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Drug Discoveries & Therapeutics: A platform for promoting 
pharmaceutical sciences and clinical therapeutics

Yun Yen

Co-Editor-in-Chief
Drug Discoveries & Therapeutics

In 2011, the world is filled with both challenges and opportunities across disciplines. Around the 
world, all look for opportunities to improve the economy by investing in eco-industry as well as 
biotechnology. Within biotechnology, drug discovery and therapeutics remain the mainstays of 
biomedical research.
 Drug discovery bridges the gap between pre-clinical research and clinical therapeutics to benefit 
human health. The three main tenets of drug discovery and therapeutics, molecular diagnostics, 
targeted therapy, and personalized medicine, will be our focuses as well in Drug Discoveries & 
Therapeutics in the present and near future. To do so, Drug Discoveries & Therapeutics must 
welcome new topics that align themselves with traditional areas of research in drug development 
and therapeutics. We must continue to emphasize topics on biomarker-guided therapies in 
proteomics, metabolomics, genomics, and genetics as well as up-and-coming areas of research 
such as autophagy, exosomes, and RNA spliceosomes. Research on small molecules, peptides, 
monoclonal antibodies, nano-particles, will and should be covered by this journal's scope alongside 
pharmacokinetics, pharmacodynamics, and drug delivery systems.
 The journal will continue to invite outstanding review articles, original research papers, and 
frontier discoveries, while simultaneously attracting a greater readership. Our immediate goal is 
to become a leading authority in the biomedical research field of drug discovery and therapeutics. 
Allongside editorial colleagues, I will continue to bring high quality, efficient publications to our 
readership.

                                                                                                                                    (February 5, 2011)

Editorial

Yun Yen, M.D., Ph.D.
Professor and Chair of Molecular Pharmacology

City of Hope Beckman Center
Duarte, CA, USA
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c-Met: A potential therapeutic target for hepatocellular carcinoma

Jianjun Gao1,2, Yoshinori Inagaki1, Xia Xue2, Xianjun Qu2, Wei Tang1,2,*

1 Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan;
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ABSTRACT: The approval of receptor tyrosine 
kinase (RTK) targeted agent sorafenib as the first 
effective drug for the systemic treatment of advanced 
hepatocellular carcinoma (HCC) represents a 
milestone in the treatment of this disease. A better 
understanding of HCC pathogenesis will lead to 
development of novel targeted treatments. As a 
typical member of the RTK family, c-Met represents 
an intriguing target for cancer therapy. The c-Met 
signaling pathway has been shown to be deregulated 
and to correlate with poor prognosis in a number 
of major human cancers. This review discusses the 
possibility of c-Met as a target in HCC treatment 
from the following respects: i) c-Met expression and 
activation profile in HCC, ii) relationship between 
c-Met and clinicopathologic state and prognosis of 
HCC, iii) role of c-Met signaling activity in HCC 
genesis and progression, and iv) strategy of c-Met 
pathway targeting therapy in HCC treatment.

Keywords: Receptor tyrosine kinases, cancer therapy, 
clinicopathological features, prognosis, hepatocellular 
carcinoma

1. Introduction

Liver cancer ranked fifth in incidence and third in 
mortality in global cancer burden in 2008 according to 
the statistics published by World Health Organization 
(1). Among the diverse, histologically distinct primary 
hepatic neoplasms, hepatocellular carcinoma (HCC) is 
the most common type of liver cancer, accounting for 
83% of all cases (2). Therapeutic approaches including 
hepatic resection, liver transplantation, and loco-regional 
therapies play a major role in the clinical management 
of HCC (3). In recent years, introduction of molecular 

targeted therapies has opened new prospects in treatment 
of HCC. Systemic treatment with sorafenib, a multikinase 
inhibitor targeting Raf kinase and receptor tyrosine 
kinases (RTKs) including platelet-derived growth factor 
receptor (PDGFR), vascular endothelial growth factor 
(VEGF) receptor (VEGFR) and c-kit (receptor specific 
for stem cell factor), is recommended for patients at a 
more advanced stage of HCC (4). In addition, several 
other RTKs targeted drugs such as evacizumab, erlotinib, 
gefitinib, lapatinib, cetuximab, sunitinib, and brivanib 
have entered into clinical trials for treatment of advanced 
HCC (5). These studies illustrate the utility of targeting 
the protein class RTKs in HCC management.
 c-Met is a prototypic member of RTKs. The ligand 
for c-Met is a growth factor known as hepatocyte growth 
factor (HGF) (6). c-Met signaling pathway is involved 
in diverse cellular responses such as mitogenesis, 
motogenesis, or morphogenesis depending on the 
particular cell type and the microenvironment (7,8). In 
circumstances of tissue removal or damage such as liver 
regeneration or renal and lung injury, c-Met expression 
is induced as an important mediator in the wound 
healing and tissue repair processes (9-11). Deregulation 
and activation of c-Met may result in unregulated cell 
growth and differentiation, contributing to malignant 
transformation (12). c-Met overexpression or enhanced 
activation relative to normal tissues is demonstrated 
in several human cancers including gastric, colorectal, 
pancreatic, lung, head and neck, ovarian, renal, glioma,  
melanoma, prostatic and breast carcinoma (13-15). This 
review provides a systematic retrospective about the 
role of c-Met in HCC pathogenesis and discusses the 
possibility of molecular targeting of c-Met as a potential 
therapeutic strategy for HCC.

2. c-Met expression and activation profi le in HCC

2.1. c-Met expression

c-Met expression in human HCC and non-HCC liver 
tissues was examined in a number of studies in the past 
twenty years. c-Met positive rates and expression levels 
in HCCs are usually higher than those in normal or 
adjacent non-tumorous liver tissue either at the mRNA 
or protein level (Tables 1 and 2) (16-30). These studies 

Review DOI: 10.5582/ddt.2011.v5.1.2
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suggested that c-Met expression, at least in part, was 
deregulated in the genesis and progression of HCC.

2.2. Mechanisms underlying aberrant c-Met expression 
in HCC

Mechanisms involved in c-Met aberrant expression are 
commonly found in the following repects.
 Inducible endogenous or exogenous factors  c-Met 

gene expression is inducible by its own ligand HGF 
(31). Besides HGF, other cytokines including epidermal 
growth factor (EGF), interleukin (IL)-1, IL-6, and tumor 
necrosis factor-α can induce c-Met expression in HCC 
cells in vitro (31). In HepG2 cells, c-Met gene promoter 
activity was up-regulated when treated with HGF, IL-1, 
and IL-6. The activator protein (AP)-1 was considered 
to participate in HGF and IL-6-induced c-Met gene 
transcription (31,32). In addition to the above endogenous 
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Table 1. c-Met positive rates in human HCC and non-HCC liver tissues in various studies

Authors

Annen (16)
Xie et al. (17)
Wu et al. (18)

Ueki et al. (19)
Ljubimova et al. (22)

Chau et al. (20)
Kiss et al. (21)
D'Errico et al. (26)

 Level

protein
protein
protein
mRNA
protein
protein
mRNA
protein
protein
protein

Sample tested (n)

18
47
25
25
62
 6
12
40
86
20

 HCC tissues

 Positive (n)

12
18
21
25
40
 6
10
35
83
20

 Positive rate (%)

         66.7
         38.3
         84.0
       100.0
         64.5
       100.0
         83.3
         87.5
         96.5
       100.0

 Sample tested (n)

18a

25b

25c

25c

62d

  9e

30f

40g

86h

10i

Non-HCC tissues

     Positive (n)

  8
  3
  5
  6
  4
  9
13
34
86
10

Positive rate (%)

        44.4
        12.0
        20.0
        24.0
          6.4
      100.0
        43.3
        85.0
      100.0
      100.0

a adjacent non-cancerous tissues; b adjacent non-cancerous tissues; c adjacent non-cancerous tissues; d adjacent non-cancerous tissues; e 3 normal, 
3 HCV, and 3 alcoholic liver disease (ALD) cirrhotic specimens; f 7 normal, 9 HCV cirrhosis, 8 ALD, 4 ALD/HCV, 2 liver adenoma specimens; 
g adjacent non-cancerous tissues; h adjacent non-cancerous tissues; i 5 focal nodularhyperplasias, 4 fulminant hepatitis, 1 regenerated liver.

Table 2. Expression levels of c-Met in human HCC and non-HCC liver tissues

Authors

Ueki et al. (19)

Kiss et al. (21)

Ljubimova et al. (22)

Osada et al. (23)

Suzuki et al. (24)

Zhang et al. (25)

D'Errico et al. (26)

Osada et al. (27)

Boix et al. (28)

Noguchi et al. (29)

Okano et al. (30)

 Level

protein

protein

protein

protein

protein

mRNA

protein

protein

protein

mRNA

mRNA

protein

c-Met expression

The mean expression level of c-Met was significantly higher in HCC tissues than 
in non-tumorous tissue.

Overexpression in 20% of 86 HCC specimens when compared to the surrounding 
hepatic tissue.

In normal liver the staining intensity was usually weaker compared with HCC and 
some areas of cirrhotic livers.

Expression at higher levels in 19 of 30 HCCs compared with non-tumorous tissue.

Detection in 16 of 23 patients (69.6%), overexpression in HCC compared with the 
surrounding normal liver.

c-Met mRNA was detected in 6 of 19 HCCs (31.6%); c-Met mRNA was 
overexpressed in HCC compared with the surrounding normal liver.

9 of the 20 HCCs exhibited c-Met overexpression, with an increase ranging 
between 2- and 7-fold when compared by densitometry with the surrounding non-
tumor liver.

The c-Met protooncogene product was expressed in all cases (20 HCCs, 5 focal 
nodularhyperplasias, 4 fulminant hepatitis, 1 regenerated liver), with marked 
overexpression in the HCCs.

The mean value of c-Met in tumor tissue, 1.36 ± 0.12*, was clearly higher than 
in non-tumor tissue, 1.07 ± 0.06*. Data was obtained from specimens of 30 HCC 
patients.

c-Met overexpressed in 8 of 18 HCCs, with an increase ranging between 2- and 
10-fold when compared by densitometry with the surrounding liver.

Overall level of c-Met mRNA was significantly higher in HCC tissues than that in 
non-HCC surrounding regions (0.41 ± 0.20 vs. 0.08 ± 0.02 pg/μg total RNA) in 11 
HCC specimens.

The expression of c-Met protein was higher in patients with HCC and acute 
hepatitis than in those with chronic hepatitis.

Method of detection

Western blot

Immunohistochemistry

Immunohistochemistry

Western blot

Immunohistochemistry

Northern blot

Immunohistochemistry

Immunohistochemistry

Western blot

Northern blot

Competitive RT-PCR

Immunohistochemistry

* The expression level of c-Met was presented as the optical density (OD) ratio of c-Met/β-actin.
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scenario exists. In addition to paracrine activation, 
intracytoplasmic positivity for HGF was also evident in a 
large number of neoplastic cells in some cases of HCCs, 
which supported that an autocrine pattern of action of 
HGF also existed in HCC (19,26). Thus, c-Met can be 
activated in both autocrine and paracrine patterns in HCC.

2.3.2. HGF-independent activation

In addition to the HGF-dependent pattern, c-Met 
activation can occur through alternative mechanisms in 
HCCs including: i) active mutants of c-Met constitutively 
phosphorylating the downstream kinases; ii) activation 
by cell attachment; iii) transactivation by EGF receptor 
(EGFR); and iv) activation by des-γ-carboxy prothrombin 
(DCP).
 Mutations that either promote receptor dimerization/
oligomerization or alter catalytic activity or substrate 
specifi city, would possibly activate RTKs. Constitutive 
activating mutations of c-Met may play an important 
role in the development of HCC by conferring cells a 
selective growth advantage. In HCC, three missense 
mutations K1262R, M1268I, and T1191I in the 
tyrosine kinase domain were exclusively detected in 
childhood HCCs (Table 3) (44). Missense mutations 
K1262R and M1268I in the kinase domain of c-Met 
are located in a specific region which is believed to 
act as an intramolecular substrate that, in the absence 
of ligand, functions to inhibit enzymatic activity by 
blocking the active site (44). It is speculated that these 
mutations stimulate the kinase activity of c-Met by 
altering the structure of the intramolecular substrate 
such that it is constitutively disengaged from the active 
site (44).
 A mechanism of activation of c-Met that did 
not rely on mutation but depended on cell adhesion 
was demonstrated by Wang et al. (45). In their 
study, overexpression of the human wild-type c-Met 
which could not respond to murine HGF but was 
enzymatically active in mice hepatocytes allowed 
activation of the receptor (46,47). The activation of 
c-Met in this case was considered to be dependent on 
cell adherence, but not HGF (45). Furthermore, this 
style of activation might depend on overexpression of 
c-Met (45). These results indicate that cell adherence 
may be an alternative activation mechanism for tumor 
development in cancers related to hyperactivation or 
overexpression of wild-type tyrosine kinase receptors.
 Cross-talk can occur between different growth factor 
receptors, which may induce mitogenic or motogenic 

factors, hepatitis B virus X protein (HBX) which acted as 
a weak to moderately strong transcriptional transactivator 
was proven to be an exogenous inducible factor for c-Met 
expression (33). Activation of transcription factors AP-2 
and specificity protein (SP)-1 at the promoter region of 
the c-Met gene contributed to transcriptional regulation 
of c-Met expression by HBX (33).
 MicroRNAs (miRNAs)  miRNAs are small RNA 
molecules which are approximately 22 nucleotides long 
and negatively control their target genes expression 
posttranscriptionally (34). miRNAs including miR-34a, 
miR-23b and miR-199a-3p targeting c-Met are dysregulated 
in HCC tissues (35). Li et al. demonstrated that down-
regulation of miR-34a expression was highly significant 
in 19 of 25 (76%) HCC tissues compared with adjacent 
normal tissues and an inverse correlation between miR-34a 
and c-Met expression was observed in resected normal/
tumor tissues (36). miR-23b was found down-regulated 
in 82% (14/17) HCC tissues compared with adjacent non-
HCC tissues as indicated by Salvi et al. (37). Similarly, a 
signifi cant down-regulation of miR-199a-3p expression was 
observed in HCC tissues (38). Thus, overexpression of c-Met 
may be partially ascribed to down-regulaton of miRNAs 
targeting c-Met in HCC.
 Amplifi ed maturation process  During the maturation 
of c-Met, the primary single chain precursor protein 
(p170met) is cleaved to produce the α subunit (p50met) and 
β subunit (p140met) which are disulfi de linked to form the 
mature receptor (6). This process is probably amplified 
in carcinogenesis of the liver. Annen et al. showed that 
expression of p170met precursor was signifi cantly higher 
in non-cancerous regions than in cancerous regions, while 
the p140met signal was obviously stronger in cancerous 
regions than in non-cancerous regions. These results 
imply that the processing pathway from the pro-receptor 
to the mature receptor is possibly facilitated in HCC (16).

2.3. c-Met activation

The classical mode of  c-Met activation requires the 
binding of  HGF to c-Met. In addition to this HGF-
dependent form, an HGF-independent pattern of c-Met 
activation, especially found in tumor development, has 
also been reported.

2.3.1. HGF-dependent activation

Under physiological conditions, c-Met expression is mainly 
observed in the epithelial compartment of various tissues, 
while its ligand HGF is expressed in cells of mesenchymal 
origin (39,40). Accordingly, HGF and c-Met constitute 
a paracrine signaling system which plays a critical 
role in development and organogenesis (40). In normal 
human liver, HGF was detected in bile duct epithelia 
and in endothelial cells of both the central-lobular vein 
and portal tract vessels whereas c-Met was identified in 
mature hepatocytes (41-43). In HCC, a somewhat different 

Table 3. c-Met mutations detected in HCC

Exon

17
19
19

Codon

 1191
 1268
 1262

  Nucletide

ACT → ATT
ATG → ATA
AAG → AGG

Amino acid

 Thr → Ile
 Met → Ile
 Lys → Arg
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signal amplification. EGFR exists on the cell surface 
and is activated by binding of its specific ligands 
including EGF and transforming growth factor α (TGFα) 
(48). It has been shown that cross-talk between c-Met 
and EGFR occur in HCC. HCC cell lines expressing 
TGFα in an autocrine manner displayed constitutive 
phosphorylation of EGFR and c-Met in the absence of 
HGF (49). The association between these two receptors 
was demonstrated to happen either directly, or via 
adapter molecules, before or during tumorigenesis, and 
might enable TGFα or EGF to phosphorylate c-Met 
through EGFR (49).
 DCP is employed as a tumor marker in the clinic for 
its high sensitivity and specifi city in the screening and 
diagnosis of HCC (50-52). Two kringle domains in the 
structure of DCP are similar to those of HGF which are 
considered to be mandatory for HGF to bind to c-Met 
(53). Based on this similarity, DCP binds and induces 
the phosphorylation of c-Met (54). However, the 
manner of activation of c-Met by DCP is different from 
that by HGF. Tyrosines-1234 and -1235 in the tyrosine 
kinase domain and tyrosines-1349 and -1356 in the 
multifunctional docking site were phosphorylated when 
c-Met was activated by HGF (55-57). However, when 
binding DCP to c-Met phosphorylation occurred in 
those tyrosine residues located in the kinase activation 
loop (Tyr1234/1235) but not in the C-terminal tail 
(Tyr1349) (54).

3. c-Met as an indicator for clinicopathologic state 
and prognosis of HCC

3.1. c-Met and clinicopathologic characteristics of HCC

The relationship between c-Met protein expression 
in HCC tissues and clinicopathologic characteristics 
is indicated in Table 4. Generally, tumor proliferative 
index was high in HCCs with c-Met expression 
(24,26). In addition, HCCs with multiple nodular 
tumors showed higher c-Met expression (58). On the 
other hand, no relevance was observed between c-Met 
expression and serum alpha fetoprotein (AFP) level, 
sex, or age (17,19,30,58). Conflicting results were 
reported regarding characteristics such as tumor size, 
differentiation degree, stage, invasion, and metastasis 
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(17,19,24,26,27,30,58). However, characteristics like 
tumor invasion and metastasis, and differentiation 
degree were more frequently reported to be correlated 
with c-Met expression. In those studies, level of c-Met 
expression was significantly higher in invasive or 
poorly differentiated HCCs. With respect to tumor 
size, most studies suggested it was unrelated to 
c-Met expression. When referring to tumor stage, 
contradictory results were obtained by Ke et al. and 
Xie et al. (17,58). The former study demonstrated that 
c-Met expression was obviously higher in advanced 
HCCs (TNM stage III or IV), whereas the latter one 
indicated that no difference of c-Met expression 
existed in early and advanced stages of HCCs. The 
sample size which is 520 in the former study and 
20 in the latter study may influence the consistency 
of results. Taken together, the expression of c-Met 
in HCC may be important to evaluate the status of 
this disease, especially to caution for tumor cells 
actively proliferating and the presence of intrahepatic 
metastasis or multiple nodular tumors.

3.2. c-Met and prognosis of HCC

Currently much work is underway to determine 
molecular predictors of the outcome of HCC (59). 
Expression of c-Met in HCC tissue was considered to 
be one of the independent prognostic factors indicating 
metastasis and recurrence in patients with HCC (60). 
Patients with high c-Met expression HCC usually had 
a significantly shorter 5-year survival than patients 
with low c-Met expression HCC after curative surgical 
resections (19). In addition, the sustained high level 
of serum HGF after hepatectomy was suggested to 
be related to early tumor recurrence and metastasis 
(18). Using transcriptome analysis, a group of HCCs 
(27%) with potentially activated c-Met signaling were 
classified based on a c-Met induced transcription 
signature (61). These tumors were characterized by 
higher vascular invasion rate, increased microvessel 
density, and shortened survival. Moreover, a predictive 
model was established according to c-Met gene 
signatures, which was able to diversify HCC patients 
into good and bad prognostic groups with 83-95% 
accuracy (61). These results suggest that expression and 

Table 4. The relationship between c-Met protein expression and clinicopathologic characteristics of HCC

Studies

Xie et al. (17) 
Ueki et al. (19) 
Suzuki et al. (24) 
D'Errico et al. (26)
Osada et al. (27) 
Okano et al. (30)
Ke et al. (58)

ND: not determined; NS: not signifi cant; +: positive; --: negative.

 No. of cases

  47
  62
  23
  50
  30
  26
520

 Tumor size

--
--

ND
ND
ND
--
+

Proliferation 
   activity

ND
ND
NS
+

ND
ND
ND

Differentiation
      degree

+
--
+
+

ND
--
+

Tumor
 stage

--
ND
ND
ND
ND
ND
+

Invasion and
 metastasis

+
+

ND
ND
+
--
+

Sex 

 --
 --
ND
ND
ND
ND
 --

Age

 --
 --
ND
ND
ND
ND
 --

 Serum AFP
      level

ND
ND
ND
ND
ND
--
--
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activation of c-Met in HCC tissues indicate an adverse 
prognosis for HCC patients.

4. c-Met signaling in HCC tumorigenesis and 
progression

Signal transduction is the communication process 
utilized by regulatory cytokines to mediate essential 
cell processes (including growth, differentiation, and 
survival) in response to stimuli. Enhanced signal 
transduction may lead to increased cell proliferation, 
sustained angiogenesis, tissue invasion and metastases, 
and inhibition of apoptosis during tumor development 
and progression. On the other hand, blocking tumor-
dependent signal transduction pathways might slow 
down tumor progression.

4.1. c-Met signaling in HCC

The c-Met protein is fi rst synthesized in the hepatocytes 
as a single chain precursor (p170met), and then processed 
to a mature glycosylated heterodimer receptor (p190met) 
which consists of an extracellular α subunit (p50met) 
and a transmembrane β subunit (p140met) (6,62). The 
β subunit has a protein kinase domain and a docking 
site for cell-signaling molecules (55,63). c-Met signal 
transduction involved in HCC is illustrated in Figure 
1. When activated by HGF, the intracellular tyrosine 
kinase domain of c-Met is highly phosphorylated at 
two tyrosine residues (Tyr-1234 and Tyr-1235) that 
are essential for the catalytic activity of the enzyme 
(64,65). Phosphorylation also occurrs at two tyrosine 
residues (Tyr-1349 and Tyr-1356) located in the 

Figure 1. Schematic representation of the c-Met signaling pathway suggested in HCC cells. The activation of c-Met in HGF-
dependent and/or HGF-independent ways induces phosphorylation of specifi c tyrosine residues within the c-Met intracellular 
domain and, in turn, initiates activation of the downstream signaling cascades.
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carboxyl-terminal region of the β-subunit which acts 
as a multifunctional docking site and binds numerous 
srchomology 2 (SH2) domain-containing effectors 
such as the growth factor receptor-bound protein 2 
(Grb2) and transcription factor STAT3 (55,66,67). Upon 
phosphorylation, this docking motif can also associate 
with Grb2-associated binding protein 1 (Gab-1), a multi-
adaptor protein that provides binding sites for molecules 
such as phosphatidylinositol 3 kinase (PI3K) and 
phospholipase Cγ1 (PLCγ1) (68). It was suggested that 
Gab-1 interacted with the c-Met multifunctional docking 
site both directly and indirectly (68). On one side, Gab1 
might interact directly with tyrosine-1349 of c-Met. 
On the other side, Gab1 indirectly associated with 
c-Met, in which Grb2 acted as an adapter by binding 
tyrosine-1356 of c-Met with the SH2 domain and the 
proline rich sequences of Gab1 with the srchomology 
3 (SH3) domain (68). Downstream of adaptors the 
regulation of cell proliferation, invasion and metastasis 
by c-Met was related with extracellular signal-regulated 
protein kinase (ERK) and PI3K pathways. In addition, 
Suzuki et al. demonstrated DCP induced the JAK1-
STAT3 signaling pathway, while it did not affect the 
ERK or PI3K pathway (54).

4.2. Role of c-Met signaling in hepatocarcinogenesis

As the natural ligand of c-Met, HGF is a potent 
mitogen for hepatocytes and various epithelial cells and 
activation of the ERK pathway plays an important role 
in the regulation of cell proliferation by HGF (69). That 
c-Met signaling is involved in hepatocarcinogenesis 
is evidenced by the fact that c-Met transgenic mice 
would develop HCC (45). In these mice, inactivation 
of the transgene led to regression of even highly 
advanced tumors, apparently mediated by apoptosis 
and cessation of cellular proliferation (45). HCC could 
also be initiated by hydrodynamic transfection of c-Met 
in combination with constitutively active versions of 
β-catenin into the livers of adult mice (70). Inactivation 
of c-Met transgene led to regression of hepatocellular 
carcinomas despite the persistence of activated 
β-catenin. The tumors eventually recurred in the 
absence of c-Met expression, however, presumably after 
the occurrence of one or more events that cooperated 
with activated β-catenin in lieu of c-Met (70). These 
studies implied that enhanced c-Met signal transduction 
played a critical role in the malignant transformation of 
normal hepatocytes.

4.3. Role of c-Met signaling in HCC invasion and 
metastasis

Tumor metastasis is a continuous dynamic process 
involving releasing of tumor cells, their migrating and 
crossing the blood vessel barriers, and colonizing at 
distant sites. The motility of HCC cell lines (Hep3B, 

HepG2, PLC, and Huh-7) and HCC cells harvested 
from patients was stimulated by HGF (71). Tyrosine 
phosphorylation of c-Met and activation of PI3K were 
regarded to play a critical role in these processes (71). 
Neaud et al. showed that addition of human liver 
myofi broblasts (MF) conditioned medium induced cell 
scattering and increased about 100-fold the ability of 
HepG2 to invade Matrigel, and that the HGF secreted 
by MF played a critical role in these processes (72). Up-
regulating of urokinase type plasminogen activator (uPA) 
induced by c-Met signaling was thought to contribute 
to the invasion and metastasis of HCC cells (73). 
Angiogenesis is the physiological process involving the 
growth of new blood vessels from pre-existing vessels, 
which is a fundamental step in the transition of tumors 
from a dormant state to a malignant one. Enhanced 
angiogenesis was observed in HCCs developed in HGF 
transgenic mice in which expression of VEGF was up-
regulated in parallel with HGF transgene expression 
(74). Moreover, HGF as well as inducible nitric oxide 
synthase are involved in multidrug resistance (MDR) 
induced angiogenesis in HCC cell lines (75). Thus, 
HGF/c-Met signaling is possibly implicated in HCC 
metastasis through promoting cell motility, stimulating 
protease production that facilitates cellular invasion 
and strengthening angiogenesis which helps HCC cells 
colonize in other organs.

