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Different activities of antitumor immunomodulators to induce 
neutrophil adherence response

Motoharu Tanaka1, Shigeru Abe2,3,*

1 Department of Health and Nutrition, Faculty of Human Science, Tokiwa University, Mito, Ibaraki, Japan;
2 Teikyo University Institute of Medical Mycology, Tokyo, Japan;
3 Department of Sport and Medical Science, Faculty of Medical Technology, Teikyo University, Tokyo, Japan.

1. Introduction

Many types of immunomodulators are conceived to 
have antitumor activities mainly through activation of 
various leukocytes, such as macrophage, natural killer 
cells and T, and B-lymphocytes. Neutrophils have 
been also recognized to participate in antitumor action 
by bacterial immunomodulators (OK-432, etc.) and 
β-1,3-glucans (1-3). We reported that intraperitoneal 
adminis t ra t ion of  var ious  types  of  ant i tumor 
immunomodulators rapidly induce neutrophils into 
the peritoneal cavity of mice (4). This suggested that 
many types of antitumor immunomodulators activate 
neutrophils in vivo. Neutrophils, responding to stimulus 
at the earliest phase in inflammatory cellular reaction, 
affect the following cellular reactions with host defence 

functions.
 Clarification of antitumor immunomodulators based 
on neutrophil activation is important to understand 
their antitumor action, but it has not been studied 
systemically. So, we examined here the capacity of 
immunomodulators to activate neutrophils in vitro.
 There are many parameters of neutrophil activation, 
such as chemotaxis, increased adherence, release of 
lysosomal enzymes, production of active oxygens and 
so on. Here, we used a neutrophil adherence assay 
to measure activation of human peripheral blood 
neutrophils because adherence to plastic plates is 
reported to be a reliable method for testing phagocytotic 
activity of neutrophils (5,6).

2. Materials and Methods

2.1. Materials

Samples were kindly donated as follows. Recombinant-
human tumor necrosis factor (rhTNF); Asahi Chemical 

Summary Functions of neutrophils, major participant in host defense mechanisms, are known to be 
regulated by various types of immunomodulators. Capacity of immunomodulators which 
are reported to show antitumor effect in vivo to induce neutorophil adherence response in 
vitro was investigated. Several bacterial immunomodulators (OK-432, Corynebacterium 
parvum, B.C.G.) and components of bacteria cell walls (lipopolysaccharide (LPS), lipid 
A, lipoteicoic acid, N-cell wall skelton (N-CWS), muramyl dipeptide (MDP)) and fungal 
polysaccharides (lentinan, zymosan A, etc.) were tested. Neutrophils prepared from 
peripheral blood of healthy men were incubated with each immunomodulator at 37°C 
for 60 min in 96 well plastic plates, then neutrophils adherent to substratum were stained 
by crystal violet and their optical density at 570 nm was measured as a parameter of 
neutrophil adherence. Although purified polysaccharides mainly prepared from fungi did 
not induce the adherent response, not only bacterial bodies and their components but also 
tumor necrosis factor-α (TNF-α) clearly induced it. On the base of these results, functional 
classification and typing of immunomodulators by different activities in neutrophil 
adherence was discussed.

Keywords: Immunomodulator, neutrophil adherence, tumor necrosis factor-α, bacterial 
components, fungal polysaccharide 
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Ind.(Tokyo, Japan), anti-recombinant human TNF-α 
monoclonal antibody (anti-rhTNF antibody); Prof. 
D. Mizuno of Biotechnol. Res. Center, Teikyo Univ. 
(Kawasaki, Japan), OK-432; Chugai Pharmaceutical 
Ltd. (Tokyo, Japan), muramyl dipeptide (MDP) and 
purified mannoglucan polyalcohol (MGA); Daiichi 
Seiyaku Co. Ltd. (Tokyo, Japan) (currently, Daiichi-
Sankyo Company, Limited, Tokyo, Japan), TAK 
(linearβ-1,3 glucan); Takeda Chemical Industries 
(Tokyo, Japan), lentinan; Ajinomoto Co. (Kanagawa, 
Japan), lipoteicoic acid; Funakoshi (Tokyo, Japan), 
N-cell wall skelton (N-CWS); Fujisawa Pharm. 
Ind. Ltd.(Osaka, Japan) (currently, Astellas Pharma 
Inc. Tokyo, Japan), levamisole; Kyowa Hakko, Co. 
(Kanagawa, Japan) (currently, Kyowa Kirin Co., Ltd., 
Tokyo, Japan). Another samples were purchased as 
follows. Escherichia coli derived lipid A (lipid A); 
Daiichi Chemical Ltd. (Tokyo, Japan), killed Bordettela 
pertussis; Chiba Serum Institute (Chiba, Japan), killed 
Corynebacterium parvum; Ribi Immunochem. Res. 
Inc. (Hamilton, Mont., USA), B.C.G.; Japan B.C.G. 
Ind. (Tokyo, Japan), E. coli-lipopolysaccharide (E.coli-
LPS); Difco Laboratories (Detroit. Mich., USA), and 
lambda-carrageenan, dextran sulfate, zymosan A and 
poly(I)-poly(C); Sigma Chemicals (St. Lous, Mo., 
USA). Dextran 70, Ficoll-paque solution and 96-well 
flat-bottom culture plates were purchased from Midori-
jyuji Ltd. (Osaka, Japan) (currently, Mitsubishi Tanabe 
Pharma, Osaka, Japan), Pharmacia Fine Chemicals 
INC. (Uppsala, Sweden) (currently, GE Health 
HyClone, USA) and Falcon Ltd. (Franklin Lakes, NJ, 
USA), respectively.

2.2. Neutrophil preparation

Neutrophil was prepared according to the method of 
Yakuwa et al. (5). Heparinized venous blood obtained 
from healthy male volunteers was mixed with an 
equal volume of 6% dextran/saline and kept at room 
temperature approximately for 30 min to allow the 
erythrocytes to sediment. Separated plasma fraction 
was layered on Ficoll soln., and centrifuged at 1,400 
rpm (200 × g) for 30 min at room temperature.
 Neutrophils and red blood cells sedimented at the 
bottom of the tube were washed with phosphate buffer 
saline (PBS(-)), and residual erythrocytes were lysed 
at first by the addition of hypotonic PBS(-) (one third 
of isotonic) and next by the addition of Gey's solution. 
The residual neutrophils were suspended with medium 
(10% FCS-20mM HEPES RPMI 1640).

2.3. Neutrophil adherence Assay

Assay was done in accordance with the method of 
Yakuwa et al. (5). In brief, a 102 μL of samples (TNF 
for control) was placed in a well of 96 well flat bottom 
culture plates, and an equal volume of neutrophil 

suspension (ca. 2.5 × 106 cells/mL) was added there.
 After incubating at 37°C for scheduled times, non-
adherent cells were removed by washing with saline. 
Then, each well was dried and stained with 2 × 102 μL 
of distilled water containing 0.5% crystal violet, 12% 
formalin and 10% ethanol solution. After washing the 
wells, attached cells stained with crystal violet were 
solubilized with 1% SDS and the absorbance of optical 
density at 570 nm with the use of a Titertek Multiskan 
MTP-100 (Thermo Fisher Scientific K.K., Tokyo, 
Japan) was measured.

2.4. Statistics

Each data represents the mean of 3 values. Neutrophil 
adherence was observed as the absorbance at 588 nm 
after being stained with crystal violet, and expressed as 
percent value of that observed with 1 U/mL of rhTNF 
in the same assay plate in order to compare independent 
experiments.

3. Results

3.1. Time course change of LPS-induced adherence

We examined the adherence inducing ability of various 
biological response modifiers (BRMs) preliminary, 
then found that rhTNF and E.coli-LPS have potent 
activity on neutrophil adherence (5,6). Concentration 
dependency and time course change of neutrophil 
adherence induced by E.coli-LPS and rhTNF are 
indicated in Figures 1 and 2, respectively. Concentration 
dependent adherence was observed at 1-103 ng/mL by 
E.coli-LPS and most potent activity was seen at 60 min. 
On the other hand, concentration dependent adherence 
was observed at 10-1-102 U/mL in the case of rhTNF. 
Adherence reached almost plateau level at 10 U/mL. 
One U/mL of rhTNF was used as the internal standard 

300

Figure 1. Time course change of neutrophil adherence to 
96 well plastic plates induced by E. coli-LPS. Neutrophils 
(2.5 × 105 cells/well) were incubated with 1-103 ng/mL of 
LPS at 37°C for several time intervals. Adherent neutrophils 
were stained and adherence activities were measured at O.D. 
588 nm. Neutrophil adherence was expressed as % of the 
maximum O.D. induced by 102 U/mL of rhTNF. Each point 
represents the mean of 3 values. ○, control; ●, LPS 1 ng/mL; ■; 
LPS 10 ng/mL; ▲, LPS 102 ng/mL; □, LPS 103 ng/mL.
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at a dose of 10-2 μg/mL which is about one tenth of 
that of LPS. These concentrations of lipid A and LPS 
on adherence correspond well with that of migrating 
activity which is reported by Kotani et al. (24). 
Although a dose dependent increase of adherence 
activity was also observed in a component of gram-
positive bacteria cell wall lipoteicoic acid, high 
concentration was necessary to show a prominent 
effect. Any activity was not observed in MDP even at a 
high dose of 102 μg/mL.

3.3. Effects of polysaccharides on neutrophil adherence

Neutrophi l  adherence act ivi ty  was tes ted for 
polysaccharide-derived BRMs and some others which 
have been reported to be effective against tumors in 
animal models already (16-23) (Figure 4). Glucans 
such as zymosan and lentinan shows little activity even 
at a high dose of 102 μg/mL. MGA has no effect on 
PMN adherence also. Furthermore, TAK (linear β-1,3-
glucan), which we reported to have an activating effect 
on neutrophil exudated in peritoneal fluid in vitro 
(1), did not induce adherence activity on neutrophil 

for all the experiments, because 1 U/mL of rhTNF 
induced significant neutrophil adherence constantly at 
submaximum level in several independent experiments 
(data not shown) and purified TNF can be supplied. 
On the incubation period, although maximum effect 
was seen at 120 min, submaximum effect was already 
obtained even at 60 min at rhTNF and maximum effect 
was observed at 60 min for LPS. Then, we adopted 60 
min for incubation period for all the plenary studies to 
keep the consistency throughout the experiments.

3.2. Induction of neutrophil adherence by bacteria and 
its components

Neutrophil adherence activity was examined for 
bacteria-derived BRMs which were reported to be 
effective for tumor models in animals (7-15). All the 
tested bacteria BRMs (C. paruvum, OK-432, B.C.G.) 
showed neutrophil adherence activities (Figure 3A).
 Adherence activities of cell wall components of 
bacteria were indicated in Figure 3B. LPS derived from 
gram-negative E. coli (E. coli-LPS) induced adherence 
activity in a dose dependent manner. Although the 
adherence response by 10-2 μg/mL of LPS varied in 
each experiment tested, responses induced by it at more 
than 10-1 μg/mL seems to show relatively constant 
values. In the following experiments, we tested the 
effect of several samples for 3 concentrations or more 
(10 fold difference in the adjacent 2 concentrations) 
which had been thought to be effective in in vitro 
experiments.
 Lipid A, which is thought to be the active center 
of LPS, shows a prominent effect on neutrophil even 

Figure 2. Time course change of neutrophil adherence to 
96 well plastic plates induced by rhTNF. Neutrophil (2.5 × 
105 cells/well) were incubated with 10-1-102 U/mL of rhTNF 
at 37°C for several time intervals. Adherent neutrophils 
were stained and adherence activities were measured at O.D. 
588 nm. Neutrophil adherence was expressed as % of the 
maximum O.D. induced by 100 U/mL of rhTNF. Each point 
represents the mean of 3 values. ○, control; ▲, rhTNF 10-1 U/
mL; □, rhTNF 1 U/mL; ■, rhTNF 10 U/mL; ●, rhTNF 102U/
mL.

Figure 3. Neutrophil adherence activities of bacteria-BRMs 
(A) and cell wall components of bacteria (B). Activities was 
expressed as % of that of rhTNF 1 U/mL. Neutrophil (2.5 × 
105 cells/well) were incubated with each sample at 37°C for 
60 min. Adherent neutrophils were stained and adherence 
activities were measured at O.D. 588 nm. Each point represents 
the mean of 3 values. A: ●, C. parvum; ○, OK-432; □, B.C.G. B: 
□, lipid A; ○, E. coli-LPS; ●, lipoteicoic acid; ▲, MDP.
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in this condition (data not shown). Levamisole, a low 
molecular weight chemical immunomodulatory did not 
demonstrate any adherence activity.

3.4. Effect of anti-rhTNF antibody on neutrophil 
adherence activity

Neutrophil adherence induced by bacteria and its 
component might be caused by some kinds of cytokines 
secreted from neutrophil. In such cytokines, TNF is 
the most probable candidates since interleukin-1 (IL-
1) and platelet activating factor (PAF), which are also 

secreted from neutrophil when stimulated (25,26), 
did not show any significant adherence activities on 
neutrophil even at high doses (IL-1 103 U/mL: 18.3%, 
PAF 10-4 M: 25.5%, when compared with the activity 
of control), then we examined whether adherence 
activity of BRMs might be affected by the anti-rhTNF 
antibodies or not. Anti-rhTNF antibody (2 × 104 fold 
dilution) suppress the activity of 1 U/mL of rhTNF 
almost completely (2.1%, when compared with the 
activity of control). However, the antibody did not 
have any effect on the activities of 0.1 KE/mL OK-432 
(without antibody: 52.5%, with antibody: 51.1%, when 
compared with the activity of control), 1 μg/mL E.coli-
LPS (without antibody: 52.5%, with antibody: 51.1%, 
when compared with the activity of control) and 100 
ng/mL lipid A (without antibody: 99.0%, with antibody: 
98.2%, when compared with the activity of control). 
These data suggest that PMN adherence induced by 
bacteria-derived BRMs such as OK-432, E. coli-LPS 
and lipid A are not mediated by the TNF secreted 
exogenously from neutrophil.

3.5. Classification of various BRMs according to 
neutrophil adherence properly

General classification of BRMs according to their 
origin are shown in Table 1. On the right column, 
global classification based on the quantity of neutrophil 
exudate into the peritoneal cavity after injecting BRMs 
into mice intraperitoneally, which was reported by 
Morikawa et al. (4), is demonstrated. This data suggests 
that although most bacteria and cell wall components 

Figure 4. Neutrophil adherence activities of polysaccharide-
BRMs. Activity was expressed as % of that of rhTNF 1 U/
mL. Neutrophil (2.5 × 105 cells/well) were incubated with 
each sample at 37°C for 60 min. Adherent neutrophils were 
stained and adherence activities were measured at O.D. 588nm. 
Each point represents the mean of 3 values. ○, lentinan; ▲, C. 
zymosan; ■, MGA; ●, levamisole.

Table 1. Summary of neutrophil adherence activities and neutrophil-inducing pattern of various BRMs

Category

Bacteria
     G (-)
     G (+)

Component of bacteria
     G (-)

     G (+)

Polysaccharide

Others

 BRM

B pertussis (7)
C. parvum (8)
OK-432 (9)
BCG (10)

E.coli-LPS (11)
Lipid A (12)
MDP (13)
N-CWS (14)
Lipoteicoic acid (15)
MGA (16)
Carrageenan (17)
Dextran sulfate (18)
Lentinan (19)
β-1,3glucan (20)
Zymosan A (21)
Levamisol (22)
Poly(I)-poly(C) (23)

Neutrophil induction (B) In vivo

++
++
++

+

+

++
-

++
++
++
-
+

BRMs showing in vivo antitumor effect are categorized based on their origin, and neutrophil inductive activity in vivo and neutrophil adherence 
activity in vitro are indicated. G(-); gram negative, G(+); gram positive. (A) Relative activities of neutrophil adherence were classified according 
to their potencies. +, adherence more than 50% of that of rhTNF 1 U/mL was observed at 102 μg/mL, and dose dependency was observed. -, No 
adherence activity was observed even at 102 μg/mL or 108 cell/mL. (B) Quoted from the paper of K. Morikawa et al. (4). ++, Highly potent type 
inducing more than 6 × 106 neutrophil/mouse, +, Relatively low neutrophil-inducing type inducing less than 6 × 106 neutrophil/mouse, -, No 
neutrophil-inducing activity. In vivo antitumor activities on each BRM are shown below. 

Neutrophil Adherence (A)

-
+
+
+

+
+
-

++
+
-
-
-
-
-
-
-
-
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of bacteria-derived BRMs have neutrophil adherence 
activity, polysaccharide and another BRMs (levamisole, 
poly (I)-poly (C), ET-18-OMe) do not have any such 
property in vitro although induction of PMN into 
peritoneal cavity are observed in vivo (16-23).

4. Discussion

In this report, we examined direct neutrophil adherence 
inducing properties of various antitumor BRMs. All 
the BRMs tested in this study are reported to have anti-
tumor effect in vivo (7-23). Adherence activities of 
neutrophil to plastic plates were found in E. coli-LPS, 
N-CWS, bacteria and its components such as lipid 
A and lipoteicoic acid. In summary, bacteria-derived 
BRMs have direct activating properties on neutrophil. 
On the other hand, antitumor polysaccharide such 
as lentinan, zymosan and β-1,3-glucan, which show 
antitumor activity, did not show adherence induction on 
neutrophil at all.
 We reported already that all of the BRMs tested in 
this paper (except levamisole, dextran sulfate) induce 
neutrophil more than 106 cells/mouse into peritoneal 
cavity within 6 h after injection (4). These data 
suggest that these BRMs must have some influence on 
neutrophil in the body. Considering from these data 
and our new data that most bacteria-derived BRMs 
except B. pertussis and MDP can induce the adherence 
of neutrophil and polysaccharide do not effect on 
neutrophil adherence at all, bacteria-derived BRMs 
must have an effect on neutrophil directly, but another 
ones (polysaccharides) must accumulate neutrophil 
indirectly through the activation of complements or 
macrophage in vivo. For example, zymosan is well 
known to activate neutrophil prominently by activating 
complement of alternative pathway (27). However, in 
this system, complement system does not work, because 
only inactivated bovine serum was used. Lack of 
complement system must be the reason why zymosan 
did not induce neutrophil adherence.
 Another different point is such BRMs that directly 
activate the neutrophil have local antitumor effects 
generally (12,28). In other words, such BRMs are 
effective prominently, if they are injected locally to 
contact with tumor tissue. On the other hand, such 
agents as polysaccharides and poly(I)-poly(C), which 
did not induce neutrophil adherence directly, are not 
reported to have local antitumor activity (28). This 
relationship suggests that local antitumor effect of 
bacteria-derived BRM might be connected with direct 
activation of neutrophil and systemic antitumor effect 
of polysaccharide might be connected with indirect 
activation of neutrophil through the activation of 
complements or macrophages.
 If TNF producing ability of BRMs are classified 
into 2 groups (priming agents and triggering agents), 
BRMs that induce the adherence of neutrophil directly 

(OK-432, LPS, lipoteichoic acid et al.) are known to 
be TNF triggering agents (29-32). On the other hand, 
another BRMs such as MDP, glucan and zymosan are 
reported to have priming activity of TNF release (30,33). 
Considering from these facts and the report that 
neutrophil can produce TNF in certain condition (34), 
direct induction of PMN adherence by bacteria-derived 
BRMs is considered to be caused by TNF released 
from neutrophil. Then, we tested the effect of rhTNF 
antibody on neutrophil adherence induced by BRMs. 
However, induction of neutrophil adherence by LPS, 
lipid A and OK-432 were not influenced at all. Then 
it is unprobable that TNF secreted from neutrophil by 
BRM mediate the adherence of neutrophil.
 It is reported that increased activity of neutrophil 
by LPS depends on the increased expression of CD11b/
CD18 via TLR-4 (35,36). On the other hand, TLR-
2 is thought to mediate responses to Gram-positive 
bacterial protein (37). TLR-2 as well as TLR-4 are 
expressed in neutrophils in addition to macrophages 
(38). Then, stimulated adherence by E. coli LPS, lipid 
A and OK-432 may be explained by the increased 
expression of CD11b/CD18 through TLR4 and the 
increased adherence by N-CWS and lipoteicoic acid 
may be mediated by TLR-2 expressed in neutrophils 
in addition to macrophages. As activation of TLR4 
and TLR2 are reported to be tumoricidal (11,39), 
antitumor mechanism of bacterial BRMs may depend 
on the activation of TLR4 and/or TLR2 expressed 
in neutrophil in addition to macrophage. So far, the 
mechanism of antitumor effect of BRM was explained 
mainly through the activation of macrophage (40). 
However, neutrophils and macrophages are considered 
to coordinate in immune response in several diseases 
(41). Therefore, neutrophils activated by bacterial 
BRMs may attack tumors directly and/or indirectly in 
cooperation with macrophages.
 In conclusion, direct activation of neutrophil may 
be related with the local antitumor effect of bacteria-
derived BRM to some extent.
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chlorophenylhydrazone

Makoto Araki1, Takuya Ishibashi2, Masahiro Munesue3,§, Kazuaki Ohashi4, 
Yoshitaka Nobukuni5, Masatomo Maeda6,*

1 Meiji Pharmaceutical University, Tokyo, Japan;
2 Ritsumeikan-Global Innovation Research Organization, Ritsumeikan University, Kyoto, Japan;
3 Graduate School of Pharmaceutical Sciences, Osaka University, Suita, Osaka, Japan;
4 School of Pharmacy, Iwate Medical University, Iwate, Japan;
5 Research Institute for Radiation Biology and Medicine, Hiroshima University, Hiroshima, Japan;
6 Faculty of Pharmaceutical Sciences, Niigata University of Pharmacy and Applied Life Sciences, Niigata, Japan.

1. Introduction

Mitochondria play vital roles in aerobic energy 
production and homeostasis in living cells (1). 
The respiratory chain, through which electrons are 
transferred, produces an electrochemical gradient of H+ 
across the mitochondrial inner membrane. This proton 
motive force (ΔP) drives the synthesis of cellular energy 
currency, ATP, by ATP synthase (2). Furthermore, more 

than 1,200 nuclear genes are believed to maintain and 
regulate the mitochondrial structure and function (3), 
although mammalian mitochondrial DNA retains 37 
genes (1). Thus, it is not surprising that mitochondrial 
dysfunction would be induced by various mutations in 
both the nuclear and mitochondrial genomes (4), which 
results in health problems (1,3).
 Uncouplers are compounds that translocate H+ 
across a membrane passively and dissipate ΔP (5). 
Carbonylcyanide-3-chlorophenylhydrazone (CCCP) 
is an example of such protonophoric uncouplers (6), 
and is known to be an apoptotic inducer (7). Inhibition 
of oxidative phosphorylation due to a decrease in ΔP 
would induce reactive oxygen species, and finally lead 
to apoptosis of the cells (8). In this study, we attempted 

Summary Protonophoric uncoupler carbonylcyanide-3-chlorophenylhydrazone (CCCP) decreases 
the proton motive force (ΔP) of the mitochondrial inner membrane and results in inhibition 
of oxidative phosphorylation. In this study, a CCCP-resistant clone was isolated from a 
random gene trap insertional mutant library of Chinese hamster ovary (CHO)-K1 cells 
which was constructed by infecting a retrovirus vector, ROSAβgeo. Although we expected the 
isolation of the mutants defective in nuclear genes responsible for mitochondrial functions, 
the disrupted gene of the isolated mutant that we named R1 cells was identified as one of 
the alleles for ribosomal protein 5 of large subunit (RPL5). The R1 cells express as much 
as 80% RPL5 protein compared with the parental CHO-K1 cells, possibly due to enhanced 
transcription from a remaining wild-type RPL5 allele in R1 cells. Furthermore, the protein 
amount is not decreased by CCCP in R1 cells, in contrast to its clear reduction by CCCP 
in parental cells. Since mutations of RPL5 and other ribosomal proteins are responsible for 
the ribosomopathies and cancer, the present mutant may be a useful cellular model of such 
human diseases from a viewpoint of energy metabolism as well as a tool for the study of 
ribosome biogenesis and extra-ribosomal function of the RPL5 protein.
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to isolate CCCP-resistant clones of mammalian cultured 
cells since mutations of nuclear genes would reduce the 
toxic effect of CCCP. Phenotypic studies of the mutants 
will not only clarify gene functions but also give an 
idea of treatments for mitochondrial or mitochondrial-
like disorders (3).
 In this study, we adopted gene trap mutagenesis, 
a technique generating loss-of-function mutations 
randomly (9). We screened a random gene trap 
insertional mutant library of Chinese hamster ovary 
(CHO)-K1 cells (10) constructed by infection with the 
retrovirus gene trap vector ROSAβgeo (11). The isolated 
CCCP-resistant clone exhibited haploinsufficiency of the 
gene for ribosomal protein 5 of large subunit (RPL5). 
We characterized this clone, and discussed its properties 
from the viewpoints of energy metabolism and roles of 
RPL5.

2. Materials and Methods

2.1. Cell culture

CHO-K1 cells (12) and the random gene trap insertional 
mutant library (10) were cultured in Ham's F-12 
medium (Sigma, MO, USA) supplemented with 10% 
(v/v) fetal bovine serum (Biowest, Nuaille France) in a 
CO2 incubator at 37°C. CCCP (Nacalai, Kyoto, Japan) 
dissolved in dimethyl sulfoxide (DMSO) (10 mM) was 
added at the indicated concentration in the medium. 
Control culture medium without CCCP contained a 
similar amount of DMSO. The cell cycle was analyzed 
with a Muse Cell Analyzer (Merck Millipore, MA, 
USA) according to the manufacturer's protocol using a 
Muse Cell Cycle Kit (13). The sensitivity to CCCP and 
colchicine (Calbiochem, CA, USA) was examined by 
colony formation at 37°C (14).

2.2. Identification of the disrupted gene

Total RNA of R1 cells was prepared with an RNeasy 
Mini Kit (Qiagen, Hilden, Germany) according to the 
manufacturer's protocol, and reverse transcribed with 
phosphorylated primer LacZr 005 and single-stranded 
cDNA was circulalized. The product was subjected 
to polymerase chain reaction (PCR) with primer pairs 
LacZf 003/LacZr 002 and LacZf 004/LacZr 001 (Table 
1) and GoTaq® (Promega, WI, USA) successively; 
preheating (96°C, 5 min), followed by 30 cycles of 
denaturation (96°C, 0.5 min), annealing (55°C, 0.5 
min), and extension (72°C, 1 min), and then post-
incubation (72°C, 7 min) in a GeneAmp PCR System 
2400 (PerkinElmer, MA, USA). The DNA fragments 
separated by 2% agarose gel-electrophoresis were 
ligated into the pGEM-T easy vector (Promega) and 
then introduced into Escherichia coli TOP-10F'. The 
DNA sequence was determined by the dideoxy chain-
termination method with Ampli Taq (Roche, Basel, 

Switzerland) and a sequence primer (T7 or M13R) (15). 
The molecular biological techniques were performed by 
published methods (16).

