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ABSTRACT: Glutathione (GSH) is a tri-peptide that 
plays an important role in protecting cells and tissues 
against oxidative stress. So far a lot of analytical 
methods of glutathione have been reported. This 
brief review presents an overview of the analysis of 
glutathione in biological samples by high-performance 
liquid chromatography (HPLC) in recent five years, 
focusing on the sample pretreatment, derivatization 
and mass spectrometric detection.

Keywords: High-performance liquid chromatography, 
mass spectrometry, derivatization, glutathione

1. Introduction

Glutathione (GSH, γ-L-glutamyl-L-cysteinyl-glycine) is 
a tri-peptide that plays an important role in protecting 
cells and tissues against oxidative stress. Oxidative 
stress is to be involved in aging, and in various diseases 
such as cardiovascular diseases, diabetes mellitus, 
rheumatoid arthritis, Alzheimer's diseases, Parkinson's 
disease, and carcinogenesis (1-5). Under these conditions 
GSH is converted to glutathione disulfide (GSSG), the 
oxidized form of GSH, resulting in a decrease in GSH/
GSSG ratio. Therefore, GSH/GSSG ratio is considered 
to be an indicator of redox status and disease risks, and 
it is important to measure GSH and GSSG level in the 
biological samples.
 There are several difficulties to measure GSH 
and GSSG level accurately. GSH can be easily non-
enzymatically oxidized to GSSG by molecular oxygen. 
Furthermore GSH reacts with disulfides and thiol-
disulfide exchange can take place. Under normal 
conditions, GSH is known to be present in mammalian 
cells in the concentration range 1-10 mM, and the molar 
ratio of GSH/GSSG is maintained at about 100:1 to 

1,000:1 (6). Therefore, oxidation of the small amount 
of GSH to GSSG or thiol-disulfide exchange greatly 
changes the GSH/GSSG ratio. To measure GSH level in 
plasma, the following point should be also considered. 
GSH level in erythrocytes is about 500-fold higher than 
that in plasma, thus, hemolysis can cause overestimation 
of GSH in plasma samples. These facts suggest that 
the sample pre-treatment is crucial for the exact 
measurement of GSH and GSSG level.
 GSH and GSSG have been measured by several 
analytical methods (7). In particular, high-performance 
liquid chromatography (HPLC) with various detection 
methods such as ultraviolet absorbance (UV), 
fluorescence detection (FL), electrochemical detection 
(ECD), is widely used because of its convenience, 
sensitivity, and selectivity (8-11). Recently, liquid 
chromatography-mass spectrometry (LC-MS) is 
sometimes used for the analysis of glutathione and its 
related compounds (12). This brief review presents an 
overview of the analysis of glutathione in biological 
samples in recent fi ve years (2009-2013), focusing on the 
sample pretreatment, derivatization and LC-MS.

2. Analysis of GSH by HPLC

2.1. Sample pretreatment

Pretreatment of GSH analysis by HPLC usually 
involves the following procedure, i.e., sample collection, 
reduction of GSSG, deproteinization, and derivatization 
of GSH. Samples must be carefully treated for the 
accurate quantification of GSH and GSSG, since non-
enzymatic oxidation of GSH, thiol-disulfide exchange, 
other side reactions, and hemolysis can occur during the 
pretreatment. These reactions disturb GSH/GSSG ratios 
in the samples. Oxidation reaction and thiol-disulfide 
exchange reaction (13) are dependent on pH and 
temperature, therefore lower pH and lower temperature 
is recommended during sample pretreatment and 
storage. Tubes for sampling are recommended to contain 
chelating agent such as ethylenediaminetetraacetic acid 
(EDTA) to suppress oxidation reactions. Addition of 
the derivatization reagent such as N-ethylmaleimide 
(NEM) to the sample was effective to protect thiol group 
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from oxidation and thiol-disulfide exchange reactions. 
Reagents, reactions, and practical considerations for the 
sample pretreatment of GSH and GSSG analysis were 
described and discussed in detail in the previous reviews 
(14,15).

2.2. Determination of GSH by HPLC-UV, ECD, FL

HPLC-UV, ECD, FL methods were summarized in Table 
1. During acid-induced denaturation of blood samples, 
oxyhemoglobin elicits the production of several oxidants, 
which induce a strong artifactual increase in both GSSG 
and PSSG (S-glutathionylated proteins) concentration. 
This phenomenon can be prevented by blocking the –
SH groups with alkylating agents such as NEM before 
acidification (16-18). Taking into these considerations, 
Rossi et al. reported the measurement of GSH, GSSG, 
and PSSG in human red blood cells (19). Blood samples 
were drawn in the presence of EDTA, and red blood cells 
(RBCs) were prepared by centrifugation. RBCs samples 
were washed with phosphate buffered saline (pH 7.4) 
containing 6 mM glucose (PBSG) and 10 mM NEM, and 
acidifi ed with 10% (w/v) trichloroacetetic acid (TCA). After 
deproteinization by centrifugation, the excess of NEM in 
the supernatants was extracted by dichloromethane. The 
samples were reacted with 2,4-dinitrofl uorobenzene (FDNB) 
for 3 h at room temperature and aliquots were subjected to 
HPLC analysis. They examined the role of ketone bodies 
(β-hydroxybutyrate, acetone, acetoacetate) in generation 
of oxidative stress in human erythrocytes. A simple and 
rapid determination method of the reduced form of GSH in 
whole blood was reported (20). Blood samples collected in 
the tubes containing of a solution of K3EDTA and were let 
to react with NEM for 1 min. The samples were acidifi ed by 
TCA (12%, w/v) and proteins were spun by centrifugation, 
and aliquots of supernatants were loaded onto an HPLC. 
Though this method detects only GSH and not its oxidized 
form, GSSG, it can be used for large-scale clinical studies. 
HPLC-UV method requires a simple instrument, and can be 
easily applied to the routine analysis.
 HPLC-ECD is a simple and sensitive detection method 
for thiol compounds such as GSH. In HPLC-ECD, GSH 

was usually analyzed without derivatization. Park et al. 
reported the determination of GSH and GSSG using LC-
ECD with boron-doped diamond electrode (21). Liver was 
homogenized in ice-cold PBS containing 1,3-diamino-2-
hydroxypropanetetraacetic acid (DPTA) in ice bath. The 
homogenate was mixed with ice-cold 10% perchloric acid 
(PCA) containing DTPA. The acidified supernatant was 
stored at −80ºC and subjected to HPLC. This method was 
applied to the evaluation of hepatic glutathione redox 
status. Khan et al. reported simultaneous determination of 
ascorbic acid and aminothiols in plasma and erythrocyte 
using HPLC-ECD (22). Blood samples were collected in 
EDTA tube, centrifuged, and stored at −80ºC. The plasma 
and 10% meta-phosphoric acid solution were mixed and 
vortexed. After addition of mobile phase and centrifugation 
at 4ºC, the supernatant was injected to HPLC. Lysed 
erythrocytes were similarly analyzed. HPLC-FL is widely 
used method for the analysis of glutathione, since it is 
highly sensitive and selective. Derivatization reagents such 
as ortho-phthaldialdehyde (OPA), monobromobimane 
(MBB), ammonium 7-fluorobenzo-2-oxa-1,3-diazole-4-
sulphonate (SBD-F), and fluorescent maleimide were 
often used for this purpose. Conlan et al. reported 
the determination of  intracellular glutathione and 
cysteine using MMB (23). After deproteinization by 
methanesulfonic acid, the samples were reacted with 
MMB in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic 
acid (HEPES) buffer (pH 8.5) in the dark for 30 min 
in the presence of diethylenetriaminopentaacetic acid 
(DTPA). GSSG and cysteine (CysSS) were reduced to 
GSH and Cys by dithiothreitol (DTT) in 1 M HEPES 
buffer (pH 8.5) at 37ºC for 30 min followed by the 
derivatization with MMB. The increase in GSSG content 
and the higher GSSG/GSH ratio in myofi bers compared 
with myoblasts were reported.

2.3. Determination of total glutathione by HPLC

Assay methods of total glutathione or GSSG in biological 
samples were summarized in Table 2. In these methods, 
GSSG and protein bound GSH were reduced to GSH, 
and the total GSH (total of reduced and oxidized forms 
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Table 1. Determination of GSH and GSSG by HPLC-UV, FL, ECD

Analytes

GSH, GSSG, PSSG 
GSH 
GSH, GSSG 

GSH, Cys, Hcy,
Nac, Met, GSSG
CysSS, Vitamin C
GSH, GSSG 
Cys, CysSS

Separation 
(Column)

C18
NH2
C18

C18

C18 monolithic

GSH 
(LOQ)
 
NR
0.05 mM
62.5 pmol
(S/N 139.6)
30 ng/mL

0.03 μM 
(LOD, S/N = 3)

GSSG 
(LOQ)

NR
NR
1.6 pmol 
(S/N 4.4)
96 ng/mL

NR

Matrix 

Erythrocyte
Human blood
Mouse liver  
  
Human plasma

Human muscle cell

Ref.

19
20
21 
  
22

23

Detection

UV (355 nm) 
UV (265 nm) 
ECD (1,475 mV) 

ECD (900 mV)

FL (360/455 nm)

Derivatization

NEM, FDNB
NEM 
None 

None

MBB 

NR, not reported; LOQ, limit of quantifi cation; LOD, limit of detection; Hcy, homocysteine; Nac, N-acetylcysteine; Met, methionine. Other 
abbreviations are described in the text. The detection wavelength or electrode voltage was described in the parentheses of "Detection" column. 
The excitation and emission wavelengths were described in case of FL.
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high and the fluorescence intensities of SBD-thiols are 
greatly increased in the solution containing high percentage 
of organic solvent (29). Yoshitake et al. reported a sensitive 
analysis of aminothiols using intramolecular fluorescence 
resonance energy transfer (FRET) between the amine-
derivatized and thiol-derivatized fl uorophores (27). 

2.4. Determination of GSH by LC-MS

Recently, LC-MS has been widely used for the 
determination of biological compounds, because of its 
sensitivity and selectivity. This method is also applied 
to the analysis of GSH, GSSG, and related compounds 
(Table 3). Iwasaki et al. used N-benzylmaleimide 
(NBenzM) and N-cyclohexylmaleimide (NCycloM) for 

of GSH) was analyzed. DTT (24,25), tributylphosphine 
(TBP) (26,27) and tris-(2-carboxyethtyl)phosphine (TCEP) 
(28,29) were used as a reducing agent. The generated GSH 
was derivatized with OPA (24), SBD-F (26,29), 5-bromo-7-
fl uorobenzo-2-oxa-1,3-diazole-4-sulphonate (SBD-BF) (28), 
N-1-(pyrenyl)maleimide (NPM) (25), 1,3,5,7-tetramethyl-
8-phenyl-(4-iodoacetamido)difluoroboradiaza-s-indane 
(TMPAB-I) (30), 1,3,5,7-tetramethyl-8-bromomethyl-
difl uoroboradiaza-s-indacene (TMMB-Br) (31). GSH, GSSG 
and their derivatives are usually separated on the reversed-
phase column. Hydrophilic interaction chromatography 
(HILIC) is also useful for the separation of these highly 
polar compounds. Isokawa et al. reported the improvement 
of the sensitivities of SBD-thiol compounds using HILIC 
column. The content of organic solvent in HILIC is rather 

Table 2. Determination of total GSH by HPLC

Analytes

GSSG, GSH 
GSH 
GSH, Cys,  
Hcy, CysGly,
GSH, Cys, Hcy
 GSH, Cys,
Hcy, CysGly
GSH, Cys, Hcy, 
CysGly,γ-GluCys,
Nac, CA
CoA, GSH, Nac,
Cys, Hcy, 6-MP
GSH, Cys,
Hcy, Nac

Separation
(Column)

C18
C18
C18

C18
C18

HILIC

C18

C8 

GSH 
(LOQ)

    1.0 μM
  10 nM
    0.5 μM

150 fmol
    0.05 μM

    2.7 nM

    0.3 nM
    (LOD S/N = 3)
    0.2 nM
    (LOD S/N = 3)

GSSG 
(LOQ) 

0.2 μM
NR
NR 

NR
NR

NR

NR

NR

Matrix 

Human blood, plasma
Rat brain, liver, lung
Human plasma 
  
Human plasma
Human plasma

Human plasma

Human plasma

Human blood

Ref.

24
25
26 
  
27
28

29

30

31

Detection

FL (350/420 nm)
FL (330/376 nm) 
FL (385/515 nm)

FL (390/540 nm)
FL (385/515 nm)

FL (375/510 nm)

FL (500/510 nm)

FL (505/525 nm)

Derivatization

OPA 
NPM
SBD-F 

DCIA, NBD-F
SBD-BF

SBD-F

TMPAB-I 

TMMB-Br

NR, not reported; LOQ, limit of quantification; LOD, limit of detection; Hcy, homocysteine; Nac, N-acetylcysteine; Met, methionine; CA: 
cysteamine, 6-MP: 6-mercaptopurine; DCIA, 7-diethylamino-3-[{4'-(iodoacetyl)amino}phenyl]-4-methylcoumarin; NBD-F, 4-fl uoro-7-nitro-
2,1,3-benzoxadiazole. Other abbreviations are described in the text. The excitation and emission wavelengths were described in the parentheses 
of "Detection" column.

Table 3. Determination of GSH and GSSG by LC-MS

Analytes

GSH, Cys, Hcy
GSSG, CysSS, HcySS 
GSH, Cys, Hcy, CysGly, 
and their disulfids
GSH, GSSG

GSH, GSSG, GSA

GSH, Cys, Hcy, Nac and 
their disulfides
GSH, GSSG
GSH

GSH, GSSG
GSH, GSSG

22 reduced thiols and 7 
disulfides

Separation
(Column)

HILIC

C18

Porous graphitic
carbon
Porous graphitic
carbon
HILIC

Pentafluorophenyl
C18

C18
C18 high strength
silica
C18

GSH 
(LOQ)

10 μM

10 nM

1.5 μM

0.1 pmol 

3.27 nmol/L
(LOD S/N = 3)
0.5 μM
1.8 μM
(LOD S/N = 3)
0.4 ng/mL
0.40 μM

NR

GSSG 
(LOQ) 

10 μM

5 nM 

0.1 μM

0.1 pmol

NR

0.0625 μM
NR

0.5 ng/mL
0.80 μM

NR

Matrix 

Mouse serum

Human blood 
  
Human blood

Human erythorocyte et al.

Human urine

Human blood
Human blood

Microdialysate
Rat and mouse bile

Endothelial cells

Ref. 

