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Perspectives on a combined test of multi serum biomarkers in 
China: Towards screening for and diagnosing hepatocellular 
carcinoma at an earlier stage

Keming Zhang1, Peipei Song2,*, Jianjun Gao2, Gaohua Li1, Xin Zhao1, Shaogeng Zhang1

1 Department of Hepatobiliary Surgery, 302 Hospital of Chinese PLA, Beijing, China;
2 Hepato-Biliary-Pancreatic Surgery Division, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan.
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1. Introduction

Liver cancer is the fifth most common cancer and 
the second leading cause of cancer-related deaths 
worldwide, with a reported cases of 782,000 each 
year (1). As the most common type of liver cancer, 
hepatocellular carcinoma (HCC) is prevalent in Asian 
countries, accounting for 75-80% cases reported 
globally (2,3). HCC is prevalent in males, the male 
incidence rates of the following countries or districts 
in Asia are over 25/100,000 (persons): mainland China 
(58/100,000), Taiwan (53/100,000), South Korea 
(45/100,000), Thailand (33.4/100,000), and Hong Kong 

(29.9/100,000) of particular note is the fact that China 
alone accounts for 50% of HCC cases worldwide (4,5). 
Currently, HCC become the second and third leading 
cause of cancer-related deaths respectively in males 
and in females in China (Table 1) (6,7), and the HCC's 
incidence has increased in the past few decades caused 
by the high prevalence of its main etiological agents, 
chronic hepatitis B virus (HBV) infections (8-10). In 
fact, 93 million HBV carriers are Chinese, accounting 
for 2/3 of such patients worldwide, and about 20 million 
of these people have chronic HBV infection (11,12).
 Evidence has shown that surgical resection and 
liver transplantation may offer the best opportunity for 
treating HCC yet are only available to early-detected 
patients (13-16). The normal overall 5-year survival 
rate is 40%, but with a liver resection to treat early 
HCC, the 5-year survival rate rise to 60-70% (17,18). 
Over the past few decades, a series of standardized 
management methods for HCC has been implemented 

Summary China has 50% of the worldwide hepatocellular carcinoma (HCC) cases, and the HBV-
related cases accounts for approximately 85%. Over the past few decades, although a series 
of standardized management methods for HCC has been implemented in China, most HCC 
patient in China still suffered from advanced-stage disease, in consequence, reducing the 
opportunity of curable treatment that can be offered to achieve long-term disease-free survival 
for HCC patient. Accordingly, strategies including screening and diagnose HCC at an earlier 
stage are urgently needed in China. In this study, the current status, challenges, and prospects 
of early detection of HCC in China have been analyzed. The result indicated the need for 
using multi serum biomarkers for early HCC detection. During the past ten years, the 
research on the clinical usefulness of novel serum biomarkers of des-γ-carboxy-prothrombin 
(DCP), Dickkopf-1 (DKK1) and Midkine (MDK) in early HCC detection for Chinese patients 
found that the novel serum biomarker can complete the measurement of α-fetoprotein (AFP) 
in the diagnosis process of HCC, particularly for the patient with negative AFP with/or at an 
early stage. More large-scale, multi-center studies are expected to be performed in China to 
provide further evidence, and using novel and reliable serum biomarkers to complement AFP 
as a new trend is expected to be extensively used in clinical practice to facilitate early detection 
for those patients with HCC in China.

Keywords: α-fetoprotein (AFP), des-γ-carboxyprothrombin (DCP), HCC, sensitivity, tumor marker
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by China Government, and the Expert Consensus on 
the Treatment Standards for Hepatic Carcinoma, the 
Chinese Guidelines on HCC, was drafted in 2009 (19). 
Currently, standard treatment for HCC in China is 
comprehensive therapy predominantly in the form of 
surgery (7,20). As clinical techniques have developed 
in China, new techniques have also become available, 
such as laparoscopic surgery and minimally invasive 
robotic surgery. However, most HCC patient in China 
still suffered from advanced-stage disease (10), thus 
reducing the chance of curable treatment. Accordingly, 
strategies to screen for and diagnose HCC at an earlier 
stage are urgently needed in China when curable 
interventions can be offered to achieve long-term 
disease-free survival for HCC patient (21).

2. The current strategies to screen for and diagnose 
HCC in China

2.1. Screening high-risk population for developing 
HCC

Evidence showed that screening high-risk HBV- or 
HCV-related chronic liver diseases population may 
improve the rate of early HCC detection and curative 
treatment. It has been found by a systematic literature 
review involving over three thousand papers included 
in PubMed database between 2001 and 2011 (22), and 
it has also been shown by several cohort studies (23-25).
 Unlike in the USA, European countries, and other 
Asian countries such as Japan where HCV is the most 
significant etiological factor for developing HCC (26), 
the HBV-related cases accounts for approximately 85% 
while only 10% are HCV-related and a small minority 
involve HBV and HCV in China (8,9). Thus, people 
with HBV are the largest risk population for developing 
HCC in China. 

 Globally, many guidelines for HCC treatment 
recommend HCC screening and surveillance, including 
the guidelines established by the American Association 
for the Study of Liver Disease (AASLD) (27), the 
National Comprehensive Cancer Network (NCCN) (28), 
and the Asian Pacific Association for the Study of the 
Liver (APASL) (29). In Asia, Japan and South Korea 
have implemented their own nationwide screening and 
surveillance program for the HCC high-risk population. 
In Japan, as early as 2002, the Japanese Ministry of 
Health, Labor, and Welfare started a national 5-year 
program to screen for HCV and HBV infection among 
people over 40 years of age, given the high prevalence 
of HCV infection in this age group (30). With the 
support of this program, 9 million people had been 
screened until the end of 2006, 112,000 scanning 
objects were found infected HCV and 110,000 were 
found infected HBV (31). Since most high-risk patients 
were closely followed, more than 60% of cases had 
detected HCC nodules in the early stage in Japan 
(32,33).
 Similarly, a screening and surveillance program 
has also established in Taiwan. The program focuses 
on screening patients with cirrhosis every 3-6 months 
and patients with no cirrhosis every 6-12 months 
(10,34). However, there is no such program funded by 
government for HCC high-risk population screening in 
China, including Hong Kong (10). As a result, a well 
thought-out strategy for screening high-risk populations 
with HBV-related chronic liver disease is urgently 
needed in China to enhance the early detection of HCC.

2.2. Serum biomarkers for screening and diagnosis of 
HCC

Screening and diagnosis tools should have an acceptable 
accuracy and cost. In general, imaging tools have been 

103

Table 1.The current status to screen for and diagnose HCC in China

Items

Prevalence

Mortality

Etiological factors 

Major at-risk population 

Screening and surveillance

Screening and Diagnostic algorithm

Treatment algorithm

Early detection

Current status in China

The second most common cancer in urban areas and most common in rural areas; with an overall 
prevalence rate of 26-32/10,000, even up to 70-80/10,000 in some areas (5,11)

The second leading cause of cancer-related deaths in males and the third leading cause of cancer-
related deaths in females; with a total mortality rate of 26.26/100,000 (11)

85% of patients with HBV infection, 10% of patients with HCVinfection, and a small minority
involve HBV and HCV (8,9)

People with HBV infection; 93 million HBV carriers, 20 millionof these with chronic HBV 
Infection (11,12)

No government-funded screening and surveillance program for HCC high-risk population
screening and surveillance (10)

The test of ultrasonography and AFP every 6 months for the population ages 35-40 at risk for
developing HCC (6)

Comprehensive therapy predominantly in the form of surgery (7)

Most patients with HCC present with advanced-stage disease (10)
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– lens culinaris agglutinin-reactive fraction of AFP 
(AFP-L3), and des-γ-carboxyprothrombin (DCP, also 
known as prothrombin induced by vitamin K absence-
II, PIVKA-II) – that have been studied worldwide 
to explore for clinical usefulness in HCC screening 
and diagnosis, and has been used in some countries 
(45-48). According to HCC Guidelines in Japan, 
ultrasonography and measurement of AFP, AFP-L3, 
or DCP should be performed every 3-4 months in 
the highest-risk group (HBV- or HCV-related liver 
cirrhosis patients) and every 6-month in the high-risk 
group (patients with HBV- or HCV-related chronic liver 
disease or liver cirrhosis due to other causes) (49,50). 
Currently, AFP, AFP-L3, and DCP are used widely 
and routinely as a tool for screening HCC in Japan, 
and these tests are covered by Japan's national health 
insurance as the serum biomarkers to screen for HCC in 
clinical settings. 
 Worldwide, a number of researches have carried 
out at DCP. In 1984, Liebman et al.(51) first reported 
DCP in the plasma of 90% of patients with HCC. Since 
then, substantial evidence has been assembled through 
numerous clinical trials, and studies have demonstrated 
the clinical usefulness of serum DCP levels to screen 
for and diagnose patients with HCC (48,52,53). 
Multiple reports have found that the combined testing 
of DCP and AFP have a sensitivity of 47.5-94.0% and 
specificity of 53.3-98.5% in HCC early detection (Table 
2) (45,46,48,53-67).
 Meanwhile, many researchers recommend that 
DCP could also be used in assessing the progression of 
HCC, including serving as an HCC recurrence indicator 
after curative therapy, a good predictor of the vascular 
invasion presence and could be used to select liver 
transplants' recipients, and could facilitate the research 
of new chemotherapeutic strategies for treating HCC 
(68-74). However, currently, DCP is approved in Japan, 
Korea and Indonesia (75), yet has not been approved in 
China until now.

3.2. Evidence for exploration of using DCP in early 
HCC detection in China

Evidence has shown that the test that combine DCP and 
AFP could achieve a better sensitivity and specificity in 
HCC early detection, and the testing of DCP has been 
widely used for many HCV-related HCC cases, such as 
in Japan. But in China, 85% of HCC cases have HBV 
infection. So, is DCP applicable as a screening and 
diagnostic tool in China? What about its sensitivity and 
specificity in Chinese HCC cases? Furthermore, what 
is its clinical usefulness in assessing HCC progression? 
According to evidence-based medicine (EBM), 
systematic evaluation needs to be performed to assess 
the screening and diagnostic value of DCP in Chinese 
patients with HCC.
 In China, such a study was conducted in 2002 to 

widely used in the USA and European countries, while 
serum biomarkers are widely used in HCC screening 
and diagnosis in Asia. Diagnostic imaging techniques 
include ultrasonography, computed tomography (CT), 
and magnetic resonance imaging (MRI). According 
to a systematic review, ultrasonography has a 60% 
sensitivity and a 97% specificity, CT has a 68% 
sensitivity and a 93% specificity, and MRI has a 81% 
sensitivity and a 85% specificity (35). Ultrasound is 
the most common imaging tool used in the screening 
process for HCC thanks to is the features such as 
simple, inexpensive, non-invasive, and allows real-
time observation. However, a successful ultrasound-
detection relies on the expertise of the physician, the 
available of ultrasound equipment, and the echo texture 
of the liver. So the actual sensitivity and specificity of 
ultrasound-detection is difficult to evaluate due to the 
lack of standard in China (36,37).
 Serum biomarkers are str iking prospective 
alternative tools for screening and early diagnosis 
of HCC thanks to the non-invasive, objective, and 
reproducible assessments they would enabled (38). 
According to the Chinese Guidelines on HCC, 
ultrasonography and α-fetoprotein (AFP) measurement 
are recommended to be performed every 6 months 
for the people ages between 35 and 40 at risk for 
developing HCC (6). Currently, the serum biomarker 
AFP is considered as a useful and practicable tool for 
the screening and early diagnosis of HCC in China. The 
clinical usefulness of AFP in China has been ascertained 
by a trial that with a randomized control in 2004 which 
involved 18,816 Chinese patients aged between 35 and 
59 with HBV infection or a history of chronic hepatitis 
(39). However, the sensitivity of AFP is unsatisfactory 
(25-65%) at the commonly used cut-off (20 ng/mL), 
especially in the detection of early-stage HCC (40,41), 
up to 50% of HCC patients have an AFP level below 20 
ng/mL. Elevated levels of AFP could also be found in 
non-malignant chronic liver disease patients, including 
15-58% with chronic hepatitis and 11-47% with liver 
cirrhosis (42-44).
 Besides, there are many diagnostic difficulties in 
clinical practice, such as cases with high AFP level, but 
no space occupying lesion by imaging finding, cases 
with negative AFP, less than 1 cm or no HCC featured 
lesion by imaging finding (7). Thus, AFP cannot be 
used as a sole tool to screening and diagnose HCC. The 
novel and dependable serum biomarkers to complement 
AFP are urgently needed to be discovered in order to 
improve the clinical outcomes.

3. The future perspective on using multi serum 
biomarkers in early HCC detection in China

3.1. The combined test of AFP, AFP-L3, and DCP

Besides AFP, there are two other serum biomarkers 
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determine DCP and AFP levels in 60 patients with 
HCC and 30 patients with cirrhosis but no HCC 
(66), results showed that the combined testing of 
DCP and AFP could achieve a sensitivity of 78.3%, 
which is higher than that of DCP alone (51.7%) and 
AFP alone (56.7%). Another study to assess the 
clinical usefulness of DCP involving 120 Chinese 
patients with HCC and 90 patients with cirrhosis was 
reported in 2003 (58), and results also showed that the 
combined tests of DCP and AFP had a sensitivity of 
78.3%, which is higher than that of DCP (53.3%) and 
AFP alone (58.3%). 
 Moreover, a large-scale, multi-center study of 
DCP's usefulness in early HCC detection was also 
launched in Chongqing, Beijing, and Tianjin of 
China in 2012 (11). As part of the study, the test 
was conducted in one of the centers - the Southwest 
Hospital, Third Military Medical University in 
Chongqing - involving 336 patients with HCC (80% 
have HBV infection) and 252 patients with liver 
diseases other than HCC. Results showed that there 
is no significant correlation between serum levels 
of DCP and AFP (R2 = 0.0179); DCP had a total 
sensitivity of 74% while a combination of DCP and 
AFP had a sensitivity of 84%, which is higher than 

either DCP or AFP alone (7,11). Besides, DCP resulted 
in a specificity of 56% with a cut-off value of 40 
mAU/mL and 94% with a cut-off value of 100 mAU/
mL (32).
 These studies found that the combined tests of 
DCP and AFP could improve sensitivity for detecting 
Chinese HCC cases, thus suggesting that DCP is a 
useful serum biomarker in Chinese patients for HCC 
screening and early diagnosis. Such evidence provides 
a better perspective for using DCP in HCC early 
detection in China. However, more large-scale, multi-
center studies are expected to be performed in China 
to provide further evidence of the clinical usefulness 
of serum biomarker DCP in early HCC detection, 
especially with long-term surveillance and follow-up to 
provide strong data-support and verification.

3.3. Research advances in other serum biomarkers for 
early HCC detection in China

In recent years, there are also many studies on the 
clinical usefulness of other serum biomarkers in early 
HCC detection, including Golgi protein-73 (GP73), 
glypican-3 (GPC3), gamma-glutamyltransferase 
(GGTII), and so on. Most recently, research on 

Table 2.The exploration of clinical usefulness of using serum biomarker DCP to complement AFP in HCC early detection*

Marker

DCP + AFP (54)
DCP + AFP (55)
DCP + AFP (56)
DCP + AFP (57)
DCP + AFP (58)
DCP + AFP (62)
DCP + AFP (63)
DCP + AFP (59)
DCP + AFP (45)
DCP + AFP (64)
DCP + AFP (60)
DCP + AFP (60)
DCP + AFP (48)
DCP + AFP (48)
DCP + AFP (64)
DCP + AFP (53)
DCP + AFP (65)
DCP + AFP (65)
DCP + AFP (66)
DCP + AFP (54)
DCP + AFP (55)
DCP + AFP (58)
DCP + AFP (48)
DCP + AFP (48)
DCP + AFP (55)
DCP + AFP (56)
DCP + AFP (67)
DCP + AFP-L3 (61)
DCP + AFP-L3 (46)
DCP + AFP-L3 (67)

Cut-off value

8 mAU/mL, 20 ng/mL
16 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 200 ng/mL
80 mAU/mL, 40 ng/mL
90 mAU/mL, 45 ng/mL
100 mAU/mL, 100 ng/mL
100 mAU/mL, 300 ng/mL
150 mAU/mL, 20 ng/mL
619 mAU/mL, 27 ng/mL
0.8 ng/mL, 45 ng/mL
20.24 ng/mL, 15 ng/mL
0.1 μg/mL, 20 ng/mL
0.1 mg/mL, 400 ng/mL
40 mAU/ml, 20 ng/ml
8 mAU/mL, 20 ng/mL
16 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
150 mAU/mL, 20 ng/mL
598 mAU/mL, 11 ng/mL
16 mAU/mL, 20 ng/mL
40 mAU/mL, 20 ng/mL
40 mAU/mL, 200 ng/mL
40 mAU/mL, 10%
40 mAU/mL, 10%
40 mAU/mL, 10%

Sensitivitya

90.0% (90/100)
87.3% (55/63)
83.5% (76/91)
86.7% (52/60)
78.3% (94/120)
83.6% (51/61)
83.3% (204/245)
78.3% (83/106)
65.5% (19/29)
84.4% (130/154)
72.4% (55/76)
63.2% (48/76)
86% (-/-)b

74% (-/-)b

88.3% (136/154)
94.0% (47/50)
92.9% (65/70)
85.7% (60/70)
78.3% (47/60) 
66.7% (18/27)
82.9% (29/35)
59.4% (-/-) b
78% (-/-)b

70% (-/-)b

61.5% (8/13)
83.7% (36/43)
47.5% (29/61)
41.7% (15/36)
66.7% (14/21)
54.1% (33/61)

* In all studies indicated, patients with chronic hepatitis and/or liver cirrhosis were designated as the comparative non-HCC patient group. a 

Sensitivity = True positive (TP) / (TP + Falsenegative (FN)), Specifi city = True negative (TN) / (TN + False positive (FP)), Positive predictive 
value (PPV) = TP / TP + FP, Negative predictive value (NPV) = TN / TN + FN. b The patient distribution was not noted. N, Not noted or not 
investigated.

