




Vol.1, No.3, 127-248 (2009)                                                                Health 
 
 

SciRes Copyright © 2009                               Openly accessible at http://www.scirp.org/journal/HEALTH/ 

TABLE OF CONTENTS 

Volume 1, Number 3, November 2009 

Effects of structural modification of anti-inflammatory steroidal antedrug on pro-inflammatory 

mediators and inhibitory cytokines in human alveolar epithelial cells 

G. F. Wang, S. Kwon, R. Sharma, H. Patel, H. J. Lee……………………………………………………………127 

Simultaneous determination of chlorogenic acid and baicalin in heat-clearing and 

detoxicating orally liquid by NIRS 

Z. Y. Liu, B. Liu, J. D. Yang………………………………………………………………………………………134 

Long-term survival and prognostic implications of Chinese type 2 diabetic patients with 

coronary artery disease after coronary artery bypass grafting 

M. C. Hsiung, T. H. Tung, C. Y. Chang, Y. C. Chuang, K. C. Lee, S. H. Sue, Y. P. Chou, 

R. Hsiung, C. M. Huang, C. C. Lin, W. H. Yin, M. S. Young, J. Wei……………………………………………139 

2DGE-coomassie brilliant blue staining used to differentiate pasteurized milk from 

reconstituted milk 

Y. J. Wu, Y. Chen, B. Wang, H. Y. Wang, F. Yuan, G. M. Zhao…………………………………………………146 

Difference in regulation mechanisms of ENaC by aldosterone and glucocorticords 

C. C. Tang, H. Zhang, S. Wang, J. Y. Wu, Y. C. Gu, J. Wei………………………………………………………152 

Review: effect of environmental cadmium pollution on human health 

J. X. Han, Q. Shang, Y. Du…………………………………………………………………………………………159 

Protective role of buffalo pineal proteins on arsenic-induced oxidative stress in blood 

and kidney of rats 

V. K. Bharti, R. S. Srivastava………………………………………………………………………………………167 

Study on regurgitation of a bearing-less mini axial aortic valvo-pump with closed impeller 

K. X. Qian…………………………………………………………………………………………………………173 

Active volatiles of cabernet sauvignon wine from Changli County 

Y. S. Tao, H. Li……………………………………………………………………………………………………176 

Budget impact of a 10% ready-to-use intravenous immunoglobulin in the treatment 

of primary immunodeficiency in Belgium 

S. Simoens…………………………………………………………………………………………………………183 

No relationship between the incidence of fentanyl-induced cough and smoking 

B. Pokhis, H. B. Hopf………………………………………………………………………………………………188 



Vol.1, No.3, 127-248 (2009)                                                                Health 
 
 

SciRes Copyright © 2009                               Openly accessible at http://www.scirp.org/journal/HEALTH/ 

Effects of thermally modified green tea catechins on the oxidative and hydrolytic 

stability of butter 

M. Mika, A. Wikiera, K. Żyła……………………………………………………………………………………192 

Incidence and economic impact of ophthalmological occupational accidents in Greece 

K. Souliotis, M. Angelou, C. Golna, Y. Tountas…………………………………………………………………197 

Isolation and identification of an isomer of β-sitosterol by HPLC and GC-MS 

Y. Sheng, X. B. Chen………………………………………………………………………………………………203 

Implant-related MRI artifacts of determined interbody test spacers: artifact calculations 
due to implant parameters in a porcine spine model 

T. Ernstberger………………………………………………………………………………………………………207 

Modelling of the relationship between systolic blood pressure and glucose with the magnesium 

ion present in the blood plasma: an approach using artificial neural networks 

J. C. D. Conway, S. N. Lavorato, V. F. Cunha, J. C. Belchior……………………………………………………211 

Optimisation of accelerated solvent extraction for screening of the health benefits of 

plant food materials 

R. Wibisono, J. l. Zhang, Z. Saleh, D. E. Stevenson, N. I. Joyce…………………………………………………220 

Detection of circulating tumor cells (CTCs) in patients with lung carcinoma by real-time 

fluorescent quantitative-PCR approach before and after chemotherapy 

M. J. Ge, Q. C. Wu, M. Wang, L. Li, X. L. Zhao, Q. M. Huang, L. B. Li……………………………………………231 

Right prefrontal cortex is activated for perceiving postural limits: a functional near-infrared 

spectroscopy study 

N. Kamata, Y. Matsuo, A. Matsuya, S. Inoue, K. Abe……………………………………………………………239 

Application of on-line quality control for salvianolic acid B by near infrared spectroscopy 

J. W. Zhang, Y. Liu, W. W. Liu, Y. Y. Zhang……………………………………………………………………244 

 

 

 



HEALTH 

Journal Information  

 
SUBSCRIPTIONS  

The HEALTH (Online at Scientific Research Publishing, www.SciRP.org) is published quarterly by Scientific 

Research Publishing, Inc.,USA.  

E-mail:service@scirp.org  

 

Subscription rates: Volume 1  2009  
Print: $50 per copy. 

Electronic: free, available on www.SciRP.org. 

To subscribe, please contact Journals Subscriptions Department, E-mail: service@scirp.org 

Sample copies: If you are interested in subscribing, you may obtain a free sample copy by contacting Scientific 

Research Publishing, Inc at the above address.  

 

SERVICES  

Advertisements  

Advertisement Sales Department, E-mail: service@scirp.org  

Reprints (minimum quantity 100 copies)  

Reprints Co-ordinator, Scientific Research Publishing, Inc., USA.  

E-mail: service@scirp.org 

 

COPYRIGHT  

Copyright© 2009 Scientific Research Publishing, Inc.  

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in 

any form or by any means, electronic, mechanical, photocopying, recording, scanning or otherwise, except as 

described below, without the permission in writing of the Publisher.  

Copying of articles is not permitted except for personal and internal use, to the extent permitted by national 

copyright law, or under the terms of a license issued by the national Reproduction Rights Organization.  

Requests for permission for other kinds of copying, such as copying for general distribution, for advertising or 

promotional purposes, for creating new collective works or for resale, and other enquiries should be addressed to 

the Publisher.  

Statements and opinions expressed in the articles and communications are those of the individual contributors and 

not the statements and opinion of Scientific Research Publishing, Inc. We assumes no responsibility or liability for 

any damage or injury to persons or property arising out of the use of any materials, instructions, methods or ideas 

contained herein. We expressly disclaim any implied warranties of merchantability or fitness for a particular 

purpose. If expert assistance is required, the services of a competent professional person should be sought.  

 

PRODUCTION INFORMATION  

For manuscripts that have been accepted for publication, please contact:  

E-mail: health@scirp.org 

www.SciRP.org


Vol.1, No.3, 127-133 (2009)
doi:10.4236/health.2009.13021 
 

SciRes Copyright © 2009                               Openly accessible at http://www.scirp.org/journal/HEALTH/

                                                                 Health 

 

Effects of structural modification of anti-inflammatory 
steroidal antedrug on pro-inflammatory mediators and 
inhibitory cytokines in human alveolar epithelial cells 

Gui-Fang Wang1, Soonjo Kwon2*, Rakesh Sharma1, Hemang Patel2, Henry J. Lee3 

1Chemical and Biomedical Engineering, Florida State University, Tallahassee, USA; soonjo.kwon@usu.edu 
2Biological Engineering, Utah State University, Logan, USA 
3Center for Anti-Inflammatory Research, College of Pharmacy and Pharmaceutical Sciences, Florida A&M University, Tallahassee, 

USA 

Received 23 September 2009; revised 19 October 2009; accepted 20 October 2009.  

ABSTRACT 

The anti-inflammatory effects of the new ster-
oidal antedrug, 21-acetyloxy-9α-fluoro-11β-hy-
droxyl-3, 20-dioxo-1, 4-pregnadieno-[16α, 17α-d] 
isoxazoline (FP-ISO-21AC), on nitric oxide (NO) 
and interleukin 8 (IL-8) production, were inves-
tigated together with its parent steroid predni-
solone (PRED). PRED is one of the anti-in-
flammatory steroids but has systemic side ef-
fects which limit the use of it. PRED was modi-
fied with ‘antedrug concept’ to create safer 
drugs that attack problems such as inflamma-
tion, then quickly become inactive before they 
can cause systemic side effect. We had a test 
about the effect of the modified anti-inflamma-
tory steroidal antedrug on anti-inflammatory 
activity. The present study evaluated their ability 
to inhibit cytokine-induced NO and IL-8 produc-
tion in human alveolar epithelial cells. We also 
investigated their ability to enhance the expres-
sion of inhibitory cytokine receptor, interleukin 
22 receptor (IL-22R) in human alveolar epithelial 
cells. Our results showed that FP-ISO-21AC sh- 
owed higher ability to inhibit the cytokine - in-
duced production of NO than PRED. Exogenous 
IL-22 was added to the media of both human 
alveolar epithelial cells (A549) and human lung 
fibroblast (HLF-1). In the presence of the ex-
ogenous inhibitory cytokine IL-22, further re-
duction of NO production was observed in A549 
cells, which express IL-22R, but not in HLF1, 
which does not express IL-22R. These data 
suggested that the steroidal antedrugs en-
hanced the expression of IL-22R. FP-ISO- 21AC 
showed higher potency than PRED to restore 
the expression of IL-22R. FP-ISO-21AC further 
reduced NO production to 27% and PRED 

further reduced NO production to 39%. In con-
clusion, a synthesized steroidal antedrug FP- 
ISO-21AC showed higher anti-inflammatory ef-
fects than PRED by inhibiting the expression of 
pro-inflammatory mediator NO and stimulating 
the expression of IL-22R. 

Keywords: Steroidal Antedrug; NO Production;  
IL-8 Production; Anti-Inflammatory Cytokine Receptor; 
IL-22 Receptor 

1. INTRODUCTION 

Glucocorticoid is one of the most commonly and effec-
tively used drugs to relieve inflammation [1-4]. However, 
these drugs display a number of serious systemic side 
effects such as suppression on pituitary-adrenal axis and 
on the immune system, aggravation of diabetes, hyper-
tension, retardation of growth in children and osteoporo-
sis. These systemic side effects limit the clinical use of 
corticosteroids [5-9]. Therefore, the main focus of present 
research is to modify the structure of corticosteroids by 
reducing the systemic side effects without losing their 
anti-inflammatory function. A novel strategy was em-
ployed by incorporating of metabolically labile functional 
group onto the steroid chain structure based on the ‘ante- 
drug concept’. As Lee et al. described in previous papers, 
antedrug is defined as a compound which acts locally on 
the target tissue and it is rapidly metabolized to an inac-
tive metabolite through enzymatic reaction upon entry 
into the systemic circulation [10-13]. 

The new anti-inflammatory steroidal antedrug, 21-Ac- 
etyloxy-9α-fluoro-11β-hydroxy-3, 20-dioxo-1, 4-pregna- 
dieno-[16α,17α-d] isoxazoline (FP-ISO-21AC) with 
C-16, 17-isoxazoline ring systems was synthesized and 
its pharmaceutical activities were evaluated [14]. Their 
study also showed that FP-ISO-21AC has high binding 
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affinities to the glucocorticoid receptor prepared from 
liver cytosol and exhibited its enhanced inhibitory effects 
on LPS- induced nitric oxide (NO) production in murine 
macrophage cells (RAW 264.7)[14]. Although this new 
steroidal antedrug showed more potential anti-inflamma- 
tory effects, few main mechanisms by which multiple 
pro-inflammatory pathways are switched off and anti- 
inflammatory pathways are switched on in asthma fol-
lowing pretreatment of steroidal antedrugs have been 
identified. In present time, multiple pro-inflammatory 
mediators have been implicated in asthma. However, the 
inhibitory mechanisms of the inflammatory process still 
remain to be investigated. There is increasing evidence 
that certain cytokines have anti-inflammatory or immu-
nomodulatory effects and that their secretion might be 
defective in asthmatic patients. As a result, anti- inflam-
matory cytokines (inhibitory cytokines) can block the 
inflammatory process or suppress the intensity of the   
inflammatory cascade. The severity and the persistence 
of asthma depend on the “balance” between the pro- 
inflammatory cytokines and the anti-inflammatory cyto-
kines [15]. The expression of anti-inflammatory cyto-
kines can be restored by the treatment with steroids or 
theophylline [16].  

In this study, we had a test on the effect of the modi-
fied anti-inflammatory steroid (FP-ISO-21AC, isoxa-
zoline derivative, anti-inflammatory steroidal antedrugs) 
on anti-inflammatory activities. The present study ad-
dresses the following fundamental questions: 1) Does 
structural modification of anti-inflammatory steroidal 
antedrugs increase the therapeutic index of potent corti-
costeroids with reducing their systemic side effects? 2) 
Do these anti-inflammatory steroidal antedrugs enhance 
or restore the expression of anti-inflammatory proteins 
(e.g. inhibitory cytokines)? More specifically, the effect 
of FP-ISO-21AC, an active synthetic derivative of anti- 
inflammatory steroidal antedrug, was evaluated on re-
duced production of pro-inflammatory mediators (IL-8 
and NO). Simultaneously, FP-ISO-21AC was evaluated 
on enhanced expression of anti-inflammatory cytokine 
receptor IL-22R in human alveolar epithelial cells. FP- 
ISO-21AC showed higher potency to restore the expres-
sion of IL-22R and further reduced NO production, com-
pared with PRED. A synthesized steroidal antedrug FP- 
ISO-21AC showed higher anti-inflammatory effects than 
PRED by inhibiting the expression of pro-inflammatory 
mediator, NO and stimulating the expression of the in-
hibitory cytokine receptor, IL-22R. The study has enor-
mous diagnostic implications in asthmatic patients and 
designing novel synthetic anti-inflammatory steroids with 
less systemic side effects. 

2. MATERIALS AND METHODS  

2.1. Chemicals and Reagents 

Recombinant human interleukin-1 (IL-1), recombi- 

 
Figure 1. Structure of antedrug FP-ISO-21AC. 

 
nant human tumor necrosis factor-a (TNF-), recombi-
nant human interferon- (IFN-) and recombinant human 
interleukin-22 (IL-22) were obtained from R&D systems, 
Inc (Minneapolis, USA). New steroidal antedrug, 21- 
Acetyloxy-9α-fluoro-11β-hydroxy-3, 20-dioxo-1, 4-pre- 
gnadieno-[16α, 17α-d] isoxazoline (FP-ISO-21AC) was 
synthesized as described previously [17-19]. The struc-
ture of FP-ISO-21AC is shown in Figure 1. 

2.2. Cell Culture 

Human alveolar epithelial cells, A549 (ATCC, CCL- 185) 
and human lung fibroblast, HFL1 (ATCC, CCL- 183) 
were obtained from ATCC (Manassas, VA, USA). The 
cells were grown on Ham's F12K medium with 2 mM of 
L-glutamine adjusted to contain 1.5g/L sodium bicar-
bonate, 90% (ATCC, Manassas, VA, USA); and supplied 
with 10% fetal bovine serum (ATCC, Manassas, VA, 
USA). The cells were plated onto 75 cm2 flasks and in-
cubated at 37 °C with 95% air and 5% CO2. Once the 
cells reached confluence, cells were typsinized with a 
solution containing 0.25% (w/v) trypsin and 0.038% 
(w/v) EDTA-4Na (Invitrogen, Carlsbad, California, 
USA). Cells were then transferred to 24-well plates at 
the seeding density of 1 X 104 per well. When the cells 
reached confluence (approximately 7 days), they were 
washed twice with PBS (Phosphate Buffered Saline). 

2.3. Stimulation with Cytokines and/or  
Steroidal Antedrugs 

Once confluent, cells were incubated in serum-free me-
dia for 24 h before exposure to cytokine(s) and/or ster-
oidal antedrugs. Cells were then pre-incubated for 1 h 
with PRED and FP-ISO-AC at 1M in cell culture me-
dium without serum. After washing cell layers with PBS 
twice, cells were stimulated with Cytomix (IL-1, TNF- 
 and IFN-) at 50 ng/ml each for 23 h at 37°C in cell 
culture medium in combination with anti-inflammatory 
cytokine (IL-22) at 20 ng/ml. Following cytokine expo-
sure, serum was returned to the culture media. NO and 
IL-8 was analyzed at 24 h following stimulation. 

2.4. Measurement of Nitric Oxide (NO) 

NO production was measured by NO Analyzer (inNO, 
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Nitric Oxide Measuring System, Harvard apparatus, 
Holliston, Massachusetts, USA). NO sensors were cov-
ered with a series of permeable membranes allowing 
only NO to diffuse through from the sample solution and 
react at the electrode surface, where it is oxidized. The 
exchange of electrons resulted in an electrical current 
which depends on the concentration of NO. The concen-
tration of NO in the sample is proportional to the amount 
of NO that diffused through the membranes. Conse-
quently, the electrical current is proportional to the con-
centration of NO in the sample. The NO data were also 
confirmed by Griess reagent system (Promega Corpora-
tion, WI). 

2.5. Measurement of IL-8 Expression 

IL-8 released into culture medium was measured with an 
enzyme-linked immunosorbent assay (ELISA) sandwich 
kit (ELISA quantikine, ref. D8050, R&D Systems, Inc, 
Minneapolis, USA). Colorimetric changes were meas-
ured in a microplate reader (BioRad) at 490 nm. The IL- 
8 level was estimated by interpolation from the calibra-
tion curve obtained using the standard IL-8. 
 
3. RESULTS 
 
PRED was structurally modified with ‘antedrug concept’ 
to reduce the systemic side effects [14]. A synthesized 
FP-ISO-21AC showed higher ability to inhibit the cyto-
kine-induced production of NO than PRED. There was 
no significant difference between FP-ISO-21AC and 
PRED on inhibitory effect on cytokine-induced IL-8 
expression, but the FP-ISO-21AC showed higher inhibi-
tory effect on cytokine-induced NO production (Figure 
2) and also enhanced IL-22R expression (Figure 4A) 
with less systemic side effects. 

3.1. Anti-Inflammatory Steroidal Antedrug,  
FP-ISO-21AC, and Its Parent PRED  
Inhibit Cytokine-Induced NO Production 

Figure 2 shows the inhibitory effects of anti-inflamma-
tory steroidal antedrugs, FP-ISO-21AC and its parent 
prednisolone (PRED), on cytokine-induced NO produc-
tion. Both FP-ISO-21AC and PRED inhibited cyto-
kine-induced NO production. One hour pre-treatment of 
FP-ISO-21AC at 1 M reduced cytokine-induced NO 
production down to 37%. PRED at 1 M reduced cyto 
kine-induced NO production down to 65%. The FP-ISO- 
21AC showed higher inhibitory effect on cytokine-ind- 
uced NO production. In other words, the FP-ISO-21AC 
showed higher anti-inflammatory effect. 

3.2. Anti-Inflammatory Steroidal Antedrug 
FP-ISO-21AC and Its Parent PRED  
Inhibit Cytokine-Induced Interleukin-8 
(IL-8) Production 

Anti-inflammatory steroidal antedrug FP-ISO-21AC and 
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Figure 2. Inhibitory effect of steroids on cytokine-induced NO 
production in A549 human alveolar epithelial cells. Cells were 
exposed cytomix (The mixture of the three cytokines IL-1, 
TNF- and IFN- and the concentration of each cytokine is 50 
ng/ml) following pretreatment of steroids at indicated concen-
trations for 1 hour. The concentration of NO was measured 24 
hours after cytokine exposure by amiNO series of NO sensors. 
Data from steroids treatment experiments were expressed as 
percentage of untreated controls. p≤0.05. 
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Figure 3. Inhibitory effect of steroids on cytokine-induced 
IL-8 production in A549 human alveolar epithelial cells. Cells 
were exposed cytomix (IL-1β, TNF-α and IFN-γ at 50 ng/ml 
respectively) following pretreatment of steroids at indicated 
concentrations for 1 hour. The concentration of IL-8 was 
measured by ELISA after 24 hours exposure to cytokine. Data 
from steroids treatment experiments were expressed as per-
centage of untreated controls. p≤0.05. One hour pretreatment 
of FP-ISO-21AC and PRED at 1 M reduce cytokine-induced 
IL-8 production to 50% and 53% respectively. 
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PRED inhibited cytokine-induced IL-8 production (Fig-
ure 3). The data showed that one hour pretreatment of 
FP-ISO-21AC at 1 µM reduced cytokine-induced IL-8 
production down to 50%. PRED reduced cytokine - in-
duced IL-8 production down to 53%. There was no sig-
nificant difference between FP-ISO-21AC and PRED on 
the inhibitory effect on cytokine-induced IL-8 expres-
sion. 

3.3. Effects of Anti-Inflammatory Steroidal 
Antedrug on Inhibitory Cytokine 

As shown in Figure 4, PRED and FP-ISO-21AC sig-
nificantly reduced the cytokine-induced NO production. 
One hour pre-treatment of PRED and FP-ISO-21AC at 1 
µM reduced cytokine-induced NO production down to 
57% and 43%, respectively. In the presence of exoge-
nous IL-22, a further reduction about 17% (39% and 
26%, respectively for FP-ISO-21AC and PRED) of cy-
tokine-induced NO production in A549 cells pre-treated 
with anti-inflammatory steroids (Figure 4A) was ob-
served. Interestingly, there was no significant effect of 
exogenous IL-22 on anti-inflammatory steroids in cyto-
kine-induced NO production from HLF1 (Figure 4B). 
 
