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Nucleic Acid Delivery System with DOP-DEDA, 
a Charge-Reversible Lipid Derivative

Tomohiro Asai
University of Shizuoka, School of Pharmaceutical Sciences

Research Article

 We have developed dioleoylglycerophosphate-diethylenediamine (DOP-DEDA) for nucleic acid delivery using 
lipid nanoparticles (LNPs). DOP-DEDA is a charge-reversible lipid derivative in which the net charge of the head group 
changes from -1 to +2 depending on pH, and can be applied to the delivery of small interfering RNA (siRNA) and 
mRNA. Here, we introduce siRNA delivery using DOP-DEDA-based LNP (DOP-DEDA LNP). siRNA-encapsulated 
DOP-DEDA LNP prepared by micromixing were shown to be uniform spherical particles having a particle size of about 
100 nm. DOP-DEDA LNP showed high dispersibility and formed uniform particles without the use of polyethylene 
glycol (PEG) lipids because of the amphipathic property of DOP-DEDA. The surface charge of DOP-DEDA LNP 
was almost neutral at physiological pH and cationic under acidic conditions. DOP-DEDA LNP showed high pH 
responsiveness, suggesting high endosomal escapability. Potent gene silencing effects were observed in cancer cells 
transfected with siRNA encapsulated in DOP-DEDA LNP, even at low siRNA concentration. Our findings indicate that 
DOP-DEDA is a pH-responsive lipid derivative having characteristics different from those of general ionizable lipids, 
and is expected to contribute the development of nucleic acid drugs and mRNA vaccines.

Keywords: dioleoylglycerophosphate-diethylenediamine (DOP-DEDA), lipid nanoparticle (LNP), DOP-DEDA LNP, 
charge-reversible lipid derivative, nucleic acid delivery system

Abstract

 In recent years, nucleic acid drugs have received  
a great deal of attention as a new modality in drug discovery. 
With the progress of chemical modification of nucleic 
acid and drug delivery system (DDS) technologies, RNA 
interference drugs and mRNA vaccines have come into 
practical use. ONPATTRO®, the first RNA interference 
drug in the world, developed by Alnylam Pharmaceuticals 
Inc. is a lipid nanoparticle (LNP) formulation of a small 
interfering RNA (siRNA). LNP technology is also used 
in the mRNA vaccine “mRNA-1273” for coronavirus 
disease 2019 (COVID-19) developed by Moderna, 
Inc. and the vaccine “COMIRNATY®” developed by 
BioNTech SE and Pfizer Inc. Encapsulation of siRNA or 
mRNA in LNP significantly improves the stability and  
the transfection efficiency of RNA in vivo, resulting in the 
effects of RNA interference drugs and mRNA vaccines, 
respectively. In general, the lipid component of LNP 
includes a pH-responsive lipid derivative that is essential 
for encapsulation of nucleic acids, their delivery into  

cells, and their endosomal escape. DLin-MC3-DMA, 
SM-102, and ALC-0315 are pH-responsive lipid 
derivatives formulated in ONPATTRO, mRNA-1273, and 
COMIRNATY, respectively (1). The common structure 
of these lipid derivatives is that they have a tertiary 
amine on their head group, and the head group is ionized 
and positively charged only under acidic conditions. 
Therefore, these lipid derivatives are called an ionizable 
lipid. The performance of LNP in nucleic acid delivery 
depends on the performance of the pH-responsive lipid 
derivative. To achieve safe and highly efficient nucleic 
acid delivery, it is necessary to appropriately design 
the pH-responsive lipid derivative and then optimize  
the LNP formulation such as the lipid composition. 
We have studied the nucleic acid delivery system and 
developed original pH-responsive lipid derivatives for 
LNP formulation (2, 3). Recently, in collaboration with 
Nippon Fine Chemical Co., Ltd., we have newly designed 
dioleoylglycerophosphate-diethylenediamine (DOP-DEDA), 

Introduction
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Figure 1.  Structure of DOP-DEDA

Figure 2.  Schematic image of DOP-DEDA LNP

Figure 3.  Change in the net charge of DOP-DEDA depending on pH

 The structural formula of DOP-DEDA is shown in 
Fig. 1. The basic skeleton of DOP-DEDA is very similar 
to that of natural glycerophospholipids. In DOP-DEDA, 
two oleic acids and phosphoric acid are bound to the 
glycerol skeleton, and DEDA is bound via phosphoric 
acid. DOP-DEDA is a lipid derivative in which the net 
charge of the head group changes from -1 to +2 depending 
on pH. Under acidic conditions, the head group of DOP-
DEDA is positively charged and therefore electrostatically 
interacts with negatively charged nucleic acids (siRNA, 
mRNA, etc.). Therefore, by mixing the component 
lipids including DOP-DEDA and nucleic acids under 
acidic condition in a microchannel, DOP-DEDA LNP 
encapsulating nucleic acids can be prepared (Fig. 2). The 
surface charge of DOP-DEDA LNP encapsulating nucleic 
acids is almost neutral at physiological pH and positively 

charged under acidic conditions. In addition, since it 
is negatively charged under alkaline conditions, DOP-
DEDA LNP is an LNP that has the property of charge 
inversion depending on pH. DOP-DEDA is a state in 
which the head group is ionized even at physiological pH, 
and the positive and negative charges are offset so that the 
net charge is almost zero (Fig. 3). Since the head group of 
general ionizable lipids containing a tertiary amine is not 
ionized at physiological pH, the authors consider that it 
is not appropriate to classify DOP-DEDA as an ionizable 
lipid. Therefore, we refer it to as a charge-reversible 
lipid derivative or pH-responsive lipid derivative. 
The properties of DOP-DEDA, which does not show 
cationicity under physiological conditions and behaves as 
a neutral lipid, are considered to be advantageous in terms 
of safety in the same manner as general ionizable lipids.

an amphipathic charge-reversible lipid derivative with 
high pH responsiveness and prepared DOP-DEDA-
based LNP (DOP-DEDA LNP) for efficient nucleic 

acid delivery (4, 5). Here, we introduce the nucleic acid 
delivery system using DOP-DEDA LNP.

Structural features of DOP-DEDA
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Figure 4.  Cryo-TEM image of DOP-DEDA LNPs encapsulating siRNA
DOP-DEDA/DPPC/cholesterol = 45/10/45 (molar ratio), total lipids/siRNA = 7000/1 (molar ratio)

 DOP-DEDA has the characteristic of having 
physicochemical properties similar to amphipathic 
glycerophospholipids at physiological pH, which is 
different from tertiary amine-containing ionizable 
lipids. Since the head group of the ionizable lipid at 
physiological pH is not ionized, the polarity of the 
head group is lower than that of general amphipathic 
phospholipids. On the other hand, since DOP-DEDA 
behaves as an amphipathic phospholipid at physiological 
pH, DOP-DEDA LNP has excellent dispersibility and 
stability in an aqueous solution. Therefore, even if 
the lipid composition of DOP-DEDA LNP does not 
contain polyethylene glycol (PEG)-lipids, it is stable in 
the aqueous solution. LNPs containing ionizable lipids 
generally contain less than a few mole percent of PEG-
lipids relative to total lipids, and it is known that these 
PEG-lipids contribute to stable particle formation. 
In fact, the authors tried to prepare LNPs containing 

commercially available ionizable lipids without PEG-
lipids, we could not obtain uniform particles due to lipid 
aggregation. In addition, it was reported that ionizable 
lipid-based LNPs were not formed due to aggregation 
unless PEG-lipid was added (6). A cryogenic transmission 
electron microscopy (cryo-TEM) image of DOP-DEDA 
LNPs encapsulating siRNA is shown in Fig. 4. The 
LNPs are formed with a composition of DOP-DEDA /
dipalmitoylphosphatidylcholine (DPPC)/cholesterol = 
45/10/45 (molar ratio). This LNP formulation contains 
no PEG-lipids. We believe that DOP-DEDA can be 
differentiated from conventional ionizable lipids in that 
it can form highly dispersible LNPs without the use of 
PEG-lipids. Concerns about PEG-lipids have been raised 
in the side effects of mRNA vaccines (LNP preparations) 
(7). The fact that DOP-DEDA does not require PEG-
lipids for LNP formation may be an important advantage.

 DOP-DEDA LNP can be prepared by a method using 
a microchannel like LNP containing an ionizable lipid. 
It can be prepared by mixing a mixed lipid dissolved in 
alcohol and RNA dissolved in an aqueous solvent in a 
microchannel, and then removing the alcohol by dialysis. 
We first prepared a freeze-dried mixture of DOP-DEDA 
and helper lipids, and added alcohol to the lyophilized 
mixture to dissolve the mixed lipids. The alcohol we used 
is tert-butanol or ethanol. Because the solubility of mixed 
lipids in alcohol is higher with tert-butanol than with 
ethanol, tert-butanol is useful when a high concentration 
lipid solution needs to be prepared. However, it is 
considered preferable to dissolve the mixed lipids with 
ethanol for practical use.

 We use 1 mM citric acid solution (pH 4.5) as the 
aqueous solvent for dissolving siRNA or mRNA. The 
concentration of citric acid is one of the factors that affect 
the formation of LNP. When mixed lipids containing 
DOP-DEDA dissolved in ethanol and siRNA or mRNA 
dissolved in an aqueous citric acid solution are mixed 
in the microchannel, intermediate particles of DOP-
DEDA LNP are formed. The intermediate particles are 
transferred in a dialysis membrane and dialyzed in water 
to remove ethanol. The final DOP-DEDA LNPs are 
formed by dialysis.
 The particle size and polydispersity index (PdI) 
of DOP-DEDA LNP can be controlled by adjusting 
preparation conditions such as alcohol/water solvent 

Preparation of DOP-DEDA LNP
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Table 1.  Particle size, PDI, ζ-potential, and siRNA encapsulation efficiency of DOP-DEDA LNP

DOP-DEDA/DPPC/cholesterol = 45/10/45 (molar ratio), total lipids/siRNA = 7000/1 (molar ratio)
DOP-DEDA LNP was diluted with 10 mM Tris-HCl buffer (pH 7.4) for the measurement of ζ-potential.

Particle size (nm) PdI ζ-Potential (mV) Encapsulation efficiency (%)

98.3 ± 7.20 0.08 ± 0.02 +0.8 ± 0.2 97.8

ratio and lipid concentration. The optimal conditions 
for adjusting the LNP to the desired particle size should 
be determined using the microchannels that you use. 
We usually prepare DOP-DEDA LNP with the average 
particle size of about 100 nm and the PdI of less than 
0.100. Table 1 shows our results of the particle size, PdI, 

ζ- potential, and siRNA encapsulation efficiency of DOP-
DEDA LNP. The encapsulation efficiency of siRNA and 
mRNA in DOP-DEDA LNP can be calculated using the 
RiboGreen® reagent. When the encapsulation efficiency 
of siRNA or mRNA into DOP-DEDA LNP was examined 
by this method, it was more than 95%.

 To deliver nucleic acids into the cytoplasm using 
LNPs, it is necessary for LNPs taken up by the cell via 
endocytosis and escape from the endosome. LNPs with 
high escapability from endosomes efficiently deliver 
nucleic acids into the cytoplasm, resulting in beneficial 
effects. After pH-responsive LNPs are endocytosed into 
cells, the pH-responsive lipids of LNPs are protonated 
under acidic condition in endosomes (pH 5-6), and LNPs 
become positively charged. As protons are absorbed 
by LNP, protons and anions flow into the endosome 
from the outside, increasing the salt concentration and 
osmotic pressure in the endosome, and destabilizing the 
endosome. In addition, because positively charged LNPs 
easily interact with the inner membrane of endosomes, 
the escape of LNPs from endosomes is promoted. 
Therefore, pH responsiveness of LNPs is a determinant of 
the efficiency of nucleic acid delivery.
 One of  the  methods  for  evaluat ing  the  pH 
responsiveness is an assay using 2-(p-Toluidino)- 
naphthalene-6-sulfonic acid (TNS). Figure 5 shows the 
results of evaluating the pH responsiveness of DOP-
DEDA LNP encapsulating siRNA by the TNS assay. 
The fluorescence intensity of TNS increases as the pH 
decreases, indicating that the surface charge of DOP-

DEDA LNPs become more positive with decreasing 
pH. As mentioned above, the net charge of DOP-DEDA 
varies from -1 to +2. On the other hand, the LNPs used 
as a control in the TNS assay contain ionizable lipids, 
the net charge change of which is 0 to +1. Reflecting 
this difference, DOP-DEDA LNPs have a greater change 
in fluorescence intensity in response to pH changes. 
The apparent pKa of DOP-DEDA was calculated from 
the titration curve to be about 6.5. When DOP-DEDA 
LNPs were incubated with bovine erythrocytes, they 
induced hemolysis at pH 5.5, endosome pH, but did not 
induce hemolysis at pH 7.4 (5). This result suggests that 
DOP-DEDA LNPs do not affect the barrier capacity of 
the membrane under physiological pH condition, but 
destabilize the membrane under endosomal pH condition. 
The time-lapse imaging using a confocal laser scanning 
microscope for analyzing the intracellular dynamics of the 
siRNA showed that siRNA transfected with DOP-DEDA 
LNPs diffused throughout the cytoplasm (5). From these 
results, it is considered that DOP-DEDA LNP having high 
pH responsiveness has excellent endosomal escapability 
and is useful as a carrier for delivering nucleic acids into 
the cytoplasm.

pH responsiveness of DOP-DEDA LNP
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Figure 5.  Titration of DOP-DEDA LNP by the TNS assay
DOP-DEDA/DPPC/cholesterol = 45/10/45 (molar ratio)

Control LNP: control ionizable lipid /DSPC/cholesterol/DMG-PEG2000 = 50/10/38.5/1.5 (molar ratio)
Concentration of DOP-DEDA and control LNPs: 20 mM as a total lipid concentration

The figure is reused and modified from (5) with permission of Elsevier.

 DOP-DEDA LNPs encapsulating siRNA targeting polo-
like kinase 1 (siPLK1), a cell cycle control protein, were 
prepared to evaluate their gene silencing effects on MDA-
MB-231 human breast cancer cells. The expression of PLK1 
mRNA was measured by RT-PCR 72 h after the transfection 
of MDA-MB-231 cells with siPLK1. DOP-DEDA  
LNPs encapsulating siPLK1 significantly induced gene 
silencing at a low siRNA concentration of 3 to 15 nM  
in a dose dependent manner (Fig. 6a). In contrast, DOP-
DEDA LNP encapsulating scrambled siRNA did not 
induce any gene silencing effect. The amount of PLK1 
protein was examined by western blotting 72 h after 
the transfection of MDA-MB-231 cells with siPLK1. 
Consistent with the results of RT-PCR, western blotting 
data showed that DOP-DEDA LNPs encapsulating 
siPLK1 suppressed the expression of PLK1 protein at  
a low siRNA concentration (Fig. 6b). Damage of DOP-
DEDA LNPs to cell membrane was examined by lactate 
dehydrogenase (LDH) assay. The results showed that 
DOP-DEDA LNPs encapsulating siPLK1 can induce 
significant gene silencing without membrane damage 
(data not shown). Gene silencing using DOP-DEDA 
LNP encapsulating siRNA was also confirmed with other 
cancer cell lines such as HT1080 human fibrosarcoma 
cells and immune cells such as macrophages. The 
transfection efficiency of DOP-DEDA LNPs differs 

depending on the cells used, but the reason has not been 
clarified at present. If we can clarify the kind of cells that 
are targetable by DOP-DEDA LNPs and the mechanism 
of delivery with them in future studies, it may lead to 
cell-selective treatment. In the case of LNPs containing 
ionizable lipids, the cellular uptake mechanism mediated 
by the apolipoprotein E (ApoE) receptor is well known (8). 
In addition, the enhanced expression of ApoE receptor 
on MDA-MB-231 cells was reported (9). Therefore, we 
investigated whether DOP-DEDA LNPs were also taken 
up by the same mechanism. It was shown that DOP-
DEDA LNPs were taken up by MDA-MB-231 cells in an 
ApoE dose-dependent manner (5). However, there are still 
many unclear points about the cellular uptake mechanism 
of DOP-DEDA LNP.
 One of the features of DOP-DEDA LNP is that it 
forms a stable LNP even in the absence of PEG-lipids. 
However, it is also possible to modify DOP-DEDA LNP 
with PEG to improve blood retention. In fact, PEGylated 
DOP-DEDA LNPs injected intravenously accumulated in 
solid tumors due to enhanced permeability and retention 
(EPR) effects in tumor-bearing mice (4). In addition, 
the silencing of the target gene was confirmed in the 
solid tumors after the intravenous injection of siRNA 
encapsulated in DOP-DEDA LNPs (4).

siRNA delivery system using DOP-DEDA LNP
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Figure 6.  Gene silencing in MDA-MB-231 cells transfected with siRNA-encapsulated DOP-DEDA LNPs
The figure is reused and modified from (5) with permission of Elsevier.

ONPATTRO® is a registered trademark of Alnylam Pharmaceuticals, Inc.
COMIRNATY® is a registered trademark of BioNTech SE.
RiboGreen® is a registered trademark of Molecular Probes, Inc.
AmBisome® is a registered trademark of GILEAD  SCIENCES, INC.
Doxil® is a registered trademark of BAXTER HEALTHCARE CORPORATION.

 The medical application of lipid-based nanoparticles 
began with  the  l iposome formulat ions  such as 
AmBisome® and Doxil®, which were developed in 
the 1990s. In recent years, LNP formulations such 
as ONPATTRO and COVID-19 vaccine (mRNA-
1273, COMIRNATY) had a great impact on drug and 
vaccine developments. It has been proven by history 
that lipid-based nanoparticles are useful and practical 
in the medical application of nano-DDS. Since small 
vesicles (exosomes, organelles, etc.) surrounded by lipid 
membranes have various functions in living organisms, 
the range of applications of artificially created lipid 
vesicles is expected to expand more. In particular, nano-
DDS, which mimics the physiological transport system, 

is considered to be a promising approach for innovative 
drug development. Lipid-based DDS is an old but new 
technology.
 Here, we introduced a siRNA delivery system using 
DOP-DEDA LNP, but our study also showed that DOP-
DEDA LNP can also be applied to mRNA delivery. In 
addition, it may be applicable to protein delivery. Since 
DOP-DEDA is a glycerophospholipid derivative having 
characteristics different from those of ionizable lipids, it is 
considered that there may be applications that utilize their 
own characteristics and advantages. We hope that our 
DOP-DEDA technology contributes to the development 
of nucleic acid drugs and mRNA vaccines.

Conclusion
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Preparing Liposome Mixtures with Nippon Fine Chemical’s High-purity 
Phospholipids and Presome® Series

Koji Tomita, Noriyuki Maeda, Masaki Matsumoto
Fine Chemical Division, Lipid Department, NIPPON FINE CHEMICAL CO., LTD.

Research Article

 A wide range of liposome and lipid nanoparticle drug products has been approved in the three decades since the 
approval of AmBisome® in the United States as the world’s first liposome drug product. Many of these products are 
formulated with phospholipids or cholesterol produced by Nippon Fine Chemical (NFC) or with Presome®, which 
is produced using a proprietary manufacturing process of NFC. This article introduces NFC-produced high-purity 
phospholipids and cholesterol and discusses the advantages and uses of Presome.