Specificitya

N
84.0% (158/188)
N
N
58.9% (53/90)
68.2% (45/66)
77.2% (206/267)
N
84.5% (596/705)
N
N
N
63% (-/-)b

87% (-/-)b

N
80.5% (33/41)
53.3% (24/45)
82.2% (37/45)
56.7% (17/30)
N
84.0% (158/188)
58.9% (53/90)
62% (-/-)b

80% (-/-)b

84.0% (158/188)
N 
98.5% (132/134)
89.8% (44/49)
89.5% (51/57)
97.8% (131/134)

PPVa

N
64.7% (55/85)
N
N
71.8% (94/131)
70.8% (51/72)
77.0% (204/265)
N
14.8% (19/128)
N
N
N
N
N
N
85.5% (47/55)
75.6% (65/86)
88.2% (60/68)
N
N
49.2% (29/59)
N
N
N
21.1% (8/38)
N
93.5% (29/31)
75.0% (15/20)
70.0% (14/20)
91.7% (33/36)

NPVa

N
95.2% (158/166)
N
N
67.1% (53/79)
81.8% (45/55)
83.4% (206/247)
N
98.3% (596/606)
N
N
N
N
N
N
91.7% (33/36)
82.8% (24/29)
78.7% (37/47)
N
N
96.3% (158/164)
N
N
N
96.9% (158/163)
N
80.5% (132/164)
67.7% (44/65)
87.9% (51/58)
82.4% (131/159)
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Dickkopf-1 (DKK1) and Midkine (MDK) as diagnostic 
serum biomarkers has raised concern in China. 
 Serum DKK1 as a biomarker in HCC diagnosis 
Published in 2012, a large-scale, multi-centre study 
assessed serum DKK1 for HCC diagnosis in 1,284 
participants (831 in the test cohort and 453 in the 
validation cohort) in China (76,77). Results showed 
that serum’s levels of DKK1 were significantly higher 
in HCC patients than in all controls; serum DKK1 had 
greater AUC, sensitivity, and specificity values than did 
AFP in patients with HCC compared with chronic HBV 
infection and cirrhosis controls; DKK1 maintained 
high diagnostic accuracy for AFP negative HCC 
patients, including early-stage HCC patients; raised 
concentrations of DKK1 in serum could distinguish 
HCC from chronic HBV infection and cirrhosis; 
measurement of DKK1 and AFP together improved 
diagnostic accuracy against HCC versus all controls 
compared with any test alone.
 Serum MDK as a biomarker in HCC diagnosis 
Published in 2013, a study that involved three 
independent cohorts with a total of 933 participants 
including 388 HCC cases and 545 different controls 
enrolled from different medical centers (78). Results 
showed that MDK levels were significantly elevated in 
HCC tissues as well as serum samples; serum MDK for 
HCC diagnosis showed an obviously higher sensitivity 
compared with AFP (86.9% vs.51.9%) with similar 
specificities (83.9% vs.86.3%); even in very early-stage 
HCC, the sensitivity of MDK is significant higher than 
AFP (80% vs. 40%); in those AFP-negative HCC cases, 
the sensitivity could reach as high as 89.2%; and serum 
MDK level was significantly decreased in HCC patients 
after curative resection and re-elevated when tumor 
relapsed.
 Both of the two studies suggested that the novel 
serum biomarkers of DKK1 and MDK can complete the 
measurement of AFP in the diagnosis process of HCC, 
particularly for those negative AFP patients and/or at an 
early stage. However, these studies were small-scale. 
According to the guidelines on phases of evaluating an 
early detection biomarker for cancer developed by the 
National Cancer Institute’s Early Detection Research 
Network (79), further validation using larger cohort of 
serum HCC samples with hepatitis B and hepatitis C 
infectious liver disease, nonalcoholic fatty liver disease 
(NAFLD), and alcohol-induced liver disease (ALD) 
from multiple centers in a prospective, randomized 
controlled trial is needed to provide further evidence in 
China.
 In conclusion, research and exploration for using 
multi serum biomarkers in early HCC detection has 
raised concern in China. Using novel and reliable 
serum biomarkers to complement AFP as a new trend 
is expected to be extensively used in China to facilitate 
screening for and diagnosing HCC at an earlier stage 
and improve clinical outcomes.
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1. Introduction

Indole derivatives have attracted considerable attention 
in medicinal chemistry because of their pharmacological 
activities (1,2). During drug design, substituted indoles 
are considered a "privileged scaffold" for numerous 
pharmacologically active lead compounds because 
of their substantial affinity for many receptors (3,4). 
Isatin (indoline-2, 3-dione, 1, Figure 1), one of the 
simplest indole derivatives, has led to numerous 
analogues with a wide range of biological properties, 
including anti-cancer activity (5-9). Indirubin (2, 
Figure 1), the active ingredient in the traditional 
Chinese medicine preparation Danggui Longhui Wan 
used to treat myelocytic leukemia, is reported to have 
antiproliferative action against human cancer cells by 
inhibiting the genes or proteins that regulate cell cycle 
progression; indirubin arrests the G2/M phase, although 
its mechanism of action in cells is not fully understood 
(10). Inhibited growth induced by indirubin-3-oxime 
(3, Figure 1) is associated with induction of cyclin-

dependent kinase inhibitor p21, inhibition of cyclin D1, 
and activation of caspase-3 (11). Indirubin derivatives 
are reported to inhibit signal transducer and activator of 
transcription 3 (Stat3) signaling and induce apoptosis 
in human cancer cells (12). Indoline-2,3-dione might 
be used as a privileged scaffold to design a variety of 
therapeutic molecules, and many indoline-2,3-dione 
derivatives have been studied as antitumor agents (13-
18). Among the reported indoline-2,3-dione derivatives, 
5,7-dibromo-1-(naphthalen-1-yl methyl)indoline-2,3-
dione (4, Figure 1) has potent anti-tumor properties with 

Summary A new series of 1,5-disubstituted indolin-2,3-diones was synthesized and their inhibition of 
the growth of a human acute promyelocytic leukemia (HL-60) cell line was evaluated. These 
compounds had promising inhibition of HL-60 cell growth in vitro. Results indicated that 
compounds with a benzyl substituent at the N-1 position on the indolin-2,3-dione ring had 
more potent antiproliferative activity than those with a (4-fluorobenzyl) amino-2-oxoethyl 
substituent at the N-1 position. Among the compounds synthesized, compound 8l inhibited 
half of cell growth at a concentration of 0.07 μM and compound 8p did so at a concentration 
of 0.14 μM. These compounds may serve as lead compounds for further optimization in 
order to develop novel anticancer agents.

Keywords: Indoline-2,3-diones, anticancer agent, HL-60 human leukemia cells 
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an IC50 value of 0.19 mM against human monocyte-
like histiocytic lymphoma (U937) cells (19).  Thus, the 
current study introduced different substituents at the 
N-1 and C-5 positions on the indoline-2,3-dione ring in 
order to synthesize a series of novel 1,5-disubstituted 
indoline-2,3-diones and evaluate their   antiproliferative 
activity on HL-60 human leukemia cells.

2. Materials and Methods

2.1. Chemistry

The synthesis of target compounds is shown in 
Diagram 1. The starting material, indolin-2,3-dione (1) 
was purchased from Aladdin Industrial Corporation, 
Shanghai, China. Intermediate 5 was produced from 
compound 1 using fuming nitric acid as a nitrating 
agent and sulfuric acid as a solvent. Intermediate 6 was 
prepared by treating 5 with 2,2-dimethylpropane-1,3-
diol with catalysis by p-toluenesulfonic acid. The key 
intermediate 7 was obtained from 6 that had reacted 
with 2-chloro-N-(4-fluorobenzyl) acetamide (or benzyl 
chloride) under alkaline conditions via electrophilic 
substitution. With Pd/C (10%, w/w) as the catalyst, 
the nitro group in intermediate 7 was converted to an 
amino group by hydrogenation. The resulting compound 
was allowed to react with acyl chloride in the presence 
of anhydrous potassium carbonate to yield acylated 
products, and then the acylated products were converted 
to target compound 8 by deprotection under acidic 
conditions.

2.2. Cell line

Human acute promyelocytic leukemia (HL-60) cells 
(obtained from the American Type Culture Collection) 
were cultured in RPMI 1640 medium. The medium 
consisted of 10% heat-inactivated fetal bovine serum 
(FBS) (Gibco®, Invitrogen, Carlsbad, CA, USA), 100 
IU/mL penicillin, 100 μg/mL streptomycin, and 1 

mmol/L L-glutamine. Cells were incubated in a humid 
atmosphere of 5% CO2 at 37°C.

2.3. Cell viability assay using the trypan blue exclusion method

Trypan blue was ground with a small amount of 
distilled water, diluted with double-distilled water to 
4%, fi ltered, and then stored at 37°C. The stock solution 
was diluted to 0.4% with PBS when used. HL-60 cells (1 
× 105/mL) were seeded in 12-well plates with a volume 
of 2 mL in each well. A single cell suspension was 
prepared after incubation with different concentrations 
of target compounds. The single cell suspension (50 
mL) and the trypan blue solution (0.4 %, 50 mL) 
were mixed well and observed for up to 3 min under a 
microscope. Dead cells stained blue while living cells 
did not. The numbers of dead cells and living cells were 
calculated with a hemocytometer and cell viability was 
expressed as the percentage of viable cells.

3. Results and Discussion

The extent to which compounds 8a-8p inhibited HL-60 
cell growth was measured and results are shown in Table 1. 
Results indicated that compounds with a benzyl substituent 
(R1) at the N-1 position on the indolin-2,3-dione ring (8k-
8p) had more potent antiproliferative activity against HL-60 
cells than those with a (4-fluorobenzyl)amino-2-oxoethyl 
substituent at the N-1 position (8a-8j). The effect of the 
substituent (R2) on inhibiting HL 60 cell growth depended 
on the substituent (R1) at the N-1 position on the indolin-
2,3-dione ring. When R1 was a 4-fluorobenzylamino-2-
oxoethyl group, compounds with an aryl group (R2) (8a-
8g) had greater inhibition than those with an aliphatic 
group (8h and 8i). When R1 was a benzyl group at the N-1 
position, compounds with either an aryl group (8k-8n) or 
an aliphatic group (8o-8p) had antiproliferative activity 
with IC50 values of less than 1.1 μM. Among compounds 
8k-8p that have a benzyl group at the N-1 position on the 
indolin-2,3-dione ring, 8l with a phenyl acetamide group at 
the C-5 position inhibited HL-60 cell growth the most with 
an IC50 value of 0.07 μM. The next most potent inhibitor of 
growth was 8p, which had an IC50 value of 0.14 μM and a 
cyclopropane carboxamide group at the C-5 position.
 In conclusion, sixteen 1,5-disubstituted indolin-2,3-
diones were synthesized and their inhibition of HL-60 cell 
growth was evaluated. Findings indicated that compounds 
with a benzyl substituent at the N-1 position on the indolin-
2,3-dione ring had more potent inhibition of HL-60 cell 
growth than those with a 4-fl uorobenzylamino-2-oxoethyl 
  substituent at the N-1 position. Among the compounds with 
a benzyl substituent group at the N-1 position, the most 
potent inhibitors of HL-60 cell growth were compound 8l, 
which had a phenyl acetamide group at the C-5 position, 
and compound 8p, which had a cyclopropane carboxamide 
group at the C-5 position. The mechanisms by which these 
compounds inhibited growth are being investigated.
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Diagram 1. Synthesis of target compounds. Reagents and 
conditions. (i) Fuming nitric acid and sulfuric acid; ‒10-
0°C, 1 h; (ii)   2,2-dimethylpropane-1,3-diol, p-toluenesulfonic 
acid, and cyclohexane; reflux, 14 h; (iii) 2-chloro-N-(4-
fl uorobenzyl)acetamide or benzyl chloride, dimethylformamide, 
and potassium carbonate; 85°C, 40 min; (iv) H2 and 10% Pd/
C;   room temperature, 4 h; (v) Acyl chloride and potassium 
carbonate; 0°C - room temperature, 2 h; (vi) Hydrochloric acid 
and acetic acid; 30°C, 12 h.
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Table 1. Inhibition of HL-60 cell growth by target 
compounds

Designation

8a

8b

8c

8d

8e

8f

8g

8h

8i

8j

8k

8l

8m

8n

8o

8p
 

R1 IC50 (μM)a

  4.8

  7.2

  7

  3.4

  8.8

NTb 

  9.2

15.6

15.4

19.3

  0.98

  0.07

  0.63

  1.1

  0.7

  0.14

a IC50 indicates the concentration of each compound required for a 
50% decrease in cell viability. b Not tested.
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Appendix

Proton nuclear magnetic resonance (1H-NMR) spectra and 
carbon nuclear magnetic resonance (13C-NMR) spectra 
were determined with a Bruker Avance ATC600 instrument 
at 600 MHz with tetramethylsilane (TMS) as the internal 
standard. The chemical shifts (δ) were reported in parts 
per million (ppm) and were relative to the central peak 
of the solvent, which was DMSO-d6 or CDCl3. Coupling 
constants (J) are given in Hz. Reported 1H-NMR data 
are as follows: chemical shift, multiplicity (s = singlet, 
d = doublet, t = triplet, q = quartet, br = broad, or m = 
multiplet), coupling constants, and number of protons. 
Infrared (IR) spectra were measured with a Nicolet Nexus 
470FT-IR spectrometer and are expressed in cm-1. Mass 
spectra (MS) were measured with an API 4000, and high 
resolution mass (HRMS) spectra were recorded with an 
LTQ Orbitrap mass spectrometer. The melting points were 
determined with a Büchi capillary melting point apparatus 
and are uncorrected. Unless otherwise noted, all materials 
were obtained from commercial suppliers and were used 
without further purifi cation.

1. Procedure for preparation of intermediate 5

Fuming nitric acid (3.0 mL, 0.065 mol) was added 
dropwise to a solution of indoline-2,3-dione (7.35g, 
0.05 mol) in sulfuric acid (50 mL) under 0°C. The 
mixture was stirred for 1 h at 0°C and then slowly 
poured into 500 mL of crushed ice. The   precipitate 
was fi ltered, washed three times with water, and then 
dried to yield intermediate 5.
 5-nitroindoline-2,3-dione (5) .    Yield:  78%; 
light yellow power; mp: 257.8-258.5°C. 1H-NMR 
(DMSO-d6) δ: 11.67 (s, 1H, NH), 8.44 (m, 1H, Ar-H), 
8.21 (s, 1H, Ar-H), 7.09 (d, J = 8.4 Hz, 1H, Ar-H).

2. Procedure for preparation of intermediate 6

5-nitroindoline-2,3-dione (3.5 g,  0.018 mol) , 

p-toluenesulfonic acid (0.4 g), and neopentyl glycol (3.8 
g, 0.018 mol) were successively added and dissolved 
in cyclohexane (80 mL). The mixture was heated to 
80°C for 14 h. The reaction mixture was cooled to 
room temperature and then fi ltered. The precipitate was 
sequentially washed with saturated sodium carbonate 
solution and water and then further purifi ed by column 
chromatography with petroleum ether/ethyl acetate (6:1 
to 3:1) to yield intermediate 6.
 5,5-Dimethyl-5'-nitrospiro[[1,3]dioxane-2,3'-
indolin]-2'-one (6). Yield: 88%; white solid; mp: 212.3-
214.1°C. 1H-NMR (DMSO-d6)  δ: 11.21 (s, 1H, NH), 
8.28 (dd, J1 = 9.0 Hz, J2 = 1.8 Hz, 1H, Ar-H), 8.08 (d, 
J = 1.8 Hz, 1H, Ar-H), 7.04 (d, J = 8.4 Hz, 1H, Ar-H), 
4.49 (d, J = 9.6 Hz, 2H, CH2), 3.55 (d, J = 10.8 Hz, 2H, 
CH2), 1.35 (s, 3H, CH3), 0.90 (s, 3H, CH3).

