICU). In addition, these effects were 
not significantly different between the vaccinated and 
unvaccinated groups, suggesting that sotrovimab could 
be effective in vaccinated COVID-19 patients with risk 
factors. Although two sotrovimab-treated patients had 
progression requiring low flow nasal oxygenation, both 
patients had improvement with remdesivir and steroid 
therapies. 
	 The incidence of adverse events was 7%. All adverse 
events were grade 2 in CTCAE, and no serious adverse 
events occurred with or without mRNA COVID-19 
vaccination. This result suggests that sotrovimab can 
be safely used with or without mRNA COVID-19 
vaccination.
	 The present study had several limitations. First, the 
study was conducted at a single center, and only a few 
patients were included. Second, it was unknown whether 
patients in the vaccination group received mRNA-1273 
or BNT162b vaccine and the duration since vaccination. 
Third, the COVID-19 variant of all enrolled patients 
has not been determined, although it is thought to have 
largely replaced the omicron variant in Japan since 
January 2022. Further investigations are needed to clarify 
this aspect.
	 In conclusion, this study suggested that the efficacy 
and safety of sotrovimab against mild-to-moderate 
COVID-19 with risk factors in the omicron era might 
not be different regardless of the vaccination status. The 
results of this study are promising because the clinical 
impact of the neutralizing antibody might be also 
significant in mild-to-moderate COVID-19 patients with 
risk factors vaccinated with mRNA COVID-19, although 
further randomized clinical trials must be conducted to 
confirm these findings.
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adverse event, device malfunction, first-in-human trial, irritant infusates, peripheral intravenous 
catheter failure

Despite the widespread use of peripheral intravenous catheters, unscheduled catheter failure before 
completion of treatment occurs frequently. If a large vein is selected, catheter failures may be 
prevented despite administering a highly irritant drug. In this study, we attempted to use a catheter that 
can be placed in a large upper arm vein. The new catheter was 88 mm long but had no guidewire to 
reduce contamination risk. This study aimed to evaluate the safety of the first-in-human trial for the 
new catheter with the administration of highly irritant drugs. This study was conducted at a university 
hospital in Tokyo, Japan. Eight Japanese adults were hospitalized adults with planned administration 
of non-cancer drugs with high irritant potential using a peripheral catheter. A trained nurse catheterized 
with the new catheter in the upper arm using ultrasonography. The catheterization site was monitored 
by staff and a research nurse once every 24 hours for up to 7 days. No adverse events or catheter 
failure occurred and the catheter placement success rate was 100%. In two patients, a temporary 
occlusion alarm of the infusion pump occurred, possibly due to the flexion of the catheter base. The 
new peripheral intravenous catheter did not interrupt medical treatments as is common after placement, 
but safety administered the irritant drugs. However, because this catheter may be easily affected by the 
contraction of the muscle at the fixation position, the position and method of catheter fixation in the 
upper arm need to be carefully considered.

1. Introduction

Peripheral intravenous catheters (PIVCs) are widely used. 
Almost 70% of hospitalized patients worldwide require a 
PIVC to secure the venous route for infusion therapy (1). 
In Japan, only a short peripheral catheter (SPC) has been 
approved as a medical device, while midline catheters 
and long peripheral intravenous catheters (LPCs) are not 
available. Physicians and general nurses can choose only 
a short catheter to secure the peripheral venous route for 
infusion in Japan.
	 Despite the widespread use of PIVCs, unscheduled 
catheter failure (CF) before completion of treatment 
occurs in up to 69% of patients, even in cases of 

successful catheter placement (2-4). In adult inpatients 
at a university hospital in Japan, 18% of placed catheters 
were removed because of CF (5). The major reasons 
for discontinuation of using indwelling catheters are the 
appearance of symptoms and signs, such as redness, 
swelling, pain, and induration along the vein, and catheter 
occlusion and insufficient infusion volume. These signs 
and symptoms are often observed as early symptoms 
of complications, such as catheter-related bloodstream 
infection or thrombophlebitis (6), potentially leading to 
bacteremia, sepsis, and even death (7). Preventing CF 
would not only prevent complications but also reduce 
the burden due to repeated punctures by needles on the 
patients.
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	 Contributing factors to complications related to CF 
can be classified as biological, mechanical, and chemical 
factors (8). In our previous study, we identified the 
following factors associated with reduced risk of CF: 
(i) selection of a vessel with a large diameter (at least 
3.3 times the external diameter of the catheter) (9), 
(ii) successful insertion on the first attempt (10), (iii) 
securing the catheter tip in a non-stimulatory position 
on the vessel wall (11,12), and (iv) use of a catheter 
made of soft materials such as polyurethane rather than 
polytetrafluoroethylene (13). To meet these requirements, 
a long catheter that can be safely and easily placed in 
the upper arm vein, that can reach in the vicinity of 
the axillary vein, and which has a large blood flow, is 
required.
	 Although midline catheters and LPCs are PIVCs 
meet these requirements (14,15), they have several 
drawbacks mainly associated with the insertion 
procedure. Existing long catheters (length is 80 mm 
or over) require a guidewire for insertion which also 
requires aseptic non-touch technique for additional 
manipulation of the guidewire. This technique requires 
more time and effort for catheter placement, and the 
risk of infection is increased owing to the complicated 
guidewire procedures (16). Furthermore, the inserter 
needs to use both hands and cannot hold the US probe 
for catheter insertion.
	 To improve the ease of catheterization in this study, 
we used a new indwelling PIVC catheter (new PIVC) 
that can be placed in an upper arm vein. It does not 
necessitate a guidewire even though the catheter length is 
88 mm. This study is the first-in-human trial to verify its 
safety in Japan. This study aimed to evaluate the safety 
of the new PIVC in patients undergoing administration of 
drugs with high irritancy other than anticancer drugs by 
assessing the occurrence of adverse events. The adverse 
events evaluated in this study included catheter-related 
bloodstream infection and device malfunction at the time 
of puncture, during the indwelling period, at the time of 
removal, and up to approximately 24 hours after catheter 
removal.

2. Methods

2.1. Study setting and samples

This exploratory research was conducted in the 
hematology and oncology department at The University 
of Tokyo Hospital in Tokyo, Japan, between August and 
December 2020. All participants read a description of 
the study and signed a consent form. The study protocol 
was approved by the Research Ethics Committee of the 
Graduate School of Medicine and Institutional Review 
Board, The University of Tokyo (2019016SP). The 
study protocol was registered and published in the Japan 
Registry of Clinical Trials: jRCT (protocol number: 
jRCTs032200076).

2.2. Inclusion criteria

Participants were male and female patients over 20 
years old who had planned administration of hyper-
stimulant drugs, such as those with an osmotic pressure 
ratio 3 higher, or irritant or vesicant drugs, excluding 
anticancer drugs, for longer than 24 hours using a 
PIVC.

2.3. Exclusion criteria

We excluded patients who could not maintain the 
position with the shoulder joint abducted and the elbow 
joint externally rotated, those who had skin disorders 
at the puncture site, those with peripheral neuropathy, 
those with a history of vasovagal reflex due to 
puncture, those with a history of thrombosis, those with 
stage ≥ G3a chronic kidney disease, and those with 
an abnormal blood coagulation ability or a bleeding 
tendency (prothrombin-international normalized ratio 
≥ 1.5; activated partial thromboplastin time of ≥ 36.1 
seconds, and taking anticoagulant or antiplatelet drugs). 
Patients scheduled to undergo invasive procedures were 
also excluded (e.g., endoscopy and bronchoscopy). 
Furthermore, other patients judged by the physician in 
charge to be inappropriate for participation in this study 
were excluded.

2.4. Sample size

The incidence of adverse events with the new PIVC 
was unknown, including nerve injury, arterial puncture, 
vasovagal reflex, skin damage due to echo jelly, 
hematoma formation due to deep vascular injury, 
catheter-related bloodstream infection, and venous 
thrombosis. Adverse events might occur not only with 
the new PIVC but also with the conventional SPC. 
Additionally, the frequency of a device malfunction was 
unpredictable. We set 10 cases as the sample size because 
this survey was an exploratory study to determine the 
frequency of adverse events for subsequent validation. 
The exact one-sided 95% confidence interval of the 
probability of occurrence was calculated to be 0%-25.9% 
when the number of cases is 0 of 10 for each event. 
Therefore, at least one event with a true probability of 
occurrence > 25.9% was identified with a probability of 
≥ 95% in this study.