4. DISCUSSION 
 
Asthma is a chronic, episodic disease of the airways 
characterized by repeated exacerbations of bronchial 
airway narrowing and difficult breathing. Chronic and 
persistent bronchial asthma is life-threatening and dis-
tresses more than 5% of the population in the United 
States alone and the incidence has been increasing since 
the 1980’s [20,21]. In asthma treatment, consistent ef-
forts have been made in searching for effective steroids 
with least side effects. In this direction, a considerable 
amount of research has been conducted to increase the 
therapeutic index of potent corticosteroids and reducing 
their systemic side effects. Notably, FP-ISO-21AC was 
designed with antedrug concept and was shown to have 
less systemic side effects [10]. It has higher anti-in-
flammatory activities than parent steroid PRED [14,17, 
18]. Corticosteroids are recently shown to inhibit the 
expression of pro-inflammatory mediators such as NO 
[22], IL-8 [23,24] and IL-5 [24], with their stimulated 
release of the anti-inflammatory cytokine such as IL-10 
[25]. 

However, it is unclear whether structural modification 
of corticosteroids may affect these inhibitory pathways 
at sites of inflammation. The present study is an attempt 
to better understand the antedrug switch off multiple 
pro-inflammatory pathways and switch on anti-inflam-
matory pathways in asthma with further investigations 
on NO production. In this study, anti-inflammatory ster-
oidal antedrug FP-ISO-21AC, which was derived from 
PRED was used to test its effects on inhibiting NO pro- 
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(B) HLF1 cells
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Figure 4. (A) Effects of anti-inflammatory steroidal antedrug 
FP-ISO-21AC and PRED on inhibitory cytokine in cyto-
kine-induced NO production in A549 cells.  FP-ISO-21AC 
and PRED further reduced cytokine induced NO production in 
the presence of exogenous IL-22. (B) Effects of anti-inflam-
matory steroidal antedrug FP-ISO-21AC and PRED on inhibi-
tory cytokines in cytokine-induced NO production in HLF1. 
No further reduced cytokine induced NO production was ob-
served in the presence of exogenous IL-22. Cells were stimu-
lated with three cytokines (IL-1, TNF-, and IFN-, 50 
ng/mL respectively) or three cytokines (IL-1, TNF-, and 
IFN-, 50 ng/mL respectively) and IL-22 (20 ng/mL) in com-
bination. After 24 hours incubation, nitric oxide was measured. 
Data from steroids treatment experiment were expressed as 
percentage of untreated controls, p≤0.05. 
 
duction in human alveolar epithelial cells (A549). Our 
results show that both FP-ISO-21AC and PRED inhib-
ited the cytokine-induced NO production. One hour pre- 
treatment of FP-ISO-21-AC at 1 M reduced cytokine- 
induced NO production down to 37%. The PRED 
showed lower inhibitory effect than FP-ISO-21AC and 
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reduced cytokine-induced NO production down to 65% 
(Figure 2). There was no significant difference between 
FP-ISO-21AC and PRED on inhibitory effect on cyto-
kine-induced IL-8 expression, but the FP-ISO-21AC 
showed higher inhibitory effect on cytokine-induced NO 
production (Figure 2). 

To confirm the observed decrease in NO production 
related to enhanced expression of inhibitory cytokines, 
exogenous IL-22 was added to the media of A549 in the 
presence or absence of anti-inflammatory steroids. IL-22 
is a member of the human type I IFN family, which in-
cludes IL-10. Our data corroborates with earlier report 
on IL-22 effect in the presence of inflammatory steroids 
[26]. Other studies support our observations on lung 
epithelial cells (A549) which express IL-22R1 (inter-
leukin 22 receptor) subunit in response to IL-22 [15]. As 
the results indicated in Figure 4A and 4B, both PRED 
and FP-ISO-21AC may enhance the expression of 
IL-22R1, and increase the responsiveness to exogenous 
IL-22 in A549 cells which do express IL-22R1.  

An important factor is the balance between the effects 
of pro-inflammatory and anti-inflammatory chemokines 
or cytokines in determining the severity of the inflam-
matory disease. Corticosteroids have effects on expres-
sion of cytokines receptors [27,28]. Corticosteroids are 
understood to upregulate cytokine receptor expression 
that correlates with enhanced cytokine effects on target 
cells [27]. Other earlier studies also suggest that recep-
tors for IL-1 [29,30], IL-2 [31], IL-4 [32], IL-6 [33,34], 
IFN- [35] and GM-CSF [36] are all up-regulated by 
glucocorticoids. 

Inflammatory stimuli increase the expression of many 
inflammatory genes, resulting in the inflammatory re-
sponses. The same stimuli may also induce inhibitory 
cytokines, which can inhibit the expression of these in-
flammatory proteins, thus terminating this inflammatory 
response. There has been increasing evidence that a de-
fective expression of inhibitory cytokines is observed in 
patients with asthma [37]. The reduced expression of 
inhibitory cytokines leads to increased and more pro-
longed inflammation. Subsequent treatment by anti-in-
flammatory steroids can restore the secretion of inhibi-
tory cytokines [37]. Structural modification of corticos-
teroids may restore this defective expression of inhibi-
tory cytokines. The structural modification can be an 
important direction forwards the design of novel anti-in-
flammatory steroidal antedrugs for the treatment of 
asthma. 

There has been increasing evidences that the role of 
inhibitory cytokines is crucial on the treatment of asthma 
[38]. IL-22 is one of the most important inhibitory cyto-
kines involved in the inhibition of the inflammation. It 
can regulate the expression of proinflammatory cyto-
kines [39]. However, the effect of steroid on IL-22R is 
not known. In order to test if steroids can enhance the 

expression of IL-22R, the effects of IL-22 on the inhibi-
tion of NO production induced by the pre-treatment of 
anti-inflammatory steroids was tested. Our data demon-
strated that in the presence of the exogenous inhibitory 
cytokine IL-22, further reduction of NO production was 
observed in A549 cells (Figure 4A) as earlier demon-
strated to express IL-22R [39] but not in HLF1 (Figure 
4B) which do not express IL-22R. These data suggested 
that the steroidal ante-drugs may enhance the expression 
the IL-22 receptor. FP-ISO-21AC showed higher po-
tency than PRED to restore the expression of IL-22R. 
FP-ISO-21AC further reduced NO production to 27% 
and PRED further reduced NO production to 39%. 

In conclusion, a synthesized antedrug FP-ISO-21AC 
showed higher anti-inflammatory effects than PRED by 
inhibiting the expression of pro-inflammatory mediator 
NO. There was no significant difference between 
FP-ISO-21AC and PRED on inhibitory effect on cyto-
kine-induced IL-8 expression, but the FP-ISO-21AC 
showed higher inhibitory effect on cytokine-induced NO 
production. FP-ISO-21AC also showed higher potency 
than its parent PRED in stimulating the possible expres-
sion of IL-22R. This study showed that structural modi-
fication of anti-inflammatory steroids with ‘antedrug 
concept’ (with the direction of reducing the systemic 
side effects) could enhance their anti-inflammatory ac-
tivities with less systemic side effects. 
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ABSTRACT 

The calibration model for simultaneous deter-
mination of chlorogenic acid and baicalin in 
heat-clearing and detoxicating oral liquid was 
built by partial least squares and near infrared 
spectroscopy, and the method of spectral pre-
treatment was discussed. Building model from 
calibration set obtained good results, and vali-
dated by prediction. According to heat-clearing 
and detoxicating oral liquid from 30 batches of 6 
factories, the correlation coefficient of chloro-
genic acid and baicalin model are 0.9993 and 
0.9923, The root mean square error of cross 
validation (RMSECV) are 0.467 and 0.480, and 
the standard Error of prediction (SEP) of chloro- 
genic acid and baicalin are 0.356 and 0.370 re-
spectively. The correlation coefficients in pre-
diction set are 0.9997 and 0.9969, prediction 
results are accurate and reliable. This method 
can be applied in rapid analysis of heat- clearing 
and detoxicating oral liquid, and it is fit for 
on-line detection and has a wide application 
prospect. 

Keywords: Near Infrared Spectroscopy; Partial 
Least Square Method; Heat-Clearing and      
Detoxicating Oral Liquid; Chlorogenic Acid; Baicalin 

1. INTRODUCTION 

Heat-clearing and detoxicating oral liquid is very com- 
monly used nowadays in china. Heat-clearing and de-
toxicating oral liquid has efficacies of heat-clearing and 
detoxifying, clearing lung and moisturizing dryness, 
smoothing throat to stop cough. It is used in therapy of 

exogenous fever, swollen sore throat, headache and gen- 
eral aching. Heat-clearing and detoxicating oral liquid is 
made of honeysuckle, scutellaria, weeping forsythia, 
dyers woad leaf, heartleaf houtluynia and gypsum. Main 
drug of heat-clearing and detoxicating oral liquid are 
honeysuckle and scutellaria, active component of hon-
eysuckle and scutellaria are chlorogenic acid and baicalin 
separately common method that it determines the main 
component of heat-clearing and detoxicating oral liquid 
quantitatively was high performance liquid chromato-
graphy[1]. However, the high performance liquid chro-
matography required tedious and complex processing for 
samples. This method was time-consuming and destruc-
tive. And the use of chemical reagents was also a factor if 
the economic benefit and safety was considered in the 
experiment [2]. All of these factors have underlined the 
need for a reliable technique to quickly and nondestruc-
tively detect the quality of heat-clearing and detoxicating 
oral liquid. 

In spectral analysis, the region that the wavelength is 
between 780nm and 2500nm is called NIR region. Most 
organic compounds and some inorganic matter’s funda- 
mental frequency of chemical bond vibration are in this 
region. The chemical bonds of C-H, N-H, O-H and S-H 
have stretching vibration in NIR region. the analyte that 
has this chemical bonds could be determined by near 
infrared method. 

From 1990s, NIR spectrum was developed fastest and 
most striking in the spectral analytical technique. 
Near-infrared spectroscopy was a powerful analytical tool 
used in various industrial sectors, e.g. the agricultural, 
petrochemical, textile and pharmaceutical [3-6]. NIR 
spectroscopy was a fast, accurate and non-destructive 
analytical tool that can be considered as a replacement of 
the traditional chemical analysis. The NIRS did not need 
pretreatment and destroy the sample, had no pollution,  
convenient and fast, could determine online, simultaneity 
detect multi-component, reproducibility was good, all of  
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Figure 1. Structural formula of chlorogenic acid and baicalin. 

In Figure 1, there are plenty of C-H bonds and O-H bonds in chloro-
genic acid and baicalin, so chlorogenic acid and baicalin have signifi- 
cant absorption in NIR region. Therefore, chlorogenic acid and baica- 
lin in Heat-clearing and detoxicating oral liquid could be detected fast 

and nondestructively by near infrared method. 
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Figure 2. Near infrared spectra of heat-clearing and detoxicating 
oral liquid sample. 

 
this advantage indicates that NIR spectrum method was 
fit for detecting active component of the traditional chi-
nese medicine, and NIR spectrum method had been used 
in analysis of Chinese medicine successfully recent years 
[7-11]. 

2. MATERIALS AND METHODS 

2.1. Sample and Reagents 

In the experiment, 30 batches of heat-clearing and de-
toxicating oral liquid samples from six manufacturers 
(listed in Table 2) were investigated. All the samples 
were placed in the same temperature-controlled room 
where the spectrometer was located before performing 
the analysis. The standard agent of chlorogenic acid 
(batch number: 1107532200413) and baicalin (batch 
number: 1107152200514) were provided by national 
institute for the control of pharmaceutical and biological 
products. 

2.2. NIR Spectra Collection 

The NIR spectra were collected using the near-infrared 
spectrophotometer (U-4100, Hitachi, Japan) with 1cm 

quartz sample cell. Air was reference, wavelength range 
was 800~1500 nm, wavelength spacing was 2 nm, slit 
width is 2 nm. Scanning speed was 1500 nm/s, every 
sample was scanned 3 times and got average value. NIR 
Spectrum of oral liquid was Figure 2. 

2.3. High Performance Liquid  
Chromatography Analysis 

Prior to the NIR spectral analysis, all samples were ana-
lyzed by high performance liquid chromatography 
(LC-2010A, Shimazu, Japan). 1 ml heat-clearing and 
detoxicating oral liquid was diluted by adding 1 ml of 
distilled water, The mixed solutions were centrifuged at 
12000 rpm for 40 min using a temperature-controlled 
centrifuge (Z323K, Hermle, Germany), then filtered 
through a 0.45 μm Millex membrane (Millipore, Mol-
sheim, France) in order to separate the dispersed solid 
particles. The injected sample volume was 2μm. The 
HPLC settings were as follows: mobile phase of 50% 
methanol and 0.3% phosphoric acid in water, flow rate of 
1.0 mL min-1, run time of 10 min, column temperature of 
40˚C. To check the reproducibility of the HPLC meas-
urements, each sample was measured twice. Quantifica-
tion was performed by integrating the peak areas of the 
HPLC results using computer-assisted software matched 
with the apparatus. 

2.4. Method (Multivariate Analysis of Partial 
Least Square) 

Multivariate analysis was used for quantitative and quali- 
tative analysis. Partial Least Square (PLS) algorithm, 
which was proven to be effective in many quantitative 
applications, was used in this experiment too. These 
methods with original and vector normalised spectra were 
used to develop calibration models. The performance of 
the final PLS model was evaluated in terms of root mean 
square error of cross validation (RMSECV) for cross 
validation and root mean square error of prediction 
(RMSEP) during test validation, and the coefficient of 
determination (R2).  

The residual (Res) is the difference between the true 
and fitted value. Thus the sum of squared errors (SEE) is 
the quadratic summation of these values (Eq.1). 

2Re }{ isSSE                         (1) 

The root mean square error of estimation (RMSEE) is 
calculated from this sum, with “n” being the number of 
samples and “r” the rank (Eq.2). 

1

n-r-1
RMSEE SSE             (2) 

The determination coefficient, R2 (Eq.3) gives the 
percentage of variance present in the true component 
values, which is reproduced in the regression. 
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R2 can be negative for low ranks, when the residual are 
larger than the variance in the true values (yi). In case of 
cross validation, the RMSECV is calculated using Eq.4. 
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For the prediction set, the root mean square error of predic-
tion (RMSEP) is calculated as follows (Eq.5) [13]. 
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n
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3. RESULTS AND DISCUSSION 

3.1. Choice of Model Algorithm 

In the analyze of NIR spectrum, model algorithm in-
cluded MLR、PLS、PCA、ANN、TP and etc. Basic idea 
of model algorithm was made use of total spectrum in-
formation of NIR spectrum, in order to eliminate effects 
of spectrum peak’s overlap and complex background. The 
absorption peaks of NIR spectra were broad and overlap, 
making single wavelength calibration impossible due to 
large hidden information in spectral data. Useful multi-
variate calibration tools such as partial least-squares (PLS) 
were available. PLS was an analysis method that relates 
changes in spectral data. It extended and improved the 
potential application of spectroscopy technique in phar-
maceutical industry by extracting features from spectra. 
As a form of principal component analysis (PCA), PLS 
made use of the information of the NIR spectrum and the 
established analyte values associated with the spectrum. 
The calibration equation could be applied to unknown 
samples once the equation was established by PLS from 
samples where the analyte was determined by another 
acceptable method. PLS regression was a multivariate 
method. It had no restriction in using the number of 
wavelengths that could be selected for the calibration to 
make the model suitable to extract the maximum infor-
mation from the spectra. The information extracted could 
be condensed in the latent variables or factors which were 
used in the calibration and prediction steps [12].  

3.2. Choice of Spectrum Pretreatment 
Method 

Spectral signal that was determined by detector contains 
not only spectral information but also several of noises. 
Smoothing processing of signal was a common method to  

Table 1. Mathematical statistics results for calibration models 
of chlorogenic acid and baicalin. 

chlorogenic acid baicalin 
 

R2 RMS
ECV

PCs R2 
RMS
ECV

PCs

Smoothing 

processing 

0.964
6 

1.379 8 
0.978

5 
0.882 3 

First deriva-
tive 

0.998
7 

0.467 5 
0.984

7 
0.480 4 

Second 
derivative 

0.990
9 

1.042 5 
0.983

2 
0.908 2 

 
reject noise. It was effective to smooth the high frequency 
noise and increase the signal-to-noise ratio. Origin spec-
trum that processed by derivative protected against the 
influence of baseline drift. It was effective to discriminate 
overlapping peaks, increased the resolution and sensi- 
tivity. But derivative spectrophotometry amplified differ- 
ence of adjacent wavelength point, it lead to amplification 
of noise and decrease of signal-to-noise ratio. So the 
pretreatment method should be select to different spec-
trum of samples. Smoothing processing, first derivative 
and second derivative was compared in this experiment. 
Parameters of model are in the Table 1. From Table 1, the 
model effect that pretreated by first derivative was best to 
chlorogenic acid and baicalin. 

3.3. Optimization of Model and Determination 
of PCs in Model Development  

The number of PCs to use in the PLS model was very 
important because too few components will generate an 
underfitted model, fitted loosely the data structure. Using 
too many, on the other hand, generates an overfitted 
model, one which fitted parts of the noise of the calibra-
tion set, thus generating a low RMSEC but performing 
poorly in the validation set. The optimum number of PCs 
would then decompose the spectral data matrix between 
the structure and the noise. For this reason, evaluation of 
the variance plots was needed to determine which PCs 
describe most of the residual variance of the expected 
value matrix in order to determine the optimal number of 
PCs used in the regression model. Optimum number of 
PCs was usually done by cross-validation. Outliers were 
detected using the Chauvenet test at the 95% confidence 
level.  

The anomalous points should be rejected when we 
build the model. This experiment used interactive check 
method, optimized the model step by step, determined the 
PCs, as far as get the best model. The number of method 
of judging and rejecting anomalous points or influential 
point were two. The first method was mahalanobis dis-
tance, MD = si

T( STS)-1si， MD was mahalanobis distance, 
T was inverse matrix symbols, si was Score, S was cali-
bration set score matrix. The second method was that  
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Figure 3. The changes of residual variance with PCs: chloro-
genic acid. 

 

 

Figure 4. The changes of residual variance with PCs: baicalin. 
 

the influence of model was investigated by Leverage; it 
was also called “reject one” cross-check method. It was 
combined diagnosed by Leverage and studentized resid-
ual, the influential point rejected step by step. This ex-
periment used Leverage and Residual to reject the ano- 
malous points of spectrum and chemical value. Leverage 
was set as 3.0, error of chemical value is 6.0%, optimized  
the model by rejecting anomalous points gradually, got 
the best PLS1 regression model of determining chloro- 
genic acid and baicalin. The changes of residual variance 
with PCs were Figure 3 and Figure 4. 

3.4. External Verification of Model 

15 heat-clearing and detoxicating oral liquid samples of 
prediction set was predicted about chlorogenic acid and 
baicalin with the model that built in this experiment. SEP 
of chlorogenic acid and baicalin were separately 0.356 and 
0.370. The experimental results were credible. The scatter 
plot of chlorogenic acid and baicalin between NIR pre-
dicted and measured values were Figure 5 and Figure 6. 

 

3.5. Application of Model 

Thirty heat-clearing and detoxicating oral liquid samples 
from six manufacturers were selected for application  

 

Figure 5. Correlation coefficient graph of chlorogenic 
acid between prediction result and actual value. 

 

 
Figure 6. Correlation coefficient graph of baicalin 
between prediction result and actual value. 

 
Table 2. Range of content of chlorogenic acid and baicalin 
about six manufacturers. 

manufacturer 
chlorogenic 

acid 
（ ）mg/ml  

baicalin（ ）mg/ml  

Sichuan Taihuatang 
Pharmaceutical Co., 

Ltd 
0.373-0.410 0.555-0.605 

Chengdu Tianyin 
Pharmaceutical Co., 

Ltd 
0.374-0.425 0.650-0.736 

Sichuan Xuyang 
Pharmaceutical Co., 

Ltd 
0.281-0.308 0.650-0.709 

Zhengzhou Ruilong 
Pharmaceutical Co., 

Ltd 
0.840-0.865 0.574-0.597 

Jiangxi Nanchang 
Pharmaceutical Co., 

Ltd 
0.380-0.416 0.238-0.255 

Sichuan Good doctor 
Pharmaceutical Co., 

Ltd 
0.926-0.949 0.386-0.395 

 
experiment. NIR spectrum of the samples were collected, 
and predicted with quantitative model. Range of content 
of chlorogenic acid and baicalin about six manufacturers 
was in Table 2. 
 
4. CONCLUSIONS 
 
The results obtained in this research show the potential 
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superiority of NIR spectroscopy to detect chlorogenic 
acid and baicalin simultaneously in heat-clearing and de- 
toxicating oral liquid with the reference method of HPLC. 
The combination of NIR spectroscopy and PLS methods 
had been found to be a convenient, versatile method. It 
had the ability to dramatically reduce consuming time and 
cost of monitoring without using any chemical reagent, it 
was fit for on-line detection in pharmaceutical companies. 
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ABSTRACT 

This study was conducted to determine the sur-
vival rates of type 2 diabetic patients after coro-
nary artery bypass grafting (CABG) surgery, and 
the prognostic factors related to all-cause mor-
tality during a 7-year follow-up. The medical re-
cords of 816 type 2 diabetic patients who un-
derwent primary, isolated CABG surgery during 
1997-2003 were studied. The Kaplan-Meier me- 
thod and Cox regression were used to estimate 
survival and the independence of prognostic 
factors associated with all-cause mortality. One 
hundred and five out of 816 patients expired 
during the 7-year period. The overall survival 
rate was 83.5% (95%CI: 78.7-88.3%). Associated 
prog- nostic factors varied by gender. For males, 
but not for females, smoking (RR=3.44, 95%CI: 
1.01- 11.70), myocardial infarction (RR=4.77, 
95% CI: 1.23-18.86), respiratory failure (RR=4.21, 
95% CI: 1.48-7.99), cardiogenic shock (RR=12.58, 
95% CI: 3.25-20.77), and congestive heart failure 
(RR= 3.77, 95%CI: 1.10-13.45) were significantly 
related to all-cause mortality. Older age at sur-
gery (RR= 1.15, 95%CI: 1.04-1.27), emergent op-
eration (RR= 21.29, 95%CI: 10.03-39.43), pul-
monary ede-ma (RR=7.72, 95%CI: 1.89-15.59), 
and days of ICU stay (RR=1.05, 95%CI: 1.02-1.09) 
were significant- ly related to all-cause mortality 
in females only. In conclusion, several gen-
der-related differences were noted pertaining to 
all-cause mortality and its relationship to smok- 
ing, myocardial infarction, respiratory failure, 
cardiogenic shock, congestive heart failure, 
older age at surgery, emergent operation, pul-
monary edema, and days of ICU stay. 