3. General procedure for preparation of intermediate 7

2-Chloro-N-(4-fluorobenzyl) acetamide or benzyl 
chloride (4.3 mmol) was added to a solution of 
intermediate 6 (1.0 g, 3.6 mmol) and anhydrous 
potassium carbonate (1 g,  7.2 mmol) in dried 
dimethylformamide (10 mL). The mixture was 
heated to 85°C for 40 min and then cooled to room 
temperature. The reaction mixture was poured into 
ice water (100 mL)   and a precipitate was produced. 
The   precipitate was then filtered, washed with water, 
and further purified by column chromatography with 
petroleum ether/ ethyl acetate (6:1 to 1:1) to yield 7.
   2-(5,5-Dimethyl-5'-nitro-2'-oxospiro[[1,3]dioxane-
2,3'-indolin]-1'-yl)-N-(4- fluorobenzyl)acetamide (7a). 
Yield: 75%; white solid; mp: 231.9-232.1°C. 1H-NMR 
(CDCl3) δ: 8.33 (d, J = 1.8 Hz, 1H, Ar-H), 8.31 (dd, J = 
8.4 Hz, J = 2.4 Hz, 1H, Ar-H), 7.19 (dd, J1 =12 Hz, J2 = 
8.4 Hz, 2H, Ar-H), 7.00 (t, J = 8.4 Hz, 2H, Ar-H), 6.96 
(d, J = 8.4 Hz, 1H , Ar-H), 6.10 (s, 1H, N-H), 4.59 (d, 
J = 11.4 Hz, 2H, CH2), 4.41 (d, J = 5.4 Hz, 2H, CH2), 
4.35 (s, 2H, CH2), 3.55 (d, J = 10.8 Hz, 2H, CH2), 1.56 
(s, 3H, CH3), 0.90 (s, 3H, CH3). MS (ESI) m/z: 444.5 
[M+H]+.
 1'-benzyl-5,5-dimethyl-5'-nitrospiro[[1,3]dioxane-
2,3'-indolin]-2'-one (7b). Yield: 63%; Pale yellow solid; 
mp: 154.4-155.4°C. 1H-NMR (CDCl3) δ: 8.31 (d, J = 2.4 
Hz, 1H, Ar-H), 8.18 (dd, J1 = 9.0 Hz, J2 = 2.4 Hz, 1H, 
Ar-H), 7.35 (t, J = 7.2 Hz, 2H, Ar-H), 7.30 (t, J = 7.2 
Hz, 1H, Ar-H), 7.26 (t, J = 3.0 Hz, 2H, Ar-H), 6.71 (d, 
J = 8.4 Hz, 1H, Ar-H), 4.88 (s, 2H, CH2), 4.73 (d, J = 
11.4 Hz, 2H, CH2), 3.57 (d, J = 11.4 Hz, 2H, CH2), 1.45 
(s, 3H, CH3), 0.92 (s, 3H, CH3). MS (ESI) m/z: 369.2 
[M+H]+.

4. General procedure for preparation of compound 8

  Intermediate 7 (2.26 mmol) and 10  % Pd/C (0.4g, 
10%) were added to 50 mL of distilled ethyl acetate. 
The mixture reacted with hydrogen for 4 h at room 
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temperature and then the reaction mixture was fi ltered. 
Anhydrous potassium carbonate (0.34 g, 2.5 mmol) 
was added to the filtrate, and then acyl chloride (2.5 
mmol) was added dropwise at 0°C. After the resulting 
solution was stirred for 2 h at room temperature, the 
mixture was filtered. The organic phase was washed 
successively with 5% sodium hydroxide (3 × 15mL), 
3% hydrochloric acid (3 × 15mL), and saturated brine 
(3 × 15 mL) and then evaporated in a vacuum to 
yield a white solid., Glacial acetic acid (63 mL) and 
hydrochloric acid (7 mL) were added to the solid. The 
mixture was stirred overnight at 30°C and then poured 
into distilled water (50 mL), and a precipitate was 
produced. The precipitate was fi ltered and purifi ed by 
recrystallization in 95% ethanol to yield compound 8.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl)benzamide (8a). Yield: 89%; purple 
solid; mp: 305.3-306.5°C. 1H-NMR (DMSO-d6) δ: 
10.39 (s, 1H, NH), 8.77 (t, J = 6.0 Hz, 1H, NH), 8.05 
(d, J = 2.4 Hz, 1H, Ar-H), 7.97 (d, J = 7.2 Hz, 2H, Ar-
H), 7.94 (dd, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H, Ar-H),7.61 
(t, 1H, J = 7.2 Hz, Ar-H), 7.55 (t, J = 7.8 Hz, 2H, Ar-
H), 7.26 (t, J = 8.4 Hz, 2H, Ar-H), 7.14 (t, J = 9.0 Hz, 
2H, Ar-H), 7.09 (d, J = 8.4 Hz, 1H, Ar-H), 4.40 (s, 
2H, CH2), 4.29 (d, J = 6.0 Hz, 2H, CH2). 

13C-NMR 
(DMSO-d6) δ: 183.43, 166.59, 165.60, 162.43, 160.82, 
159.07, 146.60, 135.52, 134.88, 132.21, 130.02, 129.54, 
129.48, 128.90, 128.90 128.07, 128.07, 118.10, 116.89, 
115.51, 115.36, 111.27, 43.13, 41.81. IR (KBr, cm-1): 
υNH: 3,409.78, 3,282.05; υ=CH: 3,066.89; υCH2: 2,929.70; 
υC=O: 1,740.92, 1,659.42; υC=C: 1,625.12, 1,606.10, 
1,547.80, 1,510.18, 1,495.13, 1,454.36; δCH: 1,361.73, 
1,310.36; γ=CH: 823.81, 708.86. HRMS (ESI) m/z 
calculated for C24H19F1N3O4 [M+H]+: 432.1354, found 
432.1347. 
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl) furan-2- carboxamide (8b). Yield: 
41%; Purple solid; mp: 309.5-312.2°C. 1H-NMR 
(DMSO-d6) δ: 10.37 (s, 1H, NH), 8.76 (t, J = 5.4 Hz, 
1H, NH), 7.99 (s, 1H, FU-H), 7.97 (s, 1H, Ar-H), 7.91 
(d, J = 6.6 Hz, 1H, Ar-H), 7.33 (d, J = 3.0 Hz, 1H, FU-
H), 7.25 (t, J = 7.8 Hz, 2H, Ar-H), 7.13 (t, J = 8.4 Hz, 
2H, Ar-H), 7.08 (d, J = 8.4 Hz, 1H, Ar-H), 6.72 (s, 
1H, FU-H), 4.38 (s, 2H, CH2), 4.28 (d, J = 6.0 Hz, 2H, 
CH2). IR (KBr, cm-1): υNH: 3,366.07, 3,283.56; υ=CH: 
3,116.07; υCH2: 2,929.99; υC=O: 1,742.21, 1,671.43, 
1 ,651.30;  υC=C:  1 ,626.82,  1 ,607.51,  1 ,584.76, 
1,553.03, 1,510.75, 1,494.39; δCH: 1,426.20, 1,362.83, 
1,341.25, 1,316.50; υC-O: 1,225.46; γ=CH: 1,009.95, 
829.14, 760.00. HRMS (ESI) m/z calculated for 
C22H17F1N3O5 [M+H]+: 422.1147, found 422.1141.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-
2,3-dioxoindolin-5-yl) phenylacetamide (8c). Yield: 
92%; orange-red solid; mp: 263.7-265.3°C. 1H-NMR 
(DMSO-d6) δ: 10.32 (s, 1H, NH), 8.74 (t, J = 6.0 Hz, 
1H, NH), 7.89 (d, J = 1.8 Hz, 1H, Ar-H), 7.70 (dd, J1 
= 8.4 Hz, J2 = 1.8 Hz, 1H, Ar-H), 7.33 (d, J = 4.2 Hz, 

4H, Ar-H), 7.25 (m, 3H, Ar-H), 7.12 (t, J = 8.4 Hz, 
2H, Ar-H), 7.02 (d, J = 7.8 Hz, 1H, Ar-H), 4.36 (s, 
2H, CH2), 4.26 (d, J = 6.0 Hz, 2H, CH2), 3.64 (s, 2H, 
CH2).

 13C-NMR (DMSO-d6) δ: 183.44, 169.70, 166.58, 
162.43, 160.82, 159.00, 146.28, 136.17, 135.59, 129.55, 
129.55, 129.53, 129.48, 128.77, 128.77, 128.74, 
127.04, 118.12, 115.60, 115.49, 115.35, 111.40, 43.61, 
43.19, 41.80. IR (KBr, cm-1): υNH: 3,295.80; υ=CH: 
3,064.79; υCH2: 2,935.13; υC=O: 1,740.64, 1,659.85; 
υC=C: 1,623.61, 1,606.65, 1,552.75, 1,510.47, 1,493.13, 
1,453.99; δCH: 1,359.98; γ=CH: 825.00, 728.32, 695.99. 
HRMS (ESI) m/z calculated for C25H21F1N3O4 [M+H]+: 
446.1511, found 446.1504.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2, 
3-dioxoindolin-5-yl)-3-chloro- benzamide (8d). 
Yield: 81%; pink solid; mp: 310.3-311.2°C. 1H-NMR 
(DMSO-d6) δ: 10.48 (s, 1H, NH), 8.77 (t, J = 6.6 Hz, 
1H, NH), 8.02 (s, 2H, Ar-H), 7.92 (d, J = 7.8 Hz, 2H, 
Ar-H), 7.69 (d, J = 7.8 Hz, 1H, Ar-H), 7.59 (t, J = 7.8 
Hz, 1H, Ar-H), 7.25 (t, J = 7.8 Hz, 2H,Ar-H), 7.14 (t, J 
= 9.0 Hz, 2H, Ar-H),7.10 (d, J = 8.4 Hz,1H, Ar-H), 4.40 
(s, 2H, CH2), 4.28 (d, J = 6.0 Hz, 2H, CH2).

 13C-NMR 
(DMSO-d6) δ: 183.38, 166.57, 164.43, 162.43, 160.82, 
159.04, 146.76, 136.82, 135.20, 133.72, 132.00, 
130.88, 130.08, 129.53, 129.48, 127.81, 126.90, 118.10, 
116.95, 115.50, 115.36, 111.30, 43.21, 41.81. IR (KBr, 
cm-1): υNH: 3,386.50, 3,291.67; υ=CH: 3,067.66; υCH2: 
2,931.61; υC=O: 1,740.97, 1,653.98; υC=C: 1,622.64, 
1,607.07, 1,547.56, 1,510.85, 1,493.14, 1,453.60; δCH: 
1,360.11, 1,314.51; γ=CH: 819.38, 738.47. HRMS (ESI) 
m/z calculated for C24H18Cl1F1N3O4 [M+H]+: 466.0964, 
found 466.0959.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2, 
3-dioxoindolin-5-yl)-3- phenylpropanamide (8e). Yield: 
78%; Orange-red solid; mp: 264.1-265.8°C. 1H-NMR 
(DMSO-d6) δ: 10.06 (s, 1H, NH), 8.74 (t, J = 6.0 Hz, 
1H, NH), 7.88 (s, 1H, Ar-H), 7.65 (d, J = 7.2 Hz, 1H, 
Ar-H), 7.28 (t, J = 7.8 Hz, 2H, Ar-H), 7.25 (m, 4H, Ar-
H), 7.18 (t, J = 7.2 Hz, 1H, Ar-H), 7.12 (t, J = 8.4 Hz, 
2H, Ar-H), 7.01 (d, J = 9.0 Hz, 1H, Ar-H), 4.35 (s, 2H, 
CH2), 4.27 (d, J = 5.4 Hz, 2H, CH2), 2.91 (t, J = 7.8 
Hz, 2H, CH2), 2.62 (t, J = 7.8 Hz, 2H, CH2).

 13C-NMR 
(DMSO-d6) δ: 183.48, 170.95, 166.58, 162.42, 160.82, 
158.99, 146.14, 141.48, 135.60, 129.53, 129.48, 
128.77, 128.77, 128.68, 128.68, 128.59, 126.42, 118.10, 
115.53, 115.48, 115.35, 111.37, 43.17, 41.79, 38.32, 
31.21. IR (KBr, cm-1): υNH: 3,336.21, 3,297.32; υ=CH: 
3,063.99; υCH2: 2,928.64; υC=O: 1,741.08, 1,655.82; 
υC=C: 1,623.72, 1,606.97, 1,551.06, 1,510.67, 1,493.11, 
1,454.12; δCH: 1,357.92, 1,302.92; γ=CH: 824.89, 
752.43, 699.35. HRMS (ESI) m/z calculated for 
C26H23F1N3O4 [M+H]+: 460.1667, found 460.1659.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2, 
3-dioxoindolin-5-yl)-4- methylbenzamide (8f). Yield: 
75%; purple solid; mp: 299.2-300.6°C. 1H-NMR 
(DMSO-d6) δ: 10.30 (s, 1H, NH), 8.77 (t, J = 5.4 Hz, 
1H, NH), 8.04 (s, 1H, Ar-H), 7.94 (d, J = 8.4 Hz, 1H, 
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Ar-H), 7.89 (d, J = 7.8 Hz, 2H, Ar-H), 7.35 (d, J = 7.8 
Hz, 2H, Ar-H), 7.25 (t, J = 7.2 Hz, 2H, Ar-H), 7.14 
(t, J = 8.4 Hz, 2H, Ar-H),7.08 (d, 1H, J = 8.4 Hz, Ar-
H), 4.39 (s, 2H, CH2), 4.28 (d, J = 5.4 Hz, 2H, CH2), 
2.39 (s, 3H, Ar-CH3). 

13C-NMR (DMSO-d6)
 δ: 183.16, 

166.58, 165.75, 162.42, 160.82, 159.06, 146.53, 
142.26, 135.58, 131.97, 130.00, 129.53, 129.48, 
129.41, 129.41, 128.10, 128.10, 118.09, 116.87, 115.50, 
115.36, 111.24, 43.20, 41.78, 21.46. IR (KBr, cm-1): 
υNH: 3,411.85, 3,288.56; υ=CH: 3,066.50; υCH2: 2,924.11; 
υC=O: 1,740.74, 1,657.81; υC=C: 1,625.25, 1,608.70, 
1,551.81, 1,509.61, 1,498.29, 1,452.81; δCH: 1,362.94, 
1,324.94, 1,308.45; γ=CH: 842.44, 745.99. HRMS (ESI) 
m/z calculated for C25H21F1N3O4 [M+H]+: 446.1511, 
found 446.1505.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl)-2,4-dichloro-benzamide (8g). Yield: 
84%; orange-red solid; mp: 304.7-305.3°C. 1H-NMR 
(DMSO-d6)   δ: 10.69 (s, 1H, NH), 8.75 (t, J = 6.0 Hz, 
1H, NH), 7.97 (d, J = 1.8 Hz, 1H, Ar-H),   7.81 (dd, J1 = 
8.4 Hz, J2 = 1.8 Hz, 1H, Ar-H), 7.80 (d, J = 1.8 Hz, 1H, 
Ar-H), 7.67 (d, J = 8.4 Hz, 1H, Ar-H), 7.58 (dd, J1 = 7.8 
Hz, J2 = 1.8 Hz, 1H, Ar-H), 7.25 (dd, J1 = 8.4 Hz, J2 = 
5.4 Hz, 2H, Ar-H), 7.13 (t, J = 9.6 Hz, 2H, Ar-H), 7.08 
(d, J = 9.0 Hz, 1H, Ar-H), 4.39 (s, 2H, CH2), 4.28 (d, J 
= 6.0 Hz, 2H, CH2).