2.5. Outcomes and patients' characteristics

The primary outcomes were the incidence of adverse 
events: nerve injury, arterial puncture, vasovagal 
reflex, skin damage due to echo jelly, hematoma 
formation due to deep vascular injury, catheter-
related bloodstream infection, and venous thrombosis, 
from the time of puncture to 24 hours after catheter 
removal and the frequency of a device malfunction 
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with their finger in the punctured hand, allowing a one-
handed catheter insertion operation. This catheter has 
a backflow prevention valve which can help to protect 
against blood exposure. Ultrasonography was necessary 
in order to guide catheter puncture and insertion.

2.7. Research procedure

The patients were admitted to the department, and 
consent for participation in the study was obtained. 
Informed consent was obtained in accordance with the 
Declaration of Helsinki and the Clinical Research Act 
(Japan). Eligibility was confirmed simultaneously, and 
then a trained nurse catheterized the new PIVC in the 
upper arm using ultrasonography under the direction of a 
physician. Standard infection precautions were applied, 
with 1% chlorhexidine alcohol as skin antisepsis, and 
the insertion site was covered with dressing film. The 
catheterization site was monitored by staff and a research 
nurse at least once every 24 hours. The catheter was 
removed after being placed for up to 7 days.

2.8. Statistical analysis

The incidence of adverse events or device malfunction 
(%) was calculated as the number of catheters with 
adverse events or device malfunction/the number 
of placed catheters. The success rate of indwelling 
catheters (%) was calculated as the number of successful 
indwelling catheters/the number of punctures. The 
incidence of CF (%) was calculated as the number of 
catheters in which CF occurred/the number of placed 
catheters. Descriptive statistics were used for the patients' 
characteristics and the points of the visual analogue 
scale. Qualitative analysis was used for answers by an 
open-ended questionnaire. Data were analyzed with 
the Statistical Package for Social Sciences (IBM SPSS 
Statistics for Windows, ver. 22.0; IBM Corp., Armonk, 
NY, USA).

3. Results

3.1. Participants

The number of patients who agreed to participate 
in this study was nine. All of them were enrolled in 
the study and underwent insertion of the new PIVC 
and infusion. After catheter removal, one participant 
was excluded from the analysis because the activated 
partial thromboplastin time value on the day before 
placement was prolonged beyond the inclusion criteria. 
One participant withdrew consent after the initiation of 
infusion, and removed catheter before completion the 
study, in which subsequent participation to the study 
was refused but use of data already collected so far was 
allowed. Therefore, the number of subjects for analysis 
was eight.

by the time of catheter removal or up to a maximum 
of day 7. Nerve injury, arterial puncture, hematoma, 
and venous thrombosis were recorded by an interview, 
macroscopic observation, and ultrasonography with 
two-dimensional linear-array transducers (6-13 MHz, 
FC1-X VA; Fujifilm, Tokyo, Japan) to observe blood 
vessels and subcutaneous tissues. Bacterial culture tests 
were applied for removed catheters and the skin surface 
around the catheter insertion point. The visual analogue 
scale (100 points: maximum pain) was used to evaluate 
pain. Photographs of the removed catheter were taken 
immediately after its removal, and then the angle of 
the base of the catheter was measured using image-J 
software (NIH) because this could be related to device 
failure.
	 The secondary outcomes were the catheter placement 
success rate, the incidence of CF, and subjective 
assessment of catheter placement on the upper arm. 
CF was defined as premature catheter removal before 
completion of planed fluid therapy, excluding self-
removal and accidental removal. CF and catheter 
removal were determined by physicians and nurses 
based on interviews and macroscopic observations. 
Ultrasonography was additionally used to confirm the 
subtypes of CF (e.g., catheter dislodgement, thrombus 
formation in the vein, and subcutaneous edema 
formation) by a trained researcher. Subjective assessment 
of catheter placement was confirmed by original 
questionnaires.
	 The patients' characteristics (diagnosis, medical 
history, oral medication, age, sex, and body mass index), 
blood test data (total protein, albumin, hematocrit, 
platelet count, white blood cell with differential count, 
C-reactive protein, prothrombin time, prothrombin-
international normalized ratio, activated partial 
thromboplastin time, and fibrinogen), length of hospital 
stay, rate and dosage of the infusate, infusion pump use, 
and performance status were collected by chart review.

2.6. Features of the new PIVC

The length of the catheter was 88 mm to enable 
approaching the peripheral vein in the upper arm and 
inserting the catheter tip into the vicinity of the axillary 
vein (Figure 1). The catheter size was 22 gauge (outer 
diameter: 0.9 mm) and made of polyurethane. There 
was no guidewire, and catheter insertion was performed 
by the inserter pushing in the "controlling element" 

Figure 1. New peripheral intravenous catheter. The length of the 
catheter is 88 mm. The catheter size is 22 gauge (outer diameter: 0.9 
mm) and it is made of polyurethane.
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3.2. Baseline characteristics

Of the eight participants, four were men. The median 
age was 51.5 years. The mean of the body mass index 
was 21.6 kg/m2. The mean of the length of the hospital 
stay was 32.3 days (Table 1). The performance status 
score on admission was zero in four patients, 1 in two 
patients, and 2 in three patients. Table 2 shows the 
blood test data before catheter placement.
	 Seven patients were administered BFLUID® 
injection: amino acid and glucose injection with 
electrolytes and vitamin B1 (Otsuka Holdings Co., 
Ltd., Tokyo, Japan), one patient was administered 
tazobactam/piperacillin hydrate, and three patients were 
administered vancomycin hydrochloride (Table 3). All 

patients used an infusion pump for the administration of 
these irritant drugs.

3.3. Outcome measures

No predefined adverse events were observed during 
puncture, at the indwelling period, at the time of 
removal, and up to approximately 24 hours after 
catheter removal. The culture test results of all removed 
catheters and the skin surface around the catheter 
insertion site were negative.
	 A temporary occlusion alarm of the infusion pump, 
possibly due to flexion of the catheter base, occurred 
in two of eight (25%) patients. Actually, under the 
magnification of two catheters, a linear line was 
observed at the base of the catheter. In one patient, the 
catheter was used until the completion of the treatment, 
and the other patient hoped to remove the catheter 
the next day. Table 4 shows the characteristics of the 
patients, the vessel where the catheter was placed, and 
details of the catheter according to catheter malfunction. 
The body mass index was relatively low, and the 
depth of the vessel was relatively shallow in patients 
with catheter malfunctions than in those without 
catheter malfunction. The angle of the base of the 
removed catheter was smaller in patients with catheter 
malfunction than in those without catheter malfunction.
	 According to the visual analog scale, the mean 

Table 1. Participants characteristics

Age (years): median 
Sex
BMI (kg/m2): mean (SD)
Length of hospital stay: mean (SD)
Diagnoses (n)

51.5 (range: 29-76)
male: 4; female: 4
21.6 (3.3) 
32.3 (18.1) days
acute myeloid leukemia (2)
mycosis fungoides ( 2)
acute lymphocblastic leukemia (1)
lymphoplasmacytic lymphoma (1)
acute undifferentiated leukemia (1)
mantle cell lymphoma (1)

BMI, Body Mass Index. 

Table 2. Blood test values

Blood test items

Total protein (g/dL)
Albumin (g/dL)
Hematocrit (%)

Blood platelet count (×104/μL)
White blood cell count (×103/μL)
C-reactive protein (mg/dL)
Prothrombin (%)
PT-INR
APTT (seconds)
Fibrinogen (mg/dL)

Reference valuesb

  6.6-8.1
  4.1-5.1
Men: 40.7-50.1,
Women: 35.1-44.4
15.8-34.8
  3.3-8.6
  < 0.3
86.0-124.1
      −
24.0-34.0
168-355

  Patients' valuesa

    5.50 (4.40-6.40)
    3.00 (2.30-3.60)
  23.40 (19.20-28.10)

    7.35 (1.60-35.60)
    4.45 (0.20-47.80)
    1.82 (0.20-5.88)
  92.85 (80.0-100.0)
    1.05 (0.93-1.13)
  27.50 (25.30-30.10)
421.00 (253.0-700.0)

Values are median (range). aBlood test values on the closest day before catheter placement. bReference values of blood testing by The University 
of Tokyo Hospital. PT-INR: prothrombin-international normalized ratio; APTT: activated partial thromboplastin time.

Table 3. Total volume of administered irritant drugs

Patient ID

201
301
801
401
901
501
601
701

Irritant drug administration (total)

BFLUIDa 6631 mL
BFLUID 2265 mL 
BFLUID 6880 mL, VCM 14 g
BFLUID 3668 mL, KCL 60 mEq
BFLUID 5850 mL, KCL 60 mEq
BFLUID 7000 mL, VCM 21 g, KCL 70 mEq
BFLUID 3500 mL, TAZ/PIPC 49.5 g
VCM 4 g

PIVC dwelling time (days)

7
4
7
7
7
7
7

1 (withdrawal)

aBFLUID (amino acid and glucose injection with electrolytes and vitamin B1) was infused intravenously. PIVC: peripheral intravenous catheter; 
VCM: vancomycin; KCL: potassium chloride; TAZ/PIPC: tazobactam/piperacillin hydrate.
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pain scores were < 40 at all the time points, including 
at insertion and removal. Despite the invasive nature 
of the needle puncture, there was no incidence of 
an inability to puncture owing to pain or premature 
removal during indwelling.
	 A secondary endpoint, the catheter placement 
success rate, was 100% in all eight patients. The 
incidence of CF was 0% at all time points. Regarding 
the subjective assessment of catheter placement, there 
were no complaints of hindered activities of daily living 
due to indwelling and fixation of the catheter in the 
upper arm.

4. Discussion

To reduce the risk of CF occurrence, we used a new 
PIVC in the upper arm vein without a guidewire despite 
it being 88 mm long. In this first-in-human trial to 
verify its safety, no adverse events or CF occurred. 
The catheter placement success rate was 100%; it 
allowed no device malfunction occurred at the catheter 
placement.
	 In our previous study, the incidence of CF using 
SPCs was 29% in the control group compared with 
11% in the intervention group, where a care bundle 
was implemented that used ultrasonography to place 
the catheter in a larger vessel and secure it in the 
appropriate position in the vessel during SPC placement 
(12). To further reduce CF, a PIVC needs to be placed 
near the axillary vein in the upper arm, which has a 
larger diameter and higher blood flow rate than those 
in the forearm veins (17). PIVCs placed near the 
axillary vein in the upper arm could avoid CF caused 
by chemical factors due to administering irritant drugs. 
In fact, a previous study reported an incidence rate of 
complications of 2.7% with using a catheter that was 
placed in the upper arm for vancomycin administration 
(18). However, most existing upper arm PIVCs need 
a guidewire, which is associated with an increased 
risk of contamination because it can reach in the 
vicinity of the axillary vein (16). A catheter inserter 
has to perform many steps for inserting the catheter; 
the skill is complex, the process is time-consuming, 
and the medical cost involved in maximal sterile 

barrier precaution is higher than that with the standard 
precaution. Catheters that can be inserted into the upper 
arm without a guidewire are expected to reduce the 
burden on the medical staff and diminish the risk of CF. 
In this study, we verified the safety of the new PIVC.
	 A systematic review of studies using LPCs (6-15 
cm in length) showed that the insertion success rate 
ranged from 86% to 100%, and the CF rate in adult 
patients ranged between 4.3% and 51.5% (16). In the 
current study, no adverse events occurred during the 
catheterization in all eight patients, the success rate of 
the first puncture attempt was 100%, and there was no 
device malfunction in operation during the puncture. 
There were no interruptions in the catheter placement 
due to complaints of pain. There were also no adverse 
events or CF after placement, and no suspected 
infectious organisms were detected. Our findings 
suggest that the new PIVC is as safe as a 80 mm LPC 
with a guidewire.
	 The patients in this study generally had low blood 
platelet count because of their underlying hematological 
diseases or exposure to cytotoxic chemotherapy, making 
them susceptible developing subcutaneous hemorrhage 
upon puncture. In our analysis, no patients developed 
subcutaneous hemorrhage, possibly because the mean 
diameter of the vessel at the puncture point was 4.4 
mm, and the diameter of the catheter tip position was 
5.7 mm, which was approximately five times larger 
than the catheter outer diameter. It leads to an increased 
puncture success rate and avoids the mechanical 
stress to the vessel wall. Additionally, the catheter was 
sufficiently long to prevent dislodgment, even though 
the mean depth of the vessel was 7.3 mm.
	 The cause of a temporary occlusion alarm of the 
infusion pump in our study is unclear. Between the 
catheter hub and the skin puncture, the base of the 
catheter could have been temporarily bent, resulting in 
occlusion, supported by an emergence of a linear line at 
the base of the catheter observed under magnification. 
Patients whose alarms went off had a lower average 
body mass index and shallower blood vessels than those 
whose alarms did not go off. The subcutaneous fat layer 
seemed to be relatively thin in these subjects. It was 
reported that the subcutaneous adipofascial tissue was 

Table 4. Characteristics of the patients, catheter, and vessel

Items

Body mass index
Distance between the elbow joint and the puncture point
Vein diameter at the puncture point*

Vein diameter at the catheter tip
Vein depth
Angle of the base of the removed catheter

 Total 
(n = 8)

21.6 (3.4)
  91.3 (24.2)
  4.4 (1.0)
  5.7 (1.5)
  7.3 (2.8)
17.4 (4.4)

Data are mean (SD). *Vein diameter = [major axis + minor axis]/2.

Without catheter malfunction 
(n = 6)

22.3 (3.7)
  88.3 (11.7)
  4.0 (0.6)
  5.3 (1.3)
  8.4 (2.1)
18.2 (5.0)

With catheter malfunction 
(n = 2)

 19.8 (1.2)
 100.0 (56.6)

  5.9 (0.3)
  6.9 (2.0)
  4.2 (2.1)
15.1 (0.6)
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made up of two adipofascial layers; the superficial layer 
forms a solid structure. It is thought to protect against 
external forces and the deep layer forms a mobile 
layer and is thought to lubricate the musculoskeletal 
movement (19). So that means, contraction of the 
muscle leads to movement of the epidermis along 
with the subcutaneous tissue, furthermore, thinner 
subcutaneous fat layer may allow the skin surface to 
move easily. Therefore, the positional relationship 
between the catheter hub fixed to the skin surface 
and the vessel puncture site may have expanded and 
contracted under the influence of contraction of the 
underlying muscles. We need to consider the position 
and method of catheter fixation in the upper arm, 
considering that the catheter is easily affected by 
muscle contraction at the fixation position. Taking into 
consideration these countermeasures may help prevent 
catheter malfunction.
	 In summary, our novel PIVC was safe and beneficial 
for the administration of irritant drugs. Furthermore, 
this catheter is user-friendly, because it does not need 
a guidewire. Further studies, including a randomized 
controlled trials are warranted to further evaluate the 
effectiveness of the new PIVC.

5. Conclusions

A new catheter without a guidewire did not interrupt 
medical treatments after placement. The catheter 
placement success rate was 100%, thus resulting 
in no device malfunction at the catheter placement. 
Furthermore, no adverse events, including catheter-
related bloodstream infection and CF, occurred. 
According to the results of the first-in-human trial to 
verify the safety of the new PIVC, this new catheter 
without a guidewire is safe for catheterization and 
administering drugs with a high potential for irritancy. 
In the case of a temporary occlusion alarm of the 
infusion pump, the causal relationship is unclear. We 
consider that the new PIVC is easily affected by the 
muscle contraction at the fixation position. Therefore, 
the position and the method of catheter fixation in the 
upper arm need to be considered.
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The general anticoagulant evaluation requires high expense equipment, reagents, and space. 
Therefore, not all laboratories can perform research related to anticoagulant. In this study, we 
propose a novel simple method "in vitro thrombus-growth model" that can evaluate anticoagulant 
ability by measuring weight. The in vitro thrombus-growth model is prepared by creating a "growth-
clot" with citrate plasma, calcium chloride, and thrombin, and then pouring new citrate plasma 
onto it. The prepared growth-clots were increased in volume in citrated human plasma, including 
surpluses calcium chloride, which was released slowly, leading to clot coagulation around the 
plasma. As a result of evaluating the anticoagulant ability of direct thrombin inhibitor using this in 
vitro thrombus-growth model, it was confirmed that clot growth was suppressed in a concentration-
dependent manner. Therefore, this thrombus-growth model is useful as a primary anticoagulant test 
that can to discover compounds with anticoagulant activity perform in any laboratory.

1. Introduction

The first and second leading causes of death in the world 
are ischemic heart disease and stroke, respectively, 
with a marked increase in cardiovascular disease, 
especially in Asian countries (1,2). These diseases have 
a high prevalence in the elderly, and life expectancy is 
increasing globally, so it is possible that their prevalence 
will continue to increase (3). Proper use of antithrombotic 
drugs to prevent thrombosis is important for extending 
healthy life expectancy. Recently, the development of 
various anticoagulants, such as direct oral anticoagulants 
(DOAC), has significantly improved the prevention 
of thrombus-related diseases and prognosis of patients 
(4). However, it may not be enough to prevent blood 
clot-related diseases; for example, elderly people often 
have impaired renal function, DOACs are difficult to 
use because they are excreted by the kidneys, and some 
DOACs do not have antagonists and cannot be treated to 
deal with bleeding complications and so on. As such, it 
is important to improve the case of these anticoagulants 
and develop new ones. 
	 To accelerate the development of anticoagulants, 
an experimental system that can easily evaluate the 

thrombus formation inhibitory effect is needed. Indeed, 
the general anticoagulant evaluation requires high 
expense equipment, reagents, and space. Therefore, 
not all laboratories can perform research related to 
anticoagulants. Here, we propose a new experimental 
system that can evaluate anticoagulant ability without 
requiring special equipment. Factor IV (Ca2+) is involved 
in blood coagulation cascade. The anticoagulant sodium 
citrate, which is used for blood collection, exerts an 
anticoagulant effect by chelating calcium ions. Thus, 
citrate plasma regains coagulation activity simply 
by supplementing citrate plasma with calcium ions. 
Therefore, the proposed model consisted of a fibrin clot 
containing a high concentration of calcium ions, which 
release calcium ions in the plasma and coagulate the 
surrounding plasma, thereby causing the growth of the 
fibrin clot. In this thrombus-growth model, fibrin clot 
weight increases in a calcium chloride concentration-
dependent manner. The fibrin clot growth was then 
evaluated by directly adding the direct thrombin inhibitor 
argatroban to see if the clot stopped growing. 
	 This thrombus-growth model evaluates thrombus 
growth by weight; thus, it is not suitable for directly 
elucidating the mechanism of anticoagulants, but it can 
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clearly evaluate whether thrombus formation can be 
inhibited.

2. Materials and Methods

2.1. Growth-clot preparation

Growth-clots were prepared with human citrated 
plasma, CRYOcheckTM Pooled Normal Plasma (CCN-
40) (Precision BioLogic, NS, Canada) 193 µL with 2 M 
calcium dichloride (CaCl2) (FUJIFILM Wako Chemicals, 
Osaka, Japan) solution 5 µL (final conc. 50 mM), and 0.1 
U/µL thrombin (FUJIFILM Wako Chemicals) 2 µL (final 
conc. 1 U/mL) in a latex rubber tube (Finger Cots Unroll 
Type S) (AS ONE, Osaka, Japan) and incubated at room 
temperature for 45 min in a moistened box.

2.2. Effects of calcium chloride concentration on 
thrombus-growth

The concentration of the calcium chloride solution for 
preparing the growth-clots was adjusted, and growth-
clots with final concentrations of calcium chloride of 
30 mM, 50 mM, and 100 mM were prepared. A total 
of 3 mL of human citrate plasma was poured into each 
growth-clot and incubated at 37°C in a water bath 
for 30 min. Human citrate plasma was removed with 
a micropipette and growth-clots were weighed by 
microbalance.

2.3. Effects of solvent contamination on thrombus-
growth model

A total of 5 or 10 v/v% saline was added to human citrate 
plasma and poured into growth-clots and incubated at 
37°C in a water bath for 30 min. Further, 0.5 or 2.5 v/v% 
dimethyl sulfoxide (DMSO) was added to human citrate 
plasma and poured into growth-clots and incubated at 
37°C in a water bath for 30 min. 

2.4. Suppression of growth-clots' growth by argatroban

Argatroban was dissolved in DMSO (20 mg/mL) and 
added to human citrate plasma at a rate of 2 v/v%. 
Finally, the plasma was poured into growth-clot and 
incubated at 37°C in a water bath for 30 min. 

2.5. Statistical analysis 

Growth-clot weights were examined using Student's 
t-test. The level of statistical significance was p < 0.05.

3. Results and Discussion

To confirm the growth-clot characteristics of the 
thrombus-growth model, the effects on growth-clot 
weight were investigated by changing the calcium 

chloride concentration. Growth-clot weight in the 30 
mM group was low, making it unsuitable for experiments 
compared with controls. Growth-clot weight and 
variability were both large in the 100 mM group. In 
contrast, in the 50 mM group, the growth-clot weight 
was relatively large and the variation was small (Figure 
1). Thus, the calcium chloride concentration in the 
thrombus-growth model was set to 50 mM. 
	 When evaluating an anticoagulant, it is conceivable to 
prepare an aqueous solution of the anticoagulant and add 
it to the thrombus-growth model. Therefore, the effect 
on growth-clot weight when plasma was diluted with an 
aqueous solvent was evaluated. The addition of 5 v/v% 
distilled water or saline to the thrombus-growth model 
did not affect the weight of the growth-clot. However, the 
addition of 10 v/v% saline significantly reduced growth-
clot weight (Figure 2). Therefore, it seems that addition 
of anticoagulant aqueous solution to the plasma should 
be kept within 5 v/v%. 
	 Many medicines are fat-soluble, and it is difficult to 
dissolve these medicines in water or plasma; thus, the 
use of organic solvents is recommended. Therefore, we 
evaluated the effect of DMSO on the thrombus-growth 
model, which is widely used as a solvent in biological 
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Figure 1. Thrombus-growth weight dependent on CaCl2 
concentration. Appropriate concentrations of CaCl2 in thrombus 
growth were evaluated. mean ± standard deviation (n = 5 for each 
group). 

Figure 2. Effect of plasma dilution on thrombus-growth model. 
An aqueous solvent was added to the thrombus-growth model, and the 
effect on the thrombus growth amount was evaluated. *p < 0.05 vs. no 
addition (Student's t-test), mean ± standard deviation (n = 4 for each 
group). 
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thrombin cannot be involved in thrombus growth. Factor 
XIII catalyzes the cross-linking of fibrin and stabilizes 
the fibrin clot. However, Factor XIII has relatively low 
substrate specificity, and the substrate of Factor XIII 
exceeds 140 (7-9). Therefore, we guessed that thrombin 
forms a complex with the fibrin monomer in fibrin clot 
and thus cannot release. We would like to examine the 
possibility of cross-linking between Factor XIII and 
thrombin in the future. We would like to examine the 
possibility of cross-linking between Factor XIII and 
thrombin in the future. 
	 In this study, a latex rubber tube was used as a 
container for preparing a thrombus-growth model. This 
is because we used ultrasonic waves in a previous study 
(10) and decided to use latex rubber because the material 
does not easily reflect ultrasonic waves. Therefore, the 
thrombus-growth model does not necessarily have to use 
latex rubber, and there is no problem with using another 
container, such as synthetic resin. We also confirmed 
that growth-clots grow in 5 mL polypropylene and 
polystyrene test tubes. In addition, although this report 
proposes a thrombus-growth model using human citrate 
plasma, similar experiments can be performed using 
relatively inexpensive bovine citrate plasma (P4639-
10ML, Sigma-Aldrich, Tokyo, Japan). 
	 The limitation of this thrombus-growth model is that 
the weight of growth-clots varies slightly depending on 
the plasma lot. Therefore, when evaluating the ability of 
anticoagulants, a comparison target is always necessary. 
Further, to correct the error between experiments, it is 
necessary to calculate the thrombus-growth suppression 
ratio (R) equation as below:

        R = ((Δ control – Δ sample)/Δ control) × 100%,

where Δ control (Δ sample) is change in clot weight 
(mg). 
	 There are several tips for growing a growth-clot 
with good reproducibility. When preparing a growth 
clot, the surface shape of the growth-clots should be 
hemispherical with a bulge. Clots do not grow much 
if they are flat or dented. Thus, careful manipulation is 
required when pipetting thrombin and plasma. However, 
slow pipetting increases the viscosity of plasma due 
to the coagulation reaction, thereby increasing the 
probability of trapping air bubbles in the growth-clots. 
Moreover, the reagents used to prepare growth-clots 
should be kept cold to slow down the blood clotting 
reaction. 
	 The principle of the instrument that measures 
the parameters of blood coagulation mainly captures 
changes in plasma based on the coagulation reaction, 
such as transparency and viscosity. On the other hand, 
the thrombus-growth model is a novel evaluation method 
that can evaluate the formation of fibrin clot by clot 
weight (mg) without the need for expensive equipment or 
special reagents. Therefore, the thrombus-growth model 

experiments. The addition of DMSO up to 2.5 v/v% 
did not affect growth-clot weight, but DMSO at 2.5 v/
v% tended to decrease the weight slightly (Figure 3). 
Therefore, it seems that addition of anticoagulant/DMSO 
solution to the plasma should be kept below of 2.5 v/v%. 
	 Finally, we evaluated whether clot growth was 
suppressed when the direct thrombin inhibitor argatroban 
was added in the thrombus-growth model. Clot growth 
was suppressed by argatroban in a concentration-
dependent manner, and clot growth stopped at 400 µg/
mL (Figure 4). 
	 In this study, a thrombus-growth model showed 
that growth-clots were dependent on calcium chloride 
concentration and that the mechanism of clot growth was 
thrombin-dependent as in a living body. 
	 The growth-clots include surpluses of factor IV 
(Ca2+) of blood coagulation factors. Factor IV was 
slowly released and coagulated the surrounding plasma 
into new clots in human citrated plasma. In contrast, 
growth-clots prepared with 10-fold concentrations 
(10 U/mL) of thrombin did not change the weight of 
thrombus growth (data not shown). The fibrin network 
pore size is affected by thrombin concentration and 
ionic strength (5), but the pore size is about 4-5 µm (6) 
and it is unlikely that thrombin cannot be release. We 
consider the effects of factor XIII to understand why 

Figure 3. Effect of dimethyl sulfoxide on thrombus-growth model. 
Dimethyl sulfoxide as fat-solvent was added to the thrombus-growth 
model, and the effect on the thrombus growth amount was evaluated. 
mean ± standard deviation (n = 4 for each group). 

Figure 4. Thrombus growth suppression of thrombus-growth 
model by argatroban. A thrombus-growth model was tested if it can 
be suppression of clots growth by direct thrombin inhibitor. mean ± 
standard deviation (n = 5 for each group). 
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we propose is a utility experimental method that can be 
performed in any laboratory with common laboratory 
tool such as microbalance and micropipette. 
	 As a limitation of the evaluation of anticoagulants in 
this thrombus-growth model, antiplatelet drugs (aspirin, 
clopidogrel, etc.) cannot be evaluated because this model 
does not contain platelets. It is also not suitable for 
evaluating vitamin K antagonists such as warfarin. This 
model is suitable for assessing substances that directly 
inhibit blood coagulation factors or directly activate 
anticoagulation factors.
	 In addition, prothrombin time, activated partial 
thromboplastin time, and the like are measured in the 
evaluation of general anticoagulants. Although it is 
not suitable to analyze these detailed parameters and 
mechanisms in the thrombus-growth model, it is possible 
to clearly evaluate the inhibition of thrombus formation. 
Conversely, even if the mechanism is unclear, it is 
possible to evaluate the presence or absence of inhibition 
of thrombus formation.
	 In conclusion, this thrombus-growth model serves 
as a primary anticoagulant test that can clearly assess 
anticoagulant ability even with drugs of both fat-soluble 
or water-soluble. We hope that this model will contribute 
to the development of novel antithrombotic drugs. 
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The Omicron variant of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has a high 
rate of transmission and it exhibits immune escape characteristics. N-acetyl-L-cysteine (NAC) is a 
precursor of reduced glutathione (GSH), which can enter cells to play an antioxidant role, so it is 
better than glutathione. Patients tolerate NAC well, and adverse reactions are rare and mild, so this 
type of drug with multiple actions is considered to be a mucolytic agent as well as a drug for the 
prevention/treatment of various diseases, including COVID-19. Previous studies indicated that the 
clinical effectiveness of NAC is dose-dependent. Low-dose NAC (0.2 g tid for adults) is a mucolytic 
expectorant, high-dose NAC (0.6 g bid or tid) has expectorant action as well as antioxidant action, 
and extreme-dose NAC (300 mg/kg.d) is used for detoxification in cases of an acetaminophen 
overdose. Presumably, orally administered high-dose NAC (0.6 g tid for adults and 10 mg/kg tid 
for children) could be used as an adjuvant to treat an Omicron infection. It should reduce the time 
to negative conversion and prevent severe COVID-19, reducing the duration of hospitalization and 
increasing the bed turnover rate.

In November 24, 2021, a highly variable variant of 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) named "Omicron (B.1.1.529)" by the World 
Health Organization (WHO) was discovered in South 
Africa. Omicron has a high rate of transmission and it 
exhibits immune escape characteristics. Omicron has 
a higher rate of infection than the Delta variant, but 
fortunately Omicron’s symptoms are mild, and the rate 
of hospitalization, the rate of severe disease, and its 
mortality rate are relatively low (1). However, serious 
cases of Omicron have been reported. Italy reported the 
first case of severe acute respiratory syndrome caused by 
Omicron in November 2021 (2). As of March 30, 2022, 
Shenzhen’s Third People's Hospital, the only hospital 
designated to treat COVID-19 in Shenzhen, China, has 
admitted about 2,600 patients with COVID-19, including 
about 1,800 with an Omicron infection. Elderly patients 
and patients with comorbidities, including diabetes, 
cardiovascular disease, and compromised immunity, are 
known to be at risk of becoming severely or critically 
ill. In addition, 20% of patients infected with Omicron 
were children, who accounted for a very low proportion 
of patients infected with the Delta variant. Fever and 

gastrointestinal symptoms in children were more severe 
than those in adults, and the time to negative conversion 
was longer. Therefore, the following questions need to 
be considered: 1. How can patients test negative for the 
nucleic acids of SARS-CoV-2 as soon as possible and 
meet the discharge criteria; 2. How can mild cases be 
prevented from developing into severe or critical cases? 
(This especially applies to the elderly and children). 
	 COVID-19 can lead to complications such as 
pneumonia, acute respiratory distress syndrome, 
cardiovascular disease, and multiple organ failure 
(possibly due to a cytokine storm), a systemic 
inflammatory response, and an immune system attack. 
In addition, excessive oxidative stress is one factor that 
contributes to the pathophysiology of COVID-19 (3). 
N-acetyl-L-cysteine (NAC) is a precursor of reduced 
glutathione (GSH), which can enter cells to play an 
antioxidant role, so it is better than glutathione. Patients 
tolerate NAC well, and adverse reactions are rare 
and mild, so this type of drug with multiple actions is 
considered to be a mucolytic agent as well as a drug for 
the prevention/treatment of various diseases, including 
the consumption of glutathione supplements (glutathione 
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is an antioxidant) in order to combat oxidative stress. 
Therefore, NAC is a treatment or adjuvant therapy 
for the following diseases: infectious diseases such as 
influenza and acquired immunodeficiency syndrome, 
digestive system diseases such as Crohn's disease and 
ulcerative colitis, nervous system diseases such as 
schizophrenia, bipolar disorder, obsessive compulsive 
disorder, Parkinson's disease, multiple sclerosis, 
peripheral neuropathy, and stroke (4).
	 Previous studies have reported that NAC inhibits the 
replication of influenza viruses such as H5N1, it reduces 
the release of inflammatory factors, it reduces oxidative 
stress and oxidative damage caused by inflammatory 
mediators, and it reduces damage to the human body 
(5,6). Studies have also confirmed that NAC can be 
used as an adjuvant therapy for idiopathic pulmonary 
fibrosis and pulmonary fibrosis after COVID-19 (7,8). 
A clinical trial indicated that NAC supplements can 
quickly alleviate a GSH deficiency, antioxidant stress, 
and oxidative damage in patients with COVID-19 
(9). Therefore, NAC has recently been proposed as a 
potential adjuvant therapy for COVID-19 (10,11). The 
mechanisms of NAC therapy for COVID-19 include: 1. 
inhibiting the envelope (E) protein and thorn (s) protein 
of the virus and reducing its binding to angiotensin II 
receptors (AT2R); 2. inhibiting angiotensin-converting 
enzyme (ACE); 3. inducing the synthesis of endogenous 
GSH so as to enhance antioxidation and reduce 
intracellular protein glycosylation; and 4. inhibiting the 
production of proinflammatory mediators and cytokines 
(12). In addition, high-dose intravenous NAC is reported 
to play a key role in the treatment of severe cases of 
COVID-19 (3,13,14). 
	 Further research has indicated that the clinical 
effectiveness of NAC is dose-dependent. Low-dose NAC 
(0.2 g tid for adults) is a mucolytic expectorant, high-dose 
NAC (0.6 g bid or tid) has expectorant action as well as 
antioxidant action, and extreme-dose NAC (300 mg/kg.d) 
is used for detoxification in cases of an acetaminophen 
overdose. For patients suffering from an acetaminophen 
overdose, the initial intravenous dose of NAC is 300 
mg/kg over 21 hours, and then 100 mg/kg is infused for 
more than 16 hours until the level of acetaminophen is 
less than 20 μg/mL and aspartate aminotransferase (AST) 
and alanine transaminase (ALT) levels tend to decrease 
(15). For patients with idiopathic pulmonary fibrosis, 
the NAC dose is 1,800 mg/d (600 mg, tid) orally for 
more than 1 year, and no adverse reactions were noted 
(7). Twelve patients with chronic obstructive pulmonary 
disease (COPD) were randomly treated with NAC 1,800 
mg per day for 3 months; the treatment was effective 
without causing adverse reactions (16). That said, a study 
has suggested that whether low-dose NAC (less than or 
equal to 600 mg per day) is effective in treating COPD 
is uncertain (17). Clinical experiments have indicated 
that low concentrations of NAC (< 1 μM) in the blood 
cannot regulate the imbalance of bronchial oxidation, 

that high concentrations of NAC (2,300 μM) can inhibit 
the airway inflammatory response caused by nocturnal 
lipopolysaccharide (LPS) stimulation, and that extreme 
concentrations of NAC (21 μM) can reduce the release of 
IL-6 induced by LPS, indicating that high concentrations 
of NAC can alleviate oxidative damage (18). Lai et al. 
confirmed that oral high-dose NAC (1,200 mg, bid) can 
rapidly increase the level of glutathione in lymphocytes 
of patients with systemic lupus erythematosus with 
chronic inflammation, while low-dose NAC (600 
mg, bid) cannot achieve this effect (19). There is little 
literature on the dosage for children. The dosage of 
NAC for treating β-thalassemia in children is 10 mg/
kg.d (maximum dose of 600 mg) orally (20). Intravenous 
NAC was used to treat an acetaminophen overdose 
in children at a dose of 300 mg/kg.d, and the dose per 
kilogram of body weight of children is the same as that 
of adults (21,22).
	 NAC can be taken orally, intravenously, or atomized. 
Numerous studies have reported that oral NAC has the 
same effectiveness as an injection (23-26). NAC is well-
tolerated. Compared to an injection, oral administration 
causes fewer adverse reactions. In most clinical trials, 
adverse reactions to NAC did not differ significantly 
from those to a placebo. The most common adverse 
reaction is mild gastrointestinal symptoms; adverse 
reactions are uncommon when the dose is less than 2.5 g/
day (27).
	 Based on the findings above, orally administered 
high-dose NAC (0.6 g tid for adults and 10 mg/kg tid for 
children) could be used as an adjuvant instead of a low-
dose expectorant (0.2 g tid for adults and 10 mg/kg qd for 
children) to treat an Omicron infection. It should reduce 
the time to negative conversion and prevent severe 
COVID-19, reducing the duration of hospitalization 
and increasing the bed turnover rate. The grounds for 
that contention can be summarized as follows: 1. NAC 
has been proven to have antiviral action in patients with 
influenza and adjuvant action in a variety of diseases; 2. 
Compared to an injection, oral administration is more 
convenient, safer, and causes fewer adverse reactions; 3. 
Low doses are only used as an expectorant and NAC’s 
effectiveness as an adjuvant therapy for COVID-19 is 
uncertain, but only high doses have antioxidant, anti-
inflammatory, and antiviral actions. Moreover, high 
doses of NAC also have expectorant action; and 4. Even 
if a high dose of NAC, such as 300 mg/kg.d, is injected, 
adverse reactions are rare and the drug is well-tolerated. 
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Myelosuppression, toxicity, hyponatremia, anemia

We investigated adverse events in patients with prosthetic joint infections receiving combination 
therapy with linezolid, rifampicin, and clindamycin for ≥ 7 days. Twenty-two patients were 
evaluated. The combination therapy was administered for 15.5 (7–29) days at dosages of 
1200, 450, and 450–1200 mg/day for linezolid, rifampicin, and clindamycin, respectively. 
Adverse events (gastrointestinal, eye, and skin disorders; liver damage; myelosuppression; 
hyponatremia, and others) were recorded. The incidence rates of leukopenia, neutropenia, anemia, 
thrombocytopenia, and hyponatremia were 36.4%, 31.8%, 40.9%, 18.2%, and 18.2%, respectively. 
Common Terminology Criteria for Adverse Events version 5.0 Grade 3 neutropenia, anemia, 
and hyponatremia were observed. The incidence rate of myelosuppression was higher following 
combination therapy compared with that previously reported following single-drug administration. 
All patients were discharged after the infection was under control. It is important to monitor these 
adverse events during combination therapy with the aforementioned agents; these conditions may be 
relieved by discontinuing linezolid.

To the Editor, 
	 For intractable infectious diseases, such as prosthetic 
joint infections (PJIs), combination therapy with 
antibacterial agents, such as rifampicin combined 
with linezolid or clindamycin belonging to rifamycin, 
oxazolidinone, and lincomycin classes, respectively, 
is recommended to ensure the effect of the agents at 
the lesion site (1). The combined use of linezolid and 
rifampicin has been reported to be more likely to cure 
biofilm-forming PJI compared with linezolid alone 
while preserving the implant of the orthopedic device 
(2). Clindamycin prevents the emergence of rifampin 
resistance; the combination displayed synergetic or 
additive bactericidal activity, and favorable cure rates 
(3). Serious adverse events, such as myelosuppression 
from linezolid, liver damage from rifampicin, and 
pseudomembranous enteritis from clindamycin, have 
been reported, even with single-agent administration 
(4-7). Moreover, rifampicin affects linezolid and 
clindamycin blood levels; therefore, it is necessary to 
observe drug interactions (8,9). Safety information on 
single-agent or two-agent combination therapy has 
been reported; however, that on the combination of 
three agents is scarce. Therefore, we retrospectively 
investigated adverse events in patients with PJI who 

received combination therapy with linezolid, rifampicin, 
and clindamycin. 
	 This study was conducted according to the Code of 
Ethics of the World Medical Association (Declaration 
of Helsinki) and following the approval of the ethics 
committee of Nissan-Kohseikai Institute of Medicine 
(approval number: 2021-006). The ethics committee 
did not request the acquisition of informed consent but 
posted an opt-out of the study. The subjects were patients 
with PJI who received a combination of linezolid, 
rifampicin, and clindamycin for ≥ 7 days at our hospital 
from May 2017 to February 2021. Data regarding 
sex, age, aspartate aminotransferase and alanine 
aminotransferase levels, and estimated glomerular 
filtration rate before combination therapy were extracted. 
The duration of combination therapy, dose administered, 
and clinical outcome were recorded. In addition, the 
severity, incidence, and number of days until the onset 
of newly developed adverse events after the start of 
combination therapy were documented. Severity was 
assessed using the Common Terminology Criteria for 
Adverse Events version 5.0. Numerical values are 
indicated by the number of cases or median (percentage 
or range). 
	 Twenty-two cases with a median age of 72.6 (40.2-
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93.7) years were evaluated, seven of which (31.8%) 
involved male patients. Before the combination therapy, 
aspartate aminotransferase was 16.5 (8.0-51.0) U/L, 
alanine aminotransferase was 12.0 (3.0-47.0) U/L, and 
estimated glomerular filtration was 76.1 (45.0-130.6) 
mL/min. The number of days of combination therapy 
was 15.5 (7-29) days. The dose was 1,200 mg/day for 
linezolid and 450 mg/day for rifampicin, and clindamycin 
varied from 450 to 1,200 mg/day. Adverse events, 
such as gastrointestinal, eye, and skin disorders; liver 
damage; myelosuppression; and hyponatremia, among 
others, were observed and are listed in Table 1. Grade 3 
neutropenia, anemia, and hyponatremia were observed. 
Three patients who developed diarrhea did not have 
pseudomembranous enteritis. Of the five patients who 
developed Grade 3 adverse events, two who developed 
neutropenia and anemia were administered linezolid after 
the administration of the other two drugs was initiated, 
whereas the three-agent combination therapy was 
initiated in the other three patients. In all five Grade 3 
adverse event cases, only linezolid was discontinued, and 
all adverse events subsequently improved. All cases were 
discharged from the hospital 49.5 (5-282) days after the 
start of combination therapy.
	 Although the definitions of adverse events and 
treatments vary among the cases, the incidence of 

myelosuppression was higher when the three drugs 
were used in combination, compared with previous 
reports on single-drug administration (4-7). In previous 
studies and our study, leukopenia incidence was 0.1-
10% and 36.4%, neutropenia was 1%-10% and 31.8%, 
anemia was 7.1% and 40.9%, and thrombocytopenia 
was 1-10% and 18.2%, respectively (4-7). The incidence 
of hyponatremia was 18% in a report on linezolid alone 
(10), which was equivalent to 18.2% when the three 
drugs were used in combination. The high incidence of 
myelosuppression may have been due to the combination 
of the three drugs; however, the exact cause could not 
be established. All cases with Grade 3 adverse events 
improved after linezolid discontinuation, suggesting that 
linezolid was the cause. Contrarily, although linezolid is 
not a substrate for cytochrome P450, it has been reported 
that the area under the plasma concentration–time curve 
is reduced by 32% and the incidence of anemia and 
thrombocytopenia is reduced when linezolid is used in 
combination with rifampicin (8), which contradicts our 
results. Linezolid blood concentration monitoring was 
useful in the recovery and amelioration of toxicity when 
used in combination with rifampicin. Clindamycin, 
another antibacterial agent used in the combination 
therapy in this study, may have increased linezolid 
blood concentration and worsened myelosuppression. 
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Table 1. Severity, incidence, and days to onset of adverse events in combination therapy with linezolid, rifampicin, 
clindamycin

Adverse events 

Gastrointestinal disorders
     Stomach pain
     Anorexia
     Dysgeusia
     Nausea

     Vomiting
     Diarrhea

     Constipation
     Oropharyngeal pain
     Esophageal pain
Eye disorders 
     Blurred vision
Skin disorders
     Maculo-papular rash
Laboratory test
     White blood cell count decreased

     Neutrophil count decreased

     Anemia

     Platelet count decreased
     Aspartate aminotransferase increased
     Alanine aminotransferase increased
     Blood bilirubin increased
Metabolic and nutritional disorders
     Hyponatremia

Black tongueb

CTCAE severity

Grade 1
Grade 1
Grade 1
Grade 1
Grade 2
Grade 2
Grade 1
Grade 2
Grade 2
Grade 1
Grade 1

Grade 1

Grade 1

Grade 1
Grade 2
Grade 1
Grade 2
Grade 3
Grade 2
Grade 3
Grade 1
Grade 1
Grade 1
Grade 1

Grade 1
Grade 2
Grade 3

-

aNumber of days from the start of combined use of linezolid, rifampicin, and clindamycin to the onset adverse events. bNo CTCAE. CTCAE: 
Common Terminology Criteria for Adverse Events. 

Days to onseta

  1 (0-10)
13 (13-13)
13
  1 (1-1)
13
  6
  7 (6-8)
16
25
  8
13

  5 (4-6)

13

11 (11-13)
  6 (4-16)
15 (11-25)
13
  5 (4-6)
  6 (5-21)
16.5 (6-22)
13 (2-15)
  9 (5-13)
  9 (5-13)
  3 (1-14)

  9 (6-12)
16
13
  7

n (%)

  3 (13.6)
2 (9.1)
1 (4.5)
2 (9.1)
1 (4.5)
1 (4.5)
2 (9.1)
1 (4.5)
1 (4.5)
1 (4.5)
1 (4.5)

2 (9.1)

1 (4.5)

  4 (18.2)
  4 (18.2)
  4 (18.2)
1 (4.5)
2 (9.1)

  5 (22.7)
  4 (18.2)
  4 (18.2)
2 (9.1)
2 (9.1)

  3 (13.6)

2 (9.1)
1 (4.5)
1 (4.5)
1 (4.5)
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However, there are no reports of an interaction between 
linezolid and clindamycin.
	 Conclusively, monitoring of myelosuppression, 
especially anemia and hyponatremia, is essential during 
combination therapy with linezolid, rifampicin, and 
clindamycin; these conditions may be relieved by 
discontinuing linezolid.
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Neuroleptic malignant syndrome in a case of extra-pontine 
myelinolysis: On the horns of dilemma
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extrapontine myelinolysis, neuroleptic malignant syndrome, hyponatremia, parkinsonism 

Osmotic demyelination syndrome (ODS) and neuroleptic malignant syndrome (NMS) lead to severe 
neurological sequalae. Though currently thought to be different syndromes, literature suggests a 
relation between the two. We present the case of a 45-year-old male who was found to have chronic 
severe hyponatremia and underwent rapid correction of sodium and developed parkinsonism features. 
Magnetic resonance imaging (MRI) confirmed extrapontine myelinolysis (a type of ODS). The patient 
received haloperidol for agitated behavior and developed new features of rigidity, fever, tachycardia 
and elevated creatine phosphokinase (CPK) levels and thus neuroleptic malignant syndrome was 
suspected to overlap with ODS. We report this case highlighting the difficulty in differentiating the 
between ODS and NMS and their relationship.

To the Editor,
	 A 45-year-old alcoholic, hypertensive male receiving 
chlorthalidone presented to us with complaints of 
headache and altered sensorium after an episode of 
generalized tonic-clonic seizure (GTCS). On examination 
the notable findings were a Glasgow coma score (GCS) 
E4V2M5, poorly discernible speech, reactive pupils, 
with normal reflexes. 
	 Initial investigations revealed hyponatremia (91 mEq/
L), for which he received hypertonic saline with frequent 
electrolyte measurements. Over the next 2 days, sodium 
levels increased rapidly despite stopping all further 
correction ([Na+] = 97 mEq/L at 24 h and 117 mEq/L 
at 48 h). The correction of sodium and further hospital 
course is depicted in Figure 1.
	 He suffered from 3 episodes of GTCS on the 3rd day 
of admission that were managed with benzodiazepines. 
Given the rapid rate of sodium correction and overt 
risk factors, a high suspicion of osmotic demyelination 
syndrome (ODS) was kept. Magnetic resonance 
imaging (MRI) of the brain on the fourth day revealed 
subtle hyperintensities in bilateral putamen, thalamus, 
and caudate lobe with a normal pons, consistent with 
extrapontine myelinolysis (EPM). 
	 Post recovery from his seizures, he developed mutism 
and parkinsonism: slow shuffling gait, bradykinesia, 
resting tremors involving the oro-facio-lingual muscles, 
and cogwheel rigidity. With suspicion of organic 
delirium, he was prescribed low-dose haloperidol 0.5 

mg on an as-needed basis. After 4 doses of haloperidol, 
on the 7th day of admission, he had worsening of 
sensorium (GCS: E3V1M4), fever, generalized rigidity, 
hyperreflexia, tachycardia beginning on the 9th day. 
Creatine phosphokinase (CPK) levels were elevated (by 
2.5 times), with mild elevation of liver aminotransferases 
and leukocytosis. Due to recent haloperidol use, 
neuroleptic malignant syndrome (NMS) was suspected, 
and lorazepam with bromocriptine were initiated after 
withholding haloperidol. There was a gradual decrease 
in rigidity along with the resolution of fever, altered 
mentation, tachycardia after 3 days, and biochemical 
parameters also improved gradually. At discharge, he 
remained irritable with residual rigidity and bradykinesia 
for which he was prescribed quetiapine. At 3 months, he 
displayed residual parkinsonian features but was able to 
return to his job and perform his activities of daily living.
	 Rapid correction of hyponatremia can result in 
ODS (1). Patho-physiologically, it is characterized by 
oligodendrocyte damage and subsequent demyelination 
(2). Risk factors include chronic hyponatremia with very 
low levels of serum [Na+] < 105 mEq/L, rapid correction, 
alcoholism, hypokalemia etc. (3). Pons is commonly 
involved in ODS - called as central pontine myelinolysis 
(CPM), while half have extension beyond the pons 
resulting in EPM, and that may be the sole manifestation 
in up to 13% cases (4). The clinical presentation of 
EPM includes a myriad of movement disorders such as 
parkinsonism, dystonia, and catatonia. 

Letter to the Editor
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Our patient's hospital stay was complicated by fever, 
worsening mental status, generalized rigidity and 
persistent tachycardia following haloperidol use. NMS 
is a distinct clinical syndrome occurring after use of 
dopaminergic antagonist agents, presenting with a tetrad 
of altered mental status, fever, rigidity, and autonomic 
dysfunction. Two dilemmas arose in the present case 
– first, whether the clinical picture suggested NMS or 
catatonia; and secondly – should we consider NMS 
secondary to the haloperidol use or due to EPM. 
	 Differentiating between the NMS and catatonia has 
remained an enigma, and some authors consider the 
two illnesses to lie on a spectrum (5). NMS diagnosis 
is considered more likely when fever, rigor, tremors, 
laboratory evidence of muscle injury, leucocytosis, and 
diaphoresis are found. In contrast, catatonia is favored 
when features of negativism, posturing, waxy flexibility, 
stereotypy, stupor, or agitation are present (6). In our 
patient the symptomatology was more suggestive of 
NMS. 
	 To address the second difficulty, we reviewed the 
literature and identified two reports describing ODS 
presenting as NMS (7,8). The first report described a 
patient on long term quetiapine therapy and developed 
altered mental status, fever, stiffening, raised CPK values 
after rapid correction of hyponatremia and an MRI brain 
found T2 hyperintensities in the caudate nucleus and 
putamen. The second report describes a hypertensive 
male with chronic alcoholism and pancreatitis who 
developed NMS 1 day after receiving neuroleptics for 
alcohol withdrawal, and an MRI showing prominent 
findings of CPM with EPM. In both of these reports, 
patients were exposed to neuroleptics, but NMS seemed 
unlikely because of specific features like stable doses, 
use of atypical antipsychotics, compounded by imaging 
findings consistent with EPM. Although NMS following 
antipsychotic use is an idiosyncratic reaction, a parenteral 

route of administration, higher individual doses, and 
the total dose of drug administered have been linked to 
increased risk of NMS (9). 
	 NMS is a diagnosis of exclusion and can occur even 
after a single dose of typical antipsychotics. However, 
an erroneous diagnosis of NMS can result in delayed 
recognition of other serious medical disorders with 
similar symptoms and may inhibit future antipsychotic 
treatment because of unwarranted concerns about 
recurrent episodes (7). We conclude that EPM may 
clinically mimic NMS, making differentiation between 
superimposed NMS and pure EPM difficult. 
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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 and length of Supplemental Data.

5. Submission Checklist

The Submission Checklist will be useful during the final 
checking of a manuscript prior to sending it to Drug 
Discoveries & Therapeutics for review. Please visit Download 
Centre and download the Submission Checklist file.

Materials and Methods: The description should be brief 
but with sufficient detail to enable others to reproduce 
the experiments. Procedures that have been published 
previously should not be described in detail but appropriate 
references should simply be cited. Only new and significant 
modifications of previously published procedures require 
complete description. Names of products and manufacturers 
with their locations (city and state/country) should be given 
and sources of animals and cell lines should always be 
indicated. All clinical investigations must have been conducted 
in accordance with Declaration of Helsinki principles. All 
human and animal studies must have been approved by 
the appropriate institutional review board(s) and a specific 
declaration of approval must be made within this section.

Results: The description of the experimental results should be 
succinct but in sufficient detail to allow the experiments to be 
analyzed and interpreted by an independent reader. If necessary, 
subheadings may be used for an orderly presentation. All 
figures and tables must be referred to in the text.

Discussion: The data should be interpreted concisely without 
repeating material already presented in the Results section. 
Speculation is permissible, but it must be well-founded, 
and discussion of the wider implications of the findings is 
encouraged. Conclusions derived from the study should be 
included in this section.

Acknowledgments: All funding sources should be credited 
in the Acknowledgments section. In addition, people who 
contributed to the work but who do not meet the criteria for 
authors should be listed along with their contributions.

References: References should be numbered in the order in 
which they appear in the text. Citing of unpublished results, 
personal communications, conference abstracts, and theses in 
the reference list is not recommended but these sources may 
be mentioned in the text. In the reference list, cite the names 
of all authors when there are fifteen or fewer authors; if there 
are sixteen or more authors, list the first three followed by 
et al. Names of journals should be abbreviated in the style 
used in PubMed. Authors are responsible for the accuracy of 
the references. The EndNote Style of Drug Discoveries & 
Therapeutics could be downloaded at EndNote (https://www.
ddtjournal.com/examples/Drug_Discoveries_Therapeutics.ens).

Examples are given below:

Example 1 (Sample journal reference):

Nakata M, Tang W. Japan-China Joint Medical Workshop on 
Drug Discoveries and Therapeutics 2008: The need of Asian 
pharmaceutical researchers' cooperation. Drug Discov Ther. 
2008; 2:262-263.

Example 2 (Sample journal reference with more than 15 
authors):

Darby S, Hill D, Auvinen A, et al. Radon in homes and risk of 
lung cancer: Collaborative analysis of individual data from 13 
European case-control studies. BMJ. 2005; 330:223.

Example 3 (Sample book reference):

Shalev AY. Post-traumatic stress disorder: Diagnosis, history 
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6. Online Submission

Manuscripts should be submitted to Drug Discoveries & 
Therapeutics online at https://www.ddtjournal.com. The 
manuscript file should be smaller than 5 MB in size. If for any 
reason you are unable to submit a file online, please contact 
the Editorial Office by e-mail at office@ddtjournal.com.

7. Accepted Manuscripts

Proofs: Galley proofs in PDF format will be sent to the 
corresponding author via e-mail. Corrections must be returned 
to the editor (proof-editing@ddtjournal.com) within 3 
working days.

Offprints: Authors will be provided with electronic offprints 
of their article. Paper offprints can be ordered at prices quoted 
on the order form that accompanies the proofs.

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 at the 
time of submission.

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

(As of February 2022)

Drug Discoveries & Therapeutics
Editorial and Head Office

Pearl City Koishikawa 603,
2-4-5 Kasuga, Bunkyo-ku,

Tokyo 112-0003, Japan.
E-mail: office@ddtjournal.com
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