5. The strategy of c-Met signaling targeting therapy 
for HCC treatment

Based on the current understanding of the c-Met pathway 
in HCC, several strategies to intervene in the pathway 
could be proposed at different levels: i) inhibition of 
HGF expression or activity; ii) inhibition of c-Met 
expression or kinase activity; and iii) interference with 
downstream effector functions.
 Even though HGF is  a  potent  mitogen for 
hepatocytes, the effect of HGF on the growth of HCC 
cells is controversial. In addition to stimulating HCC cells 
proliferation, HGF also exhibits anti-proliferative effects 
on HCC cells (76). Besides that, both HCC stimulatory 
and inhibitory effects of exogenous administration of HGF 
on carcinogen-treated rats have been reported (77-79). 
There are also confl icting reports in HGF transgenic mice. 
Mice harboring a full-length mouse HGF cDNA under 
the control of the mouse metallothionein gene promoter 
induced liver tumors, which arose spontaneously in six 
independent transgenic lines after 17 months (80). In 
contrast, overexpression of a human HGF cDNA under 
the regulation of the albumin promoter in transgenic mice 
did not induce HCC (81). Moreover, the HGF transgene 
appeared to inhibit hepatocarcinogenesis in bitransgenic 
mice overexpressing c-Myc or TGF-α (82). In addition, 
D'Errico et al. reported that liver HGF did not always 
correlate with hepatocellular proliferation in human HCC, 
while its specific receptor c-Met did (26). Therefore, 
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whether or how HGF participates in hepatocarcinogenesis 
remains to be clarified. Subsequently the feasibility of 
HGF targeting therapies for HCC treatment needs to be 
futher studied.
 The antitumor effects of reducing and/or silencing of 
c-Met expression in HCC cells using antisense or RNAi 
sequences targeting c-Met mRNA have been examined in 
various studies (25,36-38,83,84). These studies showed 
that down-regulation of c-Met signifi cantly decreased the 
proliferation, motility, and invasive ability of HCC cells 
both in vitro and in vivo. The effi cacy of inhibition of c-Met 
in HCC treatments is verified. So far, many approaches 
including biologic inhibitors (ribozymes, dominant-
negative receptors, decoy receptors, peptides, and 
c-Met antagonist antibodies) and small-molecule c-Met 
inhibitors have been designed to inhibit c-Met expression 
or activity. Recently, small-molecule kinase inhibitors  
emerged as a major approach being investigated in the 
clinic. Several c-Met kinase inhibitors such as ARQ197, 
SGX523, and PF2341066 are rapidly progressing through 
various stages of development, with those in clinical 
trials having already demonstrated convincing early 
evidence of clinical activity in many types of human 
cancers (85-87). Agents that may interfere with c-Met 
downstream effector functions, including the MAPK and 
PI3K pathways may serve as an option for HCC treatment. 
However, targeting these downstream effectors might not 
be c-Met pathway-specific. Taken together we suggest 
that c-Met selective targeting therapies are possibly a 
promising strategy for HCC treatment. Finally, it should 
be noted that the intact HGF/c-Met signaling pathway was 
suggested to be essential for maintaining normal redox 
homeostasis in the liver and had tumor suppressor effects 
during the early stages of nitrosodiethylamine-induced 
hepatocarcinogenesis (88). Thus, the level of c-Met 
signaling activity has a range suitable for maintaining 
normal cell activity.

6. Conclusion

The demonstrated role of c-Met in experimental 
oncogenesis, its dysregulation and correlation with 
disease prognosis, and antitumor effects by suppression 
of its activity may suggest the potential of c-Met as a 
therapeutic target in HCC. However, identification of 
the subclass of patients with c-Met signaling dependent 
HCCs is of special importance in predicting drug 
effi ciency and reducing side effects. So far, the effi cacy of 
these approaches has not nearly been verifi ed in HCC. It 
is necessary to apply these approaches to HCC treatments 
in the future.
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ABSTRACT: In this study, Sesbania grandiflora, a 
plant in the Leguminosae family, was investigated 
for its antibacterial activities. The agar well diffusion 
assay as well as the agar and broth dilution assays 
were used for determination of antibacterial 
activities. The crude ethanolic extracts obtained from 
different parts of this plant exhibited different potent 
activities. The stem bark has the most potential to 
yield an extract with the highest antibacterial action. 
The fractionation of the stem bark with different 
solvents indicated that the fractionated extracts 
obtained from ethyl acetate or butanol possessed the 
most pronounced antibacterial activity. The kinetic 
study of bactericidal activities revealed that the 
butanol fractionated extract of the stem bark was 
effective against Gram negative bacteria. This study 
suggests that the stem bark of S. grandiflora contains 
promising antibacterial substances for clinical 
purposes. 

Keywords: Sesbania grandiflora, antibacterial activity, 
crude extract, pathogenic bacteria, killing kinetics

1. Introduction

In Thailand and other Asian countries like China, 
Japan, and India, medicinal plants are widely used by 
all sections of the population either directly as folk 
remedies or in different indigenous systems of medicine 
or indirectly in the pharmaceutical preparations of 
modern medicines. The world health organization 
recently accepted an inventory of more than 20,000 
species of medicinal plants. Thai medicinal plants and 
their products are used to control diverse diseases and 
disorder symptoms such as cough, fever, bronchitis, 
itching, pneumonia, ulcers, and diarrhea. Researchers 
are hence increasingly turning their attention to 
medicinal plants looking for new bioactive or lead 

compounds to develop better drugs against several 
degenerative diseases like cancer, diabetes, Alzheimer's, 
arteriosclerosis as well as diseases caused by pathogenic 
microorganisms (1,2).
 From previous studies reported by different research 
groups, it was demonstrated that many naturally 
occurring compounds found in plants have been shown 
to possess biological activities such as antibacterial 
(3-5), antifungal (3,6,7), antiviral (3,8), anti-allergic 
(4), anti-cholinesterase (5), antioxidant (9-11), anti-
inflammatory (4,5,10), antitumor (12,13), anti-
tyrosinase (14), anti-plasmodial (15), and cytotoxic 
effects (10,15).
 The plant genus Sesbania, family Leguminosae, 
is comprised of about 60 species which are widely 
distributed throughout tropical and subtropical regions. 
Most species are annual herbs or shrubs, but a few are 
small trees (16). Many species of Sesbania are used 
for soil improvement as green manners or agroforestry 
trees (17). Sesbania grandiflora, syn. Aeschynomene 
grandifl ora, is a small erect tree that grows rapidly, is 
a sparsely branched tree that provides light shade, and 
is often grown as an ornamental (18). S. grandifl ora is 
widely used in Thailand both for food and medicine. 
Its leaves and fl owers are utilized as food whereas its 
stem has been long used as a traditional medicine for 
treatment of ulcers in the oral cavity. It was reported 
that all parts of S. grandifl ora are utilized for medicine 
in Southeastern Asia and India including preparations 
derived from the roots, bark, gum, leaves, fl owers and 
fruits. In the Philippines, the stem bark of this plant 
has been used for the treatment of thrush and infantile 
disorders of the stomach. In Cambodia, the pounded 
bark is applied to scabies. The juice of the leaves 
is considered anthelmintic and tonic and is used to 
treat worms, biliousness, fever, gout, itchiness, and 
leprosy (19). It was also reported that the root of this 
plant could be applied externally as a poultice against 
infl ammation. The semisolid mass containing powdered 
roots of S. grandiflora in an appropriate amount of 
water demonstrated a decrease of rheumatic swelling 
when applied externally with moderate rubbing to the 
lesion (20). Although S. grandiflora has been used 
for treatment in many diseases, most of the biological 
activities have not yet been adequately evaluated.

Brief Report DOI: 10.5582/ddt.v5.1.12



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(1):12-17. 

 The present study deals with the investigation of 
antibacterial activity of S. grandifl ora. Several parts of 
the whole plant such as leaves, branches, stem barks, 
and stem cores were screened for their potency on 
growth inhibition of bacteria. The pathogenic organisms 
were selected for the study on the basis of their clinical 
and pharmaceutical importance as well as their potential 
to cause contamination of food and drugs. The high 
potent activity extracts of the most potential parts of 
the plant were further investigated deeply on bacterial 
killing kinetics.

2. Materials and Methods

2.1. Plant materials

S. grandifl ora samples were collected in fresh condition 
from local areas of Northern Thailand. The plant was 
identifi ed and deposited in the Herbarium of the Faculty 
of Pharmacy, Chiang Mai, Thailand.

2.2. Preparation of plant extracts

2.2.1. The crude extracts

Fresh material leaves, branches, stem bark, and stem 
core were collected and washed with distilled water. 
Samples were cut into small pieces and dried at 50°C for 
24 h. The dried samples were pulverized into powder, 
and then macerated with 95% ethanol for 48 h × 3 at 
room temperature. The fi ltrates from the same part were 
pooled together and subjected to the rotary evaporator 
at 45°C and under vacuum for solvent removal. The 
crude extracts obtained were investigated further for 
antibacterial activity.

2.2.2. Fractionation of the extracts

The dried powder of stem bark was used in this study 
because its crude ethanolic extract showed the highest 
antibacterial activity. The plant powder was first 
macerated in hexane for 48 h × 3 at room temperature. 
The residue after the third fi ltration was dried at room 
temperature to ensure hexane was completely removed. 
The dried residue was further macerated respectively 
in three solvents as follows; ethyl acetate, butanol and 
methanol, in the same manner as hexane. The fi ltrates 
of the same solvent were pooled together. The solvent 
was removed using a rotary evaporator at 45°C under 
vacuum. The fractionated extracts obtained were 
subjected to antibacterial activity tests.

2.3. Bacterial strains

Standard strains of Escherichia coli ATCC 25922, 
Staphylococcus aureus ATCC 25923, Salmonella 
typhi DMST 5784, Shigella sonnei DMST 561 and 

clinical pathogenic bacterial strains of Bacillus 
cereus, Enterobacter cloacae, Enterococcus faecalis, 
Pseudomonas aeruginosa, Serratia marcescens, and 
Staphylococcus epidermidis obtained from the Faculty 
of Medicine, Chiang Mai University, Thailand were 
used throughout the study. The bacteria were sub-
cultured individually on fresh Tryptic Soy Agar (TSA) 
and incubated overnight at 37°C. Each bacterial 
strain was then suspended in 0.9% NaCl, and diluted 
to a McFarland turbidity standard No. 0.5 (21). This 
bacterial suspension was used for testing antibacterial 
activity.

2.4. Determination of antibacterial activities by agar 
diffusion

The bacterial inhibitory effect of S. grandifl ora extracts 
was carried out by standard agar well diffusion method 
(21). The TSA plate was seeded with the NS suspension 
of different bacteria. In each plate, a 6 mm diameter 
well was cut out using a sterile cork borer. Using a 
sterile autopipette, 50 μL of the proper diluted extract 
was carefully added into the wells. The same volume of 
50% ethanol was used as a negative control. The plates 
were incubated overnight at 37°C. The antibacterial 
activity was evaluated by measuring the diameter of 
inhibition zone (DIZ). The experiment was carried out 
in triplicate and the means of diameter of the inhibition 
zone were calculated.

2.5. Determination of minimum inhibitory concentration 
(MIC)

2.5.1. Agar dilution method

The MIC of fractionated extract of the stem bark 
was determined against the test pathogenic bacteria 
by a standard agar dilution method (22). Briefly, to 
the tubes containing 9 mL melted Mueller-Hinton 
Agar (MHA) media, serial dilutions of the extract 
were added to 10 mL and poured into a sterile plate. 
Sample concentrations in the agar plates were in the 
range of 0.63-20.00 mg/mL. Equivalent amounts of 
sterile distilled water and sterile 50% ethanol were 
used as controls. Ten μL of each bacteria suspension 
with turbidity equivalent to McFarland No. 0.5 was 
inoculated into each agar dilution plate. The inoculated 
plates were incubated overnight at 37°C. The MIC 
was defi ned as the lowest concentration of the samples 
which prevented this change and exhibited complete 
inhibition of bacterial growth (23).

2.5.2. Broth dilution method

The MIC was also determined by using a broth dilution 
method (24). Briefl y, the extract was fi rst dissolved in 
sterile 50% ethanol. The sample obtained was added 
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limit of quantifi cation. In these few cases, the colonies 
were counted and the resulting CFU/mL was used to 
provide an estimate of the number of viable cells. It 
is noted in the appropriate figure legends when these 
estimates were used. Results of killing kinetic studies 
are expressed as the difference between the log CFU/
mL at the indicated time point and the log CFU/mL of 
the inoculums at time zero. Bactericidal activity was 
defi ned as decreasing the original inoculums after 24 h 
of incubation (30).

3. Results and Discussion

The crude extracts of 4 parts of S. grandiflora showed 
different yields. The leaf extract gave the highest yield 
of 23.3% (w/w) followed by the stem bark with a yield 
of 13.3% (w/w). All of them were first screened for 
their antibacterial activity against E. coli and S. aureus 
as representations for Gram negative and Gram positive 
bacteria, respectively. Gentamicin at a concentration of 
75 μg/mL was used as a positive control. It was found 
as shown in Table 1 that the stem bark extract showed 
the strongest inhibition against both pathogens with 
a DIZ of 9.4 and 13.7 mm for E. coli and S. aureus 
respectively whereas the leaf extracts gave no inhibition 
zone.
 MIC of the fractionated extracts of the stem bark 
was further examined against ten strains of pathogenic 
bacteria. The results in Table 2 indicated that the 
extract with ethyl acetate possessed the strongest 
antibacterial activity followed by the butanol extract. 
The MIC of ethyl acetate extract against all tested 
pathogens was lower than other solvents. It was found 
that the yield of ethyl acetate extract was 1.75% which 
was a little lower than that of the methanol extract but 
higher than that of the butanol and hexane extracts. 
Considering the antibacterial activity, the ethyl 
acetate and butanol extracts were selected for further 
investigation.
 The antibacterial activity in the ethyl acetate 
and the butanol extracts determined by agar dilution 
method were confirmed by using the broth dilution 

to Mueller-Hinton Broth (MHB). This extract solution 
was serially diluted two-fold with MHB to obtain 
the extract concentration in a range of 0.63-10.00 
mg/mL. Each bacterial suspension obtained from a 
McFarland turbidity standard No. 0.5 was inoculated 
into the broth dilution tube. The tubes were incubated 
overnight at 37°C. Negative controls were prepared 
with un-inoculated bacterial suspension and the positive 
controls contained inoculated bacterial suspension 
without the test samples. After incubation overnight at 
37°C, the micro-dilution tubes were checked visually 
to detect growth inhibition of the bacteria. The growth 
end points were determined by comparing the amount 
of growth in the tubes containing the test samples with 
that in the negative control. Acceptable growth must 
occur in the positive control. The MIC was defi ned as 
the lowest concentration of the samples which is able to 
inhibit any visible bacterial growth (25).

2.6. Determination of minimum bactericidal concentration 
(MBC)

To determine MBC, a method of MIC determination 
was slightly modifi ed. Briefl y, the samples were taken 
from the tube of the MIC assays, where no visible 
turbidity (growth) was observed, and streaked on 
freshly prepared TSA plates. The plates were incubated 
overnight at 37°C so as to determine the MBC (26). 
The MBC was defined as the lowest concentration of 
the samples with no bacteria growth on the surface of 
the medium in the plates (27,28).

2.7. Kinetics of bacteria killing

Kinetics of bacteria killing was investigated by a broth 
dilution method (29). Briefly, an overnight culture in 
TSA was adjusted with normal saline (0.9% NaCl) to 
a McFarland Standard No. 0.5. The adjusted culture 
was added to MHB with the test extract at the same 
concentration of MBC and incubated for an appropriate 
time of 1.5, 3, 4.5, and 6 h, at 37°C, to achieve a 
logarithmic growth phase. All cultures contained 
approximately 1.5 × 106 CFU/mL at the initiation of 
the time course and were maintained at 37°C. The 
actual initial concentrations were determined by ten-
fold serial dilution with a normal saline solution of 
the inoculums and plating the serial dilutions on TSA 
to calculate the logarithm of colony forming units per 
milliliter extract (log CFU/mL). At 0, 1.5, 3, 4.5, 6, 
and 24 h, samples were removed and serially diluted 
with normal saline. The log CFU/mL in the culture at 
each time point was determined by spreading on freshly 
prepared TSA plates and incubating overnight at 37°C. 
As a general rule, plates containing greater than 30, 
but less than 300 colonies were used to quantify viable 
CFU/mL. In some instances, the resulting number of 
colonies was less than 30 and considered below the 

Samples

Leaves extract
Branches extract
Stem bark extract 
Stem core extract
Gentamicin

Table 1. Diameter of inhibition zone of growth inhibition of 
crude extract (100 mg/mL) from each part of S. grandiflora 
and gentamicin (75 μg/mL) against different bacterial 
strains using the agar well diffusion methoda

a No bacterial growth in the negative control plate.
b Data are presented as means ± S.D. (n = 3). 
c NZ represents no inhibition zone. 

E. coli

NZc

  7.8 ± 0.3
  9.4 ± 0.1

NZ
16.3 ± 0.9

S. aureus

NZ
10.7 ± 1.0
13.7 ± 0.6
  8.9 ± 0.2
23.1 ± 2.5

Diameter of inhibition zone (mm)b
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method. In this experiment, B. cereus, E. faecalis, 
S. aureus, and S. epidermidis, as representatives for 
Gram positive bacteria and S. typhi and S. sonnei, as 
representatives for Gram negative bacteria were used 
as test microorganisms. The results shown in Table 3 
demonstrate that the MIC values determined by broth 
dilution method were equal or less than those obtained 
by the agar dilution method. Moreover the results 
indicated that the MBC values of extracts against 
the Gram positive bacteria were equal to the MIC 
values on corresponding bacteria. Regarding the Gram 
negative bacteria, it was found that the MBC values 
were higher than the MIC values on corresponding 
bacteria.
 To study the killing kinetics effect of the highest 
potential antibacterial activities, the ethyl acetate and 
the butanol extracts with a concentration at MBC, were 
subjected to test four pathogens including E. faecalis, 
S. aureus, S. typhi, and S. sonnei. In this experiment E. 
faecalis and S. aureus were used as the model of Gram 
positive bacteria whereas S. typhi and S. sonnei were 
used as the model of Gram negative microorganisms. 
The bactericidal kinetics was examined using time 
course experiments measuring the number of surviving 
bacteria, Log CFU/mL. It was seen that both extracts  

possessed a similar killing rate against the tested Gram 
positive bacteria. Both extracts showed killing activity 
against E. faecalis within 30 min (Figure 1A). For S. 
aureus, more than 90% of cells were killed within 1.5 
h (Figure 1B). It was found that the butanol extract had 
a high ability to kill S. typhi and S. sonnei, the tested 
Gram negative bacteria, faster than the ethyl acetate 
extract. The results demonstrated that both extracts 
could kill S. typhi and S. sonnei within 1.5 h. However, 
the butanol extract showed complete inhibiton against 
both strains at 6 h whereas the complete killing time 
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Figure 1. Killing kinetic curves of Gram positive bacteria, 
E. faecalis (A) and S. aureus (B), with ethyl acetate (EtOAc) 
and butanol (BuOH) extracts, from stem bark of S. 
grandifl ora.

Microorganisms

Bacillus cereus
Enterococcus faecalis
Salmonella typhi
Shigella sonnei
Staphylococcus aureus
Staphylococcus epidermidis

Table 3. The broth dilution method was used to determine MIC and MBC of the ethyl acetate and the butanol extracts 
from stem bark of S. grandiflora against some different bacterial strainsa

a No bacterial growth in the negative control plate.

MIC for test samples (mg/mL)

Ethyl acetate

       1.25
       5
       1.25
       2.5
       2.5
       2.5

Butanol

   1.25
   5
   1.25
   2.5
   2.5
   2.5

Ethyl acetate

       1.25
       5
       2.5
       5
       2.5
       2.5

Butanol

   1.25
   5
   2.5
   5
   2.5
   2.5

MBC for test samples (mg/mL)

Microorganisms

Bacillus cereus
Enterobacter cloacae
Enterococcus faecalis
Escherichia coli
Pseudomonas aeruginosa
Salmonella typhi
Serratia marcescens
Shigella sonnei
Staphylococcus aureus
Staphylococcus epidermidis

Table 2. The agar dilution method was used to determine 
MIC of the extract with different organic solvents from stem 
bark of S. grandiflora against different bacterial strainsa

a No bacterial growth in the negative control plate.

Hexane

> 20
> 20
   20
> 20
> 20
> 20
> 20
> 20
   10
   20

MIC for test samples (mg/mL)

Ethyl 
acetate

     2.5
     5
     5
     5
   10
     5
   10
     5
     2.5
     2.5

Butanol

     2.5
   20
     5
   20
   20
     2.5
   20
     5
     2.5
     2.5

Methanol

        2.5
   > 20
      10
   > 20
      20
      10
   > 20
      20
        5
      10
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of ethyl acetate extract for Gram negative bacteria was 
more than 6 h (Figure 2). From these results, it could 
be clearly seen that the butanol extract had a more 
pronounced killing rate on Gram negative bacteria 
than the ethyl acetate extract. The killing kinetics 
of both extracts on Gram positive bacteria was not 
distinguishable.
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ABSTRACT: A polysaccharide was purified from a 
hot water extract of green tea leaves by measuring 
the immunostimulatory activity in silkworm larvae. 
Nuclear magnetic resonance and chemical analysis of 
acid hydrolysates revealed that the purified substance 
possessed a backbone containing polygalacturonic 
acids with methyl ester residues. Treatment with 
β-glucanase attenuated the muscle contraction 
activity of the purified sample, suggesting that the 
β-glucan structure, probably as a branched form, 
was required for its activity. The purified fraction 
stimulated the production of interleukin-6 by mouse 
peritoneal macrophages. These results suggest that 
measuring immunostimulation in silkworm larvae is 
useful for evaluating innate immunostimulants from 
various sources.

Keywords: Polysaccharides, pectin, green tea, innate 
immunity, mice, macrophages, IL-6, insect

1. Introduction

In addition to its use as a popular beverage, tea 
(Camellia sinensis) is also used as medicine to maintain 
health in humans. The therapeutic effects of green tea 
components have been studied in several disease models. 
For example, feeding green tea to mice with lupus-
like syndrome improved survival and delayed disease 
progression (1). Laurie et al. studied the effect of a 
green tea extract in human patients with advanced lung 
cancer (2). Several compounds of green tea leaves such 
as polyphenols are reported to possess antitumor (3), 
antioxidant, and anti-diabetic properties (4). Thus we 
focused on green tea as a source of bioactive substances 
that stimulate innate immunity.

 The immune system is divided into two categories; 
adaptive and innate immunity. Innate immunity is the fi rst 
barrier of host animals against invading pathogens and 
the system is well conserved among species. In insects, 
microbial components trigger defensive reactions such 
as melanization of the blood (5,6) and the production 
of antimicrobial factors (7,8). We previously reported 
that the injection of peptidoglycans and β-glucans, cell 
wall components of bacteria and fungi, respectively, 
induces slow paralysis in silkworms (9). Peptidoglycans 
and β-glucans are thought to be recognized by immune 
cells in silkworms followed by the activation of an 
insect cytokine, paralytic peptide, which induces muscle 
contraction and several self-defense reactions (9-11). 
Because peptidoglycan and β-glucan are well-known 
stimulants of innate immunity in various organisms, we 
hypothesized that quantitative measurement of silkworm 
muscle contraction would be useful for assessing the 
immunostimulatory activities of natural products or 
compounds. Here, we purifi ed an immunostimulant from 
a hot water extract of green tea leaves using a silkworm 
muscle contraction assay. We further observed the 
stimulatory effect of the extract on murine macrophages. 
Structural analysis revealed that polygalacturonic acid 
was responsible for the activity.

2. Materials and Methods

2.1. Reagents

Green tea leaves were purchased from a local market. 
Tea polyphenols [catechin (±), catechin (+), and 
polyphenon 60], lipopolysaccharides (LPS) from 
Escherichia coli, and thioglycollate medium were 
purchased from Sigma-Aldrich. RPMI 1640, antibiotics 
(penicillin and streptomycin), and fetal bovine serum 
were purchased from Invitrogen. Enzyme-linked 
immunosorbent assay (ELISA) kits (Ready-Set-go) and 
interleukin (IL)-6 were purchased from eBioscience.

2.2. Silkworms

Eggs of silkworms (Bombyx mori, HuYo Tukuba Ne) were 
purchased from Ehime Sanshu (Ehime, Japan). Silkworm 
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larvae were reared on an artifi cial diet (Silkmate 2S, Nihon 
Nosan, Yokohama, Japan) at 27°C (12).