 13C-NMR (DMSO-d6) δ: 183.33, 
166.53, 164.50, 162.42, 160.82, 159.04, 146.82, 135.75, 
135.53, 135.02, 131.73, 130.83, 129.74, 129.54, 129.48, 
129.20, 127.97, 118.22, 116.02, 115.50, 115.36, 111.52, 
43.21, 41.79. IR (KBr, cm-1): υNH: 3,241.44; υ=CH: 
3,055.05; υCH2: 2,973.71; υC=O: 1,729.76, 1,657.14; 
υC=C: 1,622.08, 1,603.25, 1,583.27, 1,556.63, 1,537.15, 
1,509.54, 1,496.91, 1,456.35; δCH: 1,363.94, 1,337.78, 
1,320.71; γ=CH: 836.38, 818.75, 780.98, 682.46. 
HRMS (ESI) m/z calculated for C24H17Cl2F1N3O4 

[M+H]+: 500.0575, found 500.0563.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl)cyclopropane carboxamide (8h). 
Yield: 71%; pink solid; mp: 285.3-286.4°C. 1H-NMR 
(DMSO-d6) δ: 10.34 (s, 1H, NH), 8.75 (t, J = 6.0 Hz, 
1H, NH), 7.89 (d, J = 1.8 Hz, 1H, Ar-H), 7.69 (dd, J1 = 
9.0 Hz, J2 = 2.4 Hz, 1H, Ar-H), 7.24 (t, J = 6.6 Hz, 2H, 
Ar-H), 7.13 (t, J = 8.4 Hz, 2H, Ar-H), 7.02 (d, J = 7.8 
Hz, 1H, Ar-H), 4.36 (s, 2H, CH2), 4.27 (d, J = 6.6 Hz, 
2H, CH2), 1.73 (t, J = 6.6 Hz, 1H, CH), 0.81 (d, J = 7.2 
Hz, 4H, CH2).

 13C-NMR (DMSO-d6) δ: 183.50, 172.17, 
166.59, 162.42, 160.81, 158.99, 146.04, 135.78, 129.52, 
129.47, 128.46, 118.10, 115.45, 115.46, 115.35, 111.36, 
43.16, 41.78, 14.98, 7.74, 7.74. IR (KBr, cm-1): υNH: 
3,345.65, 3,261.80; υ=CH: 3,052.49; υCH2: 2,942.81; 
υC=O: 1,735.03, 1,655.16; υC=C: 1,623.94, 1,604.93, 
1,542.29, 1,511.22, 1,494.16, 1,459.03; δCH: 1,359.77, 
1,342.21; γ=CH: 839.71, 822.92, 748.66, 714.68. 
HRMS (ESI) m/z calculated for C21H19F1N3O4 [M+H]+: 
396.1354, found 396.1348. 
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl)pivalamide (8i). Yield: 63%;   orange-

red solid; mp: 260.4-261.9°C. 1H-NMR (DMSO-d6) δ: 
9.34 (s, 1H, NH), 8.75 (t, J = 6.0 Hz, 1H, NH), 7.91 (dd, 
J1 = 8.4 Hz, J2 = 1.8 Hz,1H,Ar-H), 7.88 (d, J = 2.4 Hz, 
1H, Ar-H), 7.24 (t, J = 7.2 Hz, 2H, Ar-H), 7.14 (d, J = 8.4 
Hz, 1H, Ar-H), 7.13 (t, J = 9.6 Hz, 2H, Ar-H), 4.36 (s, 
2H, CH2), 4.27 (d, J = 6.0 Hz,1H,CH2), 1.23 (s,9H,CH3). 
13C-NMR (DMSO-d6) δ: 183.50, 177.01, 166.58, 
162.42, 160.82, 159.01, 146.26, 135.72, 130.02, 129.51, 
129.46, 117.94, 116.94, 115.48, 115.35, 110.03, 43.17, 
41.79, 39.50, 27.58, 27.58, 27.58. IR (KBr, cm-1): υNH: 
3,265.79; υ=CH: 3,074.19; υCH3: 2,968.59, 2,872.71; υC=O: 
1,746.57, 1,671.78, 1,652.98; υC=C: 1,624.86, 1,605.91, 
1,534.80, 1,509.89, 1,493.55, 1,452.28; δCH: 1,367.79, 
1,335.79, 1,307.98; γ=CH: 901.66, 810.87, 712.86, 
660.87. HRMS (ESI) m/z calculated for C22H23F1N3O4 

[M+H]+: 412.1667, found 442.1663.
 N-(1-(2-(4-Fluorobenzylamino)-2-oxoethyl)-2,3-
dioxoindolin-5-yl)-2-hydroxybenzamide (8j). Yield: 
78%; orange-red solid; mp: 308.7-309.4°C. 1H-NMR 
(DMSO-d6) δ: 11.73 (s, 1H, Ar-OH), 10.45 (s, 1H, NH), 
8.76 (t, J = 5.4 Hz, 1H, NH), 7.99 (d, J = 2.4 Hz, 1H, 
Ar-H), 7.94 (d, J = 7.8 Hz, 1H, Ar-H), 7.87 (dd, J1 = 9.0 
Hz, J2 = 2.4 Hz, 1H, Ar-H), 7.45 (t, J = 10.2 Hz, 1H, Ar-
H), 7.25 (m, 2H, Ar-H), 7.14 (t, J = 6.0 Hz, 2H, Ar-H), 
7.10 (d, J = 8.4 Hz, 1H, Ar-H), 6.98 (m, 2H, Ar-H), 4.40 
(s, 2H, CH2), 4.29 (d, J = 6.0 Hz, 2H, CH2). 

13C-NMR 
(DMSO-d6) δ: 183.33, 167.52, 166.58, 162.425, 160.82, 
159.05, 159.02, 147.00,  134.41, 134.26, 130.75, 
129.52, 129.47, 129.34, 119.48, 118.17, 117.70, 117.62, 
117.60, 115.51, 115.37, 111.34, 43.22, 41.791. IR (KBr, 
cm-1): υOH: 3,311.80; υ=CH: 3,082.92; υC=O: 1,739.57, 
1,666.67, 1,644.81; υC=C: 1,627.13, 1,606.39, 1,558.03, 
1,509.98, 1,496.31, 1,444.51; δCH: 1,329.79, 1,313.73; 
γ=CH: 831.30, 757.81. HRMS (ESI) m/z calculated for 
C24H19F1N3O5 [M+H]+: 446.1511, found 446.1504. 
 N-(1-Benzyl-2,3-dioxoindolin-5-yl)benzamide 
(8k). Yield: 77%; vermilion solid; mp: 197.2-198.1°C. 
1H-NMR (DMSO-d6) δ: 10.30 (s, 1H, NH), 7.89 (d, 
J = 2.4 Hz, 1H, Ar-H), 7.63 (dd, J1 = 8.4 Hz, J2 = 2.4 
Hz, 1H, Ar-H), 7.41 (d, J = 7.2 Hz, 2H, Ar-H), 7.33 
(m, 4H, Ar-H), 7.28 (t, J = 7.2 Hz, 2H, Ar-H), 7.25 (m, 
2H, Ar-H), 6.93 (d, J = 8.4 Hz, 1H, Ar-H), 4.88 (s, 2H, 
CH2).

 13C-NMR (DMSO-d6) δ: 183.64, 165.94, 158.93, 
146.51, 135.97, 135.50, 134.90, 132.17, 129.85, 129.10, 
129.10, 128.87, 128.87, 128.06, 128.06, 127.98, 127.81, 
127.81, 118.03, 117.00, 111.62, 43.40. IR (KBr, cm-1): 
υNH: 3,345.43; υ=CH: 3,061.69, 3,031.09; υC=O: 1,738.95, 
1,680.98; υC=C: 1,624.14, 1,605.06, 1,548.19, 1,491.44, 
1,453.53; δCH: 1,346.93; γ=CH: 827.86, 767.62, 719.86, 
697.76. HRMS (ESI) m/z calculated for C22H17N2O3 

[M+H]+: 357.1234, found 357.1247. 
 N-(1-Benzyl-2,3-dioxoindolin-5-yl)-2-phenyl-
acetamide (8l). Yield: 63%; vermilion solid; mp: 237.5-
238.1°C. 1H-NMR (DMSO-d6) δ: 10.30 (s, 1H, NH), 
7.88 (d, J = 1.8 Hz, 1H, Ar-H), 7.63 (dd, J1 = 8.4 Hz, 
J2 = 2.4 Hz, 1H, Ar-H), 7.42 (d, J = 7.2 Hz, 2H, Ar-
H), 7.32 (m, 4H, Ar-H), 7.28 (t, J = 7.2 Hz, 2H, Ar-H), 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2014; 8(3):110-116. 116

7.24 (m, 2H, Ar-H), 6.93 (d, J = 8.4 Hz, 1H, Ar-H), 4.88 
(s, 2H, CH2), 3.62 (s, 2H, CH2). 

13C-NMR (DMSO-d6) 
δ: 183.62, 169.64, 158.86, 146.21, 136.17, 135.96, 
135.51, 129.51, 129.51, 129.08, 129.08, 128.77, 128.77, 
128.56, 127.97, 127.77, 127.77, 127.03, 118.09, 115.71, 
111.76, 43.58, 43.35. IR (KBr, cm-1): υNH: 3,411.39; 
υ=CH: 3,062.87; υC=O: 1,738.62, 1,652.37; υC=C: 1,623.88, 
1,605.09, 1,579.75, 1,543.55, 1,493.95, 1,454.39; δCH: 
1,332.28, 1,308.90; γ=CH: 834.59, 796.04, 700.39. 
HRMS (ESI) m/z calculated for C23H19N2O3 [M+H]+: 
371.1390, found 371.1408.
 N-(1-Benzyl-2,3-dioxoindolin-5-yl)-3-phenyl-
propanamide (8m). Yield: 68%; purple solid; mp: 
224.2-225.1°C. 1H-NMR (DMSO-d6) δ: 10.03 (s, 1H, 
NH), 7.88 (d, J = 2.4 Hz, 1H, Ar-H), 7.58 (dd, J1 = 8.4 
Hz, J2 = 2.4 Hz, 1H, Ar-H), 7.42 (d, J = 7.2 Hz, 2H, 
Ar-H), 7.34 (t, J = 7.2 Hz, 2H, Ar-H), 7.28 (m, 3H, Ar-
H), 7.23 (d, J = 7.2 Hz, 2H, Ar-H), 7.17 (t, J = 7.2 Hz, 
1H, Ar-H), 6.92 (d, J = 7.8 Hz, 1H, Ar-H), 4.88 (s, 2H, 
CH2), 2.90 (t, J = 7.8 Hz, 2H, CH2), 2.60 (t, J =8.4 Hz, 
2H, CH2).

 13C-NMR (DMSO-d6) δ: 183.68, 170.02, 
158.85, 146.08, 141.47, 135.95, 135.57, 129.08, 
129.08, 128.75, 128.75, 128.66, 128.66, 128.47, 
127.97, 127.78, 127.78, 126.39, 118.03, 115.68, 111.71, 
43.36, 38.28, 31.20. IR (KBr, cm-1): υNH: 3,360.01; υ=CH: 
3,062.68, 3,027.27; υCH2: 2,966.01, 2,929.00, 2,863.15; 
υC=O: 1,735.82, 1,679.20; υC=C: 1,626.21, 1,605.59, 
1,558.72, 1,491.25, 1,454.00; δCH: 1,354.90, 1,330.60; 
γ=CH: 828.33, 751.50, 717.10, 696.51. HRMS (ESI) m/
z calculated for C24H21N2O3 [M+H]+: 385.1547, found 
385.1563. 
 N-(1-Benzyl-2,3-dioxoindolin-5-yl)-2,4-dichloro-
benzamide (8n). Yield: 68%; pink solid; mp: 268.3-
269.7°C. 1H-NMR (DMSO-d6) δ: 10.67 (s, 1H, NH), 
7.97 (d, J = 1.8 Hz, 1H, Ar-H), 7.78 (d, J = 1.8 Hz, 1H, 
Ar-H), 7.74 (dd, J1 = 8.4 Hz, J2 = 1.8 Hz, 1H, Ar-H), 
7.64 (d, J = 7.8 Hz, 1H, Ar-H), 7.57 (dd, J1 = 8.4 Hz, 
J2 = 1.8 Hz, 1H, Ar-H), 7.43 (d, J = 7.8 Hz, 2H, Ar-
H), 7.35 (t, J = 7.2 Hz, 2H, Ar-H), 7.29 (t, J = 7.2 Hz, 
1H, Ar-H), 6.98 (d, J = 8.4 Hz, 1H, Ar-H), 4.91 (s, 2H, 
CH2).

 13C-NMR (DMSO-d6) δ: 183.52, 164.46, 158.90, 
146.74, 135.88, 135.75, 135.50, 134.99, 131.73, 130.80, 
129.70, 129.08, 129.08, 129.03, 127.98, 127.94, 127.78, 

127.78, 118.17, 116.15, 111.85, 43.40. IR (KBr, cm-1): 
υNH: 3,274.61; υ=CH: 3,087.49, 3,062.10; υC=O: 1,740.80, 
1,721.83, 1,655.88; υC=C: 1,624.58, 1,601.71, 1,583.30, 
1,555.92, 1,533.52, 1,490.68, 1,452.88; δCH: 1,349.20, 
1,330.00, 1,308.67; γ=CH: 836.63, 779.15, 720.75, 
700.82. HRMS (ESI) m/z calculated for C22H15Cl2N2O3 

[M+H]+: 425.0454, found 425.0472. 
 N-(1-Benzyl-2, 3-dioxoindolin-5-yl) pivalamide (8o). 
Yield: 60%; purple solid; mp: 233.4-234.6°C. 1H-NMR 
(DMSO-d6) δ: 9.31 (s, 1H, NH), 7.88 (d, J = 1.8 Hz, 
1H, Ar-H), 7.73 (dd, J1 = 8.4 Hz, J2 = 2.4 Hz, 1H, Ar-
H), 7.42 (d, J = 7.2 Hz, 2H, Ar-H), 7.34 (t, J = 7.2 Hz, 
2H, Ar-H), 7.28 (t, J = 7.2 Hz, 1H, Ar-H), 6.92 (d, J 
= 8.4 Hz, 1H, Ar-H), 4.88 (s, 2H, CH2), 1.19 (s, 9H, 
CH3). 

13C-NMR (DMSO-d6) δ: 183.69, 177.03, 158.92, 
146.18, 135.99, 135.66, 129.80, 129.06, 129.06, 127.94, 
127.73, 127.73, 117.93, 117.03, 111.43, 43.32, 39.50, 
27.56, 27.56, 27.56. IR (KBr, cm-1): υNH: 3,413.43; 
υ=CH: 3,060.11; υCH3: 2,967.60, 2,869.76; υC=O: 1,728.23, 
1,677.41; υC=C: 1,619.06, 1,604.10, 1,538.36, 1,491.97, 
1,453.15; δCH: 1,398.83, 1,335.23, 1,314.85; γ=CH: 
831.45, 788.33, 749.15, 717.95, 697.87. HRMS (ESI) 
m/z calculated for C20H21N2O3 [M+H]+: 337.1547, found 
337.1572. 
 N-(1-Benzyl-2,3-dioxoindolin-5-yl)cyclopropane-
carboxamide (8p). Yield: 79%; pink solid; mp: 249.5-
250.2°C. 1H-NMR (DMSO-d6) δ: 10.30 (s, 1H, NH), 
7.88 (d, J = 2.4 Hz, 1H, Ar-H), 7.62 (dd, J1 = 8.4 Hz, 
J2 = 2.4 Hz, 1H, Ar-H), 7.42 (d, J = 7.2 Hz, 2H, Ar-
H), 7.34 (t, J = 7.8 Hz, 2H, Ar-H), 7.28 (t, J = 7.8 Hz, 
1H, Ar-H), 6.92 (d, J = 8.4 Hz, 1H, Ar-H), 4.88 (s, 
2H, CH2), 1.71 (m, 1H, CH), 0.79 (d, J = 6.0 Hz, 4H, 
CH2). 

13C-NMR (DMSO-d6) δ: 183.69, 172.14, 158.85, 
145.96, 135.98, 135.74, 129.07, 129.07, 128.32, 127.96, 
127.78, 127.78, 118.05, 115.62, 111.71, 43.36, 14.95, 
7.72, 7.72. IR (KBr, cm-1): υNH: 3,340.81; υ=CH: 3,059.31; 
υCH2: 2,925.08; υC=O: 1,739.43, 1,714.20, 1,680.28; υC=C: 
1,621.56, 1,606.07, 1,553.06, 1,491.32, 1,454.23; δCH: 
1,397.01, 1,351.43, 1,336.26, 1,301.19; γCH: 841.29, 
822.95, 790.28, 718.39, 698.72. HRMS (ESI) m/
z calculated for C19H17N2O3 [M+H]+: 321.1234, found 
321.1213. 
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1. Introduction

There is much interest in RNA polymerase inhibitors 
for their potential contributions in the treatment 
of the influenza (1-3). One inhibitor, 6-fluoro-3-
hydroxypyrazine-2-carboxamide named favipiravir was 
first prepared by Y. Furuta and coworkers (4), and has 
been proved to have potent inhibitory activity against 
RNA viruses in vitro and in vivo (5-8). The previously 
reported synthetic procedure is shown in Scheme 1 
involving seven steps starting from 3-aminopyrazine-
2-carboxylic acid. However, in the ammoniated step, 
it involves the catalysis of tris(dibenzylideneacetone)
dipalladium and (S)-(-)-2,2'-bis(diphenylphosphino)-
1,1'-binaphthyl (BINAP), which are very expensive. 
The last step proceeds poorly with a low (4.3%) isolated 
yield, making the overall yield approximately 0.44%. 
This sythesitc process is hardly suitable for large-scale 
production. Therefore, in order to improve the yield and 
reduce the cost, we report a modified procedure that 
boosts the overall yield over 20-fold with four steps in 
this article. We also report the crystal structure of the 
compund for the first time.