Keywords: Coronary Artery Bypass Grafting;  
Gender Difference; Prognostic Factors; Survival; 
Type 2 Diabetes 

1. INTRODUCTION 

Diabetes mellitus is viewed as a major risk factor for car-
diovascular disease, and coronary heart disease is the 
leading cause of death in adult diabetics [1]. In general, 
around 20% of patients undergoing coronary artery bypass 
surgery (CABG) suffer from diabetes mellitus [1]. In ad-
dition, diabetics have a higher mortality than patients 
without diabetes after CABG surgery [2,3]. Choosing this 
type of surgical therapy for patients depends on the esti-
mate of the risk of the procedure and the possible benefits 
compared with alternative forms of therapy. Long-term 
outcome among diabetics with coronary artery disease 
(CAD) after CABG is associated with severity of diabetes 
at the time of surgery [4]. This observation suggests that 
early detection of this disorder followed by early treatment 
could improve both survival and quality of life. 

In Taiwan, the remarkable economic achievements of 
the last 40 years have resulted in a great improvement in 
living standards and in an increase in life expectancy. 
Type 2 diabetes in adults is one of the global public health 
problems in the Taiwanese population. Screening for type 
2 diabetes by the natural history of diabetes, fasting 
plasma glucose (FPG), and oral glucose tolerance test 
(OGTT) showed the overall prevalence of type 2 diabetes 
in Taiwan to be 5-9% and 11-13% for residents above 20 
or 40 years of age, respectively [5-11]. From the view-
point of evidence-based medicine, it is not only important 
to be cognizant of the long-term survival of diabetic pa-
tients after CABG, but also to explore the complete 
spectrum of demographic and biological markers that  
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may be related to survival rate. To the best of our know- 
ledge, the long-term survival of Chinese type 2 diabetic 
patients with CAD undergoing CABG surgery has not 
been carefully examined. Some uncertainty still exists 
regarding the influence of gender on long-term survival 
and on associated risk factors for long-term survival for 
these patients after CABG surgery. Thus, in order to de-
termine the long-term survival of and associated risk 
factors for diabetic patients after CABG surgery, a long- 
term survival study was performed. 

Because long-term prognosis after CABG surgery in 
relation to gender has not been closely evaluated among 
type 2 diabetic patients in Taiwan, the present study was 
designed to explore the possibility of gender-related dif-
ferences in risk factors, because such differences might 
have important implications for understanding the value 
of individual prognostic factors for estimation of long- 
term survival of diabetic patients after surgery. The pur-
pose of this study was to determine the long-term (7-year 
follow-up) survival rate of each gender after primary, 
isolated CABG surgery, and to identify the associated 
prognostic factors related to all-cause mortality among 
Chinese type 2 diabetic patients. 

2. MATERIALS AND METHODS  

2.1. Patient Population 

Between January 1997 and December 2003, a total of 898 
type 2 diabetic patients with CAD underwent CABG 
surgery at the Division of Cardiovascular Surgery and 
Heart Center, Cheng-Hsin General Hospital, a fully cer-
tified regional and teaching hospital with 757 beds in 
Taipei, Taiwan. Of the 898 type 2 diabetic patients, 66 
(7.3%) were excluded due to simultaneous valve surgery 
and another 16 (1.8%) patients were excluded due to 
repeated CABG surgery. The remaining 816 patients who 
underwent primary, isolated CABG surgery because of 
CAD without concomitant valve procedures and without 
previous history of CABG participated in the evaluation. 
Seventy-one per cent (581/816) of these participants were 
males. 

2.2. Data Collection 

Patients’ demographic characteristics and surgical vari-
ables were retrieved from medical records and computer 
files. The hospital records of each diabetic patient were 
reviewed by well trained, senior chart reviewers using a 
standard data collection form. Demographic information, 
presence of pre-existing co-morbidities and associated 
medications at admission and discharge were obtained 
from the nursing and medical histories. Indicators of 
postoperative recovery and complications were identified 
from the details of patient’s progress notes. Subjects were 

divided into three categories according to smoking or 
alcohol drinking: current users, ex-users, and non users. 
We combined current users and ex-users as the user group. 
The identification of type 2 diabetes was based on the 
WHO definition in 1999 [12]: subjects with FPG126 
mg/dl or 2 h post-load 200mg/dl were defined as indi-
viduals with type 2 diabetes. Hypertension was defined as 
systolic blood pressure 140 mmHg or diastolic blood 
pressure 90 mmHg [13]. Hyperlipidaemia was defined 
as one or more of the following: total cholesterol 200 
mg/dl; triglyceride 200 mg/dl; HDL < 35 mg/dl [14]. 
Subjects featuring a personal disease history of type 2 
diabetes, hypertension, or hyperlipidaemia and who had 
received medication to treat such conditions were viewed 
as “known cases” of such disease. In addition, for diabetic 
patients after CABG who died in the hospital, case re-
cords such as autopsy findings were used for information 
about the causes of death. For those patients who died 
outside the hospital, information including autopsy find-
ings, scheduled investigations, and death certificates were 
collected. In addition, access to hospital records was 
approved by the hospital human subjects review board at 
Cheng-Hsin General Hospital. 

2.3. Operative Technique 

The operative procedures for CABG surgery have been 
described in previous studies [15-17]. The CABG opera-
tions were performed by means of a median sternotomy 
with the aid of extracorporeal cardiopulmonary bypass 
hemodilution (hematocrit, 25% to 30%) and moderate 
hypothermia (25 to 28C). Cardiopulmonary bypass used 
an ascending aortic cannula followed by a two-stage 
venous cannula. Myocardial preservation was achieved 
with a hypercalcemic, hypothermic crystalloid solution 
and external cooling with ice slush or a cold saline solu-
tion. Crystalloid cardioplegia was infused through the 
aortic root at least every 20 minutes and was infused into 
each completed vein graft in addition to the aortic root 
infusion. Blood cardioplegia was usually used for patients 
with left ventricular hypertrophy, cardiogenic shock, or 
acutely occluded coronary arteries. Venting was per-
formed primarily via the aorta, and if necessary, via the 
pulmonary artery. The myocardial temperature was 
monitored and kept below 15C. After completion of all 
distal anastomoses, the patient was warmed systemically 
to 37C, while warm cardioplegic solution followed by 
warm blood was given by the antegrade method. 

2.4. Statistical Analysis 

Statistical analysis was performed using SAS software. 
Prognostic predictors and all-cause mortality were de-
termined by univariate and multivariate techniques. In the 
univariate analysis, chi-square testing or two-sample  
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Table 1. Comparison of baseline characteristics among type 2 diabetic patients with CAD after CABG surgery (n=816). 

 
 

Male 
(n=581) 

  
 

Female 
(n=235) 

 Total 
(n=816) 

 
  

 n     (%)  n      (%) n      (%)  

p-value for t-test or 
2-test 

Categorical variables       

Known case of diabetes 385 (66.3) 165 (70.2) 550 (67.4) 0.28 

Emergent operation 2 (0.3) 3 (1.3) 5 (0.6) 0.12 

Smoking 160 (27.5) 27 (11.5) 187 (22.9) <0.0001 

Alcohol drinking 82 (14.1) 16 (6.8) 98 (12.0) 0.005 

MI (Inferior or Posterior) 227 (39.1) 77 (32.7) 304 (37.3) 0.09 

Hypertension 417 (71.8) 185 (78.7) 602 (73.8) 0.04 

Hyperlipidemia 227 (39.1) 90 (38.3) 317 (38.9) 0.84 

COPD 36 (6.2) 14 (6.0) 50 (6.1) 0.90 

PAOD 24 (4.1) 16 (6.8) 40 (4.9) 0.11 

Pulmonary edema 53 (9.1) 32 (13.6) 85 (10.4) 0.06 

Old CVA 74 (12.7) 32 (13.6) 106 (13.0) 0.73 

Renal failure 82 (14.1) 49 (20.9) 131 (16.1) 0.02 

Sepsis 8 (1.4) 6 (2.6) 14 (1.7) 0.24 

UGI bleeding 9 (1.6) 4 (1.7) 13 (1.6) 0.87 

Respiratory failure 26 (4.5) 10 (4.3) 36 (4.5) 0.93 

Cardiogenic shock 39 (6.7) 11 (4.7) 50 (6.1) 0.30 

Unstable angina 194 (33.4) 92 (39.1) 286 (35.0) 0.08 

Pre PTCA 102 (17.6) 31 (13.2) 133 (16.3) 0.16 

CHF 62 (10.7) 25 (10.6) 87 (10.7) 0.94 

Type of bypass (arterial/venous) 464/117 
(79.9 
/20.1) 

162/73 
(68.9 
/31.1) 

626/190 
(76.7 
/23.3) 

0.001 

Continuous variables       

Duration of diabetes 12.644.85 14.785.32 13.574.97 0.01 

Operation age (yrs) 64.0210.05 66.508.18 64.749.61 0.0003 

FPG (mg/dl) 169.1107.6 201.2106.6 178.498.2 0.002 

HbA1c (%) 8.22.0 8.41.9 8.22.0 0.54 

SBP(mmHg) 135.020.7 141.122.2 136.921.4 0.02 

DBP(mmHg) 76.711.9 77.313.8 75.912.6 0.11 

BMI (Kg/m2) 26.717.8 24.94.2 26.115.0 0.15 

Cholesterol (mg/dl) 189.344.3 204.3131.8 193.950.0 0.002 

Triglyceride (mg/dl) 190.2147.0 204.960.4 194.3142.8 0.32 

BUN (mg/dl) 23.417.6 24.415.0 23.716.8 0.56 

Creatinine (mg/dl) 1.701.92 1.610.68 1.670.85 0.63 

Uric acid (mg/dl) 7.55.6 7.56.5 7.55.9 0.91 

AST (U/L) 50.057.0 42.541.5 47.864.8 0.37 

ALT (U/L) 40.6107.0 38.625.5 37.291.6 0.19 

HDL(mg/dl) 38.511.7 49.967.5 41.636.7 0.09 

LDL (mg/dl) 125.438.0 131.848.1 127.141.0 0.18 

RBC (103/ul) 4.33.0 4.03.7 4.33.2 0.28 

WBC (103/ul) 9.44.5 15.975.4 11.340.6 0.10 

Hs-CRP(mg/dl) 0.1890.177 0.1790.164 0.1850.152 0.51 

Ischaemic time (min) 61.6441.01 65.1538.65 62.6540.35 0.26 

Cardiopulmonary bypass time (min) 104.9968.65 111.9167.68 106.9868.40 0.19 

CAD number 2.830.44 2.740.54 2.800.47 0.02 

CABG number 3.130.97 3.011.02 3.100.99 0.12 

Pre-operation LVEF (%) 50.9319.68 54.0919.91 51.8419.78 0.03 

Post-operation LVEF (%) 55.2517.24 57.7218.58 56.0117.68 0.17 

ICU stay (days) 6.447.17 8.6413.88 7.089.64 0.02 

CAD: coronary artery disease, CABG: coronary artery bypass grafting, MI: myocardial infarction, COPD: chronic obstructive pulmonary disease, 
PAOD: peripheral arterial occlusive disease, CVA: cerebrovascular accident, PTCA: percutaneous transluminal coronary angioplasty, CHF: congestive 
heart failure. 
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Table 2. Multivariate analysis using Cox regression model of risk factors associated with the all-cause mortality that all univariate-
significant factors were included among type 2 diabetic patients with CAD after CABG surgery. 

All causes of death (yes vs no) 

 Male  Female  Total  

 
 
 
Variable  RR         (95%CI)  RR          (95%CI)  RR         (95%CI)  

Gender (male vs female) ----- ----- ----- ----- 0.26 (0.13-0.54) 

Operation age (yrs) 1.03 (0.97-1.10) 1.15 (1.04-1.27) 1.05 (1.00-1.10) 

Emergent operation (yes vs no) 10.56 (0.67-20.06) 21.29 (10.03-39.43) 12.45 (0.21-22.77) 

Smoking (yes vs no) 3.44 (1.01-11.70) 2.56 (0.35-18.48) 2.03 (0.82-5.00) 

Myocardial infraction (yes vs no) 4.77 (1.23-18.86) 1.46 (0.13-2.83) 3.31 (1.27-6.80) 

Pulmonary edema (yes vs no) 1.55 (0.53-2.39) 6.56 (1.22-15.21) 2.00 (0.33-3.51) 

Sepsis (yes vs no) 6.50 (0.61-12.41) 4.97 (0.19-19.81) 5.67 (0.42-13.27) 

Respiratory failure (yes vs no) 4.21 (1.48-7.99) 3.10 (0.01-5.03) 3.65 (1.12-10.88) 

Cardiogenic shock (yes vs no) 12.58 (3.25-20.77) 1.40 (0.16-12.61) 6.53 (2.00-19.64) 

Congestive heart failure (yes vs no) 3.77 (1.10-13.45) 2.91 (0.82-10.24) 3.76 (1.37-8.92) 

HbA1c (%) 1.28 (1.01-2.68) 2.87 (1.56-4.72) 1.81 (1.03-3.00) 

Type of bypass (arterial vs venous) 0.39 (0.22-0.53) 0.67 (0.47-0.81) 0.57 (0.30-0.74) 

Ischaemic time (min) 1.00 (0.97-1.03) 1.01 (0.94-1.08) 1.00 (0.97-1.03) 

Cardiopulmonary bypass time (min) 1.01 (0.98-1.02) 0.99 (0.96-1.04) 1.00 (0.98-1.02) 

Pre-operation LVEF (%) 0.96 (0.93-1.00) 0.94 (0.89-1.00) 0.96 (0.93-0.98) 

Post-operation LVEF (%) 0.98 (0.93-1.04) 0.98 (0.93-1.03) 1.00 (0.97-1.05) 

ICU stay (days) 1.01 (0.98-1.05) 1.05 (1.02-1.09) 1.04 (1.02-1.06) 

CAD: coronary artery disease, CABG: coronary artery bypass grafting, LVEF: left ventricular ejection fraction 

 
independent Student’s t-testing was applied for discrete or 
continuous variables, respectively. The Kaplan-Meier 
method was used to estimate the cumulative survival of 
diabetic patients after CABG surgery. Multiple Cox re-
gression was used to investigate the independence of 
factors associated with all-cause mortality after CABG 
surgery when variables were significant by univariate 
analysis. Subjects were considered as censored cases if 
the outcomes were not available. A p-value of < 0.05 was 
considered statistically significant. The results are pre-
sented as means  standard deviations (SDs). 
 
3. RESULTS 
 
3.1. Baseline Characteristics 

Table 1 shows the comparison of baseline characteristics 
between males and females among diabetic patients with 
CAD after CABG surgery. The females differed from the 
males in the following ways. Females had a lower pro-
portion of smoking (11.5% vs 27.5%), alcohol con-
sumption (6.8% vs. 14.1%), arterial bypass received 
(68.9% vs 79.9%) and a lower CAD number (2.740.54 
vs 2.830.44) than males. Females had a higher pro-
portion of hypertension (78.7% vs 71.8%) and renal 
failure (20.9% vs 14.1%), were older (66.508.18 yr vs 
64.0210.05 yr), had a longer duration of diabetes 
(14.785.32 yr vs 12.644.85 yr), had higher FPG 
(201.2106.6 mg/dl vs 169.1107.6 mg/dl), SBP 

(141.122.2 mmHg vs 135.020.7 mmHg) and cho-
lesterol (204.3131.8 mg/dl vs 189.344.3mg/dl), had 
longer days of ICU stays (8.6413.88 yr vs 6.447.17), 
and had better preoperative LVEF (54.0919.91% vs 
50.9319.68%). 

3.2. Survival Rates, Deaths, and Causes of 
Death 

One hundred and five out of 816 study patients died 
during the 7-year follow-up. Of these deaths. The major 
causes of death were septic shock (35.2%) and heart 
failure (29.5%). As Figure 1 shows, the 1-month, 1-year, 
3-year, 5-year, and 7-year cumulative survival among 
diabetic patients with CAD after CABG surgery were 
95.96% (95% confidence interval (CI): 94.61-97.31%), 
92.83% (95%CI: 91.04-94.62%), 88.80% (95%CI: 86.51- 
91.09%), 85.56% (95%CI: 83.33-87.79%), and 83.51% 
(95%CI: 80.12-86.90%), respectively. A statis- tical sig-
nificance (p=0.04) of gender difference was found for 
seven-year cumulative survival after CABG surgery 
(males: 86.01% vs females: 77.65%). 
 
3.3. Risk Factors for Mortality 
 
The effect of independently associated risk factors upon 
all-cause mortality among diabetic patients with CAD 
after CABG was examined using the multiple Cox re-
gression models. As is depicted in Table 2, subsequent to  
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Figure 1. Seven-year cumulative survival among type 2 dia-
betic patients with CAD after CABG surgery in males versus 
females. 

 
adjustment for confounding factors, gender (male vs. 
female, RR=0.26, 95%CI: 0.13-0.54), age at surgery 
(RR=1.05, 95%CI: 1.00-1.10), respiratory failure (yes vs. 
no, RR=3.65, 95%CI: 1.12-10.88), cardiogenic shock 
(yes vs. no, RR=6.53, 95%CI: 2.00-19.64), congestive 
heart failure (yes vs. no, RR=3.76, 95%CI: 1.37-8.92), 
HbA1c (RR=1.81, 95%CI: 1.03-3.00), type of bypass 
(arterial vs venous, RR=0.57, 95%CI: 0.30-0.74), preop-
erative LVEF (RR=0.96, 95%CI: 0.93-0.98), and days of 
ICU stay (RR=1.04, 95%CI: 1.02-1.06) appeared to be 
statistically significantly related to all-cause mortality. 
The dramatically different results of multiple Cox re-
gression analyses of the data stratified by gender also 
show in Table 2. 
 
4. DISCUSSION 
 
4.1. Implications of Gender Difference as  

Regards Associated Risk Factors for  
All-Cause Mortality 

Diabetes is known as a determinant of prognosis in CAD 
and may pose an increased risk for major complications 
during CABG surgery [3,18]. Diabetic patients represent 
about 20% of patients undergoing CABG surgery [19]. 
Although previous studies have shown that diabetic pa-
tients with CAD have worse long-term survival after 
CABG than non-diabetics [1,2], the plausible biological 
mechanisms that could link diabetes to the early and late 
outcome of CABG remain uncertain. The extent of vas-
cular compromise in diabetes is of particular relevance in 
CAD patients, as it might account for the more severe 
coronary artery pathology and might also impair the 
biological integrity of the bypass grafts [3,20,21]. Pre-
served functional and structural properties of CABG 
conduits are essential for a successful myocardial revas-
cularization [3,21]. 

The continuing surgical and technical improvements in 
the operative management of CAD patients who undergo 

CABG surgery, as well as consistently better anesthetic 
and postoperative care, might have made it difficult to 
identify any specific gender-related risk factors associ-
ated with all-cause mortality. However, our results 
showed that diabetic females with CAD who were re-
ferred for CABG surgery clearly differed from males in 
that they were older and had a higher proportion of hy-
pertension and renal failure. This finding not only implies 
that females were at a later disease stage or had more 
serious symptoms than males before being referred for 
CABG surgery, but also that associated chronic diseases 
were major risk indicators for females with CAD [17,22]. 
In addition, females more frequently had renal dysfunc-
tion. To some extent, this might be explained by older age 
and more frequent histories of personal disease such as 
diabetes mellitus and hypertension [22].  

In the present study, female diabetic patients with CAD 
had slightly elevated all-cause mortality during the 7-year 
study when compared to male patients. Our findings are 
in agreement with previous experiences focused on all 
CAD population that showed gender differences in late 
mortality [17,22]. They are also in agreement with a large 
study taking major risk factors into account that showed 
that there were no substantial differences in the long-term 
survival of males and females after CABG surgery [22]. 
Although there seem to be only small differences overall 
in long-term survival after CABG surgery between males 
and females, there may be greater gender differences in 
specific patient subgroups. But after adjustment for con-
founding factors, female sex was still independently as-
sociated with all-cause mortality in the current study. This 
difference between male and female may become of 
greater importance than in earlier times because the 
population of patients undergoing CABG surgery has 
aged, there are more patients with abnormal pre- and 
postoperative LVEF and the patient populations have 
more diffuse diseases [16,22].  

It should be noted that a difference in survival rates in 
females and males occurs after CABG surgery about 4 to 
5 years in this study. Previous studies have also shown 
that after adjustment for all independent predictors of 
long-term mortality, female sex was an independent pre-
dictor of improved 5-year survival [23]. While the in-
formation yielded by univariate analyses was valuable, 
the relationships between predictors and all-cause mor-
tality among diabetic patients with CAD after CABG 
surgery were far too complex to be answered completely 
by univariate analysis. It has been well documented in 
many academic studies that females presenting for CABG 
have a vastly different preoperative risk profile than that 
of their male counterparts [23]. The risk profiles of males 
and female are quite different and indicate that although it 
is usually appropriate to directly compare the two groups, 
male and female, with respect to a specific predictor, the 
predictor might be inappropriate. The use of multivariate 
models is particularly important because they fully ac-

p-value for  
log-rank test=0.04 
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count for all related important risk factors. In this study, 
some risk factors for all-cause mortality were detrimental 
to males and others were more detrimental to females 
after CABG surgery. Greater adverse preoperative char-
acteristics such as diabetic females being older and hav-
ing more associated diseases can be suggested as one 
explanation of the higher mortality rates among female. 
Since female gender was an independent predictor of 
all-cause mortality in the multivariate analysis, discrep-
ancies in preoperative demographic or clinical charac-
teristics could only explain part of the increased mortality 
rates among diabetic females after CABG surgery. 
However, dissimilarities in profiles between female and 
male diabetic patients might contribute to the debate 
about the gender difference in outcome after CABG sur-
gery [23,24]. In addition, increased mortality among 
female patients was probably due to the fact that females 
had more comorbid conditions than did men at the time of 
referral, perhaps because they were not being evaluated 
aggressively enough [25]. From the viewpoint of pre-
ventive medicine, although discrepancies suggest that 
associated predictive variables for long-term survival 
after CABG surgery differ between hospitals and could 
change with time, regular identification of risk factors 
makes it possible to focus attention on current problems 
to minimize surgical risk and reduce mortality, especially 
among females. Clinical decision making and follow-up 
should also not be influenced by stereotypes but by spe-
cific findings. 

4.2. Methodological Considerations 

Although based on the follow-up study design, that is, 
being prospective in design as well as including all dia-
betic patients with CAD who underwent CABG surgery 
in a well defined patient population for 7 years, we not 
only determined the hospital mortality, but also further 
explored the cumulative survival and prognostic factors 
related to all-cause mortality among diabetic patients with 
CAD after CABG surgery. The present study still has 
some limitations that need to be considered while as-
sessing the results. First, some of the clinical variables 
obtained from medical records could have resulted in 
misclassification bias. Nevertheless, it seems reasonable 
to assume that if misclassification bias was present, it was 
not related to gender and all-cause mortality, thus could 
be viewed as nondifferential misclassification. Second, 
potential Berkson’s bias (selection bias) was inevitable 
due to the hospital-based study design. This population 
was not only not exactly representative of the whole 
general population, but it was also difficult to estimate the 
survival of a matched total population sample in Taiwan, 
preferably in the region of Taipei. Third, due to having no 
information on the quantity and duration of some risk 
factors such as smoking and alcohol drinking, we could 
not clarify the dose-response effect between specific 
personal habits and all-cause mortality. Fourth, the female 

sample size might not be large enough to identify the 
exact confidence interval of related prognostic factors. 
Further studies should be conducted with larger sample 
sizes for female to re-examine gender-specific prognostic 
factors for long-term survival among diabetic patients 
with CAD after CABG surgery. 
 
5. CONCLUSIONS 
 
The all-cause mortality of diabetic patients with CAD 
after CABG surgery and several gender-related differ-
ences pertaining to all-cause mortality were investigated, 
including the relationships between all-cause mortality 
and smoking, myocardial infarction, cardiogenic shock, 
respiratory failure, congestive heart failure, older age at 
surgery, emergent operation, pulmonary edema, and days 
of ICU stay. In order to increase long-term survival 
among diabetic patients with CAD, adequate diagnosis 
and treatment risk factors after CABG surgery are essen-
tial. 
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ABSTRACT 

Differentiating pasteurized milk and reconsti-
tuted milk by scientific approach was necessary 
to defend consumer from economic fraud of 
wrong labeling. In this paper 2DGE (2 Dimen-
sional Gel Electrophoresis)-coomassie brilliant 
blue staining method was employed and sig-
nificant color intensity changing was observed 
among raw milk, pasteurized milk, UHT milk and 
reconstituted milk. For example, the intensity of 
10 protein spots including casein and lac-
toglobulin reduced more than two folds from 
pasteurized milk to reconstituted milk. However, 
DIGE (Differential Gel Electrophoresis) assay 
showed that the majority protein remained simi-
lar level from pasteurized milk to reconstituted 
milk. Therefore the color fading of coomassie 
brilliant blue stained 2D gels may be due to other 
biochemical reaction, such as Maillard reaction, 
instead of protein degradation. Stability of 2DGE 
pattern was confirmed by running six gels of the 
same sample in parallel and software analysis 
showed that all proteins were at similar level. Two 
commercialized pasteurized milk samples and 
one reconstituted milk sample were tested by 
2DGE-coomassie blue staining method and re-
constituted milk could be easily identified. 

Keywords: 2DGE; Coomassie Brilliant Blue;  
Pasteurized Milk; Reconstituted Milk 

1. INTRODUCTION 

China has recently become one of the ten biggest milk 
producers in the world [1]. Fluid milk products include 
pasteurized milk and reconstituted milk. Chinese product 
standard of pasteurized milk (GB5408.1) commanded that 
only fresh raw milk could be used as raw material for 

pasteurized milk, while reconstituted milk made by re-
solving milk powder in water and sterilization was cate-
gorized as sterilized milk (GB5408.2). Compared to pas-
teurized milk, reconstituted milk underwent more com-
plicated thermal process including spray drying, pasteuri-
zation, UHT-treatment or in-bottle sterilization [2]. Be-
cause of higher cost at factory location, seasonal variation 
and transportation, pasteurized milk claims higher price 
than reconstituted milk. It is reported that the price for 8 
tons of raw milk in China is about 20,000 YUAN, while the 
price for 1 ton of imported milk powder is 14,000-15,000 
YUAN which could be made into 8 tons of reconstituted 
milk [3]. However, as a lot of literature pointed out, inten-
sive thermal treatment would compromise milk nutrition 
and flavor [4], thus consumers prefer pasteurized milk to 
reconstituted milk and were concerned at possible eco-
nomic fraud by labeling reconstituted milk as pasteurized 
milk. 

A few analysis techniques such as CE (Capillary Elec-
trophoresis), HPLC (High performance liquid chromatog-
raphy), ELSD (Evaporative Light-scattering Detector) 
have been applied in differentiating pasteurized milk and 
reconstituted milk [2,5]. In these methods, individual pro-
tein or sugar ingredient, for example furosine, lactoglobu-
line, HMF (hydroxymethylfurfural) is quantified, which 
demands complicated pre-procession of milk sample. Re-
sults of above-mentioned studies revealed significant 
change of protein component during the procession of milk. 
In this paper, we reported the application of 2DGE (2 Di-
mension Gel Electrophoresis) technique in an overall 
analysis of protein profile change related to milk thermal 
procession, revealing a significant alteration of protein 
component between pasteurized milk and reconstituted 
milk. Compared to other methods, 2DGE is characterized 
by simplicity in sample preparation, ability of parallel 
treatment of several samples and being information-rich. In 
recent years, 2DGE have been widely applied for food 
analysis [6-8]. A number of research work have been done 
in milk proteome such as Equidae milk [9], marsupial 
Trichosurus vulpecula milk [10], early lacatation milk of 
the tammar wallaby [11], κ-casein micro-heterogeneity in 
bovine milk [12] and whey protein [13]. In our proteomic *Corresponding author. Tel: 0086-10-85783587; Fax: 0086-10-85774634
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study of milk product, it showed that 2D patterns after 
coomassie brilliant blue staining could differentiate pas-
teurized milk and reconstituted milk according to the 
change of color intensity of some protein spots. 

 
2. MATERIAL AND METHODS 
 
2.1. Material 

Pooled raw milk sample was collected from Sanyuan 
Dairy Company and immediately sent to milk processing 
laboratory in Food Institute of China Agricultural Uni-
versity for heat processing. Dry milk powder was also 
collected from the company and reconstituted in accor-
dance with the original milk/water ratio, then pasteurized. 
After preparation, total protein concentration of each 
sample was determined. Raw milk was centrifuged at 
1100g, 20mins and fat cream was removed. Three com-
mercialized milk samples were bought from local su-
permarket including two pasteurized milk samples from 
different supplier and one reconstituted milk sample. All 
samples were stored at 4C for immediate use or at -80C. 

2.2. Total Protein Concentration Determination 

Total protein concentration was determined using Protein 
Assay Kit (NoVagen, Merk, Darmstadt, Germany) fol-
lowing the instruction. The optical absorbance value was 
recorded on ELISA reader (Thermo Fisher Scientific, MA, 
USA). Protein concentration was calculated on the basis 
of Absorbance-Concentration curve of reference BSA 
standards. 

2.3. 2DGE 

In preparation for IEF running, 10μL milk was mixed 
with 440μL of solubilization buffer consisting of 8 M urea, 
400mg/L CHAPS, 40 mM Tris, 50mg/L pH 4.7–5.9 car-
rier ampholytes (Bio-rad, Hercules, California, USA) and 
100 mM DTT. The sample was used to hydrate a 17cm 
pH4.7–5.9 IPG strip for 12 h at room temperature. Hy-
drated IPG strips were focused in a PROTEAN IEF Sys-
tem (Bio-rad, Hercules, California, USA) at 100 V for 1 h 
followed by 500 V for 1 h and 1 kV for 1 h before the 
voltage was increased to 8 kV for a total of 100 kVh. In 
the second dimensional SDS-PAGE assay, focused strips 
were first balanced in equilibrium buffer I and buffer II, 
then embedded with 0.5% agarose on top of 14% poly-
acrylamide gels (18×18 cm). Electrophoresis was per-
formed in PROTEAN II XL Cell (Bio-rad, Hercules, 
California, USA) at 5 mA/gel for 2 h followed by 20 
mA/gel for 16 h. Gels were stained with Coomassie Bril-
liant Blue G-250 and destained in 1% acetic acid. Images 
were captured on Versadoc Imager (Bio-rad, Hercules, 
California, USA) in transmission mode. 

2.4. DIGE 

Milk samples were labeled with Cy dye (CyDye DIGE 
Fluors, GE Healthcare, Buckinghamshire, UK) according 

to the instruction. Sample pooling strategy was modified 
as 5μL milk labeled with 1μL cy working solution 
(400pmol/μL). All of the 10μL labeled sample comprised 
with 5μL pasteurized milk and 5μL reconstituted milk 
was pooled together. 2DGE was run following above- 
mentioned procedure. 

2.5. Data Analysis 

2DGE profiles caught by Versadoc imager were analyzed 
with PDQuest software 7.4.0 (Bio-rad, Hercules, Cali-
fornia, USA). After automatic spot detection, spot view 
was performed to display quantity of protein spots. For 
DIGE imaging, specific cy channel was selected. 

2.6. Spot Digestion 

In-gel digest was conducted following procedure of lit-
erature (Holland etal. 2004). Digestion product was pu-
rified using Ziptip C18 pipette tip (Millipore, Danvers, 
MA, USA) following instruction. In the final elution step, 
peptide was dissolved in 10mg/mL a-cyano-4-hydroxy-
cinnamic acid in 0.1%TFA/50%ACN and directly applied 
to MALDI-TOF analysis. 

2.7. MALDI-TOF and Database Search 

One microliter purified peptide solution was spotted onto 
a stainless steel MALDI target. Spectra were acquired 
using a 4700 MALDI-TOF mass spectrometer (Applied 
Biosystems, Foster City, CA, USA) in delayed extraction 
mode. Tryptic digests were analyzed in positive ion re-
flectron mode with an accelerating voltage of 20 kV, grid 
voltage at 64% and a delay time of 165 ns. One hundred 
laser shots were accumulated for each spectrum. Peptide 
mass fingerprint (PMF) of cut protein spot was analyzed 
by MS-fit program of the ProteinProspector software 
(University of California, USA). SwissProt.20071010 
database was searched and searching parameter was set as 
follow: Bos Taurus species, Tol 1 Da, Min matched pep-
tide set as 6. 
 
3. RESULTS AND DISCUSSION 
 
Raw milk sample was taken from pooled milk container 
to minimize heterogeneity of protein composition. Milk 
was processed in lab to ensure the authenticity of proc-
essing condition. Different PI ranges were tried to de-
termine the best 2DGE condition (2DGE of methods 
section). As shown in Figure 1, pH4.9-5.7 IPG strip pro-
duced the most satisfied 2D pattern in terms of protein 
spot quantity and separating size among these spots.  

Total protein concentration of raw milk, pasteurized 
milk, UHT milk and reconstituted milk was calculated by 
Biuret method as shown in Table 1. After comparison of 
the 2D-coomassie brilliant blue staining patterns of the 
four milk samples shown in Figure 2, we found that for 
the majority of protein spots, color intensity decreased si 
gnificantly from raw milk, pasteurized milk, UHT milk to  
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SDS-PAGE was run in 7cm×7cm gels. 

Figure 1. 2DGE profiles at different IPG range. 
 

 
Ten microliter milk of each sample the protein concentration of 
which has been modulated at the same level was loaded. 

Figure 2. 2DGE profiles of raw milk, pasteurized milk, UHT 
milk and reconstituted milk. 

 

 
Those spots were begot by PDQuest software analysis. The analysis 
set manager was defined as pasteurized milk two times higher in 
quantity than reconstituted milk. 

Figure 3. Quantitative comparison of ten protein spots among 
raw milk, pasteurized milk, UHT milk and reconstituted milk. 

 
reconstituted milk. Quantitative analysis by PDQuest 
confirmed the trend. As shown in Figure 3, after the 
analysis set template was defined as pasteurized milk 
being two fold above reconstituted milk, ten spots were 

 

Table 1. Protein concentration of raw milk, pasteurized milk, UHT 
milk and reconstituted milk. 

Assay Raw milkPasteurized milk UHT milk Reconstituted milk

A1 0.227 0.237 0.233 0.228 

A2 0.224 0.235 0.227 0.231 

A3 0.23 0.224 0.24 0.225 

A 0.227 0.232 0.233 0.228 

C(mg/ml) 23.5 23.8 23.8 23.6 

 
detected. The quantity of the protein spots as represented 
by the Y axis decreased when milk was heat treated and 
the difference between pasteurized milk and reconstituted 
milk was remarkable. 

In order to prove that under standard operation proce-
dure 2DGE pattern was characterized by good repeat-
ability, six 2D gels of pasteurized milk were run in par-
allel. Raw maps of coomassie blue staining were shown in 
Figure 4. All gels presented similar pattern and PDQuest 
analysis showed similar quantity level for all protein 
spots.  

Protein spots were extracted, digested and identified by 
MALDI-TOF. As shown in Figure 5, 16 spots were suc-
cessfully identified as casein and its isomers, lactoglobu-
lin and lactate dehydronese-like protein.  

The above experiments demonstrated that after 
coomassie blue staining, color intensity of most proteins 
decreased when milk sample was processed under thermo 
condition and the difference between pasteurized milk 
and reconstituted milk was significant enough to be used 
in product identification. As for the reason behind the 
changing trend, Maillard reaction should be considered 
other than proteins degradation since Maillard was the 
most significant biochemical process during heat treat-
ment of milk [4,14]. In Maillard reaction, the reducing 
sugar covalently binds to the epsilon amide residue of 
lysine. We inferred that the intensity decrease of protein 
spots was related to coomassie brilliant blue staining. 
DIGE (2D Difference Gel Electrophoresis) was then 
conducted to understand the true situation of protein  
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2DGE profile was shown as raw map. Spot quantity was shown in the small box below the map. 

Figure 4. Six 2DGE profiles of pasteurized milk run in parallel to confirm the stability of the method. 
 

 
The left figure was peptide mass fingerprint of one protein after in-gel digestion. The right table showed identification re-
sults of several proteins after database search. 

Figure 5. Identification of milk proteins by MALDI-TOF. 
 
quantity changing between pasteurized milk and reconsti-
tuted milk. As shown in Figure 6, after pre-stained with 
cy3 and cy5 respectively, pasteurized milk and reconsti-

tuted milk were mixed together and run in the same 2D 
gel. Images of cy3 and cy5 showed that the majority of 
protein spots had similar level of fluorescence intensity.  

SSP  ID Protein  function 

3701 Beta-casein 

5901 Alpha-S2-casein 

4901 Alpha-S2-casein 

7901 Alpha-S2-casein 

8901 Alpha-S2-casein 

5701 L-lactate dehydrogenase A-like 6B 

9401 Kappa-casein 

3302 Bate-lactoglobulin 

4101 Bate-lactoglobulin 

1701 L-lactate dehydrogenase A-like 6B 

4701 L-lactate dehydrogenase A-like 6B 

6901 Alpha-S2-casein 

6801 Alpha-S2-casein 

7601 L-lactate dehydrogenase A-like 6B 

3001 Alpha-S1-casein 

3903 Alpha-S2-casein 



M. C. Hsiung et al. / HEALTH 1 (2009) 146-151 
 

SciRes Copyright © 2009                                  http://www.scirp.org/journal/HEALTH/

150 

 
Profiles were shown as Gaussian map. Spot quantity was shown in the small box below the map. In each box, left column corresponded to recon-
stituted milk and right column to pasteurized milk. 

Figure 6. DIGE profiles of pasteurized milk and reconstituted milk. 
 

 
These three samples were bought from local supermarket. 

Figure 7. 2DGE-coomassie brilliant blue staining profiles of three commercialized milk samples. 

Openly accessible at  
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PDQuest analysis indicated that the quantity difference 
between pasteurized milk and reconstituted milk was less 
than two folds. Thus we suppose the remarkable diverge 
between cydye labeling and coomassie blue staining was 
due to different staining mechanism. Cydye DIGE fluors 
were designed to covalently attach to the epsilon amino 
group of lysine of proteins in a “minimal labeling” way 
which means the dyes labeled only on a single lysine per 
protein molecule. Therefore Maillard reaction would not 
affect staining efficiency. As for coomassie blue, the 
mechanism of staining is still not well understood ever 
since it was used in protein staining 45 years ago. How-
ever some literatures proved that coomassie blue varied 
widely in its ability to bind proteins due to its affinity for 
protein rich in basic amino acids such as lysine, arginine 
and histidine and its poor ability to bind with glycoprotein 
[15]. Moreover, since coomassie blue staining was not a 
“minimal labeling” technique, its labeling efficiency 
would be affected significantly by Maillard reaction. In 
fact the content of available lysine has often been used as 
marker of heat damage affecting dairy protein [16]. 

In order to verify the practicality of the method, three 
commercialized milk samples plus the reference pas-
teurized milk sample were tested in parallel. As shown in 
Figure 7, two pasteurized milk samples resulted in 
similar 2D pattern as reference sample. The reconstituted 
milk sample showed remarkably different 2D pattern. 
The seriously reduced level of protein staining indicated 
that the reconstituted milk sample might undergo stronger 
thermo treatment than pasteurization.  

Therefore, 2DGE-coomassie brilliant blue staining 
technique was proved to be very useful in differentiation 
between pasteurized milk and reconstituted milk in that 
color intensity of most proteins decreased significantly 
after heat treatment. DIGE experiment showed that true 
quantity of these proteins did not change much. Change 
of color intensity of different samples may be due to the 
decrease of labeling efficiency of coomassie blue caused 
by Mailard reaction after heat treatment. Therefore we 
could apply 2DGE-coomassie brilliant blue staining 
method for identification of pasteurized milk and recon-
stituted milk. Moreover 2DGE could be used to detect 
adulterated milk product according to different 2D pattern 
of protein from different organism or tissue. 
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ABSTRACT 

Na+ transport occurs across many epithelial 
surfaces and plays a key role in regulating salt 
and water absorption. The molecular pathway 
underlying this Na+ transport is the epithelial Na 
channel (ENaC), which is strictly determined by a 
variety of hormones like aldosterone, ADH and 
glucocorticoids. In this study, we found that 
stimulation of either aldosterone or dexameth- 
asone (Dex) distributed ENaC channel on the 
apical membrane of mouse cortical collecting 
duct cells (M1). In the single channel recordings 
from excised membrane, high density ENaC was 
found in the cell with a dome shape by the 
treatment of either dex or aldosterone. However, 
low active ENaC was revealed in intact cells 
treated with dex, when compared to cells treated 
with aldosterone. Only 5.84% of cells treated with 
dex containing ENaC exhibited ENaC current 
transition in the cell-attach recording, whereas 
40% of cells treated with aldosterone containing 
ENaC exhibited ENaC current transition. ENaC 
currents appeared rapid rundown within 5 min-
utes since formation of inside-out configuration 
in cells treated with aldosterone but not with dex. 
SKF-525A, a general antagonist of CYP, failed to 
significantly enhance ENaC activity in intact cells 
treated with dex, but EGTA, which deforming the 
cells, increased the ENaC activity in the cells 
treated with dex. PTX, an antagonist of G-protein, 
reversed the effect of aldosterone on number of 
active ENaC in intact cells. Based on our obser-
vation, we concluded that there are different 
mechanisms in regulation of ENaC activity be-
tween stimulation of aldosterone and glucocor-
ticoids. The activation of G-protein is required to 
maintain the activity of ENaC in the collecting 
ducts. 

Keywords: ENaC; Aldosterone; Glucocorticoids; 

Single Channel Recording 

1. INTRODUCTION 

Active transport of Na+ across epithelial cells plays an 
important role in maintenance of homeostasis of electro-
lytes and water in the body. Hormone sensitive Na+ re-
absorption is mainly mediated by epithelial Na+ channels 
(ENaC), which are distributed in distal and collecting 
nephron ducts, and alveolar epithelial cells. Disorder of 
ENaC could lead to Na+ and water retention [1], ‘dry 
lung’ and even death due to pulmonary edema [2]. Nev-
ertheless, ENaC activities are strictly under the control of 
a variety of hormones like aldosterone, ADH, and glu-
cocorticoids. 

Aldosterone is known to enhance the density of ENaC 
on apical membrane of epithelial cells by modifying gene 
expression. Several aldosterone sensitive genes including 
serum and glucocorticoid (GC) inducible kinase (SGK-1) 
[3,4], PI3-K [5] have implicated the action mechanism of 
GC. Previously in vivo and in vitro studies in a number of 
models show that endogenous and exogenous GC could 
enhance expression of ENaC and increase the Na+ uptake 
in airway [6-13], gut [14] and kidney [6,15]. The regula-
tion of ENaC by GC determines alveolar fluid clearance 
and lung development [9]. However, it still remains un-
clear of the mechanism in regulation of ENaC by GC, 
even by aldosterone. A slight difference in the expression 
of ENaC subunits has been observed in some studies. The 
expression of α subunit of ENaC is the most pronounced 
in lung, correlating with the high GC level, whereas ex-
pression of α, β and γ subunits of ENaC is gradually in-
creased in kidney and colon [9]. Aldosterone is the major 
regulator in kidney, although GC could also exert the 
effects on ENaC expression in collecting ducts [6,15]. Till 
today it is still less clear whether GC and aldosterone 
exert the same effects on ENaC. In this study, we em-
ployed the electrophysiology methods to examine ENaC 
activity in cells stimulated with either dexamethasone 
(dex) or aldosterone. 
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2. MATERIALS AND METHODS 

2.1. Cell Culture 

M1 cells (mouse kidney cortical collecting duct cells) 
were purchased from European Collection of Cell Cul-
tures at 21st passages. Cells were grown in the medium 
containing DMEM: Ham’s F12 medium (1;1) (Sigma), 2 
mM glutamine (Gibco), 5 µM dexamethasone (Sigma), 
5% FBS (Sigma) in a 5% CO2 and 37 ºC incubator. 1.5 
µM aldosterone (Sigma) was added into the culture me-
dium instead of 5 µM dexamethasone. When cells in the 
culture flasks reached 70% confluence, cells were seeded 
in low density to either coverslips or culture inserts (BD). 
SKF-525A was added in the culture medium containing 
dex 8 or 24 hours prior to experiments. Pertussis toxin 
(PTX) was prepared according to previous description 
[16] and manufacture instruction. Pertussis toxin was 
added in the culture medium containing aldosterone in 
final concentration 300 ng/ml 18 hours prior to experi-
ments. 

2.2. Single Channel Patch Clamp Recording 

Cell-attached single channel recording was performed as 
previously described [17]. Briefly, M1 cells on the cov-
erslip or insert were transferred into the recording 
chamber mounted on a Nikon inverted microscope 
(Nikon TE 2000U). Patch pipettes with a tip resistance of 
7 MΩ were fabricated from borosilicate glass capillary 
(1.5 od, 0.86 id) (Warner) on a Sutter Puller (P97). Bath 
solutions contained (in mM): 110 NaCl, 4.5 KCl, 1 MgCl2, 
1 CaCl2, 5 HEPEs, 5 Na-HEPEs, pH 7.2. Pipette solution 
contained (in mM): 110 NaCl, 4.5 KCl, 0.1 EGTA, 5 
HEPEs, 5 Na-HEPEs, pH 7.2. Single channel currents 
were recorded with an Axon 1D amplifier and Axon 
clampex 9.0. The recording was analyzed by axon 
clampfit 9.0. Due to the variance of channel open prob-
ability, the first 2-5 minute single channel recording in 
normal bath medium was used as the control and NPo of 
ENaC during the period of applying chemicals was di-
rectly compared with NPo of the control. Data is pre-
sented as means ± S.E.M., and statistical differences were 
compared using ANOVA, taking P < 0.05 as significant 
and represented as *. 

2.3. Chemicals 

The following chemicals were used: dexamethasone(Sigma), 
aldosterone (Sigma), SKF-525A (Biomol), pertussis toxin 
(PTX) (Sigma). Most chemicals which dissolved in ethanol 
were made up as 1000 to 5000 times stock. Preparation of 
PTX was following the previous description and manufac-
ture instruction. All chemical solutions were made as re-
quired on the day of experiments. The solvent, ethanol and 
DMSO at the same dilution, was tested alone in controls and 
had no effect. 

 

Figure 1. ENaC currents obtained in single channel recordings 
from excised membrane. a. In an inside-out recording, small 
conductance inward currents were recorded, when pipette 
voltage was held at +100 mV and +60 mV, respectively. b. In an 
outside-out recording, small conductance inward currents were 
monitored, when pipette voltage was held at -60 mV. Bath 
application of 5 µM amiloride almost abolished these currents. 
The currents were reversed, when bath amiloride was washed 
off. c. Currents corresponding to the voltages from inside-out 
and outside-out recordings were plotted. The points were fitted 
by a linear line. 

 

 

Figure 2. ENaC currents obtained in cell-attach recordings. a. In 
a cell-attach recording, inward currents were recorded, when 
pipette voltage was held at 0 mV and +40 mV, respectively. b. 
The figure represented multiple step currents recorded in cell- 
attach recording. c. The conventional histogram shows the 
current events against the current size. d. The I-V curve is ob-
tained from currents in cell-attach recordings. 

3. RESULTS 

3.1. Identification of ENaC Currents 

ENaC currents were identified in either inside-out or 
outside-out recording by the unique ENaC channel con-
ductance, sensitivity to amiloride and channel kinetics. 
Figure 1a represented the example currents recorded in 
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an inside-out recording. Currents were elicited when 
pipette voltages (Vp) were held at +100 mV and +60 mV, 
respectively. In an outside-out recording, the small con-
ductance currents possessed conductance similar to those 
obtained in inside-out recording. These currents were 
reversely sensitive to amiloride in the range of micro-
molar (Figure 1b). I-V curves constructed by currents 
obtained in either inside-out recording (n=50) or out-
side-out recording (n=20) were almost overlapped (Fig-
ure 1c) and possessed the same conductance (5.1 pS, 
fitted by linear line, r2=0.99). Figure 2a and Figure 2b 
represented the currents obtained in the cell-attach re-
cordings. Currents in Figure 2b contained a multiple 
transition status. I-V curve (Figure 2d) constructed by 
currents in cell-attach recordings possessed the similar 
conductance (5.0 pS, fitted by linear line, r2=0.99). 
Therefore, we concluded that currents detected in single 
channel recording in M1 cells were mediated by ENaC 
channel. 

 

Figure 3. The rundown of ENaC currents in cells treated with 
either dex or aldosterone. a represented single channel currents 
of ENaC in an inside-out recording within 10 minutes since 
formation of inside-out configuration in a cell treated with dex. 
b represented single channel currents of ENaC in an inside-out 
recording in a cell treated with aldosterone. c. Summary plots of 
NPo (+40 mV in a cell-attach recording) showing a sudden 
rundown during the period from 3rd to 5th minute in cells treated 
with aldosterone and a constant NPo in cells treated with dex. 

3.2. Different ENaC Activities in M1 Cells 
Treated with Either Dexmethasone (Dex) 
or Aldosterone 

 
There was no significant difference in cell morphology of 
M1 cells by different treatments with either dex or al-
dosterone. Electrophysiology experiments were per-
formed, when cells formed a monolayer. As a standard 
protocol, cell-attach recording was carried out for 5-10 
minutes in each cell prior to single channel recording 
from the excised membrane including inside-out re-
cording and outside-out recording. In cells treated with 
dex, 325 cells exhibited ENaC currents in either in-
side-out or outside-out recording, but only 19 of 325 cells 
possessed the detectable current transition of ENaC 
channel during 5-minute of cell-attach recording (Table 
1). However, in cells treated with aldosterone, 150 cells 
exhibited ENaC currents in either inside-out or out-
side-out recording, and 60 of 150 cells possessed de-
tectable current transition of ENaC channel during 
5-minute of cell-attach recording. Based on our observa-
tion, a large number of cells contained ENaC channels but 
they did not mediate Na+ currents, when cells were in the 
intact condition. About 5.84% of cells treated with dex 
could mediate Na+ currents, whereas 40% of cells treated 
with aldosterone could mediate Na+ currents, although 
these cells contained the ENaC in apical side of mem-
brane. However, cells possessed low active ENaC 
(p<0.05, in comparing with aldosterone treatment group) 
on the apical membrane when cells were incubated with 
aldosterone and PTX (300 ng/ml) 18 hours prior to ex-
periments. 

 

Figure 4. The morphology of M1 cells in monolayer selected for 
the patch clamping study. a, b, c, d represented the morphology 
of M1 cells in monolayer. Numbers 1 to 7 represented the cell to 
be studied. e and f represented the cell morphology after 10 
minutes of treatment of EGTA. 

 

 

Figure 5. M1 cells with certain patterns possessed high density of 
ENaC currents. 

 3.3. Rundown of ENaC Currents in Cells 
Treated with Either Dex or Aldosterone A6 [18,19] were stable for the initial 4 minutes and ex 

hibited a sudden rundown during the period from the 5th 
to 10th minute. In cells treated with dex, ENaC currents Previous studies have demonstrated that ENaC currents in 

Openly accessible at  
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Table 1. Active ENaC detected in different single channel configurations and cells with different treatment. In the cells treated with dex, 
325 cells possessed ENaC activity in inside-out recordings but only 19 out of 325 cells possessed ENaC activity in cell-attach re-
cordings. In cells treated with aldosterone, 150 cells possessed ENaC activity in inside-out recordings and 60 out of 150 cells possessed 
ENaC activity in cell-attach recordings. Deforming cells by EGTA enhanced the ENaC activity in cells treated with dex. SKF-525A did 
not significantly affect ENaC activity in cells treated with dex. PTX significantly reduced the number of active ENaC in intact cells 
treated with aldosterone. 

Number of cells detected ENaC Dex Aldosterone Dex+EGTA 
Dex+SKF 

525A 

Aldosterone 

+PTX 

Inside out recording Or outside recording 

(EC) 
325 150 80 62 75 

Cell-attach recording (CA) 19 60 15 4 1 

Percentage % (CA/EC) 5.84% 40% 18.8% 6.45% 1.3% 

 
from most cells maintained fairly constant open prob-
ability (Po) for over 10 minutes, since formation of in-
side-out configuration (Figure 3a). However, in cells 
treated with aldosterone, ENaC currents were stable for 
the initial 3-5 minutes and possessed a sudden rundown 
from then on (Figure 3b and Figure 3c). 

3.4. Enhancement of Na+ Currents in  
Dex Treated Cells 

Although the apical side membrane of M1 cells contained 
ENaC channels, only 5.84% of cells treated with Dex 
could mediate Na+ currents. SKF-525A, a general an-
tagonist of CYP, was then used to test whether the low 
activity of ENaC was due to 11,12-EET [20,21]. M1 cells 
were incubated with SKF-525A (60 µM) for 8 hours and 
even 24 hours. Activity of ENaC was then determined in 
the inside-out recording from 62 cells. About 4 out of 62 
cells possessed the ENaC currents in the cell-attach re-
cording (Table 1). There was no significant difference, 
when compared to cells treated with dex. Bath EGTA was 
then used to stretch the membrane and rearrange the cy-
toskeleton (Figure 4e and Figure 4f), which may affect 
ENaC activities. After the treatment of EGTA for 10 
minutes, the cell morphology displayed change within 
monolayer. The change always occurred in a patch. The 
patch was in the shape of a circle. Cells in the patch lost 
the flat structure and became swollen (Figure 4e) with 
dome. Cells in the right side of Figure 4f were still flat 
and tight, but cells on the left side were pulled by EGTA. 
After the wash off EGTA, single channel recordings were 
then performed. ENaC currents were detected in the in-
side-out or outside-out recordings from 80 cells. About 15 
out of 80 cells possessed the ENaC currents in the 
cell-attach recording. 

3.5. The Linkage Between Cell Morphology 
and Enac Detection 

The common morphology of M1 cells from a monolayer 
could be summarized into 7 shapes as shown in Figures 
4a-4d. Type 1 was flat and could be found in a very flat 

part of the monolayer. Types 2, 3, 5 and 6 had recogniz-
able surface domes. Type 4 also had a reasonable dome 
and formed a circle with other similar shape cells. Type 7 
was constituted by round cells found on the joint of flat 
patches. The percentage to detect ENaC currents in Type 
1 was 3% (3 out of 100), as compared to over 60% (90 out 
of 150) in Type 4. In addition, before cells formed the 
monolayer, there were the patterns as shown in Figure 5a 
and Figure 5b with high probability to detect ENaC 
currents over 60% (12 out of 20). 

4. DISCUSSION 

Dex and aldosterone were suggested to stimulate the 
activity and expression of ENaC in renal and pulmonary 
systems. In this study, we showed that both dex and al-
dosterone could allocate ENaC on the apical membrane. 
However, these ENaC channels mediating Na+ entry 
depended on the treatment on the cells. Only 5.84% of 
them in cells treated with dex could permeate Na+ entry, 
as compared to over 40% of them in cells treated with 
aldosterone. ENaC in cells treated with aldosterone pos-
sessed a quick rundown. The low percentage of ENaC 
permeating Na+ entry in cells treated by dex was not 
related to inhibition by 11,12-EET and likely due to ac-
tivation of G-protein and how channels were anchored on 
the membrane. Deformation of cytoskeleton of cells 
could enhance the percentage of ENaC to permeate Na+ 
entry in intact cells. 

In addition to the regulation on the ENaC transcription, 
hormones like dex, aldosterone and epidermal growth 
factor [22] exert the acute mediation on ENaC activity. 
These acute effects were revealed to link with the cellular 
level of PIP2. Anionic phosphilipids such as PIP2 
[18,19,23] and PIP3 [24-27], located in the inner leaflet of 
plasma membrane, were suggested to regulate the activity 
of ENaC [26]. The negatively charged head group of PIP2 
or PIP3 could directly interact with the positive charged 
cytoplasmic parts in β and/or γ subunits [19,24,26,28,29] 
of ENaC to exert the regulation. Evidences further indi-
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cated that aldosterone elevates the cellular concentration 
of PIP3 by activating PI-3-kinase to lock the cytoplasmic 
termini of ENaC to the inner surface of plasma membrane 
[3] and/or pull the channel to activate ENaC [25]. Al-
dosterone-induced protein K-Ras localizes PI3-K near 
ENaC. The spatial organization of phosphatidylinositides 
and specific phospholipid precursors [30,31] within cel-
lular-membrane might determine the turnover of ENaC to 
allow Na+ currents [32]. Therefore, the activation of 
PI3-K and spatial organization of phosphatidylinositides 
on the apical membrane by aldosterone might explain the 
active ENaC in the cells treated with aldosterone, but not 
dex, suggesting the presence of another mechanism. 

Degeneration of PIP2 by PLC [33] could lead to 
unlocking of cytoplasmic termini of ENaC [25,33], re-
sulting in decreased ENaC activity. It was manifested as 
the rundown of ENaC in excise membrane recording. 
Rundown of ENaC currents in excise membrane re-
cordings reflected the simultaneous/continuous activation 
of PLC in a platform interacting with PIP2 and ENaC. 
Such platforms were revealed in G protein activated in-
ward rectifying K+ channel [34], trp channel [35] and 
suggested to locate in β and γ subunits of ENaC [19]. 
Moreover, PLC-γ via receptor typrosine kinase [22] and 
PLC-β via Gq/11 [33,36] were demonstrated to mediate the 
degeneration of PIP2 in epithelial cells. However, the 
effects of PIP2 on ENaC activity are suggested to be 
permissive rather than regulatory [26]. Declines in PIP2 
levels are parallel to the loss of ENaC activity, whereas 
addition of exogenous PIP2 rarely causes ENaC open 
probability to exceed the control level in excise mem-
brane recording [36]. Increase in ENaC open probability 
by addition of PIP2 with GTP in inside-out recordings [19] 
implicates that the activation of G-protein plays an im-
portant role in regulating ENaC activity. Decrease in 
ENaC open probability by dialysis of intracellular GTP, 
which is not dependent on PI-3 K [37], further supported 
this hypothesis. We, therefore, proposed that activation of 
G-protein in cells treated with aldosterone might be the 
key to keep active ENaC on the membrane. Activation of 
G-protein could activate PLC, resulting in PIP2 degen-
eration. The rapid rundown of ENaC in cells treated with 
aldosterone might reflect activation of G-protein. In intact 
cells, the degeneration and resynthesis of phosphatidy-
linositides reach a balance to maintain the lipid compo-
nent of the membrane structure [38,39], but the lack of 
resynthesis of PIP2 pathway in excised membrane re-
cording causes the decline of PIP2, resulting in rundown 
of ENaC. Like aldosterone, dex too distributes ENaC on 
the apical membrane via a similar mechanism as aldos-
terone via SGK-1 [3,4,7,40,41]. It is demonstrated by the 
ENaC activity detected in inside-out recordings in cells 
treated with dex. The low active ENaC in intact cells 
treated with dex and constant ENaC open probability in 
inside-out recording might be attributed to the low activ-
ity of G-protein. The linkage between aldosterone and 

activation of G-protein could be implicated by experi-
ments that prevention of ATP release due to stimulation of 
aldosterone abolishes the aldosterone action [17]. Our 
observation that PTX incubation significantly reverses 
the effect of aldosterone on active ENaC in intact cells is 
consistent to previous report [42] and further supports our 
hypothesis.  

11,12 - EET, a metabolite of AA via CYP epoxygenase, 
was demonstrated to mediate the direct inhibition of 
ENaC [20]. The evidence that EET mediates the inhibi-
tion effect of adenosine [21] on ENaC indicates a pro-
found pathway to regulate the cellular EET level. The 
other rational explanation to low active ENaC in cells 
treated with dex is due to presence of cellular inhibitor of 
ENaC. We, therefore, applied SKF-525A, a general an-
tagonist for CYP, to reduce the cellular EET level. There 
was no significant difference in the ENaC activity in 
intact cells, suggesting that EET is not the case to respond 
to low active ENaC.  

It is widely accepted that ENaC activity is strongly 
regulated by cytoskeleton elements [43-45]. Recent evi-
dence that activation of P2 receptors in epithelial baso-
lateral membrane could deform the cells and eventually 
activate ENaC addressed the classic observation that 
aldosterone action on Na+ reabsorption relies on ATP 
production. Cell cytoskeletons could be deformed by 
many methods like ATP stimulation and EGTA. Our pre-
vious work demonstrated that elevation in [Ca2+]i could 
reduce ENaC open probability, but there was no signifi-
cant difference in ENaC activity, when 500 nM and 0 nM 
Ca2+ were in cytoplasmic medium. EGTA was, therefore, 
used to deform the cell. A significant increase in ENaC 
activity in cells treated with dex demonstrated that ele-
ments of cytoskeleton regulate ENaC activity. It also 
explains that ENaC activity is commonly observed in the 
excised membrane recording. However, the mechanism 
remains unclear. Consistent to previous observation [11], 
ENaC channels are in high density and distributed in the 
cells containing splitting pattern, suggesting that ENaC 
might involve cell differentiation and proliferation. The 
recognized dome in some cells, which contain ENaC on 
apical membrane, might be formed due to Na+ entry via 
ENaC with subsequent water entry.  

In conclusion, aldosterone and glucocorticords could 
increase the expression of ENaC and distribute ENaC on 
the apical membrane of cortical collecting duct cells. Low 
active ENaC is found in cells treated with dex. Activation 
of G-protein is required to keep the channel active. Al-
dosterone could lead to activation of G-protein to there-
fore possess high ENaC activity in intact cells. 
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ABSTRACT 

Based on the available data obtained from the 
population investigating, the authors reviewed 
research articles of the study on analytical me- 
thods and exposure levels of cadmium (Cd) in 
population, the injury of target organ, the evol- 
vement of sensitive index for surveillance, the 
study on effects of human disease and death for 
environmental Cd exposure, and the study on 
priority surveillance of human health risk. 

Keywords: Cadmium Pollution; Population  
Investigation; Disease Surveillance; Renal Damage 

1. INTRODUCTION 

Cadmium (Cd) is a toxic heavy metal which can be 
accumulated in human body and environment long-term. 
The health risks of environmental Cd pollution have 
caused the concern all over the world since the “itai-itai” 
disease caused by chronic Cd poisoning appearing in 
Japan in 1950’s. Series of criteria and guidelines have 
been developed in many countries and international orga- 
nizations to guide the study on health effect of Cd po- 
llution. Cd has been ranked at the sixth of toxic subs- 
tances for significant human health hazard by U.S Poison 
and Disease Registry [1]. At the same time, this element 
has been a focus of study on environmental pollution in 
the United Nations Environment Programs and the Inter- 
national Commission on Occupational Health. It was also 
put on a priority position of the study on food contami- 
nation in the World Health Organization [2]. Cd pollution 
of industrialization began in the early 1960’s in China and 
then many studies on popular health effects of environ- 
mental Cd pollution have been carried out in 1980’s and 
early of 1990’s. It was estimated that the total area 
polluted by Cd in China is more than 11000 hectares, and 
there were 11 provinces and municipalities, 25 territories 
production Cd-polluted rice (Cd concentration 1.32~5.43 

mg/kg) (Ministry of Farming Animal Husbandry and Fish- 
eries, Beijing, Internal report, 1980). Annual amount of Cd 
with industrial waste discharged into the environment was 
more than 680 tons [3,4]. Unfortunately, there were few 
researches of Cd pollution on human health effects after 
the 1990s in China besides some follow up investigations 
of resident’s health effects which were carried out only in a 
few contaminated areas. It is these studies that showed the 
Cd-polluted actives have not been efficiently dealt with over 
last 20 years in China, and the health risk of residents living 
in contaminated areas has been becoming more serious 
than those in the 1980’s [5-8]. The environmental Cd 
exposure occurs mainly in Japan and China. In other 
countries, the intensity and duration of Cd exposure and the 
injury occurring in populations are in a relatively low level, 
with little related literature reported [9,10].  

Population expositing to environmental pollutants has 
a general character of low-dose, long-term, and chronic 
poisoning, which will cause two different kinds of 
chronic health effects, damage of target organs and non- 
specific changes for population such as weakness, ease to 
suffering from illness and rise of morbidity and mortality 
etc. In this paper, the information from population-based 
study on human health effects of environmental Cd pollu- 
tion was reviewed. 

2. TARGET ORGANS DAMAGE OF  
ENVIRONMENTAL Cd EXPOSURE 

Main work of study on popular health effects caused by 
environmental Cd pollution can be divided into different 
scopes: target organ (kidney, bone, prostate, etc.) damage, 
biomonitoring, dose-response relationship, investigation 
of exposure level, mortality, and survival analysis [11]. 
There were some studies on mortality and survival analy- 
sis in recent years in China [8]. 

2.1. Target Organ Damage and 
Biomonitoring 

Based on results of toxicological studies, the researches 
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on human specific-injury caused by Cd exposure have 
focused on injury biomonitoring of bones and urogenital 
system. The main researches were early screening for the 
early sensitive biomonitoring indices, monitoring and 
evaluation of target organ damage, and study on the dose- 
response relationship between Cd exposure and health da- 
mage indices. There were a lot of early indices of kidney 
damage applied in the popular surveys. Some were related 
to body burden of Cd exposure, such as blood Cd (B-Cd) 
and urinary Cd (U-Cd); some were sign of bone injury, 
such as bone mineral density (BMD), urine calcium, urine 
phosphorus, urine or serum alkaline phosphatase (U-, B- 
ALP), urine hydroxyproline (U-HOP), and so on. Index 
commonly used to show Cd accumulation level in renal 
cortex and the whole body was U-Cd. There are generally 
two different kinds of groups of biomonitoring indices for 
renal tubular dysfunction and renal tubular pathological 
damage: urine protein and urine enzyme. The former included 
urineβ2-micro-globulin (Uβ2-MG), α1-microglobulin (Uα1- 
MG), retinolbinding protein (U-RBP), metallothionein (U- 
MT), albumin (U-ALB), amino acids, and so on. The latter 
were urine N-acetyl-β-D-glucosaminidase (U-NAG), alka- 
line urine (U-ALP), and γ-glutamyltranspeptidase enzyme 
(γ-GT), etc [5,9,12]. Urine enzyme was mainly from renal 
tubular epithelial cell, therefore, changes of enzyme 
activity in urine had been considered as representative 
indicator of renal tubular injury comparing with urinary 
protein serving as tubular re-absorption dysfunction indi- 
cator. However, the most commonly used indices were 
U-Cd, Uβ2-MG, and U-NAG (U-NAG applying in 3 ways: 
A-isozyme, B-isozyme and total NAG, renal tubular epi- 
thelial cells are rich in B-NAG), among which good 
correlations have been observed. Early sensitivity of urinary 
enzymes or urine protein reported in many literatures. It is a 
result of the survey reported by different authors carrying 
out at different Cd exposure stages, different accumulating 
Cd exposure level causing different health effects. Analyz- 
ing the progress of chronic Cd poisoning, the urinary protein 
mainly from the serum did not increase significantly when 
there was no renal glomerulus and re-absorptive in the 
early stage. In this period, phenomena of Cd nephrotoxic 
was a rise in U-Cd and urinary enzymes. With the 
increase in Cd exposure level, U-Cd, urine enzyme and 
urine protein would be synchro-increasing, it was a sign 
of renal tissue injury with renal dysfunction. The renal 
tubular injury induced by environmental Cd exposure was 
irreversible even after soil replacement in Cd-polluted rice 
paddies [13-15]. In the late stage of Cd exposure, it would 
be seen that U-Cd and urinary protein increased sharply 
with urinary enzyme active reducing. Therefore, in practice, 
application of specific biomonitoring indicators and result 
analysis should consider the levels of U-Cd and cumu- 
lative Cd exposure of population in different con- 
taminated areas [16,17]. It was estimated based on litera- 
tures that some of above indicators appearing in the urine 

in correspondence to 24-hour urinary Cd concentrations 
were: Ca: 1.9μg, U-NAG: 2.74μg, U-RBP: 2.87μg, Uβ2-MG: 
3.05μg, amino acids: 4.29μg. In addition, when U-Cd 
began to rise abnormally, the other biomarks would be at 
the levels of: U-NAG: 2.74μg, U-RBP: 338μg, Uβ2-MG: 
283μg [10]. If an individual has synchronized with 
increasing in the levels of U-Cd, Uβ2-MG and U-NAG 
over national standard value, it would mean that the 
individual’s health had been severely damaged suffering 
from environmental Cd pollution. And if there were 10% 
individuals with severe health damage in a contaminated 
area at the same time, it would be judged to be a 
contaminated area with popular health damage according 
to the health standards of China [18]. Government should 
take action to control environmental pollution and prevent 
residents in the area from Cd health damage. 

The first change of biomark index corresponding to 
environmental Cd exposure was the increase of U-Cd. 
When the level of U-Cd arrived at approximately 2.5～5.0μg/g, 
the indices of renal dysfunction and renal tubular injury 
began to change [19-22]. However, some researchers [8,23, 
24] calculated benchmark doses (BMDs) of U-Cd and their 
95% lower confidence bounds (BMDLs) for renal effects 
of Cd in a population with low environmental exposure. 
Yasushi et al. [23] obtained BMDs of U-Cd were lower 
than the critical concentrations previously reported. For 
both NAG and protein HC, the BMDs (BMDLs) of U-Cd 
were 0.5-1.1 (0.4-0.8) μg/L (adjusted for specific gravity of 
1.015 g/ml) and 0.6-1.1 (0.5-0.8) μg/g creatinine. But 
considering age effect, it was important to establish the 
threshold level of Cd exposure at each age [14,15]. In the 
late of chronic Cd poisoning, with U-Cd and Uβ2-MG 
significantly increasing [25-27], the bone injury indicators 
and U-ALB were expected to show a significant change. 
Usually, bone damage was a delayed sign of severe chronic 
Cd poisoning. Population-based studies [28-31] showed an 
association between osteoporosis and low-level environment- 
tal Cd exposure. Cd can cause bone demineralization, either 
through direct bone damage or indirectly as a result of renal 
dysfunction. Result of a study [32] indicated that excretion 
of urinary Vitamin D-binding protein (DBP, which binds, 
transports and activates vitamin D, plays a major role in 
calcium homeostasis and bone turnover) in urine may be 
linked to renal tubular dysfunction and possibly bone 
lesions in the inhabitants of Cd-polluted areas. Nordburg 
et al. [33,34] reported that the BMD decrease in post- 
partum women with raised levels of U-Cd or B-Cd, and 
BMD decrease in men with increased levels of B-Cd in 
Asia excluding Japan. Kido’s [35] studies had shown that 
the urinary indicators of renal function (β2-MG) and in- 
dicator of Cd exposure in male and female were negatively 
correlated with the central part of the second metacarpal 
BMD. Cd induced the disorders of normal osteoblasts and 
bone metabolism through disrupting calcium messenger 
system, led to osteomalacia, increased the dissolution of 
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calcium, decreased BMD, and caused osteoporosis [36]. 
Environmental Cd exposure may also be associated with 
increased risk of dental caries in deciduous teeth of 
children [37]. 

Jin et al. [38,39] had reported prostate damage induced 
by Cd, but little information was provided in population 
research. 

2.2. Estimation of Cd Intake Level 

Early research on the population Cd intake levels mainly 
focused on estimating daily intake. It was a static mode 
and just got a cross-sectional data at surveying day. This 
method could not get accumulation exposure level, a very 
important data to observe and research a relationship 
between Cd intake and chronic health damage. For this 
reason, many people used total intake (or the cumulative 
intake) to find out the relationship between accumulative 
Cd intake and health chronic injury as well as key point of 
chronic damage at different total intake level, which 
would be corresponding to different degree of health 
injury [40,41]. Japanese scholars reported their result that 
they used the data of daily intake level multiplying by 
total exposure days to estimate population total intake 
level [42-44]. This method did not consider a difference in 
food intake levels at different age stages, generally, and 
the amount estimated in this method might be greater than 
actual intake level. There were some scholars who cal- 
culated the Cd total intake through way of estimating the 
cumulative rice consumption. Two different methods 
were accepted to estimate the cumulative rice consum- 
ption. One method is that total rice consumption was 
calculated using consumption in various age groups, 
which was estimated based on the curve equation of daily 
average rice consumption in various age groups [40], the 
another way, which used coefficient to estimate, the total 
rice con- sumption was reckoned according to various 
coefficients of various age groups. The coefficients were 
set as follows, 0~9 age group: 0.413, 10~19 age group: 
0.885, 20~59 age group: 1, and age group beyond 60: 
0.823 [41]. Two kinds of methods both considered the 
differences in dietary consumption in children and elder 
population, and the calculated results were also similar 
(estimated Cd intakes for the 45-year-old group are 
161mg and 166mg, respectively). Chiyoda [45] used 
urine protein and urine sugar as biomonitoring indicators, 
and estimated that the allowed total intake of Cd in 
Japanese was less than 1.58g in their life. Due to the lack 
of continuous monitoring data, the estimating value of 
population total intake was a relative result, it would be 
mainly applied in evaluating the group exposure, and 
considered only as a reference value when used to 
identify the health damage of individual [40]. 

2.3. Dose-Response Relationship  
on Cd Exposure 

It has been possible to link the total Cd intake with 

population health damage dynamically by calculating 
accumulative Cd intake so that a regress formula could be 
gotten between population health damage degree and Cd 
exposure dose. The result of digitizing health damage 
degree makes it possible to compare all of information 
from different authors’ studies in a dosage scale. Health 
damage degree corresponding to different accumulative 
exposure dose could also be used to predict the tendency 
of population health damage caused by Cd exposure 
which based on the data of environmental monitoring or 
biomonitoring. A large number of articles had reported 
the dose-response relationship between the total Cd 
exposure and biomonitoring indicator of popular health 
injury, and explored the level of Cd exposure associated 
with the degree of health injury. These reports about 
dose-response relationship focused on the association 
between Cd exposure and indicators of renal injury, such 
as: U-Cd and Uβ2-MG, U-NAG, U-RBP, and so on. The 
estimation of total exposure level laid basis on the unit of 
population group, which corresponded to the incidence of 
abnormal value of a variety of monitoring indicators, the 
occurrence of specific chronic diseases, such as fracture 
morbidity and mortality of “itai-itai” disease. Some 
authors had used U-Cd as indicator of Cd exposure to that 
of responsive renal injury indicator to calculate relation- 
ship between exposure and response, and observe deve- 
lopment trend and degree of renal injury [46-48]. 
Japanese scholars also used Cd concentration of rice in 
different regions, corresponding to incidence of abnormal 
monitoring indicators, to calculate dose-response rela- 
tionship. Nevertheless, this method which only provided 
a relationship between different exposure level and index- 
es of popular health damage just was a static model of 
dose-response relationship. 

2.4. Mortality and Survival Analysis of 
Population Exposed to Environmental Cd 

Mortality of people exposed to environmental Cd had 
been reported in China and Japan. Kawana [49] reported 
the mortality rate of “itai-itai” disease was 72.6 % (50.4% 
in control group) from 1967 to 1982, the average survival 
time was 76.4 year-old (control group: 78.3 year-old) with 
statistically significant differences. Kobayashi [50] had 
studied on relationship between the level of urine calcium 
and life expectancy, as well as the number of female 
pregnancy and childbirth associating with popular morta- 
lity. He found that the lower urine calcium, the shorter 
life-span. But popular mortality was not associated with 
the number of pregnancy and childbirth. Death analysis in 
Japan mainly adopted a method of following-up observa- 
tion [51,52]. Based on the biomonitor data from past 
population-based survey, they collected the data of death 
records from Cd contaminated areas and analyzed morta- 
lity and survival time to observe the changes of popular 
renal injury indicators, such as U-Cd, Uβ2-MG, U-RBP 
and so on, in the areas where populations had exposed to 
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environmental Cd at different levels. Different from common 
disease surveillance, there was no cause-specific death or 
disease-specific mortality reported in those reports. Since 
the discovery of itai-itai disease, Japanese scholars had 
observed and studied on the damage of the death in 
Cd-exposure population. The studies had shown that 
higher volume of Cd in rice caused population higher Cd 
exposure, and then could induce population to have a 
series of health effects, such as more severe renal injury, 
higher mortality, shorter survival time, and more unfavorable 
the prognosis [48,50,53-56]. Even if zinc-Cd smelters 
closed, historical environmental contamination remained a 
persistent source of exposure. Environmental exposure to 
Cd increased total, and noncardiovascular mortality in a 
continuous fashion without threshold [57,58]. One study 
[59] found that environmental Cd exposure was asso- 
ciateed with an increasing risk of all cause, cancer, and 
cardiovascular disease mortality among men, but not among 
women. Additional efforts are warranted to fully explain 
gender differences on the impact of environmental Cd 
exposure. 
 
3. HUMAN NON-SPECIFIC DAMAGE FROM 

ENVIRONMENTAL Cd POLLUTION 
 
In addition to target organ damage, there were still some 
non-specific impacts of environmental Cd pollution on 
the human health. Low IgG level of children with higher 
Cd body burden suggested that Cd could affect develop- 
ment of children’s immune system. According to the de- 
tection of immunoglobulin sub-type, IgG3 was the most 
sensitive to the inhibitory effect of Cd, followed by: IgG1, 
IgG2, IgM and IgG2a. Therefore, IgG could be used as the 
sensitive indicator of immune suppression of children 
exposed to Cd [60]. EU Toxicology, Eco-toxicology and 
Environmental Science Committee had agreed with the 
opine that Cd exposure could have immunosuppressive 
effects [61]. Gary [21] reported that the urine Cd in 3 levels 
of 0~0.99μg/g Cr (control group), 1.00~1.99μg/g Cr and 
≥2μg/g Cr respectively, its OR for the early stage of 
diabetes were: 1.48 (95%CI: 1.21~1.82) and 2.05 (95%CI: 
1.42~2.95); the OR for type Ⅱ diabetes: 1.24 (95%CI: 
1.06~1.45) and 1.45 (95%CI: 1.07~1.97) [2]. Early 
diabetes (IFG) and type Ⅱ diabetes had significant dose- 
response relationships with urinary Cd concentration, it 
suggested that the two kinds of human diseases had 
related to the Cd exposure.  

Many literatures reported the impact of Cd on human 
reproductive system. Falcon [62] reported that pregnant 
women exposed to environmental Cd might have an adverse 
effect in perinatal period, e.g. fetal growth retardation, low 
birth weight, birth deformities and premature. Nishijo et al 
[63-65] reported that mothers with higher urinary Cd 
concentration would be company with higher levels of Cd 
and lower calcium concentration in their breast milk. Cd 

exposure may be a possible cause of male infertility. A 
significant negative correlation was observed between 
serum Cd level and all examined biophysical semen 
characteristics except sperm volume [66]. 

Nishijo et al. [55,67] reported that there were dose- 
response relationships between Cd exposure and mortality 
risks in both male and female in the Cd contaminated 
areas. Chronic exposure to Cd could increase popular 
mortality and shorten life expectancy. In recent years, a 
15-year-follow-up investigation of 3119 residents living in 
Cd polluted area had confirmed that Cd exposure was 
associated with popular mortality [55]. Another survey 
found the standardized mortality rates of six kinds of 
diseases in Cd contaminated areas were higher than non- 
contaminated areas, such as cancer, respiratory disease 
and cerebrovascular disease. Some population-based studies 
reported that Cd exposure was associated with increased 
risk of breast and endometrial cancer [68-70]. These 
might because that Cd mimicked the function of steroid 
hormones [71]. Moreover, data suggested that Cd ex- 
posure was associated with increasing testosterone levels 
[72]. High testosterone levels have been associated with 
the risk of breast cancer. But more experimental and 
epidemiological studies are required to establish a cause 
and effect association between the metal and hormone 
dependent cancers and to verify the mechanism of action. 
Cd exposure via inhalation might associate with some 
human cancers, but Verougstraete [73] did not think that 
it could cause human cancer exposing to environ- mental 
Cd. Cd levels in blood were associated with a modest 
elevation in blood pressure [74]. A 15-year-follow-up 
study found that mortality for heart failure and cerebral 
infarction was increased among inhabitants living in a 
Cd-polluted area in Japan [54].The incidence of subhealth 
state of population in Cd pollution area was higher than 
that of people in non-polluted area, such as dizziness 
headache, loss of appetite, coughing, shortness of breath, 
etc. The morbidity of chronic disease was also significantly 
higher than that of people in non-polluted area, such as 
stomach and duodenal ulcer, bronchitis, urinary calculi, 
and so on. The health status of residents in the polluted 
area had been impacted by the environmental Cd pollution, 
the infant mortality. The pre-mature deliver rate in the Cd 
polluted area was higher than those of control area, and the 
spectrum of popular disease and death in polluted area was 
significantly high than those of people in control area 
[75,76].  

Some research data [77] indicated that Cd exposure 
could result in pancreatic dysfunction and the effect appeared 
at lower urinary Cd level than renal dysfunction. But 
more studies were needed to prove it. 

The research data on non-specific hazards of environ- 
mental Cd pollution was not too much, because the health 
effects of population were characterized by target organ 
damage in the early stage of chromic Cd poisoning, which 
had led main studies focusing on effects of renal injury, a 
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special-effects, in a long time, yet few investigations on 
the change of popular mortality and morbidity of environ- 
mental Cd exposure. 

 
4. MONITORING AND EARLY WARNING 

STUDIES ON POPULATION HEALTH 
HAZARDS 

 
Thacker [78] put forward the concept of Environmental 
Public Health Surveillance (EPHS) in 1996. The U.S. 
Center for Disease Control and Prevention (CDC) has 
been laying the groundwork for what was planned to 
become a nationwide environmental public health track 
network in 2002 for integrating network to assess local 
and state data to determine exposures and health effects 
linked to environmental hazards. CDC also provided the 
EPHS system with a set of environmental public health 
indicator (EPHI) in 2003, including: 1) hazard indicators 
(Conditions or activities that identify the potential for 
exposure to a contaminate or hazardous condition); 2) 
exposure indicators (Biological markers in tissue or fluid that 
identify the presence of a substance or combination of 
substance that could harm an individual); 3) health effect 
indicators (Disease or condition that identify an adverse 
effects from exposure to a known or suspected environ- 
mental hazard); 4) intervention indicators (programs or 
official policies that minimize or prevent an environ- 
mental hazard, exposure, or health effect). Project- 
specific monitoring indicators needed to meet the following 
requirements: 1) measurable; 2) trackable over time; 3) based 
on demonstrated links between environment and health; 4) 
useful and understood by diverse populations; 5) informative 
to the public and to responsible agencies; 6) tied to public 
health objectives; 7) action-oriented; 8) incorporated in 
clear-case definitions [79]. In 2005, the U.S CDC announced 
the launch of national network-building projects EPHS. 
Combining with population disease information, EPHS 
would help to assess hazard factors in the environment, 
the main exposure routes, the health effects of population 
and time trends through monitoring environmental 
harmful factors, investigating the exposure routes and 
identifying people at risk, timely releasing and delivering 
relevant information to help high-risk people to avoid the 
exposure to hazard factors and reducing the incidence of 
chronic diseases in population. Its basic object was to 
realize the integration of disease and death data monitor- 
ed continuously and routinely with the occasional pro- 
fessional investigation of environmental risk factors and 
the individual-based population health evaluation data. 
EPHS was different from any other existing monitoring 
system. Its characteristics included: identify the health 
effect trend of population exposed to environmental risk 
factors based on the routine analysis of data on population 
disease and death; determine the environmental risks and 
population health status through professional targeted 

research [80]. The raise of EPHS concept was the over- 
throw of conventional route of monitoring and early 
warning study on population health risks. It was com- 
bined with environmental benchmark dose exposure and 
referred to the EAI (environmental accident index) in- 
dicators. The integration of environmental hazard surveys 
monitoring data and human disease surveillance data pro- 
vided scientific opportunities for the development of 
population health hazard monitoring and early warning 
system studies. EPHS was expected to be an ideal 
technical platform, which was able to integrate all kinds 
of disease control tasks and disciplines in the field of 
environmental health and combine the main tasks of CDC 
at all levels. 
 
5. RESEARCH OBJECTIVES  

IN THE FUTURE 
 
It is very important to explore the risk factor for “Itai-Itai” 
disease exposed to environmental Cd continuously in 
long time and at high level, which has already existed in 
China [81]. It is not time to say stop, although great ach- 
ievement has been made in study on health effect of 
exposure to environmental Cd. There is a lot of work 
needed to do for realizing Cd health risk well in the future. 
The main research objects should focus on: 1) continue to 
conduct follow-up study on health hazards of all kinds of 
people, evaluate the population Cd exposure and the 
severity of health damage related, and analyze its trend; 2) 
concern about the human disease and death impact due to 
Cd exposure, collect and screen the information of popu- 
lation disease and death closely related to Cd exposure, 
and study the link and dose-response relation-ship between 
kidney damage and Cd exposure; 3) establish human health 
hazard monitoring and early warning network of Cd exposure 
in the framework of environmental public health monitoring; 
4) implement prevention and intervention research on 
population health hazards of environmental Cd exposure 
to reduce the risk of population Cd exposure and health 
injury related. 
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ABSTRACT 

Objective: Exposure to various toxic metals has 
become an increasingly recognized source of ill- 
ness in human and animals, worldwide. Arsenic 
(As) and its compounds cause adverse health 
effects in animals and humans. Recently, it has 
been suggested that the pineal gland may also 
have antioxidants role due to secretary product 
other than melatonin. With keeping this view, pre-
sent investigation tested effect of buffalo (Bubalus 
bubalis) pineal proteins (PP) on arsenic-induced 
oxidative stress in RBCs (Red blood cells) and 
kidney of rats. Methods: Eighteen adult female 
Wistar rats were grouped into group-I (Control), 
group-II (Arsenic control), and group-III (Arsenic 
+ Pineal proteins). Experimental rats were given 
100 ppm arsenic (p.o.) for 4 weeks alone or along 
with pineal proteins at a dose of 100 µg/kg body 
weight (i.p.). Results: Interestingly, arsenic ex-
posure led to the stimulation of kidney catalase 
(CAT) activity, but inhibition of RBCs CAT activ-
ity and significantly (P<0.05) increased the RBCs 
and kidney lipid peroxidation level (LPO). How-
ever, arsenic treatment caused depletion of glu- 
tathione (GSH), superoxide dismutase (SOD), 
glutathione peroxidase (GPx), and glutathione 
reductase (GR) in kidney tissues. In RBCs, only 
GR and CAT activity were significantly (P<0.05) 
declined. These changes were significantly (P<0.05) 
reversed by PP treatment in arsenic exposed 
animals. Conclusion: Therefore, present study 
indicated the significant protecting effect of buf-
falo (Bubalus bubalis) PP against arsenic in-
duced-oxidative stress through antioxidant de-
fense systems in rats. 

Keywords: Arsenic Toxicity; Blood; Buffalo Pineal  
Proteins; Kidney; Oxidative Stress; Free-Radicals; Rat 

1. INTRODUCTION 

Recent studies by Flora, 1999 [1], Bhadauria and Flora, 
2007 [2] and Modi et al., 2007 [3] have suggested that 
arsenic toxicity is associated with the induction of oxida-
tive stress in vital organs through overproduction of re-
active free radicals (ROS) and inhibition of antioxidant 
enzymes activity. Research performed by Halliwell and 
Gutteridge, 1992 [4], shows the importance of certain 
enzymes in oxidative defense systems as they metabolize 
either free radicals or reactive oxygen intermediates to 
no-radical products. These enzymes play important role 
in free radical scavenging and amelioration of oxidative 
stress (OS). Study done by Halliwell and Gutteridge, 
1992 [4] and Halliwell, 2006 [5], further revealed that 
antioxidant defense mechanisms in our vital organs are 
not sufficient to prevent toxicity-related increase in oxi-
dative damage and therefore exogenous intake of anti-
oxidants might have protecting role for preserving their 
physiological functions. A growing number of studies 
have been designed to test the antioxidant effect of some 
agents to prevent toxicity-related degenerative changes in 
vital organs. Studies done by Varner et al., 1998 [6] have 
shown the vital role of kidney in xenobiotics metabolism. 
Since, kidney and blood are among the most vulnerable 
biological system during oxidative stress and any xeno-
biotics metabolic disturbances. Therefore, kidney damage 
due to OS further aggravates the kidney dysfunction. This 
may result in additional toxic metabolites load to renal 
system and may cause more insult to kidney due to high 
OS. Hence, in present study these organs are sampled for 
study. As per studies of Reiter, 1991 [7] and Halliwell, 
2006 [5], supplementations of antioxidants are needed to 
enhance these antioxidative enzymes level for preventing 
OS. Studies of Reiter et al., 1995 [8] illustrated the neu-
roendocrine functions of the pineal affect on wide variety 
of physiological role in our body. Few studies of Si-
monneaux and Ribelayga, 2003 [9] and Tandon et al., 
2006 [10] revealed that beside melatonin (MEL), the  
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Table 1. Distribution of experimental rats to different treatments. 

Groups  Body weight (g) Treatments Dose Route of administration 

I Control (28 D) 
141.67 a 
±3.57 

Drinking water 
+ Normal saline 

Adlibitum 
Oral 

Intra peritoneal 

II As 
218.33 b 
±11.53 

Arsenic + 
Normal saline 

100 ppm As 
Oral with drinking water 

Intra peritoneal 

III As+PP 
145.00 a 
±6.58 

Arsenic + 
Pineal Proteins 

100 ppm As 
100 µg/kg BW 

Oral with drinking water 
Intra peritoneal 

      

Values (n=6); Means ±S.E) in the same column bearing no superscript (a, b, c) common vary significantly (P<0.05). 
As: arsenic; PP: Buffalo pineal proteins 

 
pineal gland secretes and expresses certain proteins es-
sential for various physiological functions. The study of 
Bharti and Srivastava, 2009a [11] has suggested that the 
pineal gland may also have antioxidants role due to sec-
retory product other than MEL. Literature regarding the 
physiological role of PP and peptides in arsenic-induced 
OS is completely lacking. However, earlier laboratory 
findings revealed that, these buffalo PP and peptides have 
certain physiological functions viz. immunopotentiation 
by Ramasamy, 2006 [12], heat stress by Sejian, 2006 [13], 
amelioration of fluoride-induced OS and apoptosis by 
Bharti, 2008 [14] and Bharti and Srivastava, 2009b [15]. 
These findings suggest the test for protecting role of PP 
against As-induced OS in kidney and blood. Therefore, 
the present study will investigate the physiological role of 
buffalo pineal proteins in amelioration of arsenic-induced 
oxidative stress through modulation of certain antioxidant 
defense systems. The present study will further substan-
tiate the physiological role of PP on antioxidant defense 
systems, and findings may have significant implications 
in elucidating the therapeutic use of pineal proteins as 
antioxidants drugs and management of toxicity. 
 
2. MATERIALS AND METHODS 
 
All the procedures conducted on the experimental ani-
mals were duly approved by the Institutional Animal 
Ethics Committee (IAEC) and Committee for the Purpose 
of Control and Supervision of Experiments on Animals 
(CPCSEA). 

2.1. Chemicals 

The chemical, glass and plastic were procured as per 
requirement from different suppliers. All these metal salts 
are soluble in water. All other chemicals used in the study 
were of analytical grade from HiMedia, Loba Chemie 
(Mumbai, India); Sigma Chemical Co., St. Louis; USA; 
Genei, Bangalore; SRL Chemicals, India. 

2.2. Experimental Animals 

Experimental adult female Wistar rats (123-142 g BW) 
were procured from the Laboratory Animal Resource 
(LAR) Section, Indian Veterinary Research Institute, 
Izatnagar-243122, U.P., India. Rats on arrival were ex-

amined for any abnormality or overt ill health. After an 
acclimatization period of one week, they were weighed 
and randomly assigned to various groups so as to give 
approximately equal initial group mean body weights. 
Rats were housed in polypropylene cages and rice husk 
was used as the nesting material. Animal room tempera-
ture and relative humidity were set at 21±2 oC and 
50±10%, respectively and lighting was controlled to give 
12 h light and 12 h darkness. All the animals had free 
access to standard laboratory animal diet and clean water. 
The animals were checked daily for the health and hus-
bandry conditions.  

2.3. Experimental Design 

Eighteen adult female Wistar rats were grouped into 
control (Group I), arsenic control (Group II), and arsenic 
and buffalo pineal proteins (PP) (Group III) and given 
different treatment (see Table 1). Before the start of ex-
periment, appropriate dose of arsenic and pineal proteins 
were optimized in pilot trial. Arsenic (As) level in 
drinking water was calculated and thereafter-required 
concentration of As (100 ppm) was made by additional 
sodium arsenite daily for 28 days. We used buffalo PP as 
our agent since we have previously published this reagent. 
Dose of pineal proteins was calculated based on animal 
body weight and thereafter, they were dissolved in vehicle 
(normal saline) and administered (daily for 28 day) in-
traperitoneally (i.p.). Solutions for administration in ex-
perimental animals were prepared daily to minimize 
possible instability of the chemicals in the mixture. 

2.4. Sample Collection 

Daily observations were taken for the behavioral changes, 
clinical signs of toxicity and mortality, if any, throughout 
the experimental period. The rats were euthanized by 
using ether at the end of experiments (28 day), then blood 
and kidney were collected.  

The heparinised blood samples were centrifuged at 
2000 rpm for 15 min, and RBCs (Red blood cells) were 
separated. The resulting erythrocyte (RBCs) pellet was 
washed thrice with phosphate buffer saline (PBS, pH 7.4) 
and dilution (33%) was made in PBS (pH 7.4). This 33% 
packed RBCs was used for the estimation of lipid per-
oxidation (LPO), reduced glutathione (GSH), glutathione 
reductase (GR), glutathione peroxidase (GPx) and hae-
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moglobin (Hb). Another 1:10 dilution of packed RBCs in 
PBS was used for the estimation of catalase (CAT) and 
superoxide dismutase (SOD).  

Immediately, kidney was cleaned, rinsed in chilled sa-
line, blotted and weighed. Thereafter, 200 mg of sample 
was weighed and taken in 2 ml of ice-cold saline. Another 
200 mg of sample was weighed separately and taken in 2 
ml of 0.02 M EDTA for GSH estimation. Kidney ho-
mogenates were prepared using IKA homogenizer (Ger-
many), under ice-cold condition. Homogenate were col-
lected and centrifuged for 10 min at 3000 rpm at 4˚C. 
Thereafter, cell free supernatant were collected and trans-
ferred to pre-cooled microfuge tube in duplicate and stored 
at below -20 oC. These supernatants were used for estima-
tion of total proteins, LPO, CAT, SOD, GPx, GR activity, 
and GSH concentration. 

2.5. Analytical Procedures 

Enzymatic (CAT, SOD, GR, GPx) and non-enzymatic 
(GSH) antioxidant defense systems are essential to 
combat OS in the body. These parameters are up regulated 
by antioxidants supplementation. Therefore, to test anti-
oxidant properties of PP, we examined these parameters. 
Absorbance of all the tissue biochemical estimations was 
read, using Double Beam UV-VIS Spectrophotometer 
(UV 5704 SS, ECIL, India). 

2.5.1. Lipid Peroxidation (LPO) 
Membrane peroxidative damage in RBCs and kidney 
tissues due to free radicals was determined in terms of 
malondialdehyde (MDA) production by the method of 
Rehman, 1984 [16]. Lipid peroxidation in blood was 
expressed as n M of MDA per ml of RBCs homogenates 
and in kidney tissues as nM of MDA formed per g of wet 
tissue. 

2.5.2. Reduced Glutathione (GSH) 
The concentration of GSH in kidney homogenates was 
estimated by evaluating free-SH groups, using DTNB 
method described by Sedlak and Lindsay, 1968 [17] and 
the results have been expressed as µM/g of GSH per g of 
wet tissue. However, in blood, GSH was estimated by the 
5, 5’dithiobis (2-nitrobenzoic acid; DTNB) method of 
Prins and Loos, 1969 [18] and expressed as mM GSH per 
ml of packed RBCs. 

2.5.3. Catalase (CAT) 
Activities of catalase enzymes in blood and kidney tissues 
were estimated by spectrophotometric method as describ- 
ed by Bergmeyer, 1983 [19] and were expressed as nM 
H2O2 utilized /min /mg protein and in blood, mM H2O2 
utilized /min /mg Hb 

2.5.4. Superoxide Dismutase (SOD) 
Superoxide dismutase activities in blood and kidney 
homogenates were estimated as per the method described 
by Madesh and Balasubramanian, 1998 [20]. It involves 
generation of superoxide by Pyrogallol autoxidation and 

the inhibition of superoxide-dependent reduction of the 
tetrazolium dye MTT [3-(4-5 dimethyl thiazol 2-xl) 2, 5 
diphenyl tetrazolium bromide] to its formazan, measured 
at 570 nm. Superoxide dismutase activity in blood was 
expressed as U/g of Hb and as U/g of protein in kidney 
tissues. 

2.5.5. Glutathione Peroxidase (GPx) 
Glutathione peroxidase (GPx) activities in blood and 
kidney were determined by the method of Paglia and 
Valantine, 1967 [21]. The enzyme activity in kidney has 
been expressed as U/mg of protein, and one unit of en-
zyme activity is defined as 1 nM of substrate (NADPH) 
utilized/min/mg protein and in blood as µmole NADPH 
oxidized to NADP/ g of Hb/min. 

2.5.6. Glutathione Reductase (GR) 
The GR activities in kidney and blood were assayed by 
the method of Goldberg and Spooner, 1983 [22]. The GR 
activity in kidney tissues has been expressed as nM 
NADPH oxidized to NADP/ g of protein/min and in 
blood as nM NADPH oxidized to NADP/ g of Hb/min. 

2.5.7. Protein Assay 
Protein contents in kidney homogenates were determined 
and calculated by the method of Lowry et al., 1951 [23] 
and result has been expressed as mg/g of tissue. 

2.5.8. Hb Estimation 
Haemoglobin concentrations in packed RBCs were esti-
mated by spectrophotometric method using Drabkin’s 
solution (Span India Kit). 

2.5.9. Statistical Analysis 
Differences between groups were statistically analyzed 
by one-way ANOVA, and the differences between the 
means of groups were separated by least significant dif-
ference (LSD) test. All data were presented as 
mean±standard error. Values of p< 0.05 were regarded as 
significant. A computer program (SPSS 10.01, SPSS Inc. 
Chicago, IL, USA) was used for statistical analysis. 
 
3. RESULTS 
 
We evaluated different enzymatic and non-enzymatic 
antioxidant defense system to assess the As-induced OS and 
its amelioration by PP. All the comparisons were made 
between vehicle and PP with control animals (28 days). 
We did not find any abnormal behavior in animals during 
the entire period of investigation and none of the animals 
died in any group. We did not observe any gross abnor-
malities in the organs of female rats in different treat-
ments. Experimental data obtained in present study were 
presented in tabular form (Means ±S.E) (see Tables 2, 3).  

A significant (P<0.05) increase in lipid peroxides level 
along with a concomitant decrease in the activities of CAT 
and GR antioxidants enzymes were observed in RBC (Red 
blood cells) of arsenic administered (100 ppm As/day in 
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Table 2. Effect of different treatments on lipid peroxidation (LPO), catalase (CAT), superoxide dismutase (SOD), glutathione reductase 
(GR), glutathione peroxidase (GPx), and reduced glutathione (GSH) level in RBCs of female rats. 

Group    Parameters   

 
LPO 

(nM MDA/ml) 

CAT 
(mM/min 
/mg Hb) 

SOD 
(U) 

GR 
(µM/min 

/g Hb) 

GPx 
(µM/min 

/g Hb) 

GSH 
(µM 
/ml) 

I 
10.23 a 
±0.86 

105.70 b 
±7.85 

8.12 a 
±0.41 

0.66 b 
±0.58 

8.35 
±1.04 

0.37 
±0.22 

II 
16.23 b 
±2.88 

73.12 a 
±6.95 

9.29 a 

±1.31 
0.45 a 
±0.39 

9.08 
±1.11 

0.44 
±0.18 

III 
6.51 a 
±0.99 

96.03 a b 
±10.85 

16.84 b 
±1.32 

0.68 b 

±0.82 
11.83 
±1.29 

0.43 
±0.30 

Values (n=6); Means ±S.E) in the same column bearing no superscript (a, b, c) common vary significantly (P<0.05). 

Table 3. Effect of different treatments on lipid peroxidation (LPO), catalase (CAT), superoxide dismutase (SOD), glutathione reductase 
(GR), glutathione peroxidase (GPx), and reduced glutathione (GSH) level in kidney of female rats. 

Group    Parameters   

 
LPO 

(nM MDA/g) 

CAT 
(nM/min 

/mg protein) 

SOD 
(U) 

GR 
(nM/min 

/mg protein) 

GPx 
(nM/min 

/mg protein) 

GSH 
(µM 

/g tissue) 

I 
5.00 a 
±0.13 

251.70 a 
±4.58 

5.98 c 
±0.17 

126.64 c 
±8.47 

20.13 b 
±1.11 

3.50 b 
±0.63 

II 
16.17 c 
±0.18 

428.76 c 
±13.17 

3.33 a 
±0.12 

46.57 a 
±8.43 

13.23 a 
±1.66 

1.92 a 
±0.46 

III 
7.24 b 
±0.83 

286.86 b 
±7.59 

5.05 b 
±0.26 

95.10 a 
±9.33 

18.58 b 
±0.82 

3.54 b 
±0.11 

Values (n=6); Means ±S.E) in the same column bearing no superscript (a, b, c) common vary significantly (P<0.05). 

 
drinking water for 28 days) rats (see Table 2). In RBCs, 
only GR and CAT activity were significantly (P<0.05) 
declined in arsenic alone treated group. However, GPx, 
GSH, SOD levels were unchanged in arsenic treated ani-
mals compared to control animals (see Table 2). 

Arsenic treatment caused depletion of glutathione 
(GSH), superoxide dismutase (SOD), glutathione per-
oxidase (GPx), and glutathione reductase (GR) in kidney 
tissues. On the other hand, the increased LPO and CAT 
level were recorded in kidney of arsenic exposed rats 
(see Table 3). 

All the adverse changes in LPO, CAT, SOD, GPx, GR, 
and GSH of RBCs, and kidney brought by arsenic- 
induced oxidative stress were significantly (P<0.05) re-
duced by PP treatment in As+PP administered rats (see 
Tables 2, 3). 

It was interesting to see the highest activity of SOD in 
RBCs of As+PP treated rats compared to control (see 
Table 2). These effects seem to be beneficial and indicate 
antioxidant potential of pineal proteins. The results sug-
gested that the pineal proteins inhibit depletion of anti-
oxidant enzymes and concomitant decrease in the levels 
of lipid peroxidation differentially in rats’ RBCs and 
kidney of As treated animals. 
 
4. DISCUSSIONS 
 
Although there is inconclusive proof for an altered oxi-
dative stress and antioxidant balance in blood and renal 
arsenic toxicity. Modi et al., 2007 [3] reported beneficial 
effect of antioxidants in combating the toxic effects of 

arsenic. Josephy et al., 1997 [24] also said that uncon-
trolled lipid peroxidation is a toxic process resulting in the 
deterioration of biological membranes. Flora, 1999 [1] 
and Bharti, 2008 [14] stated that the increased LPO in the 
blood and kidney can be due to increased oxidative stress 
in the cell as a result of depletion of antioxidant scavenger 
system. This was reflected in the present study, as As- 
induced oxidative stress caused more LPO in blood and 
kidney. 

As per study of Josephy et al., 1997 [24], alternatively, 
the radical chain reaction may be broken by the action of 
antioxidants and thereby controls of oxidative stress. Pineal 
proteins reversed the adverse effect of oxidative stress 
and reduced the LPO level and enhanced the antioxidant 
defense system as well. Super oxide dismutase, GR, GPx, 
GSH, and CAT activities increased to significant levels 
than control in As+PP treated rats. These results were 
equally comparable with control groups. These findings 
suggest the antioxidant properties of pineal proteins, and 
therefore present study elucidated the antioxidant prop-
erties of pineal proteins. This might be due to scavenging 
of free radicals generated by As-exposure and breakage of 
radical chain reaction, thereby reduction of lipid peroxi-
dation as stated by Bharti and Srivastava, 2009a [11]. 

Glutathione peroxidase (GPx) is the most important 
enzyme for extraperoxisomal inactivation of H2O2, espe-
cially in the kidney and liver. Reduced glutathione (GSH) 
plays a very important role as an intracellular antioxidant. 
Renal concentration of reduced glutathione (GSH) and 
SOD decreased in As treated rats compared to control and 
As+PP reversed this decreased. We speculate the mecha-
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nism of protective effect of PP against As-induced oxi-
dative stress through scavenging of free radicals gener-
ated by As-exposure and breakage of radical chain reac-
tion, thereby reduction of lipid peroxidation. As per ex-
perimental study of Bharti and Srivastava, 2009a [11], this 
physiological role of PP may be due to presence of certain 
enzymes influencing it or via melatonin secretion on body 
antioxidant defense systems. Therefore, administration of 
pineal proteins is proved to be beneficial on vital organs 
antioxidant defense system during As-induced oxidative 
stress in rats. 

Therefore, these findings support the hypothesis of 
protecting role of buffalo pineal proteins against arse-
nic-induced oxidative stress through its antioxidant 
properties and also find agreement with earlier findings of 
Bharti and Srivastava, 2009b [15] about free radical scav-
enging ability of pineal proteins. 
 
5. CONCLUSIONS 
 
Pineal proteins reduced the arsenic-induced OS level in 
kidney and blood as reflected by low LPO and higher 
activities of catalase, GPx, GR, SOD, and GSH level. 
Hence, these findings indicate the protecting role of PP 
against As-induced OS in kidney and blood through 
modulation of certain antioxidant defense systems. The 
present study further substantiate the physiological role of 
PP on antioxidant defense systems and findings have 
significant implications in elucidating the therapeutic use 
of pineal proteins as antioxidants drugs and management 
of toxicity. 
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ABSTRACT 

The back-flow of an aortic valvo-pump will re-
duce the pumping flow rate but can wash out the 
gap between the rotor and the stator, and thus 
can improve the antithrombogenicity of the de-
vice. To investigate the regurgitation of a 23mm 
OD aortic valvo-pump, its closed impeller was 
replaced by a cylinder and hereby the valvo- 
pump had lost its pumping function. The pres-
sure head crossing the aortic valvo-pump was 
maintained by a locally made pulsatile centrifugal 
pump, beating rhythmically from 30 to 120mmHg. 
The back flow from outlet to inlet of valvo-pump 
via the above-mentioned gap was measured. 
Results demonstrated that this gap and the 
pressure head had remarkable effect on back- 
flow; a larger gap and/or a larger pressure head 
would lead to a larger back-flow. By 0,20mm gap 
and 100mmHg pressure head, the valvo-pump 
had ca. 0,8 l/min back-flow. Instantaneous meas-
urement indicated that the back-flow had a pul-
satile form with high rate during diastole while 
low rate during systole of the natural heart imi-
tated by pulsatile centrifugal pump. The pump 
rotated at 12500rpm, 15000rpm and 17500rpm 
respectively, but it was found the rotating speed 
had no affection on back-flow. This investigation 
provides a basis for pump design seeking for 
both increase of the flow rate and improvement 
of the compatibility; the former is particularly 
important for a mini axial pump and the latter is 
extremely difficult for closed impeller. 

Keywords: Aortic Valvo-Pump; Regurgitation 
Measurement; Different Air-Gap and Pressure Head; 
Anti-Thrombogenicity 

1. INTRODUCTION 

For long-term left ventricular assist, aortic valvo-pumps 

were developed [1-4,8], which deliver the blood directly 
from ventricle to aorta without connecting tubes and 
bypass circle, thus have less dangers of thrombus forma-
tion outside the pump. In the inside of the pump, regur-
gitation can wash out the blood contacting surfaces in the 
gap between the rotor and the stator and can prevent the 
formation of micro-thrombus thereafter. Regurgitation 
will reduce the pumping flow rate, however, it is signifi-
cant therefore to control the back-flow rate to a certain 
range by measuring the back-flow and investigating the 
factors affecting the back-flow. 
 
2. METHOD 
 
Figure 1 is a schematic drawing of an aortic valvo-pump 
with 23 mm outer diameter, in which the impeller is re-
placed by a cylinder. That means the pump has no func-
tion to propeller the fluid from right (inlet) to left (outlet). 
Therefore, the flow in the system is only the back-flow 
across the gap between the stator and the rotor, and the 
flow rate can be easily measured by flow meter. If there is 
a pressure head, namely, a pressure difference between 
the outlet and inlet of the device, there will be a flow from 
outlet to inlet via the air-gap as shown in Figure 1. The 
air-gap “S” in Figure 1 between the motor coil and rotor 
magnets was made into 0,1mm, 0,2mm and 0,3mm re-
spectively. The pressure head between outlet and inlet of 
the aortic valvo-pump was produced to being pulsatile 
between 30mmHg～120mmHg by a locally made pulsa-
tile centrifugal pump [5-7] (Figure 2). The valvo-pump 
without impeller rotated at 15,000rpm, 17,500rpm and 
20,000rpm respectively, in order to compare the back- 
flow rate at the different rotating speeds, so as to show the 
effect of the rotating speed on back-flow of the aortic 
valvo-pump. The back-flow was measured by an Ameri-
can Transonic T110 flow meter; the outlet pressure and 
inlet pressure were measured by HP 1205A manometer. 
Then the pressure difference between the outlet and the 
inlet of the pump was calculated and diagrammed to-
gether with the back-flow value in Figures 3-5. Finally, 
the instantaneous back-flow curve was obtained and the 
relation between the back-flow and the natural heart  

Presented partly at the IEEE Conference on Biomedical Engineering and 
informatics. May 2008, Shanghai, China. 

 



K. X. Qian / Natural Science 1 (2009) 173-175 

SciRes Copyright © 2009                                 Openly accessible at http://www.scirp.org/journal/HEALTH/ 

174 

 
 

 

Figure 1. Schematic drawing of aortic valvo-pump (upper). 
1. Motor coil; 2.Rotor magnets; 3. Cylinder; 4.Outlet vane. 
Lower exhibites a 23 mm aortic axial valvo-pump without 
impeller (alternated by a cylinder 3 in Figure 1 upper). 

 
ejection and filling imitated by a locally made pulsatile 
centrifugal pump was investigated. 
 
3. RESULTS 
 
The back-flow value was found to be increased along 
with the increasing air-gap of the pump and with the 
increasing pressure head crossing the device according to 
Figures 3-5 The back-flow rate by air-gap 0,3mm is not 
appeared in the Figures, because in this case the rotor 
vibrated and the measuring became inaccurate. The motor 
vibration was due to the bearing-less structure of the 
device, the rotor was supported merely by hydraulic force 
of the fluid in the gap between the rotor and the stator, it 
was not large enough to prevent the rotor vibration in case 
of 0,30mm gap between the rotor and stator. 

Figure 3 exhibited the back-flow increased from 0,2l/ 
min to ca. 1,0 l/min when pressure head between outlet and 
inlet of the pump increased from 30mmHg to 120mmHg, in 
case the gap between the rotor and the stator was 0,20 mm, 
at the rotating speed of 15,000 rpm; while the back-flow was 
very small if the gap was 0,10 mm, because the re sistance 
of the flow was quite large in this case.  

Figures 4-5 demonstrated the back-flow at the rotating-
speed of 17,500rpm and 20,000 rpm respectively. There is 

 
Figure 2. Illustration of measuring back-flow of aortic valvo- 
pump. 1. Aortic valvo-pump without impeller(alternated by a cy- 
linder); 2. Manometers; 3. Flow meter; 4. Locally made pulatile 
centrifugal pump. 

 

 
Figure 3. Back-flow rate of aortic valvo-pump with 0,1 and 
0,2mm air gap and 30-120mmHg pressure head at rotating speed 
of 15,000 rpm. 

 

 
Figure 4. Back-flow r ate of aortic valvo-pump with 0,1 and 0,2 
mm air gap and 30-110mmHg pressure head at rotating speed of 
17,500rpm. 

 
almost no difference among Figures 3-5, indicated ro-
tating speed has no significant effect on back-flow of the 
pump. 
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Figure 5. Back-flow rate of aortic valvo-pump with 0,1 and 
0,2mm air gap and 30-110mmHg pressure head at rotating speed 
of 20,000rpm. 

 

 

Figure 6. Instantaneous back-flow curve of aortic valvo-pump 
indicates that the back-flow has a high rate(ca,0,9l/min) during 
diastole while it is very low(0,4l/min) during systole of the 
natural heart. 

 
Figure 6 recorded the instantaneous back-flow curve 

of aortic valvo-pump, indicated that the back-flow has a 
high rate (ca,0,9l/min) during diastole while it is very low 
(0,4l/min) during systole of the natural heart, imitated by 
a locally made centrifugal pump. 

 
4. DISCUSSIONS AND CONCLUSIONS 
 
An approach for measuring the regurgitation of an aortic 
valvo-pump was presented, and the back-flow of the 
author’s valvo-pump was measured. It was found that the 

back-flow was affected by the air-gap between the rotor 
and the stator, and by the pressure difference between the 
outlet and the inlet of valvo-pump; while the rotating 
speed of the pump had no effect on pump back-flow. 
Larger air-gap or/and higher pressure head resulted in a 
bigger back-flow of the valvo-pump. By 0,20mm air-gap 
and 100mmHg pressure difference the back-flow reached 
0,8l/min. Regurgitation of valvo-pump may reduce the 
pump out-flow thus should be limited but can wash out 
the blood contacting surfaces both in the motor and in the 
pump, thereby can improve the antithrombogenicity of 
the device; the former is particularly important for a mini axial 
pump and the latter is extremely difficult for closed impeller. 
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ABSTRACT 

This study investigated the contribution of vola-
tile compounds to the overall aroma of Cabernet 
Sauvignon wines from Changli County (China). 
Wine samples were collected from vintages from 
2000 to 2005. Volatile compounds were ex-
tracted by PDMS solid-phase micro-extraction fi- 
bers and identified by Gas Chromatography-Ma- 
ss Spectrometry (GC-MS). A total of 65 volatile 
compounds were identified and quantified, in-
cluding higher alcohols, ethyl and acetate esters, 
and fatty acids. According to their odor active 
values (OA-Vs), 21 volatile compounds were con- 
sidered to be the powerful impact odorants of 
Cabernet Sauvignon wines from Changli. Odor 
descriptions of impact volatiles suggested Cab-
ernet Sauvignon red wines from Changli County 
as having a complex aroma, which included not 
only pleasant floral and fruity odors, but also 
cheese, clove flavors, and grassy and smoky 
aromas. 

Keywords: Cabernet Sauvignon; Red wine; Aroma 
compounds; OAV; GC-MS 

1. INTRODUCTION 

Cabernet Sauvignon, Cabernet Franc and Cabernet Ger- 
nischet are known as “the Three Pearls” of wine grapes in 
China, often used by Chinese wineries to produce pre-
mium quality red wines. In contrast to Cabernet Franc and 
Cabernet Gernischet, Cabernet Sauvignon can be found in 
almost all wine production districts and has the largest 
growing area in China. Changli County, a region of North 
China, has become a famous wine producing district as 
one of the four districts of Wine Denomination of Origin 
in China, and the winemaking sector is the principal 
economy of the county. In Changli County, the main red 
grape variety used in wine production is Cabernet Sau-
vignon. The growing area of Cabernet Sauvignon is 2400 
Ha and accounts for 72% of the total grape planting areas. 

Therefore, it is important to understand the characters of 
Cabernet Sauvignon red wine made from Changli. 

Wine aroma is an important aspect of wine quality. In a 
recent consumer study, the flavor of wine was found to be 
one of the attributes most important to consumers when 
buying wine. Volatile compounds influence the organo- 
leptic characteristics of wines, particularly the aromatic 
characteristics, and the aroma constituents of different 
grapes and wines have been extensively studied in the last 
few years. In the order of 1000 volatile compounds, such 
as alcohols, esters, organic acids, phenols, thiols, mono- 
terpenes and norisoprenoids have been found in wines, 
only several tens of which can be impact odorants. Vola-
tile compounds found in wines can reflect the influence of 
variety, climate and soil, etc. Therefore, these compounds 
play a decisive role in wine quality and regional charac-
teristics [1-3]. Since the contribution of volatile com-
pounds to the final aroma depends on whether the con-
centration in the wine is above the perception threshold, 
OAV (odor activity value) was introduced to determine 
impact odorants [4,5]. OAV calculation depends both on 
measuring concentration and on odor threshold in the 
same matrix. Only those odorants with OAV >1 can be 
perceived.  

Some studies have indicated that the young red wines 
of Cabernet Sauvignon, Merlot and Grenache have simi-
lar aromatic characteristics [6]. The most active odorants 
of these three varietal young red wines suggested by 
aroma extract dilution analysis (AEDA) were isopentyl 
and β-phenylethyl alcohols, the ethyl esters of butyric, 
isobutyric, 2-methyl butyric and hexanoic acids, γ-nona- 
lactone and eugenol. Data showed that differences be-
tween these varieties are quantitative rather than qualita-
tive [7,8]. In past decades, the unique characteristics of 
Chinese wine began to attract notice with the rapid de-
velopment of wine production in China. However, sen-
sory data for Chinese wine are scarce, especially for 
wines with denomination of origin. A study of aromatic 
compounds of the Cabernet Sauvignon red wine Sha- 
cheng (China) showed that ethyl octanoate, ethyl hexa-
noate and isopentyl acetate jointly contributed to more 
than 97% of the global aroma according to OAVs [9]. 
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However, this result may be misleading; further studies 
are necessary to understand the nature of aromatic com-
pounds found in premium Chinese wine. 

Quantitative assessment of volatile compounds in win- 
es has met with some difficulty, mainly due to their com-
plexity and large concentration variations from 1 ng/L to 
several g/L. Therefore, sample preparation essentially 
consists of extraction and concentration of the compou- 
nds of interest. In this study, volatile compounds were 
extracted by solid-phase micro-extraction and detected by 
GC-MS, which has been published [10]. This work re-
ported the results of the first study profiling of the major 
volatile compounds and the impact odorants in Cabernet 
Sauvignon wines from the Changli County region of 
China. 
 
2. MATERIALS AND METHODS 
 
2.1. Wines 

Changli Cabernet Sauvignon wines from vintages be-
tween 2000 and 2005 (Each year has two samples which 
were supplied by Huaxia Winemaking Company and 
Yueqiannian Winemaking Company respectively, Chan-
gli County.) were used to analyze the composition of 
volatile compounds. Wine samples were collected six 
months after winemaking and then stored at 5-10 ℃ 
before analysis.  

Wine making: Sound grapes of Cabernet Sauvignon 
were obtained from the vineyard. Grapes were de-
stemmed and crushed on a commercial grape destem-
mer-crusher, the output of which was pumped to stain- 
less steel tanks. The must was treated with sulfur dioxide 
(45 mg/L) and soaked for approximately 24 h. Alcohol 
fermentation was going on at 25-30℃. After fermenta-
tion, the wines were racked and subjected to malo-lactic 
fermentation. The wines were then racked and sulfur 
dioxide (75mg/L) was added. The wines were stored at 
15℃ in stainless-steel tanks. Racking and stabilizing 
processes were carried out prior to analysis. 

Reducing sugars, density, ethanol, extract, titratable 
acidity, pH, volatile acidity, total and free SO2 were ana-
lyzed with the methods provided by the Office Interna-
tional de la Vigne et du Vin (OIV, 1990) [11]. 

2.2. Reagents 

All reagents used were analytical grade. Absolute ethanol, 
tartaric acid, and sodium chloride were purchased from 
Xi’an chemical factory (Xi’an, China). Water was obtained 
from a Milli-Q purification system (Millipore). Solvents 
did not require additional distillation. 32 pure reference 
compounds were from Sigma–Aldrich (China sector): 
ethyl acetate, ethyl butyrate, 1-propanol, 2-methyl thio-
phene, 2-methyl-1-propanol, isopentyl acetate, 1-butanol, 

2,5-dimethyl-tetrahydro-furan, isopentyl alcohol, ethyl 
hexanoate, ethenyl benzene, ethyl lactate, 1-hexanol, 3- 
octanol, ethyl octanoate, furfural, decanal, cis-geraniol, β- 
ionone, linalool, β-damascenone, ethyl decanoate, phe- 
nethyl acetate, 1-decanol, hexanoic acid, benzyl alcohol, 2- 
phenyl-ethanol, ethyl dodecanoate, ethyl hexadecanoate, 
octanoic acid, decanoic acid, and p-ethyl-phenol. 

2.3. Standard Solutions 

Exact volumes of the standard chemical compounds were 
dissolved in synthetic wines to prepare the calibration 
data. These standard compounds were dissolved in syn-
thetic wines at concentrations three orders of magnitude 
higher than typically found in wines. For quantification, 
five-point calibration curves were prepared for each 
compound using the method described by Ferreira et al. 
(2000) [8]. The final alcohol content of the synthetic wine 
was 11% (v/v). The synthetic wine had 6 g/L of tartaric 
acid and its pH was 3.3–3.4 adjusted with 1M NaOH 
(synthetic wine matrix). Octan-3-ol was employed as an 
internal standard because it was not the typical volatile 
compound in wine and it had a perfect ion peak shape and 
peak place in the TIC. Exact volumes of octan-3-ol were 
dissolved in absolute ethanol. All these solutions were 
stored at 4 ℃ in darkness [1,12]. 

2.4. Solid Phase Micro-Extraction (SPME) 
Sampling Conditions 

SPME was performed following the methods described 
previously [13]. Both wine samples and model solutions 
were analyzed in 15-ml glass vials, filled with 10 ml of 
each sample and 2 g NaCl. For SPME analyses, the vials 
were dipped in a thermostatic water bath. A magnetic 
stirring bar was placed in the vial to agitate the sample. 
PDMS (100 µm Polydimethylsiloxane) was used as the 
solid-phase fiber for micro-extraction. The vial was equi- 
librated at 40℃ for 10 min, and the power magnetic 
stirrer was then added. SPME was performed at 40℃ for 
30 min, and was immediately followed by the desorption 
of the analytes into the gas chromatograph injector. The 
solid-phase fiber remained into the injector for about 3 
min. 

2.5. GC–MS Analysis 

GC–MS apparatus: TRACE DSQ (Thermo-Finnigan, 
USA). Analytical column: DB-Wax capillary column 
(30m×0.32mm i.d., 0.25 µm film thickness), (J&W, 
Folsom, USA). Carrier: He at 1ml/min. The temperature 
program used was 40 ℃ for 3 min, raised to 160 ℃ at 4 
℃/min, then raised to 230℃ at 7 ℃/min for 8 min. The 
transfer line temperature was 230℃, and the injection 
temperature was 250 ℃. Mass spectra were recorded in 
electron impact (EI) ionization mode. Mass spectrometry: 
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Table 1. General composition of cabernet sauvignon must and 
wine. 

 Ranges 

Must composition  

Titratable aciditya(g/L) 9.3-9.7 

pH 3.2-3.4 

Reducing sugars (g/L) 191-200 

Wine composition  

Density (20℃) 0.991-0.994 

Ethanol (%, v/v) 10.4-12.1 

Reducing sugars (g/L) 0.78-1.82 

Extract (g/L) 21-25 

Titratable aciditya (g/L) 3.6-4.5 

pH 3.3-3.6 

Volatile acidityb (g/L) 0.46-0.71 

Free SO2 (mg/L) 11-19 

Total SO2 (mg/L) 90-121 

(a) As tartaric acid. (b) As acetic acid. 

 
mass range 33-450 amu, scanned at 1 s intervals. The ion 
source temperature was 230℃.  

2.6. Qualitative Analysis and Quantification 

Identification of volatile compound was achieved by 
comparing mass spectra obtained from the sample with 
those from pure standards injected in the same conditions, 
and by comparing the Kov’ats index or the mass spectra 
found in the NIST2.0 MS library Database or found in the 
literature. 

An internal standard quantification method using oc-
tan-3-ol was employed. Quantitative data of the identified 
compounds were obtained by interpolation of the relative 
areas versus the internal standard area using calibration 
graphs built for pure reference compounds. The concen-
tration of volatile compounds, for which there was no 
pure reference, was obtained by using the same calibra-
tion graphs as the compounds with the most similar 
chemical structure according to the formula and chemical 
character [3,14]. 
 
3. RESULTS AND DISCUSSION 
 
Those general compositions of sample wines were dis-
played in Table 1. There is no significant difference 
among these samples. 

Volatile compounds found in Cabernet Sauvignon red 
wines from Changli County detected by SPME-GC-MS 
are shown in Table 2. There are 65 aroma compounds and 
their concentrations vary from 0.5μg/L to 2.23 g/L. The 
majority of the compounds were higher alcohols, esters, 
and fatty acids. Other compounds identified were ter-
penes, norisoprenoids, volatile phenols and furans. The 
OAV of each compound was obtained using concentra-
tion divided by odor threshold. Twenty-one compounds 
had OAV values greater than one. Impact odorants of the 

Chardonnay white wine from Changli had previously 
been identified using the same method. Thirteen of the 41 
volatile compounds detected had aroma activity and 
contributed to the pleasant fruity and floral aroma of the 
Chardonnay wine [14]. The active aroma compounds 
identified in that study were approximately half of the 
total volatiles detected in Cabernet Sauvignon red wines 
identified in this study, indicating the aroma of the red 
wine may be more complex. 

3.1. Esters 

Esters found in wine include acetates, ethyl esters and 
other esters of fusels and fatty acids. In the sample wines, 
21 esters were identified with concentrations ranging 
from 62 to 390 mg/L. Contents of esters accounted for 
about 20-30% of the total aroma compounds. Five ace-
tates, 13 ethyl esters and three others were found in this 
chemical group. In acetates, the OAVs of ethyl acetate 
and isopentyl acetate were higher than one. Ethyl acetate 
may contribute a pleasant, fruity fragrance to the general 
wine aroma at concentrations lower than 150 mg/L. 
However, at higher concentrations, ethyl acetate can 
contribute a sour-vinegar odor [21]. Isopentyl acetate 
contributes a fresh fruity odor, reminiscent of banana 
flavors.  

Among 13 ethyl esters, ethyl butyrate, ethyl isovaler-
ate, ethyl hexanoate, ethyl lactate and ethyl octanoate 
have OAVs over one. Ethyl butyrate has the favor of 
sour fruit, strawberry and sweet fruit. Ethyl isovalerate 
smells of banana and sweet fruit. Ethyl hexanoate has the 
flavor of green apple, fruit, strawberry and anise. Ethyl 
octanoate gives pineapple, pear and floral aromas. Ethyl 
lactate contributes lactic and raspberry odors. These ac-
tive ethyl esters are responsible for the full-bodied fruity 
and floral aroma of wine. Results also confirmed most of 
the wines rich in these compounds showed elevated lev-
els of higher alcohol acetates, thus adding to the sweet 
and soapy odors, and pleasant floral and fruity aroma. 

Esters of fusel and fatty acids had lower concentra-
tions, but their odor thresholds were also lower. In this 
study, isopentyl lactate had OAVs over one, and influ-
ences the overall aroma of the wine. Isopentyl lactate 
contributes cream and nut flavors. This compound is 
produced by malo-lactