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I

Editorial

n the 21st century, mankind is faced with the previously unseen reality of aging societies. 
Developed countries have a strong social need for the development of advanced medical 

technology, including the establishment of treatment for diseases affecting the elderly, such 
as cancer and metabolic syndrome. Meanwhile, in other parts of the world, many people are 
struggling with war and poverty and face the threats of starvation and infection. Given this 
complex situation, the role played by technological development in the field of medicine is of 
great significance.
 In addition, the 21st century may belong to Asia, which has gained significant global 
recognition due to its rapid economic development. Accordingly, greater expectations have 
been placed on the role played by Asian researchers. However, research conducted in Asia has 
been criticized for its tendency to follow research conducted in Western countries. Therefore, 
development of original world-class research is urgently required in Asia.
 Journals provide researchers with valuable opportunities to present their research findings. 
With the cooperation of my close friends Dr. Wei Tang and Dr. Munehiro Nakata, I decided to 
participate in the launch of Drug Discovery and Therapeutics with the objective of contributing 
to the advancement of pharmaceutical research in Asia. This journal will cover not only 
laboratory science related to drug discovery, but also the broad field of social pharmacy. 
Submission of highly original articles that contribute to pharmaceutical sciences will be 
welcomed. I sincerely hope that Drug Discovery and Therapeutics will contribute to the field of 
pharmaceutical sciences as an esteemed journal for researchers in Asia and worldwide.

       July 21, 2007

       Kazuhisa Sekimizu

       Editor-in-Chief
       Drug Discoveries & Therapeutics

1

Editorial

Kazuhisa Sekimizu, Ph.D. 

Professor, 
Laboratory of Microbiology,
Graduate School of Pharmaceutical Sciences,
The University of Tokyo, Tokyo, Japan.

Drug Discov Ther 2007;1(1):1.
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CJMWDDT 2007, May 27-29, 2007,
Jinan, China

Section 1: Overview of chemotherapy for viral hepatitis and 
                   hepatic cancer

Section 2: Current progress in natural product chemistry

●  New technological applications in discovery of active 
     natural  products
●  Biotransformation of active natural products
●  Modernization of Chinese traditional medicines

Section 3: Current progress in drugs design and synthesis

●  Drug design based on the structural biology
●  New methodology and technology in drug synthesis

Section 4: New approach for drug screening and evaluation

●  Introduction of new drug evaluation in Japan
●  Application of High throughput screening in drug discovery 
●  Models and mechanism in screening for ant-tumor drugs 
●  Therapeutic targets in anti-tumors, antiviral and
     cardiovascular drugs
●  Models of neuropharmacology and cardiovascular 
     pharmacology

V

News

2

iral hepatitis is currently a major global cause of 

morbidity and mortality. In some Asian countries 
like China and Japan, Hepatitis B and C in particular 
are the most common extremely infectious diseases and 
are likely to develop into liver cirrhosis. Furthermore, 
statistics indicate that patients with liver cirrhosis 
resulting from hepatitis B and C have an increased 
risk of developing hepatocellular carcinoma (HCC). 
Scientists have worked tirelessly to find curative 
therapeutic strategies to control chronic hepatitis and 
liver cirrhosis, accompanied by improvements in public 
health and living conditions.
 China’s Shandong University and the University 
of Tokyo in Japan previously established a long-
term cooperative relationship. Cooperative programs 
include co-training of postgraduates, exchanges of 
visiting scholars, academic symposia, and a bilateral 
international joint research program.
 Some substantive progress has been made as 
a result of bilateral endeavors. For instance, the 
Shandong University China-Japan Cooperation Center 
for Drug Discovery & Screening (SDU-DDSC) has 
enhanced to serve as an important platform for further 
close cooperation. At the same time, the International 
Advancement Center for Medicine & Health Research 
(IACMHR) ― “Drug Discoveries and Therapeutics” and 
International Research and Cooperation Association 
for Bio & Socio-Sciences Advancement (IRCA-BSSA) 
― “BioScience Trends” were established (Visit http://
www.ddtjournal.com and http://www.biosciencetrends.
com).
 The first China-Japan conference on new drug 
discoveries and therapeutics (CJMWDDT 2007) was 
recently held in Jinan, China May 27-29, 2007, which 
provided opportunities for further communication and 
cooperation and increased knowledge of new drug 
research and clinical cures for hepatitis.
 Financially supported by the National Natural 
Science Foundation of China (NSFC) and the Japan 
Society for the Promotion of Science (JSPS), the 
conference covered a wide range of topics in different 
areas of chemical biology, phytochemistry, medicinal 
chemistry, and pharmacology and it resulted in 
informed and genial discussions of hepatitis cures 
that yielded fruitful results. The active involvement 
and participation by attendees gave the conference a 

congenial atmosphere. In the end, an agreement was 
reached to work together on new drug discovery and 
effective hepatitis therapeutic strategies, and some 
agreements have resulted in the creation of handover 
protocols.
 The CJMWDDT 2007 was a highly successful 
scientific event that strengthened and promoted 
extensive cooperation between China and Japan for 
the development of new pharmaceutical products and 
hepatitis cures. (

1 Shandong University, Jinan, China; 2 the 
University of Tokyo, Tokyo, Japan.)

China-Japan enhance joint research cooperation
for drug discoveries and development:
News from CJMWDDT 2007 in Jinan, China

Xin-Yong Liu1, Xian-Jun Qu1, Wei Tang1, 2

China-Japan conference on new drug discoveries and 
therapeutics (CJMWDDT), May 27-29, 2007, Jinan, China.

Drug Discov Ther 2007;1(1):2. 
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hina appears to consistently lag behind developed 
countries like the US, Japan, and the nations of 

Europe in the development of pharmaceuticals, putting 
China in an embarrassing situation. In fact, China is still 
dependent on foreign imports for most highly effective 
cures to major diseases such as cancer, diabetes, 
hepatitis, and neurodegenerative disease. There is 
no denying the fact that governmental support, and 
especially a signifi cant amount of fi nancial support and 
political assistance to include government restructuring, 
is needed for the establishment of new drug Research 
and Development (R&D).
 Fortunately, China’s authorities have recently 
recognized the importance of new drug development 
and have committed to implementing strong measures 
to help establish new drug R&D. This improvement 
in the government’s status is showing immediate and 
substantial promise in the fi eld of pharmaceuticals.
 On January 4, 2007, a research group directed by 
Wang Ming-Wei, Head of the National Center for 
Drug Screening, Shanghai Institute of Materia Medica 
(SIMM), made a breakthrough in the development of 
novel category I anti-diabetes drugs with the support 
of the Ministry of Science & Technology of China, 
the National Natural Science Foundation (NSFC) of 
China, and the Shanghai municipal government. Taking 
almost four years, the group finally developed a non-
peptide agonist of small molecule glucagon-like peptide 
1 receptors with effi cacy in diabetic db/db mice (Proc 
Natl Acad Sci U S A 2007;104:943-948). As an anti-
diabetes drug, a peptide hormone traditionally had to be 
taken as an injection, which greatly limited its clinical 
application. In contrast, the new compound can be 
taken orally. This offers hope for the development of a 
new fi eld of peptidomimetics for orally-available non-
peptide small molecules.

 Today, the ever-growing prevalence of major 
diseases worldwide is driving growth in new drug 
spending, encouraging the marketing of newly 
developed and effi cacious therapies. This achievement 
appears to have significantly boosted the field of new 
drug research in China. While “China’s pharmaceutical 
firms lag far behind [their Western counterparts] in 
terms of biological preparations” “today’s achievement, 
with the attention it has garnered, has important 
scientifi c signifi cance and potential social and economic 
value,” said Chen Zhu, the minister of health PRC and 
also the former associate dean of the China Academy of 
Sciences (http://www.simm.ac.cn/News/20071417649.
htm, available as of January 4, 2007).
 Other encouraging news came from the Shanghai 
Life Sciences Institute. A novel anti-HIV compound 
named Nifeviroc was developed with the support of the 
municipal government and licensed for clinical trials on 
April 17, 2007 (Shanghai Daily, April 17, 2007). This 
is expected to become the world’s fi rst oral HIV entry-
inhibitor. Thus far, applications to patent Nifeviroc 
have been submitted in 14 countries and regions, 
including the United States, Japan, and the European 
Union. Recently, Shanghai Targetdrug Pharmaceutical 
Company and Avexa, a Melbourne-based drug-research 
company in Australian, announced that they will jointly 
develop Nifeviroc for global distribution. Avexa will 
handle post-research expenses, develop the drug in the 
international marketplace, and share global profi ts with 
Targetdrug.
 Thus, China may have justified rationale and 
confidence to believe that the day will come when 
China’s pharmaceutical products will boast a strong 
presence in the global market. (Wen-Fang Xu: Shan-
dong University, Jinan, China.)

China’s new drug R&D is steadily advancing

Wen-Fang Xu

News

3
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Brief Report
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Ken Takahashi, Shintaro Sengoku, Hiromichi Kimura*

Pharmaco-Business Innovation Laboratory, Graduate School of Pharmaceutical Science, The University of Tokyo, Tokyo, Japan.

*Correspondence to: Pharmaco-Business Innovation 
Laboratory, Graduate School of Pharmaceutical Science, 
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, 
Tokyo 113-0033, Japan; 
e-mail:  kimura@mol.f.u-tokyo.ac.jp

Received June 1, 2007
Accepted July 2, 2007

4

Introduction

I t i s a cr i t ica l i ssue for la rge pharmaceut ica l 
companies to achieve competitive cost and speed 
in clinical study execution. Recently the principles 
of International Conference on Harmonization 
of Technical Requirements for Registration of 
Pharmaceuticals for Human use (ICH) have been 
embraced by most Asian countries for the facilitation 
of global alignment of clinical studies. Through the 
globalization of pharmaceutical and medical products 
for the past decades Japan has been one of the centers 
of pharmaceutical clinical studies by virtue of its 
large market potential. However, Japan has received 
a reputation that clinical study-related cost is high in 
comparison with that in other countries (1-3). The 
underlying reasons have not been fully understood, 
however, site-related inefficiency was suggested as one 
of reasons for the high cost level. Particularly, over-
quality in execution of clinical studies, which creates 
laborious work processes leading to longer time to 
completion, has been pointed out through comparative 
observations (4). This, in turn, resulted in a decrease in 
the number of clinical studies conducted in Japan over 
the last decade (1-3).

In order to address the issue of low productivity 
in clinical studies the government and its affiliates 
have been implementing various actions. For example, 
Japanese Pharmaceuticals and Medical Devices Agency 
(PMDA) endorses global clinical studies involving 
Japan and Asian countries, as well as Asian clinical 
studies including Japan and other Asian countries. To 
design and conduct Asian-wide uniformed clinical 
studies in an effective way it is essential to capture 
precise information of cost and subject enrollment 
efficiencies in Asian countries. However, such 
basal information has not been readily available, 
although some limited information exists (1-3,5). 
Thus, quantitative investigations need to be initiated. 
For better understanding of the current situation it is 
necessary to provide qualified case examples which are 
eligible for cross-regional comparison and exploration 
of essential underlying mechanisms to describe 
identified differences.

In this report we present a case comparison of 

ABSTRACT: In an era of increasing global 
competition and an increased interest in global 
clinical studies Japan has been concerned with the 
risk of losing its attractiveness due to perceived 
longer execution times and higher cost structure. 
In contrast, other Asian countries particularly 
China and Singapore are widely recognized as 
potential key centers for fast conduction of global 
clinical studies. We conducted a case comparison 
based on two clinical studies performed by a 
multinational pharmaceutical company in order 
to measure the productivity of clinical studies by 
region and country. We focused on the site-related 
study cost which constituted the largest portion of 
the cost breakdown and also impacted both time 
and quality management. For investigation of the 
productivity we propose a breakdown model with 
two Key Performance Indicators (KPIs), enrollment 
efficiency and site-related cost efficiency, for the 
comparison of the number of enrolled subject per 
site and cost, respectively. Through the comparative 
analysis we found that the Asian countries (excluding 
Japan) on average achieved higher efficiency than 
Japan in both indicators. In the Asian group, China 
and Singapore stood out as the most efficient on both 
speed and site-related cost. However, when the site-
related cost efficiency was adjusted for Purchasing 
Power Parity (PPP) the cost advantage in China 
disappeared, implying the price level was critical 
for productivity management. Although quality 
aspects remain to be investigated we postulate that 
introducing a comparative approach based on a 
productivity framework would be useful for an 
accurate productivity comparison.

Key Words: Productivity, clinical development, clinical 
study, regulatory science

Drug Discov Ther 2007;1(1):4-8. 
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two clinical studies with a considerable focus on 
the site-related study cost, which was spent by the 
pharmaceutical company to fund and support the 
studies at each study site. One of the studies was 
conducted globally and involved representative 
Asian countries including Greater China, Singapore, 
Taiwan, Hong Kong and Thailand. The other study 
was conducted in Japan with the study protocol almost 
identical to the global trial. We here present the results 
of a quantitative comparison on specific cost items 
and describe potential underlying explanations for the 
typical differences observed.

Materials and Methods

Cost related information on both the Japanese and 
global study was kindly provided by Novo Nordisk 
A/S and its Japanese affiliate, Novo Nordisk Pharma 
Limited. The information of cost was external payment 
from Novo Nordisk and available from the start of the 
program in 2004 to its completion in 2007. Since study-
related payment is requested sometimes even long after 
completing a study we adopted forecasted figures for 
the uncovered period of study to keep to the difference 
an absolute minimal. Site-related study cost in Japan 
was calculated for the separate clinical trial executed 
in parallel to the global trial with the almost identical 
study protocol. The studies performed to document 
safety and efficacy for treatment of an acute disease in 
a new therapeutic area of drug development. Very few 
similar studies have been conducted globally and the 
study in Japan was a novel case.

In each clinical study investigators were carefully 
nominated from a pool of similar background and 
expertise. In the actual clinical studies the medicine 
(or placebo) was administered to each subject in a 
very short period of time after disease onset soon 
after informed consent was obtained from a patient or 
his/her legally accepted representative. The enrolled 
subjects were followed-up for three months after drug 
administration. Inclusion/exclusion criteria, treatment 
period, follow-up period, evaluation items and visit 
intervals were almost identical between the Japanese 
study and the global study. Both cases were placebo-
controlled, double blind studies. The Japan study was 
a three-tier dose escalation trial, while the global study 
had a three-arm parallel design.

Twenty two countries or areas (the USA and 
Canada from North America, Spain, Germany, France, 
Netherlands, Sweden, Finland, Denmark, Italy, 
Austria, Belgium, Norway and Croatia from Europe, 
China, Singapore, Taiwan, Hong Kong and Thailand 
from Asia, Australia from Oceania, Israel and Brazil) 
participated into the said global study. Top level clinical 
study sites in each country were involved in both of 
the clinical studies. However, only two to three study 
sites in each Asian country were involved in the global 
study, while in total 29 study sites participated into the 

Japan Study.
The number of subjects enrolled in the global study 

was in total 821 consisting of 282 from North America, 
380 from Europe, 113 from Asia, 21 from Oceania 
and 25 from other countries. In the Japan study 91 
subjects were enrolled. The enrollment period of the 
global study from the first-patient-in to the last-patient-
in was 18 months. That for the Japan study was nine 
months by adjusting total three months of enrollment 
suspension for dose tier up evaluation and decision. 
Both of the studies were compliant with Good Clinical 
Practice (GCP) of ICH (ICH-GCP). The quality in the 
trials was secured through monitoring activities, which 
fulfilled the requirements for regulatory submission to 
Food and Drug Agency (FDA), European Medicines 
Evaluation Agency (EMEA), PMDA and other 
regulatory authorities. Therefore, comparison of 
investigator site-related study costs was able to be done 
with negligible bias. 

For the comparative analysis we defined site-related 
study cost as consisting of investigator grant, clinical 
research coordinators’ (research nurses’) cost, indirect 
cost charged by the site, Institutional Review Board 
(IRB)/Ethics Committee (EC) cost, study specific 
examination cost, study specific equipment cost, patient 
allowance, printing cost, translation cost, courier cost 
and investigator related information and education cost. 
For comparison amongst countries in the Asian region, 
Japan, China, Singapore and Taiwan were selected 
whereas Hong Kong and Thailand were eliminated due 
to few enrolled subjects (n = 2 and 1, respectively).

For the analysis of site-related cost efficiency 
adjusted with comparative price levels, the figures 
of Purchasing Power Parity (PPP) in 2005 for each 
country were obtained from annual report from World 
Bank and International Monetary Fund (for Taiwan).

Results and Discussion

The breakdown of external clinical study costs of the 
Japanese and the global clinical studies paid by the 
pharmaceutical company were as follows. The external 
cost of the global study consisted of site-related study 
cost (32.0%), outsourced monitoring cost (17.5%), 
external laboratory cost (14.8%), other outsourcing cost 
such as data management (11.9%), drug and packaging 
cost (3.1%) and others (20.6%). The external cost of 
the Japan study consisted of outsourced monitoring 
cost (59.0%), site-related study cost (21.2%), other 
outsourcing cost such as data management (9.0%), 
external laboratory cost (8.0%), drug and packaging 
cost (0.2%) and others (2.6%). Since execution of the 
Japan study was fully outsourced whereas the global 
study was performed basically by internal resource, 
the ratio of monitoring cost and other cost varied 
between them. However, it was obvious that the site-
related study cost was the predominant cost portion 
of a clinical study when the study was managed by 

Brief Report
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internal resource. This observation showed good 
correspondence to a previous report (3).

A productivity breakdown model and the results of 
the enrollment efficiency, site-related cost efficiency, 
site-related cost efficiency adjusted with PPP, and 
speed of enrollment are summarized in the Figure 1 
and Table 1, respectively. As for relative enrollment 
efficiency (indices of subjects per site), the numbers for 
Japan, global average (ex-Japan), Asian average (ex-
Japan), North American average, European average, 
Oceania and others were 1.00, 1.60, 3.27, 1.38, 2.52, 
1,67 and 1.99, respectively. Thus, Asian countries (ex-
Japan) were on average 3.3 times more efficient than 
Japan which had the lowest enrollment efficiency of 
all the regions. Regarding site-related cost efficiency 
(indices of subject per cost), the figures for Japan, 
global average (ex-Japan), Asian average (ex-Japan), 
North American average, European average, Oceanian 
average and others were 1.00, 1.89, 3.50, 1.22, 2.28, 
2.42 and 1.97, respectively. Thus, the Asian average 
(ex-Japan) was the most cost-efficient in the world and 
3.5 times more efficient than Japan.

Considering differences in price levels across 
countries, we also tested to adjust site-related cost 
efficiency with PPP. This method utilizes the long-run 
equilibrium exchange rate of two currencies to equalize 
the currencies’ purchasing power. PPP-adjusted site-
related cost efficiency is considered to be useful from 
perspective of governments, study sites and companies 
to evaluate real cost efficiency of the study execution 
at each study site by eliminating impact of price level 
although only nominal site-related cost efficiency is 
usually discussed. Through this adjustment we obtained 
relative ratios of 1.00, 1.53, 1.02, 1.04, 2.19, 2.15 
and 1.10 for Japan, global average (ex-Japan), Asian 
average (ex-Japan), North American average, European 
average, Oceanian average and others, respectively. 
This indicated that PPP-adjusted site-related cost 
efficiency of Japan was at an almost similar level to 
those of Asian average (ex-Japan), North American 
average and others, while those of European average 
and Oceanian average were about 2.2 times higher than 

that of Japan.
When we compared speed of enrollment (subjects 

per site per month) across regions, these were 1.00, 
0.80, 1.64, 0.69, 1.26, 0.84 and 0.99 for Japan, global 
average (ex-Japan), Asian average (ex-Japan), North 
American average, European average, Oceania and 
others respectively, demonstrating clear advantage of 
Asian countries compared to other regions. Speed of 
enrollment in Japan was higher than in North American 
average and Oceanian average, as well as in the global 
trial as a whole.

To obtain more precise understanding of site 
performance in Japan we selected top 10% performing 
study sites for comparison. When these three sites were 
analyzed, the indices of average enrollment efficiency 
and speed of enrollment were 3.01, and the site-related 
cost efficiency index was 1.39. These results indicated 
that the higher performing Japanese sites were fairly 
competitive in speed of enrollment. This indicates 
that with careful site selection Japan can be a notable 
contributor to global and Asian-wide clinical studies.

We then conducted a country-level comparison in 
the same manner in the Asian region for the indices 
of enrollment efficiency, site-related cost efficiency, 
PPP-adjusted site-related cost efficiency and speed of 
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Figure 1. Productivity breakdown model of clinical studies. For 
comparative analysis we newly synthesized a breakdown model for 
the measurement of clinical study productivity. Two performance 
indicators, so called enrollment efficiency and site-related cost 
efficiency correspond to the number of subjects per site and the 
number of subjects per cost, respectively. Dividing enrollment 
efficiency by site-related cost efficiency and multiplying it by number 
of sites makes site-related study cost.

Other Costs
 Cost

Site-related
Study Cost

Cost

 
Number of Sites

Site-related Cost
Effi ciency

Subjects/Cost

Enrollment
Effi ciency

Subjects/Site

Total Study 
related Cost

Cost

Based on the shown in Figure 1 enrollment efficiency, site-related cost efficiency (nominal and PPP-adjusted) and speed of enrollment were 
selected as representative efficiency indicators for the clinical studies. All indicators were transformed indices (here Japan was set to 1.00) due 
to a confidentiality requirement from the information provider. Along with this manger the global and Asian average (ex-Japan) were calculated. 
North American average, European average, Oceanian average and other countries’ average were also deduced herewith for reference. To 
compare speed of enrollment the indexed figures were calculated by dividing enrollment efficiency of each country by the number of enrollment 
period of each study and setting that of Japan to 1.00.

                                                                  
 Japan Study                  Global Study (ex-Japan)

                Items                                   Defi nition                                Japan              Global                       Asia                                   North      Europe   Oceania   Others                                                                                                                                                                                                                  America

Table 1. Comparison of selected performance indicators for clinical study effi ciency (Unit: Index (Japan = 1.00))

Number of Subjects
Site-related Cost Effi ciency   
Site-related Cost Effi ciency 
    adjusted with PPP 
Enrollment Effi ciency  
Speed of Enrollment 
Comparative Price Levels (PPP)       

Subjects
Subjects/Cost

Subjects/Site
Subjects/Site/Month 

Total    Top 10%    Total     Total     China   Singapore   Taiwan    Total       Total       Total       Total

91            28            821       113         81            20             9             282         380         21           25
1.00         1.39         1.89      3.50       4.55         2.70         1.68        1.22        2.28        2.42        1.97
1.00         1.39         1.53      1.02       0.77         2.00         0.76        1.04        2.19        2.15        1.10

1.00         3.01         1.60      3.27       8.60         3.19         0.96        1.38        2.52        1.67        1.99
1.00         3.01         0.80      1.64       4.30         1.59         0.48        0.69        1.26        0.84        0.99
1.00         1.00         0.81      0.29       0.17         0.74         0.45        0.85        0.96        0.89        0.56
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enrollment. All comparative data were transformed into 
indices, setting the Japanese case to 1.00.

In the Chinese case 81 subjects were enrolled to 
the global study. Here we observed 4.55 and 0.77 for 
nominal and PPP-adjusted site-related cost efficiencies, 
respectively, and the speed of enrollment was 4.30. 
These results indicated that China retained a strong 
potential to contribute to global studies in terms of 
speed and site-related cost even in a new therapeutic 
area of drug development with challenges in preparing 
and implementing studies. However, the PPP-adjusted 
site-related cost efficiency suggested that the current 
Chinese sites’ cost efficiency was sustained by virtue 
of low price levels compared to other regions and 
countries.

As per other countries, the Singaporean sites 
(n=20 for subject enrollment) showed well balanced 
performance with regard to nominal and PPP-adjusted 
site-related cost efficiencies and speed of enrollment 
(2.70, 2.00 and 1.59, respectively), implying that 
Singapore was another excellent contributor to global 
studies. Taiwan’s nominal and PPP-adjusted site-related 
cost efficiencies and speed of enrollment indices were 
1.68, 0.76 and 0.48, respectively. We do not have clear 
rationale for the low level of speed of enrollment, but 
anticipating that these performance indicators could be 
influenced with conditional factors such as nomination 
of clinical investigators and selection of sites due to 
relatively smaller number of subject (n = 9).

A m o n g A s i a n c o u n t r i e s t h e C h i n e s e a n d 
Singaporean sites demonstrated excellent nominal 
site-related cost efficiency and speed of enrollment 
profiles. Furthermore, Asian average site-related cost 
efficiency and speed of enrollment were greater than 
North American and European average, which strongly 
suggested further contribution of Asian regions as a 
driver of global studies for new drugs and the potential 
for running competitive Asian-wide drug development 
programs. From the series of comparison we concluded 
that Japanese sites were not as efficient on execution 
and site-related cost as Asian sites. This supported our 
initial hypothesis that Japan was facing challenges and 
needed to improve its capabilities from both speed and 
cost aspects.

Chinese and Singaporean sites showed higher 
performance in speed and site-related cost compared 
to any other regions. The high enrolment efficiency 
in China could be due to a centralization of clinical 
research and development functions to a few medical 
institutions. Furthermore, the two studies of analyzed 
required a high level of specialization within the 
relevant therapeutic area, which might further facilitate 
a concentration to specific study sites. This explanation 
also fit to the observed lower PPP-adjusted site-related 
cost efficiency. Hypothesizing that a high level of 
specialization is required, there would be an associated 
increase in the need for medical tasks and expenses. In 
Singapore, institutional development of clinical research 

has prospered under the government’s initiative for 
the last few years. This national approach generates a 
strong infrastructure for clinical studies, for instance, 
cross-border invitation of clinical researchers and key 
investigators, intensive investment in information 
technology systems and, subsequently, enhanced on-
line networking of medical institutions. Although we 
need further investigation in order to fully understand 
the observed differences, there are clearly better 
practices in the Asian region that could be used for the 
improvement of Japanese study sites’ competitiveness.

Around year 2000 Japanese study sites had obtained 
the following reputation: clinical study cost in Japan 
was by far more expensive than in other countries; 
Japanese standard was still not fully aligned with 
ICH-GCP; Japanese clinical studies often required a 
longer period of time to completion. However, in our 
analysis these high performing Japanese study sites 
exhibited almost competitive performance to sites in 
other Asian countries and in the rest of the world. This 
result strongly endorses the importance of the uptake 
and diffusion of domestic best practices in parallel 
with benchmarking approaches to other countries. 
Indeed, it was recently communicated that the quality 
issues of clinical studies and floundering speed of 
enrollment were being resolved while the high cost 
structure still remained as an issue (4). The result of our 
comparative analysis supports these statements and was 
in accordance with reported improvement in speed of 
enrollment over global studies.

Comparison of the PPP-adjusted site-related cost 
efficiency provided a different perspective on the study 
cost management. The PPP-adjusted cost efficiency 
of the Japanese sites was comparable to the Asian, 
North American and other regions’ study sites, taking 
differences in the price level of each country into 
account. This observation also revealed a potential risk 
for future clinical studies. An increase in a price level 
in China may lead significant increase in level of site-
related cost in a longer term. When looking at Japan it 
is clear that the price level keeps impacting site-related 
study costs despite internal efforts for improvement. 
A nation-wide, systemic approach to reduce structural 
costs, for instance, compensating sunk cost for 
investment, subsidies, would be required to restore 
Japan’s competitive position in the Asian region and 
globally.

From the sponsor company’s perspective the quality 
of Asian sites including Chinese sites’ performance 
was comparable to North American and European sites. 
However, there are still quality-related issues especially 
in some Asian countries that remain as a concern.

For instance, there are still local practices that differ 
from international practices and there are still barriers 
to overcome for example in China. Several precedent 
observations (6) including what Liang Kong highlighted 
(7) also have suggested the following quality-related 
issues in Chinese clinical trials: 1) the overall clinical 
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study levels lag behind the requirements of ICH-GCP, 
2) compared to developed countries GCP history in 
China is quite short and there are few people with 
GCP knowledge and experience, 3) the regulatory 
approval process is lengthy and the local language and 
hardware can present challenges for multi-national 
companies, and 4) sponsors conducting studies in 
China must be prepared to devote substantial resources 
to understanding the nuances of the distinct system in 
which they are operating. Therefore, quality aspects of 
Asian sites should be considered in detail when plans 
are made to a clinical study in these countries. We 
may also need to explore ways of evaluating quality-
adjusted study productivity.

In this report the site-related study cost was 
investigated using several performance indicators. 
This cost item constituted 21.2% of the total external 
study cost in the Japanese study as described above. 
On the other hand, approximately over half of the total 
study cost was spent for monitoring tasks, which was 
a much larger portion than in the global study. This 
can be explained by the fact that monitoring work in 
Japan was fully outsourced to a Contract Research 
Organization (CRO). If the monitoring activities in 
both of the clinical studies had been fully outsourced 
to CROs we could have discussed difference in cost 
and price of monitoring outsourcing between Japan 
and other countries. The difference in project team 
structure made it difficult to compare the monitoring 
cost across regions. However, in general, there is 
an issue with high costs for monitoring activities in 
Japan. This concern has also been raised by Japanese 
pharmaceutical industry and by the government.

To address this issue a questionnaire survey-based 
research was conducted in 2006 in order to investigate 
current condition of Japanese study sites (8). The 
survey unraveled following findings: 1) there were 
not enough number of Clinical Research Coordinators 
(CRCs), research nurses or medical doctors who were 
educated and experienced well about clinical studies 
and GCP, 2) Japanese investigators were often too busy 
to supervise clinical study activities, 3) motivation of 
Japanese investigators was relatively low due to lack of 
incentives and mind-set on punctuality for company-
sponsored clinical studies, and 4) study application 
formats differed amongst sites. Another observation, 
a questionnaire-based surveillance over 24 clinical 
research associates (CRAs) of a Japanese subsidiary of 
a foreign affiliated pharmaceutical company, pointed 
out pursuit of excessive goal of company-sponsored 
clinical studies in Japan (4). This was potentially 
due to a requirement of the Japanese GCP guideline 
and a strict attitude of Japanese regulatory authority. 
Therefore, it seems that pharmaceutical companies 
are forced to support and motivate investigators and 
clinical research coordinators in Japan which may 
require considerable incremental labor cost. This point 
needs to be clarified in further cross-regional research 

on the dynamics of study sites, investigators, CRCs 
and CRAs.

In conclusion, we obtained the following findings 
throughout this comparative case example by analyzing 
enrollment and site-related cost efficiencies following 
a proposed productivity framework. Asian sites, 
particularly the Chinese and Singaporean sites, were 
shown to be achieving much higher efficiency in 
both speed and site-related cost than other regions. 
A comparison of PPP-adjusted site-related cost 
efficiency provided a different interpretation projecting 
a significant reduction in site-related cost efficiency 
when price in these Asian countries may increase. 
Finally, Japanese study sites should consider adoption 
of internal and other countries’ best practices to be 
competitive going forward. These initiatives may 
require a concerted action between investigators, 
medical societies, regulators, and pharmaceutical 
industry organizations. Although quality aspects remain 
to be investigated further, we believe that this approach 
should be effective to accurately forecast effectiveness 
of execution and cost across regions and countries.
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ABSTRACT: Transcription elongation factor 
S-II stimulates mRNA chain elongation catalyzed 
by RNA polymerase II. S-II is highly conserved 
among eukaryotes and is essential for definitive 
hematopoiesis in mice. In the present study, we 
report the identification of five novel nucleotide 
variations in the human S-II gene in the Japanese 
population. All five variations were located in 
introns, and no polymorphisms were found in the 
protein-coding region, suggesting strong negative 
selection during gene evolution. Together with 
the SNPs (single nucleotide polymorphisms) 
reported in the National Center for Biotechnology 
Information SNP database, our results provide tools 
for evaluating the role of S-II in complex genetic 
diseases, such as congenital hematopoietic disorders.

Key Words: Transcription elongation factor, S-II, 
Japanese population, nucleotide variation

Introduction

Transcription factor S-II, also known as TFIIS, was 
originally identified as a specific stimulatory protein of 
RNA polymerase II in vitro (1). Further biochemical, 
structural, and genetic studies demonstrated that S-II 
stimulates transcript elongation by promoting the 
read-through of transcription arrest sites by RNA 
polymerase II (2-5). The genes encoding S-II have 

been identified in many eukaryotes including budding 
yeast, fruit fly, mouse, and human (6-9). The human 
S-II gene, designated TCEA1, was initially reported 
to be a 2.5-kb intronless gene mapped on 3p22- > 
p21.3 (10). We previously reported that the murine 
S-II gene consists of 10 exons and maps on the 
proximal region of mouse chromosome 1, which is 
syntenic to human chromosome 8q (11). Consistent 
with the synteny between the mouse and human 
chromosomes, recent progress in the human genome 
project identified another gene composed of 10 exons 
on 8q11 (UCSC Genome Browser, http://genome.ucsc.
edu/). These results suggest that the S-II gene on 8q 
encodes a functional S-II protein, whereas the other 
gene on 3q is a pseudogene as proposed by HGNC 
(HUGO Gene Nomenclature Committee, http://www.
gene.ucl.ac.uk/nomenclature/). In the present study, we 
screened 125 Japanese volunteers for single nucleotide 
polymorphisms in TCEA1, and found 5 nucleotide 
variations that were not previously reported in the 
NCBI (National Center for Biotechnology Information) 
SNP database.

Materials and Methods

Study subjects

Blood samples were collected after obtaining written 
informed consent from 125 Japanese adult volunteers 
for this study, which was approved by the ethics 
committees of the Graduate School of Pharmaceutical 
Sciences, University of Tokyo, and Sekino Clinical 
Pharmacology Clinic. Genomic DNAs were purified 
from whole blood samples using MagExtractor-genome  
(TOYOBO, Shiga, Japan) and an automated system  
(SX-6G; Precision System Science, Chiba, Japan).

Amplification of human S-II genomic DNA fragments 

Lack of polymorphisms in the coding region of the highly 
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for sequencing

To amplify the coding regions and exon-intron 
boundaries from genomic DNA, we developed 
primer sets using the human chromosome 8 sequence 
assembled by the International Human Genome 
Sequenc ing Consor t ium (Nuc leo t ide number 
55041469-55097366, May 2004 freeze, hg17, http://
genome.ucsc.edu/). Using the primers listed in Table I, 
we amplified nine genomic DNA fragments covering 
all the coding exons of human S-II by polymerase 
chain reactions  (PCR) using individual genomic 
DNAs extracted from blood samples as templates. 
The reactions were performed with LA Taq DNA 
polymerase and its reaction buffer (Takara Bio Inc. 
Shiga, Japan) supplemented with 2.5 mM magnesium 
chloride. Primer concentrations in the reaction were 
0.4 μM each, except for the E56 and E8 amplicons 
in which 0.2 μM was used. For E1 amplification, we 
added dimethyl sulfoxide at a final concentration of 
4% to the reaction. Amplification conditions were 
as follows; for the E1 amplification, 2 min at 94°C 
followed by 35 cycles of 30 sec at 94°C, 30 sec at 54°C, 
1 min at 72°C, followed by a final extension of 1 min 
at 72°C; E2 amplification, 2 min at 94°C followed by 
35 cycles of 30 sec at 94°C, 30 sec at 54°C, 30 sec at 
72°C, followed by a final extension of 1 min at 72°C;  
E3, E4, E7, E9, and E10 amplifications, 2 min at 94°C 
followed by 35 cycles of 30 sec at 94°C, 30 sec at 56°C, 
1 min at 72°C, followed by a final extension of 1 min 
at 72°C; E56 and E8 amplifications, 2 min at 94°C 
followed by 35 cycles of 30 sec at 94°C, 30 sec at 58°C, 
30 sec at 72°C, followed by a final extension of 1 min 
at 72°C. Specific amplifications of the PCR products 
were evaluated by agarose gel electrophoresis before 

performing the sequencing reactions.

Nucleotide sequence determination and screening for 
polymorphisms

Nucleotide sequences of the PCR products were 
determined using BigDye terminator cycle sequence 
reaction mix Ver 3.1 (Applied Biosystems) and the 
sequencing primers listed on Table 1. Sequencing 
reactions with E1 and E7 amplicons contained dimethyl 
sulfoxide at final concentrations of 10% and 5%, 
respectively. After purification, the samples were 
sequenced on an ABI PRISM 3100 Genetic Analyzer  
(Applied Biosystems). Nucleotide variations were first 
identified by SeqScape software  (Applied Biosystems), 
and verified visually. We used the human chromosome 
8 genomic sequence from the International Human 
Genome Sequencing Consortium (Nucleotide number 
55041469-55097366, May 2004 freeze, hg17) as a 
reference sequence.