2. Materials and Methods

2.1. Materials

Solvent for anhydrous reaction should be processed 
before use. 1H-NMR spectra were determined on 
a Brucker Avance 300 spectrometer or 600 using 
tetramethylsilane (TMS) as an internal standard. The 
solvents for NMR were DMSO-d6 (δ 2.5 for 1H), 
CD3Cl3 (δ 7.3 for 1H). HRMS analysis was provided by 
Agilent 6520 Q-TOF LC/MS spectrometer (Agilent, 
Germany). All reactions were monitored by thin-
layer chromatography (TLC) on 25.4 × 76.2 mm 
silica gel plates (GF-254). Silica gel used for column 
chromatography was 200~300 mesh. Melting points 
were determined on an electrothermal melting point 
apparatus and were uncorrected.

Summary As a RNA polymerase inhibitor, 6-fluoro-3-hydroxypyrazine-2-carboxamide commercially 
named favipiravir has been proved to have potent inhibitory activity against RNA viruses 
in vitro and in vivo. A four-step synthesis of the compound is described in this article, 
amidation, nitrification, reduction and fluorination with an overall yield of about 8%. In 
addition, we reported the crystal structure of the title compound. The molecule is almost 
planar and the intramolecular O−H•••O hydrogen bond makes a 6-member ring. In the 
crystal, molecules are packing governed by both hydrogen bonds and stacking interactions.

Keywords: Synthesis, crystal structure, hydrogen bond, π-π stacking interactions  

DOI: 10.5582/ddt.2014.01028Original Article

N

N
OH

O

NH2 N

N
O

O

NH2

H2SO4

CH3OH

NBS

CH3CN N

N
O

O

NH2

Br H2SO4,NaNO2

CH3OH
N

N
O

O

O

Br

NH

Pd2(dba)3 N

N
O

O

O

H2N NH3.H2O

N

N
NH2

O

O

H2N NaNO2

HF-Py

N

N
NH2

O

O

F NaI

TMSCl N

N
NH2

O

OH

F

Scheme1. Synthesis of 6-fluoro-3-hydroxypyrazine-2-
carboxamide reported in the reference.



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2014; 8(3):117-120.

2.2. Synthesis

2.2.1. Preparation of 3-hydroxypyrazine-2-carboxamide

To a suspension of 3-hydroxypyrazine-2-carboxylic 
acid (1.4 g, 10 mmol) in 150 mL MeOH, SOCl2 was 
added dropwise at 40°C with magnetic stirring for 6 h 
resulting in a bright yellow solution. The reaction was 
then concentrated to dryness. The residue was dissolved 
in 50 mL 25% aqueous ammonia and stirred overnight 
to get a suspension. The precipitate was collected 
and dried. The solid yellow-brown crude product was 
recrystallization with 50 mL water to get the product 
as pale yellow crystals (1.1 g, 78%). mp = 263-265°C. 
1H-NMR (300 MHz, DMSO): δ 13.34 (brs, 1H, OH), 
8.69 (s, 1H, pyrazine H), 7.93-8.11 (m, 3H, pyrazine 
H, CONH2). HRMS (ESI): m/z [M + H]+ calcd for 
C5H6N3O2

+: 140.0460; found: 140.0457.

2.2.2. Preparation of 3-hydroxy-6-nitropyrazine-2-
carboxamide

In the solution of 3-hydroxypyrazine-2-carboxamide 
(1.0 g, 7 mmol) in 6 mL concentrate sulfuric acid 
under ice-cooling, potassium nitrate (1.4 g, 14 mmol) 
was added. After stirring at 40°C for 4 h, the reaction 
mixture was poured into 60 mL water. The product was 
collected by fi ltration as yellow solid (0.62 g, 48%). mp 
= 250-252°C. 1H-NMR (600 MHz, DMSO): δ 12.00-
15.00 (br, 1H, OH), 8.97 (s, 1H, pyrazine H), 8.32 (s, 
1H, CONH2), 8.06 (s, 1H, CONH2). 

13C-NMR (75 MHz, 
DMSO): δ 163.12, 156.49, 142.47, 138.20, 133.81. 
HRMS (ESI): m/z [M + H]+ calcd for C5H5N4O4

+: 
185.0311; found: 185.0304.

2.2.3. Preparation of 6-amino-3-hydroxypyrazine-2-
carboxamide

3-Hydroxy-6-nitropyrazine-2-carboxamide (0.6 g, 3.3 
mmol) and a catalytic amount of raney nickel were 
suspended in MeOH, then hydrazine hydrate was 
added dropwise. The resulting solution was refl uxed 2 
h, cooled, filtered with diatomite, and then MeOH is 
evaporated in vacuo to get the crude product as dark 
brown solid without further purification (0.4 g, 77%). 
HRMS (ESI): m/z [M + H]+ calcd for C5H7N4O2

+: 
155.0569; found:155.0509.

2.2.4. Preparation of 6-fluoro-3-hydroxypyrazine-2-
carboxamide

To a solution of 6-amino-3-hydroxypyrazine-2-
carboxamide (0.4 g, 2.6 mmol) in 3 mL 70% HF-
pyridine aqueous at -20°C under nitrogen atmosphere, 
sodium nitrate (0.35 g, 5.2 mmol) was added. After 
stirring 20 min, the solution was warmed to room 
temperature for another one hour. Then 20 mL ethyl 

acetate/water (1:1) were added, after separation of 
the upper layer, the aqueous phase is extracted with 
four 20 mL portions of ethyl acetate. The combined 
extracts are dried with anhydrous magnesium sulfate 
and concentrated to dryness to get crude product as oil. 
The crude product was purified by chromatography 
column as white solid (0.12 g, 30%). mp = 178-180°C. 
1H-NMR (600 MHz, DMSO): δ 12.34 (brs, 1H, OH), 
8.31 (d, 1H, pyrazine H, J = 8.0 Hz), 7.44 (s, 1H, 
CONH2), 5.92 (s, 1H, CONH2). 

13C-NMR (75 MHz, 
DMSO): δ 168.66, 159.69, 153.98, 150.76, 135.68. 
HRMS (ESI): m/z [M + H]+ calcd for C5H5FN3O2

+: 
158.0366; found: 158.0360.

2.3. Single X-ray crystallography

6-Fluoro-3-hydroxypyrazine-2-carboxamide (0.2 g) was 
dissolved in methanol (50 mL) at room temperature. 
Colorless crystals of this compound were obtained 
through slow evaporation after two weeks. A colorless 
single crystal with dimension 0.37 × 0.29 × 0.27 mm3 
was selected for indexing and data collection at 150 
Kon aNonius-based Kappa Bruker diffractrometer 
equipped with a charge-coupled de vice (CCD) area 
detector and Mo Kα (k = 0.7107 Å) radiation. The 
structures were solved by direct methods using the 
program SHELXS-97 and refi ned by full-matrix least-
square refi nementon F2 using the program SHELXL-97. 
All H atoms were placed in geometrically calculated 
positions and refined using a riding model with C-H 
= 0.93 Å (for CH); 0.86 Å (for NH2 groups) and 0.82 
Å (for OH), their isotropic displacement parameters 
were set to 1.2 times (1.5 times for OH) the equivalent 
displacement parameter of their parent atoms. Crystal 
data: C5H4FN3O2, Mr = 157.11, orthorhombic, Pna21, 
Z = 4, a = 9.1106(8), b = 14.7619(14), c = 4.6910(4) 
Å, α = β = γ = 90º, V = 630.89 (10) Å3 , T = 296 K, 
F(000) = 320, u = 0.15 mm-1, Dx = 1.654 Mg m−3. 
7031 reflections were corrected, 832 unique (Rint = 
0.0195). R1 = 0.0294, wR2 = 0.0825. Further details of 
the crystallographic data can be found in the supporting 
information (CCDC deposition number 969968).

3. Results and Discussion

The low yield and high cost for the synthesis of favipiravir 
is attributed to the complicated process and expensive 
cytalyst in the ammoniated step. 3-Hydroxypyrazine-
2-carboxylic acid (compound 1) could be purchased or 
synthsized from 3-aminopyrazine-2-carboxylic acid (9), 
which is a common intermediate in orgainc synthesis. 
In our synthetic route, compound 1 was first esterified 
and amidated to give compound 2, followed by nitration 
with potassium nitrate. During the reduction stept, we 
carried out several different methods. Hydrogen reduction 
proceeded poorly with a low (30%) yield and produced 
a large number of by-products. Reaction with zinc and 
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π-π stacking interactions exist. We note the structure also 
displays displacement with a distance of about 3.08 Å. As 
we all know, π-π electron interaction is an important force, 
which is roughly proportional to the area of π-overlap. 
Of course, displacement of π-systems can diminish the 
repulsion (10). These characteristics show that the crystal 
structure is packing governed by both hydrogen bonds and 
stacking interactions.

4. Conclusion

We have presented a new method for the synthesis of 
6-fluoro-3-hydroxypyrazine-2-carboxamide, which 
is more effective and economical relative to the one 
previously reported. Upon crystallization, we find the 
molecule is almost planar and exist an intramolecular O−
H···O hydrogen bond. Molecules are linked into chains 
by hydrogen bonds and the neighboring pyrazine ring 
display π-π stacking interactions (offset face-to-face). 
These arrangements show that the crystal structure is 
packing governed by both hydrogen bonds and stacking 
interactions, arranging in two nearly vertical orientations 
and forming a cavity structure.
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ammonia produced a large number of brown solid, which 
were diffi cult to purity and led to the failure of fl uorination. 
The raney nickel went well with higher (77%) yield and 
fewer by-products. In the last fluorination step, it was 
found that about an hour after the reaction started, the yield 
decrease with reaction time. If the reaction time exceed 12 
h, there would be no product existed. Overall, the target 
compound was prepared with a yield of about 8%, as 
shown in Scheme 2.
 Slow evaporation of a solution of the title compound in 
methanol gave single crystals that were suitable for X-ray 
diffraction. It crystallized in the orthorhombic space group 
Pna21. In the title compound, C5H4FN3O2, the molecule is 
almost planar (r.m.s. deviation for the non-H atoms = 0.014 
Å) and an intramolecular O−H···O hydrogen bond closes a 
6-member ring (Figure 1), which can also prevent the keto-
enol tautomerism of C3 position.
 In the crystal, the molecules arrange in a prism 
structure, and are linked into chains by N−H···O hydrogen 
bonds and N−H···N hydrogen bonds (Figure 2). The 
characteristics of these bonds are given in Table 1. The 
molecules arrange in two nearly vertical (θ = 87.12°) 
orientations, forming a cavity structure. Each pyrazine ring 
is both a hydrogen bond donor and acceptor, and these 
interactions work cooperatively to lock the molecules 
together. All bond length and angles are in the normal 
range.
 From the crystal structure we fi nd that the neighboring 
pyrazine ring are nearly-parallel (θ = 2.81), with a vander 
Waals distance of about 3.23 Å. The arrangement of 
aromatic (π) systems predicts that between molecules, 
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Scheme 2. Synthesis of 6-fluoro-3-hydroxypyrazine-2-
carboxamide.

Figure 1. ORTEP plot of the 6-fluoro-3-hydroxypyrazine-
2-carboxamide.

Figure 2. Crystal structure of 6-fluoro-3-hydroxypyrazine-
2-carboxamide.

Table 1. Hydrogen bonds geometry (Å,°)

D−H•••A

N1−H1B•••N3i

N1−H1A•••O1ii

O2−H2•••O1

D−H

0.86
0.86
0.82

H−A

2.34
2.06
1.88

D−A

3.000 (2)
2.9099 (18)
2.591 (2)

D−H•••A

134
170
144

Symmetry codes: (i) x−1/2, −y+1/2, z−1; (ii) −x+1, −y+1, z−1/2.
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1. Introduction

Metabolic syndrome is a multi-component disorder 
characterized by hypertriglyceridemia, hyperglycemia, 
abdominal obesity and hypertension, and is closely 
linked to type 2 diabetes mellitus (1,2). The etiology of 
metabolic syndrome involves the complex interaction 
between genetic, metabolic, and environmental factors 
(3). Obesity is well recognized as the most important 
health problem related to the genesis of metabolic 
syndrome, and the rising incidence of this disease 
throughout the world has generated interest in the 
underlying mechanisms involved in these pathologies (4). 

 Obesity is caused by an imbalance between 
energy intake and expenditure that may lead to the 
pathological growth of adipocytes (5). Adipocytes play 
a central role in regulating adipose mass and obesity. 
Increased adipose mass in obesity is not only caused 
by adipose tissue hypertrophy, but also by adipose 
tissue hyperplasia, which triggers the transformation 
of preadipocytes into adipocytes (6,7). Thus, adipocyte 
differentiation and the amount of fat accumulation 
are associated with development of obesity. On 
the other hand, dysfunctional lipid metabolism is 
a key component in the development of metabolic 
syndrome, a very common condition characterized by 
dyslipidemia, insulin resistance, abdominal obesity, 
and hypertension, which are all related to an elevated 
risk of type 2 diabetes mellitus (8). The liver is an 
important organ for maintaining lipid metabolism 
and homeostasis, since it can store (via lipogenesis) 
or release (as lipoprotein) lipid fuels. Triglycerides 
(TG) are involved in the ectopic accumulation of lipid 

Summary The Chinese prescription Kangen-karyu, comprised of six crude drugs, has received much 
attention due to its numerous biological activities. The present study was conducted to 
examine whether Kangen-karyu has an ameliorative effect on dyslipidemia. The effect 
of Kangen-karyu was evaluated using 3T3-L1 adipocytes, and also db/db mice as an 
experimental model for diabetic dyslipidemia. Kangen-karyu significantly inhibited adipocyte 
differentiation and lipid accumulation. Kangen-karyu also down-regulated the mRNA levels 
of peroxisome proliferator-activated receptor (PPAR)γ, sterol regulatory element-binding 
protein (SREBP)-1c, and fatty acid synthase, and the protein levels of aP2 and PPARγ, which 
indicates that Kangen-karyu inhibited adipogenesis during adipocyte differentiation, and 
may have potential anti-dyslipidemia effects. In addition, the administration of Kangen-karyu 
reduced hyperlipidemia in db/db type 2 diabetic mice through a decline in the serum levels of 
lipids, and an improvement of lipoprotein profiles. The enhanced hepatic triglyceride level 
of the db/db mice was significantly reduced by Kangen-karyu administration through the 
down-regulation of SREBP-1 and lipogenic enzymes in the liver. These findings indicate that 
Kangen-karyu exerts anti-dyslipidemia effects in adipocytes and type 2 diabetic db/db mice.

Keywords: Kangen-karyu, 3T3-L1 adipocyte, db/db mouse, dyslipidemia
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stores in the liver and are associated with a number 
of diseases, such as metabolic syndrome and type 2 
diabetes.
 Anti-obesity drugs such as orlistat, sibutramine, 
and topiramate have been used to treat obesity (9). 
However, these drugs have many side effects, including 
dry mouth, anorexia, insomnia, and gastrointestinal 
distress (10). Due to the adverse side effects associated 
with many anti-obesity drugs, recent drug trials have 
focused on herbal medicines (11). Under the guidelines 
of the US Food and Drug Administration, botanical 
drugs can be developed faster and more cheaply than 
conventional single-entity pharmaceuticals. Thus, 
there are many botanicals that might provide safe, 
natural, and cost-effective alternatives to synthetic 
drugs. Recent studies have found that natural bioactive 
compounds can be used to treat obesity in 3T3-L1 
adipocytes and in an obese mouse model.
 Kangen-karyu (Guan-Yuan-Ke-Li), a crude drug 
developed from a traditional Chinese prescription 
consisting of six herbs (Paeoniae Radix, Cnidii 
Rhizoma, Carthami Flos, Cyperi Rhizoma, Aucklandiae 
Radix, and Salviae Miltiorrhizae Radix), has been 
clinically used as a treatment for cardiovascular 
diseases, such as angina pectoria and cerebrovascular 
diseases. Kangen-karyu shows biological activity, 
such as an anti-aging effect, the inhibition of platelet 
aggregation, a hypotensive effect, and the recovery 
of learning and memory impairment induced by 
senescence (12-15). In addition, we have reported 
that Kangen-karyu showed favorable ameliorative 
effects on fructose-induced metabolic syndrome, such 
as hyperglycemia, hyperlipidemia, and hypertension, 
through the reduction of TG and cholesterol levels 
with the regulation of hepatic sterol regulatory 
element-binding protein (SREBP)-1 expression, and 
also exhibited protective effects against diet-induced 
hypercholesterolemia in rats (16,17). We also reported 
the benefi cial effect of Kangen-karyu on hyperlipidemia 
in streptozotocin-induced type 1 diabetic rats (18). 
These results suggest that Kangen-karyu can ameliorate 
metabolic disorders such as dyslipidemia and 
diabetes mellitus. Therefore, this study was designed 
to determine whether Kangen-karyu affects the 
differentiation of 3T3-L1 preadipocytes into adipocytes 
and the mechanism related to its differentiation. We 
also investigated the effect of Kangen-karyu on diabetic 
dyslipidemia. For this, db/db mice were used as an 
experimental model for diabetic dyslipidemia. The db/
db mice develop diabetes mellitus due to a failure to 
respond to leptin, resulting from a mutation in their 
receptor gene expressed in the hypothalamus, although 
gene expression and leptin secretion are markedly 
augmented in these mice, resulting in leptin resistance 
(19). The db/db mice were also characterized by 
obesity, sustained hyperglycemia, and hyperlipidemia 
as a result of destroyed leptin receptors (20).

2. Materials and Methods

2.1. Materials

Dulbecco's modified Eagle's medium (DMEM), 
fetal calf serum (FCS), penicillin, streptomycin, and 
phosphate-buffered saline (PBS) were purchased 
from HyClone Laboratories (Logan, UT, USA). 
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT), insulin, dexamethasone, 3-isobutyl-1-
methylxanthine (IBMX), oil red O, 2-mercapthoethanol, 
protease inhibitor cocktail, and β-actin were purchased 
from Sigma-Aldrich (St Louis, MO, USA). Primary 
antibodies against peroxisome proliferator-activated 
receptor (PPAR)γ, PPARα, and SREBP-1c were 
purchased from Santa Cruz Biotechnology (Santa Cruz, 
CA, USA). Similarly, secondary antibodies for mouse 
(peroxidase-conjugated affinipure goat anti-mouse 
IgG) and rabbit (peroxidase-conjugated affinipure 
goat anti-rabbit IgG) were purchased from Jackson 
ImmunoResearch Laboratories (Baltimore, USA). 
The protein molecular weight marker was obtained 
from Thermo Scientific (Rockford, IL, USA). The 
nitrocellulose membrane for Western blotting was 
purchased from Bio-Rad Laboratories (Richmond, 
CA, USA). Western blot chemiluminescent substrate 
was purchased from Imgenex (San Diego, CA, USA). 
Radioimmunoprecipitation assay buffer was purchased 
from Biosesang (Seoul, Korea). ECL Western Blotting 
Detection Reagents were purchased from GE Health 
Care (Piscataway, NJ, USA). All solvents, chemicals, 
and reagents were of analytical grade and purchased 
from Sigma-Aldrich unless otherwise specifi ed.

2.2. Preparation of Kangen-karyu extract

The composition of Kangen-karyu used in this study is 
shown in Table 1. Kangen-karyu was as follows (values 
indicate proportions of each ingredient, expressed in 
parts per whole): Paeoniae Radix 2, Cnidii Rhizoma 
2, Carthami Flos 2, Cyperi Rhizoma 1, Aucklandiae 
Radix 1, Salviae Miltiorrhizae Radix 4. These six 
crude drugs were boiled gently in 25 times their 
volume of water at 100oC for 1 h. After filtration, the 
solution was evaporated under reduced pressure to 
give an extract at a yield of 44%, by weight, of the 
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Table 1. Composition of Kangen-karyu

Common name

Paeoniae Radix
Cnidii Rhizoma
Carthami Flos
Cyperi Rhizoma
Aucklandiae Radix
Salviae Miltiorrhizae 
Radix

Family name

Paeoniaceae
Umbelliferae
Compositae
Cyperaceae
Compositae
Labiatae

Botanical name

Paeonia lactifl ora PALLAS

Cnidium offi cinale MAKINO

Carthamus tinctorius L.
Cyperus rotundus L.
Aucklandia lappa DCNE.
Salvia miltiorrhiza BUNGE
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2.3.3. Oil red O staining

Intracellular lipid accumulation was measured using 
oil red O staining. The mature 3T3-L1 adipocytes were 
washed with PBS, fi xed with 10% formalin (pH 7.4) for 
30 min, and stained with oil red O solution for 1 h. The 
fat droplets in 3T3-L1 adipocytes were observed by 
phase contrast microscopy.

2.3.4. Western blot analysis 

3T3-L1 adipocytes, cultured in 6-well plates, were 
treated with Kangen-karyu extract for 8 days and 
harvested using PRO-PREPTM protein extraction 
solution (iNtRON Biotechnology, Seoul, Korea). Cell 
debris was removed by centrifugation and the protein 
quantity in the lysate was determined using Bradford 
reagent (Bio-Rad Laboratories, Hercules, CA, USA). 
Cell lysates containing 30 μg of protein were separated 
using sodium dodecylsulfate polyacrylamide gel (SDS-
PAGE) electrophoresis and transferred to nitrocellulose 
membranes, and the membranes were blocked with 
a solution of 0.1% Tween 20 in Tris-buffered saline 
containing 5% skim milk for 1 h at room temperature 
followed by overnight incubation with primary antibody 
at 4oC. After overnight incubation, the membranes 
were incubated with horseradish peroxidase-conjugated 
secondary antibody for 1 h at room temperature. 
Finally, protein bands were detected using the 
chemiluminescent substrate and VisionWorksTMLS 
(Analysis Software, Upland, CA, USA).

2.3.5. Quantitative real-time polymerase chain reaction 
(PCR) 

Total RNA was isolated from cells using Tri Reagent 
(Molecular Research Center, Cincinnati, OH, USA) 
and quantified using NanoDrop (Thermo Scientific, 
Wilmington, DE, USA). Fifty ng of isolated RNA 
was added to a final 30-μl volume of the DiastarTM 
2X One Step RT-PCR kit (SolGent, Daejeon, Korea) 
with each primer: PPARγ, forward sequence 5'-ACC 
ACT CGC ATT CCT TTG AC-3', reverse sequence 5'-
TCA GCG GGA AGG ACT TTA TG-3'; SREBP-1c, 
forward sequence 5'-CAC TTC TGG AGA CAT CGC 
AAA C-3', reverse sequence 5'-TGG TAG ACA ACA 
GCC GCA TC-3'; fatty acid synthase (FAS), forward 
sequence 5'-CTG CGG AAA CTT CAG GAA ATG-3', 
reverse sequence 5'-GGT TGC TCG GAA TAT CCA 
GG-3'. The temperature cycle for the PCR reaction 
was 50oC for 30 min, 95oC for 15 min, and 30 cycles 
of [denaturation at 95oC × 1 min, annealing at 58oC 
(PPARγ, SREBP-1c, and β-actin) and 55oC (FAS) × 
1 min and extension at 72oC for 1 min] followed by 
final denaturation at 72oC for 5 min. β-Actin of the 
forward sequence 5'-TGC CCA TCT ATG AGG GTT 
ACG-3', reverse sequence 5'-TAG AAG CAT TTG 

starting materials. The extract was dissolved in 50% 
aqueous ethanol with sonication, and filtered through 
a Cosmonice filter (PVDF, 0.45 μm; Nakalai Tesque, 
Kyoto, Japan). Reverse-phase high-performance liquid 
chromatography was performed using a Cosmosil 5C18-
AR II column (250 × 4.6 mm i.d.; Nakalai Tesque) 
with elution gradients of 4-30% (39 min) and 30-75% 
(15 min) CH3CN in 50 mM H3PO4 at a flow rate of 
0.8 mL/min. The UV absorbance from 200 to 400 nm 
was monitored with a Jasco MD-910 photodiode array 
detector (Jasco, Tokyo, Japan). All assigned peaks 
were identifi ed by carrying out co-injection tests with 
authentic samples and comparing with UV spectral 
data. The major compounds detected were paeonifl orin, 
pentagalloyl glucose, rosmarinic acid, lithospermic 
acid, and lithospermic acid B. A voucher specimen has 
been deposited in the herbarium of the University of 
Toyama.

2.3. Culture cell experiments

2.3.1. Cell culture and differentiation 

3T3-L1 preadipocytes obtained from the American Type 
Culture Collection (Manassas, VA, USA) were cultured in 
DMEM containing 10% FCS, 100 μg/mL streptomycin, 
100 U/mL penicillin, 44 mM NaHCO3, and 1 mM 
sodium pyruvate at 37oC under a 5% CO2 atmosphere. 
To induce differentiation, 3T3-L1 preadipocytes were 
cultured until confl uence was reached (day 0), and the 
culture medium was replaced with a fresh induction 
medium containing 5 μg/mL insulin, 0.5 mM IBMX, 
and 1 μM dexamethasone in DMEM with 10% FCS 
for 2 days. The medium was then replaced with a 
differentiation medium containing 5 μg/mL insulin only 
and DMEM medium containing 10% FCS every 2 days 
for 8 days until the cells were harvested. To examine 
the effect of Kangen-karyu on adipogenesis, the extract 
was dissolved in the differentiation medium, and the 
medium was immediately processed into a sterile 
container by membrane fi ltration with a 0.22-μm fi lter 
(EMD Millipore, MA, USA).

2.3.2. MTT assay

3T3-L1 preadipocytes were seeded at a density 
of 4 × 103 cells/well in a 96-well plate. After 4 h, 
Kangen-karyu extract at concentrations of 25, 50, 
125, and 250 μg/mL was added to each well and 
incubated for 24 h. MTT solution (2 mg/mL) was 
added to each 96-well plate and incubated for 4 h, 
and then the medium containing MTT solution was 
removed. The formazan crystals in the viable cells 
were solubilized with dimethyl sulfoxide (150 μL), 
and absorbance was determined at 540 nm with a 
Microplate Reader (Immuno Mini NJ-2300; BioTec, 
Tokyo, Japan).
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CGG TGC ACG-3', and the reaction cycle was as 
mentioned above. The obtained PCR products were 
analyzed in nucleic acid staining solution (Red Safe, 
iNtRON, Korea)-stained agarose (1.5%) gel by using 
VisionWorksTM LS UVP (Analysis Software, Upland, 
CA, USA).

2.4. Animal experiments

2.4.1. Experimental animals and treatment 

The 'Guidelines for Animal Experimentation' approved 
by the University of Toyama were followed in the 
present study (Registration No.: S-2006 INM-22). 
Male, 5-wk-old, C57BLKS/J db/db mice and their age-
matched, non-diabetic m/m littermates were purchased 
from Japan SLC (Hamamatsu, Japan). They were 
kept in a plastic-bottomed cage and exposed to a 12-h 
light/dark cycle. Room temperature (about 25ºC) and 
humidity (about 60%) were controlled automatically. 
The mice were allowed free access to laboratory pellet 
chow (CLEA Japan, Tokyo, Japan, comprising 24.0% 
protein, 3.5% lipids, and 60.5% carbohydrate) and 
water was given ad libitum. After adaptation, glucose 
and TG levels of blood taken from the tail vein were 
measured, and then db/db mice were divided into three 
groups. The treatment with Kangen-karyu was initiated 
after confirming the induction of hyperglycemia and 
hyperlipidemia in the db/db mice, based on the presence 
of serum glucose 300 ± 10 mg/dL and serum TG 160 ± 
5 mg/dL, respectively. The db/db vehicle group (n = 8) 
was orally given water, while the other two groups (n 
= 8 per group) were orally administered Kangen-karyu 
extract every day for 18 weeks at a dose of 100 mg or 
200 mg/kg body weight, respectively. The non-diabetic 
m/m mice (n = 6) as a normal group were compared 
with the diabetic groups. When the db/db mice reached 
24 weeks old, they showed reduced blood glucose, 
β-cell necrosis, and diminished hyperinsulinemia 
(21). Therefore, we decided on the time-point for the 
cessation of treatment as 24 weeks old in db/db mice. 
Food and water intakes were determined every day 
during the experimental period. After administration 
for 18 weeks, blood samples were collected by cardiac 
puncture from anesthetized mice. Serum was separated 
immediately by centrifugation. Subsequently, each 
mouse was perfused with ice-cold physiological saline, 
and then the liver was harvested, snap-frozen in liquid 
nitrogen, and stored at ‒80°C until analyses.

2.4.2. Measurement of serum parameters 

Glucose, TG, total cholesterol, and non-esterifi ed fatty 
acids (NEFA) were measured using a commercial kit 
(Glucose CII-Test, Triglyceride E-Test, Cholesterol 
E-Test, and NEFA C-Test from Wako Pure Chemical 
Industries, Osaka, Japan). Leptin and insulin (Morinaga 

Institute of Biological Science, Yokohama, Japan) levels 
were measured based on enzyme-linked immunosorbent 
assays. High-density lipoprotein (HDL), low-density 
lipoprotein (LDL), and very low-density lipoprotein 
(VLDL) cholesterol distributions were measured 
using a BioVision kit (BioVision, Mountain View, CA, 
USA). Alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) were determined using a 
commercial reagent: GPT-UV Test Wako (Wako Pure 
Chemical Industries).

2.4.3. Measurement of hepatic TG content 

The liver of each mouse was homogenized and total 
lipids of the liver homogenates were extracted with 
a mixture of chloroform and methanol (2:1, v/v) 
according to the method of Folch et al. (22). Then, the 
amount of TG was determined using commercial kits, 
as described previously.

2.4.4. Preparation of nuclear fraction 

To prepare nuclear fractions, hepatic tissues were 
homogenized with ice-cold lysis buffer containing 5 
mM Tris-HCl (pH 7.5), 2 mM MgCl2, 15 mM CaCl2, 
and 1.5 M sucrose, and then 0.1 M dithiothreitol (DTT) 
and protease inhibitor cocktail were added. After 
centrifugation (10,500 × g for 20 min at 4°C), the pellet 
was suspended with extraction buffer containing 20 
mM 2-[4-(2-hydroxyethyl)-1-piperazyl] ethanesulfonic 
acid (pH 7.9), 1.5 mM MgCl2, 0.42 M NaCl, 0.2 mM 
EDTA, and 25% (v/v) glycerol, and then 0.1 M DTT 
and protease inhibitor cocktail were added. The mixture 
was placed on ice for 30 min. The nuclear fraction was 
prepared by centrifugation at 20,500 × g for 5 min at 
4°C. The protein concentration was determined using a 
commercial kit (Bio-Rad Laboratories, Hercules, CA, 
USA).

2.4.5. Western blot analyses 

For the determination of PPARα and SREBP-1, 10 μg 
of protein of each nuclear fraction was electrophoresed 
through 8% SDS-PAGE. Separated proteins were 
transferred to a nitrocellulose membrane, blocked with 
5% (w/v) skim milk solution for 1 h, and then incubated 
with primary antibodies to PPARα, SREBP-1, and 
histone, respectively, overnight at 4°C. After the blots 
were washed, they were incubated with anti-rabbit or 
anti-mouse IgG horseradish peroxidase-conjugated 
secondary antibody for 1.5 h at room temperature. Each 
antigen-antibody complex was visualized using ECL 
Western Blotting Detection Reagents and detected by 
chemiluminescence with LAS-4000 (Fujifilm, Tokyo, 
Japan). Band densities were determined using ATTO 
Densitograph Software (ATTO Corporation, Tokyo, 
Japan) and quantified as the ratio to histone. These 
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protein levels of groups are expressed relative to those 
of m/m mice (represented as 1).

2.4.6. PCR 

Total RNA was isolated from hepatic tissue using 
Trizol reagent (Invitrogen Life Technologies, Carlsbad, 
CA, USA) and quantified using NanoDrop (Thermo 
Scientific, Wilmington, DE, USA). The cDNAs were 
synthesized from 5 mg of RNA employing reverse 
transcriptase (Qiagen, Tokyo, Japan). For the real-
time PCR, triplicate aliquots of serially diluted 
cDNA samples were used in a reaction mixture that 
contained 1 mM of each primer in a reaction volume 
of 50 mL employing the SYBR Green Real-time 
PCR kit (Qiagen) using a fluorometric thermal cycler 
(Mx3000PTM; Stratagene, La Jolla, CA, USA). Reaction 
mixtures were incubated for an initial denaturation 
at 95°C for 15 min, followed by 45 cycles of 94°C 
for 15 s, 60°C for 30 s, and 72°C for 30 s. Primers 
used were as follows: acetyl-CoA carboxylase (ACC, 
sense:  CCCAGCAGAATAAAGCTACTTTGG, 
antisense: TCCTTTTGTGCAACTAGGAACGT), 
FAS (sense:  CCTGGATAGCATTCCGAACCT, 
antisense: AGCACATCTCGAAGGCTACACA). 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
was used as an endogenous control. The DCT method 
was employed for relative quantification. The DCT 
value for each sample was determined by calculating 
the difference between the CT value of the target gene 
and that of the GAPDH reference gene. The normalized 
target gene expression level in the sample was 
calculated using the formula 2–DDCT as the fold change 
over the control.