2.3. SDS-polyacrylamide gel-electrophoresis and 
Western blotting

Cells treated with or without 5 μM CCCP for 24 h 
were collected in 1 mL (3 × 105 cells) of ice-cold 20 
mM tris(hydroxymethyl)aminomethane (Tris)-HCl (pH 
7.5), 150 mM NaCl, 2 mM ethylendiaminetetraacetic 
acid, 10 μg/μL leupeptin, 10 μg/μL pepstatin (TNE) 
containing 1% (w/v) NP-40 and then kept on ice for 30 
min. After sheering of the suspension 10 times through 
a 25G needle, a supernatant (12,000× g, 30 min) was 
obtained. The resulting cell extract was subjected to 
sodium dodecyl sulfate (SDS)-polyacrylamide gel-
electrophoresis (17), and then electro-blotted onto a 
Hybond-P PVDF membrane (GE Healthcare, IL, USA) 
(18).
 The membrane was blocked overnight at 4°C with 
10 mM sodium phosphate buffer (pH 7.2), 137 mM 
NaCl, 3 mM KCl (PBS) containing 0.1% (v/v) Tween-20 
and 3% (w/v) skim milk (Wako, Osaka, Japan). Rabbit 
and mouse polyclonal antibodies recognizing human 
RPL5 (Abcam, Cambridge, UK) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (Wako), 
respectively, were reacted for 1 h as the first antibodies 
[×5000 dilution in 25 mM Tris-HCl (pH7.6), 150 mM 
NaCl containing 0.1% (w/w) Tween-20 (TBS-T)]. The 
membrane was washed in TBS-T for 5 min (3 times). 
Horseradish peroxidase-linked goat anti-rabbit and anti-
mouse immunoglobulins (×5000 diluted) (Jackson, 
PA, USA) were used as the second antibodies with 
ECL Prime Western Blotting Detection Reagent (GE 
Healthcare). The RPL5 and GAPDH were visualized 
with a LAS-3000 (Fuji Film, Tokyo, Japan). To detect 
GAPDH the membrane was re-probed after analysis of 
RPL5 (19).

307

Table 1. List of PCR primers used in this study

LacZr 001:
LacZr 002:
LacZf 003:
LacZf 004:
LacZr 005: 

P1:
P2:
P3:

RPL5f:
RPL5r:
actin-f:
actin-r:

T7 primer:
M13R primer:

5'-TTCCCAGTCACGACGTTGTA-3'
5'-GTGCTGCAAGGCGATTAAGT-3'
5'-GTTGATGAAAGCTGGCTACA-3'
5'-TGATGGCGTTAACTCGGCGT-3'
5'-ATGCGCTCAGGTCAAATTCA-3'

5'-GACGGTGTCTGTTCCGCAGGATG-3'
5'-GACCTTTAGCTCTCAGCAGCCCG-3'
5'-AGGAAGCGGTCAGCCCATTCG-3'

5'-TGTCTGTTCCGCAGGATGGG-3'
5'-CAGTTTTACCCTCTCGCCGCC-3'
5'-AGAGCTATGAGCTGCCTGATG-3'
5'-CGTGGATGCCACAGGATTC-3'

5'-TAATACGACTCACTATA-3'
5'-GGAAACAGCTATGACCATG-3'
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CCCP without growth although wild type CHO-K1 
cells were completely killed under the same conditions.
 Furthermore, as evident from Figure 1B, the R1 
clone was not resistant to colchicine, suggesting that the 
resistance of R1 cells to CCCP could not be ascribed to 
the multidrug resistance phenotype (20).

3.2. Identification of a disrupted gene

We first cloned the exon moiety of the disrupted gene 
preceding the inserted βgeo. The 5'-rapid amplification 
of cDNA ends technique amplified a 290 bp DNA 
fragment which had an upstream additional sequence, 
as indicated by the capital letters in the "Trapped 
sequence" in Figure 2A. This sequence corresponds to 
a component of a large 60S ribosomal subunit, RPL5, 
essentially identical to those of Chinese hamster, human 
and rodents. All the published sequence data except 
pROSAβgeo (Figure 2A) were obtained from National 
Center for Biotechnology Information (https://www.
ncbi.nlm.nih.gov, accessed September 30, 2016).

2.4. Quantitative analysis of RPL5 mRNA

Total RNA of R1 and CHO-K1 cells was reverse 
transcribed with a PrimeScript RT reagent kit (TaKaRa, 
Shiga, Japan) with a random 6 mer primer. Real time 
PCR was performed on an Eco Real Time PCR System 
(Illumina, CA, USA) and SYBR Premix Ex Taq II 
(TaKaRa) with primer pair RPL5f/RPL5r or βActin-f/
βActin-r. The data were analyzed by the ΔΔCt method.

2.5. Staining of mitochondria

Cells cultured for 24 h on poly-L-lysine-coated 
chamber slides (Iwaki, Shizuoka, Japan) were further 
treated with 5 μM CCCP or DMSO for 8 h. The treated 
cells were incubated for 15 min in medium containing 
100 nM MitoTracker Red CMX Ros (Molecular 
Probes, OR, USA) and then washed with fresh medium. 
The cells were fixed with 4% formaldehyde. The 
fluorescence of fixed cells was detected under an 
Olympus confocal microscopy system FV1000 (IX81), 
the excitation and detection conditions were adjusted to 
the channel for AlexaFlour 568 (Invitrogen, CA, USA).

2.6. Chemicals

Restriction enzymes were purchased from NEB (MA, 
USA) and Toyobo (Osaka, Japan). RNaseH, T4 DNA 
ligase (Ligation Kit Ver.2.1), and a 5'-Full RACE Core 
Set were obtained from TaKaRa. Oligonucleotides were 
supplied by Invitrogen. A GENECLEAN III Kit was 
obtained from BIO101 (CA, USA). All other chemicals 
used were of the highest grade commercially available.

3. Results

3.1. Isolation of a CCCP-resistant clone

Since more than 3 μM CCCP inhibited the colony 
formation of parent CHO-K1 cells, we selected the 
CCCP-resistant cells in the presence of 5 μM CCCP. 
Three colonies were formed from a culture of 3.4 × 107 
cells after 14 days. However, only one clone showed 
partial resistance to CCCP and other two clones did not 
grow in the presence of CCCP after colony isolation. 
We named this clone R1, and further characterized its 
properties and identified a disrupted gene.
 R1 cells formed colonies in the presence of 3 μM 
CCCP. However, the resistance phenotype was not 
significant, colony formation decreasing in parallel with 
the wild type and not being detected under the isolation 
conditions (5 μM) (Figure 1A). Interestingly, R1 cells 
that had been treated with 5 μM CCCP in Figure 1A 
formed a significant number of colonies (as much as 
700 colonies) in the fresh medium without CCCP while 
none grew on the plate of wild type. Thus, the R1 cells 
were still resistant and alive in the presence of 5 μM 

Figure 1. Colony formation of the CCCP-resistant clone in 
the presence of CCCP and colchicine. [A] Cells (104 cells) 
were seeded in 6 cm diameter dishes. CCCP was added on the 
following day. Then the cells further cultured for 9 days were 
stained and colonies were counted. Each point represents the 
mean ± standard deviation of duplicate sample dishes. [B] 
Cells (2,000 cells) were seeded in each well of a 24 well-
plate. Various concentrations of colchicine were added at 5 h 
after inoculation. On the 6th day, the cells were stained and 
colonies were counted.
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 To demonstrate that the gene disruption event had 
truly occurred in the RPL5 gene, we constructed a PCR 
primer pair, P1/P2, to amplify the mRNA between 
exon 1 and exon 8 transcribed from a normal allele of 
RPL5. A primer pair, P1/P3, was used to amplify the 
fused mRNA from the disrupted allele (Figure 2B). As 
shown in Figure 2C, only primer pair P1/P2 gave the 
amplified band from CHO-K1 cells. However, both the 
P1/P2 and P1/P3 primer pairs gave products from R1 
cells corresponding to the estimated sizes (919 bp and 
3910 bp, respectively). It must be noted that the CHO 

genome project suggests the presence of a single-copy 
of RPL5 gene (Gene ID 100770250) in CHO-K1 cell 
(21). These results suggest that one of the two RPL5 
genes could be disrupted in R1 cells.
 Since exon 1 of the RPL5 gene in human and rodent 
ends at the initiation codon, it is suggested that the 
retrovirus vector was inserted into intron 1 of one of the 
RPL5 genes of R1 cells (Figure 2B and Figures 3A and 
3B). Furthermore, it was clear that the splicing donor 
site "gt" was located next to the initiation codon of the 
RPL5 gene in R1 cells, and that the splicing acceptor 

Figure 2. Identification of the disrupted gene. [A] The trapped sequence (capital letters) was aligned with the corresponding 
part of RPL5 cDNA of Chinese hamster, human, mouse and rat (XM_007642956, NM_000969, NM_016980 and NM_031099, 
respectively). The initiation codon is underlined. Lowercase letters and asterisks indicated the sequence derived from the 
pROSAβgeo vector [SA-betageo (Addgene plasmid #21709); http://n2t/addgene:21709 (accessed July 15, 2016)] and the 
conserved nucleotide residues, respectively. [B] Gene trap event on the RPL5 gene in R1 cells is schematically represented. The 
cDNA sequence (XM_007642956) clearly indicated that the exons of Chinese hamster might be separated by 7 introns similar 
to those of human and mouse (NG_011779 and NC_000071, respectively). The gene trap vector was suggested to be inserted 
into intron 1 (see legend to Figure 3B). Thus, the primer pair P1/P2 amplified the cDNA derived from a normal transcript while 
the primer pair P1/P3 gave a product from a fusion transcript of exon 1 with βgeo. Only P1/P2, i.e. not P1/P3, amplified the 
cDNA from CHO-K1 cells. Closed triangle (▼) indicates the polyA signal. [C] Total cellular RNA was reverse-transcribed 
using random oligonucleotide primers. The cDNA derived from a transcript of the RPL5 gene was amplified by means of PCR 
with primer pair P1/P2 (Sample 1) or P1/P3 (Sample 2). The annealing sites of primers and primer sequences are shown in [B] 
and Table 1, respectively. The PCR products were analyzed by 1% agarose gel electrophoresis (16). The arrow and arrowhead 
indicate those derived from the fusion gene and the intact one, respectively.
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site "ag" in the vector sequence was used (Figure 3B), 
consisting with the finding that a retrovirus vector tends 
to insert into the 5' portion of the gene (9).

3.3. Properties of R1 cells

We next determined the expression levels of RPL5 
protein and mRNA under the steady state culture 

conditions by Western blotting analysis and quantitative 
PCR, respectively. In the absence of CCCP, the amount 
of RPL5 protein in R1 cells was about 80% of that in the 
parental CHO-K1 cells in spite of that the normal RPL 5 
gene in the former cells comprised one half of the latter 
(Figure 4A, lanes 1 and 3). Such observation could be 
partly explained by the increased transcription from the 
remaining wild-type allele (22). Actually, the mRNA 

Figure 3. Comparison of the genomic sequences and splicing sites of RPL5 of various species. [A] The nucleotide sequences 
of downstream of exon 1, upstream of exon 2 and both ends of intron 1 for the human (NG_011779) and rodents (NC_000071 for 
mouse and NC_005113 for rat) RPL5 genes were aligned. The nucleotide residues of introns are indicated by lowercase letters. 
Splicing donor site "gt" and acceptor site "ag" (32) are double-underlined, and denoted by SD and SA, respectively. [B] The gene 
disruption event that occurred in the R1 cell is explained: the retrovirus vector was inserted into intron 1 of the RPL5 gene. The 
splicing donor site (SD) of intron 1 of the RPL5 gene and the splicing acceptor site (SA) of the βgeo gene in the retrovirus vector 
are indicated by double underlines. Canonical splicing (32) occurred during transcription of the fusion gene, and both underlined 
sequences in capital letters were connected, as is evident from the trapped sequence shown in Figure 2A.

Figure 4. Expression levels of protein and mRNA for RPL5, and cell cycle analyses. [A] Cell lysates (15 μg) were separated 
by SDS-polyacrylamide gel-electrophoresis. RPL5 and GAPDH were detected by means of Western blotting with anti-RPL5 
(upper) and anti-GAPDH (lower) antibodies, respectively. The numerical values at the bottom of blot are the relative amounts 
of RPL5 protein normalized as to those of housekeeping GAPDH protein. The standard deviations of band intensity (n = 3) 
were determined with ImageJ software [http://imagej.nih.gov/ij/ (accessed August 20, 2019)]. The data were analyzed by 
means of Tukey-Kramer test. *p-values < 0.05 and ** p < 0.01 were considered statistically significant. N.S.; Not Significant.
This experiment was repeated twice and a similar tendency was observed. [B] Total cellular RNA was prepared, and the mRNA 
expression level of RPL5 was determined by real-time PCR. The expression level was normalized as to that of β-actin mRNA. 
The results of triplicate samples are presented as mean values ± standard deviation (n = 3). Tukey-Kramer test was performed as 
in [A]. * (p-values < 0.05). [C] The R1 and CHO-K1 cells that had been cultured with (closed bar) or without 5 μM CCCP (open 
bar) for 24 h were analyzed. The percentage of each phase in the culture was shown. Each bar represents the mean ± standard 
deviation of three independent experiments. The data were analyzed by means of 2-tailed unpaired Student's t-test. *p-values < 0.05, 
**p < 0.01 and ***p < 0.001 were considered statistically significant.
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level of R1 cells was more than half of CHO-K1 cells 
(Figure 4B, without CCCP), as was suggested by protein 
levels at steady state being primarily determined by 
mRNA levels (23).
 The mRNA levels of both R1 and CHO-K1 cells 
further decreased in the presence of CCCP (Figure 4B). 
Concomitantly, the amount of RPL5 protein decreased 
in CHO-K1 cells in the presence of CCCP (Figure 4A, 
lanes 1 and 2). However, it remained constant in R1 
cells (Figure 4A, lanes 3 and 4). It seems likely that the 
stability of RPL5 protein may increase in R1 cells upon 
adding CCCP to save energy required for transcriptional 
and translational processes.
 Cell cycle analyses demonstrated that the distribution 
of cells in the G0/G1, S and G2/M phases was essentially 
the same between R1 and CHO-K1 cells in the presence 
and absence of CCCP although the presence of CCCP 
for 24 h slightly increased the population in G0/G1 for 
both cell types. Thus, the effect of CCCP on cell cycle 
progression was essentially the same in resistant and 
sensitive cells (Figure 4C).
 We further observed mitochondrial images of both 
R1 and CHO-K1 cells in the presence of CCCP for 
8 h on staining with a fluorescent organelle marker, 

MitoTracker Red CMX Ros (Figure 5). Both cells 
without CCCP showed essentially the same filamentous 
mitochondrial structure (Figures 5a and 5c). In the 
presence of CCCP, mitochondria became shortened 
and vesicular (Figures 5b and 5d) as indicated by the 
enlarged figures (Figures 5a'-5d'). However, we could 
not detect significant difference between mitochondrial 
morphology and numbers for R1 and CHO-K1 cells in 
the presence of CCCP (Figure 5).

4. Discussion

The isolated R1 cells showed partial resistance to CCCP, 
which could be explained by that R1 cells are more 
resistant to a low-energy supply and survive under the 
energetic stress conditions in the presence of CCCP, 
although they would be difficult to grow under a higher 
concentration of CCCP due to an extremely low energy 
level or a toxic effect of CCCP other than uncoupling (6).
 Haploinsufficiency of ribosomal proteins essential 
for cell growth may impair functional ribosomal 
biogenesis in general (24). Ribosomopathies are human 
disorders associated with defects of ribosomal subunit 
genes and ribosome biogenesis (25). A typical example 

Figure 5. Morphology of mitochondria in R1 and CHO-K1 cells treated with or without CCCP. Cells cultured on poly-
L-lysine-coated chamber slides for 24 h were treated with or without 5 μM CCCP for 8 h, and then further incubated in fresh 
medium containing 100 nM MitoTracker Red CMX Ros without CCCP. The fluorescence of the fixed cells was observed under 
a confocal microscope. Magnification bars, 10 μm. Three independent experiments gave essentially the same results. The boxed 
areas in a - d were enlarged (a'-d', respectively). We further examined mitochondrial images in the presence of CCCP for 24 h. 
However, they were indistinguishable from those with 8 h (not shown). The mitochondrial numbers in the presence of CCCP 
were calculated for total 135 cells in three different images from CHO-K1 and R1 cells, respectively. Although relative amounts 
of R1 cells were about 1.52-fold of those of CHO-K1 cells, the difference between CHO-K1 and R1 cells was not significant 
(p-value = 0.07).
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is Diamond-Blackfan anemia: about 60-70% of the 
patients are heterozygotes for mutations and deletions 
of various ribosomal subunit genes (26). Furthermore, 
the genes for ribosomal protein 19 of small subunit and 
RPL5 are most often altered (27). If we consider that 
RPL5 stabilizes p53 (28) and cooperatively inactiveates 
c-Myc (29), such tumor suppressor functions of RPL5 
are consistent with the finding that heterozygous 
inactivation of RPL5 associates with the most common 
somatic ribosomal defect in human cancer (30).
 Cancer cells are known to depend on the aerobic 
glycolysis for continued growth and survival (31). Since 
our culture condition is aerobic, it seems likely that 
such survival of R1 cells must be supported by aerobic 
metabolism even without mitochondrial energetic 
functions under oxidative stress condition. Thus, the 
CCCP-resistant R1 cells with a heterozygous mutation 
of RPL5 will become a tool for the study of not only 
cellular regulatory mechanisms concerning ribosomal 
biogenesis and extra-ribosomal functions of the RPL5 
protein but also ribosomopathies, cancer etiology and 
therapy.
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1. Introduction

Human parainfluenza virus type 2 (hPIV-2) is one of the 
major human respiratory tract pathogens of infants and 
children. hPIV-2 is a member of the genus Rubulavirus 
in the family Paramyxoviridae, and it possesses a 
single-stranded, non-segmented, negative stranded 
RNA genome of 15,654 nucleotides (1). hPIV-2 has 7 

Summary The antiviral activities of a nucleoside analog antiviral drug (ribavirin) and a non-nucleoside 
drug (mycophenolate mofetil) against human parainfluenza virus type 2 (hPIV-2) were 
investigated, and the restoration of the inhibition by guanosine and S-(4-nitrobenzyl)-6-
thioinosine (NBTI: equilibrative nucleoside transporter 1 inhibitor) were also investigated. 
Ribavirin (RBV) and mycophenolate mofetil (MMF) inhibited cell fusion induced by hPIV-
2. Both RBV and MMF considerably reduced the number of viruses released from the cells. 
Virus genome synthesis was inhibited by RBV and MMF as determined by polymerase 
chain reaction (PCR) and real time PCR. mRNA syntheses were also reduced. An indirect 
immunofluorescence study showed that RBV and MMF largely inhibited viral protein 
syntheses. Using a recombinant green fluorescence protein (GFP)-expressing hPIV-2 
without matrix protein (rhPIV-2ΔMGFP), it was found that virus entry into the cells and 
multinucleated giant cell formation were almost completely blocked by RBV and MMF. RBV 
and MMF did not disrupt actin microfilaments or microtubules. Both guanosine and NBTI 
completely or partially reversed the inhibition by RBV and MMF in the viral replication, 
syntheses of genome RNA, mRNA and protein, and multinucleated giant cell formation. 
NBTI caused a little damage in actin microfilaments, but had no effect on microtubules. 
Both RBV and MMF inhibited the replication of hPIV-2, mainly by inhibiting viral genome 
RNA, mRNA and protein syntheses. The inhibition was almost completely recovered by 
guanosine. These results indicate that the major mechanism of the inhibition is the depletion 
of intracellular GTP pools.

Keywords: Human respiratory tract pathogen, antiviral drug, mycophenolic acid, recovery of 
virus replication inhibition, a recombinant green fluorescence protein expressing hPIV-2 without 
matrix protein
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structural proteins, NP, V, phospho (P), matrix (M), F, 
HN and large (L) proteins. The gene order of hPIV-2 is 
3'-(leader)-NP-V/P-M-F-HN-L-(trailer)-5'. All genes of 
hPIV-2 were sequenced by our group (2-7). Monoclonal 
antibodies (mAbs) were made, and antigenic diversity 
of clinical isolates was investigated by Tsurudome et 
al. (8). The infectious hPIV-2 from cDNA clone was 
constructed by Kawano et al., and it was shown that its 
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growth property was the same as that of control natural 
hPIV-2 (9).
 Ribavirin (RBV) is a synthesized nucleoside analog 
that has broad antiviral activities against many DNA 
and RNA viruses. RBV was reported to be effective in 
the treatment of hepatitis C virus in combination with 
interferon (10,11), and of respiratory syncytial virus 
(12). It was shown that its antiviral activity in vitro is 
mediated mainly by inhibition of inosine monophosphate 
dehydrogenase (IMPDH) (13), inhibition of RNA-
dependent RNA polymerase, and incorporation into 
viral RNA and induces point mutation of RNA virus, 
but the precise mechanism is still not fully understood. 
Our previous study showed that only RBV out of eight 
nucleoside analog antiviral drugs inhibited replication of 
hPIV-2 in vitro, but mechanism of inhibition is unclear 
(14). Mycophenolate mofetil (MMF) has been used 
as an immunosuppressive agent especially in organ 
transplanted patients. MMF is a nonnucleoside IMPDH 
inhibitor. Mycophenolic acid (MPA) is a hydrolyzed 
material of MMF, binds to IMPDH, induces depletion of 
intracellular GTP pools, and inhibits replication of some 
viruses such as hepatitis C virus (15) and reovirus (16). 
 The present investigation aimed at ascertaining 
the inhibitory capacity of RBV and MMF for hPIV-2 
replication and, furthermore, elucidating the inhibitory 
mechanism of the drugs. To investigate the effects 
of the drugs on viral genome synthesis, virus RNA 
was prepared and analyzed by polymerase chain 
reaction (PCR) and real time PCR. To elucidate the 
effects of the two drugs on mRNA synthesis, cDNA 
was synthesized using oligo dT primer, and PCR was 
carried out. Virus protein expression was observed by 
indirect immunofluorescence study using mAbs against 
NP, F and HN proteins of hPIV-2 (8). The inhibitory 
effects of RBV and MMF on cell-to-cell spreading 
of hPIV-2 were analyzed using a recombinant green 
fluorescence protein-expressing hPIV-2 without matrix 
protein (rhPIV-2ΔMGFP) (9,17,18). The number of 
viruses released from infected cells was determined. 
Cytoskeleton was reported to have an important role 
in paramyxovirus replication. Actin microfilaments 
are important in the human parainfluenza virus type 
3 life cycle, specifically at the level of viral transport 
and replication (19). Tubulin also acts as a positive 

transcription factor for in vitro RNA synthesis by 
Sendai virus (20). The effects of RBV and MMF on 
actin microfilaments and microtubules were analyzed 
using rhodamine phalloidin and anti-tubulin α mAb, 
respectively.

2. Materials and Methods

2.1. Drugs used in this study

Antiviral drugs, RBV and mycophenolate mofetil (MMF) 
were purchased from Wako Chemicals (Osaka, Japan). 
They were dissolved at 1 mg/mL in 10 mM phosphate 
buffered saline, pH 7.2 (PBS), and sterilized by filtration. 
MMF, a prodrug of mycophenolic acid (MPA), is rapidly 
hydrolyzed to MPA in aqueous solution. Guanosine was 
from Wako Chemicals, and dissolved at 1 mg/mL in 
dimethyl sulfoxide, and S-(4-nitrobenzyl)-6-thioinosine 
(NBTI) also from Wako Chemicals, dissolved at 1 mg/
mL in PBS and sterilized by filtration.

2.2. Virus and recombinant virus

The virus and the recombinant virus were approved by 
the relevant biosafety committees of Suzuka University 
of Medical Science. hPIV-2 (Toshiba strain) was 
used. rhPIV-2∆MGFP was constructed according to 
the method described previously (9,17,18), and it was 
shown that it did not produce infectious virus particles 
without addition of M protein gene in trans (data not 
shown). The virus titer was determined using Vero cells 
and the titer was about 1 × 105 TCID50/mL.

2.3. Cell line and cultivation of cells

LLCMK2 cells (rhesus monkey kidney cell line) were 
cultured in a flat-bottomed 24-well plate in 1 mL 
culture medium. Minimum essential medium α (MEMα: 
Wako Chemicals), supplemented with 2% fetal calf 
serum (FCS) and 0.1 mg/mL kanamycin, was used. The 
cells were cultured at 37°C in a humidified atmosphere 
with 5% CO2. After 3 days, when the cells became 
confluent (5 × 105 cells), the medium was changed to 
MEMα with 0.5% FCS and 0.1 mg/mL kanamycin. The 
antiviral drugs were added to the cells, and the cells 
were infected with hPIV-2 (3 × 102 TCID50).

2.4. Cytopathogenic assay

Cell fusion was observed at 4 days post infection under 
cell culture microscope (Olympus, Tokyo, Japan). 

2.5. RNA preparation, cDNA synthesis and real time 
PCR

RNA was extracted from the cells (2 × 106 cells) 
cultured in a flat-bottomed 6-well plate using TRIZOL 
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The drugs were added to the cells, and immediately 
after the addition, the cells were infected with rhPIV-
2∆MGFP (1 × 104 TCID50), and cultured for 4 days. 
They were then fixed with 1.2% formaldehyde solution 
in PBS at room temperature for 15 min and observed 
under a fluorescence microscope.

3. Results

3.1. Inhibitory effects of RBV and MMF

The inhibitory effects of RBV and MMF were observed 
at 4 days post infection. RBV and MMF had a dose 
dependent inhibitory effect on cell fusion (data not 
shown). RBV (20 µg/mL) and MMF (2 µg/mL, 1.48 
µg/mL as MPA) completely inhibited the cell fusion, 
indicating that lower concentration of MMF can inhibit 
hPIV-2 replication. The inhibitions of cell fusion by 
RBV and MMF were recovered with the addition of 
guanosine and NBTI (data not shown).

3.2. Titration of virus released from the infected cells 
and RBV or MMF treated cells, and restoration of the 
inhibitory effect by guanosine and NBTI

The titers of virus released from cells cultured with and 
without RBV (20 µg/mL) and MMF (2 µg/mL) at 4 
days post infection were determined. Without the drugs, 
the virus titer was about 5 × 106 TCID50/mL, and it was 
reduced to less than 10 TCID50/mL by RBV and MMF 
dose dependently (data not shown), indicating that both 
drugs largely prevented the virus replication and the 
release of virus from the infected cells. However, the 
inhibitions were dose dependently recovered (more 
than 106 TCID50/mL) by guanosine and NBTI (Figure 
1). Guanosine fully recovered the inhibition by RBV 
(Figure 1A) and MMF (Figure 1C), and NBTI could 
recover the inhibition by RBV to about 105 TCID50/mL 
(Figure 1B), and the inhibition by MMF only to about 
103 TCID50/mL (Figure 1D).
 We carried out the restoration experiment using 
20 µg/mL of RBV, 2 µg/mL of MMF, 50 µg/mL of 
guanosine and 70 µg/mL of NBTI. Figures 2A and 2B 
are the results of 5 independent experiments, showing 
that guanosine fully restored the inhibition by RBV and 
MMF, and that NBTI partially restored it.