Results and Discussion

By designing sets of PCR primers within the introns  
(Table 1), we could specifically amplify genomic DNA 
fragments encoding human S-II gene located on 8q11. 
Sequencing of these PCR products and comparison of 
these sequences with a reference sequence revealed a 
total of five single nucleotide variations in introns 2, 4, 
and 7 (Table 2; nucleotides are numbered according to 
the mutation nomenclature (12)). Comparison of our 
data with the SNPs deposited in the NCBI SNP database  
(dbSNP build 127) indicated that these five nucleotide 
variations were novel. Chi-square analysis revealed 
that the observed frequencies of the genotypes did not 

1 Nucleotide numbering is according to the mutation nomenclature (den Dunnen and Antonarakis 2000).

Amplicon
    ID

    E1

    E2

    E3

    E4

    E56

    E7

    E8

    E9

    E10

    Feature

Covers exon 1

Covers exon 2

Covers exon 3

Covers exon 4

Covers exons 5 & 6

Covers exon 7

Covers exon 8

Covers exon 9

Covers exon 10

      PCR Primer sequence (5' to 3') 

FW - AGCGATCTGCAGTCAGTTGGTAGC
RV - CAGGGACTGGAAATACAAGAGCGA

FW -  AGGTGGTGCTGTTGCTCCTTATC
RV - GAGATTTCACTGCTACTGCCAAC

FW - GCAGCTGGTGCTCTATGAAGTAATCCATG 
RV - TCGCCTTTATTACGAGGCACTGCTTTCAG

FW -  GGGAGTGTTGACTGAACTTGCATTG
RV - AGACAGGGGAATTGATGCAGGAAGT

FW - AGCTGTCATTCTCTGGTCCCATC
RV - ACCGTGCCTGGCATTTGCATATG

FW - GGTGACAGAGTGAGACTCCTTCTACCCA
RV - CCTAATCAGTCAGCAGCCGTCAACATCC

FW - GACAGCCAGCCTGTGACACTAGAAG 
RV - TCCGTGGTTTCAGGCATCCACTCAG

FW - GGAAGTGCGTGCTCTGTTGACAT
RV - GTCAGGGAGTACAAGAGTACTGT

FW - GGAAAGTCAGGCACTTAAGATAGG
RV - GGAAAACTAGTTGCTTGGCCTAGTT

   Amplifi ed
     Region1 

    -256 - 284

  11500 - 11940

  21663 - 22326

  28189 - 28529

  33501 - 35236

 37057 - 39065

 42629 - 43256

 51489 - 51870

 53847 - 54107

 Sequencing Primer Sequence (5' to 3')  

FW - TTCGTAAGGAAGGGGGCCTA 
RV - same as  PCR

FW, RV - same as  PCR

FW, RV - same as  PCR

FW, RV - same as  PCR

FW - same as  PCR
RV - CCCGTATCAGCAACAACTTC

FW - GCAGTGAAGTGATCAGATTC
RV - same as PCR

FW - CCAGGTCAAGTGGTTGTCCTGCCT
RV - AGATCGTGCCATTGCACTCCAGCCT

FW, RV - same as  PCR

FW, RV - same as  PCR

FW, RV - same as  PCR

 Sequenced
    region1

  -143 - 284

11500 - 11940 

21663 - 22326 

28189 - 28529 

33501 - 34162 
                  and
34944  - 35236

37318 - 38076

42629 - 43256 

51489 - 51870 

53847 - 54107

Table 1. Primer sequences for amplifi cation and sequencing used in this study
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deviate from the expectations according to the Hardy-
Weinberg equilibrium (Table 2). No variations were 
detected in the protein-coding regions, suggesting the 
operation of negative selection due to a strong functional 
constraint of the transcription elongation factor S-II 
protein. Consistent with this notion, the genes encoding 
S-II are highly conserved among eukaryotes (2), and 
gene disruption in mice leads to embryonic lethality due 
to defects in definitive hematopoiesis (13). It remains 
to be determined whether nucleotide polymorphisms in 
the S-II gene are associated with congenital disorders of 
hematopoiesis.
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Table 2. Nucleotide variations from TCEA1 locus

   　　 TT  101     T 　   C     
IVS2 (-274) T > C 21802                 TC     23     0.9 　   0.1      0.80    
   　　 CC      1       
   　　 AA  124     A 　   T     
IVS4 (-220) A > T 33647                 AT      1     0.996 　   0.004     0.96    
   　　 TT      0       
            CC  124     C 　   T     
IVS4 (-169) C > T 33698                 CT      1     0.996 　   0.004     0.96    
   　　 TT      0       
   　　 GG  120     G 　   A     
IVS7 + 46 G > A 37809                 GA      5     0.98 　   0.02      0.82    
  　 　　 AA      0        
   　　 TT  124     T 　   C     
IVS7 (-155) T > C 42800                 TC      1     0.996 　   0.004     0.96    
   　　 CC      0

ID1 Position1  Genotype Number of
genotype

Allele frequencies of P value for Hardy-Weinberg
         equilibrium testMajor allele   Minor allele



http://www.ddtjournal.com

Brief Report                                                                                             Drug Discov Ther 2007;1(1):12-13. 

ABSTRACT:  China’s Good Manufacturing 
Practice (GMP) standards that mainly parallel 
WHO standards were made compulsory in 2004. 
However, GMP implementation had both positive 
as well as negative impacts on the pharmaceutical 
industry, with negatives including pharmaceutical 
companies suffering economic hardships, poor 
execution of GMP standards, and sequent health 
scares. This report briefly describes the problems 
with GMP implementation in China.

Key Words: GMP, pharmaceutical sector reform, 
policymaking, China

Zheng Xiaoyu, the former director of China’s State 
Food and Drug Administration (SFDA), had promoted 
Good Manufacturing Practice (GMP) certification 
in China but was convicted of taking bribes and 
dereliction of duty and sentenced to death this year 
(2007). Many high-ranking officials were involved 
in the scandal. Problems with many aspects of GMP 
implementation were one of the key points in the 
accusations against Zheng. The scandal, together with 
many recent health scares, spotlights the paradoxical 
nature of GMP implementation and serious flaws with 
drug administration in China.
 As directed by the World Health Organization 

(WHO), GMP is a system to ensure that products 
are consistently produced and controlled according 
to quality standards (1). Starting in the 1960s, GMP 
standards were established and revised in most 
developed countries. Today, GMP are internationally 
recognized as an effective system for safety and quality 
assurance. China’s GMP standards, basically paralleling 
WHO standards in developing countries, were 
introduced in the early 1980s and established in the 
form of  present legislative and compulsory standards 
in 2004 (2). However, GMP implementation has created 
a great deal of confusion and problems for China’s 
pharmaceutical industry.
 The background of GMP implementation involves 
reforms in drug legislation and regulation as well as 
reforms in administrative systems for drug administration 
as accompany economic restructuring. With its opening 
up to the outside world, China has, as a global strategy 
for its domestic pharmaceutical industry, inaugurated 
many reforms paralleling international practices in an 
attempt to devise drug regulation and administration 
suited to a market economy. Stimulated by high 
profits and government deregulation, the number of 
pharmaceutical companies increased substantially to 
approximately 6,000 before GMP implementation 
(3). However, most were small-scale companies 
with minimal efficiency and outdated manufacturing 
technology that competed viciously in the market. 
Amidst this chaos, the pharmaceutical market suffers 
from inadequate drug safety and quality and is even 
plagued by fake drugs. Thus, the SFDA’s original 
intent was to improve the safety and quality of drugs, 
to upgrade drug manufacturing, and to optimize 
the composition of the pharmaceutical industry by 
eliminating a number of small and medium companies 
in poor condition.
 GMP implementation was expected to strengthen 
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China’s pharmaceutical industry. However, results 
have differed from what the SFDA intended. Obvious 
problems for which SFDA has been criticized were 
that more than 3,700 small and medium companies 
still account for the majority of firms in China’s 
pharmaceutical industry and that many face economic 
hardships with a heavy debt burden and an even 
more severe lack of funds. The huge cost of GMP 
implementation has led to a worsening of their financial 
situation. Meanwhile, poorly planned projects to adapt 
the GMP guidelines led to unnecessarily excessive 
production capacity. A number of qualified plants with 
expensive GMP product lines lay idle and do little to 
recoup the funds invested in GMP implementation (4).
 In addition, there were differences between GMP 
standards and what was actually implemented and 
certified at several pharmaceutical companies. One 
factor causing this poor state of GMP implementation 
is believed to be a lack of transparency in the drug 
administration system that has allowed financial 
re la t ionships be tween loca l governments and 
pharmaceutical companies and regional protectionism 
by these forces (5). A typical case was the bribery 
scandal mentioned at the beginning. Thus, many health 
scares have arisen from shoddy products manufactured 
by companies with perfunctory GMP certification (6), 
severely hurting the credibility of GMP.
 Given the issues discussed above, GMP implementation 
has been a double-edged sword wielded by governments 
supervising drug administration. All of the processes 
involved should serve as a good lesson for other 
developing countries promoting pharmaceutical sector 
reform. As a part of China’s global strategy for its 
domestic pharmaceutical industry, its endeavors to 
enhance these regulatory and legislative standards 

put drug regulation on the right path early on. In this 
regard, the SFDA took the right tack. However, the 
issue of rationalization of the government structure of 
drug administration should be resolved incrementally 
in the near future; this resolution may be facilitated 
by interdisciplinary studies incorporating diverse 
views from policymakers, corporate executives, and 
researchers.
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ABSTRACT: Viral diseases, such as acquired 
immunodeficiency syndrome (AIDS), respiratory 
diseases, and hepatitis, are the leading causes of death 
in humans worldwide, despite the tremendous progress 
in human medicine. The lack of effective therapies 
and/or vaccines for several viral infections, and the 
rapid emergence of new drug-resistant viruses have 
urged a growing need for developing new and effective 
chemotherapeutic agents to treat viral diseases. Recent 
advances in the understanding of both the cellular 
and molecular mechanisms of virus replication have 
provided the basis for novel therapeutic strategies. 
Several hundred natural products have been isolated 
for screening and identifying antiviral activity, and 
some have been shown to have great medicinal value 
in preventing and/or ameliorating viral diseases in 
preclinical and clinical trials. There are innumerable 
potentially useful medicinal plants and herbs 
waiting to be evaluated and exploited for therapeutic 
applications against genetically and functionally 
diverse virus families. This review focuses on several 
selected pathogenic viruses, including the human 
immunodeficiency virus (HIV), influenza virus, 
hepatitis B and C viruses and herpes viruses, and 
antiviral natural compounds from medicinal plants 
(herbs), while paying particular attention to promising 
compounds in preclinical and clinical trials. We also 
focused our attention on the need to develop effective 
screening systems for antiviral activity.

Key Words: HIV-1, influenza virus, HBV/HCV, HSV-1, 
HSV-2, antiviral, natural product, herbs, medicinal plant

Introduction

Viral diseases, caused by pathogenic virus infections 
which have high morbidity and mortality rates, are 
still the leading cause of death in humans worldwide. 
Although effective vaccines have led or might lead to 
the eradication of important viral pathogens, such as 
smallpox, polio, and mumps, other viral diseases, such 
as human immunodeficiency virus (HIV) and hepatitis 
C virus (HCV), have proven difficult to combat using 
the conventional vaccine approach. Moreover, the 
emergence of viral resistance to drugs, as well as the 
serious adverse effects induced by antiviral drugs, has 
caused serious medical problems, particularly when 
administered in combination over prolonged treatment 
periods. Although many new antiviral drugs have been 
approved in recent years, most of them are used for 
the treatment of HIV, and these drugs are quite costly, 
thus limiting their use in developing countries, where 
infection is most prevalent.
 A virus is a unique pathogen which is incapable of 
replicating without a host cell. It utilizes the host cell 
environment and cellular factors for its propagation. 
This unique feature of viruses makes it difficult to 
design a treatment to attack the virus or its replication 
directly without any adverse effects on the infected 
cells. However, viruses share a common stage in their 
replication cycle, which includes attachment and entry 
to the host cell, transcription of viral mRNA, replication 
of viral genome, assembly and budding as progeny 
virus particles, regardless of different genetic materials 
(DNA or RNA), or whether has a different invasion 
strategy of which enveloped with a lipid-containing 
membrane (enveloped virus) or not. Whereas, viruses 
with an RNA genome, such as HIV, HCV, and 
influenza, are genetically highly variable, due to the 
fact that viral reverse transcriptase or RNA-dependent 
RNA polymerase lack a proofreading mechanism. 
Accumulated mutations in viral RNA genome have 
been proven to be associated with the emergence of 
drug-resistant viruses (1-3). The emergence of drug-
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resistant viruses presents a challenge for the design 
of new drugs. These problems emphasize the need to 
develop new antiviral drugs targeting different steps in 
the viral replication cycle.
 An understanding of the molecular mechanisms 
of viral invasion and replication enables us to design 
antiviral drugs targeting the different stages of the viral 
replication cycle. Although in theory, any viral molecule 
that is essential for viral replication is a potential drug 
target, most of the clinically useful antiviral drugs 
are the molecules that can specifically target a single 
viral enzyme, which is crucial in viral replication (4). 
Targeting virus molecules is likely more specific, and 
less toxic. However, there is a narrow spectrum of 
viruses and a higher risk of creating resistant viruses. 
Whereas drugs which target cellular molecules may 
possess a broader antiviral activity spectrum and less 
risk of developing virus resistance, but may be more 
toxic to the host cell. Ideally, effective therapeutic 
agents that target multiple stages in the viral replication 
cycle with combined approaches but with little or no 
toxicity are desirable.
 Traditional medicines, such as Chinese medicine 
(CM), have long been used as multiple combinations of 
compounds in the form of processed natural products. 
Medicinal herbs relieve the symptoms of many different 
human diseases, including infectious diseases, and 
have been used for thousands of years. CM is typically 
orally administered as hot-water extracts, which can be 
used for the prophylactic and therapeutic treatment of 
viral infections. A wide variety of natural compounds 
derived from medicinal plants (herbs) have been 
extensively studied in terms of their antiviral activity. 
Several hundred natural active compounds have 
been identified worldwide (5-9). Many of them have 
complementary and overlapping mechanisms of action, 
either inhibiting viral replication, or synthesis of the 
viral genome. These natural active compounds, which 
contain more characteristics of high chemical diversity 
and biochemical specificity than standard combinatorial 
chemistry, offer major opportunities for finding novel 
lead structures that are active against a wide range 
of assay targets. In addition, natural products that 
are biologically active in assays are generally small 
molecules with drug-like properties. Namely, they are 
capable of being absorbed and metabolized by the body. 
Hence, the development costs of producing orally active 
medicines are likely to be much lower than that of 
biotechnological products or most compounds produced 
to date from combinatorial chemistry. Therefore, natural 
products, including traditional medicinal plants (herbs), 
offer great promise as potentially effective new antiviral 
drugs.

Selected viral diseases and antiviral agents

HIV/AIDS and antiviral agents

Human immunodeficiency virus (HIV) is the causative 
pathogen of acquired immunodeficiency syndrome 
(AIDS). HIV has cumulatively infected over 60 million 
individuals and caused the deaths of over 28 million 
people since it was first recognized in 1981, and is the 
most destructive epidemic of recent times. This global 
epidemic remains out of control, and transmission is 
rapidly spreading worldwide. According to the WHO 
2006 global summary of the AIDS epidemic, the 
number of people living with HIV continues to grow; 
a total of 39.5 million people were living with HIV, a 
total of 4.3 million people were newly infected with 
HIV, and a total of 2.9 million people died due to AIDS 
in 2006. The majority of people living with HIV are in 
developing countries, such as sub-Saharan Africa and 
East and South Asia (10). Induction of the highly active 
antiretroviral therapy (HAART), a combination therapy 
with reverse transcriptase and protease inhibitors, 
has significantly improved the clinical outcome of 
HIV infection and AIDS, greatly reduced morbidity 
and mortality in HIV-1-infected individuals, and 
dramatically improved the life expectancy of AIDS 
patients. However, the treatment cannot eradicate the 
virus from infected individuals and is quite often limited 
by the emergence of drug-resistant HIV-1 strains and 
long-term toxicity. In addition, the high cost of anti-
HIV drugs limits the ability of HIV-infected people 
and AIDS patients in developing countries to access 
HARRT (11). The discovery of low cost, effective 
medicinal agents is therefore urgently needed.
 HIV-1 is unique in terms of its transmission and 
replication. HIV-1 is transmitted both by sexual contact 
and heamatogenously through contaminated needles 
or blood products, so the virus can initiate infection by 
crossing a mucosal barrier or by direct entry into a T cell 
or monocyte/macrophage lineage cell in the peripheral 
blood. HIV-1 can spread after a long latent period of 
infection. Recent advances in the understanding of the 
cellular and molecular mechanisms of HIV-1 entry and 
replication have provided the basis for novel therapeutic 
strategies to prevent viral penetration of the target cell-
membrane and inhibit virus multiplication (Figure 
1). HIV-1 entry into host cells represents a complex 
sequence of events involving several viral and cellular 
proteins that are potential targets for drug development. 
Targeting the host cell factors involved in the regulation 
of HIV-1 replication might be one way to overcome the 
resistance of HIV-1 to antiviral drugs. Both CXCR4 
and CCR5 chemokine receptors are co-receptors for 
HIV entry to the host cell, and their antagonists are 
being investigated as HIV entry inhibitors in controlled 
clinical trials (12). The inhibitors will be needed in 
combination in order to inhibit viral replication, and 
even in combinations of antiviral drugs that also target 
other aspects of the HIV replication cycle, such as 
reverse transcriptase and protease, to obtain optimum 
therapeutic effects. Currently, the number of anti-
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HIV/AIDS therapeutic drugs approved by the FDA 
has increased to 26 drugs from the first approved 
drug, AZT, in 1987 (13). These anti-HIV/AIDS 
drugs can be categorized into fusion inhibitors (FIs), 
nucleoside/nucleotide reverse transcriptase inhibitors 
(NRTIs), nonnucleoside reverse transcriptase inhibitors 
(NNRTIs), and protease inhibitors (PIs) (14-17). 
However, HIV-1 has developed an extraordinary 
degree of genetic diversity. To date, a high number of 
mutations in protease, reverse transcriptase, and gp41 
have been associated with reduced susceptibility to the 
antiretroviral drugs currently available. In addition, new 
integrase inhibitors and maturation inhibitors that target 
Gag have shown promising effects in preclinical and 
clinical trials (17-20).
 Substantial progress has been made on the use 
of natural products as anti-HIV agents, and several 
natural products, mostly of plant origin, have been 
shown to possess promising activities that could assist 
in the prevention and/or amelioration of the disease. 
Table 1 summarizes some major natural compounds 
with anti-HIV activity derived from plants or herbs 
(19-35). The following natural products from plant 
origin have been cited as promising anti-HIV agents: 
Betulinic acid (a pentacyclic triterpene) isolated from 

the bark of the white birch tree, has been demonstrated 
to inhibit maturation of the HIV-1 Gag precursor 
assembled in vitro (23-26), Chinese herbal medicine, 
Scutellaria baicalensis Georgi and its identified 
components, Baicalin (a flavonoid), calanolides 
(coumarins), have been shown to inhibit infectivity 
and replicat ion of HIV (17,28-35) . Flavonoids 
inhibit HIV-1 activation via a novel mechanism, and 
these agents are potential candidates for therapeutic 
strategies aimed at maintaining a cellular state of 
HIV-1 latency. Acute HIV-1 infection has been shown 
to be suppressed by certain flavonoids in vitro, and 
evidence for inhibition of HIV-1 protease, integrase, 
and reverse transcriptase by flavonoids also exists 
(28-32). Calanolide A, a coumarins, is a potent non-
nucleoside reverse transcriptase inhibitor (NNRTI) 
of human immunodeficiency virus type 1 (HIV-1) 
(33-35), recently discovered in extracts from the 
tropical rainforest tree, Calophyllum lanigerum. Recent 
studies have also shown that several polysaccharides 
are effective inhibitors of HIV replication. Some 
of the presented compounds demonstrated in vitro 
synergism; thus there is the rationale of their combined 
use in HIV-infected individuals (9,26,34). Although 
extensive research has been performed to assess both 
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the beneficial effects and the risks of herbal medicines 
in patients with HIV infection and AIDS, the potential 
beneficial effects need to be confirmed in large, 
rigorous trials. There is insufficient evidence to support 
the use of herbal medicines in HIV-infected individuals 
and AIDS patients.

Influenza virus and antiviral agents

Influenza A virus is one of the most common infectious 
pathogens in humans. It is a seasonal, acute, highly 
transmissible respiratory disease. Influenza in humans 
is caused by two subtypes of influenza virus A and 
B. Influenza virus A mutates easily, thereby often 
causing new antigenic variants of each subtype to 
emerge. The threat of a human influenza pandemic has 
greatly increased over the past several years with the 
emergence and continuing global spread of the highly 
pathogenic avian influenza viruses, notably H5N1 virus. 
The current widespread circulation of H5N1 viruses 
among avian populations in several Asian, African and 
European countries and the transmission from avian 
species to humans with a high mortality rate of more 
than 50%, warn us to prepare for the next pandemic 
threat.

The control and treatment of influenza depends 
mainly on chemical and biochemical agents. There are 
two classes of anti-influenza drugs currently available 
for influenza therapy, which target either the influenza 
A M2 ion channel or neuraminidase (NA) (36). 
However, the emergence of resistance to these drugs 
has been detected, which raises concerns regarding 
their widespread use (37). The viral particles have 
two surface antigens, haemagglutinin and sialidase 
(neuraminidase), that decorate the surface of the virus 
and have been implicated in viral attachment and fusion, 
and the release of virion progeny, respectively. The 
receptor for haemagglutinin is the terminal sialic acid 
residue of the host cell surface sialyloligosaccharides, 
while sialidase catalyses the hydrolysis of terminal 

sialic acid residues from sialyloligosaccharides. The 
enzyme neuraminidase (NA) is an attractive target for 
antiviral strategy because of its essential role in the 
pathogenicity of many respiratory viruses. NA removes 
sialic acid from the surface of infected cells and virus 
particles, thereby preventing viral self-aggregation 
and promoting efficient viral spread; NA also plays a 
role in the initial penetration of the mucosal lining of 
the respiratory tract. Since the influenza virus genome 
does not have the processing protease for the viral 
membrane fusion glycoprotein precursors, entry of 
this virus into cells is determined primarily by host 
cellular, trypsin-like proteases that proteolytically 
activate the fusion glycoprotein precursors of Influenza 
A virus. The protease determine the infectious organ 
tropism of Influenza A virus infection as well as 
the efficiency of viral multiplication in the airway. 
Administration of protease inhibitors in the early-stage 
of infection significantly suppresses viral entry and 
viral multiplication (38).

To date, some of the anti-influenza agents that 
have been isolated from plants include a variety 
of polyphenols, flavonoids, and alkaloids (39), 
summarized in Table 2. Polyphenol-rich extract from 
the medicinal plant Geranium sanguineum L. has been 
reported to show a strong anti-influenza virus activity, 
as well as antioxidant and radical scavenging capacities 
(40). A biflavonoids, ginkgetin isolated from Ginkgo 
biloba L. and Cephalotaxus harringtonia K. Koch 
show a potent inhibitory activity against influenza 
virus sialidase (41,42). A combination of NA inhibitors 
and protease inhibitors could be potentially used as a 
potent anti-influenza therapy in order to minimize the 
emergence of drug-resistant mutant viruses. Although 
most clinical trials have reported some benefits from the 
use of antiviral herbal medicines, there remains a need 
for larger, stringently designed, randomized clinical 
trials to provide conclusive evidence of their efficacy. 
An indole alkaloid from Uncaria rhynchophylla and the 
pavine alkaloid (-)-thalimonie (Th1) from Thalictrum 

17

Table 1. Natural products with anti-HIV activity

Protease
Protease
Reverse transcriptase
Inhibition in syncytium
Inhibited replication
Inhibited maturation
Inhibited Infectivity, cytopathic 
activity, replication

Reverse transcriptase
infection/entry, replication 
Inhibited cytopathic activity
Reverse transcriptase  

Integrase

Reverse transcriptase 

19
20
21

22
23-26
27

28
29
30
31

32

33-35

Agastache rugosa
Crataegus pinnatifi da
Garcinia speciosa

Vatica cinerea
Widely distributed
Glycyeehiza spp.

Scutellaria baicalensis

Juglans mandshurica
Green tea

Charysanthemum morifolium

Calophyllum lanigerum

Terpenoids
    Agastanol and Agastaquinone
    Uvaol and Ursolic acid
    Garciosaterpene A,C

    Vaticinone
    Betulinic acid
    Glycyrrhizin

Flavonoids
    Baicalin

    Taxifolin (dihydroquercetin)
    (-)-Epigallocatechin-3-gallate   
    (EGCG)
    Flavonoid glucuronide
Coumarins
    Calanolide A

Compounds Origin of plant Activity/Target References
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simplex also exhibit potent inhibitory effects against 
influenza A viruses (43). Many medicinal plants (herbs) 
including the Bergenia ligulata, Nerium indicum and 
Holoptelia integrifolia plants, exhibit considerable 
antiviral activities against the influenza virus (44). 
Furthermore, two new lignans with activity against the 
influenza virus from the medicinal plant Rhinacanthus 
nasutus have also been reported (45).

Hepatitis B and C viruses and antiviral agents

Hepatitis B virus (HBV) infection is a serious global 
health problem. According to WHO estimation, of 
the 2 billion people who have been infected with the 
hepatitis B virus (HBV), more than 350 million suffer 
from chronic HBV infection. These chronically infected 
persons are at a high risk of death from cirrhosis of 
the liver and liver cancer, diseases that kill about one 
million persons each year (46,47). On the other hand, 
hepatitis C virus (HCV) is a major cause of acute 
hepatitis and chronic liver disease, including cirrhosis 
and liver cancer. Globally, an estimated 170 million 
persons are chronically infected with HCV and 3 to 
4 million persons are newly infected each year. HCV 
spreads primarily by direct contact with human blood. 
The major causes of HCV infection worldwide are use 
of unscreened blood transfusions, and re-use of needles 
and syringes that have not been adequately sterilized. 
No vaccine is currently available to prevent hepatitis 
C (48,49). Liver disease due to chronic HBV and HCV 
infection is becoming a leading cause of death among 
persons with HIV infection worldwide (50).

Currently available Anti-HBV and HCV drugs 
include interferon, lamivudine and ribavirin. The 
therapeutic effects of interferon for HBV are around 
30%. The effect of interferon for HCV is 20%~30%. 
A combination therapy of interferon and ribavirin for 
HCV can increase the therapeutic efficacy up to 50%, 
but has serious side effects and can be prohibitively 
expensive for low-income countries with a high 
prevalence of HCV. Lamivudine inhibits HBV 
multiplication and significantly decreases the viral load, 
but can easily induce resistance (51). Many patients 
who use natural products, including those who are not 
eligible for IFN/ribavirin, cannot afford treatment, or 
fail to respond to IFN.

Oxymatrine and matrine are the two major alkaloid 
components found in sophora roots. They are obtained 
primarily from the above ground portion of Sophora 
alopecuroides L., Sophora flavescens and Sophora 
subprostrata (shandougen). An intensive investigation 
into the pharmacology and clinical applications of 
these alkaloids has been performed in China during 
the past decade. The sophora alkaloids appear to 
inhibit viral replication, reduce destruction of liver 
cells, inhibit liver fibrosis and promote the flow of 
bile. Most of the clinical trials have been performed on 
HBV using oxymatrine extracted from S. flavescens 
and S. subprostata. Oxymatrine has been shown to be 
effective in normalizing ALT levels and clearing the 
HBV virus. The clinical effectiveness of oxymatrine for 
patients with hepatitis C has also been reported to show 
a reduction of viral load and inhibition of liver fibrosis, 
which appears to be a separate additional function 
of sophora alkaloids beyond inhibiting viral activity 
(52-56). Matrine was shown to reduce the formation of 
liver fibrosis that was caused by chemical damage to 
the liver (57-58). However, further research is needed 
to elucidate the effectiveness of these natural products 
for the treatment of chronic HCV, including their 
preparation and standardization.

The HCV genome possesses a unique open reading 
frame (ORF), encoding for a single long polyprotein 
that is processed by both host cellular peptidases and 
virus-encoded proteases (PR). HCV-PR is a primary and 
rational target in the development of anti-HCV agents. 
The medicinal herbs Acacia nilotica, Boswellia carterii, 
Embelia schimperi, Piper cubeba, Quercus infectoria, 
Trachyspermum ammi and Syzygium aromaticum 
extracts were investigated in vitro and showed 
significant inhibitory activity against HCV protease 
(59). In addition, the use of the botanical components 
glycyrrhizin, catechin, silymarin and phytosterols, and 
the antioxidants N-acetylcysteine were investigated for 
their efficacy in treating chronic hepatitis and affecting 
liver damage (60).

Herpes viruses and antiviral agents

Herpes viruses are common human pathogenic viruses, 
which include at least eight unique pathogenic strains, 
the neurotropic herpes simplex virus 1 (HSV-1) and 
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Table 2. Natural products with anti-infl uenza activity

Compounds                                   Origin of plant                                Activity/Target                             References

Polyphenols
    Polyphenolic complex
Flavonoids
    bifl avonoids (Ginkgetin)
    tetrahydroxyfl avone
Alkaloids
    Thalimonine
    Indole alkaloid
Lignans
    rhinacanthin E,F 

Geranium sanguineum L.

Ginkgo biloba L.
Scutellaria baicalensis

Thalictrum simplex L.
Uncaria rhynchophylla

Rhinacanthus nasutus

Infl uenza virus

infl uenza virus sialidase
infl uenza virus sialidase

infl uenza virus replication
infl uenza virus replication

Infl uenza virus

40

41
42

43
44

45
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herpes simplex virus 2 (HSV-2), varicella zoster 
virus (VZV) (HSV-3), and lymphotropic human 
cytomegarovirus (HCMV) (HSV-4), EBV (HSV-5), 
HHV-6, HHV-7, and HHV-8. HSV-1 usually causes 
orolabial disease, and HSV-2 is associated more 
frequently with genital and newborn infections. HSV 
causes mild and self-limited disease of the mouth and 
lips or genitals. However, this disease can sometimes 
be life-threatening. Such is the case with neonatal HSV 
infection and HSV infections of the central nervous 
system. Furthermore, in the immunocompromised host, 
severe infection has been encountered and is a source 
of morbidity. Both viruses establish latent infections 
in sensory neurons and recurrent lesions at or near 
the point of entry into the body. Among HSV-related 
pathologies, genital herpes is an important sexually 
transmitted disease (STD) commonly caused by HSV-2. 
HSV-1 infections are very common and mostly affect 
adult people (57). In addition, HSV-2 infection may be 
a risk factor for the transmission of HIV (61-62).

Effective anti-herpes drugs, such as acyclovir, 
ganciclovir, valaciclovir, penciclovir, famciclovir, and 
vidarabine, are available for treatment. Acyclovir is the 
most commonly used drug for the treatment of HSV 
infection. However, a serious problem with the use of 
acyclovir is the emergence of drug resistance in treated 
patients. Drug-resistant strains of HSV frequently 
develop following therapeutic treatment. Resistance to 
acyclovir and related nucleoside analogues can occur 
following mutation in either HSV thymidine kinase 
(TK) or DNA polymerase. Virus strains associated 
with clinical resistance are almost always defective in 
TK production (63). Therefore, new antiviral agents 
exhibiting different mechanisms of action are urgently 
needed.

A large number of natural compounds from 
med ic ina l p l an t ex t r ac t s , such a s pheno l i c s , 
polyphenols, terpenes (e.g., mono-, di-, tri-), flavonoids, 
sugar-containing compounds, have been found to be 
promising anti-herpetic agents (64). Different kinds of 
anthraquinones from extracts of Rheum officinale, Aloe 
barbadensis (Aloe vera), Rhamnus frangula, Rhamnus 
purshianus, and Cassia angustifolia have been found to 
be quite active against HSV-1. Furthermore, inactivation 
of HSV-1 and HSV-2 and prevention of cell-to-cell 
virus spread by Santolina insularis essential oil has 
been found (65). Recently, 18 plants with ethnomedical 
backgrounds from different families were screened for 
antiviral activity against HSV-1, and three extracts, 
from Hypericum mysorense, Hypericum hookerianum 
and Usnea complanta, exhibited significant anti-HSV-1 
activity at concentrations without toxic effects on cells 
in vitro (66). Furthermore, the study evaluated extracts 
of 23 medicinal species widely used in the traditional 
medicine of Nepal for the treatment of infectious and 
other diseases on their in vitro antiviral activity against 
influenza virus and herpes simplex-virus (HSV). 

Two species, Bergenia ligulata and Nerium indicum, 
showed the highest anti-influenza activity. Holoptelia 
integrifolia and Nerium indicum exhibited considerable 
antiviral activity against the herpes simplex virus. None 
of these extracts have shown any cytotoxic effects (67).

Development of screening systems for antiviral 
agents

Although the development of new anti-viral drugs for 
the treatment of many viral infected diseases is urgent, 
some viruses are not even established to propagate in 
vitro. The development of an effective screening system 
is crucial for the discovery of new antiviral drugs. 
However, safety concerns regarding using dangerous 
viruses have limited many laboratories to screen the 
antiviral activity of compounds, despite having the 
resources of active compounds either chemically 
synthesized or extracted from natural resources. We 
herein describe one example of the development of a 
new screening system for HIV-1 protease inhibitors, 
which was recently established in our laboratory. This 
system uses a cell line in which HIV-1 PR is expressed 
in a chimeric protein with the green fluorescent protein 
(GFP) by the tet-off system (68). This system can 
measure HIV-1 PR activity as a function of either 
the fluorescence of GFP or the cytotoxic activity of 
HIV-1 PR, which suppresses cell attachment when re-
plated to a culture dish after the induction of HIV-1 PR 
expression (Figure 2). The system is virus-free, but the 
sensitivity is compatible with that of a system which 
uses a live virus for infection.

Perspective

Based on the specific assay system or screening 
approach, a large number of structurally unique 
antiviral compounds from medicinal plants (herbs) have 
been identified. The advantages of natural compounds 
are fewer side effects in comparison to orthodox 
medical drugs, and the production of synergistic effects 
for a more positive treatment outcome. However, 
the potential beneficial effects of these natural 
compounds need to be confirmed in large, rigorous 
trials. The continued discovery and development of 
new formulations of herbal medicines, containing a 
combination of multiple ingredients that synergistically 
act to potently and selectively inhibit virus replication 
at different stages and strengthen the impaired immune 
system, should be a potential therapeutic option in the 
future.

These natural lead structures can be chemically 
modified and improved through knowledge of 
the structure-activity relationship, mechanism of 
action, drug metabolism, molecular modeling and 
combinatorial chemistry studies. For the antiviral 
activity of these compounds, it is important to identify 
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virus specific targets and, when possible, to determine 
if this substance selectively interacts with the target. 
The assessment of the cytotoxicity of an antiviral 
compound is clearly an important part of the evaluation 
of a potential chemotherapeutic agent, since it should 
show neither acute nor long-term toxicity against the 
host. Determining the efficacy and toxicity of these 
agents as well as performing clinical trials together is 
expected to contribute to the generation of new drugs 
from such natural products.

Moreover, drug discovery must be improved greatly 
by new technologies emerging in the post-genomic era. 
Gene expression profile studies employing microarray 
technology could help to identify molecular targets 

of the biological activity of antiviral agents from 
natural products. On the other hand, the pathways for 
new drug discovery are broadened by the continuous 
improvement of technological platforms, including 
computer-a ided drug design, high throughput 
screening, biochip, transgenic and RNAi technology. 
The continued investigation of active formulations, 
bioactive fractions, and isolated compounds is thus 
critical for continuing drug development in the 21st 
century.
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ABSTRACT: From anc ient t imes to today, 
drug discovery transitioned from serendipity to 
rationality over its long history. Proper drug target 
selection and validation are crucial to the discovery 
of new drugs. This review discusses the definition 
of drug targets and proposes several characteristics 
for drug targets. The limitations of the term ‘target’ 
itself are summarized. The drug target validation 
process is also discussed in detail and pitfalls during 
this process are outlined. Small active chemical 
compounds obtained from the target validation 
process are useful tools in target validation and 
target function research. The validation of lectin-like 
oxidized low-density lipoprotein receptor-1 (LOX-1) 
as a new potential anti-atherosclerotic drug target is 
cited as an example in order to elucidate the target 
validation process.

Key Words: Drug discovery, drug target, drug target 
validation, high-throughput screening, lectin-like 
oxidized low-density lipoprotein receptor-1

Introduction

In medicine, biotechnology, and pharmacology, drug 
discovery is generally thought of as the discovery, 
creation, or design of a compound or a complex that 
possesses the potential to become a useful therapeutic. 
It is really an expensive, time-consuming, and difficult 
process that involves the identification of candidates 
and synthesis, characterization, screening, and assays 
of their therapeutic efficacy. The word ‘target’ has 
been widely used in both medical and pharmaceutical 
research. However, the definition of “target” itself is 
vague and is debated within the pharmaceutical industry. 
The number of drug targets is also controversial, due 
in large degree to disputes over the definition of what 

a target is. The exact connotation of the term “drug 
target” needs to be elucidated. Target validation is the 
first step in completely new drug discovery. Validation 
of new drug targets is the process of physiologically, 
pathologically, and pharmacologically evaluating a 
biomolecule and might be performed at the molecular, 
cellular, or whole animal level.
 Lectin-like oxidized low-density lipoprotein 
receptor-1 (LOX-1) was identified as a special receptor 
for oxidized low-density lipoprotein (ox-LDL) in 
endothelial cells (1). Accumulated studies revealed that 
LOX-1 might play an important role in the pathogenesis 
of atherosclerosis (2-7). Review of ten years of studies 
on LOX-1 suggested that LOX-1 might be a specific 
new drug target, and validation results here revealed 
that LOX-1 is a new promising anti-atherosclerotic 
drug target.