Keywords: Phospholipids, Presome®, liposome, lipid nanoparticle, drug delivery system, formulation technology

Abstract

 The phospholipids used to make liposome and lipid 
nanoparticle (LNP) drug products are a key component 
of biological membranes and have high biocompatibility, 
making them relatively well suited for drug product 
applications. In these formulations, a drug is contained 
in the liposomes, which act as nano-scale capsules that 
serve as drug delivery systems (DDS). Active research 
has sought to leverage the properties of the phospholipids 
used to make liposome drug products that achieve better 
therapeutic efficacy, a more favorable safety profile and 
lower burden on patients than conventional drugs in 
order to improve patient quality of life. This research 
has led to many approved liposome drug products that 
benefit patients in clinical practice. The recent approval of 
COVID-19 vaccines manufactured by Pfizer and Moderna 
has highlighted again the promise of LNP drug products 
containing mRNA active ingredients. The development 
history and benefits of these products are detailed in many 
publications.
 Pharmaceutical companies worldwide are finding 
new effects for approved drugs with established safety and 
pharmacokinetic profiles by modifying the dosage form 
or route of administration. Their robust drug repositioning 
efforts represent a means for the discovery of drugs 
for treating diseases different from those for which 
the original drugs are indicated. Since drug substances 
that have already undergone clinical testing have been 

evaluated for safety and toxicity, the basic research and 
nonclinical testing steps can be skipped or simplified, 
which helps to significantly lower drug development 
costs. In the domain of new drug development, intense 
effort is being poured into satisfying unmet medical 
needs associated with the treatment of refractory orphan 
diseases with no established effective treatments. Within 
these efforts toward drug repositioning and satisfying 
unmet medical needs, liposome formulation research 
and the use of LNP platforms for existing drugs are 
accelerating in pharmaceutical companies.
 The materials that are commonly used in liposome 
and LNP drug products are high-purity, pharmaceutical-
grade phospholipids and cholesterol manufactured and 
marketed by NIPPON FINE CHEMICAL CO., LTD. 
Drugs ranging from small-molecule compounds to 
macromolecules can be encapsulated in liposomes, which 
are containers with a lipid bilayer that forms readily in 
water. Liposomes therefore make ideal drug capsules. 
LNPs have the ability to protect small interfering 
RNAs (siRNAs) from degradation by nucleases and 
other enzymes following administration into the body. 
Additionally, LNPs facilitate siRNA uptake into the 
cytoplasm when siRNAs (which are larger and more 
negatively charged than small-molecule drugs) are 
encapsulated in these vessels that readily permeate the 
hydrophobic cell membrane.

Introduction
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Product name
(Year and region of 

marketing)
Drug Developer and 

manufacturer Lipid components Indications

AmBisome®

(’90, US) Amphotericin B Gilead HSPC/DSPG/Cholesterol Mycoses

Doxil®/Caelyx®

(’95, US/’96, EU) Doxorubicin ALZA HSPC/Cholesterol/MPEG-DSPE Ovarian 
cancer, etc.

DaunoXome®

(’95, US) Daunorubicin Gilead DSPC/Cholesterol Kaposi’s sarcoma

Visudyne®

(’00, US) Verteporfin QLT DMPC/EPG
Age-related 
macular 
degeneration

EXPAREL®

(’12, US) Bupivacaine Pacira DEPC/DPPG/Cholesterol/Tricaprylin Relief of 
postoperative pain

ONIVYDE®

(‘15, US) Irinotecan Merrimack DSPC/Cholesterol/MPEG-DSPE Pancreatic cancer

VYXEOS®

(’17, US/’18, EU)
Daunorubicin and
 Cytarabine

Celator/
Jazz Pharma DSPC/Cholesterol/DSPG Acute myeloid 

leukemia

ARIKAYCE®

(’18, US) Amikacin INSMED DPPC/Cholesterol
Pseudomonas 
aeruginosa 
infections

ONPATTRO®

(’18, US/’18, EU) siRNA Alnylam DSPC/Cholesterol/DMG-PEG/DLin-
MC3-DMA

hATTR 
amyloidosis

Comirnaty®

(’20, Worldwide) mRNA Pfizer/
BioNtech

DSPC/Cholesterol/PEG lipids/cationic 
lipids

SARS-CoV-2 
vaccine

mRNA-1273
(’20, Worldwide) mRNA Moderna DSPC/Cholesterol/PEG lipids/cationic 

lipids
SARS-CoV-2 
vaccine

Table 1.  Approved nanomedicine products
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 W h e n  s u s p e n d e d  i n  a n  a q u e o u s  s o l u t i o n , 
phospholipids form a lipid bilayer that in turn forms 
enclosed vesicles containing an aqueous phase. These 

enclosed vesicles, which are liposomes, are capable 
of containing a wide range of active substances. The 
Bangham’s method is used to prepare liposome batches 

 Cholesterol, by strengthening interactions between 
lipid molecules in unsaturated lipid membranes, decreases 
membrane permeability and fluidity, which confers a anti-
fluidizing effect. Adding cholesterol to a saturated lipid 
membrane, however, eliminates phase transitions so that 
the membrane has fluidity even at the temperature of the 
gel phase. In this sense, cholesterol has a condensing 
effect. The presence of cholesterol eliminates dramatic 
changes in fluidity at phase transitions, resulting in 
decreased fluidity at temperatures exceeding the phase 
transition point and increased fluidity below the phase 
transition point.
 This property is pronounced when at least 30 mol% 
choles te ro l  i s  added re la t ive  to  phosphol ip id . 

Manufacturers therefore often use cholesterol with 
high-purity phospholipids in liposome and LNP drug 
products. Cholesterol is often produced by purifying 
naturally derived materials, which frequently contain 
related substances as impurities including lathosterol, 
desmosterol, and dihydrocholesterol. The structural 
similarity of these impurities to cholesterol makes 
achieving high purity difficult through repeated 
purification alone.
 We use proprietary technology to manufacture 
and sell Cholesterol HP, an injection-grade high-purity 
cholesterol product. Our cholesterol products have 
a purity exceeding 99.0% and are used in many marketed 
liposome drug products.

Research and Development of Liposome Drug Products

High-purity Cholesterol

 Issued in April 2018 by the United States Food 
and Drug Administration, “Liposome Drug Products, 
Guidance for Industry” recommends that the purity of 
esterified fatty acids in phosphatidylcholine be controlled. 
For example, the fatty acids constituting hydrogenated 
soybean phosphatidylcholine (HSPC), which is used in 
the manufacture of various drug products, contain stearic 
acid and palmitic acid bonded at a molar ratio of about 
8:1. As hydrogenated soybean phosphatidylcholine is 
a naturally derived phospholipid, this fatty acid ratio 
often varies depending on the soybean source, country of 
origin, purification method, and even across batches. This 
variability also occurs in egg phosphatidylcholine, which 
is derived from chicken eggs. NFC has data showing that 
the feed and rearing conditions of the laying chickens 
affect the fatty acid purity of egg phosphatidylcholine. 
Variability in the fatty acid ratio across batches means, 
chemically, that a mixture of multiple compounds is 
present, and variation in fatty acid purity means that the 
ratios of these multiple compounds in the mixture change. 
Such variation in the proportion of fatty acids, which 
provide nanoscale drugs with hydrophobicity, could affect 
the performance of liposomes made from them.
 As stated in the FDA’s “Liposome Drug Products, 
Guidance for Industry,” controlling the purity of fatty 
acids is difficult because control must extend back to 
soybeans or chickens. To circumvent this difficulty, 
test data must be acquired in the liposome or LNP 
design stage to cover such changes in fatty acid purity. 

Furthermore, the purity of raw material fatty acids must 
be checked on a by-batch basis even after approval so 
that the drug product can be manufactured without out-
of-specification materials. The issuance of the Guidance 
prompted a gradual reduction in the use of naturally 
derived lecithin in formulation research except in generic 
drug development, and its replacement with lecithin with 
a distinct fatty acid profile, i.e., high-purity phospholipids. 
High-purity phospholipids are typically produced using 
fatty acids purified to a level of at least 99%. High-purity 
phospholipids are an excellent ingredient for achieving 
unwavering liposome performance. NFC already had  
a lineup of high-purity phospholipids with fatty acid purity  
in the early 1990s and now commercially produces at 
least several tons annually. These phospholipids are found 
in Gilead’s AmBisome® and other drug products.
 A range of production techniques for consistently 
manufacturing phospholipids at a 100 kg scale is 
required if high-purity phospholipids are to be used as 
a pharmaceutical raw material. Fatty acids of a purity 
with at least 99.0% are needed to produce high-purity 
phospholipids, but are rarely available for direct purchase 
in sufficiently large quantities. NFC often must perform 
purification in house. Boosting purity, however, is 
generally difficult. Advanced technological capabilities 
are needed to remove trace impurities with different 
numbers of carbons, such as removing stearic acid present 
in trace amounts in palmitic acid.

Industrial Application of High-purity Phospholipids in Nanomedicine Products
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Figure 1.  Preparation of doxorubicin-loaded liposomes with Presome techniques

of several milliliters needed in the research stage. Several 
other methods, most of which are easily accomplished, 
are described in the literature. Bangham’s method works 
well in the early stages of research but is almost always 
insufficient once formulation development proceeds to 
a stage where a pilot scale of 1 or 10 L is required. At 
these scales, liposome preparation methods different 
from those used to produce small, lab-scale batches must 
be used. Changing preparation methods, however, can 
result in poor reproducibility of product performance 
and other problems. Regardless of which method is 
selected, achieving a uniform mixture and hydration of 
the raw material phospholipids and cholesterol at the 
molecular level are the most important requirements for 

proper liposome preparation. Without sufficient mixing, 
hydrophobic cholesterol aggregates precipitate out 
without being incorporated into the liposome membrane. 
Even when the raw materials are uniformly mixed 
at the molecular level, the presence in the mixture of 
clumps, solids, and similar shapes that are not readily 
hydrated may require more robust hydration techniques, 
which could in turn require new equipment investment. 
Although many techniques that use organic solvents to 
produce liposomes are available, these techniques burden 
the manufacturer with the new tasks of establishing 
methods for removing residual organic solvent from the 
drug product and controlling the level of removal.

 Presome® is a lipid blend made using proprietary 
technology developed by NFC that greatly simplifies the 
complicated process of liposome production. Presome can 
be added to an aqueous solution free of organic solvents 
and gently mixed to prepare a liquid mixture of multi-
lamellar liposomes measuring about 1 μm in diameter. 
These liposomes can later be resized to suit the purpose 
(Figure 1). Although Presome is a mixture of powdered 
lipids, it is not a liquid mixture of lipids with the solvent 
removed but rather a mixture of lipids specially processed 
at the molecular level for liposome preparation. The 
result is a product that simplifies liposome production, 
enables large-scale liposome production, and allows 
the preparation of highly concentrated liposome liquid 
mixtures. Some of the features of Presome are listed 
below.
 ●  Many of the complex procedures involved in 

preparing liposome mixtures can be eliminated.
 ●  Large-scale, high-concentration liposome mixtures 

(up to 20 kg per batch) can be prepared.

 ●  Liposome mixtures can be prepared without 
organic solvents.

 ●  Presome can be ordered with custom lipid 
consistencies.

 ●  Presome conta ining cer ta in  l ip id-soluble 
substances can be ordered.

 ●  NFC's high-purity phospholipids, high-purity 
cholesterol, and functional phospholipids can be 
used as lipid raw materials.

 ●  Consistent quality control and GMP control are 
possible.

 Presome contains raw materials suited to sustainable 
development goals. On the market for over 20 years, 
Presome has an established reputation and is used in 
marketed products and investigational drugs. Presome, 
along with our high-purity phospholipids and cholesterol, 
is available as a reagent for you to purchase and try 
through Tokyo Chemical Industry Co., Ltd.

Presome is a Lipid Blend that Simplifies Liposome Preparation
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Presome® is a registered trademark of NIPPON FINE CHEMICAL CO., LTD. and trade names and formulation names in Table 1 and 2 are registered 
trademarks of each developers or manufacturers.

Formulation
name References API

API
encapsulation

rate1
Lipid concentration Drug

concentration

Particle
size

(PDI)

Doxil® (1) Doxorubicin 100% HSPC/Cholesterol/MPEG2000-DSPE=
9.6/3.2/3.2 (mg/mL) 2.0 mg/mL 101 nm

(0.048)

ONIVYDE® (2) Irinotecan 99% Not determined. 2.3 mg/mL 101 nm
(0.048)

Pulmaquin® (3) Ciprofloxacin 98% HSPC/Cholesterol =
62.4/26.9 (mg/mL) 43.7 mg/mL 103 nm

(0.038)

Table 2.  API encapsulation rates and physical properties of liposomes prepared with Presome

1) Yield from liposomes relative to the amount of the API initially added.

 To demonstrate the usefulness of Presome, we 
prepared three commercially available liposome drug 
products using pre-formulated Presome, using the 
methods described in the relevant journal articles (1,2,3). 

The active pharmaceutical ingredient (API) encapsulation 
rates and physical properties of the resulting liposomes 
are shown in Table 2.

 Now that laboratories across the globe have been 
actively researching and developing liposome drug 
products for over three decades, LNP coronavirus 
vaccines have recently emerged as a miracle of modern 
medicine. Pharmaceutical companies are rethinking their 
DDS technologies to reposition their existing drug lineup 
so as to satisfy unmet medical needs for therapeutic 
and prophylactic coronavirus drugs. Their efforts are 
apparent in intensifying research into nanomedicine 
products including liposomes and LNPs. As this research 
proceeds, NFC is continuing to produce more high-
purity phospholipids and cholesterol every year, and 
nanomedicine stands to make more strides forward. 
As the manufacturer of these raw materials, NFC is 
committed to producing products of stable quality to 
satisfy the R&D institutes, pharmaceutical companies,  
medical institutions, doctors, and patients we serve, 

and enable our clients to manufacture products with 
excellent performance reproducibility. After all, our 
mission is to add new value to the field of nanomedicine.

 Nippon Fine Chemical commemorated its 100th 
anniversary in February 2018. Established in 1918 as 
Nippon Camphor Co., Ltd., the company overcame 
a major challenge when the camphor monopoly system 
was abolished after the war, switching to fatty acid 
and other oil-related products business. In 1971, the 
company name was changed to the current "Nippon Fine 
Chemical Co., Ltd.", and since its fresh start as a fine 
chemical manufacturer, the company has expanded its 
business portfolio as a pioneer in the chemicals sector. 
Going forward, we want to be indispensable to all 
people, a company that continues to innovate and grows 
sustainably.

 Remote loading was used to include each API into 
liposomes as described above. Each API was efficiently 
encapsulated, and the liposomes contained the expected 
concentrations of lipids. These trials highlight the 

potential of Presome for preparing products equivalent to 
commercially available drug products. They also suggest 
that Vyxeos® could be prepared with Presome.

Using Presome to Prepare Sample Batches of Commercially Available Liposome 
Products

Conclusion
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Related Products
Cholesterol (>99%) (stabilized with α-Tocopherol)  1g  5g C3624
DOP-DEDA   50mg D5882
Presome® ACD-1   100mg P2807
Doxorubicin Hydrochloride  25mg 100mg D4193
Daunorubicin Hydrochloride  20mg 100mg D4532
Bupivacaine Hydrochloride  5g 25g B3925
Irinotecan Hydrochloride Trihydrate   100mg I0714
Cytarabine  1g 5g C2035
Amikacin Sulfate   5g 25g A2281
Ciprofloxacin  5g 25g C2510

＊ These related products are for research purposes only.
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Nine Short Stories - Part 2 -

Nagatoshi Nishiwaki
Kochi University of Technology, School of Environmental Science and Engineering

Chemistry Chat

 M i z u k i  w a s  p r e p a r i n g  f o r  t h e  c o l u m n 
chromatography. He added a slurry of silica gel to the 
column, but silica gel was tightly packed in some parts, 
and was packed with fluffiness in other parts. So, he 
tapped the column from the side to pack all the parts 
tightly. After adsorption of the reaction mixture, he ran 
the eluting solvent. Some parts went fast and some went 
only slowly, which looked like a devil's claw. Naturally, 
there was no way to get a clean separation, thus he had 
to combine and concentrate the fractions, and redo the 
process from the beginning.

⇨ In the experiments of column chromatography, packing 
of silica gel is considerably important. There are two 
points to do well: packing homogeneously and keeping 
the adsorption surface horizontal. Mizuki tapped it from 
the side, so the side that was tapped was packed tightly 
while the other side was loose. It is just like humans who 
become perverse when they are treated unfairly. From my 
experience, it is effective to add silica gel like snowflakes 
through solvent and then tap the top of the column 
a couple of times for packing homogeneously. Of course, 
other professors and labs may use different methods, but 
I am not dismissing those methods by any means.

 Fumiko was separating the reaction mixture.  
She was able to pack silica gel tightly and homogeneously, 
and then, she began development. Because a horizontal 
ring came down, she thought, "So far, so good”. 
When she switched the eluting solvent from hexane to 
dichloromethane, the silica gel lifted up with a bumping 
sound as the dichloromethane was lowered, and a crack 
generated. The dichloromethane advanced repeatedly, and 
by the time it reached the outlet, there were several gaps 
in the silica gel. Any satisfaction that had been gained 
by packing silica gel homogeneously was lightly blown 
away, leaving only a sense of disappointment.

⇨ When solvents of different polarities are mixed, 
heat of admixture is produced. If a solvent with a low 
boiling point and high volatility is used, the heat may 
cause it to vaporize. It may not be a problem in an open 
system. However, in a closed system, namely in packed 
silica gel, there is no escape route for the vaporized 
solvent. After generation of several cracks, separation 
cannot be performed anymore. If you switch to a solvent 
of very different polarity, it is better to run a small amount 
of solvent of intermediate polarity before it.

Story 4. Unfairness

Story 5. Crack generation

 Column chromatography is one of the most difficult techniques to master in organic synthesis chemistry 
experiments. There are many points to pay attention to, such as how to pack the silica gel, selecting the solvent, and 
switching the fractions, and a lot of experience is required. This time, I would like to talk about column chromatography.
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 Mizuki observed four spots on the thin layer 
chromatography (TLC) of the reaction mixture. Since 
each of them had relatively different Rf values, the  
separation seems to be easy by column chromatography 
if the polarity of the eluting solvent is gradually increased. 
Therefore, he increased the ratio of ethyl acetate to 
hexane by 20%. However, four spots were observed in 
one of the fractions, indicating that they could not be 
separated at all.

⇨ One of the difficulties of column chromatography  
is the selection and switching of the eluting solvent. 
If you can elute with a single solvent, it is not necessary 
to think about the switching so much. On the other hand, 
you should consider what ratio to use and when to switch 
eluting solvents if you use mixed solvents. There is 
a big difference between 1% and 2%, but between 30% 
and 50% is not so different. In other words, you should 
increase with small steps up to about 10%, but after 
that you can increase it roughly. You change the pattern 
of behavior depending on the surrounding situation. It is 
similar to experiments.

Story 6. Nonlinear

Professor Nagatoshi Nishiwaki received a Ph. D. in 1991 from Osaka University. He worked 

in Professor Ariga’s group in the Department of Chemistry, Osaka Kyoiku University, as an 
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was with Karl Anker Jørgensen’s group at Århus (Aarhus) University in Denmark. He worked at 

the Center for Collaborative Research, Anan National College of Technology as an associate 

professor from 2008 to 2009. Then, he moved to the School of Environmental Science and 

Engineering, Kochi University of Technology in 2009, where he has been a professor since 

2011. His research interests comprise synthetic organic chemistry using nitro compounds, 

heterocycles (synthesis, ring transformation, 1,3-dipolar cycloaddition, application as tools in 

organic synthesis), and pseudo-intramolecular reactions.
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New Products Information
Visible-Light Photoredox Catalyst to Synthesize 2-Subsituted Piperainzes

Product Number: A3419
1g  5g

Product Number: D4887
200mg

 Photoredox catalysts can form an excited triplet state under visible light irradiation. The lifetime of the 
excited state is relatively long since the transition of the spin state is forbidden. This quenching process 
contributes to photoinduced one-electron oxidation or reduction. The piperazine moiety is one scaffold used 
in medicinal chemistry and some efficient synthetic pathways are well studied.1) Bousquet and Bigot et al. 
reported a photocatalytic approach to the construction of 2-substituted piperazines from glycine derivatives using 
Ir[(ppy)2(dtbbpy)]PF6 (1).2) This process is called the CarboxyLic Amine Protocol (CLAP) and an imine intermediate 
is formed with N-(2-aminoethyl)-N-benzylglycine bis(trifluoroacetate) (2) and aldehydes under basic conditions. 
The photoinitiated decarboxylative annulation then proceeds to give 2-substituted piperazines under blue LED 
irradiation in the presence of 1. One of the features of this approach is that it can be applied not only to a batch 
process but also to a continuous flow process.

Practical Example: Synthesis of 3-arylpiperazine using visible light with 12)

 An oven-dried Schlenck tube was charged with 2 (88 mg, 0.20 mmol), and the system was degassed through 
N2 purging (3 x 5 min). 1 mol/L KOH solution in methanol (0.82 mL, 0.82 mmol) and 4-fluorobenzaldehyde (35 mg, 
0.28 mmol) were subsequently added. The reaction mixture was stirred at room temperature for 0.5 h. A solution 
of 1 (1.8 mg, 2.0 x 10-3 mmol) in dry acetonitrile (3.2 mL) was added. The reaction was degassed with N2 bubbling 
before starting the irradiation and was stirred at room temperature under the exposure of blue LEDs for 3 h. The 
solution was filtered to remove the trifluoroacetate salt formed. The resulting mixture was concentrated under 
vacuum and purified with column chromatography (1 : 99 methanol / ethyl acetate on silica gel) to give 1-benzyl- 
3-(4-fluorophenyl)piperazine as a yellow oil (43 mg, 80%). 

N-(2-Aminoethyl)-N-benzylglycine Bis(trifluoroacetate) (2)

Ir[(ppy)2(dtbbpy)]PF6 (1)

References
1)  Y. Xi, H. Yi, A. Lei, Org. Biomol. Chem. 2013, 11, 2387.
2)  R. Gueret, L. Pelinski, T. Bousquet, M. Sauthier, V. Ferey, A. Bigot, Org. Lett. 2020, 22, 5157.

Related Products
[Ir [dF(CF3)ppy]2(dtbbpy)]PF6   200mg 1g  D5817
Ru(bpy)3Cl2 Hexahydrate   1g 5g  T1655
4-Fluorobenzaldehyde   25mL 250mL  F0191
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Palladium Catalyst for the Suzuki-Miyaura Coupling of Heteroaryl Chlorides

Product Number: B6255
1g

 Pd(Amphos)2Cl2 (1) is an air-stable divalent palladium complex that catalyzes Suzuki-Miyaura coupling with 
heteroaryl chlorides.1,2) This reaction is characterized by high yields of coupling products even when heteroaryl 
chlorides, which are inexpensive but have low reactivity, are used as raw materials, and some reactions exceed 
catalytic turnover rates (TON) of 10000. In addition, the reaction is applicable to substrates having free amino group 
and sulfur functional groups that can be catalyst poisons. Since the obtained heterobiaryl skeletons are important 
structures in drug discovery research, it is expected that the coupling reaction with 1 will be widely used.

Practical Example: Synthesis of 2-(o-tolyl)-pyridineamine with 1
 To a 50 mL 3-neck flask under nitrogen atmosphere, 3-amino-2-chloropyridine (0.8 g, 6.2 mmol), 
2-methylphenylboronic acid (1.0 g, 7.4 mmol, 1.2 eq), 1 (0.044 g, 0.062 mmol, 1 mol%), potassium carbonate 
(1.3 g, 9.4 mmol) were added, and the reaction mixture was refluxed at 90 °C for 5 hours. After confirming the 
disappearance of the raw material, the reaction solution was cooled to room temperature, and then water (20 mL) 
was added and extracted with ethyl acetate. The organic layer was washed with 1 mol/L sodium hydroxide solution 
and brine, dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure. 
The crude product obtained was purified by silica gel column chromatography (hexane : ethyl acetate = 1 : 1), and 
2-(o-tolyl)-3-pyridinamine (0.90 g, 79% yield) was obtained as a milky white powder.

Pd(Amphos)2Cl2 (1)

Related Products
3-Amino-2-chloropyridine    25g  A0836
2-Methylphenylboronic Acid (contains varying amounts of Anhydride)   5g 25g  M1313
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DNA Phosphoramidites for Oligonucleotide Synthesis

Product Number: D5701
1g

Product Number: D5702
1g

Product Number: D5707
1g

Product Number: D5708
1g

 The phosphoramidite method is standard for oligonucleotide synthesis.1,2) In this method, one nucleotide 
addition is conducted by a synthetic cycle with the following three steps: i) coupling of a phosphoramidite and an 
oligonucleotide at the 5’-OH of the terminal nucleoside with an activation reagent like 1H-tetrazole and capping of 
the unreacted hydroxy group; ii) oxidation or sulfurization of the phosphite moiety; iii) deprotection of the DMT group. 
This cycle is performed by an automated synthesizer and oligonucleotides can be prepared easily and quickly in this 
system.
 DNA phosphoramidites 1, 2, 3 and 4 are applicable for the synthesis of oligonucleotides including DNAs 
and utilized in the preparation of gapmer antisense oligonucleotide drugs containing DNA sequences such as 
mipomersen. The DNA sequence in the gapmer is an important part for the degradation of target RNAs catalyzed by 
RNase H to prevent gene expression.3)

DMT-dC(Bz) Phosphoramidite (1)

DMT-dT Phosphoramidite (2)

DMT-dA(Bz) Phosphoramidite (3)

DMT-dG(Ib) Phosphoramidite (4)

References
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2)  S. Roy, M. H. Caruthers, Molecules 2013, 18, 14268.
3)  S. T. Crooke, R. S. Geary, Br. J. Clin. Pharmacol. 2013, 76, 269.
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SAM CsMAFA
Perovskite

MAFA
Perovskite

Co-evaporated
MAPbI3

Slot-die coated
MAPbI3

CIGSe/CsMAFA
Perovskite tandem

Silicon/CsMAFA
Perovskite tandem

OPV 
Ternary BHJ

2PACz 20.8%1) 21.1%1) - 20.8%5) - 27.36%3) 18.03%4)

MeO-2PACz 20.2%1) 21.1%1) 20.6%2) - 23.26%, certified1) 28.60%3) -

1 20.8%3) - - - 24.16% certified 29.15%, certified3) -

Table. Power conversion efficiency of PSC and OPV by using SAM

References
1) A. Al-Ashouri, A. Magomedov, V. Getautis, S. Albrecht, et al., Energy Environ. Sci. 2019, 12, 3356.
2)  M. Roß, S. Albrecht, et al., ACS Appl. Mater. Interfaces 2020, 12, 39261.
3)  A. Al-Ashouri, A. Magomedov, V. Getautis, S. Albrecht, et al., Science 2020, 370, 1300.
4)  Y. Firdaus, T. D. Anthopoulos, et al., ACS Energy Lett. 2020, 5, 2935.
5)  J. Li, A. Abate, E. Unger, et al., Adv. Energy Mater. 2021, 11, 2003460.

Self-Assembly Monolayer Forming Agent for Highly Efficient Tandem Solar Cells

Product Number: M3359
500mg

 Perovskite solar cell receives good attention as the next generation of solar cells due to their characteristic 
features of high efficiency and low cost. Recently, researchers have started developing upscaling of the solar cells by 
a printing technique and tandem solar cells with other solar cells.
 One important issue for the industrialization of the perovskite solar cell is the improvement of the stability of the 
hole transport layer. There have been some reports on high efficiency, stability and cost reduction by introducing  
a self-assembly monolayer (SAM) into the hole transport layer. Albrecht and Getautis et al. developed some 
carbazole-based SAM-forming materials (2PACz and MeO-2PACz) with phosphonic acid as an anchoring group. 
These SAM materials effectively formed hole contact layers on metal oxide surfaces. A solar cell device with SAM 
materials can realize a high open-circuit voltage (VOC) and fill factor (FF) by enabling high speed hole extraction and 
minimizing non-radiative recombination.
 Quite recently, they also developed Me-4PACz (1) with modified alkyl chain lengths and substituents on the 
carbazole moiety of 2PACz. A perovskite solar cell with 1 can realize more than 20% efficiency, which is comparable 
with those of the 2PACz and MeO-2PACz devices. 1 is particularly effective for a tandem solar cell and showed VOC 
1.92 V, FF 84%, and 29.15% efficiency in perovskite-silicon tandem cells.

Me-4PACz (1)

Related Products
2PACz    500mg  C3663
MeO-2PACz    500mg   D5798
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1

Figure 1.

Synthetic Auxin with 1000-fold Stronger Binding Affinity than the Natural Auxin

Product Number: A3390
10mg  50mg

 A technique to induce degradation of target protein which has AID tag for binding to auxin, because auxin receptor 
protein (TIR1) acts as a F-box protein constituting SCF complex in ubiquitin-proteasome system is called Auxin-
inducible degron (AID) system (Figure 1).1) 5-Adamantyl-IAA (1) has 1000-fold stronger affinity with modified TIR 
receptor protein than natural auxin.2) These make it possible to induce protein degradation in 1/1000 concentration 
auxin of original AID system, and a low toxic protein degradation has been reported in mouse and human cells.3)

5-Adamantyl-IAA (1)
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Related Products
cvxIAA   10mg 50mg  M3141
Celastrol    25mg  C2737
Disulfiram   25g 500g  B0479
3-Indoleacetic Acid   5g 25g  I0022
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 A novel human coronavirus, SARS-CoV-2, emerged in December 2019, and has been spreading rapidly 
worldwide. Since then, researches have revealed agents including synthetic medicines, traditional medicines and 
natural products that may have potential efficacy against SARS-CoV-2.1,2) The three molecules in the figure below 
are new candidate small molecular anti-SARS-CoV-2 agents and their detailed biological properties are described 
as follows.

Arbidol Hydrochloride (1)
 Arbidol hydrochloride is a broad-spectrum antiviral agent used in Russia against a number of enveloped and non-
enveloped viruses. Arbidol prevents the entry of the virus into the cell and prevents the fusion of the virus with the 
host cell membrane. In 2020, its anti- SARS-CoV-2 activity was also reported.2,3)

Cepharanthine (2)
 Cepharanthine is a naturally occurring alkaloid contained in the plant Stephania cepharantha HAYATA which has 
been widely used as an herb to treat a variety of diseases, and as an antidote against snakes poisons. Recently, 
it has been reported that combining cepharanthine and nelfinavir enhanced their predicted efficacy to control 
coronavirus proliferation, including SARS-CoV-2.4)

Theaflavin (3)
 Theaflavin is a flavonoid with diverse biological activities, including antioxidant, anticancer, and antiviral activities. 
In 2020, some studies reported that theaflavin may be effective in suppressing the growth of SARS-CoV-2.5)  
In these reports, theaflavin showed potential to bind to RNA-dependent RNA polymerase, and to inhibit SARS-CoV-2 
viral growth and activity.

Related Product
Nelfinavir Mesylate Hydrate   25mg 100mg N0986

New Anti-SARS-CoV-2 Agent Candidates

Product Number: A3402
25mg  100mg

Product Number: M2968
250mg  1g

Product Number: T3962
5mg  25mg

Arbidol Hydrochloride (1)

Cepharanthine (2)

Theaflavin (3)

*These products are for research purposes only.
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DNA Methyltransferase Inhibitor

Product Number: P2023
50mg  200mg

 RG 108 (1) is a DNA methyltransferase inhibitor that inhibits the enzyme with IC50 = 115 nM.1,2) 1 was 
demonstrated to bind directly to the active site of the enzyme by molecular modeling.1) Furthermore, 1 enhanced 
reprogramming of human3) and mouse4,5) somatic cells to iPS cells.

RG 108 (1)
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