3.3. Viral genome RNA synthesis and mRNA synthesis

RNA was prepared from the infected cells at 4 days 
post infection, and the viral genome RNA was analyzed 
by real time PCR. Figures 2C and 2D show that RBV 
and MMF inhibited viral genome RNA synthesis, 
and guanosine and NBTI almost fully restored the 
inhibitions by RBV and MMF. There are some 
discrepancies between the results of virus titers and the 
result of real time PCR. 

reagent (Invitrogen, Carlsbad, CA, USA) according 
to the manufacturer's method. cDNA was synthesized 
with 1 μg RNA using Reverse Tra Ace qPCR RT 
Master Mix (TOYOBO, Osaka, Japan) and NP gene 
specific primer (nucleotide number 1661-1679: 
5'-CAACATTCAATGAATCAGT-3'). Real time PCR 
was performed on the ABI PRISM 7700 Sequence 
Detection System (Life Technologies Japan, Tokyo, 
Japan) using TaqMan Probe (1932-1956: 5'-FAM-
AAGCACCGGATTTCTAACCCGTCCG-TAMRA-3'), 
forward primer (1851-1875: 5'-ACACACTCATCCAG
ACAAATCAAAC-3'), and reverse primer (1958-1980: 
5'-TGTGGAGGTTATCTGATCACGAA-3'). 

2.6. Detection of messenger RNA (mRNA)

cDNA was synthesized with 1 μg RNA using oligo 
dT primer and superscript II reverse transcriptase 
(Invitrogen), and PCR was carried out with forward 
primers for NP (nucleotide number 1,081-1,100: 
5'-CATGGCCAAGTACATGGCTC-3'), F (5,821-5,840: 
5'-CCCTATCCCTGAATCACAAT-3') and HN (7,741-
7,760: 5'-ATTTCCTGTATATGGTGGTC-3') genes of 
hPIV-2 (18), and reverse primers for NP (1,466-1,489: 
5'-CCTCCGAGTATCGATTGGATTGAA-3'), F (6,661-
6,681): 5'-TGTCACGAGACGTTACGGACA-3') and HN 
(8,481-8,500: 5'-GAACTCCCCTAAAAGAGATG-3') 
genes and Ex Taq (Takara Bio, Kusatsu, Japan).

2.7. Immunofluorescence study

To detect virus proteins in the infected cells, the 
cells were fixed with 3.7% formaldehyde solution in 
PBS at room temperature for 15 min. The cells were 
further incubated with 0.05% Tween 20 in PBS at 
room temperature for 15 min to detect NP protein that 
exists mainly in the cytoplasm, or 3 min to detect F 
and HN proteins that are both in the cytoplasm and in 
the cell membrane, washed with PBS, and incubated 
with mouse mAbs against NP, F and HN proteins 
of hPIV-2 at room temperature for 30 min. After 
washing with PBS, the cells were incubated with 
Alexa 488 conjugated secondary antibody to mouse 
IgGs (Invitrogen) at room temperature for 30 min, and 
observed under a fluorescence microscope (Olympus, 
Tokyo, Japan).
 Actin microfilaments was detected using rhodamine 
phalloidin (Invitrogen) and microtubules were observed 
using anti-tubulin α mAb against sea urchin tubulin α 
(clone B-5-1-2, Sigma-Aldrich, St Louis, MO, USA) at 
4 days of cultivation. The cells were fixed with 3.7% 
formaldehyde solution in PBS at 37°C for 15 min, 
washed with PBS, and the cells were further incubated 
with 0.05% Tween 20 in PBS at 37°C for 3 min to 
detect actin and for 15 min to detect microtubules.

2.8. Cell-to-cell spreading of hPIV-2
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 In the following experiment,  genome RNA 
synthesis was analyzed by PCR. PCR was carried 
out using hPIV-2 specific primers for NP, F and HN 
genes (Figures 3A and 4A). The number of base pairs 
between forward and reverse primers of NP, F and 
HN genes was about 400, 860 and 760, respectively. 

To detect mRNAs of the three viral proteins, cDNA 
was synthesized using oligo dT primer, and PCR was 
carried out using hPIV-2 specific primers for NP, F 
and HN genes (Figures 3B and 4B). Figure 3A shows 
that NP (lane 4), F (lane 5) and HN (lane 6) genome 
RNA were detected in the virus-infected cells, but not 
in the RBV-treated infected cells (NP: lane 7, F: lane 8 
and HN: lane 9). Figure 3A also shows that guanosine 
(NP: lane 10, F: lane 11, HN lane 12), and NBTI (NP: 
lane 13, F: lane 14, HN lane 15) restored the genome 
RNA syntheses. Figure 3B shows that viral mRNA was 
detected in the infected cells, but not in RBV-treated 
cells, and that the inhibition was restored by guanosine 
and NBTI.
 MMF inhibited both genome RNA and mRNA 
syntheses, and the inhibitions were also restored by 
guanosine, but not by NBTI (Figures 4A and 4B).

3.4. Viral protein synthesis

Indirect immunofluorescence study was performed 
to investigate the effects of the two antiviral drugs 
on hPIV-2 protein synthesis, and restoration by 
guanosine and NBTI. The drugs were added to the 
cells and they were infected with hPIV-2. At 4 days 
post infection, the cells were fixed and stained with 
the mAbs against NP, F and HN proteins of hPIV-2. 

Figure 1. The inhibitions by RBV and MMF were dose 
dependently recovered by guanosine and NBTI. Guanosine 
fully recovered the inhibition by RBV and MMF (about 106 

TCID50/mL) (A and C), NBTI recovered the inhibition by 
RBV to about 105 TCID50/mL (B) and the inhibition by MMF 
only to about 103 TCID50/mL (D).

Figure 2. The results of virus titration and real time PCR. 
RBV and MMF inhibited virus release and viral genome 
RNA synthesis. Guanosine fully restored the virus release, 
while NBTI partially restored it (A and B). (mean ± SEM, n 
= 5). RBV and MMF inhibited viral genome RNA syntheses, 
guanosine and NBTI fully recovered the inhibition by RBV 
and MMF (C and D).

Figure 3. Inhibition of viral genome RNA and mRNA 
syntheses by RBV and restoration of the inhibition by 
guanosine and NBTI. (A) shows that NP (lane 4), F (lane 5) 
and HN (lane 6) gene were detected in the virus-infected cells, 
but not in the RBV-treated infected cells (NP: lane 7, F: lane 8 
and HN: lane 9). Guanosine (NP: lane10, F: lane 11, HN: lane 
12), and NBTI (NP: lane 13, F: lane 14, HN: lane 15) restored 
the genome RNA syntheses. Lanes 1, 2 and 3: negative control 
of NP, F and HN gene, respectively. (B) shows that viral 
mRNA was detected in the infected cells (NP: lane 4, F: lane 
5, HN: lane 6), but not in the RBV-treated cells (NP: lane 7, 
F: lane 8, HN: lane 9), and that the inhibition was restored by 
guanosine (NP: lane 10, F: lane 11, HN: lane 12) and NBTI (NP: 
lane 13, F: lane 14, HN: lane 15). Lane M is a size marker.
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In Figure 5, Figures 5A, 5B, and 5C show the NP, F 
and HN protein expression in hPIV-2 infected cells, 
respectively. In hPIV-2 infected cells, NP, F and HN 
proteins were observed in almost all the cells: NP 
protein was observed in many strong fluorescent dots 
mainly in the cytoplasm, while F and HN proteins were 
in small dots in the cytoplasm and on the cell surface. 
RBV almost completely inhibited the expression of 
NP (Figure 5D), F (Figure 5E), and HN (Figure 5F) 
proteins. However, the expressions of the NP, F and 
HN proteins were recovered by guanosine (Figures 
5G, 5H, and 5I, respectively), and by NBTI (Figures 
5J, 5K, and 5L, respectively). Figures 5M to 5U show 
MMF also inhibited the syntheses of viral proteins (NP: 
Figure 5M, F: 5N, and HN: 5O). The restoration of the 
syntheses by guanosine (NP: Figure 5P, F: 5Q, and HN: 
5R), and partial restoration by NBTI (NP: Figure 5S, F: 
5T, and HN: 5U) were observed. 

3.5. Cell-to-cell spreading of hPIV-2

The above results showed that RBV and MMF inhibited 
viral genome RNA, mRNA and protein syntheses, and 
the inhibitions were almost completely or partially 
recovered by guanosine and NBTI. In the following 
experiment, we determined the effect of the drugs 
on the cell-to-cell spreading of hPIV-2 using rhPIV-

2∆MGFP (Figure 6).
 F igure  6A is  a  posi t ive  control :  there  are 
multinucleated giant cells with strong fluorescence. 
Figures 6B, 6C, and 6D show the infected cells 
cultured with RBV, RBV plus guanosine, and 
RBV plus NBTI, respectively. In Figure 6B, RBV 
inhibited multinucleated giant cell formation. In 
Figure 6C, guanosine restored the multinucleated 
giant cell formation, and in the cells with RBV plus 
NBTI, relatively small sized fused cells with strong 
fluorescence were observed (Figure 6D).

Figure 4. Inhibition of viral genome RNA and mRNA by 
MMF and the restoration of the inhibition by guanosine 
and NBTI. (A) shows that NP (lane 4), F (lane 5) and HN (lane 
6) gene were detected in the virus-infected cells, but not in the 
MMF-treated infected cells (NP: lane 7, F: lane 8 and HN: lane 
9). Guanosine restored the genome RNA syntheses (NP: lane 
10, F: lane 11, HN: lane 12), but NBTI did not (NP: lane 13, 
F: lane14, HN: lane 15). Lanes 1, 2 and 3: negative control of 
NP, F and HN gene, respectively. (B) shows that viral mRNA 
was detected in the infected cells (NP: lane 4, F: lane 5, HN: 
lane 6), but not in the MMF-treated cells (NP: lane 7, F: lane 8, 
HN: lane 9), and that the inhibition was restored by guanosine 
(NP: lane 10, F: lane 11, HN: lane 12) , but not by NBTI (NP: 
lane 13, F: lane 14, HN: lane 15). Lane M is a size marker.

Figure 5. Protein expression in hPIV-2 infected cells, the 
inhibition by RBV and MMF, and the restoration by 
guanosine and NBTI. In hPIV-2 infected cells NP (A), F (B) 
and HN (C) proteins were expressed. RBV almost completely 
inhibited the expression of NP (D), F (E), and HN (F) proteins. 
However, the expressions of the NP, F and HN proteins were 
recovered by guanosine (G, H and I, respectively) and by 
NBTI (J, K and L, respectively). MMF also inhibited the 
syntheses of viral proteins (NP: M, F: N, and HN: O) and 
restoration of the syntheses by guanosine (NP: P, F: Q, and 
HN: R) and partial restoration by NBTI (NP: S, F: T, and HN: 
U). Bars in A and M: 100 µm.
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 Figures 6E, 6F, and 6G show the infected cells 
with MMF, MMF plus guanosine, and MMF plus 
NBTI, respectively. MMF also inhibited giant cell 
formation (Figure 6E). Guanosine recovered the giant 
cell formation but the sizes were relatively small (Figure 
6F). However, NBTI could not recover the inhibition 
by MMF: a few fluorescent cells were observed (Figure 
6G).

3.6. The effects of the drugs on actin microfilaments 
and microtubules

The drugs were added to the cel ls ,  and act in 
microfilaments and microtubules were observed under a 
fluorescence microscope at 4 days of cultivation without 
virus infection.
 Figure 7A shows actin microfilaments in LLCMK2 
cells. As shown in Figures 7B and 7C, RBV and RBV 
plus guanosine did not disrupt actin microfilaments. 
However, RBV plus NBTI caused slight damage (Figure 
7D). MMF (Figure 7E) and MMF plus guanosine (Figure 
7F) did not cause actin microfilament damage, but 
MMF plus NBTI (Figure 7G) caused damage in actin 
microfilaments. These results indicated that one of the 
causes of the partial restoration by NBTI was due to the 
actin microfilament damage.
 Figure 8A shows microtubules in the cells. As shown 
in Figures 8B, 8C and 8D, respectively, RBV, RBV plus 
guanosine, and RBV plus NBTI, did not induce damage 
in microtubules. MMF (Figure 8F), MMF plus guanosine 
(Figure 8F), and MMF plus NBTI (Figure 8G) also 
caused no damage.

4. Discussion

The present study showed that RBV and MMF had 
inhibitory effects on hPIV-2 replication in LLCMK2 
cells and that the inhibition was restored by guanosine 
or NBTI. Almost no virus was found in the culture 
medium of RBV- or MMF-treated cells infected with 
hPIV-2. Viral genome RNA and mRNA were not 
detected in the RBV- or MMF-treated infected cells. In 
addition, viral proteins were not observed in the drug-
treated infected cells. Using rhPIV-2∆MGFP, it was 
shown that both RBV and MMF completely inhibited 

Figure 6. Inhibition of multinucleated giant cell formation 
by RBV and MMF, and restoration by guanosine and 
NBTI. (A) is the positive control. (B, C, and D) show the 
infected cells cultured with RBV, RBV plus guanosine, and 
RBV plus NBTI, respectively. Guanosine and NBTI restored 
giant cell formation (however, the size of fused cells restored 
by NBTI was relatively small). (E, F, and G) show the infected 
cells with MMF, MMF plus guanosine, and MMF plus NBTI, 
respectively. MMF also inhibited giant cell formation (E). 
Guanosine (F) recovered the giant cell formation. NBTI (G) 
could not fully recover the inhibition by MMF. Bar: 100 µm.

Figure 7 . The effects of RBV and MMF on act in 
microfilaments. (A) is the positive control. (B and C) show 
that RBV and RBV plus guanosine did not disrupt actin 
microfilaments. However, RBV plus NBTI caused slight 
damage (D). Similar results were obtained in MMF (E-G). 
MMF (E) and MMF plus guanosine (F) did not cause actin 
microfilament damage, but MMF plus NBTI caused damage 
in actin microfilaments (G). Bar: 100 µm.

Figure 8. No inhibitory effect of RBV, MMF, guanosine 
and NBTI on microtubules. (A) is the positive control. (B, C 
and D) show RBV, RBV plus guanosine, and RBV plus NBTI, 
respectively. (E, F and G) show MMF, MMF plus guanosine 
and MMF plus NBTI, respectively. Bar: 100 µm.
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multinucleated giant cell formation. The inhibitory 
effects of RBV and MMF were not due to the disruption 
of actin microfilaments or microtubules. Guanosine and 
NBTI almost fully restored the inhibition of genome 
RNA, mRNA and protein syntheses by the two drugs. 
Multinucleated giant cell formation was also restored 
by guanosine or NBTI. However, guanosine is more 
effective than NBTI, one reason being that NBTI caused 
some damage in actin microfilaments. The discrepancy 
between the result of virus titer and the result of real 
time PCR were in part due to a little disruption of actin 
microfilaments, resulting in the partial inhibition of virus 
budding.
 RBV is a synthesized nucleoside analog that has 
broad antiviral activities against many RNA viruses. 
RBV has been reported to be effective in the treatments 
of hepatitis C virus in combination with interferon 
(10,11), of respiratory syncytial virus (12) and of Lassa 
fever virus (21), yellow fever virus (22), Andes virus 
(23), flaviviruses and paramyxoviruses (13). Shah et al. 
examined the ability of RBV against vesicular stomatitis 
virus and Sendai virus using different cell types, and 
they found RBV exhibited its inhibitory action only 
on the cells that could uptake RBV (24). Upon uptake, 
RBV is phosphorylated into mono-, di- and tri-phosphate 
by cellular kinases. Several mechanisms are proposed 
(13,21,24), but the mechanism of RBV action on the 
viruses is still not fully elucidated. RBV inhibits the 
host enzyme inosine monophosphate dehydrogenases 
(IMPDH) essential for the de novo synthesis of GTP. 
Phosphorylated RBV directly inhibits viral RNA 
polymerase. RNA chain elongation is terminated by the 
incorporation of ribavirin tri-phosphate into viral RNA. 
Ribavirin tri-phosphate incorporation as a substitute for 
guanosine or adenosine leads to lethal mutagenesis. In 
this experiment, a sufficient amount of guanosine might 
competitively block RBV tri-phosphate incorporation 
into viral RNA, resulting the restoration from the 
inhibition. NBTI (a nucleoside transporter inhibitor) 
could block the incorporation of RBV tri-phosphate 
into viral RNA, and also partly recovered the inhibition. 
However, NBTI caused partial disruption of actin 
microfilaments, so the restoration may be partial.
 MMF has been used as an immunosuppressive agent 
(10 µg/mL or greater), and inhibits replication of some 
viruses such as Dengue virus (25), hepatitis B virus 
(26), human immunodeficiency virus (27), and Japanese 
encephalitis virus (28). In the present study, 2 µg/mL 
of MMF (1.48 µg/mL as MPA) had an inhibitory effect 
on hPIV-2 replication, and Hermann et al. reported 
that 3 µg/mL MMF inhibited Type 2 Winnipeg, a 
cerebrospinal fluid-derived reovirus isolate (16). In 
addition, MMF had an inhibitory effect at 1/10 the dose 
of RBV (present experiment). From these results, MMF 
may be a promising agent for the treatment of human 
parainfluenza viruses which cause recurrent infection in 
infants and children.

 MMF is a nonnucleoside inhibitor of IMPDH. Its 
hydrolytic product MPA binds to IMPDH and finally 
causes depletion of the GTP pool. Therefore, it is 
reasonable that a sufficient amount of guanosine could 
recover the inhibition by MMF. Though NBTI is a 
nucleoside transporter inhibitor, it also could partly 
restore the inhibition by MMF: viral RNA was fully 
restored and virus titer and viral protein were partly 
restored. The mechanism of restoration by NBTI remains 
to be elucidated.
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Investigation of efficacy and safety of low-dose sodium glucose 
transporter 2 inhibitors and differences between two agents, 
canagliflozin and ipragliflozin, in patients with type 2 diabetes 
mellitus
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1. Introduction

Sodium glucose transporter-2 inhibitors (SGLT2is) are 
new antidiabetic agents for patients with type-2 diabetes 
mellitus (T2DM). Sodium glucose transporter-2 (SGLT2) 
is a member of the sodium glucose transporter (SGLT) 

Summary Sodium glucose transporter 2 inhibitors (SGLT2is), new antidiabetic agents, were reported 
to improve not only glycemic parameters but also metabolic and circulatory parameters. 
Whereas, several adverse events caused by SGLT2is were also reported. We aimed to 
investigate the changes of glycemic, metabolic, and circulatory parameters as well as safety 
with low-dose administration of two SGLT2is, canagliflozin and ipragliflozin, and also the 
difference between the two agents. 25 individuals with type-2 diabetes mellitus (T2DM) 
were recruited and administered with low-dose SGLT2is, canagliflozin (n = 10, 50 mg/day) 
and ipragliflozin (n = 15, 25 mg/day). We examined glycemic, metabolic, and circulatory 
parameters at baseline and 24 weeks after administration. All patients completed the study 
without complications. Compared with baseline, levels of glycated hemoglobin, fasting 
plasma glucose, and homeostasis model assessment of β-cell function improved significantly 
at 24 weeks after administration (p < 0.05). Levels of body weight, low-density lipoprotein-
cholesterol, aspartate transaminase, γ-glutamyl transferase, and urinary excretion of 
albumin also improved significantly (p < 0.05). Moreover, systolic/diastolic blood pressure 
and levels of brain natriuretic peptide improved significantly (p < 0.05). The comparison of 
improvement ratio (values of improvement/values of basement) of each agent revealed that 
there was a significant difference between low-dose canagliflozin and low-dose ipragliflozin 
for brain natriuretic peptide (0.4404 vs. 0.0970, p = 0.0275). Hence, low-dose SGLT2is 
could be useful for patients of T2DM not only for hyperglycemia but also for metabolic 
and circulatory disorders without eliciting adverse events. In addition, with regard to 
the efficacy upon cardiovascular function, canagliflozin could be more suitable than 
ipragliflozin.
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family of solute transporters and expressed highly in the 
proximal tubules of kidneys. SGLT2 has an important 
role in glucose reabsorption, and inhibition of SGLT2 
prevents hyperglycemia caused by reduced reabsorption 
of glucose (1-3). SGLT2is were proposed as an insulin-
independent approach for treatment of hyperglycemia 
(4), and have the effects of reducing body weight and 
fat mass (5,6). SGLT2is were also reported to improve 
several metabolic parameters other than glycemic 
parameters (7-10). Moreover, some studies revealed 
that the SGLT2is reduce the prevalence of death from 
cardiovascular causes and hospitalization for heart failure 
(11-13).
 On the other hand, it was reported SGLT2is often 
caused adverse events. In detail, infection of the 
urinary and genital tracts, dehydration, diabetic ketosis/
ketoacidosis have been reported as adverse events of 
SGLT2is (14,15). A way to prevent these adverse effects 
of SGLT2is have yet to be established.
 Interestingly, it was reported that the inhibition of 
sodium glucose transporter-1 (SGLT1) led to same 
diuretic effect as that of SGLT2 (16,17). It was also 
reported that SGLT2is could inhibit SGLT1 as well as 
SGLT2, implying differences in potencies of inhibition 
of SGLT1 among available SGLT2is (18,19).
 Hence, we investigated the efficacy of low-
dose SGLT2is, 50 mg/day of canagliflozin (a half of 
commonly used dose: 100 mg/day) or 25 mg/day of 
ipragliflozin (a half of commonly used dose: 50 mg/
day), upon glycemic parameters, metabolic parameters, 

and circulatory parameters, and also checked the safety 
of low-dose administration of these two SGLT2is to 
seek whether it can circumvent the adverse effects of 
SGLT2is that have been reported to be problematic 
recently. Besides, we also investigated the difference 
of effects upon available parameters between the two 
SGLT2is, canagliflozin and ipragliflozin.

2. Subjects and Methods

2.1. Ethical approval of the study protocol

The study protocol was approved by the Ethics Review 
Committee of Nagasaki Prefecture Iki Hospital 
(Nagasaki, Japan). All participants provided written 
informed consent to participate in the study.

2.2. Subjects

We recruited 25 individuals with T2DM at Nagasaki 
Prefecture Iki Hospital and Shinagawa Surgical 
Hospital from April 2015 to March 2018. Participant 
characteristics are shown in Table. 1 and Table. 2. None 
of the drugs of patients were changed during the study.

2.3. Study design

To examine the efficacy and safety of low-dose SGLT2is 
(canagliflozin 50 mg/day, ipragliflozin 25 mg/day), we 
administered them and continued treatment for 24 weeks. 
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Table 1. Clinical characteristics of patient cohort

Age (years)
Male/female 
Body weight (kg)
Fasting plasma glucose (mg/dL)
Glycated hemoglobin (%)
HOMA-β
HOMA-IR
Low-density lipoprotein-cholesterol (mg/dL)
High-density lipoprotein-cholesterol (mg/dL)
Triglyceride (mg/dL)
Aspartate transaminase (U/L)
Alanine aminotransferase (U/L)
γ-glutamyl transferase (U/L)
Urinary albumin (mg/gCr) 
Estimated glomerular filtration rate (mL/min/1.73 m2)
Brain natriuretic peptide (pg/mL)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

Detail of medication for diabetes mellitus 
     Only dipeptidyl peptidase-4 inhibitor
     Only biguanide
     Dipeptidyl peptidase-4 inhibitor and biguanide
     Sulfonylurea and dipeptidyl peptidase-4 inhibitor
     Sulfonylurea and biguanide
     Sulfonylurea, dipeptidyl peptidase-4 inhibitor, and biganide

All (n = 25)

  62.4 ± 11.0
    12/13

  69.0 ± 14.2
147.7 ± 30.9
  7.68 ± 0.61
  31.8 ± 21.6
  2.69 ± 2.05
106.6 ± 19.8
  56.5 ± 15.2
117.8 ± 62.8
  22.4 ± 10.8
  24.1 ± 17.9
  26.6 ± 14.5

  164.1 ± 393.3
  75.3 ± 21.2
  26.8 ± 21.0
137.0 ± 17.3
  74.7 ± 10.2

 3
 4
11
 5
 1
 1

Data are shown as means ± standard deviation (SD). HOMA-β: homeostasis model assessment of β-cell function, HOMA-IR: homeostasis model 
assessment of insulin resistance.

Canagliflozin (n = 10)

60.9 ± 9.4
5/5

  69.3 ± 13.3
144.3 ± 30.3
  7.78 ± 0.55
  31.0 ± 26.5
  2.51 ± 2.10
106.4 ± 19.8
  59.6 ± 17.6
134.0 ± 89/7

22.0 ± 6.2
19.4 ± 7.0

  31.3 ± 15.4
  183.1 ± 406.0
  81.8 ± 21.3
  25.7 ± 10.2
135.1 ± 14.9
77.1 ± 7.8

2
2
3
2
0
1

Ipragliflozin (n = 15)

63.5 ± 12.2
7/8

   68.8 ± 14.1
 149.9 ± 32.1
   7.59 ± 0.65
   32.3 ± 18.6
   2.81 ± 2.08
 106.7 ± 20.4
   54.5 ± 13.6
 107.0 ± 35.7
   22.7 ± 13.3
   27.3 ± 22.2
   23.4 ± 13.5

   151.5 ± 398.4
   71.0 ± 20.3
   27.6 ± 26.2
 138.2 ± 19.2
   73.1 ± 11.6

1
2
8
3
1
0
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comparison of improve ratio). p < 0.05 was considered 
significant.

3. Results

All patients completed the present study without adverse 
events such as infection of urinary or genital tracts, 
dehydration, diabetic ketosis/ketoacidosis. Changes 
in glycemic parameters (HbA1c, FPG, HOMA-IR, 
HOMA-β), metabolic parameters (BW, LDL-C, HDL-C, 
TG, AST, ALT, γ-GTP, eGFR, U-Alb), circulatory 
parameters (BNP, SBP, DBP) at baseline and 24 weeks 
after administration of low-dose SGLT2is for all patients 
are shown in Table 2. In terms of glycemic parameters, 
levels of HbA1c,  FPG, and HOMA-β  improved 
significantly after 24 weeks of SGLT2is administration 
compared to baseline (HbA1c: 7.68 ± 0.61 vs. 7.12 ± 0.62 
%, p = 0.0002; FPG: 147.7 ± 30.9 vs. 134.3 ± 21.4 mg/
dL, p = 0.0023; HOMA-β: 31.8 ± 21.6 vs. 39.0 ± 31.0, p 
= 0.0201). HOMA-IR also improved but not significant 
(2.69 ± 2.05 vs. 2.46 ± 1.99 mg/dL, p = 0.1582). BW 
decreased significantly (69.0 ± 14.2 vs. 66.0 ± 13.4 kg, 
p < 0.0001). Concerning lipid metabolism, levels of 
LDL-C improved significantly (106.6 ± 19.8 vs. 97.6 ± 
20.4 mg/dL, p = 0.0034), while levels of HDL-C and TG 
also improved but were not significant (HDL-C: 56.5 
± 15.2 vs. 57.6 ± 13.4 mg/dL, p = 0.2959; TG: 117.8 ± 
62.8 vs. 102.1 ± 49.6 mg/dL, p = 0.2149, respectively). 
As for liver enzymes, levels of AST and γ-GTP were 
reduced significantly (AST: 22.4 ± 10.8 vs. 18.4 ± 3.9 U/
L, p = 0.0203; γ-GTP: 26.6 ± 14.5 vs. 23.7 ± 14.0 U/L, 
p = 0.0128, respectively), though the reduction of ALT 
was not significant (24.1 ± 17.9 vs. 20.0 ± 12.2 U/L, p 
= 0.0644). U-Alb levels were improved significantly 
(164.1 ± 393.3 vs. 69.8 ± 153.6 mg/gCr, p = 0.0492), 
while there was not significant change of eGFR level 

The following variables were measured at baseline 
and 24 weeks after administration of parameters of 
glycemic control (glycated hemoglobin (HbA1c), fasting 
plasma glucose (FPG), homeostasis model assessment 
of insulin resistance (HOMA-IR), homeostasis model 
assessment of β-cell function (HOMA-β); markers of 
lipid metabolism (low-density lipoprotein-cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), 
and triglycerides (TG)); liver enzymes (aspartate 
transaminase (AST), alanine transaminase (ALT), 
γ-glutamyl transferase (γ-GTP)), estimated glomerular 
filtration rate (eGFR), urinary albumin (U-Alb), brain 
natriuretic peptide (BNP), systolic and diastolic blood 
pressure (SBP and DBP), and body weight (BW). 
Blood samples were obtained after an overnight fast, 
and HOMA-IR was calculated using the following 
formula: HOMA-IR = FPG × fasting insulin/405. 
HOMA-β was calculated using the following formula: 
HOMA-β = 360 × fasting insulin/(FPG − 63). Adverse 
events (including side effects) were examined based on 
patient data and interviews with patients. In addition, to 
evaluate the difference between two agents, canagliflozin 
and ipragliflozin, glycemic, metabolic, and circulatory 
parameters at baseline and 24 weeks after administration 
were investigated and the comparison of improvement 
ratio (values of improvement/values of basement) in each 
parameter of the two different agents was performed.

2.4. Statistical analyses

Data are the mean ± standard deviation (SD). Statistical 
analyses were performed using STATA® SE version 
13.1 (Stata Corporation, College Station, TX, USA). 
Significance of differences between mean values was 
estimated by paired t-test (for investigations except 
comparison of improve ratio) and unpaired t-test (for 

Table 2. Glycemic parameters, the metabolic parameters, and circulatory parameters at baseline and 24 weeks after 
administration of low-dose SGLT2is

Body weight (kg)
Fasting plasma glucose (mg/dL)
Glycated hemoglobin (%)
HOMA-β
HOMA-IR
Low-density lipoprotein-cholesterol (mg/dL)
High-density lipoprotein-cholesterol (mg/dL)
Triglyceride (mg/dL)
Aspartate transaminase (U/L)
Alanine aminotransferase (U/L)
γ-glutamyl transferase (U/L)
Urinary albumin (mg/gCr) 
Estimated glomerular filtration rate (mL/min/1.73 m2)
Brain natriuretic peptide (pg/mL)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)

baseline

  69.0 ± 14.2
147.7 ± 30.9
  7.68 ± 0.61
  31.8 ± 21.6
  2.69 ± 2.05
106.6 ± 19.8
  56.5 ± 15.2
117.8 ± 62.8
  22.4 ± 10.8
  24.1 ± 17.9
  26.6 ± 14.5

  164.1 ± 393.3
  75.3 ± 21.2
  26.8 ± 21.0
137.0 ± 17.3
  74.7 ± 10.2

Data are shown as means ± standard deviation (SD). The significance of differences between means was estimated by paired t-test. p < 0.05 were 
considered to indicate statistical significance (*). HOMA-β: homeostasis model assessment of β-cell function, HOMA-IR: homeostasis model 
assessment of insulin resistance.

24 weeks after

  66.0 ± 13.4
134.3 ± 21.4
  7.12 ± 0.62
  39.0 ± 31.0
  2.46 ± 1.99
  97.6 ± 20.4
  57.6 ± 13.4
102.1 ± 49.6
18.4 ± 3.9

  20.0 ± 12.2
  23.7 ± 14.0

    69.8 ± 153.6
  75.2 ± 21.2
  17.3 ± 16.3
124.6 ± 16.5
  69.6 ± 13.0

p

< 0.0001*
   0.0023*
   0.0002*
   0.0201*
 0.1582

    0.0034*
  0.2959
  0.2149

    0.0203*
  0.0644

    0.0128*
    0.0492*
  0.4558

   0.0013*
   0.0003*
   0.0152*



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(6):322-327. 325

(75.3 ± 21.1 vs. 75.2 ± 21.2 mL/min/1.73 m2, p = 0.4558). 
Concerning circulatory parameters, all parameters 
improved significantly (BNP: 26.8 ± 21.0 vs. 17.3 ± 16.3 
pg/mL, p = 0.0013; SBP: 137.0 ± 17.3 vs. 124.6 ± 16.5 
mmHg, p = 0.0003; DBP: 74.7 ± 10.2 vs. 69.6 ± 13.0 
mmHg, p = 0.0152, respectively).
 The differences between baseline and 24 weeks 
after administration for patients with low-dose 
canagliflozin and those of low-dose ipragliflozin are 
shown in Table 3. The change of parametric values 
were similar, except for those of HOMA-IR, AST, 
ALT, and DBP, that were significantly decreased for 
low-dose canagliflozin (p = 0.0221, p = 0.0243, p 
< 0.0001, p = 0.0140, respectively) but not for low-
dose ipragliflozin (p = 0.3219, p = 0.0979, p = 0.1613, 
p = 0.1982, respectively). There was a significant 
increase for HOMA-β and decrease for γ-GTP with 
low-dose ipragliflozin (p = 0.0334 and p = 0.0010) 
but not for low-dose canagliflozin (p = 0.1672 and p = 
0.2849). Improvement ratio (values of improvement/
values of basement) in glycemic parameters, metabolic 
parameters, and circulatory parameters of both low-

dose canagliflozin and low-dose ipragliflozin is 
shown in Table 4. Among the parameters, low-dose 
canagliflozin significantly improved BNP compared to 
low-dose ipragliflozin (0.4404 vs. 0.0970, p = 0.0275).

4. Discussion

T2DM is known for its hyperglycemia symptoms due 
to impaired glucose homeostasis, which is a result 
of an imbalance of concerted secretion of pancreatic 
hormones such as insulin and glucagon, and which 
is accompanied with insulin resistance in peripheral 
tissues (20). Appropriate blood glucose control in 
T2DM patients can be achieved through diet and 
exercise therapy but is discontinued in most patients. 
Most of them come to rely on antidiabetic agents 
(21,22).
 SGLT2is are a distinct category of anti-diabetic 
agents that lower blood glucose level by increasing 
urine glucose excretion (4).This is a result of decreased 
reabsorption of glucose by inhibiting SGLT2 (1-3). 
Unexpectedly, SGLT2is improve various pathological 

Table 3. Respective data of each parameter at baseline and 24 weeks after administration of low-dose of canagliflozin and 
ipragliflozin

Canagliflozin (n = 10)
     Body weight (kg)
     Fasting plasma glucose (mg/dL)
     Glycated hemoglobin (%)
     HOMA-β
     HOMA-IR
     Low-density lipoprotein-cholesterol (mg/dL)
     High-density lipoprotein-cholesterol (mg/dL)
     Triglyceride (mg/dL)
     Aspartate transaminase (U/L)
     Alanine aminotransferase (U/L)
     γ-glutamyl transferase (U/L)
     Urinary albumin (mg/gCr) 
     Estimated glomerular filtration rate (mL/min/1.73 m2)
     Brain natriuretic peptide (pg/mL)
     Systolic blood pressure (mmHg)
     Diastolic blood pressure (mmHg)
Ipragliflozin (n = 15)
     Body weight (kg)
     Fasting plasma glucose (mg/dL)
     Glycated hemoglobin (%)
     HOMA-β
     HOMA-IR
     Low-density lipoprotein-cholesterol (mg/dL)
     High-density lipoprotein-cholesterol (mg/dL)
     Triglyceride (mg/dL)
     Aspartate transaminase (U/L)
     Alanine aminotransferase (U/L)
     γ-glutamyl transferase (U/L)
     Urinary albumin (mg/gCr) 
     Estimated glomerular filtration rate (mL/min/1.73 m2)
     Brain natriuretic peptide (pg/mL)
     Systolic blood pressure (mmHg)
     Diastolic blood pressure (mmHg)

baseline

  69.3 ± 15.1
144.3 ± 30.3
  7.78 ± 0.55
 31.0 ± 26.5
  2.51 ± 2.11
106.4 ± 19.8
  59.6 ± 17.6
134.0 ± 89.7
22.0 ± 6.2
19.4 ± 7.0

  31.3 ± 15.4
  183.1 ± 406.0
  81.8 ± 22.2
  25.7 ± 10.2
135.1 ± 14.9
77.1 ± 7.8

  68.8 ± 14.1
149.9 ± 32.1
  7.59 ± 0.65
  32.3 ± 18.6
  2.81 ± 2.08
106.7 ± 20.4
  54.5 ± 13.6
107.0 ± 35.7
 22.7 ± 13.3
  27.3 ± 22.2
  23.4 ± 13.5

  151.5 ± 398.4
  71.0 ± 20.3
  27.6 ± 26.2
138.2 ± 19.2
  73.1 ± 11.6

Data are shown as means ± standard deviation (SD). The significance of differences between means was estimated by paired t-test. p < 0.05 were 
considered to indicate statistical significance (*). HOMA-β: homeostasis model assessment of β-cell function, HOMA-IR: homeostasis model 
assessment of insulin resistance.

24 weeks after

  65.5 ± 13.2
130.3 ± 19.2
  7.03 ± 0.62
  33.3 ± 29.6
  1.75 ± 1.36
100.4 ± 21.5
  61.4 ± 12.6
101.3 ± 59.1
17.9 ± 4.3
15.9 ± 5.9

  30.2 ± 17.8
  116.9 ± 238.0
  81.4 ± 21.3
13.3 ± 7.4

124.5 ± 19.8
  67.9 ± 12.0

  66.3 ± 14.0
137.0 ± 23.0
  7.17 ± 0.63
  42.9 ± 32.4
  2.94 ± 2.23
  95.7 ± 20.2
  55.1 ± 13.7
102.6 ± 44.4
18.7 ± 3.7

  22.8 ± 14.6
19.4 ± 9.0

  38.4 ± 37.6
  71.0 ± 20.8
  20.0 ± 20.0
124.6 ± 14.7
  70.7 ± 13.9

p

  0.0056*
  0.0359*
  0.0115*
0.1672

  0.0221*
  0.0424*
0.3402
0.1169

  0.0243*
< 0.0001*

 0.2849
 0.1240
 0.4128

  0.0024*
  0.0243*
  0.0140*

< 0.0001*
  0.0194*
  0.0022*
  0.0334*
0.3219

  0.0163*
0.3779
0.3476
0.0979
0.1613

  0.0010*
0.1370
0.4879

  0.0446*
  0.0028*
0.1982
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conditions in addition to high blood glucose levels. It 
was reported that SGLT2is decrease body weight and 
fat mass, and improve concomitant insulin resistance 
(5,6). Meanwhile, it was reported that SGLT2is 
could improve insulin secretion of beta cells in the 
pancreas (23,24). They were also reported to improve 
metabolic disorders, such as hyperlipidemia, fatty liver, 
albuminuria (7-9). Furthermore, several previous studies 
demonstrated that the SGLT2is lowers the prevalence 
of death from cardiovascular causes and hospitalization 
for heart failure (11-13). Thus, SGLT2is have various 
advantages besides their occasional side effects. These 
adverse events: infection of urinary or genital tracts; 
dehydration; and diabetic ketosis/ketoacidosis may 
sometimes lead to unwelcomed results (14,15). We 
hypothesized low-dose administration of SGLT2is 
might be useful for prevention of such serious adverse 
effects. Indeed, we previously investigated several 
patients with low-dose ipraglifozin and showed that 
adverse events did not occur (25). In the present study, 
all patients completed the study without complications 
such as infection of urinary or genital tracts, diabetic 
ketosis/ketoacidosis. Moreover, there were no 
changes in eGFR between baseline and 24 weeks after 
administration of SGLT2is. In previous studies, it was 
reported that the recommended dose of SGLT2is cause 
decrease of eGFR at 24-48 weeks after administration 
(11-13). Considering eGFR did not change, low-dose of 
SGLT2is could carry a low risk of severe dehydration. 
Hence, patients with low-dose SGLT2is could avoid the 
adverse effects of SGLT2is that have been reported to 
be problematic.
 In terms of efficacy of SGLT2is, our investigations 
demonstrated that the levels of HbA1c, FPG, and 
HOMA-β improved significantly. Considering that 
levels of BW was reduced significantly, we think 
that levels of HOMA-IR would improve if we 
continued to use low-dose of SGLT2is over a long 

period. With regard to metabolic parameters, levels 
of LDL-C, AST, γ-GTP, and U-Alb as well as those 
of BW, decreased significantly. In addition, levels of 
circulatory parameters, such as BNP, SBP, and DBP, 
improved significantly. These data suggest that low-
dose SGLT2is could have adequate efficacy despite of 
less adverse events.
 On the other hand, we also investigated the 
differences between two SGLT2is, canagliflozin 
and ipragliflozin. Our study indicated canagliflozin 
significantly improved BNP, more than that of 
ipraglifozin. Decreased BNP could indicate the 
improvement in cardiovascular function (26). Actually, 
SGLT2is were reported to have the efficacy for heart 
failure mainly by diuretic effects of the inhibition 
of SGLT2. Whereas, SGLT2is could inhibit SGLT1 
as well as SGLT2 (18,19). Recently, several reports 
demonstrated the inhibition of SGLT1 could have 
diuretic effects (16,17). Actually, canagliflozin was 
reported to be more effective for SGLT1 among the 
available SGLT2is (24). The difference between two 
different SGLT2is, canagliflozin and ipraglifozin, in 
the present study, can be found in previous reports. 
Our results indicate that canagliflozin, which has more 
potency for SGLT1 inhibition than ipragliflozin, might 
be suitable for patients with disorders of cardiovascular 
function, such as heart failure.
 In summary, our study revealed that low-dose 
SGLT2is were useful for hyperglycemia in T2DM 
patients but also their metabolic and circulatory 
disorders without eliciting adverse events. Furthermore, 
in regard of the efficacy for cardiovascular function, 
canagl i f loz in  could  be  more  promis ing  than 
ipragliflozin. However, our study has limitations. The 
present study is a nonrandomized study with a small 
number of cases and short duration. Thus, randomized 
control studies with larger cohorts and longer terms are 
required to confirm our results in the future.

Table 4. Comparison of improvement ratio (values of improvement/values of basement) between canagliflozin and 
ipragliflozin, upon each parameter

Body weight 
Fasting plasma glucose
Glycated hemoglobin
HOMA-β
HOMA-IR
Low-density lipoprotein-cholesterol
High-density lipoprotein-cholesterol
Triglyceride
Aspartate transaminase
Alanine transaminase
γ-glutamyl transferase
Urinary albumin
Estimated glomerular filtration rate
Brain natriuretic peptide
Systolic blood pressure
Diastolic blood pressure

Canagliflozin (n = 10)

0.0512
0.0770
0.0925
0.0956
0.1032
0.0563
0.0735
0.1147
0.1539
0.1775
0.0476
0.0115
0.0016
0.4404
0.0775
0.1179

Data are shown as means ± standard deviation (SD). The significance of differences between means was estimated by unpaired t-test. p < 0.05 
were considered to indicate statistical significance (*). HOMA-β: homeostasis model assessment of β-cell function, HOMA-IR: homeostasis 
model assessment of insulin resistance.

Ipragliflozin (n = 15)

0.0376
0.0713
0.0534
0.3133

          - 0.0985
0.0920
0.0176
0.0022
0.0750
0.0378
0.1236
0.0330
0.0036
0.0970
0.0906
0.0264

p

0.3161
0.9186
0.2205
0.1170
0.3554
0.5541
0.4800
0.4741
0.3750
0.1823
0.1825
0.9443
0.9567

 0.0275*
0.7703
0.1547
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Safflower seed extract synergizes the therapeutic effect of cisplatin 
and reduces cisplatin-induced nephrotoxicity in human colorectal 
carcinoma RKO cells and RKO-transplanted mice
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1. Introduction

Colorectal cancer has become one of the most common 
cancers in Asian countries and is now considered a 
serious health problem (1). Several factors have been 
suggested to increase the risk of colon cancer (2). 
Although many anticancer drugs have been developed, 

resistance to these drugs is ubiquitous. Moreover, most 
anticancer drugs are not selective toward cancer cells 
and attack rapidly dividing normal cells, which is a 
known harmful side effect of topoisomerase inhibitors 
[e.g. irinotecan (neutropenia and diarrhea), doxorubicin 
(cardiotoxicity), and alkylating agents, such as 
oxaliplatin, melphalan, carboplatin, cyclophosphamide, 
and cisplatin (gastrointestinal toxicity, cardiovascular 
toxicity, pulmonary, hematologic toxicity, and 
nephrotoxicity)]. Thus, the development of an adjuvant 
anticancer agent that protects against anticancer drug-
induced toxicity, but does not impair the efficacy of 
chemotherapy, is an important clinical aim (3).
 In the Asia-Pacific region, many plants have 
traditional uses as foods and medicines. Many candidate 
compounds have been identified for use in the prevention 
of human cancers (4). Among various oriental herbs, the 

Summary Safflower seed is effective against oxidative stress, mediating the activation of the apoptotic 
signaling pathway in the renal tissues of cisplatin-treated mice. The anticancer activity 
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flowers and leaves of safflower (Carthamus tinctorius 
L.), a member of the chrysanthemum family, have a 
long history of use in traditional Chinese medicine in 
treatments for stroke, gynecological diseases, coronary 
heart disease, angina pectoris, and hypertension (5-
8). Furthermore, safflower has been used for centuries 
to treat urological diseases in China (9), and the 
consumption of safflower seed oil is popular worldwide. 
Safflower seed is used as an herbal medicine in Korea 
to promote bone formation and to treat osteoporosis and 
rheumatism. Moreover, our previous study suggested 
that safflower seed was effective against oxidative stress, 
mediated the activation of the mitogen-activated protein 
kinase (MAPK)-related apoptotic signaling pathway 
in renal tissue, and exerted renoprotective effects in 
cisplatin-treated mice (10). Anticancer activity, through 
the induction of cyclin D1 proteasomal degradation, has 
also been reported in various human colorectal cancer 
cell lines (11). Thus, safflower seed may be a promising 
candidate adjuvant anticancer agent.
 Therefore, the present study examined whether 
safflower seed extract acted synergistically as an 
anticancer agent with cisplatin chemotherapy, and 
evaluated its protective effect against cisplatin-induced 
nephrotoxicity, in RKO cells and mice bearing RKO 
cell-derived tumors.

2. Materials and Methods

2.1. Materials

Human colorectal carcinoma cell line, RKO, was 
obtained from American Type Culture Collection 
(Manassas, Virginia, USA). Minimum essential medium 
(MEM) was purchased from Gibco Laboratories 
(Paisley,  UK).  Fetal  bovine serum (FBS) and 
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide] (MTT) were purchased from Sigma-Aldrich 
Chemical Company (Dorset, UK). Six-well flat-bottom 
tissue culture plates were purchased from Nunc Inc. 
(Hereford, UK). Phenylmethylsulfonyl fluoride (PMSF) 
was purchased from Sigma-Aldrich Co., Ltd. (St. Louis, 
MO, USA) and protease inhibitor mixture solution 
was obtained from Wako Pure Chemical Industries, 
Ltd. (Osaka, Japan). Enhanced chemiluminescence 
(ECL) western blotting detection reagents and pure 
nitrocellulose membranes were purchased from GE 
Healthcare (Buckinghamshire, UK). Primary antibodies 
for the detection of caspase 3 and β-actin and goat anti-
rabbit and goat anti-mouse IgG horseradish peroxidase 
(HRP)-conjugated secondary antibodies were purchased 
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, 
USA). All chemicals and reagents were of analytical 
grade and purchased from Sigma-Aldrich Co., Ltd. 
unless otherwise specified.

2.2. Preparation of safflower seed extract

Safflower seeds were purchased from Geunyang 
Oriental Medicine Co. (Chungju, Korea). A voucher 
for the herbarium specimen, identified by a plant 
systematist from the Herbal Crop Research Division, 
was deposited at the Department of Medicinal Crop 
Research, National Institute of Horticultural and Herbal 
Science, Rural Development Administration (voucher 
specimen No. MC20150528). The dried safflower 
seeds were pulverized and ultrasonically extracted 
twice in 70% ethanol (60 Hz, room temperature, 3 h). 
Subsequently, the solvent was evaporated in vacuo to 
obtain an extract with a yield of 4.65% by weight of the 
original safflower seed.

2.3. Analysis of safflower seed extract

An aliquot of 10 mg of the 70% ethanol extract of 
safflower seed was dissolved in 10 mL of 50% methanol 
by repeated vortexing, and passed through a Dismic-25 
JP membrane filter (Advantec Toyo, Tokyo, Japan; pore 
diameter: 5 µm). Next, 5 µL of the sample was injected 
into a reverse-phase HPLC system with an INNO C18 
column (4.6 × 250 mm, 5 µm pore size, YoungJin 
Biochrom, Korea) at 35°C. The mobile phase comprised 
(A) a 0.1% aqueous solution of formic acid and (B) 
acetonitrile, and the following gradient conditions were 
used: 0 min, 0% B; 5 min, 6% B; 10 min, 22% B; 50 
min, 28% B; 66 min, 50% B; and 70 min, 100% B. 
The flow rate was 0.8 mL/min. The UV absorbance at 
254 nm was monitored by using an Agilent 1200 series 
diode array detector (Agilent Technologies, Waldbronn, 
Germany). All peaks were assigned through co-injection 
tests with authentic samples and comparison of the 
UV spectral data; through this process, compounds 
including serotonin and its derivatives were detected 
from safflower seed extract. All measurements were 
repeated in triplicate. Representative HPLC results are 
illustrated in Figure 1. The quantification of serotonin, 
N-(p-coumaroyl)serotonin, N-feruloyl serotonin, luteolin, 
and luteolin-7-O-glucoside was achieved by peak area 
measurement. The quantity of each identified compound 
is shown in Table 1.

2.4. Cell culture

The human colon cancer cell line RKO was maintained 
and cultured in MEM supplemented with 10% FBS, 
100 U/mL penicillin, and 100 μg/mL streptomycin at 
37°C in a humidified atmosphere containing 5% CO2. 
For all experiments, cells in the exponential growth 
phase were used.

2.5. Cell cytotoxicity

RKO cells were seeded at a density of 4 × 104 cells/
well in 6-well plates. After incubation for 24 h, the cells 
were treated with safflower seed extract (100 μg/mL), 
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orally administered safflower seed extract (200 mg/kg 
body weight/day); (5) RKO cell-transplanted mice were 
administered an intraperitoneal injection of cisplatin (5 
mg/kg body weight); (6) RKO cell-transplanted mice 
were orally administered safflower seed extract (100 
mg/kg body weight/day) followed by an intraperitoneal 
injection of cisplatin (5 mg/kg body weight); (7) RKO 
cell-transplanted mice were orally administered safflower 
seed extract (200 mg/kg body weight/day) followed by 
an intraperitoneal injection of cisplatin (5 mg/kg body 
weight). To produce tumors, each mouse was implanted 
with RKO cells (5 × 106 cells per mouse) in the back 
next to the right hind leg. After 2 weeks, the safflower 
seed extract (100 or 200 mg/kg body weight in water) 
was administered via oral gavage. The treatment dose of 
safflower seed extract was determined from our previous 
report (10). Subsequently, cisplatin (5 mg/kg body 
weight) was injected intraperitoneally. The treatment 
compounds were administered a total of three times, with 
each administration 3 days apart. Sixteen hours after the 
test compound administration, the mice were euthanized 
by CO2 gas (70%) and the tumor was removed and 
weighed. The blood samples were collected by cardiac 
puncture from anesthetized mice and the serum was 
immediately separated by centrifugation.

2.7. Protein extraction and immunoblotting analyses

Protein was extracted according to the method of 
Komatsu (12). Briefly, the solid tumor was homogenized 
with ice-cold lysis buffer, pH 7.5 [137 mM NaCl, 
20 mM Tris-HCl, 1% Tween 20, 10% glycerol, 1 
mM PMSF, and protease inhibitor mixture] and the 
homogenates were centrifuged at 3,000 × g for 10 min 
at 4°C. The protein concentration of each sample was 
determined by using a Pierce BCA protein assay kit 

cisplatin (1.5 μg/mL), or safflower seed extract (100 
μg/mL) and cisplatin (1.5 μg/mL) for 48 h. Treatment 
doses were determined based on a previous study (11). 
The images of the cell cytotoxicity were obtained by 
using a Leica CTR 5000 microscope (×200) and a DM 
5000B microscope (Leica Microsystems GmbH, Wetzlar, 
Germany).

2.6. Xenograft mouse model experiments

All experimental procedures were permitted using the 
guidelines established by the Pusan National University 
Institutional Animal Care and Use Committee. BALB/
c nude mice (female, 5 weeks old; Joong-ang Animal 
Experiment Company, Republic of Korea) were used to 
construct the xenograft animal model. Mice were housed 
individually under a 12-h light/dark cycle at a controlled 
temperature (25 ± 2°C) and humidity (approximately 
60%), and given free access to food and water. After 
adaptation (approximately 1 week), the animals were 
randomly divided into seven equal groups containing five 
mice: (1) mice were orally administered drinking water; 
(2) RKO cell-transplanted mice were orally administered 
drinking water; (3) RKO cell-transplanted mice were 
orally administered safflower seed extract (100 mg/kg 
body weight/day); (4) RKO cell-transplanted mice were 

Table 1. Contents of compound

Compound   Content (mg/g)  RSD (%)

Serotonin      1.47 ± 0.06   4.19
N-(p-Coumaroyl)serotonin 28.70 ± 1.82   6.35
N-Feruloyl serotonin  37.06 ± 2.25   6.07
Luteolin     0.89 ± 0.04   4.07
Luteolin-7-O-glucoside 12.85 ± 0.77   5.98

Values are the mean ± SEM.

Figure 1. HPLC profile of safflower seed. a, serotonin; b, luteolin-7-O-glucoside; c, N-(p-coumaroyl)serotonin; d, N-feruloyl 
serotonin; e, luteolin.
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(Thermo Scientific, Rockford, IL, USA) and equal 
amounts of protein were subjected to immunoblotting 
analyses. To determine caspase 3 and β-actin, each 
sample (10 μg of protein) was electrophoresed on an 
8-15% sodium dodecylsulfate polyacrylamide gel. The 
separated proteins were electrophoretically transferred 
to a nitrocellulose membrane, which was blocked by 
incubation in 5% (w/v) skim milk solution for 1 h, and 
then incubated with the appropriate primary antibody 
overnight at 4°C. The blots were washed and then 
incubated with goat anti-rabbit and/or goat anti-mouse 
IgG HRP-conjugated secondary antibodies for 90 min at 
room temperature. Each antigen-antibody complex was 
visualized by the application of ECL western blotting 
detection reagents and chemiluminescence was detected 
by using a Sensi-Q2000 Chemidoc (Lugen Sci Co., Ltd., 
Seoul, Korea). The band densities were measured by 
using ATTO Densitograph Software (ATTO Corporation, 
Tokyo, Japan) and quantified as a ratio to β-actin. Protein 
abundance was expressed relative to non-transplanted 
normal mice, which were considered to have an 
expression of 1.

2.8. Measurement of renal functional parameter

Serum creatinine level was measured using a commercial 
kit (CREA-Lq; Asan Pharm Co., Seoul, Republic of 
Korea).

2.9. Statistical analysis

The data are expressed as the mean ± SEM. Significance 
was assessed by one-way analysis of variance (ANOVA) 
followed by Dunnett's multiple comparison test (SPSS 
11.5.1 for Windows, 2002, SPSS Inc., USA), with values 
of p < 0.05 considered to indicate statistical significance.

3. Results

3.1. Cytotoxicity

The effect of safflower seed extract and cisplatin on 
the viability of human colorectal carcinoma RKO cells 
is shown in Figure 2. The cells were treated with the 
extract of safflower seed (100 μg/mL), cisplatin (1.5 μg/
mL), or a combination of safflower seed extract (100 μg/

mL) and cisplatin (1.5 μg/mL). Treatment with safflower 
seed extract (100 μg/mL) led to lower cell viability than 
that of untreated cells (Figure 2b). The changes in cell 
morphology induced by cisplatin are illustrated in Figure 
2c. The combination treatment of safflower seed extract 
and cisplatin resulted in greater cell damage than the 
treatment of safflower seed extract or cisplatin alone 
(Figure 2d).

3.2. In vivo evaluation

Representative images of mice bearing RKO cell-
derived human colorectal cancer xenografts are shown 
in Figure 3. In untreated mice bearing the xenografts 
(the control), the tumors weighed 1.57 ± 0.22 g, whereas 
the tumors in mice orally administered 100 and 200 
mg/kg safflower seed weighed significantly less than 
the control tumors (0.94 ± 0.09 g and 0.91 ± 0.02 g, 
respectively). The tumor weight in cisplatin-treated 
mice was 51% lower than that in untreated and human 
RKO colorectal carcinoma-transplanted mice (0.70 ± 
0.09 g), with greater reductions observed in mice co-
administered safflower seed extract (0.52 ± 0.02 g and 
0.43 ± 0.12 g, respectively), as shown in Figure 4. In 
addition, a significant increase in caspase 3 protein 
expression was observed in safflower seed-, cisplatin-, 

Figure 2. Cell cytotoxicity in human colorectal carcinoma RKO cells. a, untreated RKO cells; b, safflower seed extract-
treated RKO cells; c, cisplatin-treated RKO cells; d, co-treated RKO cells.

Figure 3. Xenograft mouse bearing RKO cell-derived 
human colorectal cancer.
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and safflower seed plus cisplatin-treated mice compared 
with normal mice (Figure 5). Mice co-administered 
200 mg/kg body weight safflower seed and cisplatin 
exhibited a more significant increase in caspase 3 
protein expression. With regard to renal function, the 
mean serum creatinine concentration in cisplatin-treated 
mice (0.73 mg/dL) was markedly higher than the mean 
concentration in untreated mice (normal, human RKO 
colorectal carcinoma-transplanted control, or human 
RKO colorectal carcinoma-transplanted safflower 
seed-treated mice). However, the serum creatinine 
concentration of cisplatin-treated mice administered 
safflower seed extract decreased in a dose-dependent 
manner, as shown in Figure 6.

4. Discussion

Many therapeutic drugs have been developed and 
explored in clinical trials (13,14). Cisplatin is a potent 

anticancer agent, with clinical activity against a wide 
spectrum of solid neoplasms and has been in use for 
many years (15). However, the therapeutic efficacy 
of cisplatin is limited by its toxicity to normal tissues, 
notably the kidneys, where it induces cell injury and 
death in renal tubular cells and leads to acute renal failure 
(16). Hayes et al. (17) reported that high concentrations 
of cisplatin, between 3 and 5 mg/kg, induced renal 
toxicity; in particular, dose of 5 mg/kg resulted in dose-
limiting toxicities to the kidney, bone marrow, and 
the ear, and led to death. Hence, we selected 5 mg/kg 
cisplatin for the induction of renal toxicity in the present 
study.
 Traditional herbs have an important role in the 
prevention or the reduction of the symptoms of side 
effects from drugs. Therefore, we explored the potential 
renoprotective pharmacological properties of oriental 
herbs. We investigated the efficacy of safflower seed 
extract in a previous study by using the swine kidney-
derived cultured epithelial cell line, LLC-PK1, which 
retains proximal tubule characteristics. The oral 
administration of safflower seed extract to cisplatin-
treated mice exerted a pleiotropic effect on several 
oxidative stress- and apoptosis-related parameters and 
was also renoprotective (10). Safflower has been used 
in drugs with pharmacological activities for decades 
worldwide (18). Recent studies have reported that the 
safflower seeds exert potential anti-inflammatory, anti-
oxidant, and anti-cancer activities (19-21). Bae et al. 
(21) showed that the methanolic extract of safflower 
seeds exhibited inhibitory effects on three cancer cell 
lines (HepG2, MCF-7, and Hela cells), indicating that 
safflower seed may be moderately cytotoxic to cancer 
cells. Therefore, it was suggested that safflower seed 
might have the potential to reduce nephrotoxicity and 
enhance the anticancer activity of cisplatin. This study 
was designed to evaluate the anticancer activity of 
safflower seed in addition to its effects on the therapeutic 
efficacy of cisplatin and cisplatin-induced nephrotoxicity 
in RKO cells and RKO-transplanted mice.

Figure 4. RKO cell-derived tumor weight. Data are the 
mean ± SEM. Significance: * p < 0.05, ** p < 0.01, *** p 
< 0.001 vs. human RKO colorectal carcinoma-transplanted 
control mouse values.

Figure 5. Caspase 3 protein expression in solid tumor. Data 
are the mean ± SEM. Significance: * p < 0.05, ** p < 0.01, *** 
p < 0.001 vs. human RKO colorectal carcinoma-transplanted 
control mouse values.

Figure 6. Serum creatinine level. Data are the mean ± SEM. 
Significance: * p < 0.05, ** p < 0.01 vs. human RKO colorectal 
carcinoma-transplanted control mouse values; # p < 0.05 
vs. human RKO colorectal carcinoma transplantation and 
cisplatin-treated mouse values.
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 Safflower seed was reported to reduce the 
proliferation of four human colorectal cell lines 
(HCT116, SW480, LoVo, and HT-29) (11). In addition, 
the treatment of safflower seed was shown to result in 
a high survival cell rate of human colon carcinoma SW 
620 cell line, which indicated the protective effect of 
safflower seed treatment on intestinal cancer (22). As 
described in the Methods section, the cells were cultured 
in the presence of safflower seed extract, cisplatin, or 
co-cultured with safflower seed extract and cisplatin. 
Culture in the presence of safflower seed resulted in a 
decrease of RKO cell viability. We also observed the 
anticancer effect of safflower seed extract in a mouse 
with tumor xenografts. As He et al. (23) had shown that 
the tumor volume increased after 2 weeks in a RKO 
cell xenograft mouse model, the present study evaluated 
whether safflower seed exerted a beneficial effect on 
the growth of RKO-transplanted mice at this time, and 
found that the administration of the extract significantly 
inhibited the growth of RKO cell-derived tumors. In 
addition, mice orally administered safflower seed extract 
prior to intraperitoneal cisplatin administration showed 
greater reductions in tumor weight.
 Serum creatinine concentration is commonly used 
for the measurement of renal function (24). Although 
cisplatin is used widely for the treatment of cancer, the 
toxicity to the kidney cannot be ignored. In the present 
study, the mean serum creatinine concentration in 
cisplatin-treated mice was significantly higher than the 
mean concentration in untreated control mice, and was 
significantly decreased by the administration of 200 
mg/kg safflower seed extract. Safflower seed extract 
therefore represents a promising herbal medicine for 
the prevention or inhibition of cisplatin-induced renal 
damage.
 Although multiple signaling pathways are activated 
by cisplatin in renal tubular cells (25), the mechanism of 
renal cell death during cisplatin nephrotoxicity is unclear. 
Effective renoprotective intervention during cisplatin 
chemotherapy is currently lacking. Programmed cell 
death (apoptosis) is an essential physiological process 
that plays a critical role in cell development and tissue 
homeostasis. The progress of apoptosis is regulated by 
a series of signal cascades (26). Caspases are crucial 
mediators of apoptosis; in particular, caspase 3 is 
required for some typical hallmarks of apoptosis (26,27). 
The activation and function of caspases are regulated 
by various types of molecules, such as the inhibitor 
of apoptosis protein and the Bcl-2 family of proteins. 
Asselin et al. (28) indicated that cisplatin treatment in 
human ovarian epithelial cancer cells induced cleavage 
of caspase 3. Moreover, we have previously shown 
the ameliorative effect of safflower seed on cisplatin-
induced renal damage in a mouse model via caspase 3 
protein expression, which may be used as a basis for 
the present study (10). Therefore, we examined the 
expression of caspase 3 protein by using western blotting 

to clarify the responsible apoptotic-related proteins. We 
observed an increase in the expression of caspase 3 in 
the mouse xenograft model treated with safflower seed 
extract. These results contrasted with the inhibition of 
human colorectal tumor growth observed in mice bearing 
xenograft tumors.
 As mentioned in the Introduction, traditional herbal 
medicines have emerged as one of the most important 
alternative therapies for cancer. We therefore believe 
that safflower seed extract may represent an effective 
nutritional supplement for cancer therapy. In this study, 
safflower seed extract was demonstrated as a potential 
adjuvant anticancer agent conferring protection against 
anticancer drug-induced toxicity without impairing the 
efficacy of chemotherapy (Figure 7).

5. Conclusion

Our results suggested that the reduction in tumor growth 
induced by safflower seed extract in RKO cells and mice 
bearing RKO xenografts was most likely associated 
with the chemical components, particularly the indolic 
phenols, N-(p-coumaroyl)serotonin and N-feruloyl 
serotonin, and the flavonoid luteolin-7-glucoside. 
Therefore, we will perform further characterization of 
the anticancer effects of the active compounds present 
in this extract and conduct a detailed investigation of the 
responsible molecular mechanisms.
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1. Introduction

WHO defines foodborne diseases as the infection or 
poisoning of human bodies, usually due to pathogens 
that enter the body through ingestion (1). These diseases 
have become a worldwide problem that threatens public 
health and well-being, and are therefore attracting 
an increasing level of attention. Along with these 
health issues, they also seriously impact the economic 

interests of society. Children are especially vulnerable 
to foodborne diseases; according to a WHO report, 
approximately 1.5 billion children aged less than 5 
years contract diarrhea globally each year, resulting 
in more than 2.5 million deaths (1). Of these, 70% are 
caused by the biological contamination of foods. The 
morbidity of foodborne diseases in the under-5 years is 
higher than that of the other age groups (1). Escherichia 
coli represents a particular problem as a common 
contaminant of food, even in developed countries (2).
 Enteropathogenic E. coli (EPEC) is a leading cause 
of moderate to severe diarrhea in young children, 
especially in developing countries (3). EPEC has only 
a human reservoir of infection (4). The increased 
prevalence of EPEC strains that produce extended 
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spectrum β-lactamase has led to a growing interest in 
the development of non-antibiotic treatment options 
(5,6).
 Lonicera caerulea var. emphyllocalyx (LCE) 
belongs to the honeysuckle family, and its fruits are 
known as edible berries. LCE grows in northern 
temperate zones such as Hokkaido (northern Japan), 
northern China, Korea, and Russia. It is currently 
commercially produced in Japan and Russia, although 
the fruits have been as a traditional food preservative 
and medicinal agent (7). Fresh fruit juice is often 
used as a general strengthening agent, and therefore 
has potential in the treatment of stomach diseases 
and tonsillitis due to its antiseptic properties (8). 
However, the mode of action and efficacy of the juice 
remains unclear. In recent years, numerous studies 
have investigated the therapeutic effects of berries in 
the prevention of a range of diseases (7). In addition, 
herbal medicine products have invoked an increasing 
interest. Berries contain several important health-
supporting phytochemicals that are an important part 
of the human diet (9). They also contain carbohydrates, 
lipids, proteins, organic acids, ascorbic acid, vitamin 
B, magnesium, phosphorus, calcium and potassium, as 
well as other minor compounds (10). Moreover, berries 
have antitumorigenic, antimicrobial, anti-inflammatory 
and antimutagenic properties (11). Although the 
antibacterial effect of LCE fruit toward E. coli has been 
demonstrated, the mode of action of LCE has yet to be 
elucidated completely (12). We therefore hypothesized 
that LCE exhibits antibacterial activity toward E. 
coli. The aim of this study was to evaluate a methanol 
extract of LCE fruits (LCEE) as a novel candidate for 
anti-EPEC therapy.

2. Materials and Methods

2.1. Preparation of LCEE

LCE fruits were cultivated in marshy grassland of 
Atsuma-Town, Hokkaido, Northern Japan in 2017. 
Voucher specimens were preserved in the Department 
of Pharmacognosy, Graduate School of Pharmaceutical 
Sciences, Nagoya City University. The LCEE was used 
in our previous study which included a fingerprint 
pattern and content of marker compounds (13). LCEEs 
were dissolved in water to a concentration of 200 mg/
mL, and stored at -20°C.

2.2. Preparation of bacteria

EPEC strain E2348/69, which was kindly provided 
by Dr. James Kaper, was used in this study. A fresh 
colony was inoculated onto LB agar (Sigma-Aldrich, 
St. Louis, MO, USA) and cultured for 16 h at 37°C. The 
bacteria were harvested, centrifuged and resuspended 
in sterile phosphate-buffered saline (0.15 M, pH 7.2, 

PBS). Bacterial density was determined by measuring 
absorbance at 600  nm (A600). The bacterial suspension 
was then diluted to 109 cells/mL in PBS using a 
standard growth curve to relate absorbance to bacterial 
concentration.

2.3. Growth of EPEC

Prior to broth culture analysis, the bacteria were pre-
incubated in LB agar for 24 h. To assess growth-
inhibitory activity, the bacteria (106 cells/mL) were 
incubated in 5 mL polypropylene tubes (As-One, Osaka, 
Japan) containing 2 mL LB medium with the LCEE 
(0.5, 1, and 2 mg/mL). After 24 h, bacterial growth was 
determined by CFU counts. Aliquot of bacterial culture 
were plated onto LB agar for 24 h and CFU counts were 
evaluated. We also performed 3H-thymidine uptake assay 
as measurement of bacterial growth. After 24 h of pre-
incubation, 3H-thymidine (2.0 Ci/mmol; PerkinElmer, 
MA, US) was added to LB medium in the polypropylene 
tubes. After culturing for 24 h, the cells were adsorbed 
onto 0.45 μm membrane filters (Advantech Japan, 
Tokyo, Japan), washed with distilled water, and then 
dried. The filters were transferred to vials containing 
liquid scintillator cocktail, and the radioactivity was 
measured with a liquid scintillation counter (LSC-6100, 
Hitachi Aloka Medical, Tokyo, Japan). All procedures 
were performed in triplicate.

2.4. Time-kill analysis

A time-kill analysis was performed as described 
previously (14). LB medium containing LCEE (0.5, 
1, 2 mg/mL) or ampicillin sodium (ABPC) (50 μg/
mL) (Fujifilm-Wako Pure Chemical, Osaka, Japan), 
was inoculated with bacterial suspension at a final 
concentration of 1 × 108 CFU/mL in triplicate. Aliquots 
of undiluted and 10-fold serially diluted samples were 
then plated onto LB agar at both 0 and 60 min after 
inoculation and the plates were incubated at 37°C for 24 
h. The resulting colonies (number of CFUs) were then 
counted. 

2.5. Motility analysis of EPEC

Motility was evaluated by inoculating stationary-phase E. 
coli (106 cells) onto the center of a 24-well polystyrene 
motility plate. LB containing 0.2% (w/v) agar and 
LCEE (0.5, 1, or 2 mg/mL) was then added. Plates were 
incubated at 37°C for 24 h, after which the diameters of 
the colonies were measured (an indication of bacterial 
migration). Motility assays were performed at least three 
times on separate days (15).

2.6. Electron microscopic analysis

Bacterial morphology was investigated using a 
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cells were washed three times with PBS and RNA 
samples were prepared with RNeasy Protect Bacteria 
Mini Kit (Qiagen, Hilden, Germany) according to the 
enclosed protocol. RNA samples were quantitated with 
the NanoDrop ND-1000 (Thermo Fisher Scientific, Inc., 
Waltham, MA). cDNA was synthesized with ReverTra 
Ace qPCR RT Master Mix (Toyobo Co., Ltd., Osaka, 
Japan) according instruction. qPCR for the quantification 
of cDNA was executed with the Thunderbird qPCR Mix 
(Toyobo) and Applied Biosystems 7900HT Fast Real 
Time PCR System (Thermo Fisher Scientific) according 
to the procedure recommended by the manufacturer. 
The primers designed for qPCR are described elsewhere 
(16). The following PCR conditions were used: 50°C 
for 2 min, 95°C for 10 min; 40 cycles of 95°C for 30 s 
and 60°C for 1 min; followed by 95°C for 15 s, 55°C 
for 15 s, and 95°C for 15 s. The glyceraldehyde-3-
phosphate dehydrogenase (gapA) gene was used as an 
internal control for normalization. The fold changes in 
the flagellin (fliC), major curli subunit (csgA), and major 
type 1 subunit fimbrin (fimA) expression levels were 
calculated by the comparative cycle threshold (CT) 
method.

2.9. Statistical analysis

Experimental data was expressed as mean ± standard 
deviation (S.D.). Statistical analysis was conducted 
using Student's t-test between two groups and Tukey's 
multiple comparison tests for the differences among 
multiple groups. A probability value less than 0.05 was 
considered to represent a statistical significance.

3. Results

3.1. Growth of EPEC

Initially, we examined the effect of LCEE on the 
growth of E. coli. Figure 1 showed the absorbance 
readings of 24 h culture solutions treated with different 
concentrations of LCEE. The data clearly showed 
that the decrease in absorbance is proportional to an 
increase in LCEE concentration. The effect of LCEE 
on the proliferative ability of EPEC was examined by 
a thymidine uptake test. Figure 2 showed the tritium 
value of thymidine concentration for a 24 h culture 
containing LCEE and thymidine. The tritium value 
clearly decreases in parallel with an increase in LCEE 
concentration. These results also confirmed that the 
growth of E. coli was suppressed in the presence of 
LCEE in a dose-dependent manner.

3.2. Time-kill analysis

We also examined the time-kill effects of LCEE on 
EPEC. A significant bacterial reduction was observed 
after 60 min of treatment with LCEE in dose-dependent 

transmission electron microscope (TEM) and scanning 
electron microscope (SEM). Bacteria (106 cells) pre-
treated with LCEE (0.5, 1, 2 mg/mL) were cultured in 
LB broth for 24 h. Then, approximately one drop of the 
culture was applied to a Formvar/carbon-coated 300-
mesh copper grid (Nisshin EM, Tokyo, Japan). Excess 
solution was removed and 2% phosphotungstic acid 
(PTA) (Fujifilm-Wako Pure Chemical) was added for 
negative staining. The samples were then observed 
under a TEM (JEM1011J; JEOL, Tokyo, Japan) and 
digital images were taken with a MegaView Slow-
scan camera (JEOL). The square of bacterial shape was 
measured using NIH Image J, and areas were measured 
at five arbitrary points in bacterial cells treated with 
LCEE. Preparation of samples for SEM analysis was 
performed at first. Briefly, bacterial cells (106 cells) pre-
treated with LCEE (0.5, 1, or 2 mg/mL) were cultured in 
LB broth for 24 h. The samples were then immediately 
fixed in 0.1 M phosphate buffer (pH 7.4) containing 
2.5% glutaraldehyde (Nisshin EM, Tokyo, Japan) for 
24 h at 4°C. The samples were rinsed twice with 0.1 M 
phosphate buffer, further fixed using 2% osmium 
tetroxide (Nisshin EM) for 2 h at room temperature, and 
finally rinsed with distilled water. Next, the specimens 
were dehydrated using serial concentrations of ethyl 
alcohol (30, 50, 70, 90, 95 and 100%) for 30 min 
each, followed by immersion in absolute alcohol for 
a further 30 min. The specimens were dried using a 
critical point dryer CPD300 (Leica, Wetzlar, Germany). 
Carbon conductive paint was used for mounting for the 
specimens which were coated with osmium (NL-OPC-
AJ, Filgen, Nagoya, Japan). Finally, several areas of each 
sample were systematically scanned using a SEM (S-
4800; Hitachi High-Technologies. Co, Tokyo, Japan).

2.7. Biofilm analysis

Overnight cultures of E. coli were inoculated into 
each of a 96-well polystyrene plate (Thermo Fisher 
Scientific, MA, US) to achieve a bacterial concentration 
of 106 cells. The wells contained LB broth with or 
without LCEE (0.5, 1, or 2 mg/mL). Incubation was 
allowed at 37°C for 48 h. After removal of the media, 
the plates were washed three times with PBS, and 
adherent bacteria stained with 0.2% crystal violet at 
room temperature for 10 min, before being gently 
washed a further three times with PBS. The biofilms 
were quantitated by measuring absorbance at 570 nm 
(A570). Wells incubated without bacteria were used as 
controls. The absorbance values from the control wells 
were subtracted from the test values.

2.8. Total RNA extraction, cDNA synthesis, and 
quantitative real-time PCR (qPCR) analysis 

The bacteria (106 cells/mL) were incubated in LB 
medium with the LCEE (2 mg/mL) for 8 h. Bacterial 
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manner. However, this antibacterial effect of LCEE 
could not reduce the number of bacteria to less than 
one-tenth, such as ABPC, even if the concentration of 
LCEE was increased (Figure 3).

3.3. Motility analysis of EPEC

We then examined the effect of LCEE on motility, a 
fundamental factor that enhances the pathogenicity of 
bacteria. The spread of E. coli after 24 h of incubation 
was found to be inhibited when grown in media 
that contained LCEE (Figure 4A). A decrease in the 
diameter of the spread zone was found to parallel an 
increase in LCEE concentration to a significant degree 
(Figure 4B).

3.4. Bacterial morphology analysis of EPEC 

To elucidate the mechanism of motility inhibition, we 
examined the effect of LCEE on E. coli morphology 
using electron microscopy. Negative staining revealed 
that the number of flagella decreased with an increase 
in LCEE concentration; no flagella were observed at 
a LCEE concentration of 1 mg/mL (Figure 5A). In 
addition, the morphology of E. coli also increased 
at a LCEE concentration of 1 mg/mL and over. The 
cell area of E. coli also increased significantly under 
LCEE treatment (Figure 5B). This observation was 
also corroborated by SEM, which confirmed that an 
LCEE concentration of 1 mg/mL led to an increase 
in morphology. Similarly, SEM analysis revealed 

Figure 1. Growth-inhibitory effects of LCEE against E. 
coli. E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 
24 h. Bacterial growth was determined by CFU counts. The 
data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the 
untreated group, according to Tukey's multiple comparison 
test. 

Figure 2. Bacterial growth by 3H-thymidine-uptake assay. 
E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 
24 h. 3H-thymidine uptake was measuring using a liquid 
scintillation counter. The data represents the mean ± S.D. (n 
= 6). **p < 0.01 vs. the untreated group, according to Tukey's 
multiple comparison tests.

Figure 3. Time-kill analysis of LCEE against E. coli. E. coli (1 × 108 colony-forming units) was treated with ampicillin sodium 
(ABPC; 50 µg/mL), LCEE (0.5, 1, 2 mg / mL) for 60 min, and the number of colony-forming units was then counted. Data 
represent the numbers of viable cells in a culture medium. Data represent means ± SD (n = 6). *p < 0.05, **p < 0.01 vs. each 0 
min group (Student's t-test).
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an increase in the cell area of E. coli due to LCEE 
treatment (Figures 5C and 5D). 

3.5. Biofilm analysys of EPEC

As flagellum was one of important factors of biofilm, 
the effect of LCEE on biofilm formation as another 
bacterial virulence was also examined. Crystal violet 
staining assay showed that biofilm formation decreased 
in parallel with an increase in LCEE levels (Figure 6A), 
with a corresponding reduction in the absorbance of the 
biofilm staining solution (Figure 6B). 

3.6. qPCR analysis

Finally, we performed qPCR assay whether the flagella 
associated genes of EPEC were affected by LCEE. 

Our results demonstrated that all of the target genes 
(fliC, csgA, and fimA genes) were downregulated in 
expression when bacteria were treated with LCEE 
significantly. Decreased these genes expression with 
less than 2-fold lower was observed in the presence of 
LCEE (p < 0.01) (Figure 7).

4. Discussion

This study was designed to investigate the effect of 
fruit of the LCE on EPEC. Our result revealed that 
LCEE prepared from the fruits showed significant 
anti-motility and anti-biofilm actions even if the 
antibacterial effect of LCEE was limited compared to 
antibiotics. Furthermore, in morphological analysis, 
LCEE treated bacteria were swelling and lack of 
flagella, these morphological changes may contribute 

Figure 4. (A) Representative image of E. coli motility. (B) Bacterial spread through motility. E. coli was treated with LCEE 
(0, 0.5, 1, or 2 mg/mL) for 24 h. The data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the untreated group, according to 
Tukey's multiple comparison test.

Figure 5. Morphological changes in E. coli following treatment with LCEE. Representative TEM (A) and SEM (C) images 
of E. coli following treatment with LCEE. (A) The bars represent 1 µm. The diameter of E. coli cells treated with LCEE for 24 h 
was determined from images obtained using TEM (B) and SEM (D). E. coli was treated with LCEE (0, 0.5, 1, or 2 mg/mL) for 24 
h. Data represent means ± S.D. (n = 6). **p < 0.01 vs. the control group, according to Tukey's multiple comparison tests. NS: not 
significant.
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to the inhibition of bacterial motility. The LCEE fruit 
will be very useful agent that can be expected for future 
medical applications against EPEC infectious disease.
 Several researchers have described the anti-biofilm 
effect of extracts from Lonicera species. The freeze-
dried fruit of Lonicera caerulea and its phenolic 
fraction reduced the biofilm formation and adhesion 
to the artificial surface of Candida parapsilosis, 
Staphylococcus epidermidis, Enterococcus faecalis, 
Streptococcus mutans and E. coli (12). The fruit of 
Lonicera caerulea also had anti-bacterial and anti-
biofilm effects on Streptococcus pyogenes in vitro 
(13). As extracts from Lonicera alpigena exhibited the 
biofilm inhibition, limited bacteriostatic activity was 
also evident (17). However, this study did not reveal 
the mechanism of anti-biofilm action by molecular 
biological analysis and morphological evaluation (12). 
Our analysis results focus on these points.
 A biofi lm is  a  highly s tructured immobile 
complex entrenched with bacterial communities in an 
extracellular matrix of exopolysaccharide, along with 

proteins and DNA. It is also used to describe matrix-
enclosed bacterial population's adherent to each other 
and to surface (18). Bacterial strains that adhere onto 
medical devices or damaged tissue can cause persistent 
infections through biofilm formation. Antibiotics may 
not be effective when the bacteria form a biofilm even 
if showing a high level of activity against the planktonic 
bacterial cells. The formation of a bacterial biofilm 
often inhibits the activity of an antimicrobial agent (19). 
Thus, novel drugs which have the ability to target these 
bacteria are urgently desired.
 Flagella as a bacterial virulence factor have three 
mechanisms of involvement in biofilm formation. 
Firstly, flagella are required for physical attachment 
to abiotic surfaces, thus promoting the initiation of 
biofilm formation. Secondly, motility may enable a 
bacterium to reach the surface or developing biofilm. 
Thirdly, motility is thought to allow the bacteria to 
move within a developing biofilm, thereby enhancing 
growth and spread of the biofilm (20). Moreover, 
the process of chemotaxis allows bacteria to swim 
toward nutrients that are present on a surface. Motility 
promotes initial cell-to-surface contact and may also 
contribute to the spread of a growing biofilm along 
an abiotic surface (18). Flagellated bacteria can adapt 
their locomotion machinery to achieve a specialized 
form of flagellum-driven motility when grown on 
solid surfaces. This motility is characterized by a 
multicellular movement of bacteria that migrate over 
solid substrates in groups of tightly bound cells (14). 
This kind of movement is dependent on the ability of 
surface-adhering bacteria to undergo a differentiation 
process characterized by the production of more 
flagellated than planktonic cells. Thus, this behavioral 
response to the surface provides flagellated bacteria 
with the ability to act as a multicellular community 
that can rapidly colonize nutrient-rich solid substrates 
(15). Most of the motility-negative mutants tested 

Figure 6. LCEE inhibition of E. coli biofilm formation. (A) Representative image of the microplate. (B) E. coli was treated 
with LCEE (0, 0.5, 1, or 2 mg/mL), and the anti-biofilm activity was quantified by crystal violet adsorption at an optical density 
(O.D) of 570 nm. The data represents the mean ± S.D. (n = 6). **p < 0.01 vs. the control group, according to Tukey's multiple 
comparison tests.

Figure 7. Expression of genes responsible for biofilm 
formation in EPEC after 8 h under LCEE treatment. 
Relative mRNA quantities were normalized to that of a 
housekeeping gene, gapA. The data represents the mean ± 
S.D. (n = 6). **p < 0.01 vs. the control group, according to 
Student's t-test.
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were found to be severely defective in their ability 
to form a biofilm. This mechanism is mainly related 
to fli gene cluster including fliC. Thus, we tried to 
check the mRNA expression of biofilm-associated 
genes under LCEE treatment. Our study showed that 
genes involved in adhesion (csgA and fimA), and 
motility (fliC) were expressed significantly lower in 
EPEC in the presence of LCEE. Expression of csgA in 
bacterial cells that adhered to cell cultures was similar 
to that observed for bacteria on abiotic surfaces. This 
structure might play an important role in increasing 
bacterial attachment. Other reports have shown that 
curli fimbriae are also required for biofilm formation 
and bacterial autoaggregation (21,22). Furthermore, 
this curli fimbriae associated gene, the fimA gene, 
was possible involved in initial attachment. Previous 
studies have also demonstrated that fimA induction in 
planktonic cells during the process of E. coli biofilm 
formation (23,24). Our results demonstrated that the 
mRNA expression of these three biofilm associated 
genes in EPEC were decreasing under LCEE treatment. 
The decrease in those gene expression may induce 
the disappearance of flagella and the like, thereby 
reducing bacterial motility and biofilm formation. Our 
results highlight the crucial role of motility in biofilm 
formation; the non-motile strains were unable to form 
biofilms. LCEE-treated EPEC cells that lack flagella 
have a reduced ability to form a biofilm. 
 Several previous reports have also described the 
antibacterial effect of extracts of Lonicera species on 
E. coli. The monoterpenoids isolated from the dried 
flower buds of L. japonica exhibited antibacterial 
activities against E. coli (25).  Xiong demonstrated 
that these compounds were identified as 3, 5-bis-O-
caffeoyl quinic acid, 4, 5-bis-O-caffeoylquinic acid, 
luteoloside, 3-O-caffeoylquinic acid and secoxyloganin 
(26). Yang demonstrated an enhanced antimicrobial 
activity of silver nanoparticles- L. japonica combo 
against E. coli  (27).  Myricetin and quercitrin, 
derived from cranberries, can significantly decrease 
uropathogenic E. coli biofilm formation, while 
dihydroferulic acid glucuronide, procyanidin A dimer, 
quercetin glucoside, myricetin, and prodelphinidin B 
are known to decrease surface hydrophobicity (28). 
Although the growth or the production of bacterial 
effector proteins of the type III secretion system of 
EPEC was unaffected by proanthocyanidins, inhibition 
of EPEC pedestal formation was observed (29). 
Previous study demonstrated the antibacterial effect 
of cranberry against uropathogenic E. coli. It showed 
that the expression of the fliC gene in this bacterial 
species is inhibited by proanthocyanidins. It explained 
that bacterial motilities were hindered in the presence 
of proanthocyanidins (30). LCEE also suppresses the 
motility and biofilm formation of E. coli, however, a 
full mechanism of activity toward the bacteria cannot 
be confirmed at present. Proanthocyanidins from LCE 

may be as deeply involved in this mechanism of action 
as cranberry. Further clarification of the mechanism 
of action of these compounds would facilitate their 
development as novel antimicrobial agents.
 In conclusion, the extracts of the fruit of LCE 
inhibit the motility and biofilm formation of EPEC as 
a result of the inhibition of flagella development and 
function. We propose LCEE as a therapeutic candidate 
for the effective therapy of EPEC-associated infectious 
diseases.  
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Janus microspheres for enhanced enteral drug delivery: Preparation 
and orientated attachment to a Caco-2 monolayer
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1. Introduction

Although oral drug preparations are the most patient-
friendly dosage forms because of their convenience, 
for drugs that are unstable in the gastrointestinal tract 
and/or show low permeability in the epithelium, the 
preparation of oral dosage forms remains difficult. 
Most biomedicines, including polypeptides, such as 
hormones, cytokines, and antibodies (e.g., insulin and 
interferon), or nucleic acids, such as antisense RNA, 
small interfering RNA (siRNA), and microRNA, 
have these features. Thus, many researchers in the 
pharmaceutical field have focused on improving the 
intestinal absorption of biomedicines.

 The use of additives, such as enzyme inhibitors 
(1-4), membrane permeability enhancers (5,6), and 
tight junction modulators (7-9), is one of the major 
strategies used to improve intestinal drug absorption. 
Alternatively, microparticles have been reported to 
improve the intestinal absorption of insulin (7,10,11) 
and siRNAs (12,13). Although micro- and nano-
particles can protect biomedicines against chemical 
and enzymatic degradation, conventional particulate 
systems generally show omnidirectional release of a 
loaded drug. Drugs released into the luminal bulk fluid 
or content have a higher risk of enzymatic degradation 
than drugs released directly at the absorptive epithelial 
surface. In addition, the fluid or contents in the lumen 
can dilute drugs, causing loss of driving force across 
the mucosal membrane. Thus, effective drug delivery 
systems for biomedicines should release the loaded 
drug only in the vicinity of and toward the epithelial 
surface.
 Some studies have shown that degradation of 

Summary Conventional oral preparations generally release incorporated drugs omnidirectionally, 
including into the lumen, leading to a low bioavailability of drugs that are unstable in 
the gastrointestinal tract. Here, we designed Janus microspheres for efficient mucosal 
drug delivery as single-sided-release microspheres with the oriented attachment to mucus 
and evaluated their attachment to and orientation on a Caco-2 (human Caucasian colon 
adenocarcinoma cell line) monolayer. The microspheres comprised a mucus-oriented 
hemisphere of an ammonioalkyl methacrylate copolymer and a protective hemisphere of 
a hard fat. Fluorescein isothiocyanate-dextran with an average molecular weight of 3,000-
5,000 Da (FD4) was used as a model hydrophilic drug. A water-in-oil emulsion-type solvent 
evaporation method was employed for fabrication of the Janus microspheres. The yield 
of Janus microspheres was found to be dependent on the polymer-to-hard fat ratio, with 
a maximum yield of over 90% being obtained at a ratio of 1:2, whereas lower and higher 
ratios resulted in monolithic or star-shaped microspheres. FD4 was specifically localized 
in the polymeric hemisphere. A cell culture study revealed that the Janus microspheres 
attached to a Caco-2 monolayer via their polymeric hemispheres with the hard fat 
hemisphere providing a protective sealing. This may lead to the development of an effective 
enteral drug delivery system for biomedicines, such as polypeptides and nucleic acids.

Keywords: Single-sided-release microspheres, hard-fat, ammonioalkyl methacrylate copolymer, 
solvent evaporation method 
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peptides in the intestine can be suppressed by 
preventing their dilution. Sinko et al. demonstrated that 
restriction of the dilution of calcitonin and an organic 
acid additive by localization in a limited portion of the 
intestine via a delivery system improved the intestinal 
absorption of this peptide drug (14). Maintaining 
a lower pH at the site of absorption can inhibit the 
activity of enzymes. Moreover, Takada and coworkers 
developed a novel hemispherical patch system (GI-
MAPS) for peptide drugs. This system releases a 
drug only from the flat bottom face but not from the 
spherical body surface, which is coated with ethyl 
cellulose, an insoluble polymer, thereby limiting the 
direction of release (15,16). In addition, to maintain a 
high drug concentration near the site of absorption, the 
flat face of a hemisphere is adhesive to the mucosal 
membrane and plays a role in attaching the system to 
the mucosal surface. In contrast, the coated surface 
of the spherical body or drug reservoir can prevent 
drug release toward the lumen and protect a drug from 
attack by luminal enzymes. It has been demonstrated 
that the intestinal absorption of peptide drugs, such as 
granulocyte-colony stimulating factor (G-CSF) (17) 
and interferon (18), is markedly improved by using GI-
MAPS. Thus, GI-MAPS appears to be a unique and 
attractive intestinal delivery system for biomedicines. 
However, the fabrication of micro- or nano-sized 
GI-MAPS or hemispherical preparations remains 
technically challenging. Hemispheres are produced 
using several fabrication processes that may require 
manufacturing systems that are entirely different from 
those currently used for conventional preparations, and 
would therefore not be cost-effective to produce.
 Janus microspheres are heterogeneous particles 
composed of two distinct hemispheres and have been 
proposed for use in various applications, including 
those for catalysts (19,20), imaging agents/nanosensors 
(19,21), and cosmetics (19). Several methods, including 
templating methods (22), colloidal assembly (23), 
particle lithography techniques (24), glancing-angle 
deposition (25), and capillary fluid flow (26), have 
recently been proposed for the fabrication of Janus 
microspheres.
 Janus microspheres have also attracted the 
attention of researchers in the field of drug delivery 
systems. Pulmonary delivery of hydrophilic and 
hydrophobic anticancer drugs has been reported using 
Janus maicrospheres (27). Janus microspheres show 
unique properties that are lacking in conventional 
homogeneous particles, which inspired us to apply 
these particle in an attempt to improve drug absorption 
in the intestine. Namely, Janus microspheres can be 
designed such that a drug is localized in a particular 
hemisphere and released from a single side.
 In the present study, we investigated the feasibility 
of fabricating Janus microspheres as an enteral delivery 
system for biomedicines, which are designed to be 

oriented on mucus and release the encapsulated drug 
only to mucus, and confirmed the designed properties 
on a Caco-2 (human Caucasian colon adenocarcinoma 
cell line) monolayer. The results obtained, i.e., the 
high efficiency of Janus particle production, the 
localization of a drug in a specific hemisphere, and the 
fixed directional attachment to the epithelium, should 
guarantee the feasibility of focusing drug release on the 
site of absorption, potentially leading to an increased 
bioavailability of medications that are poorly absorbed 
and unstable in the intestine. These results will indicate 
the utility of Janus microspheres in developing an 
enteral delivery system for biomedicines.

2. Materials and Methods

2.1. Study design and approach

This study was designed with the aim of developing 
novel Janus microspheres for enteral drug delivery. 
To achieve this purpose, we selected a biocompatible 
cationic polymer (ammonioalkyl methacrylate 
copolymer: Eudragit® RS100) and a hard fat (Suppocire® 
AM) containing a mixture of glycerides (mainly 
triglycerides) as materials for Janus particle fabrication. 
The cationic polymeric hemisphere was expected 
to be oriented to the intestinal mucosa and release a 
loaded hydrophilic drug only toward the mucosal side, 
whereas the glyceride hemisphere would function as a 
hydrophobic backing to protect against both the leakage 
of the drug to the luminal side and enzymatic attack 
from the luminal side (Figure 1). For the fabrication, 
we adopted a solvent evaporation method using 
similar conditions to those previously reported to have 
produced stable Janus microspheres comprising poly 
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Figure 1. Strategy for promoting drug absorption using 
single-side releasing microspheres.
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phase for 1 min at 20 kHz, 200 W, and 25% amplitude 
using a tip-sonicator (Digital Sonifier 250; Branson 
Ultrasonics Corporation, Danbury, CT, USA) under 
ice cooling to prepare a water-in-oil (w/o) emulsion. 
HCO60 (with 1% final concentration in the inner water 
phase) was added to the inner water phase as needed. 
The resulting oil phase or the w/o-type emulsion was 
emulsified into 0.1% PVA-0.1 M phosphate buffer 
(pH 8.0; 3 mL) at 3,000 rpm using a homogenizer 
(ULTRA-TURRAX T18, IKA®-Werke GmbH & CO. 
KG, Staufen, Germany) for 5 min at 20-23°C. The 
entire resulting w/o/w type emulsion was added to 
100 mL of 0.1 M phosphate buffer (pH 8.0), and the 
diluted emulsion was stirred at 20-23°C for 180 min 
to remove the solvent. This process is hereinafter 
referred to as the solvent evaporation process. The 
hardened microspheres thus obtained were sieved 
through 149-µm sieves to remove aggregates, washed, 
and lyophilized. The FD4 content of the resulting 
Janus microspheres was determined to be 0.500 ± 
0.080% (mean ± S.D. n = 3 batches) using the method 
described in section 2.7 below.

2.5. Microscopic observations

During the solvent evaporation process, the emulsion 
and fabricated Janus microspheres were observed 
using an optical microscope system (Motic PA300; 
Shimadzu Co., Ltd., Kyoto, Japan). Fifty microspheres 
were randomly selected and classified into four 
conformation types: Janus, double-walled, star-shaped, 
and monolithic types. The microspheres with each 
conformation were then counted in triplicate.

2.6. Determination of Janus particle size

The sizes of the fabricated Janus microspheres were 
determined using a laser diffraction particle size 
analyzer (SALD-2200; Shimadzu Co., Ltd., Kyoto, 
Japan).

2.7.  Determination of  FD4 contents  in Janus 
microspheres

Janus microspheres loaded with FD4 (10 mg) 
were weighed in a test tube. The weighed Janus 
microspheres were dissolved in methylene chloride (2 
mL), to which was added 0.05% Tween 80-JP second 
fluid for the subsequent dissolution test (pH 6.8; 5 
mL), and FD4 was extracted by shaking overnight. 
After centrifuging for 5 min at 2,000 rpm, the upper 
aqueous layer was collected, and the concentration 
of FD4 in the aqueous layer was determined using a 
hybrid multimode microplate reader (Synergy H4; 
BioTek Instruments, Winooski, VT, USA) based 
on a fluorescent method. The test was performed in 
triplicate.

(DL-lactide-co-glycolide) and a hard fat (Suppocire 
AM) (28). We use fluorescein isothiocyanate-dextran 
with an average molecular weight of 3,000-5,000 Da 
(FD4) as a model drug because biomedicines such as 
polypeptides and nucleic acids are generally hydrophilic 
linear macromolecules.

2.2. Materials

Ammonioalkyl methacrylate copolymer (Eudragit® 
RS100) was purchased from Evonik Industries 
AG (Essen, Germany). The hard fat (Suppocire® 
AM pellets) was a kind gift from Gattefossé (Lyon, 
France). Fluorescein isothiocyanate-dextran with an 
average molecular weight of 3,000-5,000 Da (FD4) 
was purchased from Sigma-Aldrich Co., Ltd. (St. 
Louis, MO, USA). Polyvinyl alcohol (PVA; POVAL 
220C) was obtained from KURARAY Co., Ltd., 
(Tokyo, Japan). Ethoxylated hydrogenated castor oil 
60 (HCO60) and caprylic/capric triglyceride (Triester 
F-810) were supplied by Nikko Chemicals Co., Ltd. 
(Tokyo, Japan). Tripalmitate glyceride was purchased 
from Alfa Aesar (Lancashire, UK). Caco-2 cells 
(RCB0988) were provided by Riken BioResource 
Research Center (Tukuba, Japan) through the National 
Bio-Resource Project of the MEX. CellTrackerTM Violet 
BMQC (2,3,6,7-tetrahydro-9bromomethyl-1H,5H-
quinolizino [9,1-gh] coumarin) Dye was purchased 
from Thermo Fisher Scientific Inc. (Waltham, MA, 
USA). Dulbecco's Modified Eagle's medium (D-MEM) 
and Dulbecco's phosphate buffered saline (D-PBS) were 
purchased from Wako Pure Chemical Industry, Ltd. 
(Osaka, Japan). Fetal bovine serum was purchased from 
Biowest SAS (Nuaillé, France). All other chemicals 
used were of reagent grade.

2.3. Phase diagram analysis

Mixtures of Eudragit RS100 and Suppocire AM at 
various ratios were dissolved in methylene chloride. 
The solvent was evaporated slowly at 20-23°C until 
phase separation was observed. The resulting solution 
at this point of phase evaporation was weighed 
to calculate the concentrations of polymer and 
triglyceride.

2.4. Fabrication of Janus microspheres

Janus microspheres were fabricated using a water-in-
oil-in-water (w/o/w)-type emulsion solvent evaporation 
method (Figure 2a). Eudragit RS100 and Suppocire 
AM (total amount: 180 mg) were dissolved in 
methylene chloride (1.5 mL) to prepare the oil phase. 
Oil Red O or Nile Red (1 mg) was then added to the 
oil phase as needed. When FD4 was loaded in Janus 
microspheres, 40 mg/mL FD4 solution (50 μL) as an 
inner water phase was emulsified into the resulting oil 
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2.8. Dissolution test

Janus microspheres loaded with FD4 (10 mg) were 
weighed in a test tube, to which 0.05% polysorbate 80 
(Tween80)-JP second fluid (pH 6.8; 5 mL) maintained 
at 37°C was added as the dissolution medium, and the 
microspheres were dispersed. The preparations were 
immediately shaken at 100 rpm at 37°C in an air-
conditioned incubator (BioShaker V-BR-36; TITEC, 
Koshigaya, Japan) and collected at predetermined 
times. After centrifugation for 1 min at 2,500 rpm, the 
medium (0.5 mL) was collected as a sample for assay, 
and fresh medium (0.5 mL) was added into the tubes. 
The dissolution test was then continued and performed 
in triplicate. FD4 remaining after the dissolution 
test was extracted and determined using the method 
described in section 2.7. The concentration of FD4 in 
the samples collected for assay was determined using a 
fluorescence spectrometer.

2.9. Differential scanning calorimetry (DSC) analysis

The microspheres (10 mg) prepared from Eudragit 
RS100 alone, Suppocire® AM alone, or Eudragit® 
RS/Suppocire® AM (1:2 blend; unloaded FD4) were 
analyzed using differential scanning calorimetry (DSC-
60; Shimadzu Co., Ltd.).

2.10. Observation of Janus microspheres on Caco-2 
cell monolayers

Caco-2 cells were cultured in D-MEM containing 10% 
fetal bovine serum in six-well plates (Corning Inc., 
New York, USA), each well of which contained 5 mL 
of the medium. The cells were grown for several days 
until a confluent monolayer had developed. Caco-
2 monolayers were stained with CellTrackerTM Violet 
BMQC Dye (at a final staining concentration of 25 
μM). Janus microspheres encapsulating FD-4 and 
Nile red were suspended in 0.1 M phosphate buffer 
(pH 7.9). A 400-μL aliquot of the resulting suspension 
containing 6.3 × 104 particles was then added to the 
apical side of each well. When all particles precipitate 
at the bottom of the well, a concentration of 6.3 × 104 
particles is equivalent to 7.0 × 103 particles/cm2. After 
overnight incubation, the apical side of the well was 
carefully washed twice with the pre-warmed D-PBS. 
To evaluate the orientation of attachment of the 
particles, confocal images were taken under an LSM 
510 META microscope (Carl Zeiss Microscopy Ltd, 
Jena, Germany).
 Given that it has previously been suggested that 
long-term agitation and incubation may cause an 
increase in the formation of large aggregates and the 
attachment of microtubes onto B-cells (29), incubations 
in the present study were carried out without agitation 
to avoid the formation of aggregates or agglomerates, 

since it is difficult to evaluate their orientation.

3. Results

3.1. Phase diagram analysis

Phase separation was observed in the ammonioalkyl 
methacrylate copolymer, triglyceride, and methylene 
chloride ternary system. The critical concentration of 
phase separation showed an approximately negative 
correlation between the ammonioalkyl methacrylate 
copolymer and triglyceride concentrations (Figure 
2b). The solution at the critical concentration showed 
a higher viscosity at higher ratios of ammonioalkyl 
methacrylate copolymer to triglycerides. Under the 
conditions of a copolymer-to-triglyceride ratio of 1:1, 
phase separation was observed at 10% (w/w) when 

Figure 2. Fabrication of Janus microspheres using a 
phase separation method. (a) Scheme of the procedure used 
to fabricate Janus microspheres. (b) Phase diagram of the 
ammonioalkyl methacrylate copolymer (Eudragit® RS100) - 
triglycerides (Suppocire® AM) - methylene chloride ternary 
system.
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Suppocire AM was used as the triglyceride, whereas it 
was detected at 23% (w/w) and 14% (w/w) for Triester 
F-810 and tripalmitate glyceride, respectively.

3.2. Effects of ammonioalkyl methacrylate copolymer/
triglyceride ratio on the conformation of microspheres

The optical micrographs of microspheres prepared 
using different ratios of Eudragit RS100 to Suppocire 
AM are shown in Figure 3. The nonpolar dye Oil 
Red O can stain the triglycerides in microspheres. 

Microspheres of triglycerides alone showed a double-
walled conformation. This conformation changed 
to that of Janus and star-shaped microspheres as the 
ammonioalkyl methacrylate copolymer ratio increased. 
The microspheres fabricated from 90% ammonioalkyl 
methacrylate copolymer showed a monoli thic 
conformation and had the same conformation 
as microspheres prepared from ammonioalkyl 
methacrylate copolymer alone. The frequency of 
each conformation corresponding the ammonioalkyl 
methacrylate copolymer/triglyceride ratios is shown 

Figure 3. Effect of ammonioalkyl methacrylate copolymer-triglyceride ratio on the conformation of microspheres. Typical 
images of the optical micrographs of microspheres prepared from (a) triglycerides alone, or with a ammonioalkyl methacrylate 
copolymer and triglycerides, (b) 1:2, (c) 2:1, and (d) 9:1. Bars represent 20 μm. (e) Frequency of each conformation depending 
on ammonioalkyl methacrylate copolymer-triglyceride ratio. Janus microspheres: ● blue line, monolithic microspheres: ○ green 
line, double-walled microspheres: ■ purple line, star-shaped microspheres: ▲ red line. Data represent mean ± S.D. (n = 3).
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in Figure 3e. Janus microspheres were obtained at 
ammonioalkyl methacrylate copolymer /triglyceride 
ratios of 1:2 to 1:1, with the maximum yield of these 
particles [mean ± standard deviation (SD): 90.7% ± 
3.1%] being obtained at a ratio of 1:2.

3.3. DSC analysis of Janus microspheres

The DSC chart presented in Figure 4 shows the 
melting points and glass transition temperature of 
Janus microspheres. Compared with microspheres 
obtained from ammonioalkyl methacrylate copolymer 
ammonioalkyl methacrylate copolymer or triglycerides 
alone, endotherm peaks of Janus microspheres at 
lower and higher temperatures were identified as the 
melting of triglycerides and glass transition of the 
ammonioalkyl methacrylate copolymer, respectively. 
The endotherm peaks corresponding to the melting 
of triglycerides in Janus microspheres shifted to a 
higher temperature than those of triglycerides alone. 
In contrast, the endotherm peaks corresponding to 
the glass transition of ammonioalkyl methacrylate 
copolymer shifted to a lower temperature than those of 
the ammonioalkyl methacrylate copolymer alone.

3.4. Distribution of FD4 in Janus microspheres

Janus microspheres containing FD4 were fabricated 
using 1% HCO60 as an inner water phase, which 
did not substantially affect their conformation. The 
inner water phase of the w/o emulsion during Janus 
particle formation was finely dispersed. The prepared 
Janus microspheres incorporated FD4, and optical and 

fluorescence microscopic observations revealed that 
the FD4 was localized in the hemisphere containing 
the ammonioalkyl methacrylate copolymer opposite 
to that stained by Oil Red O (Figures 5a and 5b). The 
mean particle size was 31.1 ± 0.5 µm.

3 .5 .  D i s so lu t ion  pro f i l e  o f  FD4 f rom Janus 
microspheres

The in vitro release of FD4 from Janus microspheres 
was slow, reaching approximately 60% after 5 days 
(Figure 5c). The cumulative amount of FD4 released 
from the Janus microspheres obtained was proportional 
to the 0.75 power of time during a period of 0 to 2 days 
(correlation coefficient: 0.9984).

3.6. Observation of Janus microspheres on Caco-2 cell 
monolayers

We prepared Janus microspheres loaded with FD4, 
a hydrophilic fluorescent dye, and Nile red, a 
hydrophobic fluorescent dye. Nile red and FD4 were 
observed to be localized in the hard-fat hemisphere and 
the polymeric hemisphere of the Janus microspheres, 
respectively. Fluorescence of the middle part of 
the Janus microspheres became yellow, which is 
considered to be indicative of interference between the 
two fluorescent dyes. Therefore, identification of each 
hemisphere was based on the luminescent color of the 
tip of each hemisphere, where the tips of ammonioalkyl 
methacrylate copolymer and hard-fat hemispheres were 
green due to FD4 and red due to Nile red, respectively.
 On addition of Janus microspheres to the apical 

Figure 4. Differential scanning calorimetry chart of Janus 
microspheres. (i) Ammonioalkyl methacrylate copolymer, 
(ii) Triglycerides, (iii) Janus microspheres (ammonioalkyl 
methacrylate copolymer/triglycerides = 1/2).

Figure 5. Distribution of fluorescein isothiocyanate-dextran 
(FD4) in Janus microspheres. (a) Optical micrograph image 
and (b) fluorescence micrograph image. (c) FD4 release 
profiles from Janus microspheres. The dissolution test was 
performed at 37C using a second fluid (pH 6.8) containing 
0.05% Tween 80. Bars represent 50 μm.
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side of a Caco-2 monolayer, we observed that most of 
the particles settled onto the surface of the monolayer 
within 5 min, with the polymeric hemisphere oriented 
downwards and the hard-fat hemisphere facing 
upwards (Figures 6a and 6b). We detected no Janus 
microspheres with hard-fat hemisphere attachment. 
Side-on attachment was rarely observed, whereas in 
contrast, 22.3 ± 3.4% of the precipitated particles were 
found to be side-on at the bottom of wells lacking a 
monolayer. After overnight incubation, 6.01 ± 0.79 
× 103 particles/cm2 of the Janus microspheres were 

observed on the surface of the Caco-2 monolayer. 
In addition, even after washing with the PBS(-), we 
observed that 42% of the particles (2.53 ± 0.48 × 103 
particles/cm2) remained attached to the monolayer 
(Figures 6c and 6d).

4. Discussion

The phase separation method is based on a phenomenon 
in which phase separation occurs between two materials 
as the solvent is evaporated. We have previously reported 

Figure 6. Confocal images of Janus microspheres on a Caco-2 monolayer. Images of Janus microspheres after 30 min 
incubation, (a) on an unstained Caco-2 monolayer and (b) on a cell tracker violet-stained Caco-2 monolayer. Images of Janus 
microspheres after overnight incubation, (c) before and (d) after washing.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(6):343-353.350

that solvent evaporation following formation of an o/
w-type emulsion can yield Janus microspheres composed 
of poly (lactide-co-glycolide) and triglycerides (28). 
Phase separation between poly (lactide-co-glycolide) 
and triglycerides occurs in a dispersed oil droplet as the 
solvent is evaporated. In addition, we revealed that the 
decremental profiles of solvent in an oil phase influences 
the stability of the conformation as Janus microspheres. 
In the present study, we applied optimized conditions 
based on conformation stability, as reported in a 
previous study, for the fabrication conditions of Janus 
microspheres composed of ammonioalkyl methacrylate 
copolymer and triglycerides. Initially, we examined 
whether phase separation occurred in an ammonioalkyl 
methacrylate copolymer, triglyceride, and methylene 
chloride ternary system. Although methylene chloride 
is a good solvent for both ammonioalkyl methacrylate 
copolymer and triglycerides, phase separation was 
observed above a certain concentration, referred to as the 
critical concentration. The critical concentration between 
ammonioalkyl methacrylate copolymer and triglycerides 
was found to be higher than that between poly (lactide-
co-glycolide) and triglycerides in methylene chloride, 
as reported previously (28). In addition, at the critical 
concentration of the ammonioalkyl methacrylate 
copolymer/triglyceride/methylene chloride ternary 
system, the solution showed higher viscosity than that 
of the poly (lactide-co-glycolide)/triglyceride/methylene 
chloride ternary system. This is not only due to the higher 
critical concentration of the ammonioalkyl methacrylate 
copolymer/triglyceride/methylene chloride ternary 
system but also because the ammonioalkyl methacrylate 
copolymer (molecular weight: 32 kDa) used in this study 
has a higher molecular weight than the poly (lactide-co-
glycolide) used in the previous study (molecular weight: 
20 kDa) (28). The higher viscosity is a notable point. 
For mixtures of ammonioalkyl methacrylate copolymer 
and triglycerides, phase separation in the dispersed 
oil phase is believed to occur at higher viscosity than 
that for mixtures of poly (lactide-co-glycolide) and 
triglycerides in the process of solvent evaporation as 
reflected in the results of phase diagram analysis. In 
our previous study, we proposed a mechanism whereby 
Janus microspheres are formed: the droplets produced 
by phase separation in the dispersed oil phase of the 
emulsion aggregate and coalesce before the coalescing 
droplets migrate to form two layers, resulting in the 
formation of Janus microspheres (28). It is believed 
that obtaining a Janus conformation using mixtures of 
ammonioalkyl methacrylate copolymer and triglycerides 
is more difficult because high viscosity may prevent 
coalescence and migration of the separated droplets. Our 
data revealed that the formation of Janus microspheres 
is influenced by the ratio of ammonioalkyl methacrylate 
copolymer to triglycerides. A high ratio of ammonioalkyl 
methacrylate copolymer (50-80%) yielded star-shaped 
microspheres, but not Janus microspheres, and resulted 

in a higher viscosity at the critical concentration than 
lower ratios. The development of microspheres with 
a star-shaped conformation may be attributable to the 
fact that although the limited droplets separated in the 
oil phase can migrate to the surface of the oil phase, the 
droplets will be prevented from coalescing due to the 
high viscosity in the oil phase. Moreover, we also found 
that the size of droplets on the surface of a microsphere 
decreased as the ratio of ammonioalkyl methacrylate 
copolymer to triglycerides increased (i.e., as the viscosity 
of the oil phase increased). However, increasing the 
proportion of ammonioalkyl methacrylate copolymer to 
more than over 90% yielded monolithic microspheres. 
This is believed to be attributable to the formation of 
a solid solution of triglycerides and ammonioalkyl 
methacrylate copolymer. Decreasing the glass transition 
temperature, as determined from the DSC chart, indicated 
that a certain amount of triglyceride had dissolved in the 
ammonioalkyl methacrylate copolymer.
 Notably, a high ratio of triglycerides yielded double-
walled microspheres, similar to the microspheres 
prepared from triglycerides alone. The triglycerides used 
in this study were mixtures of triglycerides containing 
various acyl chains, and the double-wall conformation 
is believed to be a consequence of phase separation 
between the different triglycerides. When microspheres 
were prepared with 80% triglycerides, double-walled 
microspheres were also obtained. However, we 
were not able to clarify the origin of the droplets in 
these microspheres, i.e., whether they were derived 
from triglyceride components or separation of the 
ammonioalkyl methacrylate copolymer phase.
 Janus microspheres were found to be obtained within 
a narrow range of the ammonioalkyl methacrylate 
copolymer/triglyceride ratios (between 1:2 and 1:1), at 
which the viscosity of the dispersed oil phase permitted 
the separated droplets to migrate to the surface and 
coalesce to form hemispheres during phase separation. 
The Janus microspheres thus contained triglyceride 
droplets within the ammonioalkyl methacrylate 
copolymer hemisphere, which are believed to be 
formed from glycerides with short acyl chains. The 
concentrations at which a phase separation between 
triglyceride and ammonioalkyl methacrylate copolymer 
occurred decreased as increasing the length of the acyl 
chains of triglycerides: Suppocire AM (C12-C18) < 
tripalmitate glyceride (C16) < Triester F810 (C6 and 
C8). This indicated that the phase separation of short-
chain triglycerides in the dispersed oil phase occurred 
later in the solvent evaporation process than that of long-
chain triglycerides. The separated droplets of long-
chain triglycerides can migrate to the surface of the 
dispersed oil droplets and coalesce, as described above. 
However, when droplets of short-chain triglycerides 
were separated, the viscosity of the dispersed oil phase 
was too high for the droplets to migrate to the surface.
 We prepared Janus microspheres loaded with FD4 
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using the w/o/w-type emulsion solvent evaporation 
method with an inner water phase of 1% HCO60. The 
triglyceride hemisphere of the Janus microspheres 
was stained with Oil Red O, as previously reported 
(28), and the fluorescence of FD4 was detected in the 
other (polymeric) hemisphere. When phase separation 
between the polymer and triglycerides occurred in the 
oil phase, the inner water phase containing FD4 was 
distributed in accordance with the partition phenomenon. 
Because the ammonioalkyl methacrylate copolymer 
is more hydrophilic than triglycerides, the inner water 
phase should tend to be in ammonioalkyl methacrylate 
copolymer hemispheres.
 The cumulative dissolution rate of FD4 from the 
Janus microspheres was proportional to the 0.75 power 
of time (correlation coefficient: 0.9984) over a period 
of 0-2 days. Among mathematical models used for 
dissolution from pharmaceutical formulations, the 
Higuchi model is known to show release proportional to 
the square root of time (30). This model can be applied 
to an erodible formulation with drug homogeneously 
dispersed in a matrix; however, the model does not 
consider swelling and interaction between polymer and 
drug. In the case of Janus microspheres composed of an 
ammonioalkyl methacrylate copolymer and triglycerides, 
drug release from the ammonioalkyl methacrylate 
copolymer hemisphere is also speculated to be controlled 
by swelling of the polymer and electric interaction 
between the polymer and FD4. Namely, ammonioalkyl 
methacrylate copolymer has quaternary ammonium 
groups, which show cationic charges under acidic and 
neutral conditions. The exchange of the quaternary 
ammonium group counterions with the surrounding 
medium develops a water flux within which drug 
molecules can diffuse out of the dosage form (31). The 
attraction of ions in the release medium to the quaternary 
ammonium groups determines the extent of water flux 
and hence the drug release rate (32). In addition, the 
contribution of the interaction between ammonioalkyl 
methacrylate copolymer and FD4, which are cationic and 
anionic, respectively, at pH 6.8 in the dissolution test, 
has to be taken into consideration. Drug release through 
the interaction via electric charge is known to be related 
to ion exchange, and ion exchange with the chloride 
ion is considered to influence the permeability and drug 
release of Eudragit RS30D films (33). Therefore, the 
swelling and ionic interaction as an additional release 
mechanism may be one reason why release from the 
Janus microspheres differs from that predicted by the 
Higuchi model.
 The direction of release of a hydrophilic drug 
from Janus microspheres will be limited to the side 
of the polymeric hemisphere because the triglyceride 
hemisphere functions as an impermeable backing. The 
polymeric hemisphere has two surfaces, i.e., the spherical 
and flat surfaces, with the latter lying at the interface 
with the triglyceride hemisphere. We speculate that 

hydrophilic drugs are released predominantly from the 
spherical surface compared with that from the flat surface. 
At polymer interfaces, polymers have been shown to be 
orientated in hydrophilic or hydrophobic groups along 
an adjacent material depending on the properties of the 
adjacent material (34). The ammonioalkyl methacrylate 
copolymer has both hydrophilic and hydrophobic groups, 
and at the interface of an ammonioalkyl methacrylate 
copolymer hemisphere with a triglyceride hemisphere, 
the ammonioalkyl methacrylate copolymer is believed to 
form a hydrophobic layer composed of its hydrophobic 
moieties along the adjacent triglycerides (hydrophobic 
mater ia ls) .  Hence,  the  in terface  between the 
ammonioalkyl methacrylate copolymer hemisphere and 
the triglyceride hemisphere may be so hydrophobic that 
it restricts the access of water to the interface, thereby 
inhibiting the release of a hydrophilic drug. In contrast, 
the surface of the spherical part of the hemisphere is 
covered by the hydrophilic group of the ammonioalkyl 
methacrylate copolymer because the surface comes in 
contact with water during fabrication. Accordingly, water 
can gain access to the spherical part of an ammonioalkyl 
methacrylate copolymer hemisphere, thereby facilitating 
release of the incorporated hydrophilic drug.
 Our investigation using Caco-2 monolayers 
revealed that the Janus microspheres can attach onto 
the monolayer in an orientated manner. Only a few 
agglomerates were observed in the present study. With 
regards to the particles existing as a primary particle, 
the attachment to the monolayer can be categorized 
into four groups, namely, (a) unattached, (b) polymeric 
hemisphere-oriented attachment (c) hard-fat hemisphere-
oriented attachment, and (d) side-oriented or laterally 
oriented attachment. In this study, most of the Janus 
microspheres were observed to be attached to the 
apical surface of the monolayer via the ammonioalkyl 
methacrylate hemisphere. No particles with hard-fat 
hemisphere-oriented attachment were detected, and only 
a few particles with side-oriented or laterally oriented 
attachment were observed, which was characterized 
by polymeric and hard-fat spheres combined to form 
a shape resembling a figure eight (data not shown). 
The orientation of Janus microspheres on the Caco-
2 monolayer may be due to difference in the specific 
gravity of the two hemispheres. This is supported 
by data showing that 78% of the Janus microspheres 
were observed in polymeric hemisphere-on settlement 
on the walls of culture plate wells lacking cells. The 
specific gravity of the polymeric hemisphere is higher 
than that of the hard-fat hemisphere, and we found 
that 42% of the particles remained attached to the 
monolayer after overnight incubation. We thus believe 
that the polymeric hemisphere of Janus microspheres 
may initially attach to Caco-2 monolayers via gravity, 
followed by strong binding to the surface. The major 
binding force is considered to be electrostatic. Although 
the surface of the Caco-2 monolayer appears to be 
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hydrophobic, it is known that charged particles can 
become strongly attached. In studies using liposomes 
(35) and oil droplets (36), it has been demonstrated that 
cationic particles can attach to Caco-2 monolayers to 
a greater extent than anionic and neutral particles. The 
polymeric hemisphere-orientated attachment of the Janus 
microspheres to Caco-2 monolayers observed in the 
present study appears to be consistent with the findings 
of these studies, because these microspheres consist 
of cationic polymer and neutral hard-fat hemispheres. 
Thus, the oriented attachment of Janus microspheres to 
the monolayer appears to be attributable mainly to the 
electrostatic properties of the two hemispheres, although 
the contribution of gravity remains to be fully clarified.
 Mucin is a highly glycosylated protein with 
oligosaccharide side chains containing terminal sialic 
acid and sulfate residues (37,38), the negative charges 
of which can interact with cationic particles. The non-
glycosylated regions of the mucin protein backbone 
and lipids associated with mucin contribute to the 
hydrophobicity of this protein, which can interact with 
hydrophobic materials. These properties of mucin may 
influence the orientation of Janus microspheres in vivo. 
Positively charged oil droplets have been reported 
to exhibit stronger binding to mucosal surfaces than 
negatively charged droplets (39) and also to bind to the 
surface of Caco-2 cells by electrostatic attraction (36). 
Taking these details into consideration, it appears that the 
oriented attachment on a mucosal surface is similar to 
that on Caco-2 cells, which do not secrete mucin.
 In order to achieve focused drug release in a specific 
direction, we have recently demonstrated that the 
condensation of insulin within a limited surface area or 
the dimple of a hard-fat suppository, which releases a 
high concentration of insulin only toward the mucosal 
side within a limited area, reduces blood glucose levels 
following rectal administration (40). This supports our 
concept shown in Figure 1. We are currently performing 
experiments to obtain proof of concept.
 Particle size is an important factor affecting intestinal 
drug absorption via a particulate delivery system, and in 
the present study we adjusted the size of the particles to 
approximately 30 μm in order to observe the disposition 
of a drug contained within Janus microspheres. As 
particles on the nanometer scale can readily penetrate 
the mucus layer to access the epithelial surface (41), 
nanosized Janus particles may function as a patch, 
adhering directly to the apical membranes of enterocytes. 
Accordingly, the feasibility of reducing the size of Janus 
microspheres should be evaluated in further studies.
 In conclusion, in the present study, we demonstrated 
that Janus particles prepared using an ammonioalkyl 
methacrylate copolymer and a hard fat could be 
fabricated using the w/o/w emulsion solvent evaporation 
method to release a model hydrophilic drug from a single 
hemisphere. These mucoadhesive Janus microspheres 
may be useful for the non-parenteral, particularly enteral, 

mucosal delivery of biomedicines. In future studies, the 
adhesion to mucous membranes and local retainability of 
Janus microspheres should be further investigated in vivo 
under conditions relevant to drug delivery.
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1. Introduction

Crohn's disease (CD) patients have discontinuous 
inflammation in the digestive tract extending from the 
mouth to anus. Currently, there are more than 40,000 
such patients in Japan, twice the number of 20 years 
ago (1). CD occurrence is thought to be caused by 
genetic factors related to immune response as well as 
environmental factors, such as intestinal bacteria and 
diet, though no clear causes have been clarified (2-

5). One such factor is considered to be lipotoxicity 
due to excessive intake of lipids. Linoleic acid (LA), 
a vegetable oil-derived n-6 polyunsaturated fatty 
acid (n-6 PUFA), is metabolized to pro-inflammatory 
eicosanoids, such as prostaglandin, leukotriene, and 
thromboxane, via dihomo-γ-linoleic acid (DGLA) 
and arachidonic acid (AA) (Figure 1). The metabolic 
rate-limiting enzyme from LA to AA is Δ6 desaturase 
(fatty acid desaturase 2, FADS2), which is involved 
in desaturation of LA, with the FADS2 gene located 
on chromosome 11 and mainly expressed in the 
liver, heart, and brain (6). Enzyme activities show 
individual differences, and it is thought that the onset 
of CD is caused by an imbalance between LA and 
its metabolites, as previous studies have reported 
that the ratio of LA metabolites to LA in erythrocyte 
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membranes and plasma was higher in CD patients as 
compared to healthy individuals (7,8). Additionally, 
those studies found that the ratio of palmitic acid (PA) 
to stearic acid (SA) was different between CD patient 
and healthy groups. Elongation from PA to SA involves 
elongase 6 (elongation of the very long chain fatty acids 
protein 6, ELOVL6). The ELOVL6 gene is encoded 
on chromosome 4 and lipid-induced inflammation has 
been found to be reduced in ELOVL6 knockout mice (9). 
Therefore, we speculated that individual differences 
in ELOVL6 activity can also have effects on intestinal 
inflammation in CD patients.

 In the present study, we focused on the FADS2 
and ELOVL6 genes, known to be involved in lipid 
metabolism, and performed gene sequence analysis 
with CD patients. The obtained genetic information 
was compared with that of healthy subjects to detect 
mutations specific to CD.

2. Materials and Methods

2.1. Subjects and ethical considerations

Fifty-two CD patients receiving treatment at Jikei 
University Kashiwa Hospital in Japan were enrolled 
and DNA samples extracted from obtained blood 
were analyzed. This study was approved by the ethics 
committee of Jikei University {26-363(7869)}, as 
well as the ethics committee of Niigata University of 
Pharmacy and Applied Life Sciences (H27-005). All 
participants received an explanation regarding the 
purpose of the study and methods involved prior to 
enrollment, and each provided individual consent.

2.2. PCR conditions

We designed specific primers for amplification of the 
promoter, translated, and untranslated regions (5'UTR, 
3'UTR) of human FADS2 and ELOVL6 (Figure 2, 
Tables S1 and S2, http://www.ddtjournal.com/action/
getSupplementalData.php?ID=52). Oligo DNA 
synthesis was performed by Hokkaido System Science 
Co., Ltd. (Hokkaido, Japan). The composition of the 
reaction solution and PCR conditions are shown in 
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Figure 1. Metabolism of n-6 polyunsaturated fatty acids. 
LA is metabolized to DGLA and AA by Δ6 desaturase 
and elongation. The metabolites are converted to pro-
inflammatory eicosanoids, prostaglandin, thromboxane, and 
leukotriene.

Figure 2. Amplified region of each gene. (a) FADS2 gene region. (b) ELOVL6 gene region.
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CI values with those in database records containing 
human genome information (Tables 1 and 2, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=52). The Japanese Multi Omics Reference 
Panel (jMorp) (10) was used for comparisons with 
healthy Japanese and The Genome Aggregation 
Database (gnomAD) (11) for comparisons with other 
species.
 In the comparison of FADS2, the allele frequency 
of rs2277284 (0.0769; 95% CI = 0.0337-0.1460) 
was higher than that in jMorp (0.0190) and the odds 
ratio was 4.4 (95% CI = 2.1-9.3). However, the 
genotype frequency of rs2277284 deviated from Hardy 
Weinberg's equilibrium and no heterozygotes were 
detected, in contrast to detection of 4 homozygotes. In 
addition, the rs2277284 allele frequency for East Asians 
(EAS) in gnomAD (0.0611) was nearly the same as the 
present result.
 As for ELOVL6, the allele frequency of rs150566425 
(0.0192; 95% CI = 0.0023-0.0677) deviated from the 
findings in jMorp (0.0004). On the other hand, the 
frequencies of allele rs755746 (0.0288; 95% CI = 
0.0060-0.0820) and that in jMorp (0.0315) were lower 
than the frequency of EAS in gnomAD (0.1137).
 In the present CD patients, no mutation was detected 
in the coding region of either FADS2 or ELOVL6. 
At present, none of the genes that cause amino acid 
mutations have been reported to have a frequency 
greater than 1%. Therefore, it can be concluded that 
there are no contradictions with these analysis results.
 For FADS2, the allelic frequencies of rs174538 
and rs174578 in our results and in jMorp were 
approximately 20% lower than those of EAS in 
gnomAD. The frequency of these mutations is 
considered to be low in Japanese as compared to other 
East Asians. Allele rs2277284 was more frequent 
in the present CD patients than in healthy Japanese, 
suggesting that this mutation might be related to 
disease onset. However, there was no divergence of 
the allele frequency between our results and that of 
EAS in gnomAD, as well as only homozygotes with 
no heterozygosity, thus it will be necessary to examine 
for verification for relevance to the disease. The allele 
mutations rs174589, rs526126, and rs2072114 have 
been reported to have influence on lipid metabolism 
(12-16).  However, there was no divergence of 
frequency in this study, and no association with CD 
onset was found.
 Regarding ELOVL6, the mutation frequency of 
allele rs755746 in our results and in jMorp was about 
10% lower than that of EAS in gnomAD. Among East 
Asian races, Japanese are thought have a low frequency 
of this mutation. Allele rs150566425 is suggested to 
be related to onset and mutation, because it was found 
more frequently in CD patients than healthy individuals. 
The allele frequencies of rs5860996 and rs200600528 
obtained in the present study were slightly lower than 

the Tables S3-6 (http://www.ddtjournal.com/action/
getSupplementalData.php?ID=52). The promoter 
region and 3'UTR of each gene were arbitrarily 
divided and amplified. Amplification of PCR products 
was detected by ultraviolet irradiation after agarose 
electrophoresis.

2.3. Direct sequencing

For pretreatment prior to direct sequencing, 1 μL of 
alkaline phosphatase and 1 μL of exonuclease I were 
added to 5 μL of the PCR product, then heated at 
37˚C for 15 minutes and 80°C for 15 minutes. DNA 
sequencing was performed by Eurofins Genomics K.K. 
(Tokyo, Japan). Direct sequencing was done using the 
obtained PCR products as templates. The sequences of 
Homo sapiens chromosome 11, GRCh 37.p5 primary 
assembly (NC_000011.10) for FADS2, and sequences 
of Homo sapiens chromosome 4 and GRCh 38.p12 
primary assembly (NC_000004.12) for ELOVL6 were 
used as controls to confirm the gene sequences.

2.4. Statistical analysis

Allele frequencies were calculated based on genotype 
frequencies.  Hardy-Weinberg equilibrium was 
determined by comparing genotype frequency with 
the expected value using a χ2 test. A p-value less than 
0.05 was considered to indicate statistical significance. 
The 95% confidence interval (95% CI) of the allele 
frequencies was calculated on the basis of binomial 
distribution.
 We used data in a genome database of healthy 
Japanese individuals as a control group to verify the 
association between mutations and CD. Fisher's exact 
test was utilized for statistical differences, with the 
level of rejection of a null hypothesis denoted as α = 
0.05 for two tails. The odds ratio (OR) and its 95%CI 
were calculated for strength of relevance. All statistical 
processing was performed used the BellCurve® software 
package for Excel (Social Survey Research Information 
Co., Ltd.).

3. Results and Discussion

Sequence analyses of FADS2 and ELOVL6 were 
performed with 52 Japanese CD patients. In FADS2, we 
found 2, 12, and 5 mutations in the promoter, intron, 
and 3'UTR, respectively, while 14 mutations were 
detected in the promoter, 1 in the intron, and 18 in 
3'UTR of ELOVL6. One novel mutation was confirmed 
in the promoter regions of both genes, whereas no 
mutation was detected in the coding region of either. 
The genotype and allele frequencies, and 95% CI of 
the mutations were calculated (Tables 1 and 2, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=52). Furthermore, we compared the 95% 
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those in jMorp and EAS in gnomAD. These deletion 
mutations are very close to each other and overlap in 
registered defective bases, thus it is unclear whether 
they can be correctly distinguished in the existing 
databases. Although there is no report regarding 
ELOVL6 in CD, an association with diabetes has 
been shown. ELOVL6 activity was reported to have 
effects on development of diabetes and inflammation 
associated with onset of that disease (9). Also, Morcillo 
et al. reported that the risk of insulin resistance was 
decreased when the rs6824447 mutation was present, 
while the risk increased in individuals with the 
rs17041272 mutation (17). On the other hand, Liu et 
al. reported that there were no significant differences 
regarding those mutations between healthy and type 2 
diabetic patients (18). We consider that the association 
with CD onset is low, because no divergence was found 
in the frequency of any of the mutations examined in 
this study.
 In the present study, gene sequence analyses of 
FADS2 and ELOVL6 in CD patients were performed. In 
general, no mutations were found that largely deviated 
in allele frequency as compared with healthy Japanese 
individuals. However, the number of patients examined 
was few, which limits the reliability of our results. 
The present findings suggest that genetic effects may 
be weak between CD onset and lipid metabolism. 
Nevertheless, it is possible that some healthy individuals 
may carry mutations associated with CD development. 
In the future, we intend to analyze lipid distribution 
in plasma and erythrocyte membrane specimens, 
and investigate the causal relationship with genetic 
information for CD patients obtained in this study.

References

1. 1.Japan intractable diseases information center. http://
www.nanbyou.or.jp/entry/5354 (accessed October 21, 
2019).

2. Abraham C, Cho JH. Inflammtory bowel disease. N Engl 
J Med. 2009; 361:2066-78.

3. Harris ML, Bayless TM. Dietary antigens as aggravating 
factors in Crohn's disease. Dig Dis Sci. 1989; 34:1613-
1614.

4. Sartor RB. Pathogenesis and immune mechanisms 
of chronic inf lammatory bowel diseases . Am J 
Gastroenterol. 1997; 92:5S-11S.

5. Powell JJ, Harvey RS, Ashwood P, Wolstencroft R, 
Gershwin ME, Thompson RP. Immune potentiation of 
ultrafine dietary particles in normal subjects and patients 
with inflammatory bowel disease. J Autoimmun. 2000; 
14:99-105.

6. Cho HP, Nakamura MT, Clarke SD. Cloning, expression, 
and nutritional regulation of the mammalian Δ-6 
desaturase. J Biol Chem. 1999; 274:471-477.

7. Uchiyama K, Odahara S, Nakamura M, Koido S, Katahira 

K, Shiraishi H, Ohkusa T, Fujise K, Tajiri H. The fatty 
acid profile of the erythrocyte membrane in initial-onset 
inflammatory bowel disease patients. Dig Dis Sci. 2013; 
58:1235-1243.

8. Ito Z, Uchiyama K, Odahara S, Takami S, Saito K, 
Kobayashi H, Koido S, Kubota T, Ohkusa T, Saruta M. 
Fatty acids as useful serological markers for Crohn's 
disease. Dig Dis. 2018; 36:209-217.

9. Zhao H, Matsuzaka T, Nakano Y, et al. Elovl6 deficiency 
improves glycemic control in diabetic db/db mice by 
expanding β-cell mass and increasing insulin secretory 
capacity. Diabetes. 2017; 66:1833-1846. 

10. Tadaka S, Katsuoka F, Ueki M, et al. 3.5KJPNv2, an 
allele frequency panel of 3,552 Japanese Individuals. 
bioRxiv. 2019. DOI: http://dx.doi.org/10.1101/529529 

11. Karczewski KJ, Francioli LC, Tiao G, et al. Variation 
across 141,456 human exomes and genomes reveals the 
spectrum of loss-of-function intolerance across human 
protein-coding genes. bioRxiv. 2019. DOI: https://doi.
org/10.1101/531210

12. Schaeffer L, Gohlke H, Müller M, Heid IM, Palmer 
LJ, Kompauer I, Demmelmair H, Illig T, Koletzko B, 
Heinrich J. Common genetic variants of the FADS1 
FADS2 gene cluster and their reconstructed haplotypes 
are associated with the fatty acid composition in 
phospholipids. Hum Mol Genet. 2006; 15:1745-1756.

13. Martinelli N, Girelli D, Malerba G, Guarini P, Illig T, 
Trabetti E, Sandri M, Friso S, Pizzolo F, Schaeffer L, 
Heinrich J, Pignatti PF, Corrocher R, Olivieri O. FADS 
genotypes and desaturase activity estimated by the ratio 
of arachidonic acid to linoleic acid are associated with 
inflammation and coronary artery disease. Am J Clin 
Nutr. 2008; 88:941-949. 

14. Malerba G, Schaeffer L, Xumerle L, et al. SNPs of the 
FADS gene cluster are associated with polyunsaturated 
fatty acids in a cohort of patients with cardiovascular 
disease. Lipids. 2008; 43:289-299. 

15. Bokor S, Dumont J, Spinneker A, Gonzalez-Gross M, 
Nova E, Widhalm K, Moschonis G, Stehle P, Amouyel 
P, De Henauw S, Molnàr D, Moreno LA, Meirhaeghe A, 
Dallongeville J. Single nucleotide polymorphisms in the 
FADS gene cluster are associated with delta-5 and delta-6 
desaturase activities estimated by serum fatty acid ratios. 
J Lipid Res. 2010; 51:2325-2333.