Drug discovery: From serendipity to rationality

Drug discovery is one of the most crucial components 
of the pharmaceutical industry’s Research and 
Development (R&D) process and is the essential step in 
the generation of any robust, innovative drug pipeline. 
However, new drug discovery is an expensive, time-
consuming, and difficult process. Moreover, the end 
result is never guaranteed. A single new drug can cost 1.2 
billion euros and take 10 years to develop (8).
 The early history of drug discovery is all about 
natural products and herbal remedies, the use of which 
dates back thousands of years. In ancient times, drug 
discovery was mainly based on the accumulation of 
experience from generation to generation. It is a rather 
long process that involves huge costs in both money 
and even lives. Just like the discovery of penicillin, 
serendipity has been the key to the pharmaceutical 
industry’s success over many decades. Now with 
the development of modern chemistry, hundreds and 
sometimes thousands of chemical compounds have 
to be made and tested in an effort to find one that 
can achieve a desirable result. Thus, traditional drug 
discovery strategy based on experience and serendipity 
is no longer able to meet the needs of pharmaceutical 
companies. A shift from serendipity to rationality in 
drug discovery is underway (Figure 1). Rational drug 
discovery based on knowledge of the biological system 
being investigated allows highly specific selective 
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antagonists and agonists to be developed. These 
molecules can then be developed as lead compounds, 
drug candidates, and even drugs.

What are drug targets?

Target identification and validation are the first key 
stages in the drug discovery pipeline (9). But what 
is a drug target? Generally speaking, a drug target 
is the specific binding site of a drug in vivo through 
which the drug exerts its action. A specific drug target 
might have the following characteristics: 1) The 
drug target is a biomolecule(s), normally a protein 
that could exist in isolated or complex modality. 2) 
The biomolecules have special sites that match other 
molecules (commonly small molecules with special 
structures). These molecules could be endogenous or 
extraneous substances such as chemical molecules 
(drugs). 3) The biomolecular structure might change 
when the biomolecule binds to small molecules and 
the changes in structure normally are reversible. 4) 
Following the change in the biomolecule’s structure 
various physiological responses occur and induce 
regulation of the cell, organ, tissue, or body status. 5) 
The physiological responses triggered by the changes 
in biomolecule structure play a major role in complex 
regulation and have a therapeutic effect on pathological 
conditions. 6) The expression, activity, and structure of 
the biomolecule might change over the duration of the 
pathological process. 7) Small molecules binding to the 
biomolecules are drugs (10).
 As is apparent from the above discussion, a drug 

target is a key molecule involved in a particular 
metabolic or signal transduction pathway that is specific 
to a disease condition or a specific disease. However, 
the term ‘drug target’ itself has several limitations and 
is debated within the pharmaceutical industry. In this 
respect, several points should be kept in mind.
 First, a drug target is a relative concept. For starters, 
a drug target is, just like other biomolecules, also a 
biomolecule involved in a transduction pathway. The 
difference between the two is only in their location and 
role in the transduction pathway. Another aspect is that 
a drug target is disease-dependent, that is, every target 
is involved in a special spectrum of diseases.
 Second, most human diseases are rather complicated 
and involve many risk factors, so there are clearly many 
different drug targets with respect to a specific disease. 
Targeting a specific target could not conceivably cure 
a kind of disease. However, the involvement of many 
targets in a disease does not mean that each target shares 
equally in the pathogenesis of the disease and thus drugs 
targeting these targets would not be equally effective in 
the therapy of the disease.
 Third, drug targets can change, which means that 
with the development of insights into biomolecules and 
their role in the pathogenesis of a certain disease, drug 
targets might be not as important as or may be much 
more important than currently believed. In fact, the 
establishment of drug targets is based on understanding 
of the pathogenesis of the disease.
 Fourth, there are many drugs targeting the same 
target and one drug may have more than one target. The 
relationship between a drug and its target is not one-to-

Figure 1. Drug discovery: From ‘Tasting to Testing.’ The emergence of an “accidental” approach to drug discovery has 
its origins in early history with traditional natural herbal remedies that were passed from generation to generation in local 
communities or tribes. The ancient Chinese legend that “Shen Nong tastes a hundred herbs in a single day and meets seventy 
toxins” demonstrates the great sufferings of our ancestors encountered during the discovery of new drugs. This experience-
based drug discovery mode lasted for several thousands years. It was not until the late 18th and early 19th centuries that 
the active components of medicinal plants and herbal remedies were analyzed, resulting in the discovery of alkaloids. 
HTS and ultra-HTS developed during the later 1980s represent a new mode of drug discovery. These methods represent a 
multifunctional, multiskilled environment that connects a range of discovery functions in a high-capacity, integrated process 
producing a product that consists of a cohort of tractable chemical leads with respect to targets of interest.
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one but one-to-many or many-to-one.
 Fifth, when a new drug target is discovered and 
validated, researchers usually hope to obtain more 
specific drugs targeting the target. However, a key 
understanding to keep in mind is that the body is 
a subtle organism and a more specific drug might 
disrupt the homeostasis of the body. Compared to 
aspirin, rofecoxib is a specific COX-2 inhibitor. 
However, studies had shown that rofecoxib increases 
cardiovascular risks, resulting in rofecoxib’s withdrawal 
from the drug market.
 Sixth, a drug target usually refers to a single 
biomolecule. This connotation should be revised. 
Recent research has noted that a complex, like HDL, for 
example, or even a kind of cell, like an endothelial cell, 
could be a potential drug target. However, drug target 
validation based on this concept is very difficult since 
reliable, accurate, and robust indexes to evaluate the 
effect of drugs targeting these targets are rare.
 According to whether there are drugs available, a 
drug target can be classified into two classes: established 
drug targets and potential drug targets. The former are 
those for which there is a good scientific understanding, 
supported by a lengthy publication history regarding 
both how the target functions in normal physiology and 
how it is involved in human pathology. Furthermore, 
there are many drugs targeting this target. The latter 
are those biomolecules whose functions are not fully 
understood and which lack drugs targeting them. 
Potential targets suggest directions for completely new 
drug research.

How many drug targets are there?

With the development of modern sc ience and 
technology, humans became more informed about 
themselves than at any time in history. Thousands of 
drugs had been discovered and created. However, the 
mechanisms of their action and the targets of their 
action were poorly understood. Furthermore, the 
number of drug targets in the body is less consistent 
than the definition of a drug target. How many drug 
targets are there in the body? Drews and Reiser were 
the first to systematically pose and answer this question, 
identifying 483 drug targets. Later, Hopkins and Groom 
revised this figure downward to only 120 underlying 
molecular targets. Subsequently, Golden proposed that 
all then-approved drugs acted through 273 proteins. By 
contrast, Wishart et al. reported 14,000 targets for all 
approved and experimental drugs, although they revised 
this number to 6,000 targets on the Drug Bank database 
website (11). Imming et al. catalogued 218 molecular 
targets for approved drug substances (12), whereas 
Zheng et al. cited 268 ‘successful’ targets in the current 
version of the Therapeutic Targets Database. John et al. 
proposed a consensus number of 324 drug targets for 
all classes of approved therapeutic drugs (11). With the 

publication of draft maps of the human genome and an 
interim agreement that the human genome consists of 
approximately 21,000 genes, there has been considerable 
anticipation that many novel disease-specific molecular 
targets will be rapidly identified and that these will form 
the basis of many new drug discovery programs (13). 
According to the current definition, one could rationally 
predict that there are 5,000 to 10,000 established and 
potential drug targets in humans (10).

Target validation

New target validation is the basis of completely new 
drug exploration and the initial step of drug discovery. 
New drug target validation might be of great help not 
only to new drug research and development but also 
provide more insight into the pathogenesis of target-
related diseases. Basically, the target validation process 
might include six steps:

    1. Discovering a biomolecule of interest. 
    2. Evaluating its potential as a target. 
    3. Designing a bioassay to measure biological activity.
    4. Constructing a high-throughput screen.
    5. Performing screening to find hits.
    6. Evaluating the hits.

 The drug discovery process s tar ts wi th the 
identification, or growing evidence of, biological 
targets that are believed to be connected to a particular 
condition or pathology. Information supporting the role 
of these targets in disease modulation can come from 
a variety of sources. Traditionally, the targets have 
been researched and largely discovered in academic 
laboratories, and to a lesser extent in the laboratories 
of pharmaceutical and biotechnology companies. Basic 
research into understanding the fundamental, essential 
processes for signaling within and between cells and 
their perturbation in conditions has been the basic 
approach for establishing potential targets suitable for 
drug intervention (14).
 After the identification of a biological target of 
interest, the next challenge begins with the conversion 
of the target into a bioassay that can give a readout of 
biological activity. The range of potential targets is 
large, from enzymes and receptors to cellular systems 
that represent an entire biochemical pathway or a 
disease process. Consequently, the range of assay 
design techniques and types of assay available have 
to be correspondingly comprehensive. Once an assay 
that measures the biological activity of the target, by 
some direct or indirect means, has been developed, then 
compounds can be tested in the bioassay to see if they 
inhibit, enhance, or do nothing to this activity (14).
 After a bioassay to measure biological activity is 
designed, the next key step is the establishment of a 
high-throughput screening (HTS) method. The basic 
requirements for HTS assay are that it be sensitive, 
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stable, highly reproducible, and robust and suitable 
for screening thousands or even millions of samples. 
With sufficient luck, several ‘hit’ compounds will be 
discovered by primary screening.
 The ‘hit’ compounds must be rescreened to 
exclude false positive results. Then, the next step is 
‘hit’ identification, which may include its chemical 
characteristics, i.e. mainly its stability, its toxicity in 
vivo and in vitro, and its pharmacological evaluation, 
and particularly its effects in cells and animal models.
 In summary, target validation should be performed 
at three levels: the molecular level, the cellular level, 
and the whole animal model level (Figure 2). Small 
chemicals obtained from HTS provide useful tools for 
the validation of new drug targets. Most HTS models 
are at the molecular level, that is, cell-free systems. 
For example, screening of a specific enzyme inhibitor 
usually involves mixing the enzyme and samples 
together to detect a decrease in the substrate or to 
determine an increase in the product in this enzyme 
catalytic process. The results obtained from this 
level are not absolutely reliable since there are many 
predictable and unpredictable factors. However, true 
results from this level convey the point that hits truly 
act with the target. There is a significant difference 
between a cell and cell-free system. Validation at the 
cell level provides confirmation of cell-free results. At 
this level, the pathological significance of the target 
might be rendered more apparent using small chemicals. 
The effect of the small chemicals on a cell system will 
provide a tentative outline of these chemicals. Animal 
models are used to validate the target at the whole level. 
At this level, the primary concern is the effect of the ‘hit’. 
If the hit obtained from HTS displays a therapeutic 
effect in animal models, then it may be promising. 
However, more often than not a ‘hit’ displays no effect 
in an animal model and the result should be interpreted 
with caution. Common shortfalls and/or pitfalls that 
need to be considered include (15):
    1. Using the wrong animal model.
    2. Using the wrong route or dosing regimen. 
   3. Using the wrong vehicle or formulation of test 
material.
   4. Using the wrong dose level. In studies where 
several dose levels are studied, the worst outcome is to 
have an effect at the lowest dose level tested (i.e., the 
safe dosage in animals remains unknown). The next 
worst outcome is to have no effect at the highest dose 
tested (generally meaning that the signs of toxicity 
remain unknown, invalidating the study in the eyes of 
many regulatory agencies).
    5. Making leaps of faith. An example is to set dosage 
levels based on others’ data and to then dose all test 
animals. Ultimately, all animals at all dose levels die, 
the study ends, and the problem remains.
    6. Using the wrong concentration of test materials 
in screening. Many effects are very concentration-

dependent.

Validation of LOX-1 as a new potential anti-
atherosclerotic drug target

LOX-1 is a new kind of ox-LDL receptor discovered 
from bovine aortic endothelial cells (BAEC) by 
Sawamura et al. in 1997 (1). Studies have shown that 
LOX-1 is the major receptor for ox-LDL in endothelial 
cells of large arteries although other ox-LDL receptors 
have also been reported (1). Accumulated studies 
revealed several ligands for LOX-1 that are expressed 
in different types of cells and that could be regulated 
at the level of transcription. Changed expression 
of LOX-1 at the mRNA and protein level has been 
reported in several cardiovascular processes such as 
atherosclerosis, hypertension, myocardial ischemia, 
ischemia-reperfusion injury, and diabetes (2-6). 
Identification, regulation, and understanding of LOX-1 
signal transduction pathways might improve current 
insights on the pathogenesis of some cardiovascular 
diseases and provide a selective treatment tool for 
physicians. LOX-1 might be a potential and promising 
target for cardiovascular drug research.
 The relationship between LOX-1 and atherosclerosis 
could be summarized as six e’s: endocytosis of ox-LDL, 
expression co-location with atherosclerosis, enhanced 
by atherosclerosis-related risk factors, elevated LOX-1 
protein in cardiovascular diseases, effects involved in 
pathogenesis of atherosclerosis, and eliminated by anti-
atherosclerotic drugs. Furthermore, LOX-1 is related to 
the stability of atherosclerotic plaque (6).
 A review of ten years of studies on LOX-1 reveals 
that in principle LOX-1 is consistent with these 
characteristics for a specific drug target. LOX-1 is 
a 50 kDa type II membrane protein that structurally 
belongs to the C-type lectin family with a short 
intracellular N-terminal hydrophilic and a long 
extracelluar C-terminal hydrophilic domain separated 
by a hydrophobic domain of 26 amino acids (1). The 
lectin domain is the ligand recognition site and the 
binding activity of LOX-1 to its ligands depends on 
the interaction of positively charged residues with 
negatively charged ligands (16,17). Based on the 
arrangement of critical binding residues on the LOX-1 
structure and comparing the size of the dimmer surface 
of LOX-1 with the diameter of ox-LDL, the binding 
mode for the recognition of ox-LDL was proposed, 
indicating that three LOX-1 molecules are needed to 
bind to one ox-LDL molecule (18,19). Furthermore, 
two different fragments of the ligand-binding domain 
of human LOX-1 have been crystallized and analyzed 
by X-ray (20). The binding of LOX-1 to ox-LDL 
induces intracellular reactive oxygen species (ROS) 
production, p38 mitogen-activated protein kinase (p38 
MAPK) and nuclear factor kappa B (NF-κB) activation, 
and expression of intercellular adhesion molecule-1 
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(ICAM-1), vascular cel l adhesion molecule-1 
(VCAM-1), and monocyte chemoattractant protein-1 
(MCP-1). Changed expression of LOX-1 had been 
reported in several cardiovascular diseases such as 
atherosclerosis, hypertension, myocardial ischemia, 
ischemia-reperfusion injury, and cardiovascular 
complications of diabetes (2-7). However, further study 
is needed to provide more evidence that LOX-1 is a 
promising drug target.
 To validate whether LOX-1 could serve as a 
new potential target, a competitive fluorescence 

polarization-based (FP) HTS method was first 
established to screen LOX-1 ligands in a 384-well 
microplate using recombinant human LOX-1 protein. 
The human LOX-1 gene was obtained by RT-PCR 
from THP-1 cells stimulated with histamine. The 
purified hLOX-1 gene was cloned into a pMD 18-T 
vector, which was amplified in Escherichia coli strain 
DH5α. hLOX-1 cDNA was subcloned into pPIC9K to 
provide the recombinant plasmid pPIC9K-His-hLOX-1. 
The plasmid pPIC9K-His-hLOX-1 was transformed 
into Pichia pastoris GS115. The hLOX-1 protein was 

Figure 3. LOX-1 ligand 6306 obtained from HTS inhibits LOX-1 mediated DiI-ox-LDL uptake. hLOX-1-CHO-K1 cells 
were incubated with DiI-ox-LDL (10 μg/mL) with and without 6306. The uptake of DiI-ox-LDL was measured with a 
fluorescence microscope. A, blank; B, without 6306; C, 20 μM 6306.

Figure 2. Drug target validation: hit discovery and target function research. New drug target validation is a difficult process. 
However, hit compounds obtained from HTS could be a useful tool for target validation and target function research. A HTS 
model is established to obtain hits. The screened hits will be evaluated at the molecular, cellular, and whole animal level 
and their effects will be of great use in validating the target. At the same time, a drug target validation process based on this 
strategy also serves as the process of target function research.
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purified with HiTrap Chelating HP and labeled with 
fluorescein isothiocyanate (FITC).
 Assay was based on receptor-ligand interaction: 
human LOX-1 was labeled with FITC and bound to 
its special ligand, ox-LDL and different chemicals 
from the sample bank were used to compete with ox-
LDL. A total of 12,700 compounds were screened 
with an excitation filter of 485 nm and emission filter 
of 530 nm. This yielded a Z’ factor of 0.75, and three 
chemicals of LOX-1 mimic ligands with an EC50 below 
40 μM were identified (21,22).
 To further evaluate the binding activity of these 
chemicals, one of the three compounds, 6306, was 
studied further using cell models. Ox-LDL was 
labeled by DiI and the uptake of DiI-oxLDL was 
studied with hLOX-1-CHO-K1 cells (CHO-K1 cells 
transfected with the human LOX-1 gene). Fluorescence 
microscopy of hLOX-1-CHO-K1 cells incubated with 
DiI-ox-LDL showed that hLOX-1-CCHO-K1 cells 
internalized significant amounts of DiI-ox-LDL (Figure 
3B) although the control did not (Figure 3A); this 
internalization was also blocked by excess amounts 
of unlabeled ox-LDL (200 μg/mL). Pre-cultured 6306 
(20 μM) significantly decreased LOX-1 mediated DiI-
ox-LDL endocytosis (Figure 3C). This suggests that 
6306 has a high affinity to hLOX-1 protein under 
physiological conditions.
 Previous studies revealed that the binding of ox-
LDL to LOX-1 induced intracellular reactive oxygen 
species (ROS) production (23-25). Ox-LDL may 
decrease intracellular nitric oxide (NO) concentration 
due to the increase in intracellular O2

-. Using hLOX-1-
CHO-K1 cells, the effects of the screened LOX-1 ligand 
6306 on ROS and O2

- production were determined.
 Results showed that 6306 had similar effects to 
ox-LDL on the ROS and O2

- production in LOX-1-
CHO-K1 cells. 6306 significantly reduced the NO2

- 
level in the supernatant of cultured cells (data not 
shown). These results suggest that 6306 might activate 
LOX-1 and result in effects similar to those of ox-
LDL. Due to the important role ox-LDL plays in 
atherosclerosis, 6306 was not used in animal studies.
 Another l igand, 6302, may inhibi t ox-LDL 
induced hLOX-1-CHO-K1 cell intracellular ROS 
and O2

- formation and NO2
- decrease. A rat model 

of atherosclerosis induced by a high-fat diet was 
established to explore the role of LOX-1 in the 
pathogenesis of atherosclerosis and to test if LOX-1 
ligand had potential to serve as a leading anti-
atherosclerotic compound, and the effects of LOX-1 
ligand 6302 were studied in this model.
 The results revealed that LOX-1 ligand 6302 
attenuated aortic intima injury induced by a high-
fat diet in rats and inhibited atherosclerotic plaque 
formation. The serum levels of total cholesterol 
(TC), triglyceride (TG), and low-density lipoprotein-
cholesterol (LDL-C) decreased while the high-density 

lipoprotein-cholesterol (HDL-C) level increased in a 
model of atherosclerosis where 6302 was administered. 
The serum malondialdehyde (MDA) level also 
decreased (data not shown). These results suggest that 
LOX-1 inhibition might have a beneficial effect on 
atherosclerosis.

Conclusion

Drugs are a physician’s most powerful weapon to 
combat disease. The discovery of new drug targets is 
the basis of new drug development and examination 
of new drug mechanisms. Though the advent of a 
pharmacogenomics era opens the door for new drug 
target research, there are still numerous obstacles to the 
identification and validation of new drug targets and a 
great deal of work must be done.
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ABSTRACT: Panax ginseng has been reported 
to exhibit a wide range of pharmacological and 
physiological actions. A method of heat-processing 
to enhance the efficacy of ginseng is well established 
in South Korea based on a long h i s tory o f 
ethnopharmacological evidence. We investigated 
the increase in free radical-scavenging activity of 
Panax ginseng as a result of heat-processing and its 
active compounds related to fortified antioxidant 
activity. In addition, the therapeutic potential of 
heat-processed ginseng (HPG) with respect to 
oxidative tissue damage was examined using rat 
models.  Based upon chemical and biological activity 
tests, the free radical-scavenging active components 
such as less-polar ginsenosides and maltol in Panax 
ginseng significantly increased depending on the 
temperature of heat-processing. According to animal 
experiments related to oxidative tissue damage, 
HPG displayed hepatoprotective action by reducing 
the elevated thiobarbituric acid reactive substance 
(TBA-RS) level, as well as nuclear factor-kappa 
B (NF-κB) and inducible nitric oxide synthase 
(iNOS) protein expressions, while increasing heme 
oxygenase-1 in the lipopolysaccharide-treated rat 
liver, and HPG also displayed renal protective 
action by ameliorating physiological abnormalities 
and reducing elevated TBA-RS, advanced glycation 
endproduct (AGE) levels, NF-κB, cyclooxygenase-2, 
iNOS, 3-nitrotyrosine, Nε-(carboxymethyl)lysine, and 
receptors for AGE protein expression in the diabetic 
rat kidney. Therefore, HPG clearly has a therapeutic 
potential with respect to oxidative tissue damage by 
inhibiting protein expression related to oxidative 
stress and AGEs, and further investigations of active 
compounds are underway. This investigation of 

specified bioactive constituents is important for the 
development of scientific ginseng-derived drugs as 
part of ethnomedicine.

Key Words: Panax ginseng, heat-processing, less-
polar ginsenosides, maltol, oxidative tissue damage, 
advanced glycation endproducts

1. Introduction

Herbs have been used for centuries to treat illness 
and improve health and still account for about 80% 
of medical treatments in the developing world, with 
approximately one-third of drugs being derived from 
plant sources (1-3). Since free radical-induced damage 
and subsequent lipid, protein, and DNA peroxidations 
are implicated in many kinds of human pathologies, 
great efforts have been made to examine various herbs 
or nutraceuticals in the search for therapeutic agents 
that safely and effectively act against oxidative stress-
induced disease (4,5).
    Panax ginseng C.A. Meyer (Araliaceae) is a 
medicinal herb that is mainly cultivated in Korea and 
Northeast China. Considered a valued medicine, it 
has been used in the Orient for more than 2000 years. 
The genus name Panax means ‘cure-all’ in Greek and 
as the plant is considered to be the lord or king of 
herbs (6-8). Ginseng and its components have been 
reported to exhibit a wide range of pharmacological and 
physiological actions, such as antiaging, antidiabetic, 
anticarcinogenic, analgesic, antipyretic, antistress, 
antifatigue, and tranquilizing properties, as well as 
the stimulation of DNA, RNA, and protein synthesis 
(9-18). These medicinal properties of ginseng have been 
suggested to be linked, although not totally, to ginseng’s 
action to protect against free radical attack (19-23).
 Although tradit ional Chinese medicine and 
many current research studies often use products 
that combine ginseng with other medicinal herbs or 
vitamins, a method of heat-processing to enhance the 
efficacy of ginseng is well established in Korea based 
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on its long history of ethnopharmacological evidence 
(24-28). In his book, Xu-Jing, an attendant to a special 
envoy of the Chinese Emperor to Korea, described 
two kinds of ginseng products in Korea, sun-dried and 
steamed ginseng, in 1123. Panax ginseng cultivated 
in Korea is harvested after 4 to 6 years of cultivation 
and is classified into three types depending on how 
it is processed. Fresh ginseng can be consumed in an 
unprocessed state. White ginseng (WG, harvested when 
4-6 years old) is dried ginseng root after peeling. Red 
ginseng (RG, harvested when 6 years old) is ginseng 
root steamed at 98-100°C without peeling (Figure 1) 
(6-8,29).
    Generally, RG is more common as a medicinal herb 
than WG in Asia because steaming induces changes in 
the chemical constituents and enhances the biological 
activity of ginseng (8,29-31). On the other hand, a novel 
heat-processing method in which ginseng is autoclaved 
at a higher temperature than RG was recently developed 
to achieve an even stronger activity than that of RG, and 
this ginseng product was termed heat-processed ginseng 
(HPG, Figure 1) (25,32,33). HPG has been reported to 
exhibit more potent pharmacological activities, such 
as vasorelaxation, anxiolytic-like activity, antioxidant 
activity, and antitumor activity, than conventional WG 
or RG (32,34-37).
    Based upon this evidence, this study investigated the 
increase in free radical-scavenging activity of Panax 
ginseng as a result of heat-processing and its active 
compounds related to enhanced antioxidant activity. In 
addition, the therapeutic potential of HPG with respect 
to oxidative tissue damage was examined using rat 
models. The aim of this paper was to review scientific 
evidence underlying the therapeutic potential of HPG 
with respect to oxidative tissue damage, which should 
prove helpful in understanding the complex efficacy 

changes of ginseng brought about by heat-processing.

2. Increase in the free radical-scavenging activity of 
ginseng as a result of heat-processing

Reactive oxygen metabolites, including free radicals 
such as nitric oxide (•NO), superoxide anion (O2

•-), 
hydroxyl radical (•OH), and peroxynitrite (ONOO-), are 
toxic and play an important role in tissue injury (38-41). 
O2

•- reacts rapidly with •NO to produce the more toxic 
ONOO-. ONOO- is protonated and forms peroxynitrous 
acid (ONOOH) under physiological conditions, and 
ONOOH easily decays to yield strong oxidants such as 
nitrogen dioxide, nitryl cations, and •OH. ONOO- and 
its decomposition products contribute to antioxidant 
depletion, alterations of protein structure, and oxidative 
damage observed in human disease (42-45). As 
antioxidants may attenuate oxidative damage by free 
radical-scavenging or metal chelation, many studies 
have been performed to identify medicinal herbs’ 
potential action to protect against free radical attack.
    Ginseng extract is known to exhibit free radical-
scavenging activity with respect to radicals such 
as 1,1-diphenyl-2-picrylhydrazyl (DPPH), carbon-
centered radical, O2

•-, ONOO-, and •OH. Although 
there have been many reports on ginseng’s action to 
protect against free radical attack, ginseng has been 
found to possess no •NO-scavenging activity (20,32,46). 
According to the authors’ own in vitro studies of free 
radical-scavenging activity with WG, RG, and HPG 
(37,47), WG had no or little effect on •NO-scavenging 
activity but RG and HPG displayed stronger inhibitory 
effects than WG, as shown in Figure 2A. In addition, 
HPG exhibited greater O2

•--scavenging activity than 
WG and RG; however, there was no difference in the 
O2

•--scavenging activity of WG and RG (Figure 2B). 
In particular, HPG effectively scavenged ONOO- 
and •OH in a concentration-dependent manner, as 
shown in Figure 2C and D. Therefore, the free radical-
scavenging activity of ginseng increased as a result 
of heat-processing (37,47), and HPG is suggested 
to have stronger action to protect against reactive 
oxygen species (ROS) related to tissue damage than 
conventional ginseng products.

3. Identification of free radical-scavenging active 
components of HPG

Although the beneficial effects of ginseng with 
respect to free radical attack and their enhancement 
by heat-processing have been well documented, the 
quality of ginseng is important to ensure its safety 
and efficacy (48). The contents of ginseng change 
with the cultivation period, location, harvesting time, 
or the parts utilized, and there are wide variations in 
pharmacological activity and components such as 
ginsenoside in the ginseng (49-51). The employment 
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Figure 1. Classifi cation of Panax ginseng by heat-processing methods.
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of standardized extracts of ginseng with specified 
bioactive constituents has been suggested to be the first 
step in assessing its efficacy and safety and ensuring 
optimal quality control of ginseng products (23). 
Therefore, the active components of ginseng produced 
by heat-processing were investigated by elucidating 
changes in chemical and free radical-scavenging 

activity.

3.1. Changes in the chemical and free radical-scavenging 
activity of ginsenosides

Ginsenosides, unique consti tuents of ginseng, 
are glycosides of thirty carbon derivatives of the 
triterpenoid dammarane, as shown in Figure 3. They 
have a hydrophobic four-ring steroid-like structure 
with hydrophilic sugar moieties. About 30 different 
types of ginsenosides have been isolated and identified 
from the root of Panax ginseng. Each also has at 
least two (carbon-3 and -20) or three (carbon-3, -6 
and -20) hydroxyl groups, which are free or bound to 
monomeric, dimeric, or trimeric sugars (6,52).
    The HPLC profile of each prepared ginseng extract is 
illustrated in Figure 4. WG shows typical ginsenosides 
consisting of Re, Rg1, Rb1, Rc, and Rb2. In the case of 
RG, the contents of polar ginsenosides (peaks 1 and 2) 
decreased slightly and less-polar ginsenosides (peaks 
5-8) increased. Moreover, major polar ginsenosides 
(peaks 1-4) in WG decreased greatly and less-polar 
ginsenosides (peaks 5-10) became major constituents 
in HPG. This elevation in the content of less-polar 
ginsenosides was also shown in a heat-processing 
model experiment using glycine-Rb2 (Figure 5 and 
6), that is, Rb2 was gradually changed into 20(S)-Rg3, 
20(R)-Rg3, Rk1, and Rg5 by heat-processing at 100 and 
120°C (Figure 5) (53). 20(R)-ginsenosides and 20(S)-
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ginsenosides are epimers of each other depending on 
the position of the hydroxyl group on carbon-20. This 
epimerization is known to occur by the selective attack 
of the hydroxyl group after the elimination of a glycosyl 
residue at carbon-20 during the steaming process 
(6,52). In addition, more less-polar ginsenosides such 
as Rk1 and Rg5 are known to be easily produced by 
the elimination of H2O at carbon-20 of Rg3 under high 
pressure and temperature conditions, like in autoclaving 

33

Figure 5. HPLC chromatograms of (A) glycine-Rb2 mixture, (B) 
glycine-Rb2 mixture steamed at 100°C for 3 h, and (C) glycine-Rb2 
mixture steamed at 120°C for 3 h.
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(Figure 6) (25).
    Despite the long history of ginseng research, there 
have been virtually no in vitro reports describing 
the direct free radical-scavenging mechanisms of 
ginsenosides. Table 1 shows the •NO-scavenging 
activity of ginsenoside-Re, Rg1, Rb1, 20(S)-Rg3, 20(R)-
Rg3, Rk1, and Rg5, but no ginsenosides displayed •NO-
scavenging activity or increased •NO generation in high 
concentrations (47). However, the n-BuOH fraction, 
mainly consisting of ginsenosides, displayed the 
strongest activity based on •OH-scavenging activity-
guided fractionation of HPG when determined with an 
electron spin resonance spectrometer (ESR) (Figure 7). 
The n-BuOH fraction was analyzed by HPLC (Figure 
8A), and relatively high contents of four ginsenosides, 
20(S)-Rg3 32.8%, 20(R)-Rg3 7.3%, Rk1 15.7%, and 
Rg5 18.6%, were detected and isolated, all known to be 
major ginsenoside constituents of HPG (32,33). Among 
them, 20(S)-Rg3 displayed the strongest activity, and 
the next were, in decreasing order, Rg5, 20(R)-Rg3, and 
Rk1 at a concentration of 0.5% (Figure 8B). Therefore, 
20(S)-Rg3 and Rg5 were suggested to be the main •OH-
scavenging active components of HPG (53,54).
    According to the correlation between the structure 

Material        Concentration               •NO                Production %
            (μg/mL)         (μM)

               12.5                     13.6 ± 0.1        101.9
              25                        13.5 ± 0.3        101.3
Re              50                        13.6 ± 0.3        102.4
            125                        14.6 ± 0.2c             109.9
            250                        15.1 ± 0.1c             113.5

                                                     12.5                     13.7 ± 0.2b             103.1
              25                        13.9 ± 0.2c             104.6
Rg1              50                        14.9 ± 0.1c              111.9
            125                        15.5 ± 0.1c             116.8
            250                        16.7 ± 0.1c             125.8

              12.5                     13.1 ± 0.1            98.5
              25                        13.6 ± 0.1        102.2
Rb1              50                        14.0 ± 0.1c             105.1
            125                        15.3 ± 0.2c             115.2
            250                        16.6 ± 0.1c             124.7

                       12.5                     12.5 ± 0.2c                   94.0
              25                        13.1 ± 0.1            98.8
20(S)-Rg3              50                        13.7 ± 0.3c             102.9
            125                        14.4 ± 0.1c             108.4
            250                        15.5 ± 0.1c             112.5

              12.5                     12.9 ± 0.2                   96.7
              25                        13.0 ± 0.1            97.5
20(R)-Rg3              50                        14.1 ± 0.1c             106.4
            125                        14.7 ± 0.1c             110.4
            250                        15.5 ± 0.2c             116.9

              12.5                     14.4 ± 0.2c             108.2
              25                        14.1 ± 0.2c             105.8
Rk1              50                        14.3 ± 0.4c             107.7
            125                        14.2 ± 0.3c             106.4
            250                        13.9 ± 0.4a             104.2

                               12.5                     13.7 ± 0.1a             102.8
              25                        13.0 ± 0.3                  97.9
Rg5              50                        13.0 ± 0.1                   97.8
            125                        13.5 ± 0.1             101.5
            250                        14.4 ± 0.1c             108.1

Control              -                        13.3 ± 0.3        100.0

Table 1. Effects of ginsenosides on •NO production

Signifi cance: ap < 0.05, bp < 0.01, cp < 0.001 compared with control 
values.
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and •OH-scavenging activity of ginsenosides (Rb1, 
Rb2, Rc, Rd, Re, Rg1, 20(S)-Rg3, 20(R)-Rg3) isolated 
from Panax ginseng, 20(S)-Rg3 displayed the strongest 
activity, and the next were, in decreasing order, 
Rb1, Rg1, and Rc (Figure 9A). These ginsenosides (2 
mM) displayed inhibitory activity with respect to •OH 
generation 50% greater than that of the control. The other 
ginsenosides such as Rb2 and Rd displayed comparably 
lower activity, and Re and 20(R)-Rg3 exhibited no 
significant inhibition (Figure 9A). The difference 
in the structures of ginsenosides is solely due to the 
position and type of sugar moieties connected to the 
ring of the triterpenoid dammarane, and this mutual 
interaction was suggested to play an important role in 
the antioxidant effects of ginsenosides (55).

    •OH-scavenging can be accomplished by direct 
scavenging or via the prevention of •OH formation 
through the chelation of free metal ions or conversion 
of H2O2 to other harmless compounds (56). Several 
ginsenosides used in this study displayed no or 
weak H2O2- and DPPH radical-scavenging activity 
at a concentration of 2 mM based on preliminary 
studies (unpublished). Based on the ferrous metal 
ion-chelating activity tests of several ginsenosides, 
the •OH-scavenging mechanism of ginsenosides 
was related more to their transition metal-chelating 
activity than via the direct scavenging of free radicals 
(Figure 9) (57). As weakly •OH-scavenging Rb2 was 
gradually changed into strongly •OH-scavenging 
20(S)-Rg3 and Rg5 by heat-processing (Figure 6), the 
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chemical changes of ginsenosides are thought to be 
pivotal to enhancing the antioxidant activity of ginseng 
by ferrous metal ion-chelating activity, and dietary 
nutrients containing metal chelators have received 
much attention because of their preventive antioxidant 
activity (38,41,58).

3.2. Changes in the chemical and free radical-scavenging 
activity of phenolic acids and maltol

In general , the main pharmacologically active 
constituents of ginseng are believed to be ginsenosides, 
but researchers also have investigated phenolic 
compounds as bioactive constituents of ginseng 
(59,60). Phenolic compounds are commonly found in 
plants, and they have been reported to exhibit multiple 
biological effects, including antioxidant activity. Many 
studies have revealed that the phenolic content of 
plants can be correlated with their antioxidant activity 
(61,62). In addition, the free radical-scavenging activity 
of ginsenosides was, according to previous research, 
limited to •OH by ferrous metal ion-chelating activity 
(53,54,57), which fails to explain the increased •NO-, 
O2

•--, and ONOO--scavenging activity of ginseng as 
a result of heat-processing with only ginsenosides. 
However, the highly reactive ONOO--scavenging 
ability of HPG was closely related to its ether fraction 
containing phenolic compounds based on ONOO--
scavenging activity-guided fractionation of HPG (Figure 
7A) (unpublished). Therefore, focus was turned to 
the phenolic compounds of ginseng, i.e. non-saponin 
components such as salicylic acid, vanillic acid, 
p-coumaric acid, and maltol (Figure 10). They are also 
known to be the principal antioxidant components of 

WG and RG (59,60).
    Based on GC-MS analyses of ginseng extracts, four 
compounds were detected in the order of increasing 
retention time: maltol, salicylic acid, vanillic acid, and 
p-coumaric acid (Figure 11). Maltol was found to be 
the compound increased most by heat-processing in 
comparison to the other 3 phenolic acids. In the case 
of phenolic acids, their contents increased in RG in 
comparison to those in WG (Table 2). The p-coumaric 
and vanillic acid content is known to be greater in 
RG than in WG (63); however, the contents of these 
compounds did not continuously increase in HPG. 
The decreases in some phenolic content in HPG were 
thought to be caused by thermal decomposition or 
structural changes in phenolic compounds under high 
pressure and temperature conditions. In particular, 
salicylic acid easily decomposes thermally and has a 
propensity to undergo hydroxylation (64,65), and the 
level of total phenolic compounds has been reported 
to decrease with heat treatment in malt (66). Although 
there were changes in the content of salicylic, vanillic, 

      WG   RG                     HPG

Maltol         2.6  10.7           94.0
Salicylic acid        0.1    1.6             0.4
Vanillic acid        0.4    1.0             0.6
p-Coumaric acid        0.5    0.6             0.4

Table 2. Quantity of maltol and phenolic acids in WG, RG, 
and HPG (mg/100 g)

Figure 7. (A) Fractionation of HPG extract. (B) The graph compares 
the effects of HPG and its fractions (1 mg/mL) on •OH production.
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and p-coumaric acids in WG, RG, and HPG, these were 
considerably fewer than those of maltol (Table 2).
    When each phenolic compound and maltol (10 μg/
mL) were added, vanillic acid displayed the strongest 
•NO-scavenging activity, and the next was p-coumaric 
acid, but salicylic acid and maltol exhibited no activity 
(Figure 12A). Similarly, vanillic acid displayed the 
strongest O2

•--scavenging activity, and the next were, in 
decreasing order, salicylic acid, maltol, and p-coumaric 
acid (Figure 12B). Vanillic acid, maltol, and p-coumaric 
acid displayed strong ONOO--scavenging activity, but 
the effect of salicylic acid decreased with the increase in 
concentration (Figure 12C). In particular, highly toxic 
•OH production was reduced to 13.1, 13.2, 39.0, and 
74.2% of the control value by maltol, p-coumaric acid, 
vanillic acid, and salicylic acid, respectively (Figure 
12D). The free radical-scavenging activity of phenolic 
compounds in ginseng was in accordance with the 
reported structure and activity relationships of simple 
phenolic acids. The number and position of hydroxyl 
groups or hydrogen-donating groups in the phenolic 
molecular structures affect their antioxidant activity 

(37,47,65). On the other hand, the strong ONOO-- and 
•OH-scavenging activity of maltol was thought to result 
from ferrous metal ion-chelating action owing to its 
hydroxyketone structure (67).

Based on the quantitative analysis of phenolic 
contents and radical-scavenging activity tests, maltol 
was the main free radical-scavenging component 
of HPG among the 4 principal antioxidant phenolic 
compounds in ginseng. However, this fails to explain 
the free radical-scavenging activity of HPG with 
only phenolic acids and maltol. The most convincing 
proposal involves Maillard reaction products (MRPs), 
thought to be the major components in various crude 
drugs or foods that correlated with enhanced free 
radical-scavenging activity as a result of heat treatment. 
MRPs in ginseng were reported to increase as a result 
of heat-processing; these compounds are arg-fru-glc, 
arg-fru, maltol, maltol-3-O-β-D-glucoside, and so on 
(68,69). A detailed study of MRPs in HPG has not been 
conducted yet, but maltol is a typical marker of the 
Maillard reaction (70). Therefore, further studies of free 
radical-scavenging active components such as MRPs 
or new products generated during heat-processing are 
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Figure 10. Structures of phenolic compounds and maltol.
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underway.

4. HPG’s protective action against lipopolysaccharide 
(LPS)-induced hepatic damage

LPS has been shown to increase the constitutive 
release of •NO by the endothelium and the activity 
of inducible nitric oxide synthase (iNOS) (71,72). In 
addition, •NO stimulates H2O2 and O2

•- production by 
mitochondria (73), and, in turn, these ROS participate 
in the up-regulation of iNOS expression via nuclear 
factor-kappa B (NF-κB) activation (74,75). NF-κB is 
normally present in the cytoplasm of eukaryotic cells 
as an inactive complex with the inhibitory protein, 
IκB. When cells are exposed to various external 
stimuli, such as ROS or LPS, IκB undergoes rapid 
phosphorylation with subsequent ubiquitination, 
leading to the proteosome-mediated degradation of this 
inhibitor. The functionally active NF-κB exists mainly 
as a heterodimer consisting of subunits of the Rel 
family (e.g., Rel A or p65, p50, p52, c-Rel, v-Rel, and 
Rel B) and translocates to the nucleus, where it binds 
to specific consensus sequences in the promoter or 
enhancer regions of target genes, thereby altering their 
expression (74,76-78). ROS also cause the peroxidation 
of membrane phospholipids, which can alter membrane 
fluidity and lead to the loss of cellular integrity. Thus, 
the impaired activity of mitochondrial enzymes leads to 
decreased energy levels and failure of organs such as of 
the heart, kidney, lung, and liver (42,79). On the other 
hand, heme oxygenase-1 (HO-1) is believed to play 
an important role in attenuating tissue injury caused 
by inflammatory stimuli, and the up-regulation of 

HO-1 has been shown to protect against LPS-induced 
cardiovascular collapse or liver damage (80,81).
    Among the major organs affected by LPS toxicity, 
the liver plays an important physiological role in LPS 
detoxification (82,83). In addition, there has been 
growing interest regarding the effects of RG-specific 
ginsenosides on hepatotoxicity and the antioxidative 
enzyme activity of the liver because the metabolites 
of ginsenosides are known to be esterified with fatty 
acid in the liver without structural variation, and the 
esterified metabolites accumulate in the liver (84-87). 
Therefore, the effect of HPG, which has increased 
RG-specific ginsenoside content, on LPS-induced 
liver injury in rats was examined to identify its 
hepatoprotective action.
    To examine the hepatoprotective action of HPG, 
male Wistar rats were divided into four groups while 
avoiding any inter-group differences in body weight. 
The control groups were given water, while the other 
groups were orally administered HPG extracts at a dose 
of 50 or 100 mg/kg body weight daily using a stomach 
tube. After 15 consecutive days of administration, the 
rats were given intravenous LPS (from Escherichia 
coli serotype 055: B5, Sigma Chemical Co., USA), at 5 
mg/kg body weight. At 6 h after the LPS challenge, the 
rats were sacrificed, and blood and liver samples were 
collected.
    As shown in Table 3, there was a significantly 
elevated serum nitrite/nitrate (NO2

-/NO3
-) level in 

LPS-treated control rats. However, HPG administration 
either failed to ameliorate or only slightly (not 
significantly) increased this increased level. The fact 
that the administration of ginseng increases the serum 
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Group           Dose   NO2
-/NO3

- 
            (mg/kg body weight/day)      (μM)

Normal              -                    0.3 ± 0.2

LPS treatment
    Control                                -                216.5 ± 1.0a

    HPG             50                217.4 ± 0.7a

    HPG           100                223.5 ± 0.1a

Table 3.  NO2
-/NO3

- level of serum

Values are the mean ± SE, ap < 0.001 compared with normal rats.
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N        C  HPG50 HPG100   

b
a,c d

0.0

0.5

1.0

1.5

2.0

nm
ol

/m
g 

pr
ot

ei
n

N        C  HPG50 HPG100   

b
a,c d

0.0

0.5

1.0

1.5

2.0

nm
ol

/m
g 

pr
ot

ei
n

Figure 13. TBA-RS levels in hepatic mitochondria. N, normal rats; 
C, LPS-treated control rats; HPG50, HPG (50 mg/kg body weight/
day)-administered and LPS-treated; HPG100, HPG (100 mg/kg body 
weight/day)-administered and LPS-treated. ap < 0.01, bp < 0.001 vs. 
normal rats; cp < 0.05, dp < 0.001 vs. LPS-treated control rats.
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NO2
-/NO3

- level related to vascular relaxation has been 
well documented (88,89), and the slightly increased 
serum NO2

-/NO3
- level of HPG-administered groups 

in this study was also thought to have been due to the 
same reason.
    Figure 13 shows the thiobarbituric acid reactive 
substance (TBA-RS) level of hepatic mitochondria, 
implying an index of endogenous lipid peroxidation 
caused by oxidative stresses. The TBA-RS level in 
control rats was significantly higher than that in normal 
rats, but it was reduced by HPG administrations in 
a dose-dependent manner. This amelioration of the 
TBA-RS level suggests the protective effect of HPG 
on hepatic mitochondria and its function. In addition, 
Figure 14 shows Western blot analyses in liver tissues 
related to oxidative stress. The oxidative stress-related 
proteins NF-κB, iNOS, and HO-1 are up-regulated in 
the liver during LPS challenge but have opposite roles. 
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That is, down-regulation of NF-κB and iNOS suggests 
a hepatoprotective effect, but HO-1 is known to exhibit 
a protective role via up-regulation (72,79,81). The NF-
κBp65 and iNOS levels in the LPS-treated control 
rats were significantly higher than those of normal 
rats, but these elevated levels were reduced by HPG 
administrations in a dose-dependent manner. Although 
iNOS is well known to be regulated by NF-κB (75,76), 
the deactivation of NF-κBp65 by HPG administration 
was thought to be too weak to have much of a 
significant effect on the inhibition of iNOS. Otherwise, 
the effect of HPG might be involved in transcriptional 
factors other than NF-κBp65 and post-transcriptional 
cytokines related to the induction of iNOS (79). 
Therefore, inhibition of the elevated iNOS level was 
thought to be partially related to the deactivation of NF-
κBp65 as a result of HPG administration. On the other 
hand, the HO-1 level in LPS-treated control rats was 
significantly higher than that in normal rats, and it was 
more significantly up-regulated by the 100 mg/kg body 
weight/day of HPG administration. This differential 
modulation of iNOS and HO-1 by HPG administration 
appears to have a protective effect against oxidative 
stress in accordance with the hepatoprotective effect 
of ketamine on LPS-induced hepatic injury in rats 
(81). On the other hand, the anti-inflammatory effect 
of 20(S)-protopanaxadiol (20(S)-PPD), a metabolite 
of ginsenoside, was suggested to be mediated by the 
inactivation of NF-κB, suppression of iNOS, and 
induction of HO-1 (90) based on the study of the effect 
of 20(S)-PPD on LPS-induced RAW 264.7 cells. In 
addition, maltol was suggested to be a functional agent 
that prevents oxidative damage in the brain of mice by 
reducing increased TBA-RS levels (91). Although the 
synergetic antioxidant effects of multiple constituents of 
HPG cannot be ignored, HPG clearly has an antioxidant 
effect on liver injury related to acute oxidative stress, 
and this activity may be related to the increase in 
antioxidant components as a result of heat-processing 
(92).

5. HPG’s action to protect against streptozotocin 
(STZ)-induced diabetic renal damage

Diabetes mellitus is characterized by hyperglycemia. 
An abnormally elevated blood glucose level causes 
oxidative stress and the formation of advanced 
glycation endproducts (AGEs), which have been 
closely linked to diabetic complications such as 
neuropathy, retinopathy, and nephropathy (78,93). In 
particular, diabetics are at increased risk for several 
types of kidney disease, and the predominant cause 
of end-stage renal disease in this disorder is diabetic 
nephropathy (94,95). Many attempts have been made 
to improve the treatment of diabetes. Various kinds of 
hypoglycemic drugs or insulin are now available for the 
control of hyperglycemia, but modern medicine offers 
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Figure 14. Effects of HPG on (A) NF-κBp65, (B) iNOS, and 
(C) HO-1 expressions. N, normal rats; C, LPS-treated control 
rats; HPG50, HPG (50 mg/kg body weight/day)-administered 
and LPS-treated; HPG100, HPG (100 mg/kg body weight/
day)-administered and LPS-treated. ap < 0.05, bp < 0.001 in 
comparison to normal rats; cp < 0.05 in comparison to LPS-
treated control rats.
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no satisfactory therapy without undesirable side effects 
or contraindications (96). Prevention of the occurrence 
and progression of diabetic nephropathy is crucial. 
Therefore, great effort has been focused on finding a 
novel therapeutic agent for diabetic nephropathy in 
traditional and herbal medicines that produce no toxic 
effects (97-100).

Antioxidants are known to protect against 
glycation-derived free radicals and may have a 
therapeutic potential (78,93). HPG displayed stronger 
•NO-, O2

•--, ONOO--, and •OH-scavenging activity 
than WG and RG, as mentioned above. However, there 
are virtually no reports concerning the effect of HPG 
on diabetic oxidative stress, and the enhanced radical-
scavenging activity of HPG is thought to be beneficial 
with respect to diabetic oxidative damage caused by 
hyperglycemia. Therefore, HPG’s protective action 
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against renal damage caused by oxidative stress or 
the formation of AGEs in diabetes and its molecular 
biological mechanism were investigated.

To obtain Type 1 (insulin dependent) diabetic 
rats, STZ (50 mg/kg body weight) was injected 
intraperitoneally into male Wistar rats. Ten days after 
the injection, the glucose level of blood from the tail 
vein was determined and the rats were divided into 
three groups, avoiding any inter-group differences in 
blood glucose levels and body weights. The control 
group was given water, while the other groups were 
given an HPG extract orally at a dose of 50 or 100 
mg/kg body weight daily using a stomach tube. After 
administration for 15 consecutive days, urine, blood, 
and kidneys were collected.
    The destruction of β-cells and disorder of insulin 
secretion in the diabetic state causes physico-metabolic 
abnormalities such as a decrease in body weight 
gain and increases in food and water intake and 
urine volume. The STZ-induced diabetic rats in this 
study also displayed these changes. However, HPG 
administration significantly reduced water intake and 
urine excretion levels, suggesting that HPG would 
improve the physiological abnormalities associated 
with diabetes (Table 4).
    Hyperglycemia, a primary characteristic of diabetes, 
is mainly attributed to diabetic oxidative stress 
caused by several factors. Hyperglycemia leads to the 
overproduction of free radicals by the nonenzymatic 
glycation of proteins through the Maillard reaction, 
and these free radicals exert deleterious effects on 
the function of β-cells vulnerable to oxidative stress 
(101,102). In addition, hyperglycemia can degrade 
antioxidant enzyme defences, thereby allowing ROS 
to cause cellular and tissue damage. As shown in Table 
5, the blood glucose levels in diabetic rats significantly 
decreased in rats fed HPG at a dose of 100 mg. In 
addition, among the renal function parameters, HPG 
administration reduced the abnormally increased urinary 
albumin level in diabetic rats (Figure 15). The urinary 
protein level slightly increased in diabetic rats but was 
significantly reduced by HPG administrations. On the 
other hand, there were no remarkable ameliorations 
in serum urea nitrogen and creatinine clearance (Ccr) 
levels (Table 5). The sign of early diabetic nephropathy 
is an increased urinary albumin level, and advanced 
diabetic nephropathy is characterized by proteinuria 
and decreasing Ccr levels (103). Therefore, early 

Group
             Dose       Body weight    Food intake   Water intake     Urine volume

     (mg/kg BW/day)   (initial, g)        (fi nal, g)          (gain, g)       (g/day)       (mL/day)        (mL/day)
 
Normal                -                   239.2 ± 3.6     313.3 ± 11.0      72.8 ± 6.6     18.8 ± 0.8      35.9 ± 3.1         15.2 ± 1.3

Diabetic
   Control                -                   196.9 ± 4.6     227.0 ± 5.8a       27.2 ± 5.0     29.1 ± 0.9a    147.1 ± 6.0a       120.2 ± 5.2a

   HPG               50                  196.7 ± 7.6     222.8 ± 11.5a         26.1 ± 5.1     28.1 ± 0.8a    134.8 ± 4.2a,b       107.9 ± 3.1a,c

   HPG             100                  196.5 ± 5.6     219.0 ± 9.1a            19.9 ± 5.2     26.3 ± 0.9a,c    124.9 ± 3.0a,c         98.8 ± 2.8a,c

Table 4. Physico-metabolic symptoms

ap < 0.001 compared with normal rats; bp < 0.01, cp < 0.001 compared with diabetic control rats.
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Figure 15. SDS-PAGE pattern of urinary protein. M, protein marker; 
N, normal rats; C, diabetic control rats; HPG50, diabetic rats treated 
with HPG (50 mg/kg BW/day); HPG100, diabetic rats treated with 
HPG (100 mg/kg BW/day). ap < 0.05, bp < 0.001 in comparison to 
normal rats; cp < 0.01 in comparison to diabetic control rats.
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diabetic renal changes were thought to have occurred in 
this study but not advanced nephropathy. Furthermore, 
hyperglycemia results in irreversible tissue damage 
caused by the protein glycation reaction, which leads 
to the formation of glycosylated protein and AGEs 
(104,105). The glycosylated serum protein level 
increased in the present diabetic animal model, which 
implies that it stimulates the oxidation of sugars, 
enhancing damage to both sugars and proteins in 
circulation and the vascular wall, continuing and 
reinforcing the cycle of oxidative stress and damage. In 
addition, accumulation of AGEs in the kidney was also 
observed. Excessive formation and accumulation of 
AGEs in tissues can alter the structure and function of 
tissue proteins. In people with diabetes and/or chronic 
renal failure, AGEs that accumulate in the kidney 
are responsible for pathological changes including 
increased kidney weight, glomerular hypertrophy, 
glomerular basement membrane thickening, and 
progressive albuminuria (106). Moreover, AGEs 
st imulate free radical mechanisms and induce 
membrane peroxidation, which in turn increases 
membrane permeability. Therefore, AGE accumulation 
in the kidney is regarded as an index of progressive 
renal damage in diabetic nephropathy. HPG decreased 
the levels of glycosylated serum protein and renal AGEs 
significantly (Table 5 and 6), suggesting that it would 
inhibit oxidative damage and irreversible renal damage 
caused by protein glycation reaction in diabetes.
    A significant increase in TBA-RS, an index of 
endogenous lipid peroxidation, has been shown in 
diabetes (107,108). Therefore, the measurement of 
TBA-RS is frequently used to determine the level of 
oxidative stress in diabetic patients. In addition, the 
increased lipid peroxidation in the kidney implies the 
level of susceptibility to diabetic oxidative stress, which 
then leads to diabetic complications. From this view 

point, the prevention of lipid peroxidation resulting 
from oxidative stress is considered to play a crucial role 
in protection from disorders associated with diabetes. 
The administration of HPG reduced the renal TBA-
RS level significantly and dose-dependently (Table 6). 
These results suggest that HPG may alleviate oxidative 
stress associated with diabetic pathology through the 
inhibition of lipid peroxidation.
    To then consider hyperglycemia-induced renal 
function parameters and tissue damage, Western 
blot analyses in the kidney related to oxidative 
stress and AGE formation were performed. NF-κB, 
cyclooxygenase-2 (COX-2), and iNOS are known 
to be involved in the pathogenesis of many chronic 
diseases associated with oxidative stress. COX-2 and 

Group              Dose      AGEs              TBA-RS
     (mg/kg BW/day)      (AU)        (nmol/mg protein)

Normal                -                   0.77 ± 0.02             0.83 ± 0.01

Diabetic      
   Control                -                   0.96 ± 0.03a                    1.45 ± 0.11a 
   HPG               50                  0.81 ± 0.03b                    0.90 ± 0.04b

   HPG             100                  0.80 ± 0.01b            0.76 ± 0.05b

Table 6. Renal AGE and TBA-RS levels

ap<0.001 compared with normal rats; bp < 0.001 compared with 
diabetic control rats.

Table 5. Biochemical features of serum and urine
     

Normal

    Diabetic rats
 Item               
                                          

control     HPG          HPG
                  (50 mg/kg BW/day)           (100 mg/kg BW/day)

Serum glucose, mg/dL     112 ± 4   558 ± 22c   526 ± 26c        501 ± 14c,e

Serum glycosylated protein,nmol/mg protein  15.5 ± 0.5  20.9 ± 0.9c  21.6 ± 0.4c       15.6 ± 0.7f

Serum urea nitrogen, mg/dL   15.0 ± 0.7  26.0 ± 0.6c  24.5 ± 1.0c,d      25.3 ± 0.9c

Serum creatinine, mg/dL    0.31 ± 0.01 0.32 ± 0.01 0.28 ± 0.01b,f      0.28 ± 0.01b,f

Urinary protein, mg/day   11.2 ± 2.3  13.0 ± 0.6    9.9 ± 1.0a,f                        8.9  ± 0.7b,f

Ccr, mL/kg BW/min    7.73 ± 0.06 7.29 ± 0.38 7.89 ± 0.36      7.86  ± 0.43
ap < 0.05, bp < 0.01, cp < 0.001 compared with normal rats; dp < 0.05, ep < 0.01, fp < 0.001 compared with diabetic control rats.

Figure 16. Effects of HPG on (A) NF-κBp65, (B) COX-2, (C) iNOS, 
(D) 3-nitrotyrosine, (E) CML, and (F) RAGE expressions. NIC, 
nitrotyrosine immunoblotting control; M, protein marker; N, normal 
rats; C, diabetic control rats; HPG50, diabetic rats treated with HPG 
(50 mg/kg BW/day); HPG100, diabetic rats treated with HPG (100 
mg/kg BW/day). ap < 0.05, bp < 0.01, cp < 0.001 in comparison to 
normal rats; dp < 0.05, ep < 0.01 in comparison to diabetic control rats.
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iNOS expression is known to be significantly enhanced 
in the kidneys of STZ-induced diabetic rats or mice 
(96). NF-κB is involved in the regulation of COX-2 
and iNOS expression. As the current results show, 
NF-κBp65, COX-2, and iNOS were overexpressed 
in the diabetic rat kidney, and these overexpressions 
were concentration-dependently inhibited by HPG 
administrations (Figure 16A, B, and C). These findings 
imply that HPG inhibits COX-2 and iNOS expression 
as a result of the deactivation of NF-κB. Surh et al. (77) 
also reported that the anti-tumor promoting activity of 
HPG and its ingredient 20(S)-Rg3 are mediated through 
the suppression of intracellular signaling cascades 
responsible for the activation of NF-κB and subsequent 
induction of COX-2.
    3-Nitrotyrosine, a by-product of the reaction between 
ONOO- and proteins, is a potential biomarker for 
reactive-nitrogen species and increases in diabetic renal 
tissue. In addition, ONOO- induces the formation of 
Nε-(carboxymethyl)lysine (CML) as a result of the 
oxidative cleavage of Amadori products (109-111). 
CML is a major AGE in human tissues, is known to 
be a marker of cumulative oxidative stress, and is 
involved in the development of diabetic nephropathy 
(110,112). Moreover, CML’s activation of receptors for 
AGE (RAGE) results in the activation of NF-κB and 
the production of proinflammatory cytokines (78,113). 
As shown in Figure 16D, the significantly elevated 
3-nitrotyrosine level in diabetic rats was reduced by 
HPG administrations, suggesting that HPG alleviates 
oxidative stress by inhibiting the generation of reactive-
nitrogen species such as ONOO-. In addition, the 
elevated renal accumulation of CML and RAGE 
expression in diabetic rats were significantly reduced 
in HPG-administered groups (Figure 16E and F). 
These findings imply that HPG can prevent diabetic 
nephropathy by inhibiting ONOO- generation, AGE 
formation, and RAGE activation.

    The current findings strongly suggest that the 
inhibition of oxidative stress and AGE formation 
may improve and prevent diabetes-induced tissue 
damage and diabetic complications. Although the anti-
hyperglycemic effect of HPG was not a strong one, 
HPG displayed considerable action to protect against 
hyperglycemia-induced renal damage by inhibiting 
AGE formation and oxidative stress. In particular, 
HPG suppresses RAGE activation related to NF-κB 
activation by inhibiting AGE formation. HPG also 
protects the kidney against diabetic oxidative stress 
induced by expression of COX-2 and iNOS via the 
deactivation of NF-κB. Furthermore, HPG alleviates 
oxidative stress in diabetes through the inhibition 
of lipid peroxidation and the generation of reactive-
nitrogen species such as ONOO-. All of this evidence 
is thought to relate to the enhanced free radical-
scavenging activity of ginseng brought about by heat-
processing (114).

6. Conclusion and perspectives

Chemical and biological activity tests have elucidated 
the scientific evidence underlying the therapeutic 
potential of HPG with respect to oxidative tissue 
damage. Free radical-scavenging active components 
such as less-polar ginsenosides and maltol in Panax 
ginseng significantly increased depending on the 
temperature of heat-processing. Based on animal 
experiments related to oxidative tissue damage, 
HPG displayed hepatoprotective action by reducing 
the elevated TBA-RS level, and NF-κB and iNOS 
protein expression, while increasing HO-1 in LPS-
treated rat livers, and HPG also displayed renal 
protective action by ameliorating physiological 
abnormalities and reducing elevated TBA-RS, AGEs, 
NF-κB, COX-2, iNOS, 3-nitrotyrosine, CML, and 
RAGE protein expression in the diabetic rat kidney 
(Figure 17). Therefore, HPG clearly has a therapeutic 
potential with respect to oxidative tissue damage 
by inhibiting protein expression related to oxidative 
stress and AGEs. Thus, further investigations with 
active compounds are underway. This investigation 
of specified bioactive constituents is important for the 
development of scientific ginseng-derived drugs as part 
of ethnomedicine.
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ABSTRACT: Various 1,4-benzodiazepines were 
synthesized around a Diazepam, Oxazepam and 
the n-propyl-1,4-benzodiazepine template. SAR 
studies of CCK2 binding affinity were performed 
and selected examples of each series were tested 
in vivo in mice. In addition to an anxiolytic effect, 
antidepressant effects were discovered using 
8 standard CNS assays in mice. Finally, the 
cocomittant administration of the 1,4-benzodiazepine 
based CCK antagonists enhanced the response to 
pain with a low dose of morphine, significantly.

Key Words: 1,4-Benzodiazepine template, anxiolytics, 
antidepressant, anti-nociceptive agent, CCK-B 
antagonist, CCK2

Introduction

Cholecystokinin, which act as a neuromodulator/gut 
hormone and CCK-ligands, agonists as well as 
antagonists (1) have been extensively investigated as 
potential drug candidates (2). CCK-antagonists (3) were 
studied as growth inhibitors in certain forms of cancer 
(4), as anxiolytics (5), in the treatment of schizophrenia 
(6), satiety (7) and as anti-panic agents (8). An agonist, 
the shortened CCK tetrapeptide, was found to induce 
panic in patients and these effects were blocked by 
CCK antagonists (9). 

A phase II trial of Devazepide, a potent and CCK1 
selective antagonist (10) has been recently completed 
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(11) showing a significant enhancement of the effect of 
morphine in the treatment of chronic and severe pain 
(12).

Asperlicin, a microbial metabolite, was the 
first non-peptidal CCK antagonist and analogues 
thereof, containing an indolylmethyl substituent in 
the 3-position were studies as CCK ligands (13). 
The 1,4-benzodiazepine template was varied by a 
combinatorial solid phase synthesis (14) and was 
optimised in terms of CCK binding affinity (15). 
In the search for new CCK ligands, in which the 
1,4-benzodiazepine structure was replaced by an achiral 
template, the tryptophan-indole moiety was selected as 
starting point (16). 

Here, the systematic variation of the 1,4-benzodiazepine 
template (17) and the testing of reaction intermediates 
resulted in CCK2 ligands (Figure 1), which were 
subsequently studied in mice.

Having realized the relevance of the CCK receptor 
in the treatment of pain (18) and depression (19), novel 
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1,4-benzodiazepine based compounds were prepared 
and fully tested for these applications.

Materials and Methods

Chemistry

Atmospheric pressure chemical ionisation mass 
spectrometry (APCI-MS) was carried out on a Hewlett-
Packard 5989B quadrupole instrument connected to 
a 59987A unit with an APCI accessory. IR spectra 
were recorded as KBr discs on a Mattson 3000 FTIR 
spectrophotometer. Proton NMR spectra were obtained 
on a Bruker AC 250 instrument operating at 250MHz, 
with TMS as internal standard.

Experimental

Synthesis of Diazepam 1 [Methyl-7-chloro-5-phenyl-
1,3-dihydro-2H-1,4-benzodiazepin-2-one]: 1.75 mL of 
Chloroacetyl chloride (22 mmol) was added under 
stirring to a solution of 2-amino-5-chloro-benzophenone 
(4.65 g, 20 mmol) in 25 mL of anhydrous e the r a t  
0 ° C . The suspension containing the newly formed 
2-chloroacetamido-5-chlorobenzophenone was stirred 
for half an hour at 0°C and for 2 h at room temperature. 
64 mmoles of urotropine, 14.2 mL 2N aqueous HCl, 
60 mL methanol and 5.8 mL water were added to this 
suspension and the mixture was heated under reflux for 
16 h. It was cooled in an ice bath and the precipitate 
was filtered. The crystalls were washed with a 10 mL 
cold mixture of methanol/water. The product was dried 
at 60°C under reduced pressure. Yield 72% of Nor-
desmethyldiazepam. APCI + m/s: m/z = 271; IR (KBr 
disc) υmax = 3449, 3207, 2960, 1679, 1604, 1476, 1093, 
794 cm-1; 1H-NMR (CDCl3) d 4.31 (s, 2 H, C3:-H2), 
7.1-7.65 (m, 8 H, arom. H), 10.0 p.p.m. (s,1 H, N1:-H).
 Conversion of Nor-desmethyldiazepam into 
Diazepam 1 : A mix ture o f 0 .05 mole o f Nor-
desmethyldiazepam, 100 mL of N,N-dimethylformamide 
and 50% suspension of NaH in mineral oil (0.06 
mol) was added in portions to a solution of the parent 
compound (0.05 mol) in DMF (100 mL). After stirring 
for 15 min at 0-5°C, methyliodide (0.06 mol) was 
added dropwise to the mixture with ice cooling and 
the solution was stirred for additional 30 min at RT. 
For work up, water was added and the suspension was 
extracted with EtOAc. The extract was washed with 
brine, dried (Na2SO4) and then concentrated under 
reduced pressure giving Diazepam in quantitative yield. 
The entitled compound is identical with the reference 
substance form Sigma-Aldrich. APCI + m/s: m/z = 
285; TLC (Ether): Rf = 0.4; 1H-NMR (CDCl3) d 3.2 (s, 
3H, N1:-CH3), 4.4 (s, 2H, C3:-H2), 7.1-7.6 p.p.m.(m, 8 
arom. H).

Alkylation of Diazepam

A solution containing 20 mL of anhydrous THF and 
1.6 g (16 mmol) of diisopropylamine was cooled to 
-60°C and 11.2 mL (16 mmol) of 1.6 M n-butyllithium 
solution in hexane was added via syringe. The solution 
was stirred for 10-15 min and then warmed to room 
temperature. After the mixture was cooled back to -60°C, 
a 5 mL anhydrous DCM solution of Diazepam (2.3 g, 
8 mmol) was added through a syringe and the reaction 
mixture was brought to room temperature over 30 min. 
The resulting dark red solution of the Diazepam anion 
was cooled to -20°C. 16 mmol alkylbromide was added 
in 5 mL of THF. The mixture was stirred and allowed to 
come to room temperature. The reaction was followed 
by TLC and for work up dilute HCl was added until 
pH 6-7. The reaction mixtures were extracted with 
ether (3 × 100 mL). The oil, obtained after evaporation 
of the dried etheral extract, was chromatographed. 
Elution with hexane-ethyl acetate (6:1) gave the desired 
compounds as oils.

7-Chloro-1-methyl-5-phenyl-3-propyl-1,3-dihydro-2H-
1,4-benzodiazepin-2-one 2a

APCI + m/s: m/z = 327; TLC (Ether): Rf = 0.75; IR (KBr) 
υmax = 2971, 2861, 1715, 1669, 1461, 1253, 1114, 1073, 
738, 705 cm-1; 1H-NMR (CDCl3) d 0.99 (t; 3H, J = 7Hz, 
C3:-(CH2)2CH3), 1.35-1.52 (m, 2H, C3:-(CH2)2CH3), 
1.99 (m, 2H, C3:-CH2CH2CH3), 3.48 (s, 3H, N1:-CH3); 
4.17 (t, 1H, J = 5Hz, C3:-H), 7.2-7.87 (m, 8 arom. H), 
13C-NMR (CDCl3) d 14.1 (C3:-(CH2)2CH3), 19.1 (C3:-
CH2CH2CH3), 28.9 (N1:-CH3), 35.0 (C3:-CH2CH2CH3), 
68.0 (C-3), 122.6, 128.5, 129.5, 130.8, 131.3, 138.1, 
141.2, 167.7, 171.7 p.p.m.

3-Allyl-7-chloro-1-methyl-5-phenyl-1,3-dihydro-2H-
1,4-benzodiazepin-2-one 2b

APCI + m/s: m/z = 325 (80%), 311 (10%), 299 (5%), 
285 (5%); TLC (Ether): Rf = 0.75; IR (KBr) υmax = 
3436, 2923, 2856, 1668, 1607, 1484, 1386, 1320, 1263, 
1094, 1031, 804, 695 cm-1; 1H-NMR (CDCl3) d 2.45 
(m, 2 H), 2.95 (s, 3 H, N1:-CH3), 3.85 (m, 1H, C3:-H), 
4.8-5.6 (br m, 3 H, C3:-CH2CH=CH2), 7.1-7.85 (m, 8 
arom. H); 13C-NMR (CDCl3) d 32.8 (N1:-CH3), 36.8, 
62.1 (C-3), 122.2, 124.4, 127.1, 127.9, 129.4, 130.1, 
131.7, 133.5, 136.4, 143.2, 167.4, 168.2 p.p.m.
 
7-Chloro-1-methyl-5-phenyl-3-prop-2-ynyl-1,3-
dihydro-2H-1,4-benzodiazepin-2-one 2c

APCI + m/s: m/z = 323 (80%), 285 (15%), 241(5%); TLC 
(Ether): Rf = 0.8; IR (KBr) υmax = 3058, 2954, 2968, 
1668, 1612, 1480, 1318, 1253, 1123, 819, 742, 701 
cm-1; 1H-NMR (CDCl3) d 2.0-2.4 (m, 3 H), 3.45 (s, 3 H, 
N1:-CH3), 5.7 (m, 1 H, C3:-H), 7.2-7.75 (m, 8 arom. H); 
13C-NMR (CDCl3) d 21.9 (C3:-CH2C≡CH), 35.4 (N1:-
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CH3), 122.3, 127.1, 128.0, 129.5, 130.8, 131.7, 136.5, 
141.4, 166.5, 170.8 p.p.m. 

7-Nitro-5-phenyl-3-propyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one 3a via Sandmeyer reaction

p-Nitrobenzophenone was reacted 1.15 eq of bromo-
butyrylchloride at ambient temperature and the precipitate 
of N-(2-benzoyl-4-nitrophenyl)-2-bromopentanamide was 
filtered off. 0.02 mole of N-(2-benzoyl-4-nitrophenyl)-
2-bromopentanamide containing potassium iodide as 
catalyst were dissolved in 100 mL of liquid ammonia. 
The mixture was stirred for 5 h in liquid ammonia and 
subsequently the ammonia was allowed to evaporate 
off at room temperature overnight. The residue was 
recrystallised in ether/petrolether. Yield 60%. APCI - 
m/s: m/z = 323 (75%), 241 (25%); TLC (Ether): Rf = 
0.6; IR (KBr disc) υmax = 3449, 3338, 1640, 1611, 1476, 
1313, 1297 (-NO2), 1093, 958, 765, 699 cm-1; 1H-NMR 
(CDCl3) d 0.98 (t; 3H, J = 7Hz, C3:-(CH2)2CH3), 1.25-1.9 
(m, 4H, C3:-(CH2)2CH3), 3.48 (tr, 1H, J = 4Hz, C3:-H), 
7.2-7.75 (m, 6 arom. H), 7.9 (d, 1 arom. H), 8.1 (d, 1 
arom. H), 8.5 (s, 1H, N1:-H); 13C-NMR (CDCl3/MeOD) 
d 14.3 (C3:-(CH2)2CH3), 21.4, 35.4, 62.8 (C-3), 122.6, 
128.5, 129.2, 129.5, 130.6, 131.4, 132.4, 137.3, 164.8, 
168.9 172.8 p.p.m.

7-Amino-5-phenyl-3-propyl-1,3,4,5-tetrahydro-2H-1,4-
benzodiazepin-2-one 3b

A solut ion of 3.2 mmole of 7-amino-3-propyl-
benzodiazepine in 10mL of ethanol was added to an excess 
(15 mL) of a hot solution of 15% Sn-(II)-chloride in 
conc. hydrochloric acid. 25 mL of ethanol was added 
and the solution was filtered and concentrated in 
vacuum to give yellow needles, which were filtered 
and recrystallised from ethanol. APCI - m/s: m/z = 295 
(80%), 241 (20%); TLC (Ether): Rf = 0.45; IR (KBr) 
υmax = 3432, 3262, 2960, 2859, 1646, 1532, 1498, 1318, 
1241, 825, 695 cm-1; 1H-NMR (CDCl3) d 0.95 (s, 3H, 
C3:-(CH2)2CH3), 1.3-1.8 (two m, 4H, C3:-(CH2)2CH3), 
2.4 (m, 2H), 3.65 (br s, 2H, C7:-NH2), 6.78 (s, 1H), 6.85 
(d, 1H), 7.25-7.8 (m, 6 arom. H), 8.35 (d, 1H), 10.2 (s, 
1H); 13C-NMR (CDCl3) d 13.7 C3:-(CH2)2CH3), 22.3 
(C3:-CH2CH2CH3), 27.6 (C3:-CH2CH2CH3), 37.8, 118.6, 
120.6, 123.4, 125.1, 128.2, 129.2, 131.6, 138.4, 141.2, 
171.9 p.p.m.

7-Chloro-5-phenyl-3-propyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one 3c

A solution of 25 mmol of the amino-benzodiazepine 
3b in 30 mL of 6N hydrochloric acid was reacted with 
an aqueous solution of 30 mmol sodium nitrite (2.1 
g) at 0-5°C. The resulting solution was added to 12 g 
copper chloride in 120 mL of 3N hydrochloric acid. The 
mixture was allowed to come to RT until the liberation 

of nitrogen was completed. After cooling the green 
solid, which has separated, was collected and dissolved 
in DCM. Copper salts were removed by washing the 
organic phase with aq. ammonia. It was dried with 
sodium sulfate, evaporated off and the desired compound 
was recrystallised from ethanol.

APCI + m/s: m/z = 313 (80%), 268 (15%), 264 
(5%); mp: 197-198°C; TLC (Ether): Rf = 0.72;  IR (KBr 
disc) υmax = 3218, 3123, 2923, 2851, 1687, 1604, 1476, 
1320, 1220, 826, 699 cm-1; 1H-NMR (CDCl3) d 0.99 
(t; 3H, J = 7Hz, C3:-(CH2)2CH3), 1.3-1.5 (m, 2H, C3:-
CH2CH2CH3), 2.23 (m, 2H, C3:-CH2CH2CH3), 3.53 (t, 
1H, J = 5Hz, C3:-H), 7.15-7.7 (m, 8 arom. H), 10.3 (s, 1H, 
N1:-H); 13C-NMR (CDCl3) d 14.5 (C3:-(CH2)2CH3), 19.3 
(C3:-CH2CH2CH3), 33.1 (C3:-CH2CH2CH3), 63.2 (C3:-
(CH2)2CH3), 122.8, 124.9, 129.1, 130.2, 130.8, 131.6, 
135.7, 137.4, 168.0, 172.5 p.p.m.

General experimental for the N-Alkylation of 3-propyl-
benzodiazepines

The N1-alkyl/aryl derivatives (Table 1) were obtained 
by deprotonating the parent amide 3c with 1.1 eq. 
sodium hydride in DMF followed by the reaction of the 
in situ formed anion with 1.2 eq. of the electrophile. 
The alkylation towards the methyl, ethyl, propyl and 
butyl derivatives 4a-4d was carried out at 20°C. The 
alkylation with the electrophiles (Table 1) giving the 
phthalimide-, piperidine-derivatives 4g-4l was carried 
out at 50°C.
 The N1-hydroxylmethyl-benzodiazepine 4e was 
obtained from formaldehyde, generated by thermal 
decomposition of paraformaldehyde. After 30 min the 
reactions were quenched with 10% aq. hydrochloric 
acid. The mixture was extracted with methylenchloride 
(3 times), concentrated in vacuum to give the N1 
alkylated benzodiazepines. The crude product was 
purified further by solid extraction with ether.

7-Chloro-1-ethyl-5-phenyl-3-propyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one 4a

APCI + m/s: m/z = 343 (90%), 268 (10%); TLC (Ether): 
Rf = 0.85; IR (KBr) υmax = 2990, 2863, 1723, 1673, 1602, 
1482, 1255, 1124, 1080, 693 cm-1; 1H-NMR (CDCl3) d 
1.01 (t; 3H, J = 7Hz, C3: -(CH2)2CH3), 1.35-1.50 (m, 5H, 
C3:-(CH2CH2CH3 + N1:-CH2CH3), 2.23 (m, 2H, C3:-
CH2CH2CH3), 3.65 (q, 2H, N1:-CH2CH3); 4.33 (t, 1H, 
J = 5Hz, C3:-H), 7.2-7.87 (m, 8 arom. H), 13C-NMR 
(CDCl3) d 13.3, 14.1, 22.9 (C3:-CH2CH2CH3), 28.2 
(N1:-CH2CH3), 35.0 (C3:-CH2CH2CH3), 68.0 (C-3), 
122.6, 128.5, 129.5, 130.8, 131.3, 138.1, 141.2, 167.7, 
171.7 p.p.m.

7-Chloro-5-phenyl-1,3-dipropyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one 4b
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APCI + m/s: m/z = 356 (95%), 268 (5%); TLC (Ether): 
Rf = 0.88; IR (KBr) υmax = 2973, 2908, 1714, 1681, 1457, 
1251, 1112, 1070, 738, 695 cm-1; 1H-NMR (CDCl3) d 
0.73 (t, 3H, N1:-CH2CH2CH3), 1.0 (t; 3H, J = 7Hz, C3:-
(CH2)2CH3), 1.43-1.7 (m, 6H, C3:-(CH2CH2CH3 + N1:-
CH2CH2CH3), 3.48 (m, 2H, N1:-CH2CH2CH3), 4.25 (m, 
1H, C3:-H), 7.26-7.87 (m, 8 arom. H); 13C-NMR (CDCl3) 
d 10.8, 14.1, 19.3, 22.9, 48.4 (N1:-CH2CH2CH3), 63.5 
(C3:-H), 123.7, 128.4, 128.7, 130.3, 130.8, 132.4, 140.9, 
166.9, 167.7 p.p.m. 

1-Butyl-7-chloro-5-phenyl-3-propyl-1,3-dihydro-2H-1,4-
benzodiazepin-2-one 4c

APCI + m/s: m/z = 369 (90%), 279 (5%), (5%); TLC (Ether): 
Rf  = 0.9; IR (KBr) υmax = 2924, 2867, 1717, 1683, 1461, 
1283, 1121, 740, 695 cm-1; 1H-NMR (CDCl3) d 0.95-1.9 
(m, 14H, C3:-(CH2CH2CH3 + N1:-CH2CH2CH2CH3), 
4.1-4.3 (m, 3H, C3:-H + N1:-CH2CH2CH2CH3), 7.25-7.7 
(m, 8 arom. H); 13C-NMR (CDCl3) d 13.5, 13.9, 19.3, 
19.6, 28.8, 38.6, 68.1 (C3:-H), 123.7, 128.3, 128.7, 
129.3, 130.8, 132.4, 139.1, 140.5, 167.7, 169.7 p.p.m.
 
1-Benzyl-7-chloro-5-phenyl-3-propyl-1,3-dihydro-2H-
1,4-benzodiazepin-2-one 4d

APCI + m/s: m/z = 403 (95%), 313 (5%); TLC (Ether): 
Rf = 0.89; IR (KBr) υmax = 2925, 2865, 1717, 1673, 1600, 
1447, 1272, 1121, 738, 693 cm-1; 1H-NMR (CDCl3) d 
0.9-1.9 (m, 7H, C3:-(CH2CH2CH3); 4.25 (m, 2H, N1:-
CH2-Ph), 4.66 (m, 1H, C3:-H), 7.0-7.75 (m, 8 arom, H); 
13C-NMR (CDCl3) d 14.2 (C3:-(CH2)2CH3), 22.9 (C3:-
(CH2CH2CH3), 33.7 (C3:-CH2CH2CH3), 49.9 (N1:-CH2-
Ph), 63.4 (C3:-H), 123.9, 127.3, 127.6, 127.8, 128.4, 
130.4, 130.9, 131.2, 132.4, 136.5, 138.1, 140.3, 167.4, 
169.7 p.p.m.

7-Chloro-1-(hydroxymethyl)-5-phenyl-3-propyl-1,3-
dihydro-2H-1,4-benzodiazepin-2-one 4e

APCI + m/s: m/z = 343 (95%), 313 (5%); TLC (Ether): 
Rf = 0.55; IR (KBr) υmax = 3420, 2962, 2869, 1667, 
1598, 1382, 1320, 1062, 825, 695 cm-1; 1H-NMR (CDCl3) 
d 0.99 (t, 3H, J = 7Hz, C3:-CH2CH2CH3); 1.2-1.7 
(m, 4H, C3:-(CH2CH2CH3), 3.3-3.6 (br s, 1H, N1:-
CH2-OH), 4.2 (q, 1H, C3:-H), 7.0-7.5 (m, 8 arom, H); 
13C-NMR (CDCl3) d 14.3 (C3:-CH2CH2CH3), 17.9 (C3:-
CH2CH2CH3), 29.1 (C3:-CH2CH2CH3), 69.2 (C-3), 96.0 
N1:-CH2-OH), 121.5, 128.3, 128.5, 128.9, 130.4, 130.6, 
132.2, 139.0, 141.8, 166.8, 169.3 p.p.m. 

7-Chloro-1-(3-hydroxypropyl)-5-phenyl-3-propyl-1,3-
dihydro-2H-1,4-benzodiazepin-2-one 4f

APCI + m/s: m/z = 371 (90%), 313 (10%); TLC (Ether): 
Rf = 0.62; IR (KBr) υmax = 3428, 2954, 2925, 1675, 1579, 
1405, 1326, 1076, 823, 715, 676 cm-1; 1H-NMR (CDCl3) 

d 1.0 (t, 3H, J = 7Hz, C3:-CH2CH2CH3), 1.2-2.4 (m, 6H), 
3.1-3.8 (m, 4H), 4.5 (m, 1H, C3:-H), 7.25-7.55 (m, 8 
arom. H); 13C-NMR (CDCl3) d 14.1 (C3:-CH2CH2CH3), 
19.3 (C3:-CH2CH2CH3), 30.8, 33.5 (C3:-CH2CH2CH3), 
58.2, 63.5 (C-3), 97.2, 123.8, 128.4, 129.3, 130.2, 131.2, 
136.2, 141.8, 167.4, 170.0 p.p.m. 

7-Chloro-5-phenyl-1-(2-piperidin-1-ylethyl)-3-propyl-
1,3-dihydro-2H-1,4-benzodiazepin-2-one 4g

APCI + m/s: m/z = 424; TLC (Ether): Rf = 0.85; IR (KBr) 
υmax = 3443, 2928, 2866, 1675, 1608, 1476, 1315, 1112, 
699 cm-1; 1H-NMR (CDCl3) d 0.95 (t, 3H, J = 7Hz, C3:-
CH2CH2CH3), 1.1-1.9 (m, 10H, N1:-CH2-CH2-Pi--H 
+ C3:-CH2CH2CH3), 2.1-2.4 (m, 2H), 2.65-2.8 (m, 4H, 
N1:-CH2-CH2-Pi--H), 3.46 (m, 1H), 4.2 (m, 1H), 4.51 (m, 
1H, C3:-H), 7.25-7.60 (m, 8 arom. H); 13C-NMR (CDCl3) 
d 14.1 (C3:-CH2CH2CH3), 19.2 (C3:-CH2CH2CH3), 
22.3, 25.4, 30.8, 33.9 (C3:-CH2CH2CH3), 47.3, 53.9, 
58.2, 63.5 (C3:-H), 127.3, 128.1, 130.4, 130.7, 131.4, 
136.5, 141.5, 167.4, 169.6 p.p.m.
 
2-[3-(7-Chloro-2-oxo-5-phenyl-3-propyl-2,3-dihydro-
1H-1,4-benzodiazepin-1-yl)propyl]-1H-isoindole-1,
3(2H)-dione 4h

APCI + m/s: m/z = 500 (75%), 313 (20%), 268 (5%); 
TLC (Ether): Rf = 0.88; IR (KBr) υmax = 3467, 2960, 
2869, 1771, 1710, 1677, 1602, 1462, 1400, 1372, 
1037, 825, 726, 695 cm-1; 1H-NMR (CDCl3) d 0.98 (t, 
3H, J = 7Hz, C3:-CH2CH2CH3), 1.1-2.4 (m, 6H, C3:-
CH2CH2CH3) + N1:-CH2-CH2-CH2-Phth), 3.4-3.95 (m, 
4H, N1:-CH2-CH2-CH2-Phth), 4.45 (m, 1H, C3:-H), 
7.1-7.9 (m, 12 arom. H); 13C-NMR (CDCl3) d 14.1 (C3:-
CH2CH2CH3), 19.3 (C3:-CH2CH2CH3), 33.5, 35.2 (C3:-
CH2CH2CH3), 44.8, 51.9, 63.4 (C3:-H), 123.3, 128.7, 
129.6, 129.9, 130.2, 131.4, 131.9, 133.6, 136.2, 142.1, 
166.5, 169.2 p.p.m.

Ethyl 2-(7-chloro-2-oxo-5-phenyl-3-propyl-2,3-dihydro-
1H-1,4-benzodiazepin-1-yl)acetate 4i

APCI + m/s: m/z = 399 (90%), 313 (5%), 268 (5%); 
TLC (Ether): Rf = 0.65; IR (KBr) υmax = 2958, 2865, 
1717, 1677, 1580, 1461, 1268, 1201, 1069, 823, 
740, 703 cm-1; 1H-NMR (CDCl3) d 0.9-1.1 (m, 6H, 
C3:-CH2CH2CH3 + N1:-CH2-CO2CH2CH3), 1.2-1.85 
(m, 4H, C3:-CH2CH2CH3), 4.1-4.3 (m, 4H, N1:-CH2-
CO2CH2CH3), 4.5 (q, 1H, J = 5Hz, C3:-H), 7.25-7.8 
(m, 8 arom. H); 13C-NMR (CDCl3) d 13.2 (N1:-CH2-
CO2CH2CH3), 14.0 (C3:-CH2CH2CH3), 19.6 (C3:-
CH2CH2CH3), 33.6 (C3:-CH2CH2CH3), 49.2 (N1:-CH2-
CO2CH2CH3), 61.5, 63.8 (C3:-H), 122.8, 128.6, 128.9, 
129.4, 130.6, 131.3, 136.4, 140.2, 166.9, 169.8 p.p.m. 

2-(7-Chloro-2-oxo-5-phenyl-3-propyl-2,3-dihydro-1H-
1,4-benzodiazepin-1-l)acetonitrile 4j
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APCI + m/s: m/z = 352 (90%), 268 (10%); TLC (Ether): 
Rf = 0.81; IR (KBr) υmax = 2930, 2861, 2280 (N1:-
CH2-C≡N), 1723, 1687, 1598, 1324, 1265, 825, 744, 
695 cm-1; 1H-NMR (CDCl3) d 1.01 (t, 3H, J = 7Hz, 
C3:-CH2CH2CH3), 1.1-1.9 (m, 4H, C3:-CH2CH2CH3), 
3.45 + 3.6 (two m, 2H, N1:-CH2-C≡N), 4.5 (q, 1H, 
J = 5Hz, C3:-H), 7.1-7.8; 7.1-7.9 (m, 8 arom, H); 
13C-NMR (CDCl3) d 14.1 (C3:-CH2CH2CH3), 19.3 
(C3:-CH2CH2CH3), 33.4 (C3:-CH2CH2CH3), 38.9 (N1:-
CH2-C≡N), 62.9 (C3:-H), 115.4 (N1:-CH2-C≡N), 122.8, 
128.4, 128.9, 129.4, 130.4, 130.9, 131.5, 137.4, 139.2, 
167.4, 169.3 p.p.m. 

7-Chloro-1-(2-oxo-2-phenylpropyl)-5-phenyl-3-propyl-
1,3-dihydro-2H-1,4-benzodiazepin-2-one 4k

APCI + m/s: m/z = 431 (80%), 313 (10%), 279 (10%); 
TLC (Ether): Rf = 0.82; IR (KBr) υmax = 2969, 2871, 
1717, 1688, 1598, 1465, 1255, 1116, 1076, 740, 693 
cm-1; 1H-NMR (CDCl3) d 1.0 (t, 3H, J = 7Hz, C3:-
(CH2CH2CH3); 1.25-1.9 (m, 4H, C3:-(CH2CH2CH3),  
4.27 (m, 3H, C3:-H + N1:-CH2-CO-Ph), 7.0 - 8.0 
(m, 13 arom. H); 13C-NMR (CDCl3) d 14.1 (C3:-
CH2CH2CH3), 22.3 (C3:-CH2CH2CH3), 32.5 (C3:-
CH2CH2CH3), 53.3 (N1:-CH2-CO-Ph), 63.8 (C-3), 
123.2, 128.1, 128.7, 129.1, 130.9, 131.2, 131.5, 135.2, 
136.9, 137.3, 139.9, 167.9, 169.0, 191.5 (N1:-CH2-CO-
Ph) p.p.m. 

7-chloro-1-(3,3-dimethyl-2-oxobutyl)-3-hydroxy-5-
phenyl-1,3-dihydro-2H-1,4-benzodiazepin-2-one 5a

Alkylation method: A 50% suspension of NaH in mineral 
oil (0.06 mol) was added in drops to a solution of 
Oxazepam (0.05 mol) in dry DMF (100 mL). After 
stirring for 15 min at RT, the alkylating agent (0.06 mol) 
was added in drops to the mixture, with ice cooling. The 
solution was stirred for additional 30-45 min at RT. For 
work up water was added (75 mL) and the suspension 
was added to ethylacetate (75 mL). The extract was 
washed with brine (2 × 100 mL), dried over sodium 
sulphate and the solvent was evaporated. Column 
chromatography was performed with ether/petrolether 
1:2 as eluent.
 Yield: 81%. Rf (ether/petrolether 1:2) = 0.51 Mol. 
Weight: 384.9 Mol. Formula: C21H21ClN2O3. MS 
(APCI(-)): 383, 385 (M-1), 285, 287 (M+) m/z. IR (KBr-
disc) υmax: 3450, 2933, 2358, 1710, 1677, 1596, 1482, 
1322, 1131 & 693 cm-1. 1H-NMR (CDCl3) 300K: 1.23 (s, 
(CH3)3), 4.81 (s, C3-H), 5.04-5.12 (m, -CH2-), 7.05-7.67 
(m, Ar-9H) p.p.m. 13C-NMR (DMSO-d6) 300K: 26.3 
((CH3)3), 43.5 ((CCH3)3), 53.2 (CH2), 82.0 (C3), 122.9, 
128.3 (2 × C), 128.4, 129.6, 129.8 (2 × C), 130.4, 130.8, 
131.9, 137.4, 140.1 (Ar-C), 155.3 (C=O), 166.9 (C=N), 
169.4 (C=O) p.p.m.

7-chloro-3-hydroxy-5-phenyl-1-prop-2-ynyl-1,3-

dihydro-2H-1,4-benzodiazepin-2-one 5b

Yield: 67%. Rf (ether/petrolether 1:2) = 0.38 Mol. 
Weight: 324.8. Mol. Formula: C18H13ClN2O2. MS 
(APCI(-)): 323, 325 (M-1), 284, 286 (M+) m/z. IR (KBr-
disc) υmax: 3418, 3291, 3225, 2923, 1700, 1634, 1478, 
1415, 1324, 1131, 1002 & 695 cm-1. 1H-NMR (CDCl3) 
300K: 2.10-2.34 (t, CH, J = 24.7, 25.0Hz), 4.51-4.66 (m, 
-CH2-), 5.04 (C3), 7.21-7.63 (Ar-H) p.p.m. 13C-NMR 
(CDCl3) 300K: 37.0 (-CH2-), 73.5, 75.19 (CH), 86.6 (C3), 
123.4, 128.3 (2 × C), 128.3, 129.4 (2 × C), 130.3, 130.7, 
131.1, 132.1, 137.1, 139.5 (Ar-H), 164.6 (C=O), 166.1 
(C=N) p.p.m.

Preparation of 7-Chloro-5-phenyl-3-propyl-1,3-
dihydro-2H-1,4-benzodiazepin-2-thione 6

1.8 g (6 mmol) of template 3c and Lawesson’s reagent 
(2.67 g, 6.6 mmol) were refluxed in 50 mL of pyridine. 
The reaction was completed after 8-10 h. The reaction 
mixture was cooled, concentrated in vacuum and the 
suspension of the residue in ice water was extracted 
with 50 mL of dichloromethane. The organic phase 
was filtered, dried and evaporated in vacuum. The crude 
product was further purified by column chromatography 
with ether.
 Yield: 75%; MW 329; APCI + m/s: m/z = 329 (80%), 
295 (10%), 268 (10%); mp: 238-242°C; TLC (ether): 
Rf = 0.85; IR (KBr disc) υmax = 3440, 2952, 1614, 1569, 
1475, 1318, 1160, 1027, 828, 698 cm-1. 1H-NMR (CDCl3) 
d (ppm) 0.9-1.7 (br m, 5H), 2.1-2.5 (m, 2H), 4.09 (m, 1 
H, C3:-H), 7.2-7.6 (m, 8 arom. H), 11.6 (s, 1H, N1:-H). 
13C-NMR (CDCl3) d (ppm) 14.5 (C3:-(CH2)2CH3), 19.5, 
(C3:-CH2CH2CH3), 36.3 (C3:-CH2CH2CH3), 67.1 (C-3), 
124.9, 128.3, 128.9, 129.8, 130.2, 130.6, 131.8, 135.2, 
137.8, 169.2, 202.3 (C=S).

8 - C h l o ro - 1 - m e t h y l - 6 - p h e n y l - 4 - p ro p y l - 4 H -
[1,2,4]triazolo[4,3-a][1,4]benzodiazepine 7

0.86 g (2.6 mmol) of template 2b and acetylhydrazide 
(0.58 g, 7.8 mmol) was refluxed in 25 mL of n-butanol 
for 12 h to give the title product (0.68 g, 75%). The 
reaction mixture was cooled, concentrated in vacuum 
and the suspension of the residue in ice water was 
extracted with EtOAc (50 mL). The organic phase 
was dried with K2CO3, filtered, and evaporated in 
vacuum. The product was purified further by column 
chromatography with ether/10% methanol.
 Yield: 34%; MW 351; APCI + m/s: m/z = 351; mp: 
217-219°C; TLC (ether/10% methanol): Rf  = 0.45; IR 
(KBr disc) υmax = 3420, 2925, 2865, 1604, 1531, 1482, 
1424, 1301, 1096, 695 cm-1. 1H-NMR (CDCl3) d (ppm) 
1.0 (s, 3H, (C3:-(CH2)2CH3), 1.4-1.9 (br m, 4H, C3:-
(CH2)2CH3), 2.61 (s, 3H, C1:-CH3), 4.52 (s, 1H, C4:-H), 
7.2-7.7 (m, 8 H, arom. H). 13C-NMR (CDCl3) d (ppm) 
12.1 (C4:-(CH2)2CH3), 22.5, 31.7, 56.5 (C-4), 124.6, 128.3, 

49



http://www.ddtjournal.com

Original Article                                                                                        Drug Discov Ther 2007;1(1):45-56.

129.2, 130.7, 130.9, 131.2, 131.4, 132.1, 138.4, 165.9.

Pharmacology

131I-CCK-8 receptor binding assay: The CCK1 and 
CCK2 receptor binding assays were performed by 
using guinea pig pancreas or guinea pig cerebral cortex, 
respectively. For the CCK2 assay membranes from male 
guinea pig brain tissues were prepared according to the 
modification described by Saita et al. 1991. For the CCK1 
binding assay pancreatic membranes were obtained 
as described by Charpentier et al. 1988. All the binding 
assays were carried out in duplicate with L-365260 and 
Devazepide as internal standards.
 In order to prepare the tissue the cerebral cortex was 
weighed after dissection and then homogenized in 25 
mL ice cold 0.32 M sucrose for 15 strokes at 500 rpm. It 
was then centrifuged at 1,000 g (3,000 rpm) for 10 min. 
The supernatant was centrifuged at 20,000 g (13,000 
rpm) for 20 min. This pellet was redispensed in the 
required volume of assay buffer as defined below with 
5 strokes of homogenizer at 500 rpm. The final tissue 
concentration was 1 g original weight to 120 mL buffer. 
The tissue was stored in aliquots at -70°C.
 For the receptor binding assay the radio ligand 
(125I-Bolton Hunter labelled CCK, NEN) and the drugs to 
be tested were incubated at 25 pM with membranes (0.1 
mg/mL) in assay buffer containing 20 mM Hepes, 1 mM 
EGTA, 5 mM MgCl2, 150 mM NaCl at pH 6.5 for 2 h 
at room temperature. The incubations were terminated by 
centrifugation. The membrane pellets were wasted twice 
with water and bound radioactivity was measured in a 
γ-counter.
 The GABA-A binding assay (20) was performed with 
3H-diazepam.

Animal studies

Experiments were conducted in male IRC mice obtained 
from the Animal House, Faculty of Medicine, Khon 
Kaen University. Each experimental group consisted 
of 6-8 animals and the treatment procedures were 
approved by the ethical committee, Faculty of 
Medicine, Khon Kaen University (HO 2434-76) accord 
with current UK legislation.
 Mice were intraperitoneal injected with either test 
compound dissolved in 5% DMSO at the volume not 
more than 0.2 mL/animal. At 30 min after treatment, 
animals were tested as described in the following 
sections.

Anxiolytic activity tests

The light/dark box: Mice were placed in the light part 
of the light/dark box. The box was a Plexiglass cage, 
25 × 50 × 20 cm, having one-third as a dark and two-
third as a light compartment. A 40-W light bulb was 

used and positioned 10 cm above the center of the light 
component. The animals could walk freely between 
dark and light parts through the opening. The time 
animals spent in light part during the 5 min interval 
was recorded. The mouse was considered to be in the 
light part when its 4 legs were in the light part.
 The elevated plus-maze: The wooden elevated plus-
maze consisted of two open arms (30 × 10 cm) without 
any walls, two enclosed arms of the same size with 
5-cm high side walls and end wall, and the central 
arena (10 × 10 cm) interconnecting all the arms. The 
maze was elevated approximately 30 cm height from 
the floor. At the beginning of the experiment the 
mouse was placed in the central arena facing one of the 
enclosed arm. During a 5 min interval, the time animals 
spent in the open arms of plus-maze was recorded. The 
mouse was considered to be in the open part when it 
had clearly crossed the line between the central arena 
and the open arm with its 4 legs.

Nociception tests

The thermal tail-flick test: The thermal response 
latency was measured by the tail flick test. The animals 
were placed into individual restraining cages leaving 
the tail hanging freely. The tail was immersed into 
water preset at 50°C. The response time, at which the 
animal reacted by withdrawing its tail from water, was 
recorded and the cut-off time was 10 sec in order to 
avoid damaging the animal’s tissue.
 The hot plate test: Mice were placed on a hot 
plate that was thermostatically maintained at 50°C. A 
Plexiglass box was used to confine the animal to the 
hot plate. The reaction time of each animal (either paw 
licking or jumping) was considered a pain response. 
The latency to reaction was recorded. For prevention of 
heat injury, the cut-off time of the test was 30 sec.

Antidepression tests

The tail suspension test: Mice were hung by their tail 
on the tail hanger using sticky tape for tail fixation, 
at approximately 1 cm from the end. The hanger was 
fixed in the black plastic box (20 × 20 × 45 cm) with 
the opening at the top front. The distance between the 
hanger to floor was approximately 40 cm. The mouse 
was suspended in the air by its tail and the immobile 
time was recorded during the period of 5 min. The 
duration of immobility was defined as the absence of 
all movement except for those required for respiration
 The forced swim test: The forced swim test was 
carried out in a glass cylinder (20 cm diameter, 30 cm 
height) filled with water to the height of 20 cm. The 
water temperature was approximately 25-28°C. Mice 
were gently placed into the water and the immobility 
time was recorded by an observer during the period 
of 5 min. Immobility was defined as absence of all 
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movement and remained floating passively in the water 
with its head just above the water surface.

Motor activity tests

The rota-rod test: Mouse was placed on the rotating 
drum with the acceleration speed (Acceler. Rota-rod, 
Jones & Roberts, for mice 7650, Ugo Basile, Italy). The 
time animal spent on the rod is recorded.
 The wire mesh grasping test: Mouse was placed on a 
wire mesh (20 × 30 cm). After a few seconds, the mesh 
was turned 180° and the time animal hold on the mesh 
was recorded. 

Potentiation of morphine induced-analgesia

Each mouse received 2 injections. For the first injection, 
either 5% DMSO or synthetic CCK antagonists was 
injected intraperitoneally. Twenty min after the first 
injection, either normal saline or various doses of 
morphine were injected subcutaneously as the second 
injection. 
 The thermal response latency was measured by 
the tail flick test. The base line withdrawal thresholds 
(BT) were recorded prior to the first injection. Test 
thresholds (TT) were measured 60 min after the second 
injection. The cut off time was set to 45 sec. This was 
to avoid any tissue damage to the paw during the course 
of analgesia testing. The test thresholds were expressed 
as a percentage of Maximal Possible Effect (%MPE) 
using the equation: %MPE = {(TT-BT)/(45-BT)} × 100

Statistical methods

The data were expressed as mean ± SD and one-way 
analysis of variance (ANOVA) and supplementary Tukey 
test for pairwise comparison were tested to determine for 
any significant difference at p < 0.05.

Results and Discussion

Chemistry

Nor-methyldiazepam was synthesised according to 
the standard literature procedure (21) starting with 
aminoketones and chloroacetylchloride (22). Subsequent 
imine formation of the 7 membered ring system with 
urotropine, via the known α-amino intermediate, gave 
the target compound in 87% yield. Alkylation of the 
1,4-benzodiazepin-2-one with dimethylsulfate gave 
Diazepam 1, which was used as template for alkylation 
reactions and condensations with propionaldehyde in the 
3-position (23).
 The Diazepam 1 was deprotonated with LDA at -78°C 
and the alkylation with propylbromide, allylbromide 
and propargylbromide as electrophile with a catalytic 
amount of KI gave the alkylated benzodiazepines 2b-2c 

in THF at ambient temperature over night (24) (Scheme 
1).
 In Scheme 2 a novel synthesis suitable for large scale 
preparation of the 3-propyl-1,4-benzodiazepine 3c and 
the further alkylation products 4a-4k are outlined. The 
route was adapted from the synthesis of Diazepam, 
in which bromo-butyric acid chloride was reacted to 
form the desired amide I. Bromobutyric acid chloride 
was obtained from the readily available bromobutyric 
acid with thionyl chloride. Starting material nitro-
benzophenone was reacted with bromo-butyric acid 
chloride to give the desired amide I which was isolated. 
The treatment of this benzamide I with ammonia gave 
the 3-propyl-1,4-benzodiazepine 3a in good yield. Unlike 
for the synthesis of Diazepam, Urotropine could not be 
used to the formation of the 7-membered ring system.

The nitro-benzodiazepine 3a was reduced with a 
solution of Sn-(II)-chloride to the amino-benzodiazepine 
3b, which was converted into chloride 3c in a Sandmeyer 
reaction. The amine 3b was diazotated in situ with cupper 
chloride under acetic conditions.

The N-alkylated benzodiazepines 4a-4k were 
synthesised from the benzodiazepine template 3c with 
sodium hydride in DMF (25). No dialkylation products 
were obtained and no comumn chromatography was 
required for further purification.

Further N-alkylated benzodiazepines were synthesized 
using the Oxazepam template under same reaction 
conditions. With allylbromide and 3,3-dimethyloxobutyl 
chloride the Oxazepam derivatives 5a and 5b were 
obtained.

The preparation of the 4H-[1,2,4]triazolo[4,3-a]-1,4-
benzodiazepine 7 via the thioamide intermediate 6 is 
outlined in the synthetic Scheme 4.
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The template 3c was converted into thioamide 6 
with tetraphosphorus decasulfide (P4S10) under reflux 
conditions. In an improved method, tetraphosphorus 
decasulfide was replaced by with 2,4-bis(4-methoxyphenyl)-
2-4-dithioxo-1,2,3,4-dithiadiphosphetane (Lawesson’s 
reagent) (26) which gave the thioamide 6 in 75% yield.

The activated thioamide 6 was reacted with an excess 
of acetylhydrazide into the desired 1,2,4-triazolo-1,4-
benzodiazepines 7. N-butanol was essential to achieve a 
high reflux temperature for this conversion.

The Nva template 8 was prepared by refluxing 
5-chloro-2-aminobenzophenone with 2 equivalent of 
L-Nor-valine ethylester HCl for 48 h in presence of a 
catalytic amount of DMAP. 

X-ray analysis

As gold standard of characterization, the X-ray structure 
of the N-alkylated propyl-benzodiazepine 4i is outlined 
in Figure 2.

It was found as expected, that the benzodiazepine 
4i ring was not part of a flat extended system. Torsion 
angles within this ring about bonds that have full or 
partial double bond character (N4-C5, C10-C11, N1-C2) 
did not exceed 4.2(4)° in magnitude. Torsion angles 
within the ring about the intervening bonds N1-C10 and 
C5-C11 attained the intermediate values of -42.3(4) and 
44.2(4)°, respectively. Those about C2-C3 and C3-N4 at 
the opposite end of the ring had the largest magnitudes, 
being 78.2(3) and -73.2(3)°. The amide resonance 
affecting atoms N1, C2 and O17 were confirmed by 
the elongation of the C2-O17 distance to 1.217(3) Å 

compared with 1.197(4) Å for the ester C13-O18. 
The partial negative charge on O17 helped to attract a 
C23-H23…O17 hydrogen bond with H…O distance 2.48 
Å and C-H…O angle 165°. Structural details were listed 
in Table 1.

SAR-studies - binding affinity

For the entire set of 1,4-benzodiazepines the chemical 
yields and the binding affinities were outlined for the 
CCK2 receptor in Table 2.
 Alkylated derivatives of diazepam (2a-2c) were 
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found to occur a very low binding affinity towards the 
CCK2 receptor.

Reaction intermediate 3c showed a good potency 
with an IC50 about 300 nM, while the precursors, the 
nitro-intermediate 3a, and the amino-intermeate 3b 
were relatively biologically inactive.

The ligand 3c containing a C3 unit in the 3-position 
of the 1,4-benzodiazepine was previously found to 
bind best to a postulated lipophilic pocket at the CCK2 
receptor (13). In order to optimize the affinity of the 
3-propyl-1,4-benzodiazepines, additional substituents 
were introduced in the N1-position giving the series 

Figure 2. X-ray structure of benzodiazepine 4i.

Table 1. Crystal structure determination for benzodiazepine 4i

Empirical formula   C22H23ClN2O3    
a/Å    9.2332(8)    
b/Å     17.702(4)    
c/Å     13.052(5)    
β/°    97.466(15)    
Z    4    
Calculated density/g·cm-3  1.253    
Crystal system   Monoclinic    
Space group   P21/c    
Diffractometer   Enraf-Nonius CAD4 
Radiation used   Mo-Kα    
Monochromator   Graphite    
Crystal size/mm   0.45 × 0.20 × 0.05    
Temperature/K   294(2)    
Data collection mode  ω-2θ scans    
Theta range/°   2.22-24.98    
Reciprocal lattice segments  -10 ≤ h ≤ 10    
    -11 ≤ k ≤ 21    
    0 ≤ l ≤ 15    
Refl ections measured  6512    
Symmetry-independent refl ections 3685    
Cut-off criterion   I > 2σ(I)    
Linear absorption coeffi cient/mm-1 0.205    
Method of absorption correction psi-scan    
Method of solution   direct    
Method of refi nement  full-matrix LS    
Final R(obs)   0.0449    
Final wR2 (all data)   0.1478    
Residual density/e Å-3  -0.216, 0.275  
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of N-alkylated propylbenzodiazepines 4a-4k, of which 
the nitrile 4j occurred an enhanced binding affinity 
compared with parent derivative 3c.

The more complex derivatives such as the piperidino-, 
and phthalimido-benzodiazepines 4g, 4f and 4h did not 
show an enhanced binding affinity at the CCK receptor.

As previously reported for the 3-ureido-benzodiazepines, 
N1-alkylation (27) should have shown enhanced binding 
on the CCK2 receptor, but with the majority of the 
electrophiles used here, the affinity was significantly 
lower than for the N1-unalkylated 1,4-benzodiazepine 
3c.

Functionalised hydrophilic substituents at the N1 
position as seen for the hydroxy-alkyl derivatives 4e, 4f 
resulted in the loss of binding affinity.

In order to gain a high chemical diversity an amide 
6u, an ester 4i and a ketone 4k was formed of the 
1,4-benzodiazepine template.

A decreased affinity was observed for the N1 alkylated 
propyl-1,4-benzodiazepine 4k unlike Merck’s 3-ureido-
1,4-benzo-diazepines, which have previously shown an 
increased binding with this N1-substituent (28).

N

O

O

Entry Substituent      Yield (%)      CCK2 (μM) 
1 Diazepam
2a R1= propyl        28           5
2b R1= allyl         35           2.5
2c R1= propargyl        22           2.2
3a X=NO2         60           8
3b X=NH2         65           >50
3c X=Cl         52           0.3 ± 0.01
4a R1= ethyl         78           1.2 ± 0.6
4b R1= propyl        74           5 ± 2   
4c R1= butyl         65           3 ± 1   
4d R1= benzyl        65           35 ± 3   
4e R1= hydroxymethyl       21           37 ± 11   
4f R1= hydroxypropyl        31           71 ± 21

4j R1= cyanomethy        53           0.19 ± 0.02

 

5b R= allyl         67            0.98
6 thioamide-        56            0.20 ± 0.02
7 triazolo-         34            32
8 L-isomer         69            0.17 ± 0.02

Table 2. Chemical yields and IC50 receptor binding data on the 
Cholecystokinin (CCK2) receptor of the 1,4-benzodiazepines. 
(Standard: Merck L-365260 10 nM)

N4g R1=  82     88 ± 12

R1=4h  87                34 ± 6

OEt

O
4i R1=  63                3.5 ± 0.4

Ph
O

4k R1=  21               4 ± 1.5

O
5a R =  81               0.19 ± 0.02



http://www.ddtjournal.com

Original Article                                                                                        Drug Discov Ther 2007;1(1):45-56.

A cyanomethyl substituent on the N1 position is 
desirable, firstly to enhance the affinity and secondly 
to differentiate the binding profile between the 
cholecystokinin and the benzodiazepine receptor. It is 
known that most of the substiuents in the N1 position 
block the affinity on the GABA-A receptor (20).

The alkylated derivatives based on the Oxazepam 
structure, such as 5a and 5b showed potent and 
moderate binding affinity. Compared to Oxazepam the 
binding affinity was increseased 100 fold for ketone 
5a.

The biosteric modification from amide 3c into 
thioamide 6 gained some binding affinity, which was 
lost with the indroduction of the triazolo ring system, 
cp 7.

The optically pure L-stereoisomere 8 of the n-propyl 
derivative displayed a further improved activity and 
is considered a promising example of an optically and 
chemically pure compound derived from nor-valine in 
only one chemical step (Figure 3).

In Figure 3, important structures were highlighted 
additionally for clarity. The crystalline 4i was suitable 
for X-ray analysis, but lacked of binding affinity.

Nitrile 4j displayed the best binding affinity of the 
N-alkylated propyl series 4. The t-butyl–keton side chain 
decreased affinity of the n-propyl derivatives in the 
4-series, but enhanced the affinity for the Oxazepam 
template as seen as for Merck’ ureas.

Thioamide 6 was found of improved CCK binding 
affinity. The triazolo-compound 7 was supposed a 
GABAA ligand, possibly with a modified subtype 
specificity, due to the 3-propyl substituent, but was not 
further investigated. The L-propyl-1,4-benzodiazepine 
derivative 8 combined control of stereochemistry at the 
C3 centre, easy access and good CCK2 binding affinity.

In vivo studies

The neuropharmacological effects of intermediate 3c, the 
active and inactive dpropylbenzodiazepines 4i and 4j, the 
N-alkylated Oxazepam analogue 5a, thioamide 6 and 
the L-propyl benzodiazepine 8 were evaluated in mice 
in 8 different in vivo assays, compared to Diazepam 1 
and desimipramine as standards.

The benzodiazepine 4j, 5a, 6 and 8 displayed 
equivalent potency for the CCK2 receptor. All test 
compounds have been found inactive in the evaluation 
of pain in the hot plate and the tail flick assays (29), 
when administered as a single agent (Table 3).

The first step of the in vivo evaluation (30), was the 
determination of the MED, minimum effective dose, 
to select in vivo active compounds and to compare the 
results with the receptor binding data. Compounds 
without binding affinity were not found different from 
the control (propylen glycol) at doses of 0.1, 0.5, 
1.0, 2.0, 5.0 and 10 mg. For example, 4i displayed no 
binding affinity and was found inactive in mice. 

Benzodiazepine 4j, 5a, 6 and 8, ligands of the 
same binding profile, had an MED of 1 mg/kg in both 
antidepressant assays and 2.5 mg/kg in the selected 
anxiolytic assays. The anxiolytic effect was evaluated 
by using the black and white box test (31) and the 
elevated x-maze (32) as two standard anxiolytic assays 
(Table 4).

Subsequently, full data of the equipotent CCK2 
selective derivatives 4j, 5a and 8 were collected and 
the ED50 were calculated

Anxiolytic assays: Animals have shown at high 
doses in the black and white test (33) a significantly 
increased preference for the light area, and also the 
number of crossings between the two chambers were 
enhanced for 4j, 5a and 8. An enhanced locomotor 
activity was determinated with an ED50 of 9/11/7 
mg/kg for the set of benzodiazepine derivatives. This 
correlated with the results of the elevated plus maze test 
(X-maze) (34), in which a greatly enhanced exploration 
of the open arms with an increased number of total 
crossings was observed. The anxiolytic effect is linked 
with CCK2 binding affinity. The ureas (19) displayed 
as mixed CCK ligands, anxiolytic- and antidepressant 
effects at a similar low dose. The binding affinity 
correlated in this comparison well with in vivo results.
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Figure 3.  Important structures highlighted additional for the SAR- 
studies - binding affi nity.
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Antidepressant assays: Antidepressant drugs have 
the effect of reducing the duration of immobility in 
the despair swim test (immobility time test) (35). The 
set of ligands 4j, 5a and 8 decreased the immobility 
time at a very low dose and the ED50 was calculated 
at 2/3/2 mg/kg. In the tail suspension test, which is based 
on a similar underlying mechanism, an ED50 of 2/4/2 
mg/kg was determined for 4j, 5a and 8. Desipramine, 
a tricyclic antidepressant served as positive control, 
which occured a similar potency and magnitude of the 
antidepressant effect.

Nociception and motor activity tests: In all treated 
groups, no effect on nociception (36) was observed in 
the tail immersion test (37) and the hot plate method. 
An impairment of motor activity could not be observed 
in all tested models up to a dose of 100 mg/kg in the 
wire mash grasping and the rota rod test.

Potentiation effect of 4j and 8 on morphine-induced 
analgesia in mice

CCK antagonists are supposed to enhance the effect of 
morphine and therefore the cocomittant administration 
of 4j and 8 at a dose of 5 mg/kg body weight was 
investigated. Assays were carried out as described in 
experimental section. The thermal response latency of 
the animals were determined by the tail flick test and 
the results were expressed as %MPE = {(TT-BT)/(45-
BT)} × 100.

Although no intrinsic analgesic effect of 4j and 8 
was observed as single agent, both CCK antagonists 

increased the % MPE in response to morphine, at all 
doses of morphine tested significantly (Figure 4).

The best enhancement was found at a low dose 
such as 2 mg/kg of morphine and full investigation of 
this class of CCK2 antagonist, further mixed and CCK1 
selective antagonists are in high progress.

As expected no significant difference between the 
benzodiazepine 5a/4j and 8 was observed. Overall the 
dose response curve of morphine was shifted to the 
left indicating in general a potentiation of the analgesic 
effects of morphine.

Conclusions

The 3-propylbenzodiazepine 3c was firstly synthesized 
by a combinatorial approach, but due to the small 
scale no further evaluation could be performed. A 
new chemical approach toward 3c provided the parent 
compound in good quantities and new N-alkylated 
analogues were derived thereof. This was completed 
by a third stereoselective on-step-synthesis of active 8.

Based on the Oxazepam template an equipotent 

                                                          ED50 (mg/kg ± 1 mg/kg)
       4j    5a       8   
Elevated plus maze        9     11       9
Light/dark box        9     11       7
Tail suspension test        2       4       2   
Forced swim test        2       3       2   
Thermal tail fl ick test  >100 >100 >100
Hot plate   >100 >100 >100   
Rota rod test  >100 >100 >100   
Wire mesh grasping  >100 >100 >100

Table 4. In vivo studies of selected CCK antagonists in 
mice
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Figure 4. Potentiation effects of 4j and 8 on morphine-induced 
analgesia in mice. Mice were injected with 5% DMSO or 4j or 
8 (5 mg/kg BW) (ip) and normal saline (sc) or morphine (sc) (2, 
4, 8 or 16 mg/kg BW). There were 8-10 mice in each group and 
% maximum possible effect (MPE) was expressed as mean ± 
SD. *P-value < 0.05 when compared to the control group (Note: 
5a not significantly different from 4j and 8). m, morphine; 4j, 
morphine + 5 mg/kg benzodiazepine 4j; 8, morphine + 5 mg/kg 
benzodiazepine 8. 
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MPE (%)
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      1            >100000          >100000              1                   1               -                      -                  -                   -                  1                1
      3c            >10000           300 ± 10              5                   5              2.5                   2.5               -                   -                  -                 -
      4i             >10000         3500 ± 400           NS                NS            NS                   NS              NS               NS              NS             NS
      4j             >10000           190 ± 20             2.5                2.5            1                      1                  -                    -                -                 -
      5a            >10000           190 ± 10             2.5                2.5            1                      1                  -                    -                 -                 -
      6              >10000           200 ± 10             2.5                2.5            1                      1                  -                    -                 -                 -
      8              >10000           170 ± 10             2.5                2.5            1                      1                  -                    -                 -                 -

Compound Elevated
plus-maze

 Receptor binding 
     IC50 (nM)

 CCK1    CCK2

Light/dark
box

Tail 
suspension
test

Forced
swim 
test

Hot 
plate
test

Wire mesh
grasping 

Table 3.  In vivo evaluation of selected 1,4-benzodiazepines

Thermal 
tail fl ick 
test

Rota-rod
test

NS: no signifi cance could be observed at 0.1, 0.5, 1.0, 2.5, 5.0 and 10 mg/kg compared to the control.
MED: minimum effective dose (mg/kg) given in above table.
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N1-alkylated derivative was tested and developed 
further.

The structurally well known class of non-toxic 
benzodiazepies displayed as CCK2 antagonist , 
antidepressant properties and the dose response curve 
of morphine was found to be significantly shifted to the 
left.

Studies are ongoing to evaluate the importance of 
mixed, CCK2 or CCK1 antagonists on the anti-nociceptive 
effects in conjunction with opiate agonists.
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ABSTRACT: Theoretical investigations of the 
interaction between dapivirine and the HIV-1 RT 
binding site have been performed by the ONIOM2 
(B3LYP/6-31G (d,p): PM3) and B3LYP/6-31G 
(d,p) methods. The results derived from this study 
indicate that this inhibitor dapivirine forms two 
hydrogen bonds with Lys101 and exhibits strong 
π-π stacking or H…π interaction with Tyr181 
and Tyr188. These interactions play a vital role 
in stabilizing the NNIBP/dapivirine complex. 
Additionally, the predicted binding energy of the 
BBF optimized structure for this complex system is 
-18.20 kcal/mol.

Key Words: Dapivirine, HIV-1 reverse transcriptase, 
ONIOM, DFT, PM3

Introduction

Human immunodeficiency virus type-1 reverse 
transcriptase (HIV-1 RT) is an important target for 
designing RT inhibitors to block the virus’s replication 
and prevent AIDS-related disease (1,2). Two kinds of 
RT inhibitors, nucleoside reverse transcriptase inhibitors 
(NRTIs) and non-nucleoside reverse transcriptase 
inhibitors (NNRTIs), have been developed over the 
past twenty years (3). Despite NNRTIs such as three 
FDA-approved drugs, nevirapine (4), delavirdine (5) 
and efavirenz (6), being highly specific and less toxic 
than nucleoside inhibitors (7), the rapid emergence of 
resistant HIV viral strains carrying mutation at residues 
that surround the NNRTI binding pocket limits the 
usefulness of NNRTI to treat HIV infection (8).
 Dapivirine (Figure 1),  an early compound of 
NNRTIs diarylpyrimidines (DAPYs) (9,10), is currently 
in phase IIB clinical trials in the United States as an 
RT inhibitor for the treatment of AIDS. Unlike the 

ONIOM DFT/PM3 calculations on the interaction between 
dapivirine and HIV-1 reverse transcriptase, a theoretical study
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butterfly-like conformation of nevirapine, delavirdine, 
and efavirenz in the crystal structures of HIV-1 RT/
NNRTI complexes, this inhibitor adopts the horseshoe 
mode to bind with HIV-1 RT (12). Despite intensive 
experimental research including crystal structure 
analysis to study the interaction between dapivirine 
and HIV-1 RT (11,12), the interaction of dapivirine 
and amino acid in the non-nucleoside inhibitor binding 
pocket (NNIBP) and the origin of mutational effects are 
still not fully understood.
 In the present work, the interaction between 
dapivirine and RT binding sites has been investigated 
by the ONIOM2 (B3LYP/6-31G (d,p): PM3) and 
B3LYP/6-31G (d,p) methods. The main aim of this 
work is to study the following two aspects: 1) the 
binding mechanism of dapivirine to HIV-1 RT and 
the nature of drug resistance and 2) the differentia of 
dapivirine with respect to two other inhibitors studied, 
nevirapine and efavirenz.

Materials and Methods

Construction of the model studied

The model of NNIBP/dapivirine complex has been 
constructed as in previous reports (13,15). The binding 
pocket studied, which contains 19 residues surrounding 
the NNIBP with at least one atom interacting with 
any of the atoms of the inhibitor within an interatomic 
distance of 6 Å (Figure 2), is extracted from the 2.9 Å 
resolved crystal structure of dapivirine with HIV-1 RT 
(1S6Q) (12). All residues, supposedly in their neutral 
from, were terminated if not connected to another 

HN

N

N N

CN

H

1 dapirivine (TMC 120)

Figure 1. The chemical structure of dapivirine.
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residue in the selected model by linking H atoms at 
the N- and C-terminal with their torsion angles, which 
are assumed to be the same as in the crystal structure. 
Hydrogen atoms were added to using the Gauss View 
program, and their positions were optimized by the 
semi-empirical PM3 method. This complex was used as 
the initial structure for this theoretical study. 

ONIOM calculations

The ONIOM method was proposed as a reliable tool 
for studying enzyme-inhibitor interaction (13-16). 
Recently, Morokuma et al. (17) have systematically 
investigated all possible three- and two-layer ONIOM 
combinations of high-level QM (HQ = B3LYP/6-31G 
(d), low-level QM (LQ = AM1), and MM (Amber) for 
the deprotonation energy and structure of a zwitterionic 
peptide molecule, NH3

+-CHnBu-CO-NH-CH2-CO-NH-
CHnBu-COO-. They found that the errors introduced in 
the ONIOM approximation, in comparison to the target 
HQ (or HQ: HQ: HQ) calculation, generally increase in 
the following order: HQ: HQ: HQ (target) < HQ: HQ: 
LQ < HQ: LQ: LQ < HQ: HQ: MM < HQ: LQ: MM, 
HQ: MM: MM, LQ: LQ: LQ < LQ: LQ: MM < LQ: 
MM: MM. Thus, the two-layer ONIOM (B3LYP/6-
31G (d,p): PM3) method is applied to calculate the 
structure and binding energy of dapivirine at the HIV-
RT binding site. Previous reports (11,12) indicated that 
dapivirine has two strong binding sites with HIV-RT--
the π-π interaction with aromatic rings of Tyr181 and 
Tyr188 and the hydrogen bond interaction with Lys101, 

so dapivirine was selected with two aromatic rings 
of Tyr181 and Tyr188 and Lys101 as the inner layer 
(Figure 2).
 Opt imiza t ions have been performed whi le 
considering two approximations, heavy atoms fixing 
(HAF) and backbone atoms fixing (BBF). The binding 
energies of dapivirine with individual residues are 
calculated at the B3LYP/6-31G (d,p) level with 
correction for the basis set superposition error (BSSE), 
using the Boys-Bernardi counterpoise technique (18). 
All calculations presented here have been performed 
with the Gaussian 03 series of programs (19).

Results and Discussion

Structure and binding energy of HIV-1 RT binding site/
dapivirine

The main purpose of this work was to study the 
interaction between dapivirine and the binding sites 
of HIV-1 RT. Presented first is a discussion of the 
interaction of dapivirine with individual residues 
around the NNIBP. As depicted in Figure 3A, 
Lys101 is found to form two hydrogen bonds with 
2-aminopyrimidine in the middle part of dapivirine; 
one is the nitrogen of the pyrimidine ring with the 
amino hydrogen of Lys101 and the other H-bond is 
the amino hydrogen of 2-aminopyrimidine with the 
backbone carbonyl oxygen of Lys101. Additionally, 
the distances of two hydrogen bonds in the X-ray 
structure are 3.51 and 2.75 Å for N…H-N and N-H…
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Figure 2. The studied model system of dapivirine bound to the HIV-1 RT binding site. Layer 
partition is shown for ONIOM2 calculations. (A) is the inner layer and (B) is the outer layer.
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O, respectively. The predicted H-bond distances of N…
H-N and N-H…O in the BBF optimized geometries are 
consistent with the experimental results (3.38 and 2.76 
Å, respectively). However, the H-bond distances in the 
HAF optimized geometries are predicted to lengthen 
by 0.28 and 0.09 Å, respectively. Meanwhile, the 
amino linkages of the two aryl rings provide sufficient 
flexibility to allow favorable π-π interaction with 
Tyr181, Tyr188, Trp229 and Tyr318; the aryl ring in 
the left moiety of dapivirine and the aryl ring of Tyr181 
form a strong π-π stacking interaction, and two benzene 
rings are in parallel as shown in Figure 3B.
 Table 1 shows the BSSE-corrected energies of 
the interaction of dapivirine with individual residues 
surrounding the NNIBP at the B3LYP/6-31G (d,p) 
level of theory. The results clearly deny that more 
attractive interactions are found. The interactions 
of dapivirine with all residues stabilize the NNIBP/
dapivirine complex, and the interaction energies for 
the X-ray structure range from -0.6 to -4.1 kcal/mol. 
But the interaction of dapivirine with Leu100, Lys101, 
Lys103, Tyr181 and Tyr188 are the main contributors 
to stabilization of the dapivirine/NNIBP complex, and 
the interaction energies in the X-ray structure are -2.86, 
-2.06, -4.21, -3.16 and -2.10 kcal/mol, respectively. 
The calculated interaction energies obtained by the 
HAF and BBF optimized structures are consistent 
with those of the X-ray structure. These results are 
also consistent with the experimental results that the 
mutations of Leu100Ile, Tyr181Cys, Tyr188Leu and 
Leu103Asn+Tyr181Cys give rise to drug resistance 
to dapivirine (9). The Leu100Ile and Leu103Asn 
mutations generally destabilized the complex by 
diminishing the hydrogen bonds between the inhibitor 
and Leu101. Additionally, the mutations of Tyr181Cys 
and Tyr188Leu had resistance to dapivirine by reducing 
favorable π-π interaction between the tyrosine and 
aromatic rings of dapivirine.
 As the dapivirine/NNIBP complex system is too 
large for high level calculations, ONIOM2 methods 
were thus adopted in order to calculate the binding 
energy of the dapivirine/NNIBP complex. This complex 
system is divided into two parts: the inner layer, 

consisting of dapivirine, Lys101, and two aromatic rings 
of Tyr181 and Tyr188, and the outer layer, consisting 
of the remaining residues. The B3LYP/6-31G (d,p) 
method has been proposed as a reliable tool for studying 
molecular systems containing intermolecular hydrogen 
bonds (20), so this method is applied to the inner 
layer because the hydrogen bond interaction between 
dapivirine and Lys101 is the main contributor. The 
calculated ONIOM2 binding energies (BE), interaction 
energies (IE), and deformation energies (DE) for the 
dapivirine/NNIBP complex are shown in Table 2. The 
binding energy for BBF was found to be -18.20 kcal/
mol, while the results obtained by HAF underestimated 
the binding energy by 10.23 kcal/mol.

Comparison of dapivirine, efavirenz, and nevirapine 
bound to HIV-1 RT

Upon comparison of two NNRTI drugs studied, 
efavirenz and nevirapine (13,14), dapivirine was found 
to have the virtues of two inhibitors. Based on previous 
reports, efavirenz has two strong hydrogen bonds with 
Lys101 and the aromatic pyridine ring of nevirapine 
has strong π-π stacking or H…π interaction with two 
aromatic rings of Tyr181 and Tyr188. In the structure of 
dapivirine, the 2-aminopyrimidine groups of dapivirine, 
which are equivalent to the benzoxazin-2-one in 
efavirenz, form two hydrogen bonds with the carbonyl 
oxygen and amino hydrogen of Lys101, and the 

Figure 3. Optimized structure of the dapivirine and Lys101 (A), and 
Tyr181 (B) complex from ONIOM (B3LYP/6-31G (d,p): PM3).

Residue               Crystal                        HAF                         BBF

Pro95                 -0.39                -0.50            -0.54
Leu100                 -2.86                -2.64            -2.37
Lys101                 -4.21                -4.12            -4.45
Lys102                 -0.40                -0.25            -0.24
Lys103                 -2.06                -1.94            -1.33
Val106                 -0.98                -0.70            -0.73
Val179                 -1.65                -1.41            -1.10
Ile180                 -0.29                -0.19            -0.28
Tyr181                 -3.16                -2.80            -2.37
Tyr188                 -2.10                -1.34            -1.08
Val189                 -0.31                -0.19            -0.14
Gly190                 -0.32                -0.08            -0.09
Phe227                 -1.18                -0.36            -0.63
Trp229                 -0.83                -0.96            -1.37
Leu234                 -1.71                -1.47            -1.37
His235                 -1.08                -1.16            -0.84
Pro236                 -0.65                -0.93            -0.69
Tyr318                 -0.93                -0.66            -0.14
Glu138                 -0.62                -0.88            -1.63

Total               -25.76             -22.58         -21.41

Table 1. BSSE-corrected interaction energies of dapivirine 
with individual residues (Xi) (in kcal/mol), calculated at the 
B3LYP/6-31G (d,p) level

Method   BE    IE   DE  DETMC120           DEpocket 
   
HAF -7.97 -13.95  5.98  3.67         2.31
BBF -18.20 -23.11  4.91  4.58         0.33

Table 2.  Binding energies (BE kcal/mol) and their 
components for the HIV-1 RT/dapivirine complex, calculated 
by the ONIOM (B3LYP/6-31G (d,p): PM3) method
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aromatic ring in the left moiety of dapivirine exhibits 
strong π-π stacking or H…π interaction with the two 
aromatic rings of Tyr181 and Tyr188. The calculated 
interaction energies of dapivirine with all residues 
stabilize the dapivirine/NNIBP complex; but with 
some residues the interaction energies of efavirenz and 
nevirapine destabilize the inhibitor/NNIBP complex.

Conclusions

ONIOM calculat ions of the NNIBP/dapivir ine 
complexes systems show that dapivirine has strong 
interaction with NNIBP, and the predicted binding 
energies of the NNIBP/dapivirine complex are 
respectively -7.97 and -18.2 kcal/mol for HAF and BBF 
by the ONIOM2 (B3LYP/6-31G (d,p): PM3) method. 
The 2-aminopyrimidine groups of dapivirine form 
two hydrogen bonds with the carbonyl oxygen and 
amino hydrogen of Lys101, and two aromatic residues, 
Tyr181 and Tyr188, are found to exhibit strong H…
π and π-π interaction with the aromatic ring in the left 
moiety of dapivirine. These distinctive characteristics 
of dapivirine binding to NNIBP play a vital role 
in stabilizing the complex. Therefore, dapivirine 
is obviously in line to become a new generation of 
inhibitor to combat AIDS.
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ABSTRACT: The objective of this study was to 
prepare hyoscine butylbromide (a drug with bitter 
taste) tablets that can rapidly disintegrate in saliva. 
The granules were prepared by the extrusion method 
using aminoalkyl methacrylate copolymers (Eudragit 
E-100). The drugs dissolved rapidly in medium at 
pH 1.2 in a dissolution test while none of the drugs 
dissolved from the granules (% of dissolved < 5%) 
even after 8 h at pH 6.8. Rapidly disintegrating 
tablets were prepared using prepared taste-masked 
granules and a mixture of excipients consisting 
of crystalline cellulose (Avicel PH-102) and low-
substituted hydroxypropylcellulose (L-HPC, LH-11). 
The granules and excipients were mixed well (mixing 
ratio by weight, crystalline cellulose: L-HPC, was 
8:2) with 1% magnesium stearate as a lubricant 
and subsequently compressed at 500-1,500 kgf in a 
single-punch tableting machine. The prepared tablets 
(compressed at 500 kgf) containing the taste-masked 
granules have significant strength (crushing strength 
was 3.5 kg), and a rapid disintegration time (within 30 
sec) was observed in the saliva of healthy volunteers. 
None of the volunteers sensed any bitter taste after 
the disintegration of the tablet that contained the 
taste-masked granules. The results confirmed that 
rapidly disintegrating tablets can be prepared using 
these taste-masked granules and excipients that are 
commonly used in tablet preparation.

Key Words: Hyuocine butylbromide, fast disintegrant 
tablets, Eudragit E-100, tast masking 

Introduction

Pharmaceutical preparations for the elderly have 
recently been developed to improve their treatment 

compliance and quality of life (QOL) (1). Fast-
disintegrating tablets have been in ever-increasing 
demand since the last decade, and the field has become 
a rapidly growing area in the pharmaceutical industry 
(2-6). The preparation of rapidly disintegrating tablets 
consists of crystalline cellulose (Avicel PH 102) and 
low-substituted hydroxypropylcellulose (L-HPC), 
which are commonly used in the manufacture of 
conventional tablets. The rapidly disintegrating 
tablet can be prepared by direct compression at a low 
compression force, 100-300 kgf (7,8). The tablets 
prepared disintegrated rapidly in saliva and a small 
amount of water, and the disintegration was complete 
within 30 sec. Other excipients used in the preparation 
of rapidly disintegrated tablets include amorphous 
sucrose (9), glycine, and carboxymethylcellulose 
(10). High-porosity compressed drug tablets that are 
soluble in saliva have successfully been prepared 
using mannitol, a water-soluble excipient (11). A 
tablet prepared by the compression method using 
only mannitol had a long dissolution time (> 120 sec). 
However, highly porous tablets could be prepared by 
subliming camphor after compressing the mixture of 
the drug and mannitol and camphor particles. High-
porosity tablets thus prepared completely dissolved 
in saliva within 20 sec (11). The prepared tablets 
contained meclizine (HCl salt, powder), an antiemetic 
and antivertigo agent as the active component, and 
can be taken for motion sickness even when water is 
not available (12). Thus tablet preparation is highly 
useful for the treatment of kinetosis. With rapidly 
disintegrating tablets, there is a problem of the drug’
s bitter taste due to the dissolution of the active 
component in the mouth. Taste masking must be 
investigated prior to preparing rapidly disintegrating 
tablets of drugs with a bitter taste. In the present study, 
hyoscine butylbromide, which is extremely bitter, 
was chosen as the model drug and prepared as rapidly 
disintegrating tablets using taste-masked granules such 
as the aminoalkyl methacrylate copolymers. Hyoscine 
butylbromide has an antimuscarinic effect and is used 
as an antispasmodic agent (13).

Materials and Methods

Studies on the development of rapidly disintegrating hyoscine 
butylbromide tablets   
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Materials

Hyoscine butylbromide, crystalline cellulose (Avicel 
PH-102), low-substituted hydroxypropylcellulose 
(L-HPC, LH-110), and magnesium stearate were kindly 
supplied by the EIPICO Pharmaceutical Company, 
Egypt. Aminoalkyl methacrylate copolymers (Eudragit 
E-100) were supplied by Rohm Gmbh (Germany). 
Ethanol (≥ 99%) and all other reagents used were of 
analytical grade.

Preparation of granules and rapidly disintegrating 
tablets

The composition of each tablet tested is listed in Table 
1. The drug hyoscine butylbromide (HBB) was mixed 
with powdered Eudragit E-100 in a drum mixture, 
and then 10% ethanol was added to the mixture of 
the drug and Eudragit in a glass beaker. Then, a gel 
containing the mixture of the drug and Eudragit E-100 
was prepared; using this prepared gel, taste-masked 
granules were prepared by the extrusion method. The 
prepared gel was manually extended (pressed out) 
using a syringe. After extrusion of the gel, ethanol was 
removed by evaporation overnight and subsequently 
the solidified gel in the shape of a string was crushed 
into granules using a mortar. An Erweka single-
punch tableting machine was used to prepare tablets 
with an 8-m diameter using a compression force of 
500-1500 Kp for a target weight of 180 mg. The taste-
masked tablets were prepared using a mixture of the 
taste-masked granules, excipient mixture, crystalline 
cellulose and L-HPC at mixing ratios by weight of 
crystalline cellulose of L-HPC = 8:2, and magnesium 
stearate (1%). Additionally, tablets were prepared using 
a powdered mixture of the drug and Eudragit E-100 
(without granulation) and magnesium stearate (1%) as a 
control tablet.

Evaluation of the tablets prepared

The crushing strength of the tablets in response to 
diametrical compression force was measured with a 
digital crushing strength measuring machine (Pharma 
Test hardness tester).
 The in vitro disintegration time was measured for 6 
tablets; one tablet was placed in each tube of the basket, 
which was then immersed in water (37 ± 2ºC). The time 
required for complete disintegration of the tablet in each 
tube of the basket was record in seconds.
 The in vitro dissolution test was conducted using 
a USP II dissolution apparatus. The materials (tablet 
contents and masked granules) were dried overnight in 
a desiccator to remove excess moisture and subjected 
to a dissolution test in a machine equipped with an 
autosampling apparatus (HP, Japan). The USP II 
dissolution test basket was attached to a spindle and 

placed in a dissolution bath containing 900 mL of USP 
II 1st fluid (pH 1.2) and the 2nd fluid (pH 6.8) for the 
disintegration test or citric acid-NaOH buffer solution 
(pH 5.0) (14) and maintained at 37 ± 0.5ºC. The 
spindle was rotated at 100 rpm, and the samples were 
withdrawn and analyzed by UV spectrometry at 211 
nm.
 For determination of the in vivo disintegration time, 
ten healthy volunteers, from whom informed consent 
was first obtained, randomly took one tablet and the 
time required for complete disintegration of the tablet in 
the mouth, without biting and without drinking water, 
was measured (15). The sensory test for a bitter taste 
as described by Kimura et al. (16) was used with slight 
modification. Briefly, the same ten volunteers mentioned 
in the determination of the disintegration time in saliva 
held the disintegrated materials in their mouths for 30 
sec. Immediately after the in vivo disintegration test, 
volunteers rinsed their mouths out without ingesting the 
disintegrated particles.

Results and Discussion

Dissolution profiles of hyoscine butylbromide from the 
taste-masked granules prepared from the aminoalkyl 
methacrylate copolymer

Aminoalkyl Methacrylate Copolymer (Eudragit E-100) 
dissolved in an acidic pH (low pH region) but not in the 
neutral pH region. Therefore, Eudragit E-100 was used 
as an acid-soluble (gastric soluble) coating material 
for the compound. In the preliminary study, the taste-
masked granule using Eudragit E-100 was prepared at 
various mixing ratios by weight. Although the mixing 
ratio of the active component and Eudragit E-100 was 
set arbitrarily, the ratio was ultimately selected to be 
HBB: Eudragit E-100 = 1:10 (Table 1). Figure 1 shows 
the dissolution profiles of the drugs from the prepared 
granules. The prepared granules dissolved slightly in 
the fluid (pH 6.8) and maintained their granule shape. 
Consequently, none of the drugs dissolved from the 
granules (% of dissolved, < 5%) even at 480 min after 
the beginning of the dissolution test. On the other hand, 
the dissolution of the drug was rapid at a pH of 1.2. 
The drug dissolution was complete at 15 min after the 
beginning of the test. When the pH in the stomach is 
increased (low gastric acidity) by drug or foods and in 
patients with greater stomach acidity, dissolution of the 
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Hyuocine butylbromide              5
Eudragit E-100               50-75
Crystalline cellulose              78-103
L-HPC               20
Magnesium stearate              2
Total               180

Table 1. Composition of the Tablets

Materials               Amount/mg
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drug from the taste-masked granules should decrease. 
Therefore, dissolution of HBB from taste-masked 
granules was tested in a buffer solution at pH 5.0. 
Consequently, a similar profile of rapid dissolution was 
obtained at pH 5.0 (Figure 1).
 The results of the dissolution test imply that HBB 
does not dissolve from the prepared granules in saliva 
with a pH in the neutral region, but they rapidly dissolve 
in gastric juices where the pH is acidic. As shown in 
Table 2, the volunteers who took the prepared granules 
did not sense the bitter taste of the drug. Therefore, 
taste-masked granules can be prepared using Eudragit 
E-100.

Evaluation of the rapidly disintegrating tablets prepared 
using the taste-masked granules and excipients of 
crystalline cellulose and L-HPC

The HBB content in tablets was chosen to be equal 
to the dose. Crystalline and L-HPC were used as the 
excipients for the rapidly disintegrating tablets (16).
 Figure 2 shows the relationship between the 
compression force on the mixture of the taste-masked 
granules and excipients and the crushing strength of the 
prepared tablet. The crushing strength was about 2 kg 
for the tablet compressed at 500 kgf while it exceeded 6 
kg for tablets compressed at 1,500 kgf. Compressibility 

decreased when the content of Eudragit E-100 increased 
in comparison to those of other excipients (crystalline 
cellulose and L-HPC). Consequently, the crushing 
strength of the prepared tablets was lower than that of 
controlled tablets.
 Figure 3 illustrates the relationship between the 
compression force and the in vitro disintegration time 
of the prepared tablet. When the compression force was 
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Figure 1. Percent of drug released from the taste-masked granules 
prepared with Eudragit E-100.

Table 2. Disintegration time in mouth and sensory test for 
the tablets contains taste-masked granules

        1  27 (-)  22 (+)
        2  23 (-)  26 (+)
        3  25 (-)  23 (+)
        4  28 (-)  23 (+)
        5  29 (-)  24 (+) 
        6  26 (-)  22 (+)
        7  25 (-)  25 (+)
        8  24 (-)  22 (+)
        9  27 (-)  20 (+)
      10  28 (-)  24 (+)

      Mean  26  23.1

     + SD  1.93  1.73

                          Hyuocine butylbromide
Volunteer number      Masked tablets                 Control tablets
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Table 3. Percent of drug released from the granules prepared 
with Eudragit E-100

           pH
  Time (sec)

    1.2         5.0           6.8

     10     80          60             5
     20     98          83             7
     30   100          92             8
     40          100             8
     50              10
     60              10

Table 4. Relationship between crushing strength and in vivo 
disintegration time of the tablets

  Compression Crushing        In vivo
  Force   Strength                disintegration time
      500   2.1          7.5
    1000   2.4        12
    1500   6.0        26

Figure 2. Relationship between compression force and crushing 
strength of the tablets.
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Figure 3. Relationship between compression force and in vivo 
disintegration time of the tablets.
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increased, the crushing strength increased markedly 
and the in vitro disintegration time was also prolonged. 
To date, the best criteria for the disintegration time of 
rapidly disintegrating tablets have yet to be confirmed. 
This study sought to achieve a maximum disintegration 
time of 30 sec. With the tablets in the study, rapid 
disintegration of the prepared tablets can be achieved 
by using a mixture of the taste-masked granules and 
excipients at various compounding ratios when the 
compression force is adjusted to below 1,000 kgf. The 
disintegration times of HBB tablets were found to be 
under 20 sec in vitro when the compression force was 
500 kgf. To examine the disintegration of the prepared 
tablet in the mouth, the in vitro disintegration time 
was measured by the method described in Materials 
and methods. As the same time, a sensory test was 
performed beforehand to evaluate the degree of 
taste masking. For the control tablet, the drug, and 
excipients without granulation, the mixture of the active 
component, crystalline cellulose, L-HPC and Eudragit 
E-100 were compressed at the same force as for tablets 
containing the taste-masked granules. The results are 
summarized in Table 2. In the mouth, the disintegration 
time of HBB tablets containing the taste-masked 
granules prepared using a compression force of 500 
kgf was approximately 20 sec. Fortunately, none of the 
volunteers sensed any bitter taste after disintegration 
of the tablets containing the taste-masked granules, but 
they strongly sensed the bitter taste when the control 
tablet disintegrated in their mouths. The results of 
the sensory test suggest that formulation of Eudragit 
E-100 matrices (granules) plays an essential role in the 
screening of the bitter taste. Although dissolution in 
the stomach was not examined in the volunteers, rapid 
dissolution would appear to occur in the gastric juices. 
Concerning the mechanisms of rapid disintegration 
by the excipients of crystalline cellulose and L-HPC, 
a higher level of porosity for compressed tablets 
using crystalline cellulose and L-HPC would appear 
to be preferable for disintegration in a small amount 
of water. Bi et al. suggested that the disintegration of 
crystalline cellulose L-HPC tablet is affected mainly 
by tablet porosity, hydrophilicity, swelling ability, and 
interparticle force (16).

Conclusion

Rapidly disintegrating tablets were prepared using taste-
masking granules and excipients that are commonly 
used in tablet preparation. The method of preparation 
is useful for the preparation of rapidly disintegrating 
tablets containing a bitter-tasting drug like hyoscine 
butylbromide.
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ABSTRACT: Oligonucleotides consist ing of 
isonucleoside 2’ ,5’-anhydro-3’-nucleobase- 
D-mannitol incorporated in 1’→4’ linkage mode 
were synthesized. Their binding behaviors with 
complementary sequences were investigated 
via thermal denaturation and CD spectra. 6’
-O-methyl-2’,5’-anhydro-3’-(thymin-1-yl)-D-
mannitol incorporated oligonucleotide was also 
synthesized to investigate the effect of hydroxy 
groups of isonucleosides on duplex formation. The 
results showed that the 6’-OH free isonucleoside-
modified oligonucleotide was able to form a 
B-like duplex with 3’→5’ complementary native 
oligodeoxynucleotide in the 1’→4’ direction. The 
free hydroxy group in the isonucleoside made 
a significant contribution to the affinity of the 
modified oligonucleotide to the complementary 
sequence, which was confirmed by molecular 
dynamics simulation.