2.5. Statistical analysis

Data are expressed as mean values with their standard 
errors. Statistical comparisons were performed by one-
way ANOVA followed by Duncan's multiple-range test. 
Statistical analysis was conducted using SAS (release 
9.2; SAS Institute, Cary, NC, USA) and p < 0.05 was 
considered signifi cant.

3. Results

3.1. Culture cell experiments

3.1.1. Cell viability

To test the cytotoxic effects, MTT assays were 
conducted after treatment with various concentrations 
of Kangen-karyu during the adipogenesis of 3T3-
L1 cells. The results of the MTT assay showed that 
Kangen-karyu did not decrease the cell viability up to 
the concentration of 250 μg/mL, as shown in Figure 1. 
Orlistat, which inhibits the absorption of neutral lipids 

and cholesterol by specifi cally inhibiting lipase (23), at 
a concentration of 20 μM (10 μg/mL) did not affect the 
cell viability.

3.1.2. Lipid accumulation 

As shown in Figure 2A, Kangen-karyu significantly 
inhibited the accumulation of lipid droplets at a 
concentration of 50 and 250 μg/mL. As the main 
components of fat droplets are lipids in the form of TG, 
the TG contents of cells were determined. As shown in 
Figure 2B, Kangen-karyu reduced TG accumulation. 
When the 3T3-L1 cells were treated with orlistat, TG 
accumulation was reduced by 36% at a concentration of 
20 μM.

3.1.3. PPARγ and aP2 protein expressions 

As shown in Figure 3, the levels of PPARγ (A) and aP2 
(B) were significantly inhibited by treatment with both 

Figure 1. Cell viability. Cont, control; K25, Kangen-karyu 25 
μg/mL; K50, Kangen-karyu 50 μg/mL; K125, Kangen-karyu 
125 μg/mL; K250, Kangen-karyu 250 μg/mL; O20, orlistat 20 
μM. Data are the mean ± S.E.M. Bars with the same letter are 
not significantly different by Duncan's multiple range tests (p 
< 0.05).

Figure 2. Lipid accumulation in 3T3-L1 adipocytes. 
Confluent cells were treated with Kangen-karyu or orlistat. (A) 
Cell differentiation was examined on day 8 by oil red O staining. 
(B) The TG content was measured in 3T3-L1 adipocytes. Cont, 
control; K50, Kangen-karyu 50 μg/mL; K250, Kangen-karyu 250 
μg/mL; O20, orlistat 20 μM. Data are the mean ± S.E.M. Bars 
with the same letter are not significantly different by Duncan's 
multiple range tests (p < 0.05).



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2014; 8(3):121-131. 126

50 and 250 μg/mL Kangen-karyu. The effects of Kangen-
karyu on PPARγ were more prominent than those of aP2.

3.1.4. PPARγ, SREBP-1c, and FAS mRNA expressions 

The treatment with Kangen-karyu at 250 μg/mL led to 

a signifi cant inhibition of PPARγ, SREBP-1c, and FAS 
mRNA expressions, as shown in Figure 4. In particular, 
the effect of PPARγ was marked and distinct from those 
of the other mRNA expressions.

3.2. Animal experiments

3.2.1. Body weight, food intake, and water intake 

The db/db mice displayed typical phenotypes of 
obesity-induced diabetes with a marked increase in 
body weight gain, food intake, and water intake, as 
compared with m/m mice (normal control). The gain 
of body weight in db/db mice was non-significantly 
decreased by Kangen-karyu administration. The food 
and water intakes in db/db mice were significantly 
decreased by 100 mg/kg of Kangen-karyu treatment.

3.2.2. Hematological analyses 

All serum constituents were elevated in vehicle-treated 
db/db mice compared with m/m mice. As shown in 
Table 2, Kangen-karyu 200 mg/kg-administered db/
db mice groups showed decreased serum glucose 
and leptin, but no alteration of insulin. Furthermore, 
the administration of Kangen-karyu to db/db mice 
significantly improved TG, LDL/VLDL cholesterol, 
and NEFA compared with the db/db control group. 
Regarding hepatic function parameters, serum ALT 
and AST levels in vehicle db/db mice were elevated 
compared with those in m/m mice, while, in Kangen-
karyu-administered db/db mice, these two parameters 
were slightly decreased.

3.2.3. Hepatic TG content 

Compared with m/m mice, the liver weight of db/
db  mice was significantly augmented, but the 
administration of Kangen-karyu led to a significant 
decrease in its weight. Concerning the hepatic content 
of TG, the db/db control group showed a marked 
increase compared with the m/m group. This TG 

Figure 3. PPARγ and aP2 protein expressions in 3T3-L1 
adipocytes. Representative immunoblots for (A) PPARγ and (B) 
aP2. Immunoblotting analyses were performed as described in 
Materials and Methods. Cont, control; K50, Kangen-karyu 50 
μg/mL; K250, Kangen-karyu 250 μg/mL; O20, orlistat 20 μM. 
Data are the mean ± S.E.M. Bars with the same letter are not 
significantly different by Duncan’s multiple range tests (p < 0.05).

Figure 4. PPARγ, SREBP-1c, and FAS mRNA expressions in 3T3-L1 adipocytes. Representative immunoblots for (A) PPARγ, 
(B) SREBP-1c, and (C) FAS. Immunoblotting analyses were performed as described in Materials and Methods. Cont, control; K250, 
Kangen-karyu 250 μg/mL. Data are the mean ± S.E.M. Bars with the same letter are not significantly different by Duncan's multiple 
range tests (p < 0.05).
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content was significantly decreased by Kangen-karyu 
administration at a dose of 100 and 200 mg/kg body 
weight/day, as shown in Table 3.

3.2.4. Hepatic PPARα and SREBP-1 protein expressions

As shown in Figure 5B, protein expression of hepatic 
SREBP-1 was markedly increased in the db/db 
control group compared with the m/m group. The 
administration of Kangen-karyu at 100 and 200 mg/
kg led to a significant down-regulation of SREBP-1 
expression. While, in the case of hepatic PPARα, no 
signifi cant difference among the groups was observed 
(Figure 5A).

3.2.5. Hepatic mRNA expressions involved in TG 
metabolism 

The effects of Kangen-karyu administration on the 
mRNA levels of genes involved in lipid metabolism 
in the hepatic tissue are presented in Figure 6. Over-
expressions of ACC and FAS mRNA were seen in 
hepatic tissue of the db/db vehicle group compared with 
m/m group. On the other hand, the administration of 
Kangen-karyu at a dose of 200 mg/kg body weight/day 
signifi cantly inhibited the expressions of ACC and FAS 
in db/db mice.

4. Discussion

Dysregu l a t i on  o f  t he  pa thways  i nvo lved  i n 
adipogenesis, lipid metabolism, and energy homeostasis 
can lead to the development of obesity, hepatic 
steatosis, diabetes, and dyslipidemia. The transcription 
factors PPARγ and CCAAT/enhancer-binding protein-α 
(C/EBPα) play a crucial role during adipogenesis. In 
the later stages of terminal differentiation, proteins such 
as adipocyte-specific fatty acid-binding protein (aP2), 
adiponectin, and leptin are expressed. A fine balance 
between adipocyte hypertrophy and adipogenesis exists 
to prevent the formation of dysfunctional adipose tissue, 
since large cells are more likely to be insulin-resistant 
and, therefore, can infl uence adipose tissue metabolism.
 Adipose tissue, as a metabolic and endocrine 
organ, plays critical roles in the regulation of energy 
balance, lipid metabolism, and insulin action. Obesity 
is a major public health problem involving increased 
risks of diabetes and cardiovascular disease in many 
countries. Adipocytes have been emerging as a 
potential pharmacological target for obesity, diabetes, 
and cardiovascular diseases (24-26). Numerous studies 
have demonstrated that adipocyte differentiation 
and the amount of fat accumulation are associated 
with the occurrence and development of obesity. The 
findings of this study show that Kangen-karyu plays 

Table 2. Hematological analyses

Item

Glucose (mg/dL)
Leptin (ng/mL)
Insulin (ng/mL)
TG (mg/dL)
Total cholesterol (mg/dL)
HDL-C (mg/dL)
LDL / VLDL-C (mg/dL)
NEFA (mEq/L)
ALT (IU/L)
AST (IU/L)

m/m

134 ± 5***
1.8 ± 0.1***
1.57 ± 0.03***
117 ± 15***
78 ± 1***
42.3 ± 2.9*
9.1 ± 0.3***
0.58 ± 0.02***
35 ± 2**
11 ± 3***

m/m, Misty mice; db/db-Veh, db/db vehicle-treated mice; db/db-K100, db/db Kangen-karyu (100 mg/kg body weight)-treated mice; db/db-K200, 
db/db Kangen-karyu (200 mg/kg body weight)-treated mice. Data are the mean ± S.E.M. Signifi cance: * p < 0.05, ** p < 0.01, *** p < 0.001 vs. 
vehicle-treated db/db group.

Veh

492 ± 13
21.0 ± 0.8
3.36 ± 0.17
212 ± 12
162 ± 8
52.0 ± 2.8
20.1 ± 1.3
1.38 ± 0.08
98 ± 16
61 ± 4

K100

434 ± 30
18.7 ± 1.2
3.85 ± 0.30
135 ± 18**
159 ± 13
52.4 ± 1.6
12.0 ± 1.1***
1.05 ± 0.06
89 ± 8
55 ± 7

K200

420 ± 17*
15.8 ± 0.5***
4.24 ± 0.74
104 ± 14***
155 ± 15
53.7 ± 4.0
10.8 ± 1.0***
1.00 ± 0.05*
85 ± 17
53 ± 4

db/db

Table 3. Liver weight and TG level

Item

Liver weight (g)
Liver weight (g/100 g body weight)
TG (mg/g tissue)

m/m

1.44 ± 0.21***
5.58 ± 0.41**
3.1 ± 0.2***

m/m, Misty mice; db/db-Veh, db/db vehicle-treated mice; db/db-K100, db/db Kangen-karyu (100 mg/kg body weight)-treated mice; db/db-K200, 
db/db Kangen-karyu (200 mg/kg body weight)-treated mice. Data are the mean ± S.E.M. Signifi cance: * p < 0.05, ** p < 0.01, *** p < 0.001 vs. 
vehicle-treated db/db group.

Veh

4.11 ± 0.19
7.89 ± 0.41
18.7 ± 1.2

K100

3.73 ± 0.16
7.03 ± 0.35
15.3 ± 0.7*

K200

3.14 ± 0.61
5.87 ± 1.14
13.4 ± 0.9**

db/db
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a signifi cant role in the regulation of energy and lipid 
metabolism. Our results show that Kangen-karyu 
significantly inhibited adipocyte differentiation and 
lipid accumulation. Kangen-karyu signifi cantly reduced 
TG accumulation, which indicates that it inhibited 
adipogenesis during adipocyte differentiation, and may 
have potential anti-dyslipidemia effects.
 The differentiation of preadipocytes into adipocytes 
is regulated by the coordinated expression of various 
transcription factors, and the induction of metabolic 
pathways related to lipid metabolism induces the 
expression of several adipocyte-specific genes like 
PPARγ, SREBP-1c, and FAS (27). In addition, lipid 
homeostasis is regulated by a family of membrane-
bound transcription factors called SREBPs (28). 
SREBP-1 is a key transcription factor that nutritionally 
regulates the hepatic gene expression of lipogenic 
enzymes and TG deposition in the liver (29). In the 
present study, Kangen-karyu significantly down-
regulated the mRNA levels of PPARγ, SREBP-1c, and 

FAS, and the protein levels of aP2 and PPARγ in mature 
adipocytes. These results suggest that Kangen-karyu 
inhibited adipocyte differentiation and adipogenesis by 
affecting the transcriptional factor cascade upstream of 
PPARγ, SREBP-1c, FAS, and aP2, possibly resulting 
in the inhibition of lipid accumulation by inhibiting 
adipogenesis.
 As an experimental model of dyslipidemia-
associated type 2 diabetes mellitus, db/db mice are 
widely used and well-established (19,30). C57BLKS/
J db/db mice develop diabetes due to mutation of the 
mouse diabetes (db) gene that encodes a receptor for 
leptin. The lack of leptin-receptor signaling results in 
increased food intake in combination with a phenotype 
of reduced energy expenditure, reminiscent of the 
neuroendocrine starvation response (31). Consequently, 
the homozygotes (db/db) after birth show unrepressed 

Figure 5. PPARα and SREBP-1 protein expressions in the 
liver. Representative immunoblots for (A) PPARα and (B) 
SREBP-1. Immunoblotting analyses were performed as described 
in Materials and Methods. m/m, Misty mice; db/db-Veh, db/db 
vehicle-treated mice; db/db-K100, db/db Kangen-karyu (100 mg/
kg body weight)-treated mice; db/db-K200, db/db Kangen-karyu 
(200 mg/kg body weight)-treated mice. Data are the mean ± 
S.E.M. Bars with the same letter are not signifi cantly different by 
Duncan’s multiple range tests (p < 0.05).

Figure 6. ACC and FAS mRNA expressions in the liver. 
Representative immunoblots for (A) ACC and (B) FAS. 
Immunoblotting analyses were performed as described in 
Materials and Methods. m/m, Misty mice; db/db-Veh, db/db 
vehicle-treated mice; db/db-K100, db/db Kangen-karyu (100 
mg/kg body weight)-treated mice; db/db-K200, db/db Kangen-
karyu (200 mg/kg body weight)-treated mice. Data are the 
mean ± S.E.M. Bars with the same letter are not signifi cantly 
different by Duncan's multiple range tests (p < 0.05).
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eating behavior, become obese, and, by 3-6 months 
af ter  bir th,  develop severe insul in resis tance 
associated with hyperinsulinemia, hyperglycemia, 
and hypertriglyceridemia. Therefore, in this study, 
we investigated whether Kangen-karyu ameliorates 
metabolic disorders including hyperlipidemia, using 
well-established db/db type 2 diabetic mice.
 The effects of Kangen-karyu on serum lipid 
levels such as TG, total cholesterol, HDL cholesterol, 
LDL/VLDL cholesterol, and NEFA were examined. 
We found that db/db mice showed hyperlipidemia. 
However, the administration of Kangen-karyu reduced 
hyperlipidemia through lowering TG, LDL/VLDL 
cholesterol, and NEFA. Also, to investigate the effects 
of Kangen-karyu on hepatic damage induced by 
abnormal lipid synthesis, the lipid contents in the liver 
of db/db mice were also examined. The hepatic content 
of TG was signifi cantly decreased by the administration 
of Kangen-karyu. These results mean that Kangen-
karyu may inhibit fat deposit or lipid output to blood 
with the regulation of lipid metabolism such as TG 
synthesis in type 2 diabetes.
 Up-regulation of SREBP-1 was reported in leptin-
resistant mice, such as ob/ob mice and FVBdb/db mice 
(32,33). In this study, the increase in hepatic SREBP-1 in 
db/db mice was down-regulated by the administration of 
Kangen-karyu. This was probably related to the inhibition 
of hepatic TG accumulations. Furthermore, PPARs, with 
three isoforms (α, δ, and γ), are also involved in the long-
term regulation of lipid metabolism, and their activity is 
modulated by endogenous lipid-derived ligands. When 
PPARα is activated, it promotes fatty acid oxidation, 
ketone body synthesis, and glucose sparing (34). In our 
study, hepatic PPARα was decreased in db/db mice; it 
was increased slightly, but not signifi cantly, by Kangen-
karyu administration. However, we found that Kangen-
karyu exhibits a significant effect on regulation of 
SREBP-1. These results suggest that Kangen-karyu has 
an ameliorating effect on dyslipidemia in type 2 diabetic 
mice through the regulation of impaired hepatic SREBPs.
 It is well known that SREBP-1 primarily controls 
genes involved in fatty acid synthesis (29). These 
include the genes for ACC and FAS in the fatty acid 
synthesis pathway (35). Type 2 diabetes is associated 
with increased de novo lipogenesis, decreased plasma 
fatty acid oxidation, and increased fatty acid fl ux from 
peripheral tissues to the liver (36). Therefore, we 
examined the effect of Kangen-karyu on regulating 
lipogenic enzyme genes such as ACC and FAS involved 
in fatty acid synthesis in the db/db mice liver using 
a real-time quantitative PCR technique. Our results 
strongly suggest that Kangen-karyu mediates the TG-
lowering action by reducing the expression of ACC and 
FAS, thereby inhibiting fatty acid synthesis in type 2 
diabetic mice.
 Another fi nding noted in this study was that Kangen-
karyu treatment improved impaired liver function in 

type 2 diabetic mice. Elevated serum levels of ALT and 
AST usually indicate hepatocyte damage (37). In db/db 
mice, serum ALT and AST were notably increased, but 
Kangen-karyu treatment showed a tendency to reduce 
these parameters, suggesting that Kangen-karyu might 
play an important role in improving liver function. 
 Thiazolidinediones and fibrate drugs are the most 
commonly used medications for type 2 diabetes 
mellitus, hyperlipidemia, and insulin resistance. They 
bind to and activate PPARs, which results in the 
upregulation of several genes involved in glucose and 
lipid metabolism (38). PPARs are currently viewed 
as potential therapeutic targets for the treatment of 
diabetes and dyslipidemia. PPARγ, predominantly 
expressed in adipose tissue and macrophages (39), 
affects genes involved in lipid synthesis and storage, 
and glucose homeostasis. PPARγ agonists, such as 
thiazolidinediones, control lipid metabolism and insulin 
sensitivity. However, several concerns such as body 
weight gain associated with an excess increase of fat 
mass arise in type 2 diabetes mellitus patients (40). 
Accumulating evidence indicates that the activation 
of PPARα stimulates lipid consumption by enhancing 
the expression of fatty acid oxidation genes, resulting 
in the amelioration of hyperlipidemia (41). PPARα 
agonists, such as fenofi brate used for the treatment of 
hyperlipidemia and reducing cardiovascular disease, 
have a potent effect on reducing plasma TG (42). 
Because of these distinct metabolic effects of PPARα 
and PPARγ agonists on insulin sensitivity and lipid 
metabolism, new drug development has focused 
on dual PPARs which possess PPARγ as well as 
PPARα activity. In this study, we initially assessed 
the protective effects of Kangen-karyu against type 2 
diabetes by investigating specifi c markers in the serum 
and hepatic tissue of db/db mice, thereby highlighting 
Kangen-karyu as a promising anti-lipotoxic agent for 
type 2 diabetes.
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1. Introduction 