16. Merino DM, Johnston H, Clarke S, Roke K, Nielsen 
D, Badawi A, El-Sohemy A, Ma DWL, Mutch DM. 
Polymorphisms in FADS1 and FADS2 alter desaturase 
activity in young Caucasian and Asian adults. Mol Genet 
Metab. 2011; 103:171-178.

17. Morcillo S, Martín-Núñez GM, Rojo-Martínez G, 
Almaraz MC, García-Escobar E, Mansego ML, de Marco 
G, Chaves FJ, Soriguer F. ELOVL6 genetic variation is 
related to insulin sensitivity: A new candidate gene in 
energy metabolism. PLoS One. 2011; 6:e21198.

18. Liu Y, Wang F, Yu XL, Miao ZM, Wang ZC, Chen 
Y, Wang YG. Genetic analysis of the ELOVL6 gene 
polymorphism associated with type 2 diabetes mellitus. 
Braz J Med Biol Res. 2013; 46:623-628.

 (Received October 23, 2019; Revised December 21, 
2019; Accepted December 22, 2019)



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2019; 13(6):360-364.360

Feasibility of microbial sample collection on the skin from 
people in Yaoundé, Cameroon

Nana C. Benderli1,2,§, Kazuhiro Ogai3,§, Yukie M. Lloyd4, John Paul Arios4, Boonyanudh Jiyarom4,
A. Honore Awanakam1, Livo Forgu Esemu1, Aki Hori5, Rosette Megnekou1,2, Rose G.F. Leke1,
Takayuki Kuraishi5,*, Shigefumi Okamoto3,*, Gabriel Loni Ekali1,6

1 The Biotechnology Center, University of Yaoundé I, Yaoundé, Cameroon;
2 Department of Animals Biology and Physiology, University of Yaoundé I, Yaoundé, Cameroon;
3 Faculty of Health Sciences, Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University, Ishikawa, Japan;
4 Department of Tropical Medicine, Medical Microbiology and Pharmacology, John A. Burns School of Medicine, University of 

Hawaii at Manoa, Honolulu, Hawaii, U.S.A.;
5 Department of Faculty of Pharmacy, Institute of Medical, Pharmaceutical and Health Sciences, Kanazawa University, Ishikawa, 

Japan;
6 National AIDS Control Committee, Yaoundé, Cameroon.

1. Introduction

The skin is one of the largest organ of human 
beings. In addition to its role in physical protection 
and temperature regulation, it serves as a unique 
and dynamic ecosystem that is inhabited by over 
1010 microorganisms (i.e., skin microbiota) (1). In 
a homeostatic environment, the skin microbiota are 
harmless and play a protective and/or regulatory 
role by controlling the innate and adaptive immune 
systems found in our skin (2). However, when the 

Summary Characterization of microbial communities in the skin in healthy individuals and diseased 
patients holds valuable information for understanding pathogenesis of skin diseases and as 
a source for developing novel therapies. Notably, resources regarding skin microbiome are 
limited in developing countries where skin disorders from infectious diseases are extremely 
common. A simple method for sample collection and processing for skin microbiome studies 
in such countries is crucial. The aim of this study is to confirm the feasibility of collecting 
skin microbiota from individuals in Yaoundé, a capital city of Cameroon, and subsequent 
extraction of bacterial DNA in a resource limited setting. Skin swabs from several individuals 
in Yaoundé were successfully obtained, and sufficient amount of bacterial 16S ribosomal 
RNA-coding DNA was collected, which was confirmed by quantitative PCR. The median 
copy number of 16S ribosomal RNA gene varied across participants and collection sites, with 
significantly more copies in samples collected from the forehead compared to the left and 
right forearm, or back. This study demonstrated that collecting surface skin microbes using 
our swabbing method is feasible in a developing country. We further showed that even with 
limited resources, we could collect sufficient amount of skin microbiota from the inhabitants 
in Yaoundé where no studies of skin microbiome were reported, which can be passed to 
further metagenomic analysis such as next generation sequencing.
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environment on the skin is altered, the composition of 
skin microbiota can also be disrupted: a phenomenon 
known as dysbiosis. Studying the type of dysbiosis, for 
example, whether the alteration occurs at the species 
or strain level, provides important information for 
understanding skin pathology, developing a diagnostic 
tool and an appropriate treatment (3).
 A number of studies on the association between 
dysbiosis and skin disorders such as atopic dermatitis 
(4), psoriasis (5), seborrheic dermatitis (6) and acne 
vulgaris (7) have been published. However, how 
dysbiosis of the skin microbiome relates to tropical 
diseases that affect skin integrity is understudied. For 
example, there are only a few studies to date that report 
dysbiosis in the skin of patients with leprosy (8,9) 
or leishmaniasis (10). Whether other skin-affecting 
tropical diseases or neglected infectious diseases (e.g., 
tuberculosis, filariasis, schistosomiasis), as well as the 
infection of human immunodeficiency virus (HIV) and 
acquired immunodeficiency syndrome (AIDS) that may 
alter the skin immune system, could interact with the 
dysbiosis of the skin microbiota remains unclear.
 The major l imitation for studying the skin 
microbiome is the complexity of sample collection, such 
as consistency in collection methods and contamination 
risks (11), handling and storage of samples. Processing 
of microbial DNA is also a challenge (12,13), due 
to the relatively low abundance of skin microbiome 
compared to the gut. Along with these complexities, 
many developing countries in Africa also face issues 
with limited resources and inadequate research facilities 
to carry out such studies (14). Thus, it is desirable to 
establish a simple protocol for collecting skin samples 
that is feasible to carry out in a basic laboratory in a 
resource-limited country without compromising the 
quantity and quality of the microbial DNA collected. 
The development of such a protocol will lead to 
ensuring the consistency of techniques employed in the 
field and guarantee of the quality of data acquired.
 To achieve this objective, this study attempted to 
evaluate the feasibility of collecting and processing skin 
samples at a hospital and university research laboratory 
in Yaoundé, Cameroon with basic equipment. A non-
invasive sample collection method was employed by 
utilizing flocked swabs (15) to confirm the presence 
of enough amount of bacterial DNA coding for 16S 
ribosomal RNA (rRNA).

2. Materials and Methods

2.1. Ethical consideration

This study was approved by the National Ethics 
Committee of Cameroon, (Ethical Clearance 2018/06/
N°1045/CE/CNERSH/SP) and an authorization was 
obtained from the hospital administration before 
participants were recruited. Participation in the study 

was voluntary and written informed consent was 
obtained from each participant prior to enrollment. Oral 
consent and signature from a guardian were provided 
for those who were physically unable to provide written 
consent. The study was performed in strict respect of 
the guidelines for human clinical research and all data 
were decoded for anonymity.

2.2. Collection site and sample population

This study was part of a larger cross-sectional study that 
took place from June to October 2018 at the HIV clinic 
of the Efoulan District Hospital in Yaoundé, Cameroon. 
The Efoulan District Hospital was chosen due to an 
existing collaboration with the hospital and university 
research center. In the original study, out-patients, in-
patients and hospital staff were enrolled for sampling. 
HIV-uninfected, healthy subjects were defined by the 
absence of any known skin pathology and a negative 
HIV rapid diagnostic test (RDT) result; HIV-infected 
subjects were defined by a positive HIV RDT result. 
Pregnant women and those who had apparent skin 
disorders that are not associated with HIV or AIDS, 
such as atopic dermatitis and psoriasis, were excluded.

2.3. Sample collection

Skin swabs were collected using the Puritan HydraFlock 
Sterile Flocked Swabs (25-3306-H, Puritan Medical 
Products Company, ME, USA). Prior to swabbing, 1.5-
mL microcentrifuge tubes were filled with 100 µL of 
sterile 0.9% sodium chloride solution (S5815; Teknova, 
CA, USA) with 0.1% Tween 20 (28353-14; Nacalai 
Tesque, Inc., Kyoto, Japan). First the swab head was 
soaked in the solution in the tube (16,17). Swabbing 
was then performed in a 5 × 5 cm-square on designated 
sites (Figure S1, http://www.ddtjournal.com/action/
getSupplementalData.php?ID=51). The patients with 
Kaposi's sarcoma were additionally swabbed at lesion 
sites. After swabbing, each swab head was placed into 
the original tubes (Figure S2, http://www.ddtjournal.
com/action/getSupplementalData.php?ID=51). 
Samples were stored in a cooler box and transferred to 
the laboratory for DNA extraction.

2.4. DNA extraction from skin swab samples

DNA was extracted from samples using the Kaneka 
Easy DNA Extraction Kit version 2 (KN-T110005; 
Kaneka Corp.,  Tokyo, Japan),  which contains 
DNA extraction Solutions A and B, according to 
the manufacturer's instructions (Figure S2, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=51). Briefly, 200 µL of Solution A was added 
into each microcentrifuge tube containing the swab 
head and was mixed by vortexing. Next, sample tubes 
were placed in a water bath and incubated for 9 min at 
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with 25th percentile – 1.5 × interquartile range (IQR) to 
75th percentile + 1.5 × IQR whisker in the box plot. The 
box plot with dots was created using the R statistical 
software (version 3.6.0). The differences in the copy 
number of the 16S rRNA gene among groups were 
compared by using the Kruskal-Wallis test followed 
by the Steel-Dwass post hoc multiple comparison test 
using R. A p-value < 0.05 was considered statistically 
significant.

3. Results and Discussion

In Yaoundé, Cameroon, we successfully obtained skin 
swab samples of head, left and right arms and back 
from 26 HIV-negative healthy individuals (males: 7, 
females: 19; age 21-51, median 27) and 25 HIV-positive 
patients (males: 5, females: 20; age 22-61, median 39). 
Of all the HIV-positive patients, two patients presented 
with Kaposi's sarcoma, and swabs from the sarcoma 
lesions were also obtained from those patients.
 There are multiple skin microbiome sampling 
methods, including swabs, biopsies, surface scrapes, 
cup scrubs and tape strips (18,19). Each method 
varies in biomass yield, human DNA contribution, 
sampling depth and discomfort level. Since patients 
with skin disorder are commonly sensitive to skin 
stimulation, it is difficult to tolerate even minimal pain 
that accompanies invasive methods. To overcome this 
problem, using pre-moistened skin swabs was our 
method of choice. As a result, no skin-related troubles 
were reported when collecting skin samples, even in 
patients who were immunosuppressed with later stages 
of AIDS.
 Next, we attempted to confirm if the extracted DNA 
can be used for subsequent bacterial DNA analysis (e.g., 
next generation sequencing [NGS]) by qualitative PCR 
for the bacterial 16S rRNA gene. Although crudely 
extracted DNA samples processed just after the DNA 
extraction still contain debris of skin cells, sebum, and 
dirt, we found that nine out of 18 representative samples 
were successfully amplified by PCR (Figure S3, http://
www.ddtjournal.com/action/getSupplementalData.
php?ID=51). Lack of amplicons is likely due to the 
presence of skin cells, sebum or other debris, which 
could interfere with the PCR amplification process of 
extracted DNA. Contamination of these objects can be 
explained by the lack of washing steps for the kit used 
in this study; which is otherwise beneficial by reducing 
the burden of sample processing.
 To minimize  any in terference f rom heavy 
contamination of human cell debris and/or sebum, 
all crude DNA samples were cleaned with a gDNA 
cleaning kit. After cleaning of crude DNA samples, 
the targeted area of 16S rRNA gene was successfully 
amplified for all samples tested without any non-
specific products, regardless of swabbing area 
(Figures 1 and S3, http://www.ddtjournal.com/action/

98 °C. The samples were cooled to room temperature, 
and 28 µL of Solution B was added to each tube. After 
mixing briefly by vortexing, samples were stored at 
–20°C until further analysis.

2.5. Qualitative PCR amplification of 16S rRNA gene

To confirm whether bacterial DNA was successfully 
obtained, qualitative PCR amplification of the 16S 
rRNA gene was performed using SapphireAmp 
Fas t  PCR Master  Mix  (RR350A,  Takara  Bio 
Inc., Shiga, Japan) and primers (forward: 341F, 
5′-CCTACGGGNGGCWGCAG-3′; reverse: 806Rmod, 
5′-GACTACHVGGGTATCTAAKCC-3′; targeting 
460-bp V3-V4 region of the 16S rRNA gene). One 
microliter of the template DNA was used in the 10 
µL reaction mixture. The PCR protocol was set as: 
94°C for 1 min; 33 cycles of 98°C for 10 sec, 55°C 
for 10 sec, and 72°C for 15 sec; and 72°C for 1 
min. The PCR products were then electrophoresed 
by using i-MyRun II (IMR2-001, CosmoBio Co., 
Ltd., Tokyo, Japan) with 2% Agarose S (312-01193, 
FUJIFILM Wako Pure Chemical Corp., Osaka, Japan) 
gel, stained by 0.5 μg/mL ethidium bromide (315-
90051, FUJIFILM Wako Pure Chemical Corp.), 
and visualized using LuminoGraph I (WES-6100, 
ATTO Corp., Tokyo, Japan). The presence of a band 
at the expected size (~460 bp) for each sample was 
determined positive.

2.6. DNA clean up

To exclude the possibility of PCR inhibition, DNA 
samples were cleaned using a NucleoSpin gDNA 
Clean-up kit (740230, Macherey-Nagel GmbH & Co. 
KG, Düren, Germany) according to the manufacturer's 
instructions. The samples were stored at –20°C until 
further analysis.

2.7. Quantitative PCR

Quantitative real-time PCR (qPCR) was performed 
as described elsewhere (18). In brief, the DNA 
samples were amplified with 16S universal primer 
pai r s  (F :  5 ′ -ACTGAGAYACGGYCCA-3 ′ ;  R: 
5′-CTGCTGGCACGDAGTTAGCC-3′) and a 16S 
universal probe (5′-VIC-ACTGCTGCCTCCCGTA-
NFQ-MGB-3′) by using the Thunderbird Probe qPCR 
Mix (Toyobo Co., Ltd., Osaka, Japan). A standard 
curve was drawn from a known amount of the 16S 
rRNA gene. All the reactions were performed with the 
LightCycler 480 System (F. Hoffmann-La Roche, Ltd., 
Basel, Switzerland).

2.8. Statistical data analysis

Data are shown as the 25th, 50th, 75th percentile boxes 
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getSupplementalData.php?ID=51). Bands for two 
samples, 10D and 40B, were extremely faint but present 
as confirmed by qPCR. For samples 19C and 40B, 
the signals diminished after cleaning, probably due to 
technical error.
 We next quantified the copy number of bacterial 
16S rRNA gene in each sample. Copy numbers of 16S 
rRNA gene slightly differed depending on the individual 
and body parts of collection; samples collected from 
the forehead and the lesion of Kaposi's sarcoma showed 
significantly higher copy numbers of the 16S rRNA 
gene (Figure 2 and Table 1). Except for a few samples 
(2 samples showed < 100 copies/μL), we confirmed 

that the amounts of the 16S rRNA gene were sufficient 
enough for further analysis. The median copy number 
of bacterial 16S rRNA gene varied across participants 
and collection sites, with significantly more copies in 
samples collected from the forehead compared to the 
right forearm (p = 0.003), left forearm (p < 0.001) or 
back (p < 0.001) (Figure 2 and Table 1). This variation 
could be explained by the frequency of exposure to the 
external environment (especially for the forehead) or 
physiological differences across sampled skin types: 
such as moisture or oiliness, that could harbor groups or 
quantity of distinct microbes (20).
 The skin microbiota can provide colonization 
resistance, hindering pathogenic microbes from colonizing 
the skin, by competing for space or metabolites and by 
creating a hostile environment (1,20,21). Dysbiosis in the 
skin could disrupt colonization resistance and introduce 
a niche for pathogenic microbes to thrive. Whether the 
dysbiosis in skin microbiota leads to worsened skin 
disorders or vice versa is unknown; and a longitudinal 
study would be necessary to provide an answer. A simple 
method for sample collection and processing is crucial 
to conduct longitudinal studies in resource-limited 
countries; and our study showed that sufficient quantity 

Figure 1. Successful amplification of bacterial 16S rRNA gene from skin swabs obtained from Cameroonians at the 
Efoulan district hospital. (A) Representative amplicons of the 16S rRNA gene (covering V3-V4 region, expected size ~ 460 bp) 
derived from two HIV-positive patients, one healthy individual, and two AIDS patients were electrophoresed and visualized. (B) 
The numbers of 16S rRNA gene in each sample. Each individual was sampled from four regions of interest, namely, the forehead 
(denoted as A), right forearm (B), left forearm (C), and mid-upper back (D). Skin swabs on the lesion of Kaposi’s sarcoma in 
AIDS patients were also analyzed and visualized (KS). M: 100 bp marker, NTC: no template control.

Figure 2. Copy number of obtained bacterial 16S rRNA 
gene. Although the amount of 16S rRNA gene varied among 
participants and collection sites, sufficient amount of 16S 
rRNA gene was successfully obtained. The same letters 
indicate no significant difference, whereas different letters 
indicate significant difference (p < 0.05) between the groups.

Table 1. p-values of the multiple comparison in the 
number of 16S copy number

Right forearm
Left forearm
Mid-upper back
Kaposi's sarcoma

Please refer to Figure 2.

Right 
forearm

-
0.94
0.95
0.002

Left 
forearm

-
-

1.00
0.001

Forehead

0.003
<0.001
<0.001

0.22

Mid-upper
back

-
-
-

0.004
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and quality of bacterial 16S rRNA gene for downstream 
applications can be collected using a non-invasive swab 
method.
 We conclude that skin sampling with pre-moistened 
cotton is the valid method for collecting skin surface 
bacterial samples both in healthy people and those with 
skin disorders in resource-limiting situation such as in 
developing countries.
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In recent years, China's total investment in health 
expenditures has basically increased linearly, increasing 
at a faster growth rate year by year (1). From 2008 
to 2017, China's total health expenditures rose from 
1453.54 billion yuan to 5259.83 billion yuan. The 
average annual compound growth rate is 13.51% (2). 
According to comparable prices, compared with 2016, 
China's total health expenditure in 2017 increased by 
9.03%, higher than the GDP growth rate (6.86%) (3). 

The total drug expenditure in China is also showing a 
growing trend. The drug expenditure for outpatients, 
hospitalizations and retail sales is increasing year 
by year. The proportion of drug expenditure to total 
health expenditure is still high (3), higher than the 
international level, and high drug price is one of the 
important reasons. At present, many problems still exist 
in the field of drug circulation in China, such as the 
obvious distortion of interests in the drug circulation, 
complicated circulation of drugs, disordered order, 
imperfect drug purchasing mechanisms, and the degree 
of marketization is not high and so on (4), all of which 
contribute to the high price of drugs. The burden of 
medicines for patients is heavier, and the problem of 
"expensive medical treatment" still exists.
 In order to deepen the health system reform and 

Summary In order to deepen the health system reform and improve the mechanism for the formation of 
drug prices, in January 2019, the General Office of the State Council of the People's Republic 
of China issued the "National centralized drug purchasing and using pilot program", 
selected 11 cities in mainland China to carry out "4+7" city drug volume based purchasing 
pilot work. This paper introduces the specific implementation plan, organizational structure 
and drug selection process of China's "4+7" city drug volume-based purchasing pilot 
work, and expounds the initial effects, existing problems and policy development after the 
implementation of the policy. After the implementation of the policy, the prices of 25 selected 
drugs were significantly lower, compared with the minimum purchase price of the same drugs 
in 11 pilot cities in 2017, the average drop was 52%. After the pilot scope was extended to the 
nation, compared with the minimum purchase price of the Union in 2018, the proposed price 
of the 25 drugs have an average price drop of 59%, compared with the selected price of the 
"4+7" pilot cities, the average price drop was 25%, and the price of drugs dropped further. 
By the end of August 2019, the implementation progress of 25 selected drugs in the "4+7" 
city drug volume-based purchasing was better than expected, the burden of patients’ drug 
expenses was reduced, and the pilot work was beginning to bear fruit. The long-term influence 
and effect of the "4+7" city drug volume-based purchasing and policy implementation after 
the expansion needs to be further observed.
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improve the mechanism for the formation of drug 
prices, in January 2019, the General Office of the State 
Council of the People's Republic of China issued the 
"National centralized drug purchasing and using pilot 
program" (hereinafter referred to as the "Program"), 
selected 11 cities (include 4 municipalities: Beijing, 
Tianjin, Shanghai, and Chongqing; 7 key cities: 
Shenyang, Dalian, Xiamen, Guangzhou, Shenzhen, 
Chengdu, and Xi'an) in mainland China to carry out 
"4+7" city drug volume-based purchasing pilot work 
(5). The so-called drug volume-based purchasing refers 
to clarify the purchase volume when the purchaser 
conducts bidding or negotiation in the drug centralized 
purchasing process, and the drug supply enterprise 
bids or negotiates through the centralized purchasing 
platform for the specific quantity, and finally 
determines the purchase price (6). The significance is 
to determine the contractual relationship between price 
and volume. The higher the dosage, the lower the price 
(7), to achieve "volume-price linkage", "volume-for-
price", and "price-based volume". 
 The basic idea of the "Program" is that the national 
level formulates basic policies, scope and requirements, 
and organizes 11 pilot cities to form a purchasing 
alliance. The public medical institutions in the alliance 
area are the main purchasing entities, and estimate 
the total purchase amount according to 60-70% of the 
total annual drug use of all public medical institutions 
in the league, and conduct a cross-regional alliance 
mechanism for drug volume-based purchasing. The 
pilot work is mainly carried out by the pilot working 
group and the joint purchasing office. The Shanghai 
Pharmaceutical Centralized Bidding and Purchasing 
Management Office undertakes the daily work of the 
Joint Purchasing Office and is responsible for the 
specific implementation. The organizational framework 
for its work is shown in Figure 1. 
 The drug volume-based purchasing in "4+7" city 

are selected from the varieties with large sales volume 
in the fields of cardiovascular, anti-tumor, antibiotics, 
and psychology. The drug needs to be the original 
drug, the generic drug, which passes the evaluation 
of the consistency of quality and efficacy by the State 
Drug Administration, or the corresponding reference 
preparation (8). The drugs of volume-based purchasing 
will be declared by the enterprise first, and the selected 
varieties will be determined after pre-selection and 
quasi-selection. The process is shown in Figure 2. 
Adopting respective bidding purchasing, bargaining 
purchasing and negotiation purchasing methods 
according to the number of production enterprises 
of each pre-selected drug, a total of 25 drugs were 
selected, of which 22 (88%) were generic drugs, and 
3 (12%) were original drugs. Only one company is 
selected for each variety, and the purchasing cycle is 12 
months (9). If the agreed purchase amount is completed 
ahead of the purchasing cycle, the excess will still be 
purchased at the selected price until the purchase cycle 
expires.
 The direct implementation impact of the "Program" 
is to achieve a significant reduction in drug prices. 
Compared with the minimum purchase price of the 
same drug in 11 pilot cities in 2017, the average 
price drop of 25 proposed selected drugs was 52%, 
with a maximum drop of 96%. Among them, the 
price reduction of imported original drug gefitinib 
and fusinopril were respectively 76% and 68%, and 
price reduction of domestic original drug flurbiprofen 
ester injection was 44%. The effect of "volume-for-
price" has been revealed. The sharp drop in drug 
prices has driven the price linkage of non-selected 
drugs, further amplifying the price reduction effect, 
reducing the burden of medication for patients, and 
effectively alleviating the problem of expensive 
medical treatment. The "4+7" pilot city's joint volume-
based purchasing model clarifies the price of drugs and 

366

Figure 1. Organizational framework of "4+7" city drug volume-based purchasing and using pilot program.
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resources on a more valuable level. 
 There are also some potential risks and disputes in 
the implementation of the "Program": In terms of drug 
supply security, the selected drugs take the form of a 
"single source" supply method. It is not only easy to 
frustrate the enthusiasm of the unsuccessful enterprise 
to improve the quality and consistency of efficacy 
in the early stage of the trial. There is also the risk 
of supply shortages (7). In the clinical use of drugs, 
in order to implement the use of selected drugs, the 
use of non-selected drugs is limited, and to a certain 
extent, it also limits the doctor's prescription rights and 

specific purchase quantity. The agreement changes the 
drug circulation model, cuts off the interest chain of 
drug circulation (10), regulates distribution behavior 
and purchasing behavior, and also simultaneously 
reduces the sales and transaction cost of the company 
(11). In addition, the reduction of drug prices also 
contributes to the achievement of the control fee 
index in hospital management. At the same time, the 
"volume-price linkage" has positive significance for the 
ethos construction of medical personnel. The medical 
insurance department also needs to realize change 
through volume-based purchasing and use limited 

Figure 2. Selection flow chart of "4+7" city drug volume-based purchasing.
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patients' drug choice. Upon drug quality, there is still 
a lack of authoritative data such as adverse reaction 
reports and defect reports related to the quality of the 
selected drugs. Clinicians and patients have doubts 
about the quality of the selected drugs at a low price. 
Due to the drug prices in the pilot areas, which are 
significantly lower than those in other areas, this forms 
a "price depression effect". Non-pilot patients go to the 
pilot areas to see doctors and buy drugs themselves, 
which interferes with the medical circulation order and 
increases the burden on patients.
 In September 2019, in order to expand the "4+7" 
city drug volume-based purchasing pilot reform effect, 
based on the valuable experience accumulated in the 
previous pilot work, under the guidance of the China 
National Healthcare Security Administration and other 
departments, 25 provinces in mainland China and the 
Xinjiang Production and Construction Corps formed 
a new cross-regional purchasing alliance to purchase 
twenty five "4+7" pilot drugs, except for the "4+7" 
pilot city, Fujian Province, and Hebei Province that 
have previously been followed up. All 25 varieties 
were purchased successfully in this alliance purchase, 
45 enterprises and 60 products are to be selected. 
Compared with the lowest purchase price in 2018 
in the alliance area, the average decline of selected 
prices is 59%. Compared with the selected price of the 
"4+7" pilot city, the average decline is 25% (12). The 
expansion of the national drug centralized purchasing 
pilot not only promoted the policy nationwide, but also 
joined the military medical institutions participating in 
the pilot expansion of the regional scope and medical 
insurance designated social medical institutions, 
medical insurance designated retail pharmacies 
volunteering to participate in the pilot expansion of 
the regional scope. It also solved the problem of large 
price gap of pilot drugs in the "4+7" pilot city and 
other related regions, and also made the reform results 
benefit more people (13). In addition, the expansion has 
improved and adjusted the selection rules on the number 
of enterprises and the quotation level based on previous 
pilot experience, many enterprises can be allowed to 
win the bid. The bid price of different enterprises can 
be different to guide the enterprises to compete in an 
orderly manner. The increase in the number of selected 
enterprises also avoids the risk of supply shortage and 
monopoly of the exclusive winning bid, and guarantees 
the long-term stable implementation of the national 
drug centralized bidding purchasing policy (14).
 The 25 drugs selected by "4+7" volume-based 
purchasing were fully implemented on April 1, 2019. 
As of the end of August, the purchase quantity of 25 
selected drugs in the "4+7" area was 1.7 billion tablets. 
The progress of total purchase quantity exceeded 
expectations, and the purchase quantity of selected 
drugs accounted for 78% in the same generic name 
drugs (15). The pilot work achieved initial results. In 

September 2019, China expanded the scope of pilot 
and the price of 25 drugs was decreased further. Nine 
central departments such as China National Healthcare 
Security Administration issued a document to guide 
the development of related work (13). In the next 
step, all localities and departments will focus on the 
implementation of the selected results, to ensure that 
patients gain high quality and low price for selected 
varieties before the end of the year and effectively 
reduce the drug burden of patients (12).
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