Key Words: Isonucleoside, nucleoside, oligonucleotide, 
chemical modification

Introduction

Antisense oligonucleotides manipulate the expression 
of specific genes by selective hybridization to target 
mRNA or DNA and can be used as an effective and 
specific therapeutic agent (1-5). They have several 
disadvantages, though, including instability with 
respect to cellular nuclease, unsatisfactory binding 
affinity, insufficient membrane penetration and low 
bioavailability, and restriction of the application of 
natural oligonucleotides. Various types of structure-
modified oligonucleotides have been developed to 
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overcome these problems (6). Modification of the 
phosphate linkage by phosphorothioate (PS) has 
been the first successful strategy for antisense drug 
development, and the first antisense drug (Fomivirsen) 
was approved by the FDA in 1998 for the treatment 
of cytomegalovirus-induced retinitis in patients with 
AIDS. 2’-O-substituted oligonucleotide is another type 
of well investigated modification that has been proven 
to be stable with respect to DNA or RNA cleaving 
enzymes (7). The mixed backbone containing PS 
and 2’-O-modified oligonucleotide retains RNase H 
activation properties that are present in PS antisense 
oligonucleotide and generally absent in 2’-O-modified 
antisense oligonucleotide. Furthermore, this mixed 
antisense oligonucleotide reduces the side effects 
caused by PS antisense oligonucleotide and improves 
the character of pharmacology, pharmacokinetics, and 
pharmacodynamics (8). Locked nucleic acid (LNA), 
which consists of a conformational restriction with a 2’
-O-4’-C-methylene bridge, has been reported to exhibit 
unprecedented affinity to complementary DNA or RNA 
and shows promise as a therapy (9-11).
 Isonucleoside is a type of modified nucleoside 
in which the nucleobase is transferred from C1’- to 
other positions of ribose, displaying both chemical 
and enzymatic s tabi l i t ies (12,13) . Though the 
incorporation of isonucleoside in the native structure 
of oligodeoxynucleotide would slightly decrease the 
stability of the duplex, the excellent antagonizing ability 
of the isonucleoside-incorporated oligonucleotide 
with respect to the hydrolysis of nuclease provides 
a promis ing way to des ign a s tab le an t i sense 
oligonucleotide (14). More recent investigation has 
shown that siRNA with isonucleoside modification 
on the sense strand still retains the gene silencing 
effect (15). Various types of isonucleoside-modified 
oligonucleotides (1-5) are reported to display different 
hybrid properties than complementary sequences. The 
homo-oligomer of modified mode 1, 4, or 5 was able to 
bind to the complementary sequence but the modified 
mode 2 or 3 did not show obvious hybridization ability 
(13). Molecular modeling showed that in the case of 
modified form 4 or 5 the 6’-OH group of each unit was 
located in the groove area when hybridized to d(A)14, 
where it was able to form hydrogen bonds with water in 
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the medium and may have contributed to the stability of 
duplex formation, while in the case of modified mode 3 
most of the 6’-OH groups were directed to the inside of 
the duplex. These results indicate that the hydoxy group 
played a crucial role in duplex formation. In this work, 
an oligonucleotide constructed with isonucleoside 6 
was designed and synthesized and the role of 6’-OH 
was validated by methyl protection. The stability and 
binding mode of the duplexes (Figure 1) formed by 
the modified oligonucleotide and its native counterpart 
were investigated by melting behavior and CD spectra. 
The results may provide some insight into the design of 
chemically modified antisense nucleotides.

Materials and Methods

General methods

All solvents were dried and distilled prior to use. Thin 
layer chromatography (TLC) was performed using 
silica gel GF-254 (Qing-Dao Chemical Co., China) 
plates with detection by UV. Column chromatography 
was performed on silica gel (200-300 mesh or flash, 
Qing-Dao Chemical Co.). Evaporations were carried 
out under reduced pressure with a bath temperature 
below 45°C.
 1H-NMR spectra were recorded on Varian VXR-300 
or Varian Inova 500 with TMS as an internal standard. 
ESI-TOF MS were recorded on ABI QSTAR. 31P-NMR 
spectra were recorded on Bruker AC 2007 or Varian 
VXR-300. MALDI-TOF MS were recorded on Bruker 
BIFLEX III or Kratos PC Axima-plus. UV spectra were 
recorded with Varian Cary 300.
 Molecular optimization was performed using 

the Gaussian 98 program. Unrestrained molecular 
dynamics s imulat ions were performed for the 
oligonucleotide duplexes studied by using the Amber 
8 suite of programs (16). The Amber99 force field was 
used to describe the DNA. An 8Å truncated octahedron 
of TIP3P water was added to solvate the structures and 
counterions of Na+ were placed next to each phosphate 
group. The simulations were conducted for 1.5 ns at 
a constant pressure (1 atm) and temperature (300K). 
Stable trajectories of geometry and energy terms were 
acquired after 500 ps of simulations and the averaged 
structures during the last 800 ps period of simulations 
were generated.

Synthesis

1’-O-Benzoyl-3’-deoxy-3’-(adenin-9-yl)-2’,5’-anhydro-
D-mannitol (10) and 6’-O-benzyol-3’-deoxy-3’-(adenin-
9-yl)-2’,5’-anhydro-D-mannitol (11)

Saturated ammonia/anhydrous methanol (5 mL) was 
added to a solution of compound 9 (0.8 g, 1.6 mmol) 
in anhydrous methanol (10 mL). The reaction mixture 
was stirred at room temperature for about 1 hour and 
monitored by TLC. Once the fully deprotected product 
was detected, the reaction was stopped by removing 
the solvent under reduced pressure. The mixture was 
partially separated by silica gel column chromatography 
(CH2Cl2/CH3OH: 80/1-10/1) to provide the mono-
benzoyl protected mixture of products (10, 11) (150 
mg, 48.7%) in a ratio of about 1:1, and starting material 
9 was collected. Compounds 10 and 11 were separated 
carefully by silica gel column chromatography for 
structure characterization.
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Figure 1. Structures of isonucleosides and the sequences of isonucleoside-incorporated oligonucleotides.

I: 5'-TTT TTT TTT TTTT-3'
II: 1'-ttt ttt ttt ttt-4'-5'-T-3'
III: 1'-t't't' t't't' t't't' t't't' -4'-5'-T-3'
IV: 5'-AAA AAA AAA AAAA-3'
V: 1'-ttt taa att aat aat aa-4'-5'-A-3'
VI: 5'-TTT TAA ATT AAT AAT AAA-3'
VII: 5'-AAA ATT TAA TTA TTA TTT-3'

a, t: hydroxy free isonucleoside 6
t': 6'-O-methyl isonucleoside 6
under bar indicates mis-matched base
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VIII: 5'-TTT ATT ATT AAT TTA AAA-3'
IX: 5'-TCT AAC CCT AACT-3'
X: 5'-AGT TAG GGT TAGA-3'
XI: 5'-AGT TAG GGT TAG-3'-1'-a-4'
XII: 5'-aGT TAG GGT TAG-3'-1'-a-4'
XIII: 5'-AGT TAG GGT TAGT-3'
XIV: 5'-AGT TAG GGT TAGT-3'

I: 5'-TTT TTT TTT TTTT-3'
II: 1'-ttt ttt ttt ttt-4'-5'-T-3'
III: 1'-t't't' t't't' t't't' t't't' -4'-5'-T-3'
IV: 5'-AAA AAA AAA AAAA-3'
V: 1'-ttt taa att aat aat aa-4'-5'-A-3'
VI: 5'-TTT TAA ATT AAT AAT AAA-3'
VII: 5'-AAA ATT TAA TTA TTA TTT-3'

a, t: hydroxy free isonucleoside 6
t': 6'-O-methyl isonucleoside 6
under bar indicates mis-matched base
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XII: 5'-aGT TAG GGT TAG-3'-1'-a-4'
XIII: 5'-AGT TAG GGT TAGT-3'
XIV: 5'-AGT TAG GGT TAGT-3'



http://www.ddtjournal.com

Drug Discov Ther 2007;1(1):65-72.                                                                                       Original Article

67

 Compound 10: 1H-NMR (300MHz, DMSO-d6) δ: 
3.65 (m, 2H, 6’-H), 3.91 (dd, 1H, 1’-H), 4.13 (dd, 1H, 
6’-H), 4.39 (m, 1H, 5’-H), 4.71 (m, 1H, 4’-H), 4.97 
(m, 1H, 2’-H), 5.20 (m, 1H, 3’-H), 7.26 (s, 2H, D2O 
exchangeable, 6-NH2), 7.43 (m, 2H, Ar-H), 7.62 (m, 
3H, Ar-H), 8.09 (s, 1H, 2-H), 8.19 (s, 1H, 8-H).
 Compound 11: 1H-NMR (300MHz, DMSO-d6) δ: 
3.64 (dd, 2H, 1’-H), 3.90 (m, 1H, 5’-H), 4.37 (m, 2H, 
2’-H, 4’-H), 4.73 (m, 2H, 6’-H), 4.93 (m, 1H, 3’-H), 
7.30 (s, 2H, D2O exchangeable, 6-NH2), 7.48 (m, 2H, 
Ar-H), 7.65 (m, 1H, Ar-H), 7.79 (d, 2H, Ar-H), 8.11 (s, 
1H, 2-H), 8.33 (s, 1H, 8-H).
 Mixture of compounds 10 and 11: ESI-TOF+: 386 [M 
+ H]+.

1’-O-Benzoyl-3’-deoxy-3’-(6-N-benzoyl-adenin-9-
yl)-2’,5’-anhydro-D-mannitol (12) and 6’-O-benzoyl-3’
-deoxy-3’-(6-N-benzoyl-adenin-9-yl)-2’,5’-anhydro-D-
mannitol (13)

The mixture of compounds 10 and 11 (0.33 g, 0.86 
mmol) was dissolved in anhydrous pyridine (10 mL), 
TMSCl (1.7 mL, 13.4 mmol) was added in an ice 
bath. The solution was stirred at room temperature 
for about 1 h till no starting material was detected by 
TLC, and then benzoyl chloride (0.8 mL, 6.83 mmol) 
was added. After 2 h of stirring, ammonia was added 
in drops to adjust the solution to pH 9 and stirred at 
room temperature for about 3 h. After evaporation, the 
residue was separated by silica gel chromatography 
(CH2Cl2/CH3OH: 80/1-30/1) to provide a mixture of 
compounds 12 and 13 (0.407 g, 96%). Compound 
12 was partially obtained as white crystals by 
recrystallization from ethanol.
 Compound 12: 1H-NMR (300MHz, DMSO-d6) δ: 
3.47 (m, 2H, 6’-H), 4.19 (m, 1H, 5’-H), 4.48 (m, 1H, 
4’-H), 4.60 (m, 2H, 1’-H), 5.00 (m, 2H, 2’-H, 3’-H), 
7.64 (m, 6H, Ar-H), 8.05 (m, 2H, Ar-H), 8.13 (m, 2H, 
Ar-H), 8.61 (s, 1H, 2-H), 8.69 (s, 1H, 8-H), 11.19 (s, 
1H, D2O exchangeable, NH).
 Mixture of compounds 12 and 13: ESI-TOF+: 490 
[M]+.

6’-O-(4,4-Dimethoxytriphenylmethyl)-1’-O-benzoyl-3’
-deoxy-3’-(6-N-benzoyl-adenin-9-yl)-2’,5’-anhydro-
D-mannitol (14) and 1’-O-(4,4-dimethoxytriphenyl 
methyl)-6’-O-benzyol-3’-deoxy-3’-(6-N-benzoyl- 
adenin-9-yl)-2’,5’-anhydro-D-mannitol (15)

The mixture of compounds 12 and 13 (0.2 g, 0.41 
mmol) was dissolved in anhydrous pyridine (10 mL), 
and dimethoxytrityl chloride (0.15 g, 0.43 mmol) was 
added. The solution was stirred at room temperature 
for 24 h. After evaporation, the residue was purified 
by silica gel chromatography (CH2Cl2/CH3OH: 
100/1-10/1) to provide compound 14 (101 mg, 35%) 
and compound 15 (111 mg, 34%) as white foam, 

respectively.
 Compound 14: 1H-NMR (500MHz, DMSO-d6) δ: 
3.24 (m, 2H, 6’-H), 3.73 (2s, 6H, DMT-OCH3), 4.16 (m, 
1H, 5’-H), 4.48 (m, 2H, 1’-H), 4.89 (m, 1H, 4’-H), 4.93 
(m, 1H, 2’-H), 5.08 (m, 1H, 3’-H), 5.83 (d, J = 6Hz, 
1H, D2O exchangeable, 4’-OH), 6.86 (m, 4H, Ar-H), 
7.23 (m, 1H, Ar-H), 7.30-7.35 (m, 7H, Ar-H), 7.48-7.58 
(m, 7H, Ar-H), 7.66 (m, 2H, Ar-H), 7.81 (d, 2H, Ar-H), 
8.67 (s, 1H, 2-H), 8.71 (s, 1H, 8-H), 11.20 (s, 1H, D2O 
exchangeable, 6-NH). ESI-TOF+: 792 [M + H]+.
 Compound 15: 1H-NMR (500MHz, DMSO-d6) δ: 
3.09 (m, 1H, 1’-H), 3.20 (m, 1H, 1’-H), 4.27 (m, 1H, 5’
-H), 4.51 (m, 1H, 6’-H), 4.62 (m, 1H, 6’-H), 4.65 (m, 
1H, 2’-H), 4.93 (m, 1H, 4’-H), 5.11 (m, 1H, 3’-H), 5.97 
(d, J = 6Hz, 1H, D2O exchangeable, 4’-OH), 6.77 (m, 
4H, Ar-H), 7.08-7.10 (m, 4H, Ar-H), 7.15-7.21 (m, 5H, 
Ar-H), 7.52-7.72 (m, 6H, Ar-H), 8.06 (d, 2H, Ar-H), 8.11 
(m, 2H, Ar-H), 8.65 (s, 1H, 2-H), 8.64 (s, 1H, 8-H), 
11.20 (s, 1H, 6-NH, D2O exchangeable). ESI-TOF+: 
792 [M + H]+. 

1’-O-(4,4-Dimethoxytriphenylmethyl)-4’-O-(2-
cyanoethyl-N,N-diisopropyl) phosphoramidite-1’
-O-benzoyl-3’-deoxy-3’-(6-N-benzoyl-adenin-9-yl)- 
2’,5’-anhydro-D-mannitol (16)

Compound 15 (110 mg, 0.14 mmol) was dried in a 
vacuum and dissolved in anhydrous THF (2 mL) in an 
argon atmosphere. Diisopropylethylamine (DIPEA, 97 
μL, 0.56 mmol) and 2-cyanoethyl-N,N-diisopropyl-
chlorophosphoramidite (62 mL, 0.28 mmol) were 
added to the solution. The mixture was stirred at 0°C for 
10 min and continued to be stirred at room temperature 
for 40 min. Then, the reaction mixture was quenched 
by addition of MeOH (1 mL). After stirring for 10 
min, EtOAc (15 mL) was added and the organic 
layer was washed with 5% aqueous NaHCO3 (2 × 5 
mL), followed by H2O (5 mL) and then drying over 
anhydrous Na2SO4. After evaporation, the oily residue 
was purified by silica gel column chromatography 
(petroleum ether/AcOEt/CH2Cl2: 10/1/1-4/1/1, 0.3% 
Et3N) to provide compound 16 as a white foam (120 
mg, 86%).  31P-NMR (CDCl3, ppm) δ: 150.7, 151.6.

6-O-Benzoyl-2,5:3,4-dianhydro-D-talitol (17) and 
1-O-benzoyl-2,5:3,4-di-anhydro-D-talitol (18)

Saturated ammonia/anhydrous methanol (20 mL) 
was added to the solution of compound 7 (7.0 g, 
20.0 mmol) in anhydrous methanol (60 mL). The 
solution was stirred at room temperature till the fully 
deprotected product was detected by TLC (identified by 
phosphatomolybdic acid in ethanol). After evaporation, 
the residue was separated by silica gel column 
chromatography (petroleum ether/EtOAc: 10/1-2/1) to 
provide a mixture of compounds 17 and 18 (in total: 1.9 
g, 80%), and starting material (3.7 g) was collected.
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 Compound 17: 1H-NMR (300MHz, CDCl3) δ: 3.43 
(m, 2H, H-1), 3.85 (m, 1H, 2-H), 4.01 (m, 2H, 3-H, 
4-H), 4.34 (m, 3H, 5-H, 6-H), 4.88 (m, 1H, 1-OH), 7.55 
(m, 2H, Ar-H), 7.67 (m, 1H, Ar-H), 8.01 (m, 2H, Ar-H).
 Compound 18: 1H-NMR (300MHz, CDCl3) δ: 3.43 
(m, 2H, 6-H), 4.00 (m, 3H, 3-H, 4-H, 5-H), 4.32 (m, 
1H, 2-H), 4.38 (d, 2H, 1-H), 4.90 (m, 1H, 6-OH), 7.56 
(m, 2H, Ar-H), 7.68 (m, 1H, Ar-H), 7.97 (m, 2H, Ar-H). 

6-O-Benzoyl-1-O-methyl-2,5:3,4-dianhydro-D-talitol 
(19) and 1-O-benzoyl-6-O-methyl-2,5:3,4-dianhydro-D-
talitol (20)

The mixture of compounds 17 and 18 (3.4 g, 13.6 
mmol) was dissolved in an ether solution of CH2N2 (150 
mL), silica gel (5 g, 200-300 mesh) was added, and the 
solution was stirred at room temperature for 2 h. After 
evaporation under reduced pressure, the residue was 
purified on a silica gel column (petroleum ether/EtOAc: 
10/1-5/1) to provide a mixture of compounds 19 and 
20 (in total: 2.5 g, 70%) as a white syrup. 1H-NMR 
(300MHz, CDCl3) δ: 3.37 (s, 3H, OCH3), 3.42 (s, 3H, 
OCH3).  Anal. Calcd. for C14H16O5: C, 63.63; H, 6.10. 
Found: C, 63.44; H, 5.98.

6’-O-Benzyl-1’-O-methyl-3’-deoxy-3’-(thymin-l-
yl)-2’,5’-anhydro-D- mannitol (21) and 1’-O-benzyl-6’
-O-methyl-3’-deoxy-3’-(thymin-1-yl)-2’,5’-anhydro-D- 
mannitol (22)

Thymine (2.8 g, 22.6 mmol) in anhydrous DMF, 
DBU (7 mL, 46 mmol) was added to the solution of 
compounds 19 and 20 (4 g, 15.1 mmol) in drops at 
room temperature. The solution was stirred at room 
temperature for 30 min and then at 90-100°C for 48 h. 
After evaporation, the residue was applied to a silica gel 
column (petroleum ether/EtOAc: 5/1-2/1) to provide a 
mixture of 21 and 22 (in total: 2.0 g, 52%) as a yellow 
syrup. Unreacted starting materials 19 and 20 were 
collected. The mixture was characterized by 1H-NMR, 
and two sets of signals were observed.

1’-O-Methyl-3’-deoxy-3’-(thymin-l-yl)-2’,5’-anhydro-
D-mannitol (23) and 6’-O-methyl-3’-deoxy-3’-(thymin-
l-yl)-2’,5’-anhydro-D-mannitol (24)

Saturated ammonia/anhydrous methanol (15 mL) 
was added to the solution of compounds 21 and 
22 (0.29 g, 0.74 mmol) in methanol (15 mL). The 
solution was stirred at room temperature overnight. 
After evaporation, the residue was applied to a silica 
gel column (CH2Cl2/CH3OH: 50/1-10/1) to provide a 
mixture of 23 and 24 (in total: 0.18 g, 83%) as a yellow 
syrup. The mixture was characterized by 1H-NMR, and 
two sets of signals were observed.
 Compound 23: 1H-NMR (500MHz, DMSO-d6) δ: 
1.76 (s, 3H, 5-CH3), 3.24 (s, 3H, O-CH3), 3.34 (m, 2H, 

1’-H), 3.54 (m, 2H, 6’-H), 3.68 (m, 1H, 5’-H), 4.05 (m, 
1H, 2’-H), 4.20 (m, 1H, 4’-H), 4.68 (m, 1H, 3’-H), 7.58 
(s, 1H, 6-H).
 Compound 24: 1H-NMR (500MHz, DMSO-d6) δ: 
1.76 (s, 3H, 5-CH3), 3.24 (s, 3H, O-CH3), 3.25-3.50 (m, 
4H, 1’-H, 6’-H), 3.80 (m, 1H, 5’-H), 3.88 (m, 1H, 2’
-H), 4.16 (m, 1H, 4’-H), 4.63 (m, 1H, 3’-H).

6’-O-Dimethoxyltrityl-1’-O-methyl-3’-deoxy-3’
-(thymin-l-yl)-2’,5’-anhydro-D-mannitol (25) and 1’
-O-dimethoxyltrityl-6’-O-methyl-3’-deoxy-3’-(thymin- 
l-yl)-2’,5’-anhydro-D-mannitol (26)

Similar to the preparation of 14 and 15 from 12 and 13, 
compounds 25 and 26 were obtained from 23 and 24 as 
a white foam at a 74% yield.
 Compound 25: 1H-NMR (500MHz, DMSO-d6) δ: 
1.79 (s, 3H, 5-CH3), 3.09 (m, 2H, 1’-H), 3.32 (s, 3H, 1’
-OCH3), 3.49 (m, 2H, 6’-H), 3.73 (s, 6H, DMT-OCH3), 
3.84 (m, 1H, 5’-H), 4.01 (m, 1H, 2’-H), 4.15 (m, 1H, 
4’-H), 4.74 (m, 1H, 3’-H), 5.60 (d, J = 6Hz, 2H, D2O 
exchangeable, 4’-OH), 6.84 (m, 4H, Ar-H), 7.20-7.32 
(m, 8H, Ar-H), 7.53 (s, 1H, 6-H), 11.28 (s, 1H, D2O 
exchangeable, NH).  ESI-TOF+ MS: 611 [M + Na]+. 
 Compound 26: 1H-NMR (500MHz, DMSO-d6) δ: 
1.79 (s, 3H, 5-CH3), 3.13 (m, 2H, 6’-H), 3.32 (s, 3H, 6’
-OCH3), 3.45 (m, 2H, 1’-H), 3.73 (s, 6H, DMT-OCH3), 
3.85 (m, 1H, 5’-H), 4.01 (m, 1H, 2’-H), 4.19 (m, 1H, 
4’-H), 4.65 (m, 1H, H-3’), 5.61 (d, J = 6Hz, 1H, D2O 
exchangeable, 4’-OH), 6.84 (m, 4H, Ar-H), 7.20-7.32 
(m, 8H, Ar-H), 7.56 (s, 1H, 6-H), 11.28 (s, 1H, D2O 
exchangeable, NH).  ESI-TOF+ MS: 611 [M + Na]+.

1’-O-(4,4-Dimethoxytriphenylmethyl)-4’-O-(2-
cyanoethyl-N,N-diisopropyl)-phosphoramidite-6’
-O-methyl-3’-deoxy-3’-(thymin-l-yl)-2’,5’-anhydro-D- 
mannitol (27)

Similar to the preparation of 16 from 15, compound 27 
was obtained from 26 as a white foam at a 74% yield. 
31P-NMR (CDCl3, ppm) δ: 157.2.

Solid-phase synthesis of oligonucleotides

Oligonucleotide synthesis was carried out on a 1-μM 
scale with a DNA synthesizer (model 392A, Applied 
Biosystems) applying regular phosphoramidite 
chemis t ry. C leavage and depro tec t ion o f the 
oligonucleotides were performed in a concentrated 
aqueous ammonia solution at 80°C for 2 h. The 
oligonucleotides were purified by PAGE (DMT-off) or 
HPLC (C18, DMT-on) and desalted by OPC (ABI). The 
pure oligonucleotides were lyophilized and stored at 
-20°C.

Thermal denaturation and CD spectra
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The oligomers were dissolved in a buffer containing 
0.14 M NaCl, 0.01 M Na2HPO4, and 1.0 mM EDTA at 
pH 7.2. The solution containing oligonucleotide at a 
concentration of 4 μM was mixed with an equimolar 
amount of its complementary sequence. Sample were 
incubated at 80°C for 5 min, then gradually cooled 
to 4°C, and kept at this temperature for 12 h. Then, 
the sample was used for the investigation of thermal 
denaturation and CD spectra. Thermal denaturations 
were recorded on a Varian Cary 300 spectrophotometer 
at 260 nm. Sample temperature was increased at 
0.5°C/min intervals between 20 and 80°C. CD 
spectra were measured at 5°C with a J720 polarized 
spectrophotometer in thermostatically controlled 1 cm 
cuvettes.

Results and Discussions

Synthesis of oligonucleotides

Isonucleoside phosphoramidite 8, suitable for solid-
phase oligonucleotide synthesis, was obtained by 
starting with 2’,5’-anhydro-1’,6’-O-dibenzoyl-3’- 
(thymin-1-yl)-D-mannitol, which was prepared from 
D-glucosamine in five steps based on a previous 
strategy (13). The isonucleoside phosphoramidite 
16 was also obtained by a similar method (Scheme 
1). The amino group of compound 10 or 11 was 
protected selectively by the “one-pot” method (17), 

in which compound 10 or 11 was first treated with 
trimethylchlorosilane to protect the hydroxyl groups, 
and then benzoyl chloride was added to provide 
N-acylation products. Finally, the trimethyl group was 
hydrolyzed in a basic environment (pH 9) by adding 
ammonia water (25%) to the reaction solution. Under 
these pH conditions, the benzoyl group remained. 
Compounds 10 and 11 or 12 and 13 possessed very 
similar polarity and were difficult to separate, so the 
mixture was directly used for the subsequent reaction. 
The mixture of compounds 12 and 13 reacted with 
dimethoxytrityl chloride and provided compounds 
14 and 15, which were then separated by silica gel 
chromatography.
 Isonucleoside phosphoramidite 27 was provided by 
the key intermediate epoxide 7 via six steps (Scheme 
2). Compound 7 was debenzoylated with 50% NH3/
CH3OH at room temperature to provide compounds 
17 and 18 in a ratio of about 4:1. Compounds 17 
and 18 were difficult to separate, so the mixture was 
used in the following reaction till the dimethoxytrityl 
group was used for the protection of the 1’-OH 
group. Compounds 17 and 18 were methylated in 
CH2N2/ether in which silica gel was used as a catalyst 
to provide compounds 19 and 20, which was then 
reacted with thymine under basic conditions to provide 
isonucleosides 21 and 22. After debenzoylation and 
protection with dimethoxytrityl groups, compounds 
25 and 26 were provided, which were then separated 
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Scheme 1. Reagents and conditions: i) adenine, DBU, DMF, 90-100°C; ii) NH3/CH3OH; iii) a. TMSCl, b. 
BzCl, pyridine, c. NH3/H2O; iv) DMTCl, pyridine; v) ClP(OCH2CH2CN)N(iPr)2, EtN(iPr)2, THF.

O
HO

OBz

A

OH

O
BzO

OH

A

OH

+
ii) iii)

O
HO

OBz

ABz

OH

O
BzO

OH

ABz

OH

+
iv) O

DMTO

OBz

ABz

OH

O
BzO

ODMT

ABz

OH

+

10 11

12 13 14

15
O

BzO

ODMT

ABz

O

16

O

O

BzO

OBz

O
BzO

ODMT

T

O
P

(iPr)2N OCH2CH2CN

O
BzO

OBz

A

OH

8

9

i)

7

P
(iPr)2N OCH2CH2CN

v)

15



http://www.ddtjournal.com

Original Article                                                                                        Drug Discov Ther 2007;1(1):65-72.

by silica gel chromatography. The phosphoramidite 
27 was obtained by the phosphination of compound 
26. The structures of 14, 15, 25 and 26 were identified 
by 1H-NMR, H-H COSY, and NOESY spectra. The 
proton signals of the CH2 connected to OBz appeared 
to be lower than those of the CH2 connected to ODMT. 
Molecular modeling implied that there was a relatively 
strong NOE between the protons of 1’-H and 3’
-H (Figure 2), which was in accordance with NMR 

characterization.
 All isonucleoside-incorporated oligonucleotides 
were assembled on an automated DNA synthesizer on a 
1 μ-mol scale. Synthesis was followed by the standard 
phosphoramidite protocol except for three injections 
and a prolonged coupling time of 80 sec every time 
to ensure adequate coupling yields. For convenience, 
commercially available nucleotide-attached CPG was 
used in the synthesis of isonucleoside-incorporated 
oligonucleotide and one native nucleotide was retained 
at the 3’-end of the sequence. Universal CPG (Proligo) 
was used for the synthesis of oligonucleotide with 
a single isonucleoside modified at the 3’-end. The 
coupling efficiency was obtained by measuring the 
release of DMT (95-97%). The crude DMT-protected 
oligomers were purified by HPLC (C18 column) 
and then detritylated in 80% acetic acid for 30 min 
and desalted by OPC (oligonucleotide purification 
cartridge, ABI) to provide the pure oligomer products. 
The purities of oligomers were confirmed by capillary 
electrophoresis or by HPLC analysis. The molecular 
weights were confirmed by MALDI-TOF mass 
spectrometry.
 The base paring properties of isonucleoside-
incorporated oligonucleotides with respect to their 
complementary sequences were investigated by thermal 
denaturation and circular dichroism (CD) spectra. 
Table 1 summarizes the melting temperatures (Tm 
values) determined by ultra-violet (UV) spectroscopy. 
The results indicate that oligomer II was able to bind 
with its complementary sequence IV though the Tm 
value was a little lower than that of the native control 
(I/IV) (Table 1). When the 6’-OH of isonucleoside was 

70

Figure 2. Characterization of compounds 14 and 15 by NOE and 
molecular modeling.
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protected by a methyl group, as shown by oligomer 
III, no obvious binding to the native complementary 
sequence was observed. This fact undoubtedly 
demonstrates that 6’-OH contributed to the stability 
of the isonucleoside-incorporated duplex. Molecular 
dynamics simulation also supported this conclusion 
(Figure 3). Simulation results showed that Watson-
Crick base paring and base stacking were retained in 
the case of free 6’-OH, whereas in the case of 6’-OMe 
base paring and stacking were disturbed.

 Theore t ica l ly, i sonucleos ide- incorpora ted 
oligonucleotide has two possible ways to bind with 
its counterpart, i.e., binding to the 5’→3’ native 
complementary sequence in the 1’→4’ or 4’→1’ 
direction. A mixed purine-pyrimidine sequence V has 
been designed to clarify the mode of binding. Thermal 
denaturation studies showed that a relatively stable 
duplex was formed between sequences V and VIII, but 
no obvious binding was observed between sequence 
V and VII. The results indicated that isonucleoside-

Figure 3. Average structures of duplexes formed by isonucleoside-incorporated oligonucleotides and their native complementary sequences. 6’-OH 
and 6’-OMe are highlighted with fi lled-in circles. (Left) duplex II/IV; (Right) duplex III/IV.

Duplex    Tm (ΔT) (°C)

I/IV    34.9
II/IV    33.1 (-1.8)
III/IV    -
V/VII    -
V/VIII    29.0 (-8.0)
VI/VII    -
VI/VIII    37.0
X/IX    42.0
XI/IX    40.0 (-2.0)
XII/IX    41.1 (-1.1)
XIII/IX    39.0 (-3.0)
XIV/IX    40.2 (-1.8)

ΔT is the difference in melting temperature between the modified 
duplex and native oligodeoxynucleotide duplex.

Table 1. Melting temperature of duplexes formed by 
isonucleoside-incorporated oligonucleotides and their 
complementary sequences

Figure 4. CD spectra of duplexes formed by isonucleoside-
incorporated sequences and native complementary sequences.
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incorporated oligonucleotide bound with 5’→3’ 
native complementary oligodeoxynucleotide in the 4’
→1’ direction. Table 1 also shows that the effect of 
isonucleoside on the decrease in melting temperature 
in the mixed purine-pyrimidine sequence (II/IV) was 
much more obvious than in the homo-pyrimidine 
sequence (V/VIII). Single nucleoside modification at 
one or two ends of the sequence led to the decrease in 
melting temperature for about 1-2°C, but the effect was 
a little weaker than the corresponding mis-matched 
sequence. Considering the increased enzymatic stability 
of the modified oligonucleotide, the amount of decrease 
in the binding ability was acceptable. This implied that 
a stable chemically modified antisense oligonucleotide 
could be designed by attaching an isonucleoside at the 
ends of the native sequence.
 CD spectra were used to study the conformation 
of the above duplexes (Figure 4). The spectrum of 
the duplex dT14/dA14 (I/IV) showed a positive Cotton 
peak at 217 nm and a negative Cotton peak at 248 
nm, which is the typical character of a B-form DNA 
conformation. Duplex II/IV and V/VIII also displayed 
very similar spectra, which suggested that the modified 
oligonucleotide duplexes adopted similar B-form 
conformations. The low intensities of the Cotton peaks 
of modified duplexes resulted from the poor base 
stacking of duplexes in which Watson-Crick base paring 
was disturbed by the torsion of the backbone originating 
from the introduction of isonucleoside.
 In summary, ol igonucleotides consist ing of 
isonucleoside 2’ ,5’-anhydro-3’-nucleobase-D-
mannitol or 6’-O-methyl-2’,5’-anhydro-3’-(thymin-
1-yl)-D-mannitol incorporated in 1’→4’ linkage 
mode were synthesized. Their binding behaviors with 
complementary sequences were investigated via thermal 
denaturation and CD spectra. A mixed purine-pyrimidine 
sequence showed that the modified oligonucleotide 
was able to form a duplex with 3’→5’ complementary 
native oligodeoxynucleotide in the 1’→4’ direction. All 
duplexes were able to adopt B-like DNA conformations. 
The free hydroxy group in isonucleoside contributed 
to the modified oligonucleotide’s affinity to the 
complementary sequence, which was in accordance 
with the results of molecular modeling. The results 
provided some insight into the design of chemically 
stable antisense oligonucleotides, e.g. by incorporating 
an isonucleoside at one or two ends of the sequence.
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ABSTRACT: 15-Alkylidene andrographolide 
derivatives were specific alpha-glucosidase inhibitors. 
Semi-synthetic studies of these derivatives led to new 
alpha-glucosidase inhibitors. Their alpha-glucosidase 
inhibitory activity was evaluated. Bioactivity 
results indicated that most of the derivatives were 
excellent alpha-glucosidase inhibitors. Among them, 
6c displayed the best alpha-glucosidase inhibitory 
bioactivity with an IC50 value of 8.3 µM.

Key Words: Synthesis, andrographolide derivative, 
alpha-glucosidase inhibitor

Introduction

Intense interest in glucosidase inhibitors in chemistry, 
biochemistry, and pharmacology has led to many 
types of natural and synthetic inhibitors, which aid in 
both unraveling the mechanism of glucosidase action 
and development of potential pharmaceuticals such 
as antitumour agents (1-3), antiviral agents (4,5), 
antidiabetics (6-9), and immunoregulatory agents (10). 
Various types of inhibitors have also been designed 
based on structures that resemble the glycosylcations in 
a transition state of hydrolysis by glucosidase (11).
 The plant Andrographis paniculata (12,13) and its 
constituent andrographolide (3) are used extensively in 
traditional Chinese medicine (14,15). Extracts of the 
plant and the constituents are reported to exhibit a wide 
spectrum of biological activities including antibacterial 
(16,17), anti-inflammatory (18,19), antimalarial 
(20,21), immunological (22,23), hepatoprotective (24), 
and antitumor (25) properties. In recent years, the 
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antidiabetic activity of the plant has also attracted some 
researchers’ attention (26-30).
 In the course of the current authors’ study of 
glucosidase inhibi tors , some andrographolide 
derivatives have been proven to be potent and specific 
α-glucosidase inhibitors (31). Previous results 
indicated that (a) the γ-alkylidene butenolide moiety of 
andrographolide derivatives and (b) the aromatic group 
at 3,19-hydroxyls favored α-glucosidase inhibitory 
activity while (c) the epoxidation of double bonds (Δ8(17)) 
hampered α-glucosidase inhibitory activity (31).
 Among the two series of 15-alkylidene derivatives 
cited in previous work, compounds 1 and 2 were the 
best α-glucosidase inhibitors with an IC50 value of 16 
μM and 6 μM, respectively (Figure 1) (32).

 Th i s pape r focuses on syn thes i z ing more 
15-alkyl idene andrographolide analogues and 
investigating the contribution of ketal to inhibitory 
activity. Hence, a new series of derivatives were 
designed and synthesized based on the 15-aklylidene 
andrographolide derivatives concerned instead of the 
compound 1, which displayed excellent bioactivity 
(IC50, 16 μM).

Materials and Methods
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Figure 1. α-glucosidase inhibitors with an IC50 value of 16 μM 
and 6 μM, respectively.



http://www.ddtjournal.com

Original Article                                                                                        Drug Discov Ther 2007;1(1):73-77.

74

General methods

Melting points were determined on a Beijing Keyi 
XT5 apparatus and are uncorrected. IR spectra were 
recorded as KBr pellets on a Thermo Nicolet (IR200) 
Spectrometer. 1H- and 13C-NMR spectra were recorded 
on a Brüker DPX-400 spectrometer at 400 and 100MHz 
with TMS as the internal standard. Mass spectra were 
taken with a Waters Q-Tof micro mass spectrometer. 
The absorbance at 405 nm was measured with a 
PowerWaveX Microplate Scanning Spectrophotometer 
(BIO-TEK INSTRUMENTS, INC).

General procedure for α-glucosidase inhibition assay 

The inhibition rate was determined at 37ºC in 0.067 
M K2HPO4/KH2PO4 buffer (pH 6.8).The reaction 
mixture contained 4 μL of enzyme solution, 40 μL 
of inhibitor and 20 μL of substrate. p-Nitrophenyl-α-
D-glucopyranoside, the substrate, and α-glucosidase 
(Baker’s yeast) were purchased from Sigma Chemical 
Co. (St Louis, MO, USA). One mM acarbose (extracted 
from Glucobay tablets, Bayer Pharmaceuticals 
Corporation) was tested as a positive control. Both the 
inhibitor and substrate were first dissolved in dimethyl 
sulfoxide (DMSO) and then diluted with 0.067 M 
K2HPO4/KH2PO4 buffer so that the final concentration 
of DMSO was 10%. The enzymatic reaction was 
started after incubation of the enzyme (0.04 units/mL) 
for 30 min in the presence of the inhibitor (0.1 mM) 
by the addition of substrate (0.5 mM). The mixture 
was incubated at 37ºC for 5 min, and the reaction was 
quenched by the addition of 0.1 M Na2CO3 (pH 9.8).
The absorption at 405 nm was measured immediately 
and served as the relative rate for the hydrolysis of the 
substrate. All experiments were carried out in triplicate.