32

35

36 

37

34

38
39

40
41

42

Detection

MS

MS/MS 

MS/MS

MS/MS

MS/MS

MS/MS
MS/MS

MS
MS/MS

MS/MS

Derivatization

NBenzM, 
NCycloM
IAM, IPCF

NEM

NEM

BQB

none 
none 

none 
none 

cICAT

NR, not reported; LOQ, limit of quantification; LOD, limit of detection; Hcy, homocysteine; CysSS, cystine; HcySS, homocystine; GSA, 
glutathione sulfoneamide; Nac, N-acetylcysteine; Met, methionine; CA, cysteamine; cICAT, cleavable isotope coded affinity tag. Other 
abbreviations are described in the text.
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the determination of GSH and GSSG (32). At fi rst blood 
samples were collected into plastic tubes containing 
NBenzM (10 mM) to react with reduced form of GSH in 
the presence of deferoxamine mesylate. After reduction 
of GSSG with DTT, the samples were reacted with 
NCycloM (50 mM) in the presence of deferoxamine 
mesylate. After deproteinization using 5-sulfosalicylic 
acid (5-SSA), the samples were subjected to LC-MS 
equipped with column-switching system (on-line solid 
phase extraction and separation). HILIC column was used 
for separation. The content of organic solvent in HILIC 
was rather high and it was suitable for electrospray 
ionization (ESI)-MS (32-34). This method was applied 
to the investigation of the roles of thiol compounds in 
lipopolysaccharide (LPS)-induced acute inflammation. 
Serum glutathione disulfide and cysteine levels were 
significantly decreased after LPS treatment. Suh et al. 
used iodoacetamide (IAM) for the quenching of GSH 
and reduced form of thiols (35). The collected blood 
samples in the tubes containing EDTA were immediately 
mixed with IAM in Tris-HCl (pH 8) buffer. After 
deproteinization and solid phase extraction, samples 
were reacted with isopropyl chloroformate (IPCF) for 
the derivatization of amino and carboxylic groups, and 
analyzed with LC-MS/MS. The method was used to 
assess thiol redox states in plasma and erythrocytes 
isolated from healthy subjects and thalassemia patients. 
Moore et al. reported LC-MS/MS method for the clinical 
determination of reduced and oxidized glutathione from 
whole blood (36). Blood was collected in heparin or 
EDTA containing tube. The blood samples were mixed 
with solution containing NEM, 5-SSA and EDTA in 15% 
methanol. After deproteinization, GSSG and GSH-NEM 
were analyzed by LC-MS/MS. Harwood et al .used 
NEM to quench GSH (37). An excess of NEM (10 mM) 
was added, and the samples were left for 20 min at room 
temperature. Cold ethanol was added to lyse cells and 
precipitate proteins. After centrifugation the supernatant 
was removed. Samples were reconstituted in water 
and subjected to LC-MS/MS. GSH-NEM, GSSG and 
glutathione sulfonamide in cells were analyzed. Huang 
et al. synthesized ω-bromoacetonylquinolinium bromide 
(BQB) for derivatization of thiol group and applied to the 
determination of aminothiols and their oxidized forms 
in urine (34). Urine samples were divided into two parts 
equally in the presence of EDTA. One part was mixed 
with Gly-HCl buffer solution (pH 3.5) containing d7-
BQB. The labeling was completed within 3 min with 
the aid of microwave. The other part was treated with 
TCEP to reduce the oxidized forms of thiols, and reacted 
similarly with BQB. Finally two solutions were mixed 
and subjected to LC-MS/MS.
 LC-MS/MS methods without derivatization were 
reported. Blood sample was drawn into tubes containing 
EDTA and kept on ice to minimize the GSH oxidation 
and enzymatic degradation, and whole blood was 
immediately mixed with 10% TCA containing EDTA. 
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The comparison between LC-MS/MS and HPLC-
ECD was discussed (38). Norris et a.l reported that 
the combination of stable isotope with methanolic 
precipitation at sample collection provided superior 
storage stability of whole blood samples in LC-MS/
MS analysis (39). Robin et al. reported GSH and 
GSSG in the microdialysis samples from human 
dermis (40). Samples were analyzed without any pre-
treatment. To improve the sensitivity, silver nitrate 
(100 μM) was introduced into LC effl uent after column 
separation. Cao et al. reported GSH and GSSG analysis 
in bile samples. After acidification, dilution, and 
centrifugation, the samples were subjected to LC-MS/
MS analysis (41). Drug-induced changes in the biliary 
GSSG/GSH ratios were observed.

3. Conclusion

In this brief review, determination methods of GSH 
by HPLC in recent years are summarized. In these 
methods, separation and detectability were considerably 
improved compared with the previous papers, and 
the adoption of mass spectrometric detection greatly 
improved the selectivity. For the accurate quantifi cation 
of GSH and GSSG, oxidation, thiol-disulfi de exchange, 
and other side reactions of GSH must be suppressed 
during the sample pretreatment and storage. The simple 
and appropriate sample pretreatment methods are still 
required for determination of GSH.
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ABSTRACT: Much progress has been made during 
the last few decades in the treatment of malignancies. 
Many types of cancer cells comprising the tumor mass 
carry molecular markers that are not expressed or 
are expressed at much lower levels in normal cells. 
These findings provide new leads to drug design 
and development of therapeutic strategies involving 
monoclonal antibodies (mAbs) or related antibody 
drugs to treat malignancies. This article reviews recent 
advances in this targeting approach with a focus on 
the evolution and current use of prospective antibody 
drugs as effective ways to treat cancer. Additionally, 
the development of prospective antibody-drug 
conjugates will also be briefly described.

Keywords: Antibody, targeted therapy, cancer, antibody-
drug conjugate

1. Introduction

In 1986, the US Food and Drug Administration 
(FDA) approved the first monoclonal antibody drug, 
muromonab (a murine IgG1 specific for CD3), as a 
therapy for transplant patients experiencing rejection 
(1). Since then, the pharmaceutical industry has entered 
a new era of targeted therapy. Dozens of monoclonal 
antibodies (mAbs), including murine, chimeric, and 
humanized antibodies, have been developed for use 
against multiple diseases, including (but not limited 
to) autoimmune disorders and cancer, in humans (2).
Early in 2008, engineered antibodies were predicted to 
account for over 30% of all revenue in the biotechnology 
market (3). The latest global forecast is that the protein 
engineering market could reach $168 billion by 2017, 
and the market’s growth is primarily attributed to mAbs, 
which account for more than 50% of revenue (4).

 Cancer remains one of the leading causes of mortality 
worldwide, affecting over 10 million new patients every 
year. Currently, the clinical treatment options mainly 
include surgical resection, radiation, and chemotherapy. 
Although over 90 chemotherapeutic drugs have been 
approved for clinical use by the FDA, their effi cacy has 
been severely hindered by dose-limiting toxicity and 
patient morbidity (5). The story of targeted therapy for 
malignant cancer is quite a long one. Targeted cancer 
therapies can be defined as drugs developed against a 
specifi c target based on its important biological function 
in cancer (6,7). Drugs developed for targeted therapy 
including some small molecules, such as tyrosine kinase 
inhibitors, and antibody-related drugs. With dramatically 
improved antitumor action and a substantial reduction 
in toxicity, mAbs represent a major advance in targeted 
therapy.
 Increased understanding of the molecular events 
involved in cancer development has led to the 
identification of a large number of novel targets and, 
in parallel, to the development of multiple approaches 
to anticancer therapy (8). Given the urgent need for 
clinical options and the need for a better prognosis 
for patients with malignant tumors, new therapeutic 
strategies must be developed with new drugs (9). The 
ability of antibodies to exploit antigenic differences 
between normal and malignant tissue and to induce a 
variety of antitumor responses while having minimal 
effect on normal cells offers significant advantages 
to conventional forms of therapy (10). As a result, 
pharmacological research on molecular agents, including 
antibody-related drugs, is making greater progress than 
ever before. Research on antibody-drug conjugates has 
also appeared and made significant progress thanks to 
careful optimization of several parameters, including 
mAb specifi city, drug potency, linker technology, and the 
stoichiometry and placement of conjugated drugs (11).

2. Stages of antibody development

The concept of targeted therapy using mAbs has been 
put into practice and revised for several years. Recent 
studies have used tumor-specifi c antigens that facilitate 
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targeted oncologic therapy. Targeted therapy focuses 
on specifi c signal transduction molecules in malignant 
cells, including crucial molecules involved in cell 
invasion, metastasis, apoptosis, cell-cycle control, and 
tumor-related angiogenesis (12). mAbs are developed 
with a high specifi city for antigens expressed on tumor 
cells; thanks to their specific affinity for a selected 
target, antibody drugs can affect proximal events in 
signaling pathways that drive abnormal growth and 
have relatively low toxicity (10). Unlike many small 
molecules, mAbs offer unique target specificity, 
offering better efficiency and fewer side effects (13). 
The high specificity and affinity of mAbs suggest a 
bright future for their development and clinical use.
 First-generation mAbs were murine antibodies. 
Second-generation mAbs include chimeric antibodies, 
humanized antibodies, and fully humanized antibodies. 
The main objective of modifying antibodies is to reduce 
their immunogenicity (14). As was just mentioned, the 
first generation of mAbs typically consisted entirely 
of mouse cells, so they were viewed as foreign by the 
human immune system. The human immune system 
can generate unique and highly specific antibodies to 
all foreign antigens. This ability is unmatched since 
the immune system can also vary individual antibody 
isotypes in order to optimize the body's antibody 
response. The second generation of mAbs involves 
"humanized antibodies". This term refers to modifying 
the protein sequences of antibodies from non-human 
species to increase their similarity to antibody variants 
produced naturally in humans (15,16).

3. Mechanisms of mAbs in cancer therapy

The mechanisms underlying the therapeutic efficacy 
of mAb-based immunotherapy have often been 
investigated (Figure 1). First, mAbs can induce signal 
arrest and lead to apoptosis in targeted tumor cells 
by binding with their specific receptor, inducing 
modulation of the receptor or interfering with ligand 
binding and/or dimerization of the receptor (17). mAbs 
can display action through Fc-based mechanisms such as 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
and complement-dependent cytotoxicity (CDC), which 
can be infl uenced by the nature of glycosylation of the 
antibodies (13,18-21).
 In ADCC, mAb binds to the tumor antigen. The Fc 
region of the mAb is exposed and interacts with the Fc 
gamma receptors (FcγR) on the surface of effector cells, 
such as natural killer cells, macrophages, monocytes, 
and eosinophils. Stimulatory effects are mediated 
through FcγRI on macrophages, dendritic cells (DCs), 
and neutrophils and through FcγRIIIa on NK cells, 
DCs, and macrophages (22). The FcγR immunoreceptor 
tyrosine-based activation motif (ITAM) is then 
phosphorylated, triggering the activation of effector 
cells and the secretion of various substances such as 
cytokines, lytic enzymes, perforin, granzymes, and TNF 
that mediate the destruction of target cells. In murine 
models, the cytotoxicity resulting from FcR activation 
of a NK cell, γδ T cell, or macrophage is responsible 
for antitumor activity (23). Previous studies have 
found that ADCC plays a key role in the effectiveness 

179

Figure 1. Mechanisms underlying the therapeutic effi cacy of mAb-based immunotherapy. (a) mAbs can induce signaling 
inhibition and lead to apoptosis in targeted tumor cells by binding with their specific receptor, inducing modulation of the 
receptor or interfering with ligand binding and/or dimerization of the receptor. (b) The Fc region of an antibody recognizes the 
Fc gamma receptors (FcγR) on the surface of immune effector cells, while the Fab domain specifi cally bounds to a target cell. 
The FcγR ITAM is then phosphorylated, triggering the activation of the effector cell. (c) C1q binds to the antibody, triggering the 
complement cascade that leads to the formation of the membrane attack complex (MAC) (C5b to C9) on the surface of the target 
cell as a result of classic pathway complement activation.
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in targeted antibody therapy, the targeted molecule must 
be expressed at sufficiently elevated levels on tumor 
cells relative to normal cells. For example, about 20% 
of breast cancers have increased amounts of the HER2 
protein, so HER2 can serve as a target for development 
of an antibody drug to treat breast cancer patients with 
elevated HER2 (33,34).
 There are  several  exis t ing targets  of  mAb 
development that have been successfully used in 
antibody development, and several mAbs have been 
approved by the US FDA for treatment of cancer 
(Table 1). Many more mAbs are still in the clinical or 
preclinical stages of research. According to sales fi gures 
for 2012, Rituximab, which is commonly used to treat a 
variety of human lymphomas and chronic lymphocytic 
leukemia, has become the largest-selling biologic drug 
in clinical oncology.

5. Development of antibody-drug conjugates

Antibodies are modified via attachment to protein 
toxins or highly potent, low-molecular-weight drugs to 
enable antibodies to function as cytotoxic anticancer 
agents, and the toxins delivered to the interior of 
cancer cells act as bullets to cancer cells (48). The 
magic bullet concept put forth by Paul Ehrlich is over 
100 years old, while the first credible experiments 
linking chemotherapeutic agents to antibodies were 
performed almost 55 years ago (49-51). Antibody-
drug conjugates, or ADCs, are a new class of highly 
potent biopharmaceutical drugs designed as a targeted 
therapy for the treatment of cancer. These conjugates 
consist of an antibody with high specificity (a whole 

of therapeutic antibodies, which require antibodies, 
antigen-coated target cells, and FcγR-bearing effectors 
(24-27).
 In contrast, CDC involves C1q, a bundle of six 
heterotrimeric subunits consisting of globular heads and 
collagen-like tails. C1q binds the antibody that triggers 
the complement cascade, leading to the formation of 
membrane attack complex (MAC) (C5b to C9) on the 
surface of the target cell as a result of classic pathway 
complement activation (28). 
 There are five classes of immunoglobulins ‒ IgA, 
IgD, IgE, IgG and IgM ‒ that are classified on the 
basis of the constant region of the heavy chain. Most 
therapeutic antibodies developed for clinical use are of 
the human IgG1 isotype, which can induce a stronger 
ADCC or CDC in comparison to other heavy-chain 
isotypes of human antibodies (21). In addition to its 
effector mechanisms, IgG1 has a long half-life in blood 
that is as long as 21 days or so (29,30). Previous studies 
found that IgG1 ≥ IgG3 >> IgG4 ≥ IgG2 in terms of the 
strength of their ADCC effector action and that IgG3 
≥ IgG1 >> IgG2 ≈ IgG4 in terms of their level of CDC 
effector action (20,31).

4. Targets and typical mAb drugs

About 50% of mAbs in the commercial clinical pipeline 
have been studied as cancer agents (32). MAbs for 
cancer therapy have greatly helped cancer patients. 
For researchers, the first challenge in developing 
an effective mAb-based therapeutic strategy is the 
identifi cation of the right antigen to attack the surface 
of target cells (10). In order for an antigen to be of use 

Table 1. Representative target antigens and monoclonal antibodies for the treatment of cancer in clinical use

mAbs

Rituximab
Ibritumomab*

Tositumomab
Ofatumumab

Alemtuzumab

Cetuximab

Panitumumab

Trastuzumab
Pertuzumab

Bevacizumab

Denosumab

Ipilimumab

Target

CD20

CD52

EGFR

HER2

VEGF

RANKL

CTLA-4

Trade name

Rituxan
Zevalin
Baxxar
Arzerra

Campath

Erbitux

Vectibix

Herceptin
Perjeta

Avastin

Xgeva

Yervoy

Main indication

B-cell lympoma
B-cell lympoma
B-cell lymphoma
Choronic lymphocytic
leukemia

B-cell chronic lyphocytic
leukaemia

Colon, lung cancer

Colon cancer

Breast cancer
Metastatic breast cancer

Colon, lung, breast and
renal cancer

Breast and prostate carcinoma

Melanoma

Molecular type

Chimeric human/mouse antibody
Murine IgG1
Murine IgG2a
Human IgG1ĸ

Humanized IgG1

Humanized IgG1

Fully human IgG2

Humanized IgG1
Humanized IgG1

Recombinant humanize IgG

Human IgG2

Human IgG1ĸ

Company

Roche
Spectrum pharms
Smithkline Beecham
Glaxo Grp Ltd

Ilex pharmaceuticals

Imclone/Bristol-
MyersSquibb
Amgen

Roche
Genentech

Roche

Amgen

Bristol-Myers Squibb

Year

1997
2002
2003
2009

2001

2004

2006

1998
2012

2004

2010

2011

Ref.

34
35
36
37,38

39

40

41

33
42,43

44

45

46
* Coupled with 90Y or 111In.
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mAb or an antibody fragment) linked via a stable 
chemical linker with labile bonds to a "small" (300 
to 1,000 Da) biologically active toxin or drug with 
manageable toxicity (Figure 2) (52,53). Conjugated 
mAbs are also referred to as tagged, labeled, or 
loaded antibodies and are divided into three groups: 
mAbs with radioactive particles attached, mAbs with 
chemotherapy drugs attached, and mAbs attached to 
cell toxins. Thus, ibritumomab tiuxetan (Zevalin®) and 
tositumomab (Bexxar®) are, strictly speaking, examples 
of radiolabeled mAbs that fall under ADC drugs.
 Denileukin difitox (trade name: Ontak) is the first 
ADC drug that was approved in 1999 by the US FDA 
for the treatment of diffuse large B-cell lymphoma. 
Although it is not an mAb, IL-2 normally attaches 
to certain cells that contain the CD25 antigen, which 
makes it useful for delivering the toxin to these cells. 
Gemtuzumab ozogamicin (trade name: Mylotarg) was 
later approved for the treatment of acute myelogenous 
leukemia in 2000 (54). However, Pfizer/Wyeth 
withdrew the drug from the market in June 2010 
(55,56). Another ADC that was approved in 2011 was 
Brentuximab vedotin (SGN-35, trade name: Adcetris, 
marketed by Seattle Genetics and Millennium/Takeda), 
which is clinically used to treatment relapsed and/or 
refractory Hodgkin's lymphoma and systemic anaplastic 
large-cell lymphoma.
 With the FDA approval of trastuzumab emtansine 
(T-DM1, trade name: Kadcyla, marketed by Genentech 
and Roche) on February 22, 2013, the development of 
antibody-drug conjugates based on antibodies ushered 
in a new era of personalized cancer treatment with 
greater clinical efficacy and manageable toxicity. The 
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success development of T-DM1 for metastatic breast 
cancer has done away with the view that ADCs are 
only useful against blood cancers (57,58). ADCs are 
also showing promising efficacy and limited adverse 
toxicity in the treatment of cancer. According to a 
previous study, at least 30 ADCs are now in clinical 
use, accounting for around 15% of the clinical-stage 
anticancer antibody-based pipeline and outnumbering 
other modifi ed mAbs (57,59). 

6. mAb-related drugs being developed for cancer 
therapy

Despite all the advances, there are still many questions 
to answer besides the identifi cation of optimal cellular 
targets and antibody forms. Personalized therapies 
now need to identify the optimal dose, schedule, and 
combinations of agents for specific malignancies for 
specifi c patients (60). High specifi city and high affi nity 
are both important for antibodies developed as cancer 
therapies to have little impact on normal cells. The right 
target that is highly expressed on tumor cells but little 
expressed in normal cells must be chosen. To obtain a 
high affinity, more work has to be done to design the 
antigen-binding site. Dozens of MAbs are in various 
clinical stages, some of which are the later stages of 
phase II and III, indicating development of promising 
drugs for FDA approval (32,61).
 For ADCs, MAbs that  cross-react  with the 
corresponding target antigen expressed on cells from 
rodents and/or non-human primates must be selected 
whenever possible because most target antigens 
used in ADCs are tumor-selective rather than tumor-
specific (62,63). Thanks to the development of linker 
technology and utilization of suffi ciently potent toxins, 
some promising ADCs are currently undergoing clinical 
trials, and ADCs to treat hematologic malignancies 
and solid tumors that are in phase II or III are shown 
in Table 2. Most ADCs in clinical development utilize 
humanized or fully human mAbs (63).

7. Main problems 

Although there has been much progress in the 
development of antibody drugs with considerable 
specificity in patients with advanced cancer, problems 
and limitations still exist. mAbs are large molecules 
that would be expected to have limited distribution 
within solid tumor blood vessels, and the limited 
penetration of full-length antibodies into solid tumors is 
as an important factor restricting their effi cacy (70,71). 
Despite the fairly mild side effects of mAbs, such as 
fever, chills, weakness, headaches, nausea, vomiting, 
diarrhea, low blood pressure, and rashes, the major 
drawback of mAbs is their immunogenicity, which 
may induce production of anti-drug antibodies that 
can neutralize a drug's therapeutic activity, provoke 

Figure 2. Mechanism of antibody-drug conjugate. An 
antibody-drug conjugate consists of an antibody (whole mAb 
or an antibody fragment) linked via a stable chemical linker 
with labile bonds to a biologically active cytotoxic anticancer 
toxin or drug. After binding to the targeted cell receptor, ADC 
is internalized and degraded, and the toxin or drug that is 
released ultimately induces cell death by acting on specific 
genes or proteins.
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autoimmune symptoms, and affect the pharmacokinetic 
process (72-75). Although sequence humanization 
was believed to be suffi cient to tackle these problems, 
multiple clinical examples now demonstrate that 
humanization does not suffice to avoid immune 
responses (76-79). Side effects due to target inhibition 
have also emerged. For example, bevacizumab, which 
targets tumor blood vessel growth (HER2), may cause 
side effects such as high blood pressure, bleeding, poor 
wound healing, blood clots, and kidney damage (45,80). 
Although a study suggested that brain metastases 
are not a risk factor for intracranial hemorrhage 
with bevacizumab treatment (81), bevacizumab may 
potentially increase the risk of bleeding.
 In ADCs, the antibodies serve as a carrier to 
internalize the toxic component of an immunoconjugate, 
potentially making it more therapeutically active 
(82), so combining the cytotoxicity of highly potent 
natural or synthetic anti-neoplastic agents with mAbs 
conjugated by blood-stable optimized linkers is a key 
strategy for a new generation of ADCs (56). The first 
challenge is to ensure drug potency, which means 
to make sure that sufficient quantities of the ADC 
reach the target tumor cells (11,59). The second task 
is to design appropriate linker molecules to couple 
drugs to the antibody. These molecules must maintain 
antibody binding capacity following conjugation and 
also undergo selective, rather than systemic, enzymatic 
or chemical degradation inside the cell or on the cell 
surface (71).

8. Outlook and prospects for the future

After years of preclinical development, antibody 
drugs offer vast resources for drug discovery and new 
drug research. As new targets emerge, new avenues 
for drug design will open. Investigation of natural 
compounds will also offer more options for ADC 
drug research. Modern biological techniques have 
allowed the rapid production of chimeric antibodies, 
humanized antibodies, and totally human antibodies. 
Understanding of the effects and molecular mechanisms 
of these antibodies has improved with the development 

of functional genomics, proteomics, and molecular 
research, and the number of clinical trials using 
antibody-related drugs to treat cancer has increased 
markedly. Some studies have found impressive clinical 
responses, indicating the beginning of a new and 
exciting phase of cancer treatment. Moreover, bispecifi c 
mAb consisting of fragments of two different mAbs 
have appeared. These mAbs bind to two different 
types of antigen, pointing the way for antibody drug 
development. Thus, antibody drugs have a promising 
future that offers better personalized therapy and 
combination therapy to treat malignant cancer.
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ABSTRACT: Genome sequence analysis  of 
Streptomyces sp. LZ35 has revealed a large number of 
secondary metabolite pathways, including a complete 
gene cluster for the biosynthesis of cyclooctatin. This 
cluster contains four genes, cotB1–4, located in a 
5-kb region. Optimization of fermentation medium 
for LZ35Δheng (SR107) led to the identification of 
cyclooctatin (1) and 16,17-dihydroxycyclooctatin (2), 
a new diterpene. The structures of these substances 
were elucidated on the basis of 1D-, 2D-NMR, and 
HRESIMS data. Cytotoxicity against MDA-MB-231 
and A549 cell lines was also evaluated. Results 
demonstrated that gene cluster and pathway analysis 
are key to guided isolation of new natural products.

Keywords: Streptomyces sp. LZ35, gene cluster, 
cyclooctatin, 16,17-dihydroxyl-cyclooctatin

1. Introduction

Cyclooctatin, a diterpene characterized by a novel 
5-8-5-fused ring system, is a potent inhibitor of 
lysophospholipase, which was previously isolated 
from Streptomyces melanosporofaciens MI614-
43F2 (1,2). The complete cyclooctatin biosynthesis 
gene cluster was cloned from S. melanosporofaciens 
MI614-43F2 and heterologously expressed with 
variations of cytochrome P450 genes in Streptomyces 
albus to produce cyclooctatin together with two new 
intermediates, cyclooctat-9-en-7-ol and cyclooactat-9-
en-5,7-diol (3). Additionally, 17-hydroxycyclooctatin 
was isolated from Streptomyces sp. MTE4a (4). To date, 
only four compounds with this novel 5-8-5-fused ring 
backbone have been isolated thus far.

 Genome sequence analysis of Streptomyces sp. 
LZ35 has revealed a complete cyclooctatin biosynthesis 
gene cluster containing four genes, cotB1–4, located 
in a 5-kb region (unpublished data). This cluster is 
highly homologous to that reported by Kim et al. 
(3). Therefore, an interesting question was whether 
Streptomyces sp. LZ35 produces cyclooctatin-type 
diterpenoids. To facilitate the isolation of minor 
components such as putative cyclooctatin derivatives, 
four gene clusters involved in the biosynthesis of 
hygrocin, elaiophylin, nigericin, and geldanamycin 
were deleted to afford a clean background mutant 
strain LZ35Δheng (SR107) of Streptomyces sp. LZ35 
(Supporting Information) (5). The fermentation of 
LZ35Δheng on SSY agar medium led to the isolation of 
cyclooctatin (1) and 16,17-dihydroxycyclooctatin (2).

2. Materials and Methods

2.1. General experimental procedures

Mass spectra were measured using a Bruker BioTOF-Q 
spectrometer; NMR spectra were measured on Bruker 
DRX-600 MHz NMR spectrometer (Bruker Daltonics 
Inc., Billerica, MA, USA) with tetramethylsilane (TMS) 
as an internal standard. The IR spectra (KBr) were 
obtained on a Nicolet iN10 Micro FT-IR Microscope 
(Thermo Scientifi c). Reversed-phase (RP) C18 silica gel 
for column chromatography (CC) was obtained from 
Merck (Darmstadt, Germany) and Sephadex LH-20 was 
obtained from GE Amersham Biosciences (Piscataway, 
NJ, USA). Silica gel (200–300 mesh) for CC and 
silica gel GF254 for TLC were purchased from Qingdao 
Marine Chemical, Ltd. (Qingdao, Shandong, China).

2.2. Microorganisms

The strain Streptomyces sp. LZ35 was isolated from the 
intertidal soil collected in Ji'mei, Xia'men, China (6). 
The mutant strain LZ35Δheng (SR107) was constructed 
by deleting parts of hgcA, elpA, nigA and gdmAI that 
are the first module of PKS genes in the gene clusters 
for biosynthesis of hygrocin, elaiophylin, nigericin, and 
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geldanamycin, respectively (5).

2.3. Fermentation and isolation

The strain LZ35Δheng was cultured for 14 d on SSY agar 
media (2.5% Soluble starch, 1.5% Soybean, 0.2% Yeast 
extract, pH 7.2) at 28°C.
 The medium (12 L) was collected and extracted three 
times with an equal volume of  EtOAc/MeOH/AcOH 
80:15:5 (v/v/v) at room temperature. The organic solutions 
were collected by fi ltration and removed under vacuum at 
40°C to obtain the crude extract. This was partitioned three 
times between 95% MeOH and petroleum ether (1:1) to 
remove lipids. The 95% MeOH solution was concentrated 
under vacuum at 40°C to afford MeOH extract (4.5 g).
 The MeOH extract (4.5 g) was subjected to column 
chromatography (CC) over Sephadex LH-20 (120 g) 
eluted with MeOH-CH2Cl2 (2:1, v/v) to obtain 3 fractions, 
Fr. A, Fr. B, and Fr. C. Fr B was further subjected to CC 
over Sephadex LH-20 (120 g) eluted with MeOH to obtain 
6 subfractions, Fr. B1-B6. Fr. B2 (302 mg) was subjected 
to MPLC over RP-18 silica gel (20 g) eluted with 15%, 
40%, 60%, 80% and 100% MeOH, resp., (300 ml for each 
gradient) to afford 5 fractions: Fr. B2A – B2E. Fr. B2D 
(40 mg) obtained from 80% MeOH eluent was further 
purifi ed by CC over silica gel (1.6 g) eluted with gradient 
CH2Cl2-MeOH (60:1, 50:1) to yield Fr. B2D1 (3.8 mg). 
Fr. B2D1 was finally purified by HPLC (Agilent 1200 
equipped with a ZORBAX XDB-C18 5 μm, column ID: 9.4 
× 250 mm, elution: 85% MeOH, fl ow rate: 4 mL/min, UV 
detection monitored at 220 and 273 nm) to afford 1 (RT 9.2 
min, 3.0 mg). Fr. B2B (34 mg) obtained from 40% MeOH 
eluents was further purified by CC over silica gel (0.85 
g) eluted with gradient CH2Cl2-MeOH (50:1, 30:1, 20:1) to 
yield 2 (2.3 mg).

2.4. Cell lines

The human breast cancer cells MDA-MB-231 and 
A549 were obtained directly from the American Type 
Culture Collection (ATCC) and maintained in DMEM 
containing 10% fetal bovine serum (FBS, Gibco). All 
cells were grown at 37°C in a humidifi ed atmosphere of 
5% CO2. 

2.5. Cell growth assay

The cytotoxicities of compounds 1 and 2 were evaluated 
using the sulforhodamine B (SRB) assay as described 
previously (7). Briefly, 3000-4000 MDA-MB-231 
human breast cancer cells and A549 human lung 
cancer cells were seeded in 96-well plates overnight 
and exposed to either investigational compounds or 
etoposide at various concentrations for 72 h in 5% 
CO2 at 37°C. After the medium was discarded, a 100 
μL solution of 10% trichloroacetic acid (TCA) was 
added to cell monolayers and cells were stained for 

1 h at 4°C. The plates were washed five times with 
distilled water. Then, 100 μL 4 mg/mL of SRB (Sigma-
Aldrich) was added to each well, and cells were stained 
at room temperature for 10 min. The excess stain was 
removed by washing cells five times with 1% acetic 
acid. The protein-bound stain was dissolved in 200 
μL of 10 mM Tris base solution per well. The optical 
density was measured at 570 nm using a microplate 
reader (Bio-Rad, iMark680). All experiments were 
performed in triplicate. The rate of growth inhibition 
for each well was calculated as follows: Inhibition rate 
(%) = [A570(control) – A570( sample)]/[A570(control) – 
A570(blank)] × 100.

3. Results and Discussion

Geldanamycins and related type I polyketides, such as 
nigericins, elaiophylins, and hygrocins, are normally 
major endogenous secondary metabolites produced 
by wild-type Streptomyces sp. LZ35 (6). Biosynthesis 
gene clusters encoding hygrocins (hgc), elaiophylins 
(elp), nigericins (nig), and geldanamycins (gdm) were 
disrupted using a REDIRECT technique in accordance 
with a previously described protocol with modifi cations 
(8) (Table S1, Figures S1-4, http://www.ddtjournal.com/
docindex.php?year=2013&kanno=5). The portion of 
the gdmAI gene was first deleted to yield the mutant 
LZ35ΔgdmAI (SR101) (Figure S1), and double cross-
over deletion mutants were obtained by screening for 
loss of yellow pigment production (data not shown). 
The nigAI gene was then deleted to yield the mutant 
LZ35ΔnigAIΔgdmAI  (SR105) (Figure S2), and 
double cross-over deletion mutants were confirmed 
by the detection of nigericins and geldanamycins 
with thin-layer chromatography (TLC) (data not 
shown). The elpA gene was deleted to yield the mutant 
LZ35ΔelpAΔnigAΔgdmAI (SR106) (Figure S3). Finally, 
the portion of the hgcA gene was deleted to yield the 
mutant LZ35ΔhgcAΔelpAΔnigAΔgdmAI (LZ35Δheng, 
SR107) (Figure S4). HPLC analysis of the EtOAc extract 
of whole broth confirmed the absence of hygrocins, 
elaiophylins, nigericins, and geldanamycins and revealed 
more absorbance peaks with similar densities (data not 
shown), suggesting that minor components could be 
readily isolated from the mutant strain LZ35Δheng.
 Compound 1 was obtained as a colorless amorphous 
powder. The molecular formula of 1 was determined 
to be C20H34O3 on the basis of HR-Q-TOF MS (m/z 
345.4718, calcd. 345.4714 for C20H34O3Na+) and NMR 
data (Table 1). Its UV spectrum revealed maximum 
absorption in MeOH. Its IR spectrum (KBr) revealed 
the presence of a hydroxyl group (3420 cm-1). The 13C 
NMR spectrum revealed 20 signals, corresponding 
to four CH3, six CH2, seven CH, and three quaternary 
C-atoms. Complete assigment of NMR data with the 
aid of HMQC and HMBC experiments revealed that 
compound 1 was identical to cyclooctatin (Figure 1), 
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those of 1 except that the isopropylidene at C-14 in 1 
was replaced with a 1,3-dihydroxyisopropyl group in 2, 
as indicated by the two oxygen-bearing methylenes at 
δH 3.85 (dd, 5.1, 8.8) and 3.66 (d, 10.1), δC 63.7 (t) and 
at δH 3.60 (m) and 3.39 (t, 10.1), δC 61.3 (t). Extensive 
analysis of HMQC and HMBC spectra indicated that 
2 had a structure of 16,17-dihydroxycyclooctatin 
( F i g u r e  1 ) .  T h e  r e l a t i v e  c o n f i g u r a t i o n 
(2S*,3S*,5S*,6R*,7R*,11S*,14S*) was determined from 
the NOESY correlations of H-6 with H-5 and H-19, H-2 
with H-3 and H-20, and H-13β with H-15 and H-20 as 
those for 1 and 17-hydroxycyclooctatin (Figure 2) (4).

which is consistent with the literature (2).
 Compound 2 was obtained as a colorless amorphous 
powder. The molecular formula of 2 was determined 
to be C20H34O5 on the basis of HR-Q-TOF MS (m/z 
377.4706, calcd. 377.4702 for C20H34O5Na+) and NMR 
data (Table 1). Its UV spectrum revealed maximum 
absorption in MeOH. Its IR spectrum (KBr) revealed 
the presence of a hydroxyl group (3430 cm-1). The 13C 
NMR spectrum revealed 20 signals, corresponding to 
two CH3, eight CH2 (three of which were oxygenated), 
seven CH, and three quaternary C-atoms.
 The 1H and 13C NMR spectra of 2 closely resembled 

Figure 1. The chemical structures of compounds 1 and 2. Figure 2. Selected NOE correlations for compound 2.

1H

1.53 (m),
1.40 (m)
2.56 (m)
2.66 (m)
1.75 (m),
1.38 (m)
4.50 (d, 3.4)
1.98 (t, 5.2)
/
2.69 (m),
1.96 (m)
5.25 (t, 7.8) 
/
/
1.53 (m),
1.49 (m)
1.49 (m),
1.36 (m)
2.26 (m)
1.79 (m)
0.96 (d, 6.7, 3H)

0.77 (d, 6.7, 3H)

3.77 (t, 10.2),
3.62 (dd, 7.6, 10.2)
1.33 (s, 3H)
1.23 (s, 3H)

Table 1. The NMR data for 1 and 2. Recorded at 600/150 MHz (δ in ppm, J in Hz)

13C

45.5t

24.6d
44.1d
38.9t

75.0d
58.0d
77.3s
41.7t

117.8d
153.1s
44.7s
45.5t

23.2t

53.7d
28.9d
22.2q

17.3q

63.3t

26.3q
24.8q

1H

1.61 (dd, 5.9, 12.6),
1.35 (m)
2.58 (m)
2.64 (m)
1.71 (m),
1.32 (m)
4.45 (t, 5.0)
1.99 (t, 4.7)
/
2.79 (t, 11.6),
1.95 (m)
5.45 (t, 8.5)
/
/
1.90 (m),
1.63 (dd, 6.0, 12.0)
1.68 (q, 5.7),
1.35 (m)
2.68 (m)
1.23 (t, 6.7)
3.85 (dd, 5.1, 8.8),
3.66 (d, 10.1)
3.60 (m)
3.39 (t, 10.1)
3.60 (m, 2H)

1.32 (s, 3H)
1.27 (s, 3H)

13C

46.6t

35.8d
44.9d 
39.7t

75.6d
57.9d
78.3s
42.2t

118.7d
153.9s
45.8s
45.6t

25.3t

47.1d
45.7d
63.7t

61.3t

63.4t

26.7q
25.4q

1H

1.68 (br d, 12.8),
1.20 (t, 12.8)
2.56 (m)
2.61 (m)
1.71 (br dd, 12.6, 5.0),
1.38 (dt, 12.6, 3.4)
4.44 (br dd, 5.0, 3.4)
1.97 (t, 5.0)
/
2.72 (br t, 11.6),
1.91 (dd, 12.8, 7.4)
5.28 (ddd, 10.3, 7.4, 2.2)
/
/
1.59 (m),
1.42 (m)
1.56 (m),
1.38 (m)
2.30 (m)
1.83 (m)
0.96 (d, 6.6, 3H)

0.79 (d, 6.6, 3H)

3.66 (dd, 10.8, 7.4),
3.55 (dd, 10.8, 6.8)
1.33 (br. s, 3H)
1.25 (s, 3H)

13C

45.6t

35.8d
44.9d
39.7t

75.7d
58.0d
78.4s
42.2t

119.1d
154.5s
45.9s
46.6t

24.3t

55.1d
30.2d
22.5q

17.8q

63.4t

26.7q
25.2q

1

2
3
4

5
6
7
8

9
10
11
12

13

14
15
16

17

18

19
20
a Measured in CDCl3; 

b Measured in CD3OD; c The NMR data listed (CD3OD) were reported previously by Aoyama et al. (2).

1a 2a cyclooctatinc

1 2

4

5

7

9

10

15

18

R1R2 OH
H

H

H

OH

OH

1  R1 = R2 = -CH3
2  R1 = R2 = -CH2OH

11
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16 17

19

20

OH
H
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OH

OH

OH
HO

2
11

3
5

19

6H
H

 1.68

15
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 Cyclooctatins have a unique tricyclic diterpene 
skeleton (C20) characterized by a 5-8-5-fused ring 
system. Prior to the current study, only four compounds 
of this type were identified, including cyclooctatin 
(2), cyclooctat-9-en-7-ol, cyclooctat-9-en-5,7-diol 
(3), and 17-hydroxycyclooctatin (4). Previous studies 
suggested that cyclooctatin was a potent inhibitor 
of lysophospholipase and exhibited no significant 
antimicrobial activity at 100 μg/mL (1). The current 
results suggested that compounds 1 and 2 showed no 
cytotoxicity against MDA-MB-231and A549 cell lines 
at concentrations up to 50 μm.
 In conclusion, the current findings have revealed 
important new additions to the small family of 
cyclooctatin diterpenoids with a novel 5-8-5-fused ring 
backbone. The current work has also demonstrated that 
gene cluster and pathway analysis are key to guided 
isolation of new natural products.
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ABSTRACT: Influenza virus infection is a major 
public health problem that leads to significant 
morbidity and mortality. The emergence of resistance 
to the currently available anti-influenza agents has 
necessitated the development of new drugs with 
novel targets. Studying known ethno-medicinal 
plants is a promising approach for the discovery 
of new antiviral compounds. Alchemilla mollis is 
used in traditional medicine in Europe for different 
indications, including minimizing the symptoms of 
a sore throat. In this study, we found that A. mollis 
extract has anti-influenza activity, and investigated 
the mechanism underlying its inhibition of influenza 
virus replication. Plaque assays demonstrated that 
treatment of cells with A. mollis extract prior to 
infection did not inhibit influenza virus infection. 
However, plaque formation was markedly reduced 
when infected cells were overlaid with an agarose gel 
containing A. mollis extract. In addition, exposure of 
the virus to A. mollis extract prior to infection and 
treatment of cells during virus infection significantly 
suppressed plaque formation. Influenza virus-
induced hemagglutination of chicken red blood cells 
was inhibited by A. mollis extract treatment. The 
inhibitory effect was observed against influenza 
A virus subtypes H1N1, H3N2, and H5N2. These 
findings suggest that A. mollis extract has virucidal 
or neutralizing activity against influenza virus 
particles. Furthermore, inhibitory effect of zanamivir 
synergistically increased after combination with 
A. mollis extract. Our results suggest that A. mollis 
extract has the potential to be developed as an anti-
influenza agent.

Keywords: Alchemilla mollis, virucidal, synergistic 
effect, antiviral. 

1. Introduction

Influenza viruses are enveloped, negative-strand RNA 
viruses with a segmented genome that belong to the 
Orthomyxoviridae family. Influenza pandemics or 
seasonal epidemics cause significant morbidity and 
mortality in both humans and animals. Currently, there 
are two main classes of anti-influenza drugs available: 
M2 ion channel inhibitors (amantadine and rimantadine) 
and neuraminidase inhibitors (zanamivir, oseltamivir, 
laninamivir, and peramivir). The use of M2 ion channel 
inhibitors is limited due to the rapid emergence of drug 
resistance, side effects, and the drugs' lack of effect on 
influenza B viruses (1), while neuraminidase inhibitor 
resistance in clinical isolates is also rapidly increasing (2, 
3). These factors necessitate the development of novel 
anti-infl uenza drugs with reduced chances of resistance 
emergence.
 Natural products have been in the limelight in the 
search for anti-viral compounds due to their abundance 
and the possibility for their inclusion in diet. There are 
numerous recent reports on plant extract constituents that 
possess potent antiviral activity, as reviewed by Kitazato, 
et al. (4). Several plant-derived compounds exert potent 
anti-influenza activity by blocking virus entry into 
cells, inactivating the virus, or inhibiting extracellular-
signal-regulated kinase phosphorylation (5-7). We have 
demonstrated that valtrate and 1′-acetoxychavicol acetate 
derived from Valerianae Radix and Alpina galanga, 
respectively, inhibit influenza virus replication by 
preventing the nuclear export of viral ribonucleoprotein 
(8).
 Alchemilla plants (lady's mantle) are used in 
traditional medicine for different indications, including 
minimizing the symptoms of sore throat, promoting 
wound healing, stopping bleeding, and alleviating 
nausea and vomiting. Herbal tea, Lady's Mantle Herbal 
Tea bags Alchemilka Herba Alchemillae, constituted 
from Alchemilla species is commercially available (9). 
Different studies have indicated that A. mollis and other 
Alchemilla species have potent free radical scavenging 
activity (10), attributed to the phenolic compounds, 
tannins, and flavonoid glycosides present in the plants 
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(11,12). A. mollis is a constituent of "Herba Alchemillae", 
a commercial drug with astringent, diuretic, and 
antispasmodic properties used in traditional medicine 
for the treatment of excessive menstruation and wounds 
(13). Despite numerous reports on the pharmacological 
importance of A. mollis and other Alchemilla species, 
their antiviral activity has not been investigated.
 In this study, we investigated the anti-influenza 
activity of A. mollis extracts. We observed that A. mollis 
alkaline extract had virucidal activity against influenza 
virus particles and produced a synergistic effect upon 
co-treatment with zanamivir. This is the first report 
demonstrating the antiviral activity of A. mollis extract.

2. Materials and Methods

2.1. Cells, viruses, and chemicals

Madin-Darby Canine Kidney (MDCK) cells were grown 
in Minimum Essential Medium (MEM) supplemented 
with 5% fetal bovine serum (FBS) at 37°C in 5% 
CO2. Influenza A virus strains A/WSN/33 (H1N1), A/
PR/8/34 (H1N1), A/HK/8/68 (H3N2), and A/duck/
Pennsylvania/84 (H5N2) were propagated in 10-day-
old embryonated chicken eggs for 4 days. Allantoic fl uid 
was then harvested and stored at −80°C. Zanamivir was 
purchased from GlaxoSmithKline (Middlesex, UK), 
dissolved in HEPES (pH 7.0) to a concentration of 10 
mM, and stored at −20°C.

2.2. Extraction of A. mollis plant material

One gram of dried and powdered plant material was 
extracted in 15 mL of different solutions using the 
extraction methods shown in Table 1. Next, the extracts 
were centrifuged at 12,100 × g for 15 min and the 
supernatant was collected and sterilized using a 0.45-μm 
pore size fi lter. 

2.3. Crystal violet assay

MDCK cells (3 × 104 cells/well) were seeded in 96-well 
tissue culture plates and incubated at 37°C for 24 h. For 
cytotoxicity assays, cells were washed and treated with 
serial dilutions of A. mollis extract in MEM. Virus inocula 
of 25 TCID50 (50% tissue culture infective dose) were 
added per well for the antiviral activity assay. Cells were 

fixed with EtOH and stained with 0.5% crystal violet 
after incubation for 48 h. The optical density (OD) at 560 
nm was measured with Infinite M200 Tecan plate reader 
(Wako Pure Chemical Industries, Osaka, Japan). The OD 
value of treated wells was compared with that of untreated 
controls, calculated as a percentage relative cell density and 
plotted against the concentration of A. mollis extract. Three 
independent experiments were performed. Linear regression 
analysis to calculate the 50% cytotoxic concentration (CC50) 
and 50% inhibitory concentration (IC50) was performed with 
Microsoft Excel software. The selectivity index (SI) was 
determined from the CC50 to IC50 ratio. 

2.4. Plaque formation assay

Confluent MDCK cells cultured in 6-well plates were 
washed with serum-free medium and infected with 
0.5 mL of virus solution (300 pfu/mL – A/WSN/33 
virus) in serum-free MEM for 1 h at 37°C. Cells were 
washed with serum-free MEM and overlaid with 
MEM containing 0.8% agarose, 0.1% bovine serum 
albumin (BSA), 1% 100× MEM vitamin solution, and 
0.03% glutamine. After incubation at 37°C for 72 h, 
plaques were visualized by fixing the cells with acetic 
acid:ethanol (1:1) for 1 h and staining with 0.5% amido 
black 10B for 3 h. Plaques were counted by visual 
examination. Results were represented as ratio of plaque 
number in the presence of extract or zanamivir to that in 
the absence of extract or zanamivir.

2.5. Hemmaglutination inhibition (HI) assay

HI assay was performed as previously described by 
Ehrhardt (14). Briefl y, in 96-well micro titer plates, serial 
dilutions of samples (50 μL) were prepared and mixed 
with an equal volume of virus suspension as follows: 40 
HA units - A/WSN/33 (H1N1), 256 HA units - A/HK/8/68 
(H3N2), and 128 HA units - A/duck/Pennsylvania/84 
(H5N2). After incubation at 4°C for 1 h, 50 μL of 5% 
(v/v) chicken red blood cells (RBCs) (Nippon Bio-Test 
Laboratories, Tokyo, Japan) in phosphate-buffered saline 
(PBS) (−) was added and then incubated for 1 h at room 
temperature (RT) to allow for hemagglutination to occur. 

2.6. Heat treatment of A. mollis extract

Extract (400 μL) was aliquoted into 1.5-mL tubes and 
heated at 60°C or 100°C for 30 min. The samples were 
cooled at RT and stored at −30°C. The antiviral activity 
of the samples was determined with the crystal violet 
assay.

2.7. Ultra-fi ltration of A. mollis extract 

Four hundred microliters of extract were added to the 
filter cup of 10 kDa and 30 kDa Ultrafree®-MC units 
(Millipore, Bedford, USA), and centrifuged at 2,500 × 
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Solution

Water
Water
Water containing 
1% (w/v) NaHCO3

50% ethanol

Table 1. Comparative potency of different A. mollis extracts

Method of extraction

Shaking at RT for 24 h
Shaking in a 60°C hot water bath for 24 h
Shaking at RT for 24 h

Shaking at RT for 24 h

aSI

25
  5
42

14
a Selectivity index
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extract was 42 in contrast to 25 of the water extract at 
RT (Table 1). The alkaline extract was not cytotoxic 
at concentrations of < 2.5% (CC50 = 5%, Figure 1). 
Infl uenza virus replication was inhibited at non-cytotoxic 
concentrations with an IC50 of 0.12%. The alkaline 
extract of A. mollis was used in subsequent experiments 
to elucidate its inhibitory mechanism on infl uenza virus 
replication.

3.2. Sensitivity of other influenza A strains to A. mollis 
extract

The effect of A. mollis extract on the replication of 
influenza A virus strains A/WSN/33 (H1N1), A/
PR/8/34 (H1N1), A/HK/8/68 (H3N2), and A/duck/ 
Pennsylvania/84 (H5N2) was evaluated using the crystal 
violet assay. Infections with A/PR/8/34 (H1N1), A/
HK/8/68 (H3N2), and A/Duck Pennsylvania/84 (H5N2) 
were performed in the presence of 2.5 μg/mL trypsin. 
The extract suppressed replication of the four strains in 
a dose-dependent manner, although there was a slight 
difference in sensitivity between the strains (Table 2). 
These findings indicate that the antiviral activity of A. 
mollis extract is strain-independent.

3.3. Mechanism of action of A. mollis extract

Plaque formation assays with different cells and/or virus 
treatments were performed to determine the mode of 
action of A. mollis extract. Treatment of MDCK cells 
with either A. mollis extract or zanamivir (100 nM) for 

g for 20 min in a fi xed-angle rotor. Extract (2 mL) in 50 
kDa Amicon® Ultra-4 fi lter devices (Millipore, Bedford, 
USA) was centrifuged at 2,010 × g for 30 min in a 
swinging bucket rotor. The ultra-fi ltrate from each fi lter 
unit was collected and assayed for antiviral activity. 

2.8. Combination treatment with A. mollis extract and 
zanamivir

Combination treatment with A. mollis extract and 
zanamivir was performed to investigate whether 
they have additive or synergistic effects on inhibiting 
infl uenza virus replication. MDCK cells were inoculated 
with A/WSN/33 virus at a multiplicity of infection (MOI) 
of 0.001 in the presence of mock medium or zanamivir 
(50 nM to 0.1 nM) mixed with 0.01%, 0.02%, 0.04%, 
0.08%, 0.16%, and 0.31% of A. mollis extract. Cells 
were incubated at 37°C for 48 h and cell density was 
determined using the crystal violet assay. The percentage 
inhibitory activity of the zanamivir/A. mollis extract 
combination was calculated relative to the cell density 
in untreated controls. The combination treatment effect 
was analyzed by calculating the interaction index at 50% 
inhibitory activity using the isobole method as described 
by Tallarida (15). The following equation is used to 
calculate the interaction index (γ) for a combination 
of drugs A and B: Ac/Ae + Bc/Be = γ, where Ac and 
Bc correspond to the concentrations of A and B when 
used in combination, and Ae and Be correspond to the 
concentrations able to produce an effect of the same 
magnitude if used alone. If γ is < 1, the effect of the 
combination is synergistic, whereas if γ = or >1, the 
effect is additive or antagonistic, respectively.

2.9. Statistical analysis

Results are represented as the mean ± standard error 
of the mean from three independent experiments. The 
difference between test samples and untreated controls 
was evaluated using Student's t test. A p value < 0.05 was 
considered statistically signifi cant.

3. Results

3.1. Cellular toxicity and anti-influenza activity of A. 
mollis extract

The cellular toxicity and anti-influenza activity of 
different A. mollis extracts were evaluated using the 
crystal violet assay after incubating MDCK cells with the 
extract only or the extract and virus (A/WSN/33) for 48 
h. All extracts inhibited influenza virus replication and 
had different levels of cytotoxicity (data not shown). A. 
mollis alkaline extract showed the highest anti-infl uenza 
activity. Alkaline extraction of plant materials has been 
shown to improve the extraction effi ciency of hydrophilic 
compounds (16). The selectivity index of the alkaline 

Figure 1. Cytotoxicity and anti-influenza activity of A. 
mollis alkaline extract. MDCK cells (3 × 104 cells/well) in a 
96-well culture plate treated with serial dilutions of A. mollis 
extract were incubated at 37°C for 48 h in the presence (closed 
circles) or absence (open circles) of virus inocula. Results are 
represented as the mean percentage relative cell density from 
three independent experiments ± SD.

Virus strain

A/WSN/33 (H1N1)
A/PR/8/34 (H1N1)
A/HK/8/68 (H3N2)
A/DP/84 (H5N2)

   aIC50 (%)

0.12 ± 0.02
0.15 ± 0.05
0.08 ± 0.02
0.10 ± 0.03

bSI

42
33
63
50

Table 2. Sensitivity of different influenza A virus strains to 
A. mollis extract 

a 50% Virus growth inhibitory concentration; b Selectivity index.
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1 h at 37°C prior to infection with influenza virus did 
not inhibit plaque formation (Figure 2A), suggesting 
that the extract does not interfere with cell receptors for 
infl uenza virus. However, plaque formation was reduced 
by 53% after treatment with 1.6% A. mollis extract when 
the extract or zanamivir (100 nM) and virus were added 
to the cells at the same time (Figure 2B). When infected 
cells were overlaid with MEM containing different 
concentrations of A. mollis extract or zanamivir (100 
nM), plaque formation was significantly inhibited in a 
dose-dependent manner. Plaque formation was reduced 
by 32%, 51%, and 92% in the presence of 0.1%, 0.4%, 
and 1.6% A. mollis extract, respectively, suggesting 
that the extract inhibited influenza virus infectivity. 
Furthermore, no plaques were observed in the presence 
of zanamivir, which blocks the release of progeny virions 
from infected cells (Figure 2C). Next, we examined 
the effect of virus exposure to A. mollis extract prior to 
infection. Influenza virus particles (6 × 106 pfu) were 
incubated with different concentrations of the A. mollis 
extract or zanamivir (100 nM) at RT for 1 h or 3 h and 
then diluted (300 pfu/mL) for the plaque formation assay. 
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A signifi cant reduction in plaque formation was observed 
after incubation with 1.6% A. mollis extract (Figure 2D 
and 2E), indicating that the extract directly affects virus 
particles. Collectively, these results suggest that the 
inhibitory effect of A. mollis extract is due to a direct 
virucidal or neutralizing activity of the extract against 
infl uenza virus particles.

3.4. Inhibition of hemagglutination by A. mollis extract 

The results of the plaque reduction assay suggest that A. 
mollis extract inhibits infl uenza virus particle infectivity. 
It is well known that infl uenza virus hemagglutinin (HA) 
plays an essential role in virus infection. Influenza 
A virus HA can bind to N-acetylneuraminic acid on 
the surface of RBCs, causing agglutination. Thus, to 
examine whether A. mollis extract blocks the ability of 
virus particles to bind to cell receptors, we performed 
an HI assay. Influenza A viruses A/WSN/33, A/
HK/8/68, and A/duck/Pennsylvania/84 were pretreated 
with the extract for 1 h before the addition of RBCs 
and further incubation at RT for 1 h. A. mollis extract 
inhibited binding of the three strains to RBCs in a 
concentration-dependent manner, indicating that the 
extract directly acts on infl uenza virus particles (Figure 
3A). Moreover, sodium bicarbonate solution (1%, w/v), 
an extraction solvent for A. mollis, did not inhibit the 
hemagglutination activity of A/WSN/33 virus particles 
(Figure 3B).

Figure 2. Effect of A. mollis extract and zanamivir on 
plaque formation. Plaque formation assays were carried 
out as described in the "Materials and Methods" section. 
(A) Treatment of cells prior to infection. (B) Treatment of 
cells during virus infection. (C) Treatment of cells after virus 
infection. (D) Treatment of virus prior to infection at RT 
for 1 h. (E) Treatment of virus prior to infection at RT for 
3 h. The results are presented as the percentage of plaques 
formed in each treatment relative to the plaques formed in 
untreated controls, an average of 160 plaques. The results 
are represented as the mean ± SD obtained from three 
independent experiments. * indicates statistical significance (p 
< 0.05, Student's t test). 

Figure 3. Hemagglutination inhibition assay. (A) A. mollis 
extract was diluted as indicated in 96-well micro titer plates 
using (PBS) (−). Fifty microliters of virus diluted in (PBS) 
(−) were added to 50 μL of the extract dilutions and incubated 
for 1 h at 4°C. Chicken RBCs (5% v/v) in (PBS) (−), were 
mixed with the pre-treated virus and incubated again at RT for 
1 h. (B) The hemagglutination inhibition activity of 1% (w/v) 
NaHCO3 was tested in a similar manner. 
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3.5. Thermal stability and molecular size of A. mollis 
active ingredient(s)

To determine the properties of the active ingredient(s) 
present in A. mollis extract, heat treatment and ultra-
fi ltration of the extract were performed. Heat stability was 
determined by heating the extract at 60°C or 100°C for 30 
min prior to testing for antiviral activity. Figure 4A shows 
that heat-treated and untreated extracts showed similar 
antiviral activities, suggesting that the active ingredient(s) 
of the extract are heat stable. Additionally, the molecular 
weight of active ingredient(s) in the extract was determined. 
Filtrates from 10, 30, and 50 kDa ultra-fi ltration columns 
and unfiltered control were tested for antiviral activity. 
The 10-kDa fi ltrate did not have antiviral activity, whereas 
the 30- and 50-kDa filtrates did, although they were less 
potent than the unfiltered control (Figure 4B). This can 
be explained by the fact that compounds with molecular 
weights close to the nominal molecular weight limit of the 
column may be partially retained. These results indicate 
that the active ingredient(s) in the extract have molecular 
weights greater than 10 kDa and less than 30 kDa.

3.6. Synergistic effect of zanamivir and A. mollis extract 
combination

Zanamivir and A. mollis extract have different mechanisms 

of action. Zanamivir blocks the release of progeny virions 
from infected cells, while A. mollis extract inhibits the 
infectivity of infl uenza particles. Therefore, a combination 
study was performed to determine the effect of zanamivir 
and A. mollis extract co-treatment on influenza virus 
replication. The inhibitory effect of zanamivir against 
influenza virus increased in the presence of the extract. 
Using the isobole method, the interaction index at 50% 
inhibitory activity was calculated to determine whether 
the observed effect was additive or synergistic. Table 3 
shows that different zanamivir and extract combinations 
had interaction indices of < 1, indicating synergistic 
effects. Increasing extract concentrations decreased 
synergism, and maximal synergy (interaction index = 
0.36) was observed in the 0.01% A. mollis extract and 2.2 
nM zanamivir combination. 

4. Discussion

In this study, we demonstrated the anti-influenza 
activity of A. mollis extract. We found that the extract 
acts on influenza virus particles directly and inhibits 
their infectivity. Plaque assays where drugs are added 
to the overlay gels are one of the most reliable methods 
for screening compounds with antiviral activity. When 
infected confl uent MDCK cell monolayers were overlaid 
with 0.8% agarose in MEM containing A. mollis 
extract, plaque formation by the A/WSN/33 virus was 
significantly inhibited. Exposure of the virus to the 
extract prior to infection and treatment of the cells during 
infection signifi cantly reduced plaque formation, whereas 
pre-treatment of the cells did not affect plaque formation. 
Further, A. mollis extract inhibited the hemagglutination 
ability of infl uenza virus. Therefore, it is conceivable that 
the inhibitory effect of the extract is a result of its direct 
interaction with the virus. A. mollis extract was effective 
against four different strains of influenza A virus with 
slight differences in sensitivity, suggesting that the 
extract may be a wide range inhibitor against infl uenza 
virus infections. We also showed a synergistic effect on 
infl uenza virus replication when zanamivir and A. mollis 
extract were used in combination.
 Alchemilla species extracts have significant radical 
scavenging activity because of their high levels of 
flavonoid glycosides and tannins. In addition to 
other biological activities, the flavonoid glycosides 
isoquercitrin, miquelianin, and hyperoside present in A. 
mollis (10) have demonstrated anti-influenza activity 
(17-19). However, antiviral activity of Alchemilla 

A. mollis extract (%)  

0.01
0.02
0.04
0.08

Zanamivir (nM)

2.2
2.2
1.4
0.6

Interaction index

0.36
0.44
0.51
0.74

Table 3. Interaction index at 50% inhibitory activity

Figure 4. Heat treatment and ultra filtration of A. mollis 
extract. (A) A. mollis extracts heat-treated at 60°C (open 
triangles) or 100°C (closed triangles) and untreated control (open 
squares) were examined for anti-influenza activity (A/WSN/33) 
using the crystal violet assay. (B) Similarly, filtrates from 10 kDa 
(closed circles), 30 kDa (open circles), 50 kDa (closed squares) 
filter units and unfiltered control (open squares) were tested for 
antiviral activity. The percentage cell viability of infected cells 
was calculated relative to uninfected controls.
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species-derived flavonoid glycosides has not been 
reported. Flavonoid glycosides are soluble in water 
and alcohols, and if the aglycone has a free phenolic 
group, the compound is soluble in alkaline solutions 
(20), unlike most tannins, which are unstable in alkaline 
conditions. Since an alkaline extraction method was 
used to produce the A. mollis extract in this study, it is 
possible that the active ingredients(s) in the extract could 
be fl avonoid glycosides. Moreover, most fl avonoids exist 
as glycosides or polymers and are thermo stable (21); 
this is in agreement with our findings that the active 
ingredient(s) in A. mollis extract have molecular weights 
between 10 and 30 kDa and exhibit thermal stability.
 Synergistic interactions are being widely studied 
in phytomedicine. The presence of many bioactive 
constituents and their by-products in plant extracts is 
claimed to be responsible for the high effectiveness of 
many extracts. Synergistic effects are produced when 
extract constituents affect different targets or interact 
with one another to improve the solubility and thereby 
increase the bioavailability of one or several substances 
in the extract (22). Combination therapy with a highly 
active antiretroviral treatment regimen has proven to be 
quite effective in HIV management and in drug resistance 
reduction (23). The combination of currently available 
anti-influenza drugs showed the potential for additive 
or synergistic antiviral activity and inhibition of drug 
resistance in in vitro and in vivo studies. These reports 
point out the benefi ts of combination therapy. Furthermore, 
a combination of drugs can also reduce side effects.
 In conclusion, we have demonstrated the anti-
infl uenza activity of A. mollis by direct association with 
infl uenza virus particles. In addition, the inhibitory effect 
of A. mollis was shown to be strain-independent. Because 
Alchemilla plants (lady's mantle) is available as an 
herbal tea (Lady's Mantle Herbal Tea bags, Alchemilka 
Herba Alchemillae) it could easily be used for infl uenza 
infection management together with zanamivir. 
Collectively, these fi ndings indicate that A. mollis could 
be a potential anti-infl uenza agent, although more studies 
are necessary to confi rm its anti-infl uenza effect in vivo.
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ABSTRACT: The aim of this study was to test for a 
potential anticarcinogenic effect of Celergen, a marine 
derivative devoid of traceable amounts of inorganic 
arsenic, on cell proliferation, cell cycle progression 
and apoptosis in the HepG2 human liver cancer cell 
line. Celergen significantly inhibited the proliferation 
of cancer cells in a dose-dependent manner while 
limiting the cell cycle progression at the G1 phase and 
significantly inducing apoptosis. Further examination 
showed that Celergen enhanced expression of the 
p21CIPl1WAF1, GADD153 genes and downregulated the 
c-myc gene. These results suggest that Celergen exerts 
promising chemopreventive properties to be further 
investigated.

Keywords: Antimutagenic effect, cell cycle, apoptosis, 
celergen, marine compound

1. Introduction

Marine derivatives, with their immense diversity and 
selection driven along millions of years of evolution may 
offer promising options for new drug discovery (1-5). In 
particular, several marine bioactive compounds are under 
study for their potential antitumor effect (6-9). Although 
the detailed mechanisms involved are still a matter of 
study, antioxidative and antimutagenic properties have 
been advocated for (10-12). We have recently shown that 
Celergen, a popular GMP-controlled marine bioceutical, 
could significantly inhibit ultraviolet (UV)-induced 
matrix-metalloproteinases (MMP) transcription and 
exert an antioxidant effect protecting skin fibroblasts 
(13). On the other hand, most recently the same food 

supplement has been vaguely suggested to be implicated 
in a case report in which the user showed increased 
levels of α-fetoprotein (14). Although this report suffers 
some limitations and a possible major methodological 
flaw, the issue deserved further clarification, given that 
several herbal supplements, once believed as safe or 
even claimed to be "liver protectors" have been recently 
shown to be potentially hepatotoxic or even mutagenic 
(15-18). Thus, the aim of the present study was to test 
the novel biomarine derivative Celergen on in vitro liver 
carcinogenesis.

2. Materials and Methods

2.1. Chemicals

Celergen was obtained from Swisscap company (100 
mg composition: DNA extract from fish milt 46 mg, 
fi sh collagen hydrolysate plus fi sh elastin 35 mg, whole 
fish protein hydrolysate 6 mg, lutein-coenzyme Q10-
selenium 11 mg). As a pre-requisite, samples were 
blindly sent to an offi cial Good Manufacturing Practice 
and Good Laboratory Practice registered toxicology 
laboratory which found no traceable amounts of heavy 
metals including organic and inorganic arsenic, having 
set a threshold of > 5 ppm (Redox Lab, Monza, Italy, 
report n. 2013001054/LAB). 7,12-Dimethylbenz[a]
anthracene (DMBA) and 12-Q-tetradecanoylphorbo-13 
acetate (TPA) were obtained from Sigma-Aldrich 
Corp. (St. Louis, MO, USA). 4-Nitroquinoline I-oxide 
(4NQO) was obtained from Nacalai Tesque Co. (Kyoto, 
Japan). 

2.2. In vitro analysis of cell growth

Human liver cancer cell line HepG2 were cultured in 
DMEM supplemented with 10% fetal bovine serum and 
incubated at 37°C in a humidified atmosphere of 5% 
CO2 in air. HepG2 cells were then seeded at a density 
of  4 × 104 cells/2 mL medium in 35-mm diameter 

Original Article DOI: 10.5582/ddt.2013.v7.5.196
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dishes. Celergen were dissolved in tetrahydrofuran 
(THF) including 0.025% butylhydroxytoluene (BHT, 
as an antioxidant) and diluted to its final concentration 
expressed as μg/mL in each culture dish. An equivalent 
volume of vehicle (THF + BHT) was added to control 
dishes and it showed no measurable effect on HepG2 
cells. Celergen was added at graded concentrations 1 day 
following the inoculation. At the 72 h observation, the 
number of viable cells was counted using a trypan blue 
dye exclusion methodology.

2.3. Flow cytometry

Cells were plated at a density of  1 × 106 cells/10 mL 
medium in 100 mm diameter dishes. Celergen was added 
1 day after the inoculation. Cells were harvested from 
culture dishes by trypsinization and centrifugation. After 
a wash with phosphate buffered solution (PBS) (-), cells 
were suspended in a 0.1% Triton X-l00 solution. After 
the suspension was filtered through 50 μm nylon mesh, 
0.1% RNase A and 50 pg/mL propidium iodide were 
added to stain DNA. The DNA content in stained nuclei 
was analyzed by a flow cytometer (FACS Calibur™, 
Becton-Dickinson, Franklin Lakes, NJ, USA). The 
percentage distribution of cells in each cell cycle phase 
was determined using ModFit LT™ software (Becton-
Dickinson) based on DNA histograms. Five separate 
experiments were used each time to determine the final 
values.

2.4. Isolation of total RNA

HepG2 cells were plated at a density of 1 × 106 cells/10 
mL medium in 100 mm diameter dishes. Celergen 
was added 24 h after the inoculation. Total RNA was 
isolated from the cells at pre-fi xed times in the absence 
or presence of Celergen using RNeasyR Kit (QIAGEN 
GmbH, Hilden, Germany). Briefly, total RNA was 
adsorbed onto a silica membrane following cell lysis. 
Membranes were subsequently washed and RNA was 
eluted with 50/11 of RNase-free water. Final RNA 
concentrations were assessed by spectrophotometry.

2.5. Real-time quantitative RT-PCR

Total RNA was isolated from HepG2 cells as described 
above. Total RNA (5 pg) was transcribed to cDNA in 
a 20 μL reaction volume, with Superscript II Reverse 
transcriptase (Invitrogen Corp., Carlsbad, CA, USA), 
using oligo (dT) 12-18 primers. The reaction mixture 
was incubated at 42°C for 50 min, then at 70°C for 
15 min. An equivalent volume of cDNA solution was 
used for the quantification of specific cDNA by real-
time quantitative RT-PCR. The primer sequences 
used were as follows: for the p2lCIPlIWAFl gene (318 
bp), 5'-ATTAGCAGCGGAACAAGGAGTCAGA
CAT3' and 5'-CTGTGAAAGACACAGAACAGT

ACAGGGT-3', for GADD153 (309 bp), 5'GAAA
CGGAAACAGAGTGGTCATTCCCC-3' and 5'- 
GTGGGATTGAGGGTCACATCATTGGCA-3', for 
c-myc (209 bp), 5'-GGCAAAAGGTCAGAGTCTGG-3' 
a n d  5 ' - G T G C AT T T T C G G T T G T T G C - 3 ' ,  f o r 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH, 
181 bp), 5'-CAACTACATGGTTTACATGTTC-3' 
and 5 ' -GCCAGTGGACTCCACGAC-3' .  Real-
time quantitative RT-PCR was performed with the 
LightCycler™ system (Roche Diagnostics GmbH, 
Mannheim, Germany) using a SYBR Green I Kit as 
instructed by the manufacturer. GAPDH, p2lCIPlIWAFl and 
GADD153 were amplified with a precycling hold at 
95°C for 10min, followed by 30 cycles of denaturation 
at 95°C for 15 s, annealing at 58°C for 5 s, and 
extension at 72°C for 10 s. c-myc was amplified with 
a precycling hold at 95°C for 10 min, followed by 30 
cycles of denaturation at 95°C for 15 s, annealing at 
63°C for 5 s and extension at 72°C for 10 s. To confi rm 
amplification specificity, the PCR products were 
subjected to a melting curve analysis. Quantification 
data were analyzed using LightCycler analysis software. 
The expression levels of p21CIPIIWAF1, GADD153, and 
c-myc were normalized to the level of GAPDH mRNA 
of the same sample.

2.6. Statistical analysis

For statistical analysis "One Way" variance analysis was 
employed and significance between the experimental 
and control groups was determined by Bonferroni's 
method. A difference of p < 0.05 was considered 
signifi cant. Results were expressed as mean ± S.D. 

3. Results

3.1. HepG2 cell proliferation: in vitro effects of Celergen

Treatment of HepG2 cells with Celergen brought 
about a significant inhibition of human liver cancer 
cell proliferation in a dose-dependent manner. Three 
days after the incubation with 25 μM, 50 μM, 100 μM 
and 200 μM Celergen, HepG2 cell growth decreased 
to 63, 52, 38 and 27% of the control, respectively. The 
concentration of Celergen with 50% growth inhibition 
was calculated as 50 μM (Figure 1).

3.2. Effect of Celergen on G1 arrest and apoptosis in 
HepG2 cells

The DNA content of HepG2 cells was calculated 
by flow cytometry analysis to identify whether the 
growth inhibitory effect of Celergen was determined 
by specific actions on cell cycle-related events. From 
DNA histograms it appeared that Celergen enabled a 
not signifi cant trend increase of the ratio of G1 cells, but 
most signifi cantly it increased pre-G1 apoptotic cells at 
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have been recently shown that it exhibits a strong skin 
fi broblast protecting effect against UV irradiation (13).
 In the present study, Celergen was shown to 
significantly inhibit cell growth via induction of 
G1 arrest of the cell cycle and apoptosis in HepG2 
cells. To explore the action mechanism of cell cycle 
inhibition by Celergen, we assessed the expression 
of cell cycle and apoptosis related genes and found 
that the expression of p21CIP1/WAF1 and GADD153 was 
significantly induced by Celergen. It is known that 
p21CIP1/WAF1 is significantly induced by DNA damage 
and regulates the Gl and G2/M checkpoints (19,20) and 
that the induction of p21CIP1/WAF1 usually follows a 

the 72h observation (p < 0.005, Figure 2). On the other 
hand, the effect of Celergen on the cell cycle on days 1 
and 2 was not signifi cant (not shown)..

3.3. Gene expression of p21CIP1/WAF1, GADD153 and 
c-myc expression: effect of Celergen regulation

The effects of Celergen on the expression of cell cycle 
and apoptosis-related genes were examined using real-
time quantitative RT-PCR. Significant induction of 
p21CIPIIWAFl and GADD153 was clearly observed at 48 h 
following treatment with Celergen and it was maintained 
throughout the observation period (72 h) while a 
signifi cant late downregulation of c-myc occurred as well 
(p < 0.01, Figure 3).

4. Discussion

Celergen is a popular marine derivative containing 
DNA, collagen elastin and protein extracts and we 

Figure 1. Growth inhibitory effect of Celergen on HepG2 
cells. Cells were cultured for 72 h with or without Celergen 
at concentrations ranging from 25 to 200 μM. On day 3, the 
number of viable cells was determined. Data are expressed as 
means ± S.D. of three separate experiments.

Figure 2. Effect of Celergen on cell cycle and apoptosis 
in HepG2 cells. HepG2 cells were treated with Celergen at 
ID 50 or ID 75 for 72 h and stained with propidium iodide to 
assess DNA content. The percentage of cells in each phase of 
the cell cycle was assessed by fl ow cytometric analysis. Data 
are expressed as means ± S.D. of fi ve separate experiments. 
Left vertical line indicates the ratio of each phase in viable 
cells. Right vertical line indicates the percentage of apoptotic 
cells. White bars: Gl; dotted bars; S; black bars: G2/M and 
grey bars: apoptosis. * p < 0.01 compared with control.

Figure 3. Effect of Celergen on p21CIP1/WAF1, GADD153, 
and c-myc mRNA expression. Real-time quantitative RT-
PCR was performed with 5 μg of total RNA from HepG2 
cells treated with 50 μM Celergen or vehicle alone (control) 
for the test periods indicated. Values are means ± S.D. of fi ve 
separate tests. All values were normalized to the GAPDH 
expression level. * p < 0.05 compared with control.
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p53 dependent mechanism (21). Moreover, GADD153 
and c-myc are known to be involved in apoptosis 
progression. GADD153 is a member of the CCAAT/
enhancer-binding protein family of transcription factors 
and its expression is markedly enhanced by various 
cellular stresses (22,23). On the other hand, c-myc is a 
proto-oncogene and is implicated in various processes 
including cell growth, proliferation and cell death (24). 
In particular, the overexpression of c-myc represents a 
genetic abnormality frequently found in hepatocellular 
carcinoma (HCC) (25). Indeed, the relevance of 
c-myc expression in HCC has been confirmed in 
transgenic mice studies (26) and in clinics where 
overexpression of this gene is detected in most HCC 
patients while correlating also with poor prognosis 
(27). In our study, the induction of p21CIP1/WAF1 
and GADD153 occurred significantly at 48 h after 
treatment with Celergen and subsequently, an increase 
in G1 phase and apoptotic pre-G1 cells was observed 
at 72 h. However, c-myc showed a late but signifi cant 
downregulation. Since p53 is known to be functional 
in HepG2 cells, p21CIP1/WAF1 is likely to have been 
induced by a mechanism which depends on p53 and 
may be implicated in G1 arrest exerted by Celergen. 
Nonetheless, the induction of apoptosis by Celergen 
may be caused by GADD153 and has to be considered 
as well.
 In summary, our data suggest that Celergen inhibits 
the proliferation of HepG2 cells and induces G1 
arrest and apoptosis. The induction was associated 
with enhanced expression of p21CIP1/WAF1, GADD153 
but suppression of c-myc. These results suggest that 
such marine compounds may have anticarcinogenic 
properties while more fi nely-detailed proteomic studies 
are awaited. This data is in contrast with the albeit 
isolated clinical report of Chua et al. (14) suggesting 
an arsenic-related hepatocarcinogenesis effect of the 
same compound. However, that study bears the main 
methodological bias in that the authors measured the 
whole arsenic content, while the literature has clearly 
demonstrated that only the inorganic component is 
the one with the noxious effect (28) and the only one 
deserving monitoring from major epidemiological 
studies (29,30). On the contrary, the organic one is 
regarded as safe (31) and its concentration may also 
vary (32) as probably occurred in their study. For 
instance, seafood and seaweeds generally contain 
almost completely nontoxic organic arsenic such 
as arsenosugars (33). Thus, their suggestion cannot 
be supported and their observed abnormality of 
α-fetoprotein observed in their case report has to be 
correlated to other factors (episodic afl atoxin exposure, 
either environmental or food-borne etc.) which have not 
been analyzed in their report together with the lack of a 
separate measurement of organic and inorganic arsenic 
content. From the above, the study of Chua et al. has 
to be disregarded similarly because of what happened 
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with a similar case of a different seafood compound 
after review by a number of experts in the field (34-
36). While our study needs further research and in 
vivo follow up, our general conclusion is that marine 
derivatives, if properly farmed, collected and processed 
maintain a promising potential as a safe source of 
benefi cial treatment.
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ABSTRACT: We conducted an in vivo study to 
evaluate the anticancer effect and toxicity of fine-
powder cisplatin suspended in lipiodol (fCDDP/LPD 
suspension) after a single administration of three 
different doses to rats via the intrahepatic artery 
after transplantation of rat ascites hepatoma cells. 
The toxicity of the fCDDP/LPD suspension was also 
assessed in the same protocol in noncancer-bearing 
rats and the observed toxicologic changes were 
compared among groups administered saline (Sal), 
an aqueous solution of fCDDP (fCDDP/Sal solution), 
and LPD alone. In parallel with the toxicity test, 
plasma CDDP concentrations were compared 
between the fCDDP/LPD suspension and fCDDP/
Sal solution. The mean weight of the tumors in the 
fCDDP/LPD suspension groups was significantly 
less than in the LPD-alone group. The pathologic 
changes in the liver observed in the fCDDP/LPD 
suspension group increased with dose, were more 
marked compared with those in the fCDDP/Sal 
solution and LPD-alone groups, and were reversible. 
No other toxicologic effects were observed. The 
concentration of CDDP in the plasma in the fCDDP/
LPD suspension group was slightly lower than that 
in the fCDDP/Sal solution group. In conclusion, the 
results indicate that the fCDDP/LPD suspension 
has sufficient anticancer efficacy and tolerability 
for use in the clinical treatment of hepatocellular 
carcinoma.

Keywords: Hepatocellular carcinoma, fine-powder 
cisplatin, lipiodol, transcatheter arterial chemoembolization, 
rats

1. Introduction

At present, patients with unresectable or postoperatively 
recurrent hepatocellular carcinoma are generally 
treated with transcatheter arterial embolization (TAE) 
or transcatheter arterial infusion (TAI) of anticancer 
drugs. There have been numerous reports of excellent 
therapeutic results when hepatocellular carcinoma 
patients were administered a suspension of cisplatin 
(CDDP) in lipiodol (LPD) (1), an oil-soluble iodinated 
contrast medium that accumulates in liver cancer 
lesions in proportion to their vascularity (2,3). In the 
case of TAI, a high drug concentration at the tumor 
site is essential, requiring administration as close as 
possible to the tumor. In that context, a fine-powder 
formulation of CDDP (fCDDP; mean particle diameter: 
20-30 μm) was developed to yield a solution with a 
high drug concentration. fCDDP was approved for 
the treatment of hepatocellular carcinoma in Japan in 
2004 (4). Subsequently, fCDDP/LPD suspension has 
been used as a TAI (Lip-TAI) and transcatheter arterial 
chemoembolization (TACE) agent (5,6). However, 
no basic studies have been conducted to evaluate the 
effi cacy and safety of Lip-TAI and TACE employing an 
fCDDP/LPD suspension, and the detailed mechanism 
of action of this combination therapy is not fully 
understood. This study was designed to clarify the 
mechanism as well as to evaluate the degree of fCDDP/
LPD and CDDP bulk substance/LPD suspendability.

2. Materials and Methods

2.1. Anticancer effects of fCDDP suspension

2.1.1. Experimental animals

Fifty-seven male Donryu rats at 14 weeks of age (Charles 
River Japan Co., Ltd., Yokohama, Japan) were used for 
the study of anticancer effi cacy. At 17 to 18 weeks of age, 
they underwent tumor cell transplantation with AH109A, 
a rat ascites hepatoma cell line obtained from the 
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Tohoku University Cell Resource Center for Biomedical 
Research Institute of Development, Aging and Cancer, 
Sendai, Japan. The cells were suspended in Matrigel at 
a concentration of 5 × 106 cells/mL. Transplantation of 
the AH109 cells was performed by infusing 20 μL of 
cell suspension into the parenchyma of the left lateral 
lobe of the liver of anesthetized (mixed anesthesia using 
ketamine 37.5 mg/kg and xylazine 5 mg/kg) rats.
 Rats with confirmed tumor engraftment without 
ascites were selected on day 10 following transplantation 
and then administered the test samples. Handling of the 
rats and ethical considerations for all experiments were in 
accordance with the Regulations for Animal Experiments 
issued by the Committee on Animal Experiments of 
the Nippon Kayaku Co., Ltd. Pharmaceutical Research 
Laboratory.

2.1.2. Preparation of test samples

fCDDP (IA-call) was obtained from Nippon Kayaku 
Co., Ltd. (Tokyo, Japan). The fCDDP/LPD suspensions 
were prepared by mixing LPD (Lipiodol Ultra-Fluide, 
Laboratoire Guerbet, Aulnay-sous-Bois, France) 
with weighed amounts of fCDDP to yield CDDP 
concentrations of 5, 10, and 20 mg/mL and then 
suspensions were created in a vortex mixer.

2.1.3. Treatment groups

Three groups of rats (n = 8 in each group) received 20 
μL of the fCDDP/LPD suspension with a fCDDP dose 
of 0.1, 0.2, and 0.4 mg, respectively. Two control groups 
received LPD alone or saline (Sal). The maximum 
fCDDP dosage in the fCDDP/LPD suspension groups 
was 20 mg/mL, corresponding to that used in clinical 
practice.

2.1.4. Test sample administration

Administration of test samples was performed under the 
same anesthesia used for tumor transplantation described 
above. A midline abdominal incision was performed 
to expose the injection site, the gastroduodenal artery. 
The test sample was drawn into a microsyringe attached 
to a polyethylene tube (PE-10, Becton Dickinson 
& Company, Franklin Lakes, NJ, USA). Then the 
polyethylene tube was inserted against the blood flow 
from the gastroduodenal artery, and the test sample was 
slowly administered so that it would fl ow into the hepatic 
artery with the blood.

2.1.5. Observations, measurements, and assessments

The tumors were enucleated carefully from the liver 
lobe using forceps on day 8 following test sample 
administration and weighed. The mean tumor weight 
was calculated for each treatment group, and the results 

are shown as mean ± SD. The tumor weight in each 
group was analyzed using a nonparametric method. The 
Dunnett test was used to analyze the anticancer effects 
in each fCDDP/LPD suspension group versus the LPD-
alone group and in the Sal group versus the LPD-alone 
group. Statistical analyses were performed using the SAS 
system preclinical package, ver. 5.0.

2.2. Toxicity study of fCDDP/LPD suspension

2.2.1. Experimental animals

Thirty-two male Donryu rats at 10 weeks of age (Charles 
River Japan Co., Ltd., Yokohama Japan) were used for 
the study of fCDDP/LPD suspension toxicity. They were 
quarantined, acclimatized, and used in the experiments at 
19 weeks of age, as in the anticancer experiments.

2.2.2. Preparation of test samples

fCDDP/LPD suspensions for use in the toxicity study 
were prepared at a concentration of 10 mg/mL, as in the 
anticancer experiments. In addition, fCDDP/Sal solution 
was prepared at a concentration of 1.43 mg/mL to refl ect 
the dose used in clinical practice.

2.2.3. Treatment groups

The rats were divided into the Sal, fCDDP/Sal solution, 
LPD-alone, and fCDDP/LPD suspension groups. The 
fCDDP dosage for the fCDDP/LPD suspension group 
was 0.2 mg, because the results of the anticancer 
experiments showed efficacy at this dose. The same 
dosage was also used in the fCDDP/Sal solution 
group. The volume administered was 140 μL for the 
Sal and fCDDP/Sal solution, reflecting that used in 
clinical practice (1.43 mg/mL), and 20 μL (fCDDP 
concentration: 10 mg/mL) for the LPD-alone and 
fCDDP/LPD suspension groups. Each group consisted of 
8 rats. Four rats were killed and autopsied on days 7 and 
28 after the administration of the test samples.

2.2.4. Test sample administration

The test samples were administered to the rats in each 
group as in the anticancer experiments.

2.2.5. Observations, measurements, and assessments

The general  condition including survival was 
confirmed in the rats in each group for 28 days after 
the administration of the test samples. Their body 
weight and food consumption were measured using an 
electrobalance scale (model PB8001, Mettler, Tokyo, 
Japan) at baseline and on days 2, 4, 6, 10, 14, 21, and 27 
after test sample administration.
 After fasting for approximately 16 h on days 7 
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2.3.3. Treatment groups

Nine rats each from the fCDDP/LPD suspension group 
and fCDDP/Sal solution group in the toxicologic 
assessment were used in this study, and the CDDP 
plasma concentration was measured 5 min, 6 h, and 24 h 
after test sample administration in 3 rats in each group.

2.3.4. Test sample administration

The test samples were administered to rats in the 4 
groups as in the anticancer experiments.

2.3.5. Measurement of CDDP concentration in plasma

The plasma concentrations of total CDDP and protein-
unbound (free) CDDP were analyzed. The same rats as 
used in the toxicokinetic (TK) studies in the fCDDP/
Sal and fCDDP/LPD groups were anesthetized with 
diethyl ether 5 min, 6 h, and 24 h after test sample 
administration. Blood was collected from the abdominal 
aorta using a heparin-treated syringe. The blood was 
centrifuged (4°C, 1,800 × g, 10 min) to separate plasma, 
and the plasma was chilled on ice. Inductively coupled 
plasma mass spectrometry was used to measure the total 
platinum (total Pt) concentration. The protein-unbound 
platinum (free Pt) concentration in the plasma was 
analyzed with 1 ml of the plasma ultrafiltered through 
a Centrifree membrane filter (Millipore, Billerica, 
MA, USA) (4°C, 1,800 × g, 30 min). The results 
were converted to the CDDP concentration. The TK 
parameters (C5min, AUC0–24h) were calculated based on 
the CDDP concentration using WinNonlin software, ver. 
5.2.1 (Pharsight, Mountain View, CA, USA).

2.4. Comparison of suspendability of fCDDP and CDDP 
bulk substance in LPD

For comparisons of suspendability, CDDP bulk substance 
was obtained from Nippon Kayaku Co., Ltd. (mean 
particle diameter: approximately 100 μm). One hundred 
milligrams of fCDDP and CDDP bulk substance in LPD 
was weighed and placed in vials, and then 5 mL of LPD 
was added to each. After vortex mixing, the 5-mL LPD 
suspensions were drawn into syringes. The syringes 
were placed in a horizontal position to observe the 
sedimentation visually over a 10-min period.

2.5. Statistical analyses

The body weight, food consumption, hematologic 
parameters, and blood biochemical parameters (mean 
± SD) were calculated for the LPD-alone, fCDDP/
Sal solution, and fCDDP/LPD suspension groups and 
compared with the Sal control group. The data were fi rst 
tested for homogeneity of variance using the F test, after 
which a Student's t-test (two-sided) was employed in the 

and 28, the rats were anesthetized with diethyl ether, 
and blood was drawn from the abdominal aorta into a 
syringe. Ethylenediaminetetraacetic acid-2K was then 
added to the collected blood samples. A blood cell 
analyzer (XT-2000iV, Sysmex Corporation, Kobe, Japan) 
was used to analyze the following parameters for each 
specimen: red blood cell count; hemoglobin; hematocrit; 
white blood cell count, platelet count, reticulocyte 
count, and differential leukocyte count; corpuscular 
volume average; corpuscular hemoglobin; and mean 
corpuscular hemoglobin concentration. In addition, for 
blood biochemical assessment, heparin was added to 
blood samples in the same manner as for the hematology 
analyses. The specimens were then centrifuged (4°C, 
1,600 × g, 10 min) to obtain the plasma, which was 
analyzed for the following using a Hitachi model 7180 
autoanalyzer (Hitachi High-Technologies Corporation, 
Tokyo, Japan): aspartate aminotransferase; alanine 
aminotransferase; alkaline phosphatase; lactate 
dehydrogenase; creatine phosphokinase; total bilirubin; 
direct bilirubin; total cholesterol; triglycerides; 
phospholipids; total protein; albumin; albumin/globulin 
ratio; urea nitrogen; creatinine; calcium; glucose; 
sodium; potassium; and chloride.
 After blood sampling for the hematology and blood 
biochemistry studies on days 7 and 28, the rats were 
euthanized by exsanguination from the abdominal aorta, 
and the injection site, heart, lungs, liver, spleen, kidneys, 
adrenal glands, thymus, testes, pituitary, brain, prostate, 
submaxillary glands, thyroid, pancreas, esophagus, 
stomach, duodenum, jejunum, ileum, colon, urinary 
bladder, epididymis, seminal vesicles, sternum, femur 
(including bone marrow), spinal cord, mesenteric lymph 
nodes, mandibular lymph nodes, thigh muscle, sciatic 
nerve, eyes, harderian glands, skin, mammary glands, 
aorta, trachea, and tongue were isolated and inspected 
macroscopically. Specimens of all organs were prepared 
to assess histopathologic changes by fixation in 10% 
phosphate-buffered formalin solution (for the eyes, a 
mixture of equal volumes of 3% glutaraldehyde and 10% 
phosphate-buffered formalin solution) and were stained 
with hematoxylin-eosin.

2.3. Determination of CDDP concentrations in plasma

2.3.1. Experimental animals

Eighteen of  the 57 male Donryu rats used for the 
toxicologic assessment were quarantined, acclimatized, 
and then used for the determination of CDDP plasma 
concentration

2.3.2. Preparation of  test samples

The fCDDP/LPD suspension and the fCDDP/Sal solution 
prepared for the toxicologic assessment were used to 
determine plasma CDDP concentrations.
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case of equal variance, while a Aspin-Welch t-test was 
applied in the absence of unequal variance. Statistical 
analyses were performed using the Toxi-Win system 
(SAS statistical package, Sumisho Computer Systems 
Corporation, Tokyo, Japan). A two-tailed p value of less 
than 0.05 and a p value of less than 0.01 were considered 
to represent statistically signifi cant differences.

3. Results

3.1. Anticancer effects of fCDDP suspension

In the study of anticancer effects, the mean weight 
of tumors in the LPD group was 0.854 ± 0.875 g, 
whereas those in the 0.4-, 0.2-, and 0.1-mg fCDDP/LPD 
suspension groups were 0.198 ± 0.311 g, 0.190 ± 0.263 
g, and 0.226 ± 0.134 g, respectively (Figure 1). All tumor 
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weights in the fCDDP/LPD suspension groups were 
significantly lower than that in the LPD-alone group, 
indicating the efficacy of the fCDDP/LPD suspension 
dosages. There was no difference in tumor weight 
between the Sal and LPD-alone groups (0.963 ± 1.269 g).
 Five deaths occurred during the study of one rat each 
time, on day 4 in the LPD group, on day 6 in both the Sal 
and fCDDP/LPD 0.4-mg groups, on day 7 in the fCDDP/
LPD 0.4-mg group, and on day 8 in the fCDDP/LPD 0.1-
mg group.

3.2. Toxicity study of fCDDP/LPD suspension

In the study examining the toxicity of the fCDDP/
LPD suspension, there were no treatment-related 
deaths or abnormalities among the experimental rats in 
the Sal, fCDDP/Sal solution, LPD-alone, or fCDDP/
LPD suspension groups. Although body weight and 
food consumption decreased from the day after the test 
sample administration, both improved several days later. 
Compared with the Sal group, there were no statistically 
signifi cant differences between the fCDDP/Sal solution, 
LPD-alone, and fCDDP/LPD suspension groups. The 
hematologic assessments performed on days 7 and 
28 after test sample administration did not show any 
statistically significant changes in any experimental 
group. In addition, the blood biochemistry tests showed 
no significant changes in any value examined and no 
liver or kidney damage was observed (Figure 2).
 The pathology studies found adhesion of cavity organs 
in all groups on days 7 and 28. In the histopathologic 
studies, single-cell necrosis of cholangiocytes and 
periportal hepatocytes was observed on day 7 in the 
fCDDP/Sal solution and fCDDP/LPD suspension groups, 
while cholangiocyte hypertrophy and vacuolation in 
the interlobular artery were observed in the fCDDP/
LPD suspension and LPD-alone groups. Moreover, in 

Figure 1. Antitumor activity of fCDDP suspended in LPD 
against orthotopically allografted rat ascites hepatoma 
AH109A. Mean tumor weights are shown by each bar. * p < 
0.05, fCDDP suspended in LPD vs. LPD.

Figure 2. Serum chemistry in male rats after a single intrahepatic artery administration of each test sample.
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the fCDDP/LPD group, microgranulomas around the 
interlobular arteries were also observed (Figure 3).
 Granulomas of the gastroduodenal artery injection 
site and of the hepatic artery were also seen in all 
experimental groups. On day 28, interlobular artery 
vacuolation was observed in the fCDDP/LPD suspension 
and LPD-alone groups, and vacuolar degeneration of 
hepatocytes was seen in the fCDDP/LPD suspension 
and fCDDP/Sal solution groups. Microgranulomas 
were observed around the interlobular arteries except 
in the Sal group, while granulomas were seen in the 
gastroduodenal artery injection site and hepatic artery 
in all groups. In the kidney, regeneration of the tubular 
epithelium was observed on day 7 in more rats in 
the fCDDP/Sal solution, LPD-alone, and fCDDP/

LPD suspension groups compared with the Sal group. 
However, no enhanced effects on the renal tubules 
in the fCDDP/LPD suspension group were noted. In 
addition, fewer rats in the fCDDP/Sal solution, LPD-
alone, and fCDDP/LPD suspension groups showed 
abnormal changes on day 28 (Tables 1 and 2). Changes 
were also observed in the heart, lungs, spleen, pituitary, 
small intestine, and other organs of these three groups, 
although they were also seen to some extent in the Sal 
group. The changes were not considered to be caused by 
test sample administration.

3.3. Determination of CDDP concentrations in plasma

The results of the study measuring the CDDP plasma 

Figure 3.  Single-cell necrosis of cholangiocytes (▼) and vacuolation in the interlobular artery (★) in the liver of rats 
treated with fCDDP/LPD suspension and LPD alone. Original magnification, ×20.

Object of observation

Liver
    Hypertrophy of cholangiocytes
    Vacuolation in interlobular artery
    Microgranuloma around interlobular artery
    Single-cell necrosis of hepatocytes, periportal
    Single-cell necrosis of cholangiocytes
    Microgranuloma in capsule
Injection site (hepatic & gastroduodenal arteries)
    Granuloma
Kidney
    Regeneration of tubular epithelium
    Hyaline casts

Table 1. Histopathologic findings on day 7

Grade

1+
1+
1+
1+
1+
1+

1+

1+
1+

Sal

0
0
0
0
0
0

2/3

1
0

fCDDP/Sal

0
0
0
0
1
2

2/3

3
3

LPD

4
3
0
0
0
2

3

4
3

fCDDP/LPD

2
4
3
1
2
2

1

4
3

Grade: 0, none; 1+, mild; 2+, moderate; 3+, severe. The fCDDP dosage for the fCDDP/Sal and fCDDP/LPD suspension group was 0.2 mg, 
respectively. Four rats were sacrifi ced and examined in each group.

Number of rats with pathological changes
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concentrations in the four experimental groups showed 
that the mean concentrations in the fCDDP/Sal solution 
group were 1,290 ng/mL at C5min, which decreased to 114 
ng/mL 6 h and to 101 ng/mL 24 h after administration. 
In the fCDDP/LPD suspension group, the corresponding 
values were 942 ng/mL, 99.9 ng/mL, and 67.8 ng/mL, 
respectively. In addition, the AUC0–24h value was 6,200 
ng–1 h/mL in the fCDDP/Sal solution group and 4,670 
ng–1 h/mL in the fCDDP/LPD suspension group. 
Therefore these two groups had similar TK parameters.
 On the other hand, the mean CDDP concentrations 
in the ultrafiltered plasma (free CDDP concentrations) 
were 729 ng/mL at C5min and 2.22 ng/mL at 24 h, with 
an AUC0–24h value of 2,300 ng–1 h/mL in the fCDDP/Sal 
solution group. In the fCDDP/LPD suspension group, the 
respective values were 649 ng/mL, 1.21 ng/mL, and 2,030 
ng–1 h/mL, which were similar to those in the fCDDP/
Sal group (Figure 4). However, all TK parameters in the 
fCDDP/LPD suspension group were lower than those 
in the fCDDP/Sal solution group at each time point 
measured (Table 3).

3.4. Comparison of suspendability of fCDDP and CDDP 
bulk substance in LPD

When the sedimentation rate of the fCDDP and CDDP 
bulk substance in LPD in syringes was examined, it was 
found that the CDDP bulk substance rapidly began to 
sink to the bottom of the horizontal syringe, and nearly 
complete sedimentation occurred within 3 min. In 
contrast, the sedimentation rate of fCDDP was slower 
(Figure 5).

4. Discussion

Under the experimental conditions in this study, the 
fCDDP/LPD suspension showed anticancer effects 
against orthotopically transplanted AH109A hepatoma 
cells even at a dose of 0.1 mg of fCDDP, corresponding 
to the minimum fCDDP concentration administered in 

clinical practice. The mean tumor weight in the LPD-
alone group was almost the same as that in the Sal 
group. This means that the tumor growth-inhibitory 
effects of the fCDDP/LPD suspension were likely 
due to the activity of fCDDP. Because an fCDDP/Sal 
solution group was not used in this study, we could 
not compare the tumor growth inhibition between the 
fCDDP/LPD suspension and fCDDP/Sal solution. 
Sonoda et al., however, performed this comparison in 
VX2 tumor-bearing rabbits and found that the fCDDP/
LPD suspension group showed greater tumor growth 
inhibition than the fCDDP/Sal solution group (7). In 
addition, Morimoto et al. (8) administered fCDDP/LPD 

Figure 4. Plasma and ultrafiltered plasma concentration-
time profiles of cisplatin in rats after a single intrahepatic 
artery injection of fCDDP/Sal or fCDDP/LPD (0.2 mg/rat).

Object of observation

Liver
    Microgranuloma around interlobular artery
    Degeneration of interlobular artery
    Vacuolation in interlobular artery
    Microgranuloma in capsule

Injection site (hepatic & gastroduodenal arteries)
    Granuloma
  
Kidney  
    Regeneration of tubular epithelium
    Hyaline casts

Table 2. Histopathologic findings on day 28

Grade

1+
1+
1+
1+

2+
1+

1+
1+

Sal

0
0
0
4

3/3
0/3

0
0

fCDDP/Sal

2
2
0
3

1/3
0/3

2
0

LPD

2
0
4
4

0
1

1
2

fCDDP/LPD

2
2
4
1

3
1

3
1

Grade: 0, none; 1+, mild; 2+, moderate; 3+, severe. The fCDDP dosage for the fCDDP/Sal and fCDDP/LPD suspension group was 0.2 mg, 
respectively. Four rats were sacrifi ced and examined in each group.

Number of rats with pathological changes
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suspension via the intrahepatic artery to VX2 tumor-
bearing rabbits and compared the Pt concentrations in 
the tumors and normal liver tissue after TACE with 
fCDDP/LPD suspension and TACE with fCDDP/Sal 
solution. They found that the Pt concentration in normal 
tissues did not differ between the two treatments, 
whereas its concentration in tumors was 10-fold higher 
when fCDDP/Sal solution was used in combination 
with LPD (8). Based on that report and the results of 
the present study, it appears that the combined use of 
LPD with fCDDP in TAI and TACE for the treatment of 
liver carcinoma may have greater effi cacy than fCDDP/
Sal solution monotherapy.
 The toxicologic effects of fCDDP 0.2 mg were 
investigated, a dosage that had shown marked effects 
in the anticancer activity experiments. In nontumor-
bearing rats, histopathologic changes in the liver and 
interlobular artery vacuolation in the 0.2-mg fCDDP/
LPD suspension group were caused by LPD emboli, 
and degeneration and single-cell necrosis were seen 
in the periportal hepatocytes, around the interlobular 
artery, and in cholangiocytes. However, the same 
changes were also observed in the fCDDP/Sal solution 
and LPD-alone groups. The changes that appeared 
in the fCDDP/LPD suspension group appeared to be 
simply extra effects. Findings that were associated 
with the pathologic changes observed in the liver were 
concluded to be mild reactions because there were 
no changes in other liver function markers and the 
pathologic changes reversed after day 28. In addition, 
granulomas were observed from the gastroduodenal 
artery (the injection site) to the hepatic artery. However, 
they were observed in all experimental groups, were 
not especially more marked in the drug-treated groups, 
and were considered to be caused by the administration 
technique.
 The results indicate that the administration of 
fCDDP suspended in LPD does not induce a strong 

inflammatory reaction or other changes at the blood 
vessel injection site. In the combined administration 
of fCDDP with LPD in TAI and TACE, fCDDP is 
retained in the blood vessel for a long time because of 
the efficacy of LPD. Long-term exposure to fCDDP 
was expected to damage blood vessels. However, 
our histopathologic studies of blood vessel injection 
sites and the interlobular arteries of the liver did not 
reveal any evidence of such damage. Histopathologic 
examinations of the kidney showed that regeneration 
rates of the tubular epithelium were higher in the 
fCDDP/Sal, LPD-alone, and fCDDP/LPD groups 
than in the Sal group. However, those changes were 
mild in each drug-treatment group, and there were 
no abnormal changes in the levels of plasma urea 
nitrogen or creatinine. Therefore, we conclude that the 
administration of fCDDP suspended in LPD does not 
adversely affect kidney function.
 When the CDDP concentrations in plasma and 
ultrafiltered plasma were compared, little difference 
was found between the fCDDP/Sal solution and 
fCDDP/LPD suspension groups in terms of the 
TK parameters. Therefore, we believe that the 
administration of fCDDP/Sal solution formulated 
as a suspension in LPD has almost no effect on the 
systemic exposure to CDDP. Morimoto et al. found that 
the Pt concentrations in both plasma and ultrafiltered 
plasma were lower in TACE performed using fCDDP 
combined with LPD than in TACE using an fCDDP 
aqueous solution without LPD (8). Compared with the 
results after the administration of fCDDP without LPD, 
the LPD suspension may alleviate the adverse reactions 
associated with CDDP, i.e., kidney damage, nausea and 
vomiting, etc. Moriguchi et al. (9) also found that the 
total Pt concentration in plasma after intrahepatic artery 
administration of an LPD suspension of the clinically 
recommended dosage of fCDDP, 65 mg/m2, to patients 
with unresectable hepatocellular carcinoma was lower 

Figure 5. Comparison of time-courses of sedimentation of fCDDP and CDDP bulk substance following suspension in LPD. 
A: fCDDP/LPD suspension; B: CDDP bulk substance/LPD suspension.

Test sample

fCDDP/Sal

fCDDP/LPD

Toxicokinetic parameter

C5min (ng/mL)
AUC0–24h (ng•h/mL)
C5min (ng/mL)
AUC0–24h (ng•h/mL)

Table 3. Toxicokinetic parameters of CDDP (0.2 mg/rat)

Plasma (total CDDP)

1,290 ± 816
6,200 
   942 ± 659
4,670 

Ultrafiltrated plasma (free CDDP)

   729 ± 520
2,300
   649 ± 457
2,030
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than when fCDDP was not suspended in LPD for 1 h 
following administration, and it increased thereafter. 
Therefore, the results from this study showing that the 
CDDP values in the fCDDP/LPD suspension group 
were lower than those in the fCDDP/Sal solution group 
at all measurement times is similar to the results from 
the previous two reports (8,9).
 In summary, we found that a single intrahepatic 
artery administration of fCDDP/LPD suspension to 
rats with orthotopically transplanted hepatoma showed 
striking anticancer effi cacy attributed to CDDP. In the 
toxicology study, the toxicity of the treatment with 
the suspension at a dosage that had shown anticancer 
effi cacy was similar to that of fCDDP/Sal solution and 
LPD alone. The main toxicity was liver dysfunction 
and was reversible. The side effects caused by systemic 
exposure to CDDP were milder when it was combined 
in the LPD suspension. 
 Based on the present results, we conclude that 
the fCDDP/LPD suspension has sufficient anticancer 
efficacy and is well tolerated in the treatment of 
hepatocellular carcinoma. In addition, our results and 
those of previous studies (8,9) indicate that fCDDP has 
more potent efficacy in combination with LPD than 
when combined with Sal solution when treating hepatic 
cancer via TAI or TACE. Regarding the suspendability 
of fCDDP and CDDP bulk substance in LPD at a 
CDDP concentration of 20 mg/mL, the concentration 
used in clinical practice, the sedimentation of fCDDP 
was much slower than that of CDDP bulk substance. 
Future studies should be conducted to determine CDDP 
tumor concentrations in both fCDDP/LPD and fCDDP/
Sal solution groups.
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ABSTRACT: A doctor was murdered at Wenling First 
People's Hospital in Zhejiang, China on October 25, 
2013. During the incident, a patient assaulted three 
doctors, resulting in the death of one of the doctors. 
This incident has led to a heated discussion about the 
unhealthy doctor-patient relationship in China. There 
are complex reasons for the strained doctor-patient 
relationship in China, but one aspect that helped lead 
to this situation is the opacity of medical treatment. 
Research has shown that implementation of clinical 
pathways reduces the variability of clinical practice and 
improves outcomes. Standardized clinical pathways 
can provide a standard for evaluation of the rationality 
of treatment and also suggest a recommended 
treatment, potentially reducing the opacity of medical 
treatment in China. However, the standardized clinical 
pathways that are currently in use in China still 
need to be improved. The implementation of clinical 
pathways needs to be increased, those pathways need 
to be formulated in detail, a supervisory body needs 
to be established, and the public needs to be better 
informed. These aspects should be studied further.

Keywords: Doctor-patient relationship, doctor-patient 
contradiction, standardized clinical pathway

1. Introduction

A doctor was murdered at Wenling First People's 
Hospital in Zhejiang, China on October 25, 2013. A 
male patient assaulted 3 doctors, resulting in the death 
of one of the doctors. According to reports, the murderer 
was a patient at the hospital who underwent minimally 
invasive surgery on his nose on March 20, 2012. After 

the surgery, patient repeatedly indicated that his nose 
was blocked and that he had difficulty breathing. After 
the patient complained to the hospital, the hospital 
arranged several meetings in an attempt to identify the 
problem but concluded that the surgery was successful. 
The hospital tried to explain to the patient that the 
surgery was successful but the patient disagreed (1,2). 
After a prolonged period of fi ling complaints, the patient 
attacked hospital staff and ultimately caused the death of 
a doctor.
 After this incident, the unhealthy doctor-patient 
relationship in China was reexamined again and a heated 
discussion ensued. In 1994, the Chinese Government 
began to reform the medical system. However, the 
doctor-patient relationship improved little, and this 
relationship is more strained now than it ever was in 
China's history. There are complex reasons for the 
strained doctor-patient relationship, but one aspect that 
helped lead to this situation is the opacity of medical 
treatment.
 A standardized clinical pathway consists of 
"systematically developed statements to assist practitioner 
and patient decisions about appropriate health care for 
specific clinical circumstances" (3). Clinical pathways 
have been viewed as formal procedures for care and 
disease management (4) as well as a way to potentially 
reduce the opacity of medical treatment. After the first 
standardized clinical pathway was adopted by the New 
England Medical Center in Boston in 1985, the concept 
of clinical pathway has spread around the world.

2. The role ofstandardizedclinical pathways in a 
medical dispute

A clinical pathway is expected to play 3 roles: i) assisting 
practitioners in appropriate clinical decision-making; ii) 
improving the quality of healthcare and outcomes for 
patients; and iii) supporting and influencing regional 
or national policies for efficient resource allocation 
and better delivery systems (5-7). In more specific 
terms, a clinical pathway can help to formalize the 
treatment process, help explain treatment and increase 
transparency, and help optimize health resources and 
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facilitate rational decisions such as revision of essential 
drug lists and improvement of health insurance.
 Research has shown that the implementation of 
clinical pathways reduces the variability of clinical 
practice and improves outcomes (8-11).With a 
standardized clinical pathway, the patient can easily 
distinguish between treatment that is rational and 
treatment that is not, and the doctor is given better 
tools to explain the outcomes of that treatment. Thus, a 
standardized clinical pathway provides a standard for 
evaluation of the rationality of treatment. For example, 
a series of guidelines regarding the diagnosis and 
treatment of hepatocellular carcinoma (HCC) has been 
adopted in Japan with the support of Japanese Ministry 
of Health, Labor, and Welfare (5,12). These guidelines 
determine the appropriate treatment for each situation 
by recommending a preferred treatment and special 
treatment in specifi c circumstances, and these guidelines 
also indicate the possible outcomes of each treatment 
as a reference. Based on these guidelines, doctors and 
patients can easily identify which type of treatment is 
necessary or recommended and what type of results may 
occur, thus helping to reduce treatment disputes between 
the doctor and patient. In other words, these guidelines 
not only provide a way to reduce treatment disputes 
between patients and doctors but also offer a way to 
potentially reduce the opacity of medical treatment by 
providing a standardized treatment process.

3. Standardized clinical pathways in China

Standardized clinical pathways are a relatively new 
concept in China, but the Chinese Government has 
emphasized research on standardized clinical pathways. 
As an example, the Chinese Government implemented 
a series of standardized clinical pathways for diagnosis 
and treatment of liver cancer. The most recent pathways 
were determined in 2011 and include the detection and 
screening of high-risk groups, clinical manifestations, 
diagnostic criteria (clinical and pathological), staging, 
criteria for selection of different treatments, and follow-up 
visits (13). Similar standardized clinical pathways have 
also been adopted at different medical facilities (14-16).
 The implementation of clinical pathways Few Chinese 
hospitals have currently implemented standardized 
clinical pathways. One study found that only 0.82% of 
hospitals nationwide had implemented such pathways 
and that those pathways had only been implemented 
for an average of 2.02 years. Of the hospitals that had 
implemented clinical pathways, 82.7% had pathways for 
fewer than 10 diseases while only 4.8% had pathways for 
more than 50 diseases (14). In relative terms, developed 
countries have more extensive implementation of 
clinical pathways (17). As an example, a Swedish study 
indicated that clinical pathways were in use at 20% 
of Swedish intensive care units (ICUs) and a total of 
56 clinical pathways were reported within a range of 

fi elds and areas (18). A study of clinical pathways in 17 
member states of the European Union found that that 
the United Kingdom had the highest estimated level of 
pathway use, with a level reaching almost 45% in 2004. 
Countries with lower levels of pathway use such as 
Slovenia, the Netherlands, Belgium, and Austria had a 
level reaching almost 10% (19). Given these fi ndings, the 
clinical pathways currently in use in China are unlikely 
to provide a complete standard or a way to reduce the 
opacity of medical treatment. Therefore, further research 
into increasing the implementation of clinical pathways 
needs to be conducted.
 Formulation of clinical pathways in detail The 
standardized clinical pathways currently in use in China 
tend to contain general information about disease but still 
lack information about standards for specific treatments. 
As an example, the standardized clinical pathway for 
diagnosis and treatment of liver cancer in China include 
information about when a hepatectomy is indicated but 
lack information about how that hepatectomy should be 
performed, such as preoperative preparations, preoperative 
fasting, and preoperative assessment (13). Thus, clinical 
pathways do not provide a reliable standard when there 
is a disagreement about a hepatectomy. Further study of 
clinical pathways in detail would be of use.
 Establishment of a supervisory body China lacks an 
offi cial supervisory body to oversee the implementation 
of standardized clinical pathways. The few local 
supervisory bodies that do exist have little authority 
to ensure pathways are followed. Doctors have little 
fear of repercussions should they fail to follow clinical 
pathways, making them more likely to ignore those 
pathways. The lack of a supervisory body also leads 
to distrust on the part of the patient. Thus, the lack 
of a supervisory body has possibly hampered the 
implementation and use of clinical pathways.
 Better public education about standardized clinical 
pathways There is little recognition of the usefulness 
of clinical pathways in China, both among doctors and 
patients. Although a number of hospitals have adopted 
the concept of clinical pathways, the idea of using those 
pathways to explain treatment and to reduce treatment 
disputes is relatively new. No studies in China have 
examined patient education about clinical pathways. 
Better public education about standardized clinical 
pathways can help to increase both doctor and patient 
awareness of the usefulness of clinical pathways and help 
to potentially reduce the opacity of medical treatment.

4. Prospects for standardized clinical pathways to 
reduce theopacity of medical treatment in China

A strained doctor-patient relationship is particular to 
China. There are complex reasons for this situation, but 
the opacity of medical treatment is one contributing 
factor. A system of standardized clinical pathways 
including complete clinical pathways, a powerful 
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supervisory body, and better education of the public 
may provide a way to increase the level of standardized 
medical treatment and to reduce the opacity of that 
treatment. Therefore, further research into increasing 
the implementation of clinical pathways, formulation of 
clinical pathways in detail, establishment of a supervisory 
body, and better education of the public may offer better 
chances of increasing the level of standardized treatment, 
reducing the opacity of that treatment, and improving the 
doctor-patient relationship.
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