2.3. Silkworm muscle contraction assay

Quantitative measurement of silkworm muscle contraction 
to evaluate innate immunity activation was described 
previously (9). Briefly, heads of fifth instar silkworm 
larvae (3-5 g) were cut off and the peritrophic membranes 
were removed. Each specimen was immobilized and 
attached with a 27-g load. Samples were dissolved or 
suspended in sterile saline, and 50 μL of each sample was 
injected into the body fluid of a specimen with a 1-mL 
syringe attached to a 27-gauge needle (Terumo, Tokyo, 
Japan). The muscle contraction value was calculated by 
measuring the maximum length of each specimen before 
(x cm) and after (y cm) the injection using the formula 
(x – y)/x. One unit of activity was defi ned as that which 
caused muscle contraction with the value of 0.15. The 
muscle contraction activity was measured by injecting 50 
μL of sample dissolved in saline. The specifi c activity of 
the fraction was determined by creating a titration curve 
with diluted samples.

2.4. Measurement of total sugar

The amount of total sugar in the fractions was 
determined using the phenol-sulfuric acid method, a 
colorimetric test with D-glucose (Nacalai Tesque, Kyoto, 
Japan) as a standard (13). One hundred microliters of 
the sample was added to an equal volume of 5% phenol 
solution, and the mixture was vigorously mixed for 1 
min. Concentrated sulfuric acid (98%; 500 μL; Nacalai 
Tesque) was added and the solution was immediately 
mixed vigorously. The samples were incubated at room 
temperature for 30 min and the OD490 values were 
measured using an MTP-300 Microplate reader (Corona 
Electric, Ibaraki, Japan).

2.5. Preparation and purifi cation of a hot water extract 
of green tea leave

Green tea leaves (100 g) were autoclaved at 121°C for 
15 min in 1 L of water. The sample was cooled and then 
centrifuged at 8,000 × g in a Hitachi centrifugation rotor 
[Himac CR 21E (rotor R10A)] for 10 min at 4°C. The 
supernatant was fi ltered through a paper fi lter (Advantec, 
pore size 0.45 μm), and the filtrate was freeze-dried 
for 48 h (Fraction I). The extracted fraction was added 
to two volumes of ethanol (99.5%; Nacalai, Japan) 
followed by centrifugation to collect the precipitated 
active substance (Fraction II).
 1st DEAE-cellulose chromatography (pH 7.9) The 
ethanol precipitate (Fraction II, 610 mg in 8 mL buffer) 
was slowly applied onto a 20-mL DEAE-cellulose 
(DE-52, Whatman) column equilibrated with 10 mM 
Tris-HCl buffer (pH 7.9). After washing with 120 mL 

Tris buffer, the column was developed with a 0-0.4 M 
NaCl gradient (250 mL × 2). The eluted fractions (6 
mL each) were collected using a CHF fraction collector 
(Advantec, Japan). The sugar concentrations in the 
eluted fractions were determined using the phenol-
sulfuric acid method as described above.
 2nd DEAE-cellulose chromatography (pH 5.6) Active 
fractions of the 1st DEAE-cellulose chromatography 
(pH 7.9) were pooled and loaded onto a 20-mL DEAE-
cellulose (DE-52, Whatman) column equilibrated with 
10 mM MES buffer (pH 5.6). The column was developed 
with a linear gradient of 0-0.4 M NaCl (250 mL × 2), 
and 6-mL fractions were collected. Active fractions were 
pooled and named Fraction III.
 1st Mono Q chromatography (pH 7.9) Fraction III 
(pH 5.6) was loaded onto a Mono Q column equilibrated 
with 10 mM Tris-HCl, pH 7.9, and fractionated at a fl ow 
rate of 0.4 mL/min (2 mL/fraction). After loading the 
sample, the column was washed with 14 mL of buffer. 
Two steps of gradient elution, 16 mL of 0-20 mM and 
40 mL of 20 mM-1 M NaCl, were performed.
 2nd Mono Q chromatography (pH 5.6) The pooled 
fraction of the 1st Mono Q chromatography (pH 7.9) 
was loaded onto a Mono Q column (GE Healthcare, 
Buckinghamshire, UK) equilibrated with 10 mM MES 
buffer (pH 5.6). Elution by NaCl gradient to elute the 
bound materials was performed as described above for 
the 1st Mono Q chromatography (pH 7.9). The fractions 
were concentrated 6.5-fold by ethanol precipitation, 
and 50 μL of each sample was subjected to the muscle 
contraction assay. Active fractions were pooled and 
named Fraction IV. 
 Gel filtration with Superdex 200 Five hundred 
microliters of Fraction IV (14 mg/mL) was loaded 
on a 24-mL Superdex 200 (GE Healthcare) column 
equilibrated with 10 mM Tris-HCl (pH 7.9) and 150 
mM NaCl. The column was calibrated with compounds 
of known molecular mass; sodium dextran sulfate (500 
kDa), dextran 40 (40 kDa), and D-galacturonic acid 
monohydrate (0.2 kDa). Fractionation was performed 
with fast protein liquid chromatography equipment (GE 
Healthcare) at a fl ow rate of 0.5 mL/min. 

2.6. Monosaccharide analysis

Purified fractions from green tea and the standard 
(D-glucose) were treated with 4 M trifl uoroacetic acid at 
100°C for 3 h. After acid hydrolysis, N-acetylation was 
performed to change amino sugars to their N-acetylated 
forms, by mixing the sample with pyridine methanol 
(1:9, v/v) and then treating with pyridine/acetic 
anhydride (4:1, v/v) for 30 min at room temperature. 
The samples were labeled with aminobenzoic acid 
ethyl ester (ABEE) by incubating at 80°C for 1 h, and 
analyzed by reversed phase-high performance liquid 
chromatography [RP-HPLC; Honenpak C18 (75 mm × 
4.6 ID)] with 0.2 M potassium borate: acetonitrile (93:7) 
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3. Results

3.1. Induction of silkworm muscle contraction by a hot 
water extract of green tea leaves

Screening of hot water extracts of food samples using 
the silkworm muscle contraction assay indicated that 
a hot water extract of green tea leaves had high innate 
immunostimulation activity. A freeze-dried fraction 
of the hot water extract of green tea had 6 units/mg of 
specifi c activity (Table 1). Activity per weight of dried 
green tea leaves was 1,300 units/g dry weight. Tea 
polyphenols [catechin (±), catechin (+), and polyphenon 
60] and cellulose, components in green tea leaves, did 
not induce muscle contraction. Therefore, we concluded 
that substances other than polyphenols and cellulose 
were responsible for the innate immunostimulation in 
the hot water extract of green tea leaves. The fraction 
was further purifi ed by ethanol precipitation followed by 
chromatographies with DEAE-cellulose and Mono Q.

3.2. DEAE-cellulose chromatography

Acid polysaccharides were reported from plant, such 
as pectin (14). To elucidate whether the substance 
in tea extract have acid moieties, we performed the 
DEAE-cellulose chromatography. The elution profile of 
chromatography (pH 7.9) is shown in Figure 1. A major 
part of the activity was adsorbed on the column, suggesting 
the presence of acidic moieties in the active substance. 
The specific activity of the active fraction recovered 
from the column was 28 units/mg, which was equivalent 
to that of the loaded sample. Rechromatography of the 
fraction with a DEAE-cellulose column at pH 5.6 showed 
absorbance of the active substance to the column, and 
there was no increase in specifi c activity in the salt-eluted 
fractions (Fraction III).

3.3. Mono Q chromatography

To further purify the immunostimulant from green tea 
leaves, we performed two rounds of Mono Q column 
chromatography. The active substance was adsorbed to the 
column (Figure 2). A major part of the activity was eluted 
by the salt gradient. Quantification of total sugar by the 
phenol-sulfuric acid method revealed that the activity peak 
coincided with the presence of polysaccharide. The specifi c 
activity of the active fraction was 40 units/mg. There was 

at a fl ow rate of 1 mL/min. Peaks were detected by UV 
305 nm according to retention time.
 The standard comprised a mixture of 13 mono-
saccharides (2 nmol each; L-arabinose, L-fucose, 
D-galactose, D-glucose, D-mannose, L-rhamnose, 
D-ribose, D-xylose, D-galacturonic acid, D-glucuronic 
ac id ,  N -ace ty l -D-ga lac tosamine ,  N -ace ty l -D-
glucosamine, and N-acetyl-D-mannosamine).

2.7. Nuclear magnetic resonance (NMR) analysis

Fraction V (11 mg) was dissolved in deuterium oxide 
(D2O), and 1H and 13C NMR (ECA-500, JEOL) analyses 
were performed at 40°C.

2.8. β-glucanase sensitivity test

Five milligrams of Fraction V was incubated with 
or without 11 mg of endo-1,3(4)-β-glucanase from 
Apergillus niger (Sigma) in 0.1 M sodium citrate 
buffer (pH 5.0) at 25°C for 6 h. After incubation, the 
enzyme was inactivated by boiling at 100°C for 5 min. 
Immunostimulation activity of the sample was measured 
by the silkworm muscle contraction assay as described 
above.

2.9. IL-6 production by mouse peritoneal macrophages

Peritoneal mouse macrophages were collected from 
C57BL/6 male mice 3 days after the injection of 1 mL 
of 4% thioglycollate medium. Twenty microliters of 
each sample was added to tissue culture plates (96 well, 
flat bottom, Iwaki Science Department, Asahi Glass 
Corporation, Japan) containing 105 cells/well in 200 μL 
of RPMI 1640 medium. The medium was supplemented 
with L-glutamine, 25 mM HEPES, 10% fetal bovine 
serum, and 100 μg/mL each of penicillin/streptomycin. 
The cells were incubated at 37°C for 24 h. The IL-6 
concentration of 100 μL of each culture supernatant 
was measured using an ELISA kit (eBioscience). The 
standard curve was drawn using recombinant IL-6 
(eBioscience) as the standard.

2.10. Statistical analysis

The signifi cance of differences was calculated using the 
Student's t-test. Differences with a p value of less than 
0.05 were considered statistically signifi cant.

Table 1. Summary of purification of innate immunity stimulating fraction from 100 g of green tea leaves

Fraction

I    Hot water extract
II   Ethanol extract
III  DEAE-cellulose chromatographies (pH 7.9 and 5.6)
IV  Mono Q chromatographies (pH 7.9 and 5.6)
V   Superdex 200 chromatography

Total activity (units)

          132,000
            75,600
            16,200
              7,400
              4,000

Yield (%)

    100
      57
      12
        6
        3

Amount (mg)

     22,000
       2,700
          810
          185
          100

Specific activity (units/mg)

                    6
                  28
                  20
                  40
                  40
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no increase in the specifi c activity by rechromatography 
with Mono Q at pH 5.6 (Fraction IV).

3.4. Gel fi ltration with Superdex 200

To further evaluate the purity of the fraction obtained by 
rechromatography with the Mono Q column (Fraction 
IV), gel filtration was performed using Superdex 200 
(GE Healthcare). The activity co-migrated with the 
polysaccharide peak (Figure 3). The specific activity 
of the pooled fraction (Fraction V) was 40 units/mg, 
equivalent to that of the loaded fraction. The active 
substance was eluted in fractions between those of sodium 
dextran sulfate (500 kDa) and dextran 40 (40 kDa), 
suggesting that the innate immunostimulants in green tea 
leaves possessed heterogeneous molecular masses.

3.5. Monosaccharide analysis of acid hydrolysate

Purified fraction (Fraction V) was hydrolyzed by acid 
treatment, and the monosaccharide composition was 
determined. RP-HPLC analysis of the ABEE-labeled 
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sample revealed the presence of galacturonic acid, 
galactose, glucose, and rhamnose (Figure 4). The 
molar ratio of each monosaccharide was determined by 
measuring the peak area. The ratio of galacturonic acid:
galactose:glucose:rhamnose was 22:4:5:1, respectively. 
These fi ndings suggested that a major component in the 
fraction was D-galacturonic acid.

3.6. NMR analysis

Four kinds of anomeric proton signals were detected by 
1H NMR at 5.12, 5.15, 5.16, and 5.19 parts per million 
(ppm). The relative intensity of the signal detected at 
5.12 ppm was two times higher than that of the other 
anomeric signals. Based on the observed chemical shifts 
of anomeric protons, these saccharide residues might 
have an alpha anomeric confi guration. A methyl proton 
signal characteristic to galacturonic acid methyl ester 
was also detected at 3.87 ppm. Based on comparisons 
with the relative intensity of the methyl proton signal to 
that of the anomeric proton signals, approximately half 
of the galacturonic acid was the methyl ester (Figure 5). 

Figure 2. Elution profile of Mono Q chromatography (pH 7.9). Silkworm muscle contraction assay was performed by 
injecting 50 μL of each sample (concentrated 6.5-fold). Active fractions (18-27) were pooled and used for further purifi cation.

Figure 1. Elution profi le of 1st DEAE-cellulose chromatography (pH 7.9). Silkworm muscle contraction assay was performed 
by injecting 50 μL of each sample (concentrated 6.5-fold). Total sugar concentration was measured by the phenol-sulfuric acid 
method. Active fractions (43-80) were pooled for further procedures.
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 The chemical shifts obtained by 13C NMR analysis 
of Fraction V were similar to that of polygalacturonic 
acid (15,16). Four kinds of anomeric carbon signals 
were detected at 99.2, 99.6, 100.3, and 100.6 ppm. The 
intensity of the signal detected at 99.2 ppm was higher 
than that of the other anomeric signals. Based on the 
observed chemical shifts of anomeric carbons, saccharide 
residues were assigned an alpha anomeric confi guration. 
Three kinds of methyl carbon signals characteristic of 
galacturonic acid methyl ester were detected at 52.5, 
52.8, and 53.1 ppm. Signals of carbons thought to be of 

carboxylic acid (around 175 ppm) and methyl esterifi ed 
carboxylic acid (around 171 ppm) were also detected 
(Figure 5). 

3.7. Effect of β-glucanase on the activity of green tea

β-glucans are major cell wall components of plants and 
fungi. We previously reported that yeast β-glucans induce 
muscle contraction in silkworms (9). To test whether 
the purified fraction from green tea leaves contained 
a β-glucan structure that contributes to its activity, we 

Figure 3. Elution profi le of gel fi ltration with Superdex 200. Silkworm muscle contraction assay was performed by injecting 
50 μL of each sample (concentrated 6.5-fold). 

Figure 4. HPLC analysis of acid hydrolyzed monosaccharides from green tea. Acid hydrolyzed monosaccharides labeled 
with aminobenzoic acid ethyl ester were analyzed by RP-HPLC.
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examined the sensitivity of the fraction to β-glucanase. 
The result of the muscle contraction assay indicated that 
β-glucanase treatment of the purified fraction (Fraction 
IV) of green tea abolished the innate immunostimulation 
activity in silkworm. In contrast, the sample treated 
under the same condition without β-glucanase induced 
muscle contraction of the larval specimen (Figure 6). 
These fi ndings demonstrated that the immunostimulation 
activity of the purified material was sensitive to 
β-glucanase from A. niger.

3.8. IL-6 production by mouse macrophages stimulated 
by polysaccharide purifi ed from green tea

Silkworm larvae muscle contraction was used to evaluate 
the innate immunostimulating activity of the samples 

during the purification process. Whether the purified 
fraction stimulates innate immunity in the mammalian 
system remained to be clarifi ed. To address this question, 
we examined the effect of the purifi ed fraction (Fraction 
V) on mouse macrophages. The amount of IL-6 produced 
by mouse peritoneal macrophages was significantly 
increased by incubation with Fraction V (Figure 7). These 
results suggest that the innate immunostimulants purifi ed 

Figure 5. 1H NMR and 13C NMR spectrum of the purified substance from green tea. Fraction V (11 mg) dissolved in 
deuterium oxide (D2O), was analyzed by 1H and 13C NMR (ECA-500, JEOL).

Figure 6. Effect of 1,3(4)β-glucanase on green tea Fraction 
IV. Fraction IV (5 mg) was incubated with (closed circles) 
or without (closed diamonds) 11 mg of 1,3(4)β-glucanase 
from A. niger in a sodium citrate buffer (pH 5.0) at 25°C 
for 6 h. After the incubation, the enzyme was inactivated by 
boiling at 100°C for 5 min. Immunostimulation activity was 
measured using the silkworm muscle contraction assay.

Figure 7. Induction of IL-6 production by mouse peritoneal 
macrophages incubated with purified compounds from 
green tea. Mouse peritoneal macrophages stimulated with 
thioglycollate (4%) from C57BL/6 male mice were incubated 
with different concentrations of samples for 24 h. The amount 
of IL-6 in the supernatant of culture medium was measured 
by ELISA. Data represent mean ± S.D. of 3 experiments ( , 
p < 0.05 compared with saline).
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using the silkworm system also stimulate innate immunity 
in mammalian systems. The specifi c activity of Fraction 
V in terms of IL-6 production by mouse macrophages, 
however, was much less than that of LPS.

4. Discussion

The innate immune system has a vital  role in 
eliminating microbial invaders in insects that lack 
an adaptive immune system. Based on our previous 
report demonstrating that an insect cytokine paralytic 
peptide induced both muscle contraction and defensive 
reactions in immune cells (9), we hypothesized that the 
immunostimulatory activities of foreign compounds 
could be assessed using a silkworm muscle contraction 
assay. Here, using green tea (C. sinensis) leaves as a 
starting material, we demonstrated that this silkworm 
muscle contraction assay system could be utilized for 
the purifi cation of immunostimulants.
 The active immunostimulating substance was 
fractionated by successive chromatographies of 
DEAE-cellulose, Mono Q, and gel filtration. The 
results indicated that these procedures produced little 
increase in the specific activities of the substances, 
suggesting that the active materials were almost pure. 
Since DEAE-cellulose column chromatography did 
not increase the specific activity, this step could omit 
for the purification of innate immunity stimulant of 
green tea. The results further indicated that the innate 
immunostimulating factor in green tea had an acidic 
nature, since the substance was absorbed on DEAE-
cellulose column. Previous studies demonstrated that 
acidic polysaccharides derived from plants activate 
innate immunity in mice. Yang et al. reported that 
an acidic polysaccharide isolated from the roots of 
Angelica sinensis activated macrophages, resulting in 
the increased production of nitric oxide (14). Further 
comparative analysis is required to identify the 
relevance of the acidic nature to immunostimulatory 
activities of the acidic polysaccharides from different 
plant sources.
 Structural analysis of the innate immunostimulant 
purified from green tea extract was performed by 
monosaccharide composition analysis and NMR. The 
1H and 13C NMR results allowed us to identify the 
chemical-shift of each atom. The main structures of the 
purified green tea fraction were polygalacturonic acid 
and methyl ester residues. The sensitivity of this fraction 
to β-glucanase (A. niger) is likely due to the presence 
of an endo-1,3(4)β-glucanase-sensitive structure with 
the main polygalacturonic acid backbone, which 
is responsible for the biologic activity to stimulate 
silkworm innate immunity. Apple pectin, another acidic 
polysaccharide with a polygalacturonic acid backbone, 
had a low stimulatory effect in the silkworm muscle 
contraction assay (unpublished data). Based on these 
fi ndings, we propose for the fi rst time that modifi cation 

of polygalaturonic acid backbones with a β-glucan 
structure is critical for the immunostimulatory activity.
 Purified substances from green tea stimulated 
mouse macrophages to produce IL-6, suggesting that 
the purification method using silkworms could be 
applied to search for immunostimulants that act on 
mammalian cells. Because LPS do not cause silkworm 
muscle contraction even at high doses (unpublished 
data), we assumed that the activity of the purified 
sample observed in the silkworm system was not due 
to LPS contamination. On the other hand, because of 
the high sensitivity of mouse macrophages, we could 
not exclude the possibility that a trace amount of LPS 
contamination stimulated the IL-6 production. 
 β-glucans are recognized by several immune 
receptors such as Toll-like receptor 4, Toll-like receptor 
2/6, Dectin-1, specifi c intercellular adhesion molecule-
3-grabbing non-integrin 1, complement receptor 3, 
lactosylceramide, and β-glucan recognizing proteins. 
β-glucans trigger the activation of a group of immune 
cells, including macrophages, neutrophils, monocytes, 
natural killer cells, and dendritic cells, in mammals 
(17). Because some of the microbial recognition 
mechanisms are conserved among species, we propose 
that the purified fraction from green tea leaves might 
stimulate innate immunity in both insects and mammals 
via common mechanisms. Future studies to identify 
the receptors and signaling molecules involved in 
stimulating innate immunity will help to clarify this 
point.
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ABSTRACT: Many pathogenic viruses, such as the 
influenza virus and the Human Immunodeficiency 
Virus (HIV)-1, are a threat to humans, thus leading 
to thousands of deaths annually. The development of 
antiviral drugs is urgent, and it is an essential strategy 
for the suppression of these infectious diseases. 
However, regardless of the rapid emergence of many 
infectious diseases, the development of novel anti-
viral drugs has been slow, except for the case of the 
AIDS. In addition, several viruses can easily mutate 
and escape the inhibitory activity of anti-viral drugs. 
It was already well-established that HIV escapes 
from anti-viral drug effects because of the lack of 
proofreading activity in its reverse transcriptase. It 
is known that the influenza virus, which is resistant 
to Tamiflu, is already spread all over the world. 
Viruses utilize the host cell environment and cellular 
factors to propagate. Therefore, the development 
of novel drugs which inhibit viral protein-host 
protein interactions or cellular functions appear to 
be good candidates. The influenza virus is unique in 
replicating in host nuclei, and we therefore focused 
on the nuclear export processes for the development 
of anti-influenza viral drugs. We previously reported 
that leptomycin B (LMB), which inhibited the nuclear 
export processes via the nuclear export signal (NES) 
inhibited the nuclear export of influenza viral RNP 
(vRNP), and resulted in the inhibition of influenza 
viral propagation. We herein examined novel 
CRM1 inhibitors, valtrate from Valerianae Radix, 
and 1'-acetoxychavicol acetate (ACA) from Alpinia 
galanga as potent inhibitors for the influenza virus 
replication.

Keywords: 1'-acetoxylchavicol acetate, valtrate, influenza 
virus, nuclear export, antiviral

1. Introduction

Nuclear pore complexes (NPCs) mediate the bi-
directional transport of molecules between the cytoplasm 
and the nucleus. The NPC forms a channel that is 
approximately 9 nm in diameter. Small molecules with a 
molecular mass of less than 40 kDa can diffuse through 
this channel. However, larger molecules are transported 
through this channel by energy-dependent mechanisms. 
In the nuclear import processes, the proteins that are 
selectively transported to the nucleus have a sequence 
called the nuclear localization signal (NLS). The cellular 
factor importin-alpha, which complexes with importin-
beta, binds to the NLS and passes through the NPC 
into the nucleus (1). In the nuclear export processes, 
proteins are selectively exported from the nucleus to the 
cytoplasm when they contain a leucine-rich consensus 
sequence called the nuclear export signal (NES) (2). 
The NES binds to the nuclear export factor CRM1, and 
nuclear export occurs under the regulation of the Ran 
protein (3); for a review, see (4). The NES was identifi ed 
in various proteins such as HIV-1 Rev (5), protein kinase 
A inhibitor (2), MKK6 (an activator of p38 MAPK) (6), 
p53 (7).
 The influenza virus binds to sialic acids on the 
cell surface through hemagglutinin (HA) and it is 
incorporated into the cell via endocytosis. The viral 
ribonucleoprotein complex (vRNP) is released into the 
cytoplasm by M2 protein ion channel activity. In contrast 
to many other RNA viruses, replication of the infl uenza 
virus occurs in the nucleus (8). The vRNP consists of 
viral RNA, NP and the viral RNA polymerases PA, 
PB1, and PB2, and each vRNP protein contains an NLS. 
Therefore, the viral RNP is transported into the nucleus 
by the NLS-mediated nuclear import pathway. In the 
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nucleus, early transcription from vRNP occurs and 
viral mRNAs are exported from the nucleus. Newly-
synthesized viral early proteins NP, PB1, PB2, and PA 
are imported into the nucleus via their NLS, and complex 
with newly-synthesized viral RNA. The late transcription 
occurs from progeny vRNP, and the viral late proteins 
M1, M2, HA, NA, and NS2 are synthesized thereafter. It 
has been reported that M1 and NS2 are important for the 
nuclear export of the progeny vRNP. M1 binds to both 
vRNP and NS2, but only NS2 have an NES. However 
the function of M1 for the nuclear export of vRNP is not 
yet completely understood, since M1 does not contain an 
NES. The nuclear export of vRNP is hypothesized to be 
mediated as the vRNP-M1-NS2-CRM1 complex (9,10). 
However, other reports have suggested that NS2 is not 
essential for the nuclear export of vRNP, since NS2 
does not colocalize with RNP (11). Recently, we have 
identifi ed that the host heat shock protein Hsc70 can bind 
to M1 and mediates the nuclear export of vRNP (12,13). 
Hsc70 has an NES signal (14) and processes the nuclear 
export of importin and transportin (15). Therefore, either 
NS2, Hsc70, or both may mediate the nuclear export of 
vRNP. These fi ndings suggest that the inhibition of the 
infl uenza viral RNP nuclear export by a specifi c nuclear 
export inhibitor is effective for reducing the influenza 
virus production (13).
 Antiviral drugs are one of the most important 
strategies for the treatment of infected patients, but 
some viruses, especially RNA viruses, easily mutate 
and become resistant to drugs designed for viral gene 
products. It is well known that the influenza virus, 
which is resistant to amantadine (the inhibition of 
viral M2 protein) or Tamiflu (a viral neuraminidase 
inhibitor), is already spreading throughout the world. 
The same problems are prevalent in HIV treatment, 
and a recent multi-drug combination therapy protocol, 
termed HAART therapy, is essential to treat patients 
with HIV. Novel drugs that target cellular proteins may 
avoid such problems. Inhibitors that regulate the nuclear 
export system appear to be a good candidate for HIV 
therapy. We recently demonstrated that leptomycin B 
(LMB) treatment inhibits the nuclear export of infl uenza 
viral vRNP and results in reduced viral production 
(13). However, LMB and its derivatives are highly 
hydrophobic, and are therefore unsuitable for clinical 
treatment purposes. Previously we reported a new class of 
nuclear export inhibitors, valtrate and 1'-acetoxychavicol 
acetate (ACA) (Figure 1) which were isolated from 
Valerianae Radix, the roots of Valeriana fauriei (16) and 
the roots of Alpinia galanga (17), respectively. These 
compounds covalently bind to the CRM1, and inhibit the 
nuclear export of HIV-1 Rev containing NES (16,17). 
Since valtrate and ACA possess moderate hydrophobicity 
which is suitable for chemotherapeutic application, we 
herein examined whether valtrate and ACA can inhibit 
the nuclear export of influenza viral RNP complex and 
reduce viral production.

2. Materials and Methods

2.1. Cells, virus, chemicals and antibody

Madin-Darby canine kidney (MDCK) cells were 
grown in Eagle's Minimum Essential Medium (MEM) 
supplemented with 5% fetal bovine serum (FBS) at 
37oC in 5% CO2. HeLa cells were grown in MEM 
supplemented with 10% FBS at 37oC in 5% CO2. 
Infl uenza virus A/WSN/33(H1N1) was propagated in 
10-day-old embryonated eggs as described previously 
(12) and titrated by the plaque assay as described 
below. LMB was purchased from Enzo Life Sciences 
International, Inc. (PA, USA) and was dissolved in 
EtOH at a concentration of 10 μg/mL. The solution 
was stored at –20oC. ClogPs of valtrate, ACA, and 
LMB were calculated using the computer software 
program (version 4.0, Bio Byte Corporation, CA, 
USA). An anti-NP mouse mAb that specifically 
binds to vRNP was kindly supplied by Dr. Fumitaka 
Momose (Kitazato University) (18). 

2.2. Isolation of valtrate and ACA

Isolation of valtrate: The crushed Valerianae Radix 
(100 g, Tochimoto Tenkaido, Osaka, Japan) was 
extracted with MeOH at room temperature for 6 h. 
After filtration, the residue was further extracted 
with MeOH under reflux for 3 h twice. The combined 
filtrates were concentrated under reduced pressure 
to give MeOH extract (13.2 g). The extract was 
partitioned between EtOAc and H2O, and the EtOAc 
layer was evaporated in vacuo to yield the EtOAc 
extract (3.6 g). The extract was separated by SiO2 

column chromatography (80 g) using n-hexane-EtOAc 
(20:1 → 5:1 → 1:1) as eluents to provide the fraction 
(97.2 mg) containing valtrate. The fraction was further 
separated by normal-phase HPLC [column: Cosmosil 
5SL 10 × 250 mm (Nacalai Tesque, Kyoto, Japan), 
flow rate: 4.0 mL, mobile phase: n-hexane:EtOAc = 
10:1, detection: 220 nm] to give a crude mixture of 
valtrate. The mixture was finally purified by reverse-
phase HPLC [column: Cosmosil 5C18-AR-II 10 × 250 
mm (Nacalai Tesque, Kyoto, Japan), flow rate: 3.0 mL, 
mobile phase: MeOH:H2O = 4:1, detection: 220 nm] 
to furnish valtrate (6.3 mg) (16). After the purified 
valtrate was dissolved in DMSO at a concentration of 
5 mg/mL, the solution was stored at −20oC.
 Isolation of ACA: The dried and powdered roots 
of A. galanga (22 g, Shinwa Bussan, Osaka, Japan) 
were extracted with MeOH in the same manner in 
the extraction of the crushed Valerianae Radix. The 
combined filtrates were concentrated under reduced 
pressure to give MeOH extract (2.1 g). The extract (210 
mg) was separated by SiO2 (Fuji Silysia Chemical, 
Kasugai, Japan) column chromatography (6 g) using 
n-hexane-EtOAc (20:1 → 10:1 → 1:1) as eluents to 

27



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(1):26-31. 28

2.6. Plaque assay

MDCK cells were seeded onto a 6-well plate at a 
concentration of 2×106 cells per well with 2 mL of 
MEM containing 5% FBS and were incubated for 15 
h. The medium was removed, and then the cells were 
infected with 400 μL of virus suspension at 37oC in 5% 
CO2 for 1 h. After the medium was removed, the cells 
were overlaid with 4 mL of agarose solution [MEM 
containing 0.8% agarose, 0.1% BSA and 1% 100
× Vitamin solution (Lifetechnologies Japan, Tokyo, 
Japan)] and were incubated for 3 days. To visualize 
the plaques, the cells were fi xed in AcOH:EtOH (1:1) 
for 1 h, and then were stained with 0.5% Amido black 
10B solution (Nacalai Tesque) for 3 h. After washing 
with water and air-drying, the number of plaques was 
visibly counted. The viral titer was determined as 
PFU (plaque forming unit)/mL.

2.7. Determination of CC50 and IC50 values of vRNP-
export inhibitors

MDCK cells were seeded onto a 96-well plate at a 
concentration of 3×104 cells per well with 0.1 mL of 
MEM containing 5% FBS and were incubated for 15 
h. In the case of the determination of CC50 values (50% 
cell toxicity concentrations of samples), the medium 
was removed, and then the cells were incubated with 
200 μL of the inhibitor solutions for 12 h. After the 
medium was removed, the cells were treated with 
0.5% crystal violet in 70% EtOH for 5 min. After 
washing with water and air-drying, the absorbance 
was measured at 560 nm with an Infi nite M200 Tecan 
plate reader (Wako Pure Chemical Industries, Osaka, 
Japan) to evaluate cell toxicity. In the case of the 
determination of IC50 values, (50% virus inhibitory 
concentrations of samples), successive viral infection 
and inhibitor treatment for 12 h were conducted in the 
same manner in the experiment of evaluation of anti-
infl uenza viral effects. After an aliquot (5 μL) of each 
supernatant was appropriately diluted, the resulting 
samples were subjected to the plaque assay to 
evaluate anti-infl uenza viral effects. The CC50 and the 
IC50 values were calculated from the dose-response 
curves using the Graph Pad Prism software program 
(Prism version 5.01, Graph Pad Software, Inc., CA, 
USA).

3. Results

3.1. Valtrate and ACA inhibit the nuclear export of 
vRNP

We established a cell line that stably expressed the 
GFP protein conjugated with an NES signal (GES5 
cells) (19). The GES5 cells were treated with a series 
of inhibitors (Figure 1) for 9 h, and the nuclear 

furnish 1'-acetoxychavicol acetate (31.7 mg, ACA) (17). 
After the purified ACA was dissolved in DMSO at a 
concentration of 10 mg/mL, the solution was stored at 
–20oC.

2.3. Preparation of inhibitor solutions and virus 
suspensions

The inhibitor solutions were prepared from the stock 
solutions of valtrate, ACA, and LMB by dilution to the 
indicated concentrations with the culture media just 
prior to use. In the experiment of nuclear translocation 
assay, the solutions were diluted with the culture 
medium. The concentrations of  DMSO and EtOH in 
the culture media were 0.5% and 0.1%, respectively. 
The virus suspensions were prepared from the titrated 
virus sample by dilution to the indicated multiplicity of 
infection (MOI) with 1% BSA in MEM just prior to use.

2.4. Indirect immunofl uorescence

HeLa cells were seeded onto a 12-well plate at a 
concentration of 5×104 cells per well with 1 mL 
of MEM containing 10% FBS and were incubated 
for 15 h. After washing with MEM twice, the cells 
were infected with 200 μL of the influenza virus 
suspension at a MOI of 3 at 37oC in 5% CO2 for 1 h. 
After the medium was removed, the cells were further 
incubated with 0.5 mL of the inhibitor solutions for 
9 h. The cells were fi xed with 4% paraformaldehyde 
in PBS for 10 min and were treated with a wash 
buffer (0.1% NP-40 in PBS) for 20 min. The cells 
were immersed in a blocking solution (1% skim milk 
in PBS) for 1 h, and then were treated with anti-NP 
mouse mAb in the blocking solution for 1 h. After 
rinsing with the wash buffer for three times, the 
cells were further treated with Alexa 546-conjugated 
anti-mouse immunoglobulin (Ig) in the blocking 
solution for 1 h. The cells were washed with the wash 
buffer, and then location of NP was observed with 
a fluorescence microscopy (Axiophot, Carl Zeiss, 
Germany).

2.5. Evaluation of anti-infl uenza viral effects

MDCK cells were seeded onto a 96-well plate at a 
concentration of 3×104 cells per well with 0.1 mL 
of MEM containing 5% FBS and were incubated 
for 15 h. After washing with MEM twice, the cells 
were infected with 100 μL of the influenza virus 
suspension at a MOI of 0.01 at 37oC in 5% CO2 for 1 
h. The medium was removed, and then the cells were 
incubated with 200 μL of the inhibitor solutions. After 
12 h or 24 h, an aliquot (5 μL) of each supernatant 
was appropriately diluted and the resulting samples 
were subjected to the plaque assay to evaluate anti-
infl uenza viral effects.
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localization of GFP-NES was observed with the 
fluorescence microscopy. The minimum inhibitory 
concentrations (MIC) of valtrate, ACA, and LMB 
were 1 μg/mL (2.4 μM), 3 μg/mL (12.8 μM), and 0.3 
ng/mL (0.6 nM), respectively (data not shown). To 
monitor whether valtrate and ACA can inhibit the 
nuclear export of vRNP, indirect immunofl uorescence 
experiment was performed (Figure 2). HeLa cells 
were infected with the infl uenza virus for 1 h. Nuclear 
export inhibitors were added into the culture plate 
then incubated for another 9 h. After fixation, the 
cells were incubated with an anti-NP mAb. NP is a 
viral protein and is one of the major components of 
the vRNP. The mAb used in the current study was 
developed by Momose et al. (18) and recognizes 
the conformational epitope of the NP; therefore, 
it preferentially interacts with the vRNP complex 
rather than the NP alone. In the influenza virus-
infected cells, NP localized in the nucleus and in the 
cytoplasm, and its accumulation in the nucleus was 
not observed. However, in the presence of LMB, NP 
drastically accumulated in the nucleus, as has been 
previously reported (20), since viral NS2 or host 
factor Hsc70 which possesses an NES is known to 
associate with vRNP. When the cells were treated 
with valtrate or ACA, the nuclear accumulation of 
NP was also clearly observed. These results show 
that valtrate and ACA effi ciently suppress the nuclear 
export of infl uenza viral vRNP.

29

3.2. Valtrate and ACA suppress the influenza virus 
production

To determine whether valtrate and ACA affect infl uenza 
virus production, MDCK cells were fi rstly infected with 
the influenza virus A/WSN/33 for 1 h, then valtrate or 
ACA were added into the plate (Figure 3). At 12 or 24 
h after viral infection, the supernatants of the infected 
cells were recovered and subjected to a plaque assay. In 
the absence of vRNP-export inhibitors, the viral titer in 
the supernatant were not signifi cantly differed at 12 and 
24 h. However, we observed that the viral titer in the 
supernatant of cells treated with valtrate (< 102 PFU/mL), 
ACA (4 × 102 PFU/mL), and LMB (< 102 PFU/mL), 
was markedly reduced at 12 h. Twenty-four hours after 
infection, similar results with the 12-h samples were 
obtained, except the ACA treated cells.
 The CC50 value of the vRNP-export inhibitors were 
calculated by crystal violet staining method (Table 1). 
The CC50 value of valtrate was 36 μM (15 μg/mL), and 
the CC50 of ACA was 5.5 μM (1.3 μg/mL). Cytotoxicity, 
as evaluated by the WST-1 assay, gave similar results 
(data not shown). The IC50 was calculated by titrating 
the viruses in the cell culture supernatant using the 
plaque assay (Table 1). The IC50 of valtrate was 0.19 μM 
(82 ng/mL), and the IC50 of ACA was 2.0 μM (460 ng/
mL). The selective index of valtrate and ACA was found 
to be 180 and 2.8, respectively. The selective index of 
LMB was calculated to be greater than 16,000.

Figure 1. Chemical structures of valtrate (1), ACA (2), and LMB (3).

Figure 2. Effect of vRNP-export inhibitors on the nuclear accumulation of infl uenza viral NP. HeLa cells infected with the 
infl uenza virus A/WSN/33 strain were incubated with valtrate (1.5 μg/mL, 3.6 μM), ACA (3 μg/mL, 12.8 μM), or LMB (10 ng/mL, 
18.5 nM) for 9 h. The infl uenza viral NP was detected by an indirect immunofl uorescence technique. The localization of NP and the 
location of cells was respectively observed as fl uorescence (anti-NP) and phase contrast (phase) with the fl uorescence microscopy.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(1):26-31. 30

4. Discussion

The present study demonstrated that a new class of 
nuclear export inhibitors, valtrate and ACA, regulates 
the nuclear export of influenza viral RNP (Figure 2) 
and effectively suppresses virus production (Figure 
3). The transcription and replication of the influenza 
virus occurs in the nucleus, and the nuclear import and 
the export of vRNP are important steps in the viral life 
cycle. We previously reported that the nuclear export of 
vRNP occurs from 6 to 9 h after viral infection (20) and 
then viral production occurs approximately 12 h after 
infection (12). Accumulated vRNP in the nucleus was 
observed at 9 h after infection when valtrate or ACA was 
present in the culture medium (Figure 2). These results 
suggest that the vRNP-export inhibitors are effective 
during the infl uenza virus life cycle.
 LMB has been reported to inhibit the CRM1-
mediated nuclear export system by binding to the Cys529 
residue of CRM1 (21). Using a biotinylated LMB as a 
probe, competition experiments using valtrate or ACA 
showed that the addition of valtrate and ACA competed 
with the binding of LMB to CRM1. Therefore, valtrate 
or ACA inhibition of nuclear export appeared to act 

through a similar mechanism as LMB (16,17). We also 
reported that influenza virus production is significantly 
decreased in the presence of LMB (13). The selective 
index of LMB (12 h treatment) is good compared to that 
of valtrate and ACA (Table 1). However, our preliminary 
results show that longer time treatment of LMB show 
significant cytotoxicity to the cells [CC50: 110 ng/mL 
(200 nM) at 48 h, 11 ng/mL (20 nM) at 72 h in MDCK 
cells]. It was previously reported that LMB treatment 
for 72 h resulted in the formation of polynuclear giant 
cells (22). Therefore, prolonged treatment with LMB is 
strongly toxic to cells. The cytotoxicity of valtrate and 
ACA (valtrate: 4,000 ng/mL (9.5 μM) at 48 h and 4,100 
ng/mL (9.8 μM) at 72 h; ACA: 780 ng/mL (3.3 μM) at 
48 h, 850 ng/mL (3.6 μM) and at 72 h, respectively) was 
not drastically altered. ClogP is a parameter correlated to 
the permeability of drugs, and is therefore believed to be 
an important index in predicting the biological activity 
in animal models. Generally, clogP values larger than 
+3 and less than −3 tend to signifi cantly lose the in vivo 
pharmacological efficacy, regardless of a good in vitro 
biological score (23). The hydrophobicity of LMB is 
very high (clogP = +6.9), and therefore the application 
of LMB is not yet established. In contrast to LMB, 
valtrate (clogP = +1.92) and ACA (clogP = +1.86) have 
moderate hydrophobicity, and therefore may be clinically 
applicable. Valtrate and ACA are isolated from medicinal 
plants Valerianae Radix and A. galanga, respectively. 
The former has been orally administered as a traditional 
folk medicine in Japan and China, and the latter has been 
used as a spice or ginger substitute for fl avoring foods in 
the Southeast Asia and as a traditional folk medicine by 
oral administration in China and Thailand. Considering 
the safety of these traditional uses, valtrate and ACA are 
suitable as lead compounds for further development of 
inhibitors for nuclear export of vRNP.
 The anti-influenza drugs clinically available are 
directed against viral proteins. Amantadine blocks the 
ion-channel activity of the viral M2 protein, which is 
required for viral entry and is effective only for the type 
A influenza virus. Zanamivir and oseltamivir block the 
receptor-destroying activity of the viral NA protein, 
prevent viral budding form the cell surface and are 
effective against type A and type B influenza viruses. 
Currently, these drugs are approved and commercially 
available in many countries. However, the infl uenza virus 
easily changes its genomic sequence, and many mutated 
drug-resistant viruses have been already reported; for 
a review, see (24). It is essential to develop novel anti-
infl uenza virus drugs, especially agents that are effective 
against resistant viruses. It has been reported that the 
nuclear export of vRNP is mediated by the viral proteins 
M1 and NS2 (9,25), and is inhibited by LMB treatment 
(11,26). The nuclear export of vRNP is also mediated 
by the cellular protein CRM1. Therefore, inhibitors that 
affect this nuclear export system could be used as anti-
infl uenza agent. It has been reported that the replication 

Compound

valtrate
ACA
leptomycin B

CC50 (μM)b

      36
        5.5
     > 1.9

IC50 (μM)c

    0.19
    2.0
    0.00012

Selective index (SI)d

            180
                2.8
    > 16,000

Table 1. Anti-influenza viral effects of nuclear export 
inhibitors of vRNPa 

a Evaluation after 12 h treatment.
b 50% Cytotoxic concentration.
c 50% Virus growth inhibitory concentration.
d Selective index = CC50/IC50

Figure 3. Nuclear vRNP-export inhibitors suppress the 
influenza viral production. MDCK cells infected with the 
influenza virus A/WSN/33 strain were treated with valtrate 
(1.5 μg/mL, 3.6 μM), ACA (1.5 μg/mL, 6.4 μM), or LMB (15 
ng/mL, 27.8 nM). After 12 or 24 h, the anti-influenza viral 
effects were evaluated by the plaque assay. Samples treated 
with 0.5% DMSO and 0.1% EtOH were used as the vehicle 
controls. Asterisks indicate below the detection limit (< 102 

PFU/mL). The results are represented by the mean ± S.D. 
obtained from the three independent experiments.
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of other viruses, such as HIV-1 and HSV-1, are also 
inhibited by treatment with nuclear export inhibitors 
(16,27). Specific cellular proteins essential for viral 
propagation, such as CRM1, may therefore be a good 
target for the development of novel drugs which can 
suppress many viral diseases, including the influenza 
virus, without inducing viral resistance.
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ABSTRACT: Amino acids exert nephroprotective 
effects in various forms of acute renal injury 
depending on their renal hemodynamic effects. 
The present study was designed to elucidate and 
compare the role of non hemodynamic mechanisms in 
protective actions afforded by glycine and L-arginine 
against cisplatin (CDDP)-induced nephrotoxicity 
using rat renal cortical slices (RCS). We have 
investigated the possible modulatory effect of glycine 
and L-arginine on oxidative stress and necrosis 
induced by CDDP as well as on CDDP uptake by 
kidney. After 4 h of incubation with 2 mM CDDP, 
nephrotoxicity was demonstrated by significant 
increased lactate dehydrogenase leakage, decreased 
ability of the slices to reduce 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide, increased lipid 
peroxides and depleted reduced glutathione. Also, 
CDDP significantly inhibited pyruvate-stimulated 
gluconeogenesis. Histopathological examination of 
RCS confirmed the occurrence of tubular coagulative 
necrosis in cortex and corticomedullary regions. 
Preincubation of RCS with 1 mM glycine or L-arginine 
1 h before CDDP addition significantly attenuated the 
oxidative stress and tubular necrotic effects of CDDP. 
L-Arginine showed greater antioxidant properties 
while glycine showed a greater antinecrotic effect. 
Moreover, the nephroprotective effect was mediated 
through lowering the platinum uptake by RCS. 
However, they could not counteract the inhibition of 
gluconeogenesis induced by CDDP. In conclusion, the 
present study sheds light on the mechanisms involved 
in glycine and L-arginine nephroprotection.

Keywords: Cisplatin (CDDP), nephrotoxicity, glycine, 
L-arginine, renal cortical slices (RCS), lactate 
dehydrogenase (LDH)

1. Introduction

Cisplatin (cis-diamminedichloroplatinum; CDDP) is an 
effective chemotherapeutic agent and is successfully used 
in the treatment of a wide range of tumors (1). Its chief 
limit to greater efficacy, however, is its nephrotoxicity. 
Clinically, CDDP nephrotoxicity is often seen after 
10 days of CDDP administration and is manifested as 
lower renal blood flow and glomerular filtration rate, 
high serum creatinine, and reduced serum magnesium 
and potassium levels (2). The mechanism by which 
CDDP produces renal injury is not well understood. It is 
probably related to its preferential uptake by the proximal 
tubular cells especially in the S3 segment (3). The renal 
microenvironmental changes following CDDP treatment 
is a complex process and could be broadly categorized 
into two distinct pathophysiological mechanisms. The 
first mechanism includes primary promoters of cellular 
damage such as inhibition of protein synthesis and 
depletion of glutathione and other protein-thiols while the 
secondary sequelae of established cell damage includes 
inactivation of transport proteins, lipid peroxidation and 
mitochondrial damage (4,5). In addition, the changes 
in renal hemodynamics were also found to play an 
important role in CDDP-induced nephrotoxicity (6). 
CDDP toxicity in proximal tubules is characterized by 
tubular cell damage and subsequently, the injured renal 
tubules lose the ability to reabsorb water which lead to 
dehydration and loss of body weight (7).
 Several strategies have emerged to ameliorate 
CDDP nephrotoxicity. Concomitant administration 
of chemoprotective agents becomes an important 
approach (8). For two decades, it has been proved that 
amino acids (9) and peptides derived from protein 
(10) possess vasodilatory effects on renal vessels and 
increase renal blood flow and glomerular filtration 
rate. Among nephroprotecive amino acids, glycine and 
L-arginine are of great importance. It was reported that 
glycine exerted a cytoprotective effect in various forms 
of acute renal injury; it protected against hypoxic injury 
to rabbit renal proximal tubular cells (11), ouabain-
induced injury in proximal tubule cells (12) and 
cyclosporine-induced cellular necrosis (13). Similarly, 
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L-arginine, a nitric oxide (NO) precursor, has been 
previously reported to have protective effects in drug 
induced renal injury where it was shown to attenuate 
renal dysfunction and oxidative stress in indomethacin 
(14), gentamicin (15), cyclosporin (16), and iron (17) 
induced renal impairment in rats.
 Regarding CDDP nephrotoxicity, few studies tried to 
ameliorate its nephrotoxicity using either glycine (18,19) 
or L-arginine (20,21) and they reported a hemodynamic 
nephroprotective mechanism involving NO production. 
However, this hemodynamic mechanism may not be 
the sole one, since the nephroprotective effects were 
partially blocked by co-administration of the NO 
synthase inhibitor; NG-nitro-L-arginine methyl ester 
(21). In addition, D-arginine, which is not a substrate 
for NO and has no vasodilating effect, is also reported 
to ameliorate the renal dysfunction that is induced by 
CDDP (19,22). Thus, glycine and L-arginine might have 
nephroprotective effects against CDDP nephrotoxicity 
independent of their renal hemodynamic actions.
 Therefore, the present study was designed to elucidate 
and compare the role of non hemodynamic mechanisms 
in protective actions afforded by both glycine and 
L-arginine against CDDP-induced nephrotoxicity. We 
have investigated the possible modulatory effect of 
glycine and L-arginine on oxidative stress induced by 
CDDP as well as on CDDP uptake by kidney. We used 
a renal cortical slices (RCS) model because it is easily 
prepared, manipulated and contains populations of cells 
targeted by platinum anticancer agents; furthermore it is 
not influenced by uncontrollable hormonal, neurogenic 
and hemodynamic factors (23,24).

2. Materials and Methods

2.1. Chemicals

CDDP was obtained from Merk Ltd., Cairo, Egypt. 
L-Arginine and glycine were obtained from Sigma-Aldrich, 
St Louis, MO, USA. Concentrations of the drugs used 
were selected as previously reported (25) as well as from 
pilot experimental trials of the present study. n-butanol, 
dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT), 5,5'-dithio-
bis-2-nitrobenzoicacid (DTNB), ethylenediamine 
tetraacetic acid disodium salt (EDTA), D-glucose, N-(2-
hydroxyethyl) piperazine-N'-2-ethanesulfonic acid 
(HEPES), 1,1',3,3'-tetramethoxypropane, potassium 
dihydrogen phosphate, reduced glutathione (GSH), 
trichloroacetic acid (TCA), thiobarbituric acid (TBA), 
and Triton X-100 were purchased from Sigma-Aldrich. 
All these chemicals were dissolved in incubation medium 
prior to use. Other chemicals were analytical reagents.

2.2. Animals

Male Sprague Dawley rats were obtained from the Nile 

Co. for Pharmaceuticals and Chemical industries, Cairo, 
Egypt. Animals were kept in the animal house of Faculty 
of Pharmacy, Ain Shams University, under suitable 
laboratory conditions on a standard diet and water ad 
libitum. The standard diet pellets were obtained from El-
Nasr Chemical Company, Cairo, Egypt. Animals were 
handled under a protocol of care of Animal Research 
Ethics Committee (Ain Shams University).

2.3. Preparation and incubation of RCS

RCS were prepared as described previously (25). After 
fasting overnight, the animal was killed by decapitation, 
then kidneys were rapidly removed, decapsulated and 
placed into ice-cold saline. The slices (0.3-0.5 mm 
thickness) were prepared with a razor blade on a Petri 
plate in an ice-bath. The slices weighing 150-200 mg 
were loaded into an incubation fl ask with cap. Each fl ask 
contained 5 mL incubation medium (134 mM NaC1, 
5.9 mM KCl, 1.5 mM CaCl2, 1.2 mM MgCl2, 11.5 mM 
glucose, and 5.8 mM HEPES buffer), gassed with pure 
oxygen. CDDP was added to the incubation medium to 
a fi nal concentration of 2 mM. The medium for control 
slices was free of CDDP. The RCS were incubated at 
37°C on a horizontal shaker (100 cycle/min).

2.4. Experimental design

In order to establish the optimal experimental conditions, 
a time course study of CDDP nephrotoxicity as well 
as a dose response study of glycine and L-arginine 
nephroprotection was carried out by assessing membrane 
integrity using a lactate dehydrogenase (LDH) leakage 
test. Then, based on data obtained from the preliminary 
study, the mechanisms of nephroprotection of glycine 
and L-arginine were studied using 6 groups of RCS.

2.5. Time course study of CDDP-induced nephrotoxicity 
in rat RCS using LDH leakage method

RCS were incubated with 2 mM CDDP for different 
time intervals: 0.5, 1, 2, 3, 4, and 6 h. LDH leakage 
was assessed in the incubation medium according to 
the method described by Tietz (26) by measuring the 
rate of conversion of lactate to pyruvate and subsequent 
increase in the absorbance of nicotinamide adenine 
dinucleotide reduced form (NADH) formed at 340 nm.

2.6. Determination of the protective concentrations of 
glycine and L-arginine against CDDP-induced LDH 
leakage

RCS were incubated for 1 h with either glycine or 
L-arginine at different concentrations: 1, 2 and 4 mM. 
Then, 2 mM CDDP was added and the slices were 
incubated for 4 h to choose the optimum concentration 
of amino acid to be used in further studies.
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and blotted. The medium glucose content was 
spectrophotometrically determined using the glucose 
oxidase enzymatic assay (glucose assay kit) and 
expressed as mg/g tissue.

2.7.4. Determination of platinum content in RCS

Platinum content in RCS was determined as described 
previously (30). After incubation of the slices, 1 mL 
of incubation medium of each sample was pipetted 
into a 10-mL centrifuge tube, and the volume of each 
sample was brought to 1.1 mL with bidistilled water. 
The solutions were diluted with four equal volumes (4.4 
mL) of 1% Triton X-100 solution. After vortex-mixing 
for 30 sec, 20 μL of the diluted sample was injected 
into the furnace using the autosampler. The apparatus 
used was a model 975 flamless atomic absorption 
spectrophotometer. A wavelength of 265.9 nm with a 
lamp current of 10 mA and spectral bandwidth of 0.2 
nm was employed. Also, a background correction was 
utilized.

2.7.5. Histopathological examination of RCS

After incubation, RCS were fi xed in 10% formol saline 
for 24 h and then washed in tap water. Serial dilutions 
of alcohol (methyl, ethyl and absolute ethyl) were used 
for dehydration. Specimens were cleared in xylene and 
embedded in paraffi n at 56°C in a hot air oven for 24 
h. Paraffin bees wax tissue blocks were prepared for 
sectioning at 4-μm thickness using a slidge microtome. 
The tissue sections obtained were collected on glass 
slides, deparaffinized, and stained with hematoxylin 
and eosin stains for histopathological examinations 
with a light microscope.

2.8. Statistical analysis

Data are presented as mean ± S.E.M. An unpaired t-test 
was used to compare two different treatment groups. 
Multiple comparisons for more than two treatment 
groups were carried out using one way analysis of 
variance (ANOVA) followed by the Tukey-Kramer 
test as post-hoc analysis. Statistical significance was 
acceptable at a level of p < 0.05. Analysis of data was 
performed using GraphPad INSTAT. Tables and graphs 
were prepared using Prism software ver. 5 (GraphPad 
Software, San Diego, CA, USA).

3. Results

3.1. Cytotoxicity markers

First, CDDP-induced toxicity to the slices was 
determined by measuring LDH leakage from RCS. 
There was a time-dependent increase in LDH leakage 
and it was significantly increased as early as 1 h of 

2.7. Assessment of protective mechanisms of glycine 
and L-arginine against CDDP-induced renal injury

Rat RCS were classifi ed into 6 groups (fi ve sets/group); 
control, CDDP (2 mM), glycine (1 mM), L-arginine (1 
mM), CDDP + glycine, CDDP + L-arginine. Amino acids 
were added 1 h before CDDP.

2.7.1. Assessment of CDDP-induced cytotoxicity in RCS

CDDP-induced cytotoxicity in RCS was examined by 
MTT assay (27). Briefl y, after 4 h of CDDP incubation, 
the slices were blotted with fi lter paper and incubated in 
4 mL of a second incubation medium containing MTT 
(1.25 mg/mL; 3 mM fi nal concentration) at 37°C for 30 
min. The slices were homogenized in 5 mL distilled water 
at 7,000 rpm for 1 min and centrifuged at 5,000 rpm for 
5 min to remove particulate matter. An aliquot (0.25 mL) 
of the resulting supernatant of each group was added to 
a microcentrifuge tube and 0.5 mL DMSO was added to 
each tube followed by 0.5 mL glycine buffer (pH 10.5) 
containing 0.2 M glycine and 0.1 M NaCl. After mixing, 
the absorbances were measured at 570 nm. The results 
were expressed as optical density OD/mg wet tissue.

2.7.2. Determination of lipid peroxides and GSH content 
in RCS

After incubation, RCS were removed, rinsed, blotted, and 
homogenized with saline at a ratio of 1:10 (w/v). Lipid 
peroxides were assessed by measuring malonaldehyde 
content using TBA assays (28). Briefly, an aliquot of 
0.5 mL of the homogenate was pipetted into a 10-mL 
centrifuge tube followed by the addition of 2.5 mL 
of 20% TCA and 1 mL of 0.67% TBA. The mixture 
was heated for 15 min in a boiling water bath. After 
cooling, 4 mL of n-butanol was added and mixed 
vigorously. After centrifugation, the supernatant was 
read at 532 nm spectrophotometrically. Malonaldehyde 
concentration was calculated using a standard curve of 
1,1,3,3-tetraethoxypropane and was expressed as nmol/g 
tissue. To determine GSH, 0.5 mL of homogenate was 
added to a tube with 0.5 mL 10% TCA. The tubes were 
gently shaken intermittently for 15 min followed by 
centrifugation at 2,000 rpm for 5 min. A 0.2 mL aliquot of 
the resulting supernatant was added to a tube containing 
1.7 mL phosphate buffer and 0.1 mL 5,5'-dithio-bis-(2-
nitrobenzoic acid), then mixed and read at 412 nm within 
5 min (29).

2.7.3. Measurement of pyruvate stimulated gluconeo-
genesis in RCS

The slices were incubated in an incubation medium 
which contained 10 mM pyruvate instead of glucose 
according to the study of Zhang et al. (25). After 
incubation, the slices were removed from the medium 
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CDDP incubation. After 4 and 6 h of incubation, LDH 
leakage was significantly increased by about 2-fold as 
compared to the control value and therefore, the time 
interval 4 h was chosen for further studies (Figure 1). 
Preincubation of the slices with different concentrations 
(1, 2, and 4 mM) of either glycine or L-arginine, 1 h 
before CDDP addition, nearly normalized the values 
of LDH leakage. The protective effect of glycine and 
L-arginine was not concentration-dependant as there is 
no significant difference between the effects of different 
concentrations of amino acids (Table 1). Therefore, the 
lowest concentration (1 mM) was chosen for further 
studies.
 Second, the MTT assay was used to assess cell 
damage as shown in Figure 2. After 4 h, CDDP 
significantly decreased the ability of the slices to reduce 
MTT and the absorbance was decreased to 56% of the 
control value. On the other hand, the slices incubated 
with L-arginine alone showed a significant increase 
in the ability of the RCS to reduce MTT and the 
absorbance was increased to 121% of the control value. 

Incubation of RCS with glycine alone did not show any 
significant change in MTT reduction as compared to 
the control group. Pre-incubation of RCS with either 
glycine or L-arginine, 1 h before CDDP addition, 
significantly counteracted the decrease in MTT 
reduction induced by CDDP reaching approximately 
70% of the control value.

3.2. Oxidative stress markers

RCS content of GSH for the control group was 5.5 ± 
0.07 μmol/g wet tissue (Table. 2). Incubation of RCS 
with either glycine or L-arginine alone revealed no 
significant change in GSH content as compared to the 
control group. On the other hand, incubation of RCS 
with CDDP alone for 4 h significantly depleted GSH 
content to 58% of the control value. Pre-incubation 
of the slices with 1 mM glycine or L-arginine for 1 h 
before CDDP addition, significantly counteracted the 
effect of CDDP. Glycine and L-arginine increased the 
GSH content to about 76% and 90% of the control 
group, respectively (Table 2).
 Regarding kidney lipid peroxides, the control level 
was 44.5 ± 0.56 nmol/g wet tissue (Table 2). Incubation 
of RCS with CDDP significantly increased the level 
of lipid peroxides reaching 131% of the control group. 
Pre-incubation of RCS with either glycine or L-arginine 
significantly normalized the level of lipid peroxides to 
110 and 108% of the control group, respectively (Table 
2). The RCS incubated with either glycine or L-arginine 
alone revealed no significant change in lipid peroxides 
level compared to the control group.
 Co-incubation of RCS with pyruvate, a substrate 
of gluconeogenesis,  in the presence of CDDP 

35

RCS were incubated at 37°C in medium containing CDDP (2 mM) 
with or without different concentrations of glycine or L-arginine. 
Amino acids were added 1 h prior to CDDP. For the control group, the 
RCS were incubated in the medium without any drugs. LDH leakage 
was measured after 4 h of CDDP addition. Each value represents a 
mean of 5 sets of rat RCS ± S.E.M. a and b are signifi cantly different 
from control or CDDP group, respectively, at p < 0.05 using ANOVA 
followed by Tukey-Kramer as a post Hoc test.

Table 1. Effect of glycine and L-arginine on CDDP-
induced LDH enzyme leakage in the incubation medium 
of RCS

Treatments

Control
CDDP (2 mM)
Glycine (1 mM) + CDDP
Glycine (2 mM) + CDDP
Glycine (4 mM) + CDDP
L-Arginine (1 mM) + CDDP
L-Arginine (2 mM) + CDDP
L-Arginine (4 mM) + CDDP

LDH leakage 
(U/g wet weight)

3.25 ± 0.13
 6.45 ± 0.50a

 3.66 ± 0.24b

 4.28 ± 0.22b

 4.06 ± 0.25b

 3.17 ± 0.29b

 2.74 ± 0.19b

 3.23 ± 0.21b

Figure 1. Time course study of the effect of 2 mM CDDP 
on the release of LDH from rat RCS. Values given are the 
mean of 5 observations ± S.E.M. * Significantly different 
from the corresponding control at p < 0.05 using unpaired 
student t-test. ** Extremely significantly different from the 
corresponding control at p < 0.01 using unpaired student t-test.

Figure 2. Effect of glycine or L-arginine on CDDP-induced 
cytotoxicity to RCS as percentage of control group 
using MTT assay. RCS were incubated at 37°C in medium 
containing CDDP (2 mM) and/or glycine or L-arginine (1 
mM). Amino acids were added 1 h prior to CDDP. For control 
group, RCS were incubated in the medium without any drugs. 
MTT reduction was measured after 4 h of CDDP addition. 
Values given are the mean of 5 observations ± S.E.M. a 
and b: Significantly different from control or CDDP group, 
respectively, at p < 0.05 using ANOVA followed by Tukey-
Kramer as a post Hoc test.
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showed a marked depression of pyruvate-stimulated 
gluconeogenesis to 34% of the control value (Table 2). 
On the other hand, neither glycine nor L-arginine had a 
significant effect on the gluconeogenic capacity of RCS. 
Addition of either glycine or L-arginine 1 h before CDDP 
did not show any protective effect on CDDP-induced 
inhibition of gluconeogenesis.

3.3. CDDP uptake by renal cortical slices

In order to know whether the studied amino acids 
influenced uptake of CDDP by RCS, CDDP concentration 
in the medium was determined and subtracted from the 
original amount of CDDP added to the medium. The 
platinum content in the RCS incubated with CDDP alone 
was 2.23 ± 0.07 mg/g wet tissue. Preincubation of RCS 
with either glycine or L-arginine significantly decreased 
the kidney content of platinum to 86 and 91% compared 
to the CDDP group (Figure 3).

3.4. Histopathological examination of RCS

Histopathological examination of kidney specimens 
revealed normal renal glomeruli and tubules in the 
control group (Figures 4A and 4B). Also, RCS incubated 
with either glycine or L-arginine alone did not show any 
significant histopathological changes compared to the 
control group. On the other hand, RCS incubated with 
CDDP for 4 h showed tubular degeneration which varied 
according to kidney zone. Coagulative necrosis was 
observed in the tubular lining epithelium at the cortex 
and corticomedullary junction (++++) (Figures 4C and 
4D). Coagulative necrosis is an irreversible grade of 
necrotic cell death and tubular cells could not regenerate 
after removal of toxic insult (Table 3).
 Pre-incubation of slices with glycine 1 h prior 
to CDDP addition ameliorated the histopathological 
changes induced by CDDP. Most of the renal tubules 
and glomeruli in the cortex were intact while other few 
tubules showed nuclear pyknosis at the cortex (++) as 
well as the corticomedullary junction (+) and medulla 
(Figures 4E and 4F). Pyknosis is the first stage in 
tubular degeneration, in which nuclei showed chromatin 
condensation without chromatolysis. Also, pre-incubation 
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of slices with L-arginine 1 h prior to CDDP addition 
showed nephroprotective and antinecrotic effects but to 
a less degree as compared to the glycine effect (Table 3; 
Figures 4G and 4H).

4. Discussion

The present study was designed to elucidate and 
compare the role of non hemodynamic mechanisms in 
protective actions afforded by glycine and L-arginine 
against CDDP-induced nephrotoxicity. The first point 
discussed was assessment of CDDP nephrotoxicity 
using LDH leakage; a sensitive indicator for cell 
damage (23). It was found that both glycine and 
L-arginine significantly protected against CDDP-
induced LDH leakage and loss of cell viability as 
measured by the MTT assay. These findings add further 
evidence for the potential cytoprotective effects of 
these amino acids. Since MTT is mainly reduced by the 
mitochondrial dehydrogenases (27), enzymes that were 
inhibited directly by CDDP after incubation with RCS 
(31), our findings give evidence that both amino acids 
could ameliorate CDDP-induced mitochondrial toxicity.

RCS were incubated at 37°C in medium containing CDDP (2 mM) and/or glycine or L-arginine (1 mM). Amino acids were added 1 h prior to 
CDDP. For the control group, RCS were incubated in the medium without any drugs. Lipid peroxides, GSH and glucose were measured after 4 h 
of CDDP addition. Each value represents the mean of 5 sets of rat RCS ± S.E.M. a and b are signifi cantly different from control or CDDP group, 
respectively, at p < 0.05 using ANOVA followed by Tukey-Kramer as a post Hoc test.

Table 2. Effect of CDDP and/or glycine or L-arginine on lipid peroxides, GSH, and pyruvate-stimulated gluconeogenesis in 
RCS

Treatments

Control
CDDP 
Glycine + CDDP
L-Arginine +  CDDP
Glycine
L-Arginine

Lipid peroxides (nmol/g wet tissue)

44.5 ± 0.6
 58.4 ± 1.2a

 48.9 ± 1.9b

 47.9 ± 0.9b

 46.4 ± 1.4b

 45.8 ± 1.2b

GSH (μmol/g wet tissue)

5.51 ± 0.07
 3.22 ± 0.06a

  4.16 ± 0.06a,b

  4.97 ± 0.13a,b

5.38 ± 0.17b

5.67 ± 0.13b

Glucose (mg/g wet tissue)

7.81 ± 0.50
 2.64 ± 0.18a

 2.32 ± 0.11a

 1.92 ± 0.13a

 6.23 ± 0.32b

 6.44 ± 0.36b

Figure 3. Effect of glycine or L-arginine on CDDP uptake 
by rat RCS expressed as kidney content of platinum. 
RCS were incubated at 37°C in medium containing CDDP (2 
mM) and/or glycine or L-arginine (1 mM). Amino acids were 
added 1 h prior to CDDP. Platinum content was measured 
after 4 h of CDDP addition. Values given are the mean of 5 
observations ± S.E.M. b: signifi cantly different from CDDP 
group at p < 0.05 using ANOVA followed by Tukey-Kramer 
as a post Hoc test.
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Figure 4. Photomicrographs of sections in the kidneys stained with hematoxylin-eosin stain. A and B: Sections taken 
from RCS of control group and show normal glomeruli (g) and tubules (r) at the cortex portion (A), and normal renal tubules 
(r) at corticomedulary portion (B). Original magnifi cation, ×64. C and D: Sections taken from RCS of CDDP group and show 
coagulative necrosis in the tubular lining epithelium (r) of the cortical region graded as ++++ (C), and also the corticomedular 
region graded as ++++ (D). Original magnifi cation, ×160 and ×64 for C and D, respectively. E and F: Sections taken from RCS 
of glycine + CDDP group and show most of the renal tubules and glomeruli in the cortex were intact with mild degenerative 
changes while a few other tubules showed nuclear pyknosis and complete absence of their nuclei with intact basement membrane 
graded as ++ at the cortex (E) and as + at corticomedulary junction (F). Original magnifi cation, ×160 and ×64 for E and F, 
respectively. G and H: Sections taken from RCS of L-arginine + CDDP group and show intact glomeruli with coagulative 
necrosis in multiple numbers of renal tubules and other tubules show complete loss of the lining epithelium while the basement 
membrane is still intact (G) and pyknosis of the nuclei of the lining epithelial cells at the corticomedulary junction graded as + (H). 
Original magnifi cation, ×64.

C, cortex; CM, corticomedullary portion; M, medulla.
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It is well known that the cellular response toward 
CDDP induced damage could lead to cell death either 
by apoptosis or necrosis. The type of cellular injury 
induced by CDDP depends on the extent of damage 
to proteins or molecules involved in the apoptotic 
pathway (32). To clarify the protective role of 
glycine and L-arginine in CDDP induced cell death, 
histopathological examination was performed and 
revealed that CDDP produced marked coagulative 
necrosis in the tubular epithelium of the cortex and 
corticomedullary region and these results are in 
accordance with previous studies (24,33). Furthermore, 
histopathological examination did not reveal apoptosis 
or apoptotic bodies, a finding that may indicate sever 
cellular damage of proteins or molecules involved in 
the apoptotic pathway resulting in unfinished apoptosis 
or necrosis (32,34). Regarding amino acids, glycine was 
found to be more effective than L-arginine in protection 
against CDDP induced necrosis at the cortex as glycine 
was capable of converting CDDP induced damage from 
coagulative necrosis to tubular degeneration and the 
first stage of nuclear necrosis; pyknosis. At the tubular 
degeneration stage, the kidney can regenerate its normal 
structure after CDDP treatment stoppage. In contrast, 
both of these amino acids have the same effect in the 
corticomedullary region.
 Despite the fact that the underlying mechanism 
of CDDP-induced nephrotoxicity is still not clear, the 
avidity of platinum for sulphur containing ligands 
has been proposed in the hypothetical mechanisms 
explaining the nephrotoxicity of CDDP. The depletion 
of mitochondrial GSH is considered as an early and 
critical event during CDDP-induced lipid peroxidation 
and subsequent toxicity (25,35). In the present study, it 
was found that, CDDP induced a significant depletion 
of GSH concomitant with a significant elevation of lipid 
peroxides, which is in accordance with previous in-
vitro studies (31,36); these findings add further evidence 
for the role of oxidative stress in CDDP-induced renal 
toxicity. Pre-incubation of RCS with either glycine or 
L-arginine significantly counteracted the effect of CDDP 
and restored the normal level of both GSH and lipid 
peroxides. The antioxidant properties of glycine (37,38) 
and L-arginine (21,39) had been previously reported in 
several oxidative stress situations. Although, glycine is a 
direct precursor of GSH, L-arginine showed a significant 
protective effect on GSH as compared to glycine 
effect. In an experiment with hypoxic proximal tubular 
cells, Weinberg and co-workers (40) observed that 
cytoprotection provided by glycine was accompanied by 
a preservation of cellular GSH and ATP levels. However, 
the depletion of GSH content or ATP levels of renal 
tubular cells did not reduce the cytoprotective activity 
of glycine. Therefore, they suggested that glycine might 
have a direct cytoprotective effect.
 Besides the oxidative stress markers; pyruvate- 
stimulated gluconeogenesis was measured in RCS. 

Co-incubation of RCS with pyruvate, a substrate 
of gluconeogenesis,  in the presence of CDDP 
showed marked depression of pyruvate-stimulated 
gluconeogenesis which reached 32% of the control 
value and theses results are in accordance with other 
previous studies performed in vitro (25). Addition 
of either glycine or L-arginine 1 h before CDDP did 
not show any protective effect on CDDP-induced 
inhibition of gluconeogenesis. Although glycine and 
L-arginine are gluconeogenic amino acids in kidney 
metabolism leading to a precursor for gluconeogenesis 
(41,42), in the present study, they did not show any 
protective effect against CDDP induced inhibition 
of gluconeogenesis. These findings may indicate 
the existence of different mechanisms of CDDP 
induced nephrotoxicity beside free radical formation 
and oxidative stress. Indeed, previous studies are 
controversial concerning the role of oxidative stress 
in gluconeogensis and whether we can use the 
inhibition of gluconeogensis as a marker of oxidative 
stress or not. Zhang et al. (25) proposed that GSH 
depletion might be responsible for inhibition of the 
activities of the relevant gluconeogenic enzymes, 
e.g. phosphoenolpyruvate carboxykinase, glycerol-3-
phosphate dehydrogenase, and glucose-6-phosphatase. 
On the other hand, Hannmann and Baumann in two 
serial studies (43,44), proposed that direct inhibition of 
the gluconeogenic enzyme glucose-6-phosphatase by 
CDDP or its metabolites might play a role in inducing 
the decrease of gluconeogenesis away from GSH 
depletion and oxidative stress effects of CDDP.
 Finally, we tried to answer the question of whether 
nephroprotection can be achieved by inhibiting CDDP 
uptake by RCS in the presence of amino acids, either 
glycine or L-arginine. Since several investigators have 
observed a correlation between platinum levels and 
in-vitro toxicity (45), it is believed that the targeted 
inhibition of CDDP accumulation in renal cells could 
lead to a new therapeutic approach to preventing CDDP 
nephrotoxicity. In the present study, CDDP concentration 
in the medium was determined and subtracted from the 
original amount of CDDP added to the medium. The 
platinum content in the RCS incubated with CDDP 
alone was 2.23 ± 0.07 mg/g wet tissue. Our results are 
in agreement with Zhang et al. (25) and Saleh et al. 
(46). Preincubation of RCS with glycine or L-arginine 1 
h before CDDP addition showed a significant decrease 
in the kidney content of platinum to be 86 and 91%, 
respectively, as compared to the CDDP group, a finding 
that reflects the possible inhibition of CDDP uptake in 
the putative mechanisms of nephroprotection afforded by 
both glycine and L-arginine.
 Indeed, transporter mediated uptake is likely the 
major pathway in renal cells. The organic cation 
transporter (OCT 2) is the critical transporter for CDDP 
uptake in proximal tubules in both animals and humans 
(47). They mediate the basolateral-to-apical transport of 
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several cationic compounds in renal tubular cells (48). 
On the basis of active transport of CDDP, cimetidine, 
an inhibitor of OCTs, could prevent CDDP-induced 
proximal tubule cell cytotoxicity or apoptosis (49). 
One study has been conducted on glycine, Heymen 
et al. (50) reported that the infusion of glycine into 
the rats 15 min before CDDP injection attenuated the 
early accumulation of platinum in the kidney, and may 
explain the protective effect of glycine. The results of 
this study confirmed the role of a hemodynamic effect 
of glycine, possibly through increasing renal blood flow 
and glomerular filtration rate and so accelerating CDDP 
excretion. Although, glycine is also actively transported 
by renal cells (51), it is not known whether it utilizes 
the OCT or not. As we mentioned before, RCS is 
a good model for studying CDDP nephrotoxicity 
because it contains populations of cells targeted by 
platinum anticancer agents and is not influenced by 
uncontrollable hormonal, neurogenic and hemodynamic 
factors. Therefore, the present study demonstrated that 
the decrease in CDDP uptake could be a direct effect 
of glycine on CDDP transportation. Further studies 
are warranted to explore whether glycine can affect 
the OCT carrier. On the other hand, in reviewing the 
literature, nothing concerning the effect of L-arginine 
on CDDP uptake by kidney has been reported. Thus, 
the findings of the present study add another new 
mechanism for L-arginine nephroprotection by reducing 
CDDP uptake. It is important to mention that L-arginine 
uptake was proven to be mediated through the cationic 
amino acid transporter (52) and so, it might interfere 
with CDDP uptake by the cationic transporters.
 In conclusion, the present study clearly demonstrates 
that glycine and L-arginine could be promising drugs as 
nephroprotectors against CDDP-induced nephrotoxicity. 
Furthermore, this study sheds light on the mechanisms 
involved in their nephroprotection. They guard against 
oxidative stress induced by CDDP by restoring cellular 
defense mechanisms, replenishing kidney GSH 
content and normalizing lipid peroxidation. Also, the 
nephroprotective effect was mediated through lowering 
platinum uptake by the kidney tissue. Furthermore, 
they could ameliorate necrosis or renal tubule damage 
induced by CDDP. L-Arginine showed greater 
antioxidant properties while glycine showed greater 
antinecrotic effects. Further investigations are clearly 
warranted to establish the clinical applicability of these 
amino acids in patients with nephrotoxicity associated 
with CDDP administration and to explore possible 
interference of the antitumor activity of CDDP.
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ABSTRACT: Four accurate,  precise,  rapid, 
reproducible, and simple spectrophotometric methods 
were validated for determination of repaglinide 
(RPG), pioglitazone hydrochloride (PGL) and 
rosiglitazone maleate (RGL). The first two methods 
were based on the formation of a charge-transfer 
purple-colored complex of chloranilic acid with RPG 
and RGL with a molar absorptivity 1.23 × 103 and 
8.67 × 102 l•mol−1•cm−1 and a Sandell's sensitivity of 
0.367 and 0.412 μg•cm−2, respectively, and an ion-pair 
yellow-colored complex of bromophenol blue with 
RPG, PGL and RGL with molar absorptivity 8.86 × 
103, 6.95 × 103, and 7.06 × 103 l•mol−1•cm−1, respectively, 
and a Sandell's sensitivity of 0.051 μg•cm-2 for all ion-
pair complexes. The infl uence of different parameters 
on color formation was studied to determine optimum 
conditions for the visible spectrophotometric 
methods. The other spectrophotometric methods were 
adopted for demtermination of the studied drugs in 
the presence of their acid-, alkaline- and oxidative-
degradates by computing derivative and pH-induced 
difference spectrophotometry, as stability-indicating 
techniques. All the proposed methods were validated 
according to the International Conference on 
Harmonization guidelines and successfully applied 
for determination of the studied drugs in pure form 
and in pharmaceutical preparations with good 
extraction recovery ranges between 98.7-101.4%, 
98.2-101.3%, and 99.9-101.4% for RPG, PGL, and 
RGL, respectively. Results of relative standard 
deviations did not exceed 1.6%, indicating that 
the proposed methods having good repeatability 
and reproducibility. All the obtained results were 
statistically compared to the offi cial method used for 
RPG analysis and the manufacturers methods used 
for PGL and RGL analysis, respectively, where no 
signifi cant differences were found.

Keywords: Repaglinide, pioglitazone hydrochloride, 
rosiglitazone maleate, charge-transfer complex, ion-
pair complex, derivative spectrophotometry, difference 
spectrophotometry, stability-indicating method

1. Introduction

For many years pharmacological agents such as 
sulphonylureas and biguanides were the mainstay of 
oral treatment for type II diabetes. Target control is 
achieved with these medications for some patients only, 
however; secondary failure is relatively common. Thus, 
the introduction of newer agents such as meglitinides 
(repaglinide; RPG) and thiazolidinediones (pioglitazone 
and rosiglitazone) has been welcomed (1). RPG acts by 
stimulating insulin secreation of β-cells of the pancreas, 
while both pioglitazone hydrochloride (PGL) and 
rosiglitazone maleate (RGL), which exert their glucose-
lowering effect by binding to peroxisome proliferator-
activated γ receptors, thus increasing the receptor 
sensitivity to insulin (2). Structures of RPG, PGL, and 
RGL are illustrated below.

Original Article DOI: 10.5582/ddt.v5.1.41
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 Many analytical methods have been reported for 
the quantitative estimation of RPG in pharmaceutical 
preparations and biological samples (3-5) which 
include visible spectrophotometric (6,7), HPLC 
(8,9) and electrochemical methods (10). PGL and its 
metabolites have been determined in biological fluids 
and pharmaceutical preparations by HPLC with UV 
detection (11-13), reversed phase TLC (14), liquid 
chromatography coupled with mass spectrometry (15), 
and spectrometry (16). On the other hand, RGL in 
pharmaceutical preparations and human plasma has 
been determined by HPLC with UV detection (17-21), 
HPTLC (22), TLC (23), and liquid chromatography 
coupled with mass spectrometry (24).
 The aim of this study is to develop and validate 
simple, rapid, sensitive, and reliable spectrophotometric 
methods for accurate quantitation of RPG, PGL, and 
RGL via 'charge-transfer and ion-pair' complexation 
reactions and stability-indicating assays using 'derivative 
and pH-induced difference spectrophotometry'. All 
the proposed methods were successfully applied for 
routine quality control analysis of the mentioned drugs 
in raw material and in their pharmaceutical preparations 
unaffected by interference from excipients.

2. Materials and Methods

2.1. Chemicals and reagents

RPG and PGL were kindly supplied by Amoun 
Pharmaceutical Co. (Cairo, Egypt) and certified to 
contain 99.99% and 99.95%, respectively. Diarol® tablets, 
batch number 1018, were labeled to each contain 2 mg 
of RPG and Actozone® tablets, batch number 3543, 
were labeled to each contain 45 mg of PGL. RGL was 
kindly supplied by Apex Pharma (Cairo, Egypt) and 
certified to contain 99.99%. Rosizone® tablets, batch 
number MT0410208, were labeled to each contain 4 
mg of RGL.
 Methanol and acetonitrile were purchased from 
Honeywell  Riedel-de Haen, Seelze,  Germany. 
Chloranilic acid, bromophenol blue, hydrochloric 
acid (35.4%), sodium hydroxide, potassium hydrogen 
phthalate, chloroform, hydrogen peroxide (30%), and 
ethanol were from BDH Chemicals, Poole, UK. All 
chemicals and reagents used throughout this work were 
spectroscopic analytical grade. Bi-distilled water was 
used throughout the whole work and indicated by the 
word "water".

2.2. Instruments

A H e w l e t t - P a c k a r d  H P 8 4 5 2 A D i o d e  A r r a y 
Spectrophotometer (Hewlett-Packard, Palo Alto, CA, 
USA) connected to an IBM compatible computer 
and HP laser printer was used. The bundled software 
was UV-Visible ChemStation Rev. A.08.03, Agilent 

Technologies, Santa Clara, CA, USA. The spectral 
bandwidth was 0.2 nm and the wavelength scanning 
speed was 2,800 nm•min−1. The absorption spectra of 
the reference and the test solutions were recorded in 
1.0-mL quartz cells at 25.0°C using conditions of 'Δλ = 
4 nm and scaling factor of 10 for fi rst derivative (D1)' 
and 'Δλ = 8 nm and scaling factor of 100 for second and 
third derivative (D2 and D3, respectively)'. A sonicator 
(Model RK 100H DVE GS; Bandelin Sonorex, Berlin, 
Germany) and a pH-meter equipped with a combined 
glass electrode (Jenway, Essex, UK) were used.

2.3. Standard solutions

2.3.1. Standard solutions of drugs studied

For the charge-transfer method, RPG and RGL stock 
standard solutions with a concentration of 1.0 mg•mL−1 in 
acetonitrile were prepared, which were also used as working 
standard solutions. For the other three spectrophotometric 
methods, stock standard solutions of RPG, PGL, and RGL 
with concentrations of 1.0 mg•mL−1 in methanol were 
prepared, which were further diluted with methanol to 
obtain concentrations of 0.1 mg•mL−1 to be used as working 
standard solutions.

2.3.2. Standard solutions of reagents used for charge-
transfer and ion-pair methods

0.1% (w/v) chloranilic acid (CLA) in acetonitrile was 
used for the charge-transfer method and 0.1% (w/v) 
bromophenol blue (BPB) and phthalate buffers, pH 2.4 
and 2.2, (25) were for the ion-pair method.

2.3.3. Standard solutions of degradates for stability-
indicating spectrophotometric methods

Three standard solutions of degradates, i.e. acid-, 
alkaline-, and oxidative degradation products of 
RPG, PGL, and RGL, were prepared. Ten mg of each 
compound were mixed with 50 mL of 2 M HCl, 2 M 
NaOH, and 30% H2O2 for acid-, alkaline-, and oxidative 
degradation, respectively, followed by heating in a 
thermostatic water-bath at 80°C for 24 h. After cooling, 
the mixtures for the acid- and alkaline-degradated-
solutions were neutralized with 5 M NaOH and 5 M 
HCl, respectively. The final concentrations of all the 
degradated-solutions were adjusted to 0.1 mg•mL−1 with 
methanol.

2.4. Charge-transfer method

Aliquots of RPG and RGL working standard solutions 
were mixed with 3.0 and 2.0 mL of 0.1% CLA in a 
series of 10-mL volumetric fl asks and then diluted with 
acetonitrile to obtain a concentration range of 50-325 
and 50-300 μg•mL−1, respectively. The absorbance of 
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reference beam and the alkaline solution in the sample 
beam. RPG was determined in a concentration range of 
5-65 μg•mL−1 in the presence of its acid- and alkaline-
degradates, where the values of the first derivative of 
ΔA spectra (DD1) were computed at 258.04 and 261.82 
nm, respectively, while the second derivative of ΔA 
spectra (DD2) values were computed at 252.80 nm in 
a concentration range of 5-75 μg•mL−1 in the presence 
of its oxidative-degradates. PGL was determined in a 
concentration range of 5-80 μg•mL−1 in the presence of its 
acid- and alkaline-degradates, where the values of the fi rst 
derivative of ΔA spectra (DD1) were computed at 242.81 
and 243.41 nm, respectively, and the values of the second 
derivative ΔA spectra (DD2) were computed at 253.12 nm 
in a concentration range of 5-75 μg•mL−1 in the presence 
of its oxidative-degradates. RGL was determined in a 
concentration range of 5-70 μg•mL−1 in the presence of 
its acid-, alkaline-, and oxidative-degradates, where 
the values of second derivative ΔA spectra (DD2) 
were computed at 272.00 nm in the presence of its 
alkaline-degradates and those of the third derivative 
of ΔA spectra (DD3) amplitudes were computed at 
275.90 and 267.40 nm in the presence of its acid- and 
oxidative-degradates, respectively. Calibration curves 
were constructed and the regression equation was then 
computed.

2.7. Assays of the pharmaceutical preparations by the 
proposed methods and application of standard addition 
techniques

Sixty tablets of Diarol®, 10 tablets of Actozone®, and 
30 tablets of Rosizone® were individually weighed 
to get the average weight of the tablets, respectively. 
For the charge-transfer method, a sample of the 
powdered tablets containing 50 mg of RPG or 
RGL was transferred to 50-mL volumetric flasks 
and sonicated for 20 min with 30 mL acetonitrile. 
The solution was brought to 50 mL with the same 
solvent and then filtered to prepare stock working 
solutions with a concentration of 1.0 mg•mL−1. 
Aliquots of the fi ltrate were further diluted with the 
same solvent and then subjected to the procedure for 
the charge-transfer method as described above. For 
other spectrophotometric methods, a sample of the 
powdered tablets containing 25 mg of RPG, PGL, 
or RGL was transferred to 250-mL volumetric fl asks 
and sonicated for 20 min with 200 mL methanol. The 
solution was brought to 250 mL with the same solvent 
and then filtered to prepare stock working solutions 
with a concentration of 0.1 mg•mL−1. Aliquots of the 
filtrate were further diluted with the same solvent 
and then subjected to the procedures for ion-pair and 
stability-indicating spectrophotometric methods as 
described above.
 To check the validity of the proposed methods, 
the standard addition technique was applied. For the 

the produced purple-colored charge-transfer complex 
was measured at 518 nm against a reagent-blank at 
room temperature. Calibration curves were constructed 
and the regression equation was then computed.

2.5. Ion-pair method

Into three separating funnels, aliquots of RPG, PGL, 
and RGL working standard solutions were separately 
transferred and mixed with 4.0 mL of phthalate buffer, 
pH 2.4 for RPG and PGL, and pH 2.2 for RGL. The 
solutions were then mixed with 3.0 mL of 0.1% BPB 
reagent solution. The produced yellow-colored ion-pair 
complexes were extracted twice with 4 mL chloroform 
and allowed to stand for clear separation of the two 
phases. The chloroformic layer was then passed through 
anhydrous sodium sulfate and diluted with chloroform 
in 10-mL volumetric flasks to obtain a concentration 
range of 5-35 μg•mL−1. The absorbance of the produced 
colored-complexes was measured at 414 nm, 416 nm 
and 415 nm, respectively, against a reagent blank at 
room temperature. Calibration curves were constructed 
and the regression equation was then computed.

2.6. Stability-indicating spectrophotometric methods

2.6.1. Derivative spectrophotometric (Dn) method

From standard working solutions, aliquots were 
transferred into a series of 10 mL-volumetric flasks 
and diluted with methanol. RPG was determined in a 
concentration range of 5-75 μg•mL−1 in the presence 
of its acid-, alkaline- and oxidative-degradates, where 
the values of the first derivative (D1) amplitudes 
were computed at 263.79, 264.33 and 304.84 nm, 
respectively. PLG was determined in a concentration 
range of 5-60 μg•mL−1 in the presence of its acid- 
and alkaline-degradates, where the values of the 
first derivative (D1) were computed at 253.35 and 
284.05 nm, respectively, and the values of the second 
derivative (D2) were computed at 276.31 nm in a 
concentration range of 5-75 μg•mL−1 in the presence 
of its oxidative-degradates. RGL was determined in a 
concentration range of 5-70 μg•mL−1 in the presence 
of its acid-, alkaline- and oxidative-degradates, where 
the values of the second derivative (D2) amplitudes 
were computed at 307.95, 287.73, and 325.67 nm, 
respectively. Calibration curves were constructed and 
the regression equation was then computed.

2.6.2. pH-induced difference spectrophotometric (DDn) 
method

From standard working solutions, aliquots were 
transferred into two sets of 10-mL volumetric flasks 
and diluted with either 0.1 M HCl or 0.1 M NaOH. ΔA 
spectra were computed by placing the acid solution in the 
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charge-transfer method, a sample of the powdered 
tablets containing 5 mg of RPG or RGL was accurately 
weighed and mixed with 5, 10, 15, 20, and 25 mg of 
the corresponding pure drug. Each spiked sample of 
RPG and RGL was transferred to a 25-mL volumetric 
fl ask, and sonicated for 20 min with 20 mL acetonitrile. 
The mixtures were diluted with the same solvent 
and filtered to get five spiked solutions from each 
pharmaceutical preparation in a concentration range 
of 0.4-1.2 mg•mL−1. From each spiked solution, 2.5 
mL was transferred to a 10-mL volumetric flask and 
then subjected to the procedure for the charge-transfer 
method as described above. For ion-pair and stability-
indicating spectrophotometric methods, a sample of 
the powdered tablets containing 5 mg of RPG, PGL, 
or RGL was accurately weighed and mixed with 5, 10, 
15, 20, 25 mg of the corresponding pure drug. Each 
spiked sample of RPG, PGL, and RGL was transferred 
to a 100-mL volumetric fl ask, and sonicated for 20 min 
with 75 mL methanol. The mixtures were then diluted 
with the same solvent and filtered to get five spiked 
solutions from each pharmaceutical preparation in a 
concentration range of 0.1-0.3 mg•mL−1. One mL each 
and 1.5 mL each of spiked solutions was subjected to 
the procedure for the ion-pair method and stability-
indicating spectrophotometric methods, respectively, as 
described above.

3. Results

3.1. Development of charge-transfer and ion-pair 
methods

3.1.1. Absorption spectra

Absorption spectra of charge-transfer complexes formed 
by RPG and CLA (Figure 1A) and RGL and CLA 
(Figure 1B) and those of ion-pair complexes formed by 
RPG and BPB (Figure 1C), PGL and BPB (Figure 1D), 
and RGL and BPB (Figure 1E) were measured against 
reagent-blanks. Both charge-transfer complexes showed 
maximum absorbance at 518 nm (Figures 1A and 1B). 
In contrast, the ion-pair complexes showed maximum 
absorbance at 414, 416, and 415 nm for RPG-BPB, 
PGL-BPB, and RGL-BPB, respectively. The infl uence 
of different parameters on color formation was studied 
to determine optimum conditions for the visible 
spectrophotometric methods.

3.1.2. Choice of solvent

In order to select the suitable solvent for charge-
transfer complex formation, the reaction of RPG and 
RGL with CLA was performed in different solvents. 
Acetonitrile showed super priority over chloroform, 
2-propanol, dichloroethane, 1,4-dioxan, methanol, and 
ethanol, as the complex formed in these solvents had a 

low molar absorptivity. Furthermore, acetonitrile was 
considered as an ideal solvent for CLA (π-acceptor), 
because it offered a maximum sensitivity which was 
attributed to its high dielectric constant that promotes 
maximum yield of the complex (26). For the ion-pair 
method, the effect of several organic solvents such 
as chloroform, carbon tetrachloride, ethyl acetate, 
diethylether, toluene, and dichloromethane were tried 
for effective extraction of the colored species from the 
aqueous phase. Chloroform was found to be the most 
suitable solvent for extraction of ion-pair complexes 
from the aqueous solutions. It yielded maximum 
absorbance intensity and considerably lower extraction 
ability for the reagent blank and it was also observed 
that only double extraction was adequate to achieve a 
quantitative recovery of the complex.
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Figure 1. Absorption spectra of various charge-transfer 
and ion-pair complexes examined. (A) RPG, solid line; 
CLA, dashed line; RPG-CLA charge-transfer complex, dotted 
line. (B) RGL, solid line; CLA, dashed line; RGL-CLA 
charge-transfer complex, dotted line. (C) RPG, solid line; 
BPB, dashed line; RGL-BPB ion-pair complex, dotted line. 
(D) PGL, solid line; BPB, dashed line; PGL-BPB ion-pair 
complex, dotted line. (E) RGL, solid line; BPB, dashed line; 
RGL-BPB ion-pair complex, dotted line.
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3.1.3. Reagent concentration

Figure 2A shows the effect of CLA concentration (by 
volume) on the quantitativeness of its reaction with RPG 
and RGL. It was found that, when various concentrations 
(by volume) of CLA solution were added to fixed 
concentrations of the studied drugs, 3.0 and 2.0 mL of 
0.1% (w/v) CLA solutions were found to be effective 
volumes for quantitative determination of RPG and 
RGL, respectively. Figure 2B shows the effect of BPB 
concentration (by volume) on the intensity of the color-
developed when reacted with RPG, PGL, and RGL. It 
was found that, when various concentrations (by volume) 
of BPB solution were added to fixed concentrations of 
the studied drugs, 3.0 mL of 0.1% (w/v) BPB solution 
was adequate to obtain a stable product for quantitative 
determination of RPG, PGL, and RGL.

3.1.4. Effect of reaction time and temperature

Optimum reaction time was investigated by following 
color development at ambient temperature. As shown in 
Figure 3A, the relationship between time and absorbance 
showed that the reaction was instantaneous and stable up 
to 2 h for the produced charge-transfer complexes. For 
ion-pair complexes, complete color intensity was attained 
after 2 min of mixing with chloroform and stable up to 2 
h (Figure 3B). Figures 3C and 3D shows the relationship 
between temperature and absorbance, where raising the 
temperature to 30°C had no effect on the formation of 
both charge-transfer and ion-pair complexes, but the 
absorbance started to decay above 30°C.

3.1.5. Effect of pH and volume of phthalate-buffer on the 
ion-pair complex formation

The effect of pH on ion-pair complex formation was 
studied by extracting the yellow-colored complexes in 
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the presence of phthalate-buffer at various pH between 
2.0-4.0. As shown in Figure 4A, the relationship between 
pH and the absorbance showed maximum color intensity 
and consequently a higher absorbance at pH 2.4 for RPG 
and PGL and at pH 2.2 for RGL. Also, the stability of the 
formed color-complexes was achieved without affecting 
the absorbance by using 4.0 mL of phthalate buffers at 
the chosen pH-values, where maximum absorbance and 
reproducible results were obtained (Figure 4B).

Figure 2. Effect of CLA and BPB volumes in reaction 
mixtures for complex formation with RPG, PGL and 
RGL. (A) Effect of CLA volume for charge-transfer complex 
formation with RPG (dashed line) and RGL (solid line). (B) 
Effect of BPB volume for ion-pair complex formation with 
RPG (dashed line), PGL (dotted line), and RGL (solid line).

Figure 3. Effect of reaction time or temperature to form 
various complexes. (A and C) Charge-transfer complex 
formation of RPG (dashed line) and RGL (solid line); (B and 
D) Ion-pair complex formation with RPG (dashed line), PGL 
(dotted line), and RGL (solid line).

Figure 4. Effect of pH (A) and volume (B) of phthalate-
buffer on ion-pair complex formation. Dashed line, RPG; 
dotted line, PGL; solid line, RGL.
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3.1.6. Stoichiometric relationship

Job's method of continuous variation (27) was applied 
in order to ascertain the stoichiometry of the reactions of 
charge-transfer and ion-pair complex formation, where 
equimolar solutions (1.0 × 10–3) of each drug, of CLA 
and BPB were used.
 As shown in Figure 5A, the results obtained from Job's 
method suggested that 1:1 (drug:π-acceptor) charge-
transfer complexes were formed through complete 
electron transfer from RPG or RGL as an electron donor 
to CLA as an electron acceptor with the formation 
of intensely colored radical ions in the polar solvent 
acetonitrile. The deduced scheme is shown in Figure 
5C. This fi nding was anticipated by the presence of one 
basic electron-donating center (nitrogen atom) present 
in RPG and RGL structures, while PGL lacks this basic 
center and consequently failed to form a charge transfer 
complex when reacted with CLA as a π-acceptor.
 Reaction-stoichiometry for ion-pair complexes was 
found to be a good 1:1 approximation (drug:reagent) 
ratio which were formed through the electrostatic 
attraction between positive protonated RPG+, PGL+, 
or RGL+ and negative BPB– (Figure 5B). The deduced 
extraction equilibrium is shown in Figure 5D. In this 
scheme, Drug+ and BPB– represent the protonated oral 
hypoglycemic drugs studied and the anion of the dye, 
respectively, and the subscripts (aq) and (org) refer to the 
aqueous and organic phases, respectively.

3.2. Development of stability-indicating spectro-
photometric methods

3.2.1. Derivative spectrophotometry method (Dn)

The UV-spectra of the oral hypoglycemic drugs 
under study and their acid-, alkaline- and oxidative-
degradates are shown in Figure 6AI-6II, where zero 
order determination for the drugs was not permitted in 
the presence of their degradates. Therefore, derivative 
spectrophotometric methods were adopted, where 
zero-crossing points for acid-, alkaline-, and oxidative-
degradates of each studied drug are indicated. The fi rst 
derivative spectrophotometric method (D1) permitted 
a selective determination of RPG in the presence of 
its acid-, alkaline-, and oxidative-degradates at 263.8, 
264.3, and 304.8 nm, respectively (Figures 6AII-6CII), 
and PGL in the presence of its acid- and alkaline-
degradates at 253.4 and 284.1 nm, respectively 
(Figures 6DII and 6EII). Also, the second derivative 
spectrophotometric method (D2) permitted an excellent 
determination of PGL in the presence of its oxidative-
degradates at 276.3 nm (Figure 6FII), and RGL in 
the presence of its acid-, alkaline-, and oxidative-
degradates at 308.0, 287.7, and 325.7 nm, respectively 
(Figures 6GII-6III).

3.2.2. pH-induced difference spectrophotometric method 
(DDn)

Change in the absorption spectra of the intact drugs 
under investigation, by using acid and alkaline media, 
was used as a stability-indicating study. The direct 
UV measurement of ΔA spectra were not suitable for 
assaying the studied drugs in the presence of their 
degradates, since there was severe overlap between 
spectra of the drugs and the degradates (Figure 7AI-
7II). Thus, first, second, and third derivative of ΔA 
spectra were adopted, where zero-crossing points 
for the acid-, alkaline-, and oxidative-degradates of 
each studied drug are indicated, respectively. First 
derivative [DD1] of ΔA spectra was computed for 
determination of RPG in the presence of its acid- 
and alkaline-degradates at 258.0 and 261.8 nm, 
respectively (Figures 7AII and 7BII), and PGL in the 
presence of its acid- and alkaline-degradates at 242.8 
and 243.4 nm, respectively (Figures 7DII and 7EII). 
Second derivative of ΔA spectra [DD2] was computed 
for determination of RPG and PGL in the presence 
of their oxidative-degradates at 252.8 and 253.1, 
respectively (Figures 7CII and 7FII). RGL was also 
determined in the presence of its acid- and oxidative-
degradates at 275.9 and 267.4 nm by computing third 
derivative [DD3] of ΔA spectra (Figures 7GII and 7HII) 
and in the presence of its alkaline-degradates at 272.0 
nm by computing second derivative [DD2] of ΔA 
spectra (Figure 7III).

Figure 5. Job's method graphs for charge-transfer and 
ion-pair complex formations (A, B); Deduced scheme of 
charge-transfer and ion-pair complex formation and the 
extraction equilibrium (C, D). A, charge-transfer complex 
formation of RPG (dashed line) and RGL (solid line); B, ion-
pair complex formation with RPG (dashed line), PGL (dotted 
line), and RGL (solid line); C, charge-transfer complex 
formation; D, Ion-pair complex formation.

(A)

(B)

(C)

(D)
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Figure 6. (I) UV-spectra of RPG, PGL, RGL, and their acid-, alkaline-, and oxidative-degradates. AI, RPG (solid line) 
and its acid-degradate (dashed line); BI, RPG (solid line) and its alkaline-degradate (dashed line); CI, RPG (solid line) and its 
oxidative-degradate (dashed line); DI, PGL (solid line) and its acid-degradate (dashed line); EI, PGL (solid line) and its alkaline-
degradate (dashed line); FI, PGL (solid line) and its oxidative-degradate (dashed line); GI, RGL (solid line) and its acid-degradate 
(dashed line); HI, RGL (solid line) and its alkaline-degradate (dashed line); II, RGL (solid line) and its oxidative-degradate 
(dashed line). (II) First (D1) or second (D2) derivative spectra of RPG, PGL, RGL, and their acid-, alkaline-, and oxidative-
degradates. AII, fi rst (D1) derivative spectra of RPG (solid line) and its acid-degradate (dashed line); BII, fi rst (D1) derivative 
spectra of RPG (solid line) and its alkaline-degradate (dashed line); CII, fi rst (D1) derivative spectra of RPG (solid line) and its 
oxidative-degradate (dashed line); DII, fi rst (D1) derivative spectra of PGL (solid line) and its acid-degradate (dashed line); EII, 
fi rst (D1) derivative spectra of PGL (solid line) and its alkaline-degradate (dashed line); FII, second (D2) derivative spectra of 
PGL (solid line) and its oxidative-degradate (dashed line); GII, second (D2) derivative spectra of RGL (solid line) and its acid-
degradate (dashed line); HII, second (D2) derivative spectra of RGL (solid line) and its alkaline-degradate (dashed line); III, 
second (D2) derivative spectra of RGL (solid line) and its oxidative-degradate (dashed line).

I II
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Figure 7. (I) ∆A spectra of RPG, PGL, RGL, and their acid-, alkaline-, and oxidative-degradates. AI, RPG (solid line) 
and its acid-degradate (dashed line); BI, RPG (solid line) and its alkaline-degradate (dashed line); CI, RPG (solid line) and its 
oxidative-degradate (dashed line); DI, PGL (solid line) and its acid-degradate (dashed line); EI, PGL (solid line) and its alkaline-
degradate (dashed line); FI, PGL (solid line) and its oxidative-degradate (dashed line); GI, RGL (solid line) and its acid-degradate 
(dashed line); HI, RGL (solid line) and its alkaline-degradate (dashed line); II, RGL (solid line) and its oxidative-degradate (dashed 
line). (II) First (DD1), second (DD2), or third (DD3) derivative of ∆A spectra of RPG, PGL, RGL, and their acid-, alkaline-, 
and oxidative-degradates. AII, fi rst (DD1) derivative of ∆A spectra of RPG (solid line) and its acid-degradate (dashed line); BII, 
fi rst (DD1) derivative of ∆A spectra of RPG (solid line) and its alkaline-degradate (dashed line); CII, second (DD2) derivative of 
∆A spectra of RPG (solid line) and its oxidative-degradate (dashed line); DII, fi rst (DD1) derivative of ∆A spectra of PGL (solid 
line) and its acid-degradate (dashed line); EII, fi rst (DD1) derivative of ∆A spectra of PGL (solid line) and its alkaline-degradate 
(dashed line); FII, second (DD2) derivative of ∆A spectra of PGL (solid line) and its oxidative-degradate (dashed line); GII, third 
(DD3) derivative of ∆A spectra of RGL (solid line) and its acid-degradate (dashed line); HII, third (DD3) derivative of ∆A spectra 
of PGL (solid line) and its oxidative-degradate (dashed line); III, second (DD2) derivative of ∆A spectra of PGL (solid line) and 
its alkaline-degradate (dashed line).

I II
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3.3. Method validation

Validation parameters according to International 
Conference on Harmonization (ICH) guidelines 
(28) are summarized in Tables 1-2. In the adopted 
spectrophotometric methods, the limits of detection 

(LOD) and limits of quantitation (LOQ) were 
determined using the formula: LOD or LOQ = κSDa/b, 
where κ = 3.3 for LOD and 10 for LOQ. SDa is the 
standard deviation of the intercept, and b is the slope. 
Three different concentrations of each studied drug 
(in the linear range) were analyzed by the proposed 

Table 1. Validation parameters for charge-transfer and ion-pair spectrophotometric methods

RPG; 518.00 nm

50-325
0.00273
0.01426
0.9998
  4.22
12.80

99.46
0.396
99.45
0.431
0.755
0.539

RGL; 518.00 nm

50-300
0.00243
0.04705
0.9996
  5.96
18.06

99.52
1.558
 99.62
1.520
0.716
0.581

RPG; 414.00 nm

5-35
0.01958
0.05515
0.9997
0.49
1.50

99.87
0.881
99.82
1.124
0.710
0.760

PGL; 416.00 nm

5-35
0.01950
0.05229
0.9998
0.47
1.42

98.82
1.565
98.84
1.591
0.607
0.725

RGL; 415.00 nm

5-35
0.01957
0.03418
0.9997
0.56
1.76

100.85
0.662
100.70 
0.549
1.340
1.493

Linearity (μg•mL−1)
Slope
Intercept
Correlation coeffi cient (r)
LOD (μg•mL−1)
LOQ (μg•mL−1)
Precision
      Intra-day Mean (%)
                     R.S.D. (%)
      Inter-day Mean (%)
                     R.S.D. (%)
Ruggedne [R.S.D. (%)]
Robustness [R.S.D. (%)]

Validation parameters
Charge-transfer method Ion-pair method

Validation parameters
RPG RGLPGL

DD1 at
258.04 nm 

5-65
0.00083
0.00016
0.9997
0.98
2.98

100.63
0.853
100.30 
0.841
0.410
0.435

DD1 at
261.82 nm

5-65
0.00038
0.00032
0.9996
1.08
3.26

101.30
0.499
101.01 
0.723
0.489
0.316

DD2 at
252.80 nm

5-75
0.00010
0.00016
0.9997
1.02
3.08

100.30
1.623
100.10 
1.636
0.355
0.250

DD1 at
242.81 nm

5-80
0.00035
-0.00053
0.9997
1.09
3.30

100.02
0.967
98.68 
 0.163
0.479
0.457

DD1 at
243.41 nm

5-80
0.00033
-0.00053
0.9997
0.96
2.90

99.53
0.797
99.56 
0.849
0.630
0.642

DD2 at
253.12 nm

5-75
0.00007
0.00008
0.9998
0.73
2.22

98.94
0.367
98.93 
0.364
0.338
0.355

DD3 at
275.90 nm

5-70
0.00002
-0.00005
0.9997
0.92
2.78

99.79
 0.615
100.16 
 0.880
0.477
0.413

DD2 at
272.00 nm

5-70
0.00008
0.00013
0.9997
1.04
3.14

101.51
 0.144
101.56 
0.281
0.590
0.434

DD3 at
267.40 nm

5-70
0.00004
-0.00002
0.9997
1.04
3.16

100.65
 0.914
100.76 
0.950
0.710
0.556

Linearity (μg•mL−1)
Slope
Intercept
Correlation coeffi cient (r)
LOD (μg•mL−1)
LOQ (μg•mL−1)
Precision
      Intra-day Mean (%)
                      R.S.D. (%)
      Inter-day Mean (%)
                      R.S.D. (%)
Ruggedness [R.S.D. (%)]
Ruggedness [R.S.D. (%)]

Table 2B

Table 2A

Validation parameters
RPG RGLPGL

D1 at
263.79 nm

5-75
0.00046
–0.00040
0.9998
0.90
2.73

100.29
0.987
100.27
1.142
0.404

D1 at
264.33 nm

5-75
0.00043
–0.00056
0.9998
0.88
2.66

100.93
1.248
100.75
1.315
0.634

D1 at
304.84 nm

5-75
0.00037
–0.00029
0.9998
0.78
2.37

99.13
0.286
98.99
0.237
0.802

D1 at
253.35 nm

5-60
0.00052
–0.00121
0.9998
0.83
2.52

99.02
0.221
99.72
0.539
0.460

D1 at
284.05 nm

5-60
0.00119

–0.00376
0.9999
0.53
1.60

99.33
0.728
99.06
0.861
0.770

D2 at
276.31 nm

5-75
0.00021
0.00093
0.9997
0.95
2.88

99.12
1.143
98.98
1.007
0.845

D2 at
307.95 nm

5-70
0.00003
0.00005
0.9999
0.55
1.67

100.70
0.167
100.61
0.570
0.663

D2 at
287.73 nm

5-70
0.00010
–0.00020
0.9997
1.02
3.10

100.58
0.129
100.80
0.963
0.412

D2 at
325.67 nm

5-70
0.00004
–0.00012
0.9997
0.98
2.98

100.33
0.771
100.36
1.514
0.429

Linearity (μg•mL−1)
Slope
Intercept
Correlation coeffi cient (r)
LOD (μg•mL−1)
LOQ (μg•mL−1)
Precision
      Intra-day Mean (%)
                      R.S.D. (%)
      Inter-day Mean (%)
                      R.S.D. (%)
Ruggedness [R.S.D. (%)]

Table 2. Validation parameters for the proposed stability-indicating spectrophotometric methods. A, Validation parameters for 
derivative spectrophotometric method (Dn); B, Validation parameters for pH-induced difference spectrophotometric (DDn) method.
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spectrophotometric methods in three independent 
series on the same day (intra-day precision) and three 
consecutive days (inter-day precision) within each series 
and every concentration was examined three times. The 
R.S.D.% values of intra- and inter-day studies showed 
that the intermediate precision of the proposed methods 
were satisfactory (Tables 1-2). When ruggedness of the 
adopted spectrophotometric methods was assessed by 
applying the procedures using two different sources 
of solvents, i.e. methanol and acetonitrile, and results 
obtained were found to be reproducible since R.S.D.% 
did not exceed 2%. Robustness of the spectrophotometric 
procedures was determined by evaluating the influence 
of small variations of experimental variables: 
CLA concentration (charge-transfer method), BPB 
concentration and pH of phthalate buffer (ion-pair 
method) and HCl and NaOH concentration used in pH-
induced difference spectrophotometric method; where 
the capacity of the method remained unaffected by small 
deliberate variations. The results obtained from both 
ruggedness and robustness provided an indication of the 
reliability of the proposed methods during routine work.
 Solution stability was evaluated, in which the 
standard solutions and the reagents solutions were 
subjected to long term (8 days) stability studies. The 
stability of the solutions kept at 4°C or room temperature 
was studied by comparing their recoveries with freshly 
prepared solutions. It was found that solutions kept at 
4°C were stable up to 7 days while those kept at room 
temperature were stable for only 3 days (data not shown).

 Degradation behaviors of the studied drugs were 
investigated by the proposed stability-indicating 
spectrophotometric methods, where RPG, PGL, and 
RGL were determined in solutions containing different 
amounts of their acid-, alkaline-, and oxidative-
degradates by Dn and DDn spectrophotometric methods. 
The recovery% and R.S.D.% proved a high specifi city of 
the adopted stability-indicating methods (Table 3), where 
the studied hypoglycemic drugs could be determined in 
the presence of their degradates (up to 90%).
 Molar absorptivity values of the charge-transfer 
method for RPG and RGL with CLA were found to be 
1.23 × 103 and 8.67 × 102 l•mol−1•cm−1, respectively, 
and those of the ion-pair method for RPG, PGL, and 
RGL with BPB were found to be 8.86 × 103, 6.95 × 
103, and 7.06 × 103 1•mol−1•cm−1, respectively. Sandell's 
sensitivity (S) represents the number of micrograms of 
the determinant per milliliter of a solution having an 
absorbance (A) of 0.001 for a path length (l) of 1-cm 
(29). Thus, S = 10−3/a = μg•cm−2 where, a is the specifi c 
absorptivity and its value (in mL•g−1•cm−1) corresponds 
to determination in a cuvette with a path length of 1-cm. 
Also, a = (b/molecular weight of the drug under study) 
× 1,000, where b = molar absorptivity = A/Cl, where 
C is the molar concentration of the determinant and l = 
1-cm path length. Sandell's sensitivity was found to be 
0.367 and 0.412 μg•cm−2 for the charge-transfer method 
of RPG and RGL with CLA, respectively, and 0.051 
μg•cm−2 for the ion-pair method for all hypoglycemic 
drugs under study with BPB.

50

Table 3. Specifi city of the proposed stability-indicating spectrophotometric methods. A, Specifi city of the proposed derivative 
spectrophotometric (Dn) method; B, Specifi city of the proposed pH-induced difference spectrophotometric (DDn) method.

Laboratory-prepared mixture % Recoveryb of RPG % Recoveryb of RGL% Recoveryb of PGL

Intact drug
(μg•mL−1)

45.00
35.00
25.00
15.00
  5.00

Degradatea

(μg•mL−1)

  5.00
15.00
25.00
35.00
45.00

Mean (%)
R.S.D. (%)

Table 3A

D1 at
263.79 nm

98.34
99.13
99.25
99.26
99.38
99.07 
0.423

D1 at
264.33 nm

98.14
98.38
98.50
99.12
99.44
98.71 
0.543

D1 at
304.84 nm

  98.79
  99.07
  99.17
  99.27
101.01
  99.46 
0.890

D1 at
253.35 nm

101.23
101.00
101.43
101.36
101.27
101.26 
0.163

D1 at
284.05 nm

  99.68
  99.47
  99.70
  99.87
100.20
  99.78
0.272

D2 at
276.31 nm

99.33
98.93
99.52
99.59
98.51
99.18 
0.456

D2 at
307.95 nm

100.78
101.09
101.72
101.94
101.62
101.43 
0.473

D2 at
287.73 nm

100.42
100.62
101.97
100.09
101.13
100.84 
0.726

D2 at
325.67 nm

100.46
  99.72
100.25
  99.11
  99.86
  99.88 
0.522

a In presence of acid, alkaline and oxidative-degradates of each studied oral hypoglycemic drug, respectively.
b Mean of three determinations.

Laboratory-prepared mixture % Recoveryb of RPG % Recoveryb of RGL% Recoveryb of PGL

Intact drug
(μg•mL−1)

45.00
35.00
25.00
15.00
  5.00

Degradatea

(μg•mL−1)

  5.00
15.00
25.00
35.00
45.00

Mean (%)
R.S.D. (%)

DD1 at
258.04 nm

  98.95
  99.69
  99.77
  99.85
100.98
  99.85 
0.730

DD1 at
261.82 nm

101.12
101.45
101.50
101.84
100.82
101.35 
0.384

DD2 at
252.80 nm

  98.64
  99.51
  99.86
100.44
101.38
  99.97 
1.027

DD1 at
242.81 nm

98.16
98.51
98.50
98.45
98.55
98.44 
0.162

DD1 at
243.41 nm

98.18
98.10
98.38
98.34
98.20
98.24 
0.119

DD2 at
253.12 nm

100.41
100.05
  99.62
  99.73
100.40
100.04 
0.365

DD3 at
275.90 nm

  99.87
100.40
101.91
101.63
101.51
101.06 
0.871

DD2 at
272.00 nm

101.02
101.44
101.16
100.91
  99.86
100.88 
0.598

DD3 at
267.40 nm

101.70
100.60
101.57
101.77
101.02
101.33 
0.499

Table 3B
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 The accuracy of the proposed methods was 
demonstrated by recovery experiments, using a standard 
addition technique, where the percentage of R.S.D.s 
can be considered to be very satisfactory. The analytical 
results of the pharmaceutical preparations and the 
standard addition technique of the studied drugs by the 
proposed spectrophotometric methods are summarized 
in ¶ Tables S1-S4, suggesting that there is no interference 
from any excipients present normally in tablets.
 All the obtained results were statistically compared 
to the official method used for RPG analysis and the 
manufacturer methods used for PGL and RGL analysis, 
respectively. As shown in ¶ Table S5, no significant 
differences were found.

4. Discussion

The aim of this study was to develop simple, fast, 
validated, and economical methods for analysis of RPG, 
PGL, and RGL in pure forms and in their pharmaceutical 
preparations. Two selective, simple, and less time 
consuming spectrophotometric methods were described 
for analyzing RPG and RGL using CLA reagents and 
RPG, PGL, and RGL using BPB reagents. The proposed 
stability-indicating methods (derivative and pH-induced 
difference spectrophotometry) provided accurate, 
specific, and reproducible quantitative analysis of the 
studied drugs in the presence of their acidic, alkaline, 
and oxidative degradation products. ICH guidelines were 
followed throughout the study for method validation 
and stress testing. The high recovery percentage and 
low relative standard deviation suggested high accuracy 
and precision of the proposed methods. Moreover, the 
adopted methods are easy, applicable to a wide range of 
concentration, besides being less time consuming, highly 
cost-effective and depending on simple and available 
reagents, thus offering economical and acceptable 
methods for the routine quality control analysis of drugs 
in bulk powder and in their pharmaceutical preparations 
without interference from common excipients.
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ABSTRACT: Matrix type transdermal therapeutic 
systems (TTS) of glibenclamide were formulated 
using polymers Eudragit RL 100, ethyl cellulose, 
PVP K-30, and polyvinyl acetate, and citral was 
used as the penetration enhancer. The polymer fi lms 
were formulated with Eudragit RL 100 and PVP 
K-30 in different ratios and subsequently subjected 
to ex vivo studies (drug permeation through rat 
skin) followed by interaction studies, skin irritation 
studies, accelerated stability analysis, and in vivo 
studies (determination of blood glucose level in 
rabbits). The drug content of the formulations was 
found to be 99.1-99.2%. The cumulative percentages 
of drug permeated through rat skin from the three 
selected formulations in 48 h were 95.3%, 98.8%, 
and 99%, respectively. A plot between cumulative 
percent of drug permeated and square root of 
time exhibited linear curves, which suggests the 
Higuchian matrix mechanism of drug release. The 
formulation containing Eudragit RL 100 and PVP 
K-30 showed better improvement in hypoglycemic 
activity in rabbits (56.2-60.8% reduction in 
blood glucose level, p < 0.05). There were fewer 
fluctuations in blood glucose level as compared to 
oral therapy due to controlled release of the active 
pharmaceutical ingredient, and no interaction 
was found between the drug and excipients of the 
formulation. Accelerated stability analysis showed 
that the formulation was stable up to 5.5 years, 
with negligible skin irritation. The formulation 
precluded severe hypoglycemic reactions (side effect 
of sulfonylureas) and was effective for management 
of diabetes mellitus up to 48 h, with a single TTS.

Keywords: Matrix type transdermal therapeutic system, 
glibenclamide

1. Introduction

Diabetes mellitus is a metabolic disorder characterized 
by high blood glucose level (fasting plasma glucose > 
7.0 mM, or plasma glucose > 11.1 mM 2 h after meal) 
(1). In total diabetic patients more than 90% suffer 
from type 2 diabetes (2). Globally, the burden of type 2 
diabetes is rising fast. The global prevalence of diabetes 
among adults was estimated at 150 million in 1995, 
and this is projected to rise up to 300 million by 2025 
(3). Developing countries may experience the largest 
proportional increase in diabetes (4). Type 2 diabetes is 
caused by insulin defi ciency in the body due to partial 
or incomplete inactivation/destruction of β cells of 
pancreas and often associated with insulin resistance 
(5,6). The blood glucose rises because of impaired 
hepatic glucose output and reduced uptake of glucose 
by skeletal muscles. When the renal threshold for 
glucose reabsorption increases, it leads to glycosurea 
(glucose in urine) and osmotic diuresis which leads 
to dehydration, thirst, and increased drinking (7). The 
treatment of type 2 diabetes includes life style changes, 
drugs that reduce intestinal glucose uptake and hepatic 
gluconeogenesis, and drugs that increase insulin 
secretion from the pancreas (e.g. sulfonylurea) (8).
 Glibenclamide, a sulfonylurea, has short term and 
long term pharmacological actions. During short term 
treatment it increases insulin secretion from functioning 
pancreatic islet β cells (pancreatic effect) where as 
during long term treatment its main action appears 
to be enhancement of insulin action on peripheral 
tissues and reduction of glucose output from the liver 
(extra-pancreatic effect). In short term treatment 
glibenclamide causes degranulation of the β cells in 
pancreas (9). The evoked release of insulin from the 
pancreas is very rapid and sulfonylureas appear to 
stimulate calcium influx into islet cells (10,11), as 
glibenclamide is a hydrophobic/lipophilic molecule 
and acts on sulfonylurea receptors from within the 
hydrophobic phase of the cell membrane (12). The 
treatment of non-insulin dependent diabetes mellitus 
(NIDDM) with glibenclamide is associated with severe 
and some fatal hypoglycemic reactions (13,14) with 
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symptoms like cold sweats, cool pale skin, tremors, 
anxious feelings, unusual tiredness or weakness, 
confusion, diffi culty in concentration, excessive hunger, 
temporary vision changes, headache or nausea (1). 
These side effects occur because of high interindividual 
variation with glibenclamide therapy. These incidences 
are related to the potency and duration of action of the 
active agent, and these incidences mostly occur with 
chlorpropamide and glibenclamide, so glibenclamide is 
avoided in the elderly and in patients with renal failure 
because of the risk of hypoglycemia (6). Whereas when 
glibenclamide is administered through a transdermal 
therapeutic system (TTS), it provides controlled 
release of the active pharmaceutical ingredient (API), 
and thus minimizes plasma fluctuation of the drug, 
reduces the intensity of action and thus reduces the 
side effect (hypoglycemia) associated with its oral 
therapy (12,13). Patient compliance is also increased 
because antidiabetic drugs have to be taken for a long 
period (15). The various properties of glibenclamide 
are very suitable for a TTS, i.e., molecular weight 
494 Da (16), variable biological half life 0.1-10 h, an 
effective plasma concentration 30-50 μg/L (17), and 
a reasonable partition coefficient (octanol/water) 4.23 
(18). Thus transdermal formulation provides many 
advantages over its oral counterpart, including reduced 
side effects, easy termination of medication when 
necessary, improved patient compliance, elimination of 
fi rst pass metabolism, and controlled drug delivery (19). 
The skin permeation profi le of glibenclamide has been 
previously reported, which suggests that it signifi cantly 
permeates rat skin and reduces blood glucose level (20).
 In the present study, we have formulated the matrix 
type of TTS for glibenclamide delivery; a matrix type 
system was taken into consideration because of the high 
dose of the drug. The matrix type system was prepared 
using the polymer combination of Eudragit® RL 100, 
PVP K-30, and polyvinyl acetate. PEG-400 was used 
as plasticizer and citral as a penetration enhancer. The 
TTS was subjected to ex vivo skin permeation studies 
through rat skin, and in vivo studies in rabbit models. 
The formulation was also tested for drug excipients 
interaction studies, skin irritation studies, and 
accelerated stability analysis to determine the shelf life 
of the formulation.

2. Materials and Methods

2.1. Materials

Glibenclamide I.P. was purchased from Hoechst Marion 
Roussel Ltd., Mumbai, India. Eudragit RL100 and 
PVP K-30 were from Pharmax India, Mumbai, India. 
Ethyl cellulose was from Loba Cheme, Mumbai, India. 
Polyvinyl acetate was from Ranbaxy Laboratories, 
Gurgaon, India. Eudragit RS PO was obtained from 
Crossland India Mumbai, India. Eudragit RL 30D was 

from Rohm Pharma, Darmstadt, Germany. PEG-400 
and oleic acid were from CDH, Mumbai, India. All 
other ingredients were obtained from E. Merck (India) 
Ltd. (Mumbai, India) and S. D. Fine Chemicals 
(Mumbai, India) and were of analytical grade.

2.2. Preparation of polymer fi lms

Transdermal films were cast on an aluminum surface, 
and the aluminum pockets were made using two glass 
rings such that the external diameter of one is equal 
to the internal diameter of other ring. Aluminium foil 
was placed between these rings and the internal ring 
was pressed and then taken out to form a pocket. The 
internal diameter of the aluminium pocket was 6.4 
cm and its depth was 5 mm. The formed aluminium 
pocket was placed on a Petri dish which was placed in 
an oven on a flat surface parallel to the horizon. The 
polymer, plasticizer, drug, and penetration enhancer 
were accurately weighed and dissolved in different 
proportions of solvent systems using a magnetic 
stirrer (Table 1). The resulting solution was poured 
carefully into the aluminium pocket. The solvent was 
allowed to evaporate undisturbed in an oven at an 
elevated temperature (55 ± 5°C) condition. An inverted 
funnel was placed over the Petri dish to prevent 
rapid evaporation of the solvent. The film dried up in 
approximately 2-3 h. A backing film was applied on 
one side of the fi lm and a release liner on the other side. 
The resulting fi lms were evaluated for physicochemical 
properties viz., thickness, weight, folding endurance, 
and percent elongation at break.

2.3. Ex vivo skin permeation studies

For ex vivo skin permeation studies, a vertical diffusion 
cell was used consisting of donor and receiver 
compartment. The capacity of the receiver cell was 50 
mL. The full thickness abdomen skin of an albino rat 
was taken and treated with depilatory to remove hair 
and after that the fat were removed with the help of 
isopropyl alcohol, and the skin was mounted between 
two compartments with the stratum corneum facing 
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Table 1. Formulas for optimized TTS formulations of 
glibenclamide

Eudragit RL 100 (mg)
PVP K-30 (mg)
Polyvinyl acetate (mg)
Glibenclamide (mg)
PEG-400 (%, w/w)
Citral (mL)
Dichloromethane (mL)
Ethanol (mL)

   A

600
400
   –
  47.7
    5
    5
    5
    3

   B

400
600
   –
  47.7
    5
    5
    5
    3

   C

900
   –
100
  47.7
  10
    5
    5
    3

Formulation code with quantities
Ingredients
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mL of solution A was diluted to 10 mL with isopropanol 
to give solution B. One mL of the solution B was 
further diluted with isopropanol to produce solution 
C and it was analyzed at 238 nm using isopropanol 
as blank. Solution C had a dilution factor of 100. The 
concentration (μg/mL) of drug was read from the 
standard curve of the drug in isopropanol. The content 
of drug (in mg) was calculated as follows:

2.6. Interaction studies

Interaction between the excipients and drug were 
analyzed by ultraviolet (UV) scanning, drug assay, 
Fourier transform infrared (FT-IR) spectral analysis, 
and thin layer chromatography (TLC). The transdermal 
formulation was dissolved in isopropanol, the solution 
was filtered and scanned for UV absorption between 
200-400 nm. The transdermal formulation was 
assayed using the assay method reported in analytical 
methodology and the drug content was calculated to 
estimate the percentage recovery of the loaded drug 
(25). FT-IR (Perkin Elmer, Rodgau, Germany) spectra 
of the dried medicated films were taken in the range 
of 400-4,000 cm−1. TLC analysis was conducted using 
a silica gel GF250 plate with chloroform/cyclohexane/
ethanol/glacial acetic acid (45:45:5:5, v/v) as a mobile 
phase and a UV chamber for visualization (26).

2.7. Skin irritation studies

The possibility of skin irritation arising from the 
application of the transdermal patches was assessed 
using a modified score test in rabbits by Draize et al. 
and Aqil et al. (27,28). The intact and abraded skin 
of rabbits were used for this purpose. The patches 
were placed on four areas, 10 cm apart (two intact and 
two abraded) on the back of the rabbit. The patches 
were placed on the rabbit with the help of adhesive to 
prevent patch removal due to animal movement. The 
rabbit was placed in an animal holder ensuring minimal 
movement during the 24 h patch exposure. Upon 
removal of the patches, the resulting reactions were also 
recorded after 72 h and the final skin irritation score 
represents an average of the 24 and 72 h reading. The 
score for erythma and edema formation (none = 0, very 
slight = 1, well defi ned = 2, moderate = 3, severe = 4) 
were estimated by visual inspection. The exercise was 
repeated three times for each formulation.

2.8. Accelerated stability analysis

Formulation C which produced satisfactory ex vivo 
and in vivo results was used for accelerated stability 

towards the donor compartment whereas the dermis 
faced the receiver compartment. The donor cell was 
kept empty while the receptor compartment was fi lled 
with 30% (v/v) isopropanolol in isotonic phosphate 
buffer, pH 7.4 (IPH). The receiver fluid was stirred 
with a magnetic stirrer at a speed of 500 rpm and the 
assembled apparatus was placed in a hot air oven preset 
at 37 ± 2°C. The buffer solution was replaced every 
30 min to stabilize the skin (21). After applying the 
transdermal formulation, the samples were withdrawn 
from the receiver compartment at different time 
intervals up to 48 h, and an equal volume of permeation 
medium was added to the receptor compartment to 
maintain the sink condition. The withdrawn samples 
were analyzed for drug content.

2.4. In vivo studies

Optimized formulations which yielded satisfactory in 
vitro drug release and skin permeation results were 
subjected to in vivo studies. Initial blood glucose values 
of all rabbits were determined and the TTS was then 
placed on the back of the rabbit, which was previously 
cleared of hair with scissors and depilatory, within an 
area suffi cient for application of the transdermal patch 
(22). Blood glucose was estimated at 0, 2, 4, 6, 8, 12, 
24, 28, 32, 36, 48, 52, 56, 60, and 72 h.
 For these studies, healthy male albino rabbits 
weighing between 1.5-2 kg were used for better 
assessment of blood glucose. Rabbits were selected 
as test animals because the permeability of rabbit skin 
matches to a great extent that of human skin (23). 
The blood glucose determinations were carried out in 
18 normoglycemic rabbits in 3 groups of 6 each for 
transdermal therapeutic formulations (A, B and C). For 
the collection of blood, the hair from the area around 
the marginal ear vein was cut short with scissors to 
make the vein clear. After applying xylene, a No. 26 
disposable needle was used and a prick was given to the 
marginal ear vein. After discarding the fi rst drop, 20 μL 
of blood was taken directly into a 20 μL micropipette 
and put into tubes containing tetrachloric acid, and 
further analyzed for glucose estimation by the glucose 
oxidase-peroxidase method (24). The method involved 
the use of 4-aminophenazone as a color coupler with 
sulphonated 2,4-dichlorophenol for determination of 
hydrogen peroxide produced from glucose with glucose 
oxidase. The sensitivity of the method was such that 20 
μg of glucose in a fi nal volume of 4 mL gave an optical 
density of 0.61 at 515 nm with 10-mm cells, which 
corresponds to a molecular absorption of 22,000.

2.5. Analysis of glibenclamide in TTS

The transdermal fi lm was dissolved in a small volume 
of isopropanol to produce 10 mL of solution A and 
filtered through Whatman filter paper No. 42. Then 1 

Drug content (mg) = 

Concentration (μg/mL) × Dilution factor

1000
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studies (29). Sufficient replicates of formulation C 
were prepared, packed in aluminium foil and stored 
in petridis at different temperatures of 40 ± 0.5°C, 50 
± 0.5°C, and 60 ± 0.5°C for 60 days. Three samples 
were withdrawn at intervals of 20, 40, and 60 days 
and analyzed for drug content by the assay method 
reported previously (29). The logarithms of percent 
drug remaining were plotted against time in days. The 
graph was plotted between percent drug remaining 
and time in days. This gave straight lines suggesting 
that the drug degradation followed fi rst order kinetics. 
The degradation rate constant was calculated using the 
following formula.

where K is the degradation rate constant. K25 value 
was determined by Arrhenius plot and the shelf life 
was calculated by substituting the value of K25 in the 
following equation.

2.9. Statistical analysis

Statistical analysis of the experimental data was 
performed by applying student's t-tests using GraphPad 
InStat 3.0 software (GraphPad Software, La Jolla, CA, 
USA). A p value of < 0.05 was considered signifi cant.

3. Results

3.1. Physicochemical parameters of polymer fi lms

The prepared polymeric fi lms had an internal 
diameter of 2.93 cm and surface area of 6.74 cm2. 
Physicochemical properties of the films were as 
follows: thickness was 250 ± 5, 256 ± 5, and 243 ± 5 
μm for formulation A, B, and C respectively; weight 
was 247 ± 3, 242 ± 3, 221 ± 3 mg for formulations A-C, 
respectively; folding endurance was 268 ± 6, 163 ± 2, 
208 ± 6 for formulations A-C, respectively; and percent 
elongation at break was 79 ± 2, 69 ± 1, 84 ± 2% for 
formulations A-C, respectively (data not shown).

3.2. Ex vivo skin permeation studies

The ex vivo skin permeation profile of glibenclamide 
TTS is shown in Figure 1. The cumulative percentages 
of drug permeated through rat skin from the three 
formulations in 48 h were 95.3, 98.8, and 99% for 
formulations A-C, respectively. After an initial lag 
period, permeation was observed to be gradually 
approaching a constant for the rest of the time, thus 
illustrating the controlled release behavior of these 

systems. In the graph between cumulative percent drug 
permeated vs. square root of time almost linear curves 
were obtained for all three optimized formulations 
A-C. This suggests that the formulation follows the 
Higuchian matrix mechanism of drug release (11). 
The result of kinetic analysis of ex vivo data showed 
a significantly lower coefficient of variation in the 
case of zero order vs. first order permeation kinetics 
except in formulation B in which the difference was 
not significant. Therefore, it is concluded that the 
permeation of the drug from the TTS followed zero 
order kinetics.

3.3. In vivo studies

Normoglycemic rabbi ts  were used instead of 
hyperglycemic as hyperglycemia is induced by injecting 
streptozotocin which causes death in a large number 
of cases (30), however, in normoglycemic subjects, a 
dose dependent fall in blood glucose level was seen 
on transdermal administration of glibenclamide (9). 

As shown in Figure 2, a sufficiently high reduction 
in blood glucose level was obtained within 2 h for 
all formulations. The reduced level remained almost 
constant with a slight rise in blood glucose level on 
administration of food (Figure 2). These observations 
corroborated the ex vivo release pattern of the drug. 
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Figure 1. Cumulative percent of glibenclamide permeated 
in ex vivo study through rat skin from matrix type TTS. A, 
Eudragit RL 100 (600 mg) + PVP K-30 (400 mg); B, Eudragit 
RL 100 (400 mg) + PVP K-30 (600 mg); C, Eudragit RL 100 
(900 mg) + polyvinyl acetate (100 mg). Data are the mean ± 
S.D. (n = 3).

Figure 2. Effect of formulation A, B and C on blood 
glucose level of albino rabbits.

slope = 
2.303

– K

t0.9 = 
K25

0.1054



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2011; 5(1):53-59. 

Normal glucose levels were restored in approximately 8 
h after the removal of the transdermal system. There was 
insignificant variation (p > 0.05) in the blood glucose 
level when the placebo formulations were applied on 
the skin of albino rabbits, vis-à-vis the baseline values 
of normoglycemic rabbits (data not shown). Only slight 
variation on administration of food was observed.

3.4. Interaction studies

In the interaction studies, the UV spectra revealed 
that the transdermal formulation and pure drug (API) 
solution exhibited the same absorption maxima at 246 
nm (data not shown), but there was a slight deviation 
in the absorption pattern of formulations due to the 
combined effect of API and excipients. The assay of 
drug from TTS (percentage recovery) was found to 
be in the range of 99.1 to 99.2% (data not shown). 
Formulation C was selected for FT-IR spectral analysis 
and it showed an identical spectral pattern compared to 
that of pure drug, although it showed a less intense peak 
to that of API (Figure 3). A few peaks were merged in 
the spectrum of the formulation and this might be due 
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to physical but not chemical interaction between the 
drug and polymer. In TLC studies, almost the same Rf 

values and single spots were observed for the API and 
the drug in formulation (data not shown). From the 
results of all these interaction studies, it can be inferred 
that the glibenclamide remained intact in the TTS and 
no chemical interaction seemed to occur between API 
and the excipients therein.

3.5. Skin irritation studies

On performing the visual score test (27,28), the 
combined average for intact and abraded rabbit skin 
irritation score for the test formulations was found to 
be less than one (Table 2). The compound producing a 
score of 2 or less at 24 h was considered negative for 
irritation. Since the test formulation fulfi lled the above 
condition, it was concluded that the TTS was devoid 
of skin irritation potential and could be well tolerated 
during the course of treatment.

3.6. Accelerated stability analysis

The formulation was subjected to accelerated stability 
analysis. On the basis of fi rst order degradation kinetics 
the shelf life (t0.9) was calculated to be 5.5 years (data 
not shown), which predicts very high stability of the 
drug in the TTS. The result conformed to the extremely 
high stability of the API with only 1% degradation in 3 
years (data not shown). Various physical characteristics, 
thickness, weight, folding endurance, and percent 
elongation at break varied to negligible proportions and 
drug content declined insignifi cantly in 12 weeks (data 
not shown).

4. Discussion

Glibenclamide is a potent hypoglycemic drug indicated 
in the management of NIDDM. However, the drug 
shows an erratic absorption pattern due to interpatient 
and formulation factors resulting in variable oral 
biological half life. Also the erratic absorption of the 

Criteria of scores for visual observation were as follows. Erythma scale: none, 0; very slight, 1; well defi ned, 2; moderate, 3; severe, 4. Edema 
scale: none, 0; very slight, 1; well defi ned, 2; moderate, 3; severe, 4.

Table 2. Skin irritation data of formulation A, B and C

A

B

C

24 h

1
0
1
1
0
0
1
1
0

72 h

0
0
0
1
0
0
0
1
0

Average

0.33

0.33

0.50

Intact skin (i)
Formulations

24 h

2
0
1
1
1
1
2
1
1

72 h

1
0
0
1
0
1
0
1
0

Average

0.67

0.83

0.83

Abraded skin (ii)
Combined average (i + ii)

0.50

0.58

0.66

Figure 3. FT-IR spectra of pure drug (A) and formulation 
C (B).
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drug leads to its major side effect, i.e., hypoglycemia 
which is an extension of the pharmacological response 
(31). Also there is no controlled release formulation 
of the drug available in the market. These factors 
prompted us to develop Glibenclamide TTS to provide 
for the controlled and sustained release of the drug 
for a period of 48 h. The drug sample (API) was 
characterized on the basis of physicochemical and 
spectral analysis; the result confi rmed it to be the pure 
sample of glibenclamide (32).
 Since the amount of drug to be incorporated in the 
system was higher, monolithic matrix type TTS were 
fabricated by a fi lm casting technique on an aluminum 
surface (33). Methyl alcohol/dichloromethane (3:5, 
v/v) was found to be an ideal solvent system for film 
formation (34). An elevated temperature condition was 
selected for solvent evaporation as the time required 
was reduced and complete removal of solvent was 
achieved. The polymer selected were non adhesive, 
therefore, a micro porous tape which forms an adhesive 
rim which could be stuck onto the skin was used. The 
Eudragit polymer based placebo films which yielded 
satisfactory results on physical characterization 
(thickness, weight, folding endurance, and % elongation 
at break) were selected for incorporation of the drug 
and the penetration enhancer.
 Due to a moderate skin permeation rate of 
glibenclamide by passive diffusion (32), different 
chemical methods of permeation enhancement 
were used with various penetration enhancers such 
as dimethyl sulfoxide, propylene glycol, N ,N-
dimethylformamide, citral, and oleic acid. In the 
preliminary study, Tween 20 and turpentine oil were 
tried (data not shown). It was found that citral was the 
most effective enhancer for glibenclamide yielding 
5.0-fold enhancements in permeability coefficients 
over controls. In conclusion, 5% citral was selected as 
enhancer for incorporation in medicated patches.
 An apparatus similar to Keshary-Chein's diffusion 
cell (35) was fabricated for the evaluation of ex vivo 
skin permeation of the drug from the formulations. 
Formulations containing Eudragit RL polymer exhibited 
satisfactory results. These formulations were modifi ed in 
quest of improved performance. The modified patches 
were coded as A, B and C containing Eudragit RL100/
PVP K-30 (6:4), Eudragit RL100/PVP K-30 (4:6), and 
Eudragit RL100/PVP K-30 (8:2), respectively. The 
formulation containing the maximum ratio of RL100 
and minimum ratio of PVP K-30 shows the maximum 
permeation (99%) of the drug, it suggests that the release 
pattern of drug from formulation "C" is more favorable. 
Whereas formulation A containing polymer ratio 6:4 
showed poor permeability (95.3%) in comparison to 
formulation C (Figure 1). After an initial lag period 
permeation was observed to be gradually approaching 
a constant for the rest of the time, which exhibited the 
controlled release behavior of these systems.

 The plots of cumulative percentage drug permeated 
(Q) vs. square root of time showed an almost linear 
curve for the three optimized formulations which 
endorsed the Higuchi matrix diffusion mechanism of 
drug release for these formulations.
 The in vivo  studies on selected transdermal 
formulation (A, B and C) containing 0.46 mg/kg of 
drug were carried out by determining the reduction 
in blood glucose level of albino rabbits. Sufficiently 
high reduction in blood glucose level (p < 0.05) was 
obtained within 2 h for all formulations. The reduced 
levels were maintained almost constant with a slight 
rise in blood glucose level on administration of food. 
Normal glucose levels were restored in approximately 
8 h, after the removal of the transdermal system. There 
was no reduction in blood glucose level when the 
placebo formulations were applied on the skin of albino 
rabbits (p > 0.05). Only slight variation in glucose level 
was observed on administration of food.
 The result of the interaction studies indicates that 
the drug remained intact in the formulation and there 
was no chemical interaction between the drug and 
excipient therein. The fabricated system produced no or 
very mild skin irritation, which could be well tolerated 
during the course of therapy. The accelerated stability 
studies at elevated temperature and humidity (29) 
revealed that the developed TTS held promise for high 
stability (t0.9 = 5.5 years) and satisfactory performance if 
stored at optimum temperature and humidity conditions.

5. Conclusion

On the basis of above ex vivo and in vivo evaluations, 
it could be concluded that glibenclamide, a potent 
hypoglycemic drug, could be administered successfully 
from the matrix type monolithic TTS for controlled 
and sustained management of NIDDM for a period 
of 48 h. The systems were free of any hazardous skin 
irritation. Further work needs to be done to establish 
the therapeutic utility of these systems through long 
term pharmacokinetic and pharmacodynamic studies on 
healthy human subjects and patients.
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the symptoms, signs, diagnosis, treatment, 
and follow-up of an individual patient. Case 
reports may contain a demographic profile 
of the patient but usually describe an unusual 
or novel occurrence. Unreported or unusual 
side effects or adverse interactions involving 
medications will also be considered. Case 

Reports should not exceed 3,000 words in 
length (excluding references).

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

Letters should present considered opinions 
in response to articles published in Drug 
Discoveries & Therapeutics in the last 6 
months or issues of general interest. Letters 
should not exceed 800 words in length and 
may contain a maximum of 10 references.

3. Editorial Policies

Ethics: Drug Discoveries & Therapeutics 
r equ i r e s  t ha t  au tho r s  o f  r epo r t s  o f 
investigations in humans or animals indicate 
that those studies were formally approved by 
a relevant ethics committee or review board.

Conflict of Interest :  All authors are 
required to disclose any actual or potential 
conflict of interest including financial 
interests or relationships with other people 
or organizations that might raise questions 
of bias in the work reported. If no conflict of 
interest exists for each author, please state 
"There is no conflict of interest to disclose".

S u b m i s s i o n  D e c l a r a t i o n :  W h e n  a 
manuscript is considered for submission 
to Drug Discoveries & Therapeutics, the 
authors should confirm that 1) no part of this 
manuscript is currently under consideration 
for publication elsewhere; 2) this manuscript 
does not contain the same information in 
whole or in part as manuscripts that have 
been published, accepted, or are under review 
elsewhere, except in the form of an abstract, 
a letter to the editor, or part of a published 
lecture or academic thesis; 3) authorization 
for publication has been obtained from the 
authors' employer or institution; and 4) all 
contributing authors have agreed to submit 
this manuscript.

Cover Letter: The manuscript must be 
accompanied by a cover letter signed by 
the corresponding author on behalf of all 
authors. The letter should indicate the basic 
findings of the work and their significance. 
The letter should also include a statement 
affirming that all authors concur with the 
submission and that the material submitted 
for publication has not been published 
previously or is not under consideration 
for publication elsewhere. The cover 
letter should be submitted in PDF format. 
For example of Cover Letter, please visit 
http://www.ddtjournal.com/downcentre.php 
(Download Centre).

C o p y r i g h t :  A  s i g n e d  J O U R N A L 
PUBLISHING AGREEMENT (JPA) must 
be provided by post, fax, or as a scanned file 
before acceptance of the article. Only forms 
with a hand-written signature are accepted. 
This copyright will ensure the widest 
possible dissemination of information. A 
form facilitating transfer of copyright can be 
downloaded by clicking the appropriate link 
and can be returned to the e-mail address or 
fax number noted on the form (Please visit 

Download Centre). Please note that your 
manuscript will not proceed to the next step in 
publication until the JPA form is received. In 
addition, if excerpts from other copyrighted 
works are included, the author(s) must obtain 
written permission from the copyright owners 
and credit the source(s) in the article.

Suggested Reviewers: A list of up to 3 
reviewers who are qualified to assess the 
scientific merit of the study is welcomed. 
Reviewer information including names, 
affiliations, addresses, and e-mail should be 
provided at the same time the manuscript 
is submitted online. Please do not suggest 
reviewers with known conflicts of interest, 
including participants or anyone with a stake 
in the proposed research; anyone from the 
same institution; former students, advisors, or 
research collaborators (within the last three 
years); or close personal contacts. Please 
note that the Editor-in-Chief may accept one 
or more of the proposed reviewers or may 
request a review by other qualified persons.

Language Editing: Manuscripts prepared 
by authors whose native language is not 
English should have their work proofread by 
a native English speaker before submission. 
If not, this might delay the publication of 
your manuscript in Drug Discoveries & 
Therapeutics.
 The Editing Support Organization can 
provide English proofreading, Japanese-
English translation, and Chinese-English 
translation services to authors who want to 
publish in Drug Discoveries & Therapeutics 
and need assistance before submitting 
a  manuscript .  Authors  can vis i t  this 
organization directly at http://www.iacmhr.
com/iac-eso/support.php?lang=en. IAC-
ESO was established to facilitate manuscript 
preparation by researchers whose native 
language is not English and to help edit works 
intended for international academic journals.

4. Manuscript Preparation

Manuscripts should be written in clear, 
grammatically correct English and submitted 
as a Microsoft Word file in a single-column 
format. Manuscripts must be paginated and 
typed in 12-point Times New Roman font 
with 24-point line spacing. Please do not 
embed figures in the text. Abbreviations 
should be used as little as possible and should 
be explained at first mention unless the term 
is a well-known abbreviation (e.g. DNA). 
Single words should not be abbreviated. 

Title page: The title page must include 1) the 
title of the paper (Please note the title should 
be short, informative, and contain the major 
key words); 2) full name(s) and affiliation(s) 
of the author(s), 3) abbreviated names of 
the author(s), 4) full name, mailing address, 
telephone/fax numbers, and e-mail address 
of the corresponding author; and 5) conflicts 
of interest (if you have an actual or potential 
conflict of interest to disclose, it must be 
included as a footnote on the title page of the 
manuscript; if no conflict of interest exists 
for each author, please state "There is no 
conflict of interest to disclose"). Please visit 
Download Centre and refer to the title page 
of the manuscript sample. 



Abstract :  A one-paragraph abs t rac t 
consisting of no more than 250 words must 
be included. The abstract should briefly state 
the purpose of the study, methods, main 
findings, and conclusions. Abbreviations 
must be kept to a minimum and non-standard 
abbreviations explained in brackets at first 
mention. References should be avoided in 
the abstract. Key words or phrases that do 
not occur in the title should be included in 
the Abstract page.

Introduction: The introduction should be a 
concise statement of the basis for the study 
and its scientific context.

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

R e s u l t s :  T h e  d e s c r i p t i o n  o f  t h e 
experimental results should be succinct 
but  in  suff ic ient  deta i l  to  a l low the 
experiments to be analyzed and interpreted 
by an independent reader. If necessary, 
subheadings may be used for an orderly 
presentation. All figures and tables must be 
referred to in the text.

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

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

References: References should be numbered 
in the order in which they appear in the 
text. Citing of unpublished results, personal 
communications, conference abstracts, 
and theses in the reference list is not 
recommended but these sources may be 
mentioned in the text. In the reference list, 
cite the names of all authors when there 
are fifteen or fewer authors; if there are 
sixteen or more authors, list the first three 
followed by et al. Names of journals should 
be abbreviated in the style used in PubMed. 
Authors are responsible for the accuracy of 
the references. Examples are given below:

Example 1 (Sample journal reference): 
Nakata M, Tang W. Japan-China Joint 
Medical Workshop on Drug Discoveries 
and Therapeutics 2008: The need of Asian 
pharmaceutical researchers' cooperation. 
Drug Discov Ther. 2008; 2:262-263.
 
Example 2 (Sample journal reference with 
more than 15 authors):
Darby S, Hill D, Auvinen A, et al. Radon in 
homes and risk of lung cancer: Collaborative 
analysis of individual data from 13 European 
case-control studies. BMJ. 2005; 330:223.
 
Example 3 (Sample book reference):
Shalev AY. Post-traumatic stress disorder: 
diagnosis, history and life course. In: Post-
traumatic Stress Disorder, Diagnosis, 
Management and Treatment (Nutt DJ, 
Davidson JR, Zohar J, eds.). Martin Dunitz, 
London, UK, 2000; pp. 1-15.

Example 4 (Sample web page reference):
World Health Organization. The World Health 
Report 2008 – primary health care: Now 
more than ever. http://www.who.int/whr/2008/
whr08_en.pdf (accessed September 23, 2010).

Tables: All tables should be prepared in 
Microsoft Word or Excel and should be 
arranged at the end of the manuscript after 
the References section. Please note that tables 
should not in image format. All tables should 
have a concise title and should be numbered 
consecutively with Arabic numerals. If 
necessary, additional information should be 
given below the table.

Figure Legend: The figure legend should 
be typed on a separate page of the main 
manuscript and should include a short title 
and explanation. The legend should be 
concise but comprehensive and should be 
understood without referring to the text. 
Symbols used in figures must be explained.

Figure Preparation: All figures should be 
clear and cited in numerical order in the 
text. Figures must fit a one- or two-column 
format on the journal page: 8.3 cm (3.3 
in.) wide for a single column, 17.3 cm (6.8 
in.) wide for a double column; maximum 
height: 24.0 cm (9.5 in.). Please make sure 
that artwork files are in an acceptable format 
(TIFF or JPEG) at minimum resolution (600 
dpi for illustrations, graphs, and annotated 
artwork, and 300 dpi for micrographs and 
photographs). Please provide all figures as 
separate files. Please note that low-resolution 
images are one of the leading causes of 
article resubmission and schedule delays. All 
color figures will be reproduced in full color 
in the online edition of the journal at no cost 
to authors.

Units and Symbols: Units and symbols 
conforming to the International System of 
Units (SI) should be used for physicochemical 
quantities. Solidus notation (e.g. mg/kg, mg/
mL, mol/mm2/min) should be used. Please 
refer to the SI Guide www.bipm.org/en/si/ for 
standard units.

Supplementa l  da ta :  Supp l emen ta l 
data might be useful for supporting and 
enhancing your scientific research and 

Drug Discoveries & Therapeutics accepts 
the submission of these materials which 
will be only published online alongside 
the electronic version of your article. 
Supplemental files (figures, tables, and other 
text materials) should be prepared according 
to the above guidelines, numbered in Arabic 
numerals (e.g., Figure S1, Figure S2, and 
Table S1, Table S2) and referred to in the 
text. All figures and tables should have titles 
and legends. All figure legends, tables and 
supplemental text materials should be placed 
at the end of the paper. Please note all of 
these supplemental data should be provided 
at the time of initial submission and note that 
the editors reserve the right to limit the size 
and length of Supplemental Data.

5. Submission Checklist

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

6. Online submission

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

7. Accepted manuscripts

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

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

Page Charge: A page charge of $140 will 
be assessed for each printed page of an 
accepted manuscript. The charge for printing 
color figures is $340 for each page. The 
total charge may be reduced or waived in 
accordance with conditions in the country 
where the study took place.
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