Synthesis of compound 4 (33)

Synthesis of compound 5 

Compound 4 (500 mg, 1.4 mmol) and paraform (85 mg, 
2.8 mmol) in THF (20 mL) were refluxed for 1 h in the 
presence of H2SO4. The solvent was evaporated under 
reduced pressure to produce a white powder. The white 
powder was dissolved in CHCl3. The CHCl3 phase was 
extracted with brine and water and dried with Na2SO4. 
The solvent was evaporated to produce 5.

General procedure for the synthesis of compound 6

5 (100 mg, 0.3 mmol) and variant aldehydes (0.45~0.9 
mmol) in dry methanol were refluxed in the presence 
of Na2CO3 (10 mg, 0.09 mmol). After completion of 
the reaction, the mixture was diluted with CHCl3 and 
washed with water. The organic phase was evaporated 
in vacuo to produce the corresponding product by flash 

chromatography or crystallization from methanol.
 6a Yield 89%; m.p.: 153.8~156.5ºC; IR 2939, 2847, 
1757, 1643, 1449, 1165, 1101, 1029, 941, 900 cm-1; 
1H-NMR (400MHz, CDCl3): δ 7.77 (2H, d, J = 7.5Hz), 
7.38 (1H, t, J = 7.3Hz), 7.30 (2H, t, J = 7.3Hz), 7.10 
(1H, s), 6.97 (1H, dd, J = 10.0, 15.6Hz), 6.23 (1H, d, J 
= 15.6Hz), 5.95 (1H, s), 4.93 (1H, d, J = 6.5Hz), 4.81 
(2H, od), 4.57 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.50 
(1H, dd, J = 4.6, 13.2Hz), 3.46 (1H, d, J = 11.2Hz), 2.50 
(1H, dd, J = 1.6, 13.7Hz), 2.24 (1H, m), 2.04 (1H, m), 
1.76 (1H, m), 1.64 (2H, om), 1.47 (1H, br), 1.42 (3H, s), 
1.31 (1H, m), 1.22 (1H, m), 1.14 (1H, m), 0.97 (3H, s); 
13C-NMR (100.6MHz, CDCl3): δ 168.8, 147.8, 147.6, 
137.5, 135.5, 133.3, 130.4, 128.8, 128.7, 127.7, 127.1, 
113.0, 109.6, 87.7, 79.8, 69.1, 61.8, 54.5, 38.7, 37.7, 
37.3, 36.3, 25.8, 21.8, 20.9, 16.0. HRMS m/z: [M+Na]+ 
455.2189 (calcd.455.2198).
 6b Yield 87%; m.p.: 187.0~189.4ºC; IR: 2940, 2847, 
1752, 1645, 1596, 1462, 1300, 1245, 1165, 1100, 1029, 
939, 752 cm-1; 1H-NMR (400MHz, CDCl3): δ  8.18 (1H, 
dd, J = 1.2, 8.0Hz), 7.28 (1H, m), 7.13 (1H, s), 7.01 (1H, 
t, J = 7.6Hz), 6.92 (1H, dd, J = 10.1, 15.8Hz), 6.89 (1H, 
d, J = 8.4Hz), 6.5 (1H, s), 6.29 (1H, d, J = 15.6Hz), 
4.95 (1H, d, J = 6.4Hz), 4.80 (2H, om), 4.57 (1H, s), 
4.06 (1H, d, J = 11.2Hz), 3.87 (3H, s), 3.50 (1H, dd, J 
= 4.4, 8.8Hz), 3.46 (1H, d, J = 11.6Hz), 2.49 (1H, m), 
2.46 (1H, d, J = 10Hz), 2.26 (1H, m), 2.06 (1H, m). 1.79 
(1H, m), 1.64~1.57 (2H, om), 1.41 (3H, s), 1.30 (1H, m), 
1.21~1.13 (2H, om), 0.96 (3H, s); 13C-NMR (100.6MHz, 
CDCl3): δ 168.9, 157.3, 147.9, 147.4, 136.9, 136.1, 
131.5, 130.3, 126.4, 122.3, 121.8, 121.1, 110.5, 109.6, 
106.9, 87.7, 79.8, 69.1, 61.8, 55.6, 38.7, 37.7, 37.3, 
36.3, 25.8, 21.8, 20.9, 16.0.
 6c Yield 57%; m.p.: 175.0~176.4ºC; IR 2941, 2849, 
1742, 1601, 1565, 1525, 1366, 1165, 1100, 1063, 940, 
810 cm-1; 1H-NMR (400MHz, CDCl3): δ  7.70 (2H, d, J 
= 8.8Hz), 7.09 (1H, s), 6.84 (1H, dd, J = 10.1, 15.8Hz), 
6.70 (2H, d, J = 8.8Hz), 6.21 (1H, d, J = 15.8Hz), 5.90 
(1H, s), 4.94 (1H, d, J = 6.4Hz), 4.81 (2H, od), 4.58 (1H, 
s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H, om), 3.43 (1H, 
d, J = 11.2Hz), 3.0 (6H, od), 2.49 (1H, d, J = 13.5Hz), 
2.36 (1H, d, J = 10Hz), 2.26 (1H, m), 2.10 (1H, m). 1.79 
(1H, m), 1.65~1.57 (2H, om), 1.41 (3H, s), 1.28~1.13 
(3H, om), 0.96 (3H, s); 13C-NMR (100.6MHz, CDCl3): 
δ 169.4, 150.5, 148.0, 144.8, 135.7, 135.2, 132.2, 130.4, 
124.2, 122.1, 121.4, 114.6, 111.9, 109.6, 87.7, 79.8, 
69.1, 61.8, 34.3, 40.1, 38.6, 37.7, 37.2, 36.3, 25.8, 21.8, 
20.8, 16.1.
 6d Yield 69%; m.p.: 164.8~170.2ºC; IR: 2942, 
2847, 1750, 1638, 1599, 1507, 1233, 1161, 1099, 1028, 
941, 892 cm-1; 1H-NMR (400MHz, CDCl3): δ 7.83 (2H, 
om), 7.11 (3H, om), 6.98 (1H, dd, J = 10.1, 15.8Hz), 6.23 
(1H, d, J = 15.8Hz), 5.9 (1H, s), 4.94 (1H, d, J = 6.4Hz), 
4.82 (2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 
3.51 (1H, om), 3.46 (1H, d, J = 11.2Hz), 2.49 (1H, d, 
J = 13.6Hz), 2.46 (1H, d, J = 10.0Hz), 2.26 (1H, m), 
2.06 (1H, m), 1.78 (1H, br), 1.61 (2H, om), 1.42 (3H, s), 
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1.31 (1H, m), 1.22 (1H, m), 1.14 (1H, m), 0.97 (3H, s); 
13C-NMR (100.6MHz, CDCl3): δ 168.6, 164.0, 161.5, 
147.8, 147.1, 137.5, 135.5, 132.3, 129.5, 126.8, 121.6, 
116.0, 115.8, 111.8, 109.6, 87.7, 79.7, 69.1, 61.8, 54.3, 
38.7, 37.7, 37.3, 36.3, 25.8, 21.8, 20.8, 16.1.
 6e Yield 90%; m.p.: 198.2~199.7ºC; IR 2953, 2939, 
2849, 1758, 1637, 1488, 1458, 1161, 1097, 1043, 1023, 
942, 891, 811 cm-1; H-NMR (400MHz, CDCl3): δ 7.71 
(2H, d, J = 8.8Hz), 7.36 (2H, d, J = 8.8Hz), 7.10 (1H, 
s), 6.99 (1H, dd, J = 10.1, 15.6Hz), 6.23 (1H, d, J = 
15.8Hz), 5.92 (1H, s), 4.94 (1H, d, J = 6.4Hz), 4.81 (2H, 
od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H, 
dd, J = 4.4, 12.8Hz), 3.46 (1H, d, J = 11.2Hz), 2.50 (1H, 
m), 2.46 (1H, d, J = 10Hz), 2.29 (1H, m), 2.08 (1H, m). 
1.79 (1H, m), 1.63~1.58 (2H, om), 1.42 (3H, s), 1.32 
(1H, m), 1.22~1.11 (2H, om), 0.96 (3H, s); 13C-NMR 
(100.6MHz, CDCl3): δ 168.5, 147.82, 147.86.
 6f Yield 77%; m.p.: 168.4~170.2ºC;  IR 2970, 2941, 
2847, 1761, 1628, 1443, 1261, 1101, 1030, 944, 892 
cm-1; 1H-NMR (400MHz, CDCl3): δ 8.25 (1H, d, J = 
7.7Hz), 7.41 (1H, d, J = 7.8Hz), 7.31 (1H, m), 7.24 (1H, 
m), 7.22 (1H, s), 7.00 (1H, dd, J = 10.0, 15.8Hz), 6.45 
(1H, s), 6.25 (1H, d, J = 15.8Hz), 4.9 (1H, d, J = 6.4Hz), 
4.8 (2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51 
(1H, dd, J = 4.4, 12.8Hz), 3.47 (1H, d, J = 11.2Hz), 2.50 
(1H, d, J = 13.6Hz), 2.38 (1H, d, J = 10.1Hz), 2.24 (1H, 
m), 2.07 (1H, m), 1.78 (1H, m), 1.61 (2H, om), 1.42 
(3H, s), 1.31~1.14 (3H, om), 0.97 (3H, s); 13C-NMR 
(100.6MHz, CDCl3): δ 168.5, 148.5, 147.8, 138.1, 
135.8, 134.1, 131.9, 131.0, 129.7, 129.6, 127.5, 127.2, 
121.5, 109.7, 105.2, 87.7, 79.7, 69.1, 61.8, 54.2, 38.7, 
37.7, 37.2, 36.2, 25.8, 21.8, 20.8, 16.1.
 6g Yield 77%; m.p.: 179.3~182.7ºC; IR 2941, 2878, 
2847, 1762, 1638, 1582, 1474, 1425, 1163, 1099, 1030, 
943, 892 cm-1; 1H-NMR (400MHz, CDCl3): δ 7.73 
(1H, s), 7.67 (1H, d, J = 7.5Hz), 7.30 (2H, om), 7.11 
(1H, s), 7.00 (1H, dd, J = 10.0, 15.6Hz), 6.24 (1H, d, J 
= 15.6Hz), 5.89 (1H, s), 4.94 (1H, d, J = 6.4Hz), 4.82 
(2H, od), 4.56 (1H, s), 4.06 (1H, d, J = 11.2Hz), 3.51 
(1H, dd, J = 4.4, 12.9Hz), 3.47 (1H, d, J = 11.2Hz), 2.50 
(1H, d, J = 12.3Hz), 2.46 (1H, d, J = 10.0Hz), 2.24 (1H, 
m), 2.08 (1H, br), 1.78 (1H, m), 1.63 (2H, om), 1.42 
(3H, s), 1.31 (1H, m), 1.22~1.14 (2H, om), 0.97 (3H, s); 

13C-NMR (100.6MHz, CDCl3): δ 168.8, 148.7, 148.2, 
138.6, 135.8, 135.4, 135.1, 130.43, 130.40, 129.2, 
128.8, 128.0, 122.0, 111.8, 110.1, 88.1, 80.1, 69.5, 62.2, 
54.7, 39.2, 38.1, 377, 36.7, 26.2, 22.2, 21.3, 16.5.
 6h Yield 85%; m.p.: 203.2~203.8ºC; IR 2942, 2851, 
1753, 1642, 1495, 1447, 1259, 1038, 940, 891 cm-1; 
1H-NMR (400MHz, CDCl3): δ 7.47 (1H, d, J = 1.4Hz), 
7.15 (1H, dd, J = 1.4, 8.1Hz), 7.08 (1H, s), 6.95 (1H, dd, 
J = 10.1, 15.6Hz), 6.83 (1H, d, J = 8.1Hz), 6.22 (1H, d, 
J = 15.6Hz), 6.01 (2H, s), 5.89 (1H, s), 4.9 (1H, d, J = 
6.3Hz), 4.82 (1H, d, J = 6.3Hz), 4.80 (1H, s), 4.57 (1H, 
s), 4.06 (1H, d, J = 11.2Hz), 3.51 (1H, m), 3.45 (1H, d, 
J = 11.1Hz), 2.49 (1H, dd, J = 1.5, 13.7Hz), 2.38 (1H, d, 
J = 10.0Hz), 2.24 (1H, br), 2.05 (1H, m), 1.76 (1H, m), 
1.64~1.57 (2H, om), 1.42 (3H, s), 1.28 (1H, m), 1.22 (1H, 
m), 1.13 (1H, m), 0.96 (3H, s); 13C-NMR (100.6MHz, 
CDCl3): δ 169.0, 149.1, 148.9, 148.6, 147.0, 137.6, 
136.4, 128.4, 126.6, 122.5, 113.9, 110.6, 110.4, 109.3, 
102.2, 88.4, 80.5, 68.0, 62.5, 55.0, 39.4, 38.4, 38.0, 
37.0, 26.5, 22.57, 21.6, 16.8.
 6i Yield 75%; m.p.: 203.6~205.0ºC; IR 2943, 2851, 
1761, 1636, 1573, 1503, 1457, 1422, 1332, 1248, 
1156, 1121, 1027, 937, 896 cm-1; 1H-NMR (400MHz, 
CDCl3): δ 7.09 (1H, s), 7.02 (2H, s), 6.94 (1H, dd, J = 
10.1, 15.8Hz), 6.23 (1H, d, J = 15.8Hz), 5.87 (1H, s), 
4.93 (1H, d, J = 6Hz), 4.81 (2H, om), 4.5 (1H, s), 4.06 
(1H, d, J = 11.6Hz), 3.90 (9H, s), 3.50 (1H, m), 3.46 
(1H, d, J = 11.6Hz), 2.49 (1H, d, J = 12.4Hz), 2.4 (1H, 
d, J = 10.0Hz), 2.26 (1H, m), 2.01 (1H, m), 1.79 (1H, 
m), 1.64~1.57 (2H, o0m), 1.42 (3H, s), 1.31 (1H, m), 
1.22~1.14 (2H, om), 0.96 (3H, s); 13C-NMR (100.6MHz, 
CDCl3): δ 168.7, 153.2, 147.9, 147.0, 139.0, 137.3, 
135.5, 128.8, 126.5, 121.6, 113.1, 109.6, 107.6, 87.7, 
79.5, 69.1, 61.7, 61.0, 56.2, 54.3, 38.7, 37.7, 37.3, 36.3, 
25.8, 21.8, 20.8, 16.0.
 6j A mixture of two isomers (1/3); 1H-NMR 
(400MHz, CDCl3): δ 7.83 (0.3H, s), 7.52 (0.3H, d, J = 
1.2Hz), 7.50 (0.7H, d, J = 1.2Hz), 7.09 (0.7H, s), 7.03 
(0.7H, d, J = 3.6Hz), 6.99 (03H, dd, J = 10.1, 15.6Hz), 
6.95 (0.7H, dd, J = 10.1, 15.6Hz), 6.55 (0.7H, m), 6.51 
(0.3H, d, J = 3.2Hz), 6.49 (0.3H, m), 6.35 (0.3H, s), 
6.27 (0.3H, d, J = 15.6Hz), 6.22 (0.7H, d, J = 15.6Hz), 
6.01 (0.7H, s), 4.93 (1H, d, J = 6.4Hz), 4.81 (2H, om), 
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4.57 (0.3H, s), 4.56 (0.7H, s), 4.06 (1H, d, J = 11.2Hz), 
3.51 (1H, m), 3.46 (1H, d, J = 11.2Hz), 2.49 (1H, m), 
2.36 (1H, d, J = 10Hz), 2.26 (1H, m), 2.07 (1H, m). 
1.76 (1H, m), 1.63~1.58 (2H, om), 1.41 (3H, s), 1.28 
(1H, m), 1.22~1.13 (2H, om), 0.96 (3H, s); 13C-NMR 
(100.6MHz, CDCl3): δ 168.3, 168.0, 149.7, , 87.7, 
79.7, 69.1, 61.8, 54.3, 38.7, 37.7, 37.2, 36.3, 25.8, 21.8, 
20.149.3, 147.88, 147.84, 147.3, 145.6, 144.3, 143.9, 
138.0, 137.3, 134.1, 132.3, 128.9, 127.0, 122.1, 121.8, 
114.9, 114.5, 113.1, 112.4, 109.6, 101.8, 101.38, 16.0.

Results and Discussion

C o m p o u n d  4  w a s  o b t a i n e d  b y  r e f l u x i n g 
andrographolide (3) in a mixture of xylene and pyridine 
in the presence of Al2O3. Compound 5 was obtained in 
an excellent yield by heating 4 and paraform in THF in 
the presence of H2SO4. Compound 6 was synthesized 
by vinylogous aldol reaction of 4 and varied aldehydes 
(Scheme 1, Table 1). The structure of 6 was elucidated 
by NMR and IR spectral analysis. Conjugated olefinic 
protons in 1H-NMR spectrum of 6 were detected at δ 
6.8 (H-11), 6.1 (H-12), 7.2 (H-14) and about δ 5.9~6.5 
(H-21). The signal of H-15 (δ 4.8) disappeared in 
1H-NMR of 6. Based on the coupling constant JH-11,H-12 

(15.6Hz), the conformation of double bonds Δ11(12)  was 
assumed to be E. The geometry of double bonds (Δ15(21)) 
in 6 was confirmed to be a Z conformation according 
to previous research (32). Of the 6 compounds, 6j was 
a mixture of two isomers (1/3), which differed from 
the corresponding compound 7j. The reason for the 
difference has yet to be indicated.
 Bioactivity results showed that compound 6 
displayed selective α-glucosidase inhibitory activity. 
The ketal derivative was able to enhance α-glucosidase 
inhibitory activity (Table 1). The bioactivities of 
6a~g were better than those of their corresponding 
compounds 7a~g (31,32). 6c is more effective than 
other 6 compounds. However, the ketal derivatives 6h 

and 6i of 7h and 7i displayed a lower IC50 value among 
the compounds concerned. The above results suggested 
that the ketal of hydroxyls at C-3 and C-19 favored 
inhibitory activity.
 Comparing the activities of 6 indicated that mono-
substitution in the aromatic ring displayed a higher 
affinity than disubstitution or trisubstitution. On the 
other hand, substitution of a simple chloro group at the 
3-position of the aromatic ring was more effective than 
at the 2- or 4-position. Introduction of a strong electron-
donor displayed the best inhibitory activity.
 In α-glucosidase inhibitory activity testing, 
acarbose served as a positive control. The percentage 
of inhibition of 1 mM acarbose was 56.5%. Most 
15-alkylidene andrographolide derivatives (6 and 7) 
displayed better activity than acarbose, which has 
proven useful in reducing peak postprandial blood 
glucose (PPBG) concentrations.
 In summary, a new ser ies of 15-alkyl idene 
andrographolide derivatives were designed and 
synthesized as α-glucosidase inhibitors. Their structures 
were identified by IR and NMR spectral analysis. 
Several products exhibited good α-glucosidase 
inhibition activity. Among the inhibitors, the best was 
6c (8.3 μM), which should prove useful in developing 
new drugs such as diabetes, anti-tumor, and anti-
antiviral medications.
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ABSTRACT: The aim of the present work was 
to evaluate the transdermal permeabil ity of 
pentoxifylline gel in vitro and in vivo. Gel was 
prepared with carbomer 934 as the base, and 
the Wistar rat was chosen as an animal model. 
The effects of percutaneous enhancers on the 
transdermal permeability of pentoxifylline gel were 
investigated by in vitro permeation experiments. 
Cumulative permeation at different times was 
determined by HPLC. 3% Azone and 5% propylene 
glycol were used as collaborative enhancers in an 
optimal formulation. Topical concentrations at 
different times were measured by microdialysis 
in vivo. The transdermal process of pentoxifylline 
fits to a zero-order kinetic equation, and its release 
profile remains of the zero-order despite the addition 
of enhancers. In addition, a good in-vitro-in-vivo 
correlation was achieved.

Key Words: Pentoxifylline, gel, transdermal, enhancer, 
microdialysis, in vitro/in vivo correlation

1. Introduction

Pentoxifylline (PTX), a derivate of xanthine, is a 
nonselective phosphodiesterase inhibitor that is 
commonly used for treatment of symptomatic vascular 
insufficiency because of its hemorrheological activity 
(1). It can restore erythrocyte deformability, decrease 
blood viscosity, and prevent thrombocyte adherence and 
aggregation, which would improve the blood circulation 
of the brain and the limbs and increase the volume of 
blood flow in arteries and capillaries. Thus, PTX is used 
widely in renal transplant recipients (2), for the cure 

of venous leg ulcers (3), and for many others diseases 
related to infection and tumors (4,5). However, the 
manifest first-pass effect results in a low bioavailability 
of 20% and its half-life is 0.4-0.8 h. Furthermore, oral 
administration and intravenous injection will cause 
adverse effects to some extent, including the most 
common ones of sicchasia, dizziness, headaches, 
anorexia (6). Therefore, PTX is better suited to external 
use for tropical disease.
 The Transdermal Drug Delivery System is a 
promising method of drug administration that can avoid 
the variability in rates of absorption and metabolism 
encountered in oral treatment and that offers several 
advantages over conventional dosage forms such as 
tablets and injections, including elimination of first-pass 
metabolism, minimization of pain and some adverse 
effects, and possible controlled release of drugs (7,8). 
Additionally, gels are gaining greater popularity with 
regard to the Transdermal Drug Delivery System due to 
their bioadhesive properties and biocompatibility (9). 
Based on these considerations, PTX was prepared as a 
gel for transdermal delivery and the effects of various 
enhancers, which may increase the diffusion coefficient 
of the drug into the stratum corneum or improve 
partitioning between the formulation and the stratum 
corneum, were studied.
 Microdialysis is a semi-invasive, focal sampling 
method based on the use of probes with a semi-
permeable membrane at the probe tip and is a relatively 
new and effective technology for the assessment of 
drug distribution and target tissue pharmacokinetics 
(10). Microdialysis has gained more importance 
due to the fact that tissue concentrations are usually 
more predictive of clinical outcome than plasma 
concentrations. In cutaneous microdialysis, a probe is 
inserted superficially into the dermis, parallel to the 
skin surface, with or without topical anesthesia at the 
site of entry. The principle of microdialysis is that a 
physiological solution pumped through the probe is 
in equilibrium with the diffusible molecules in the 
immediate surroundings. This principle can also be 
used either to remove or to deliver substances to the 
tissue since the direction of the flux is dependent on the 
concentration gradient. In this paper, microdialysis was 
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utilized in vivo experiment.

2. Materials and Methods

2.1 Materials

Materials used were carbopol 934 (BF Goodrich, USA), 
PTX (Shijiazhuang Pharma Group Pharmaceutical Co., 
China), acetonitrile (Shandong Yuwang Chemical Co., 
China), propylene glycol (Guangzhou Jietu Chemical 
Co., China), oleic acid (Dandong Julong Chemical Co., 
China), glycerin (Anji Haosen Pharmaceutical Co., 
China), and azone (Shanxi Ruicheng Fine Chemicals, 
China).

2.2 Animals

Male Wistar rats weighing approximately 170-220 g 
were provided by the Animal Experimental Center 
of Shenyang Pharmaceutical University. All studies 
were conducted in accordance with the Principles of 
Laboratory Animal Care (NIH publication no. 92-93, 
revised in 1985) and were approved by the Department 
o f Labora to ry Animal Research a t Shenyang 
Pharmaceutical University. Procedures with animals 
were reviewed and approved by the Animal Ethical 
Committee at Shenyang Pharmaceutical University.

2.3 Preparation of PTX gel

As a base, carbopol 934 was slowly dispersed into 
distilled water and allowed to swell for 12 h under 
normal temperature; PTX (200 mg) and enhancer 
dissolved in 50% glyceryl alcohol solution (8 g) were 
added to the base while stirring. The carbopol gel was 
thickened by a few drops of Tris added to adjust the 
carbopol gel to pH 7. Distilled water was added to the 
gel for a final weight of 20 g (11-13).

2.4 HPLC determination of PTX

Drug analysis was performed according to the reverse 
phase HPLC method previously reported (14,15). The 
optimized mobile phase consisted of a combination 
of acetonitrile: water (28:72, v/v). The UV detector 
wavelength was se t a t 274 nm, the volume of 
injection was 20 μL, flow rate was 1.0 mL/min, and 
the temperature of column was 35°C. Under these 
conditions, the retention time of the PTX peak was 
found to be 5.1 min.

2.5 In vitro permeability studies

2.5.1 Skin preparation

Abdominal skin of male Wistar rats, 250 ± 20 g, was 
used for the permeation studies. The rat was sacrificed 

with ether and the hair of abdomen was carefully 
removed using an electric clipper. Full-thickness skin 
samples were cut, removed, and washed with normal 
saline. Adhering fat and connective tissues were 
carefully removed with a blunt-ended forceps. Skin was 
observed for any damage (11,16).

2.5.2 In vitro skin permeation studies

Full-thickness skin was mounted on Franz diffusion 
cells (vertical; available diffusion area, 2.54 cm2; 
volume of receiver cell, 13 mL) with a water jacket (32
± 1oC) to assess skin permeability. The stratum corneum 
side was facing upward into the donor compartment, 
and the dermal side was facing downward into the 
receptor compartment. The receiver cells were filled 
with distilled water and stirred by a magnetic bar 
to ensure adequate mixing and maintenance of sink 
conditions. After the experiment began, all of the 
solutions were sampled at 1, 2, 4, 6, 8, and 10 h, filtered 
with micropore film (pore diameter, 0.45 μm), and 
an equal volume of blank solution was immediately 
added. Each data point represents the average of five 
examinations (17).
 The types of enhancers in gel (1% PTX) were: 1) 
blank; 2) 1% Azone; 3) 3% Azone; 4) 5% Azone; 5) 5% 
Oleic acid; 6) 3% Azone + 5% propylene glycol; and 7) 
3% Azone + 5% oleic acid.

2.5.3 Statistical analysis

The permeation of PTX in gel with different enhancers 
assayed for 10 h was investigated and plots of the 
cumulative amount of permeated PTX (μg/cm2) were 
plotted versus time. The transdermal flux (J, μg/cm2/h) 
was calculated from the steady-state part of the curve 
and Tlag by extrapolation of the linear portion to the 
x-axis. The effectiveness of penetration enhancers 
was determined by comparing the flux of PTX in the 
presence and absence of the enhancer. This was defined 
as the enhancement factor (EF), which was calculated 
using the following equation: EF = (drug flux of 
samples containing an enhancer)/(drug flux of control 
sample without an enhancer). Data on the cumulative 
amount of permeation were subjected to a t-test at a 
significance level of P < 0.01 (17,18).

2.6 In vivo microdialysis permeability studies

Microdialysis is based on sampling of analytes from 
the extracellular space by means of a microdialysis 
probe that is made of a semipermeable membrane. 
A microinjection pump is used to deliver normal 
sodium at a flow rate of 1 μL/min as perfusate to 
the probe. Once the probe is implanted under the 
dermis, substances present in the extracellular fluid 
at concentration (Cout) are filtered by diffusion out of 
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the extracellular fluid into the probe, resulting in a 
concentration (Cin) in the perfusion medium. Samples 
are collected and determined. For most analytes, 
equilibrium between extracellular tissue fluid and the 
perfusion medium is incomplete; therefore: Cout > Cin. 
The factor by which the concentrations are interrelated 
is termed recovery (19).

2.6.1 In vivo microdialysis

2.6.1.1 Implantation of the probe in vivo

Male rats were anesthetized with urethane (1.2 g/kg, 
i.p.). The abdominal fur of rats was shaved. A needle 
was then inserted into the skin to channel away the 
probe. After placing the probe under the skin, the 
needle was withdrawn. The length of the active 
dialysis window was adjusted to be 1 cm. Environment 
temperature was kept at 37 ± 1oC using an infrared lamp 
(20).

2.6.1.2 Permeability of PTX in vivo

After probe implantation, a hemispherical glass 
reservoir with the available diffusion area of 2.54 cm2 

was adhered to the abdomen of the rat to be located on 
the skin above the probe. Two g of gel were added to 
the reservoir. Primarily, the pump worked for 1 h for 
washout with normal saline at an optimized flow rate of 
1 μL/min. After the gel was added to the reservoir, the 
dialyzates were collected for 10 h at 1-hour intervals. 

2.6.2 In vitro recovery of PTX

In order to characterize in vitro the influence of drug 
concentration in the surrounding medium on the 
transfer rate of the drug across the dialysis membrane, 
the concentration difference method was used to 
measure the recovery of the probe (21). A custom-made 
beaker was filled with a 10.0 μg/mL solution of PTX 
in normal saline, in which a stirrer was rotating. The 
active dialysis window was immersed in the solution; 
its length was 1 cm. A series of concentrations (2.0, 
5.0, 10.0, 20.0, and 40.0 μg/mL) of PTX in normal 
saline was used as the perfusate. After each change to 
a different concentration perfusate, there was a half-
hour washout period with the same perfusate, and then 

the sample was collected for an hour using mini-tubes; 
accordingly, the volume of the sample was 60 μL.

2.6.3 In vivo recovery of PTX

In vivo recovery was assessed according to the 
retrodialysis method (22). The principle of this method 
relies on the assumption that the diffusion process 
is quantitatively equal in both directions through the 
semipermeable membrane, which was verified by the 
in vitro experiment. Therefore, PTX solutions can serve 
as the perfusate and the elimination coefficient through 
the probe can serve as the in vivo recovery. In the 
experiment in vivo, after the probe was implanted blank 
normal saline was passed through the probe using an 
infusion pump as the perfusate to washout the probe for 
one hour. Afterward, a series of concentrations (2.0, 5.0, 
10.0, 20.0, 40.0 μg/mL) of PTX in normal saline was 
pumped in as the perfusate at a flow rate of 1 μL/min. 
The dialyzate of each concentration was measured with 
HPLC. After each change to a different concentration 
perfusate, there was a half-hour washout period with 
normal sodium.

3. Results

3.1 Effect of penetration enhancers

Data for the in vitro permeation of PTX in gel through 
rat abdominal skin over 10 h are summarized in Figure 1, 
and J, Tlag, and EF are shown in Table 1.
    For transdermal delivery, overcoming the barrier 
of the skin is a crucial step. The use of penetration 
enhancers offers a simple and convenient method of 
improving transdermal bioavailability. Several chemical 
penetration enhancers were examined in order to 
enhance the permeation of PTX from a carbopol gel 
base.
    The effects of azone and oleic acid were investigated; 
among the types of enhancers (single enhancers or 
coalescent enhancers), a coalescent enhancer that 
consisted of 3% azone and 5% propylene glycol had 
the most conspicuous effect (P < 0.01). Furthermore, it 
produced a uniform gel.

3.2 Microdialysis experiments

  (1)            0.6938t + 0.496                0.9947            0.8010 ± 0.6044                  2.143 ± 0.4357                    - 
 (2) 5.682t - 5.236                0.9957              6.755 ± 2.507                    2.134 ± 0.5104                 8.433 
 (3) 8.979t - 7.084                0.9995              9.123 ± 3.212                    1.852 ± 0.7123               11.39 
 (4) 6.419t - 2.268                0.9997              6.767 ± 1.514                    1.034 ± 0.2586                 8.448 
 (5) 10.64t - 9.377                0.9946              12.79 ± 1.719                    2.148 ± 0.3523               15.97 
 (6) 23.02t - 12.23                0.9995              24.16 ± 11.94                    1.409 ± 0.3227               30.16 
 (7) 11.71t - 7.167                0.9965              15.16 ± 5.228                    2.523 ± 0.2867               18.93

Table 1. Effects of penetration enhancers of PTX

                        Q (μg/cm2)                           r                     J (μg/cm2· h)               Tlag (h)                         EF

Each point and bar represents the mean ± SD of four or fi ve determinations.
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3.2.1 In vitro recovery experiments

Recovery in vitro as measured by the concentration 
difference method is shown in Figure 2. There was a 
linear correlation for PTX between the difference in 
concentration in the dialysate and in perfusate (Cd-
CP) and perfusate concentration (CP) over a wide 
concentration range in vitro. The intersection of the line 
and horizontal axis showed that the concentration in 
the surrounding medium was 9.215 μg/mL, which was 
essentially equal to the assigned concentration (10 μg/
mL) (23). Accordingly, drug recovery from the tissue to 
perfusate was verified to be the same as drug loss from 

perfusate to tissue across the probe membrane in the 
stated concentration range (21). The recovery of PTX 
from the microdialysis probe was 65.11 ± 0.9%.

3.2.2 In vivo recovery experiments

The recovery in vivo was measured in rat subcutaneous 
adipose tissue with the retrodialysis method. Figure 
3 shows a linear relationship between (Cd-CP) and 
CP; according to the equation, the recovery in vivo 
was 35.82 ± 1.9% (n = 3). The recovery was used to 
calculate the dermal PTX concentration in the study 
(24).

Figure 4. PTX concentration-time profi les under the 
dermis in rats (n = 3).

Figure 5. Plots of PTX cumulative amount versus 
time. The slope of the linear portion is the steady-state 
flux and the intercept on the time axis is the lag time in 
rats (n = 3).

Figure 6. IVIVC model linear regression plots of Q (in 
vitro) vs. Q (microdialysis) for PTX.
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Figure 1. Effects of penetration enhancers of PTX. 
Each point and bar represents the mean ± SD of four or 
five. 

Figure 2. The concentration difference method to 
estimate in vitro recovery of PTX from the microdialysis 
probe (n = 3). 
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Figure 3. In vivo characterization of the probe (n = 3). 
The slope of the line is the recovery.
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3.2.3 PTX experiments

Concentration profiles of PTX under the dermis versus 
time are depicted in Figure 4. The concentration under 
the dermis reached a plateau at about 6 h, which was in 
the range of 40-50 μg/mL. The cumulative amount of 
PTX under the dermis is plotted versus time in Figure 
5. The slope of the linear portion of the profile is the 
transdermal delivery rate (2.724 μg/h) and the intercept 
on the time axis extrapolated from the linear portion is 
Tlag (1.96 h).

3.2.4 IVIVC

The relationship between the cumulative amount in 
vitro and in vivo was examined. Linear regression 
analysis was applied to the IVIVC plots. The values 
of the correlation coefficient (R2), slope, and intercept 
were calculated and are given in Figure 6.

4. Discussion

Because of its hydrophilic characteristics, PTX has 
difficultly permeating the corneum of the skin. During 
the in vitro experiment, a low permeation of PTX 
resulted without enhancers. To increase permeation, 
several kinds of enhancers that would affect the 
corneum of the skin by changing the construction of 
the lipidic bilayer or by increasing the rheokinesis 
of lipoids were added to the gel. Accordingly, the 
transdermal permeability of PTX increased. The 
results of the experiment indicated that the transdermal 
permeability of PTX can be improved by various kinds 
of penetration enhancers; the mixture of azone (3%) and 
propylene glycol (5%) had the best improvement (P < 
0.01) since propylene glycol increased the dissolubility 
of azone. However, a zero-order kinetic mechanism 
that was fitted to the transdermal process of PTX was 
not found to be affected by the addition of penetration 
enhancers.
 In order to investigate the in vivo transdermal 
process of PTX in gel, the sample was microdialyzed. 
The samples obtained by microdialysis did not contain 
biomacromolecules, which allowed them to be injected 
directly into HPLC. The sampling and determination 
of liber drugs proceeded continuously. Therefore, the 
variation of the drug concentration was recorded during 
the whole process in this study.
 Results of this study showed that dermal drug 
concentration can be calculated from the drug 
concentration in dialysate as a result of recovery, and 
this is easily assessed by probe characterization in vitro 
and in vivo.
 Theoretically, the principle of the retrodialysis 
method is that the probe recovery is equal to the 
delivery rate for the same drug. However, this must 
be proven or demonstrated by experiments, for in fact 

the probe recovery is not always equal to the delivery 
rate for many drugs (25). Thus, use of the retrodialysis 
method to determine recovery is incorrect. Here, probe 
recovery was investigated by the in vitro experiment. 
Regarding the linear relationship between (Cd-CP) and 
CP as shown in Figure 2, the portion of the straight line 
above the horizontal axis is recovery, and the portion of 
the straight line under the horizontal axis is the delivery 
rate. The linear relationship indicates that the recovery 
is equal to the delivery rate for PTX. It also means 
that there is no interreaction between the drug and the 
dialyser in normal sodium and that the diffusions from 
both the obverse and reverse are equal. Furthermore, 
the concentration of PTX in the surrounding medium 
has no effect on recovery.

5. Conclusion

PTX gel was prepared by using carbopol 934 as a base 
and at the same time using 3% azone and 5% propylene 
glycol as collaborative enhancers. PTX permeates 
the skin by passive diffusion. Transdermal flux was 
augmented by the chosen enhancers, but a zero-order 
kinetic mechanism fitted to the transdermal process 
of PTX was not affected. Microdialysis was used to 
investigate the transdermal process of PTX during 
the in vivo experiment. Comparing the evaluations 
of in vitro skin permeation and in vivo microdialysis 
indicates that uniform regularity of the transdermal 
process was obtained during the evaluation of IVIVC, 
although the sampling of the two methods differed. 
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