Inappropriate sinus tachycardia (IST) is a very rare 
cardiac arrhythmia and classified in arrhythmias of 
supraventricular origin. Etiology is unclear, although 
sinus node dysfunction or dysautonomia may be the 
causative factors. Treatment options are very few and 
mostly ineffective.

2. Case report 

We report a case of IST in a 35 year old male who 
had undergone renal transplant for chronic kidney 
disease. Patient had a history of chronic kidney 
disease (grade IV) and was on hemodialysis. No other 
medical risk factor was present except hypertension 
for 1 month that was well controlled with tablet 
amlodipine 5 mg OD. His preoperative routine blood 
investigations were within normal range except for 
increased renal function tests and low hemoglobin. 
Electrocardiogram showed sinus rhythm with heart 
rate 84 beats/min, ST depression in lead I, V1-V6 and 
P mitrale. Echocardiography showed ejection fraction 

50% with moderate PAH, moderate MR and diastolic 
dysfunction grade III. Patient’s exercise tolerance was 
good and vital parameters were stable (blood pressure 
154/96 mmHg and heart rate 86 beats/min) (Figure 1). 
Surgery was performed under general anesthesia and 
patient was shifted to post operative intensive care unit. 
Hemodynamics were stable throughout intraoperative 
period. About 10 h after surgery patient developed an 
episode of sinus tachycardia with heart rate of 120-
140 beats/min that was persistent and associated with 
palpitations, perspiration, sensation of burning in chest 
and a slight fall in blood pressure (Figure 2). Probable 
etiologic factors for sinus tachycardia in postoperative 
period like pain, hypovolemia, hypotension, increased 
temperature, blood loss, anxiety, and drugs were 
ruled out. Serum electrolyte and acid base and gas 
analysis reports were nonsignificant. Repeated 
injection of metoprolol was tried in an interval but 
the effect was nonsustained along with a dramatic fall 
in blood pressure. Calcium channel blockers were 
not tried in view of interaction of these agents with 
immunosuppressive agents. Tablet ivabradine 5 mg 
orally was started as next line of management on a 
trial and error basis. After half an hour of ivabradine 
administration, heart rate dropped to 76 - 85 beats/
min and remained sustained without significant 
change in blood pressure. We continued ivabradine 5 
mg orally twice a day for 5 days. No further episode 
of tachycardia was recorded after discontinuation of 
ivabradine.

Summary Inappropriate sinus tachycardia (IST) is a syndrome characterized by unexplained tachycardia 
(heart rate > 100 beats /min) and related symptoms at rest. We describe a case of a 35 year 
old male with end stage renal disease who developed IST after renal transplant in the surgical 
intensive care unit. Management of IST is usually nonspecific and includes bradycardic agents, 
radiofrequency ablation or surgical ablation of the sinus node. This patient was well managed 
with ivabradine (If pacemaker current inhibitor) after failure and intolerance of β-adrenergic 
blockers.

Keywords: Ivabradine, inappropriate sinus tachycardia, renal transplant 
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3. Discussion 

Sinus tachycardia can be of multiple origins in the 
postoperative period and is usually well controlled 
with correction of etiologic factors. Inappropriate sinus 
tachycardia is a rare entity of unknown origin defi ned 
as recurrent or persistent tachycardia with or without 
associated symptoms. IST is usually associated with 
symptoms like palpitations, hypotension, dizziness, 
fatigue, weakness, syncope, etc. Diagnosis is based 
on 12 lead electrocardiogram and exclusion of other 
possible etiologic factors like anxiety, pain, medications, 
fever,  anemia,  dehydrat ion,  hyperthyroidism, 
pheochromocytoma, pneumothorax, etc. Management 
of IST is a challenge as no clearly defi ned treatment is 
present and it is completely based on a trial and error 
basis. Ivabradine is a selective and specifi c inhibitor of 
the hyperpolarization activated pacemaker current (If) 
that controls spontaneous diastolic depolarization in 
the sinus node and regulates heart rate (6). Until now, 
it was used for treatment of patients with chronic stable 
angina or chronic heart failure. Ivabradine can be used 
as an alternative to Β blockers and calcium channel 
blockers for management of IST when these agents are 
not tolerated or overdose is to be avoided (1-5). Only 
a few research articles and case reports are available 
mentioning its use to control heart rate in patients with 
IST.

 In our case IST was managed successfully with 
ivabradine without any untoward adverse effect as seen 
with β blockers.
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Figure 1. Showing sinus rhythm with heart rate 86 beats/min 
in preoperative ECG.

Figure 2. Showing sinus rhythm with heart rate 125 beats/min 
in postoperative period. 



www.ddtjournal.com

Drug Discoveries & Therapeutics. 2014; 8(3):134-138. 134

Can gamma-glutamyl transferase levels contribute to a better 
prognosis for patients with hepatocellular carcinoma?

Zhigang Wang1,2, Peipei Song2, Jufeng Xia2, Yoshinori Inagaki2, Wei Tang2,*, Norihoro Kokudo2

1 Hepato-Biliary-Pancreatic Surgery Division, The Second Affiliated Hospital of Jilin University, Changchun, China;
2 Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of Medicine, the University of Tokyo, 

Tokyo, Japan.

*Address correspondence to:
Dr. Wei Tang, Hepato-Biliary-Pancreatic Surgery Division, 
Department of Surgery, Graduate School of Medicine, the 
University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-
8655, Japan.
E-mail: tang-sur@h.u-tokyo.ac.jp

Hepatocellular carcinoma (HCC) is the fifth most 
common cancer and the second leading cause of 
cancer deaths worldwide, accounting for 80-90% 
of all cases of liver cancer with an estimated global 
incidence of 782,000 new cases and nearly 746,000 
deaths in 2012 (1). 
 Hepatic resection has long been considered a 
main treatment option for HCC. Improved diagnostic 
procedures, surgical techniques, and perioperative 
management have contributed to better outcomes 
of hepatic resection, even in patients with more 
advanced, resectable HCC (2). However, the high rate 

of recurrence after hepatic resection remains a problem 
that impacts the prognosis and survival of patients with 
HCC, as indicated by a cumulative recurrence rate of 
50-60% at 3 years and a cumulative recurrence rate of 
60-80% at 5 years (3-7). Thus, clarifying the factors 
for survival and risk factors for tumor recurrence after 
hepatic resection is crucial. This could help with the 
selection of an optimal treatment, help with monitoring 
to reduce the rate of recurrence, and also improve the 
quality of care for patients with HCC. 
 As shown in Table 1, imaging studies, pathology, 
and laboratory results have identified some indices as 
prognostic factors for patients with HCC (8-11). Tumor 
size, tumor number, and microvascular invasion (MVI) 
indicated in imaging studies are regarded as factors 
for survival and risk factors for tumor recurrence, and 
imaging studies have been emphasized before selecting 
a treatment and predicting the prognosis for patients 
with HCC. As some studies have indicated, however, 

Summary Hepatocellular carcinoma (HCC) is the most common type of liver cancer. Hepatic resection 
has long been considered a main treatment option for HCC, but the high rate of recurrence 
after hepatic resection remains a problem that impacts the prognosis and survival of patients 
with HCC. Thus, clarifying the factors for survival and risk factors for tumor recurrence 
after hepatic resection is crucial. Imaging studies are currently emphasized before selecting 
a treatment and predicting the prognosis for patients with HCC. Recently, laboratory 
testing of des-gamma-carboxyprothrombin (DCP), alpha-fetoprotein (AFP), indocyanine 
green 15 min after administration (ICG-R15), and γ-glutamyl transpeptidase (γ-GTP) has 
garnered attention as a way to select treatment and predict the prognosis of patients with 
HCC. γ-GTP in particular has critical clinical significance as an indicator of prognosis. This 
indicator helps to predict prognosis and it helps with the selection of further treatment, as 
was revealed by studies based on different subgroups of patients published in the past 5 
years. The reason for the association between γ-GTP and early recurrence and poor survival 
is being investigated. Preoperative laboratory results (DCP, AFP, ICG-R15, and γ-GTP) may 
warrant attention and need to be fully evaluated before selecting a treatment and predicting 
prognosis in order to improve the prognosis for patients with HCC.

Keywords: Hepatocellular carcinoma (HCC), laboratory results, γ-glutamyl transpeptidase 
(γ-GTP), prognosis, recurrence
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a tumor may recur in about 60.0% of patients with 
a single tumor smaller than 2.0 cm (12). Thus, more 
approaches to predict prognostic factors are urgently 
needed in addition to imaging studies. Pathology cannot 
confirm pathologic changes prior to surgery. In contrast, 
laboratory testing of des-gamma-carboxyprothrombin 
(DCP),  alpha-fetoprotein (AFP),  indocyanine 
green 15 min after administration (ICG-R15), and 
γ-glutamyl transpeptidase (γ-GTP) can be performed 
preoperatively. Thus, these indices warrant further 
attention as a way to select a treatment and predict 
prognosis for patients with HCC. 
 Patients with positive laboratory results for DCP, 
AFP, ICG-R15, and γ-GTP have a higher risk of 

recurrence and worse survival (13-15). These patients 
should receive more active treatment including 
anatomical hepatic resection, liver transplantation, 
preoperative and postoperative transcatheter arterial 
chemoembolization (TACE), and closer follow up. 
Laboratory results for DCP and AFP are related to 
malignancy features such as vascular invasion and 
metastasis. ICG-R15 is thought to be related to liver 
function (13,16). Most recently, γ-GTP has been 
identified as an independent prognostic risk for patients 
with HCC (14,17).
 γ-GTP is a nearly ubiquitous epithelial enzyme that 
initiates the degradation of extracellular glutathione 
and its conjugates, and γ-GTP is correlated with 
biotransformation, nucleic acid metabolism, and 
tumorigenesis (10). γ-GTP was investigated and utilized 
as a liver function test or liver enzyme in the 1960s 
and 1970s (18). An increase in γ-GTP can be detected 
in patients with hepatitis, liver cirrhosis, or primary or 
secondary liver cancer (19,20). γ-GTP was used as a 
diagnostic tumor marker for liver disease with a high 
sensitivity of 83-100% but a low specificity of 32% (21). 
Thus, for a long time γ-GTP was not considered to be a 
useful tumor marker for the detection of liver disease. 
However, γ-GTP has critical clinical significance as an 
indicator of prognosis. This indicator helps to predict 
prognosis and it helps to select further treatment, as 
was revealed by studies based on different subgroups of 
patients published in the past 5 years (10,22-29).
 As shown in Table 2, patients with high levels of 
γ-GTP had a greater risk of early recurrence and shorter 
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Table 1. Factors related to prognosis for patients with HCC

Examinations

Laboratory results

Imaging studies

Pathology

Indicator

DCP
AFP
ICG-R15
γ-GTP

Tumor size 
Tumor number
Vascular invasion

Tumor differentiation
Microvascular invasion
Intrahepatic metastasis

DCP: des-γ-carboxy-prothrombin, AFP: alpha-fetoprotein, ICG-R15: 
indocyanine green 15 min after administration, γ-GTP: γ-glutamyl 
transpeptidase.

Table 2. Investigation of γ-GTP as a prognostic factor based on different subgroups of patients with HCC

Authors (Year)

Ju et al. 
(2009)

Liu et al. 
(2012)

Zhao et al. 
(2012)

Zhao et al. 
(2013)

Faber et al. 
(2013)

Carr et al. 
(2010)

Zhang et al. 
(2011)

Guiu et al. 
(2011)

Nishikawa et al.
(2013)

Patients with HCC

219 patients with HBV-related HCC 
(2002-2006)

428 HCC cases

162 patients with multi-nodular HCC 
and Child-Pugh class A liver function

266 patients with multi-nodular HCC

148 patients with HCC and no liver 
cirrhosis or extrahepatic metastases

413 pat ients  with biopsy-proven 
unresectable HCC and low AFP levels

277 patients with intermediate HCC

88 patients with HCC

74 patients with HBV-related HCC 

Treatment

hepatic resection

hepatic resection

hepatic resection

hepatic resection

hepatic resection

‒

TACE

TACE

entecavir

TACE: transcatheter arterial chemoembolization.

Results

Preoperative γ-GTP was independently associated 
with survival

Long-term outcomes for patients with γ-GTP > 80 
U/L were poor

γ-GTP > 64 U/L was a significant predictive factor 
for 1-year survival

γ-GTP > 130 U/L was a preoperative predictor for 
microvascular invasion

γ-GTP > 50 U/L could be a poor prognostic factor 
for cumulative survival

γ-GTP ≥ 110 U/L was one of the most significant 
factors for survival

γ-GTP > 50 U/L was an independent prognostic 
factor for overall survival

γ-GTP  ≥ 165 U/L as an independent predictor 
associated with OS

γ-GTP  ≥ 50 U/L was significant predictive factor 
linked to recurrence-free survival

Ref.

(22)

(23)

(24)

(25)

(26)

(27)

(10)

(28)
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in carcinogenesis was reviewed by Weinberg (31). This 
mechanism is thought to lead to the death of normal 
liver cells or the loss of normal liver function. The 
pro-oxidant role of γ-GTP has been reported and the 
subsequent production of reactive oxygen species (ROS) 
may promote certain intra- and extracellular molecular 
signals (32). Recently, ROS were reported to promote 
epithelial-to-mesenchymal transition via the Snail-
E-cadherin pathway (33) and to induce inflammation 
and invasion via the NF-κB pathway (34,35). A study 
of U937 lymphoma cells found that γ-GTP may play 
a role in anti-apoptotic signaling (36). A study has 
confirmed that cysteinyl-glycine, which is catalyzed 
by γ-GTP, is able to form complexes with cisplatin and 
that such adducts are not readily transported through 
the cell membrane (37). These mechanisms are thought 
to account for the progression of HCC. Although the 
molecular-biological significance of γ-GTP to worse 
liver function and the progression of HCC is suggested 
(Figure 1), this significance should be clarified in 
further studies.
 In conclusion, preoperative laboratory results (DCP, 
AFP, ICG-R15, and γ-GTP) should be fully evaluated 
before selecting a treatment and predicting prognosis in 
order to improve the prognosis for patients with HCC. 
Recent studies have identified γ-GTP as an independent 
prognostic factor for patients with HCC, and further 
studies of the reason for the association between γ-GTP 
and early recurrence and poor survival are urgently 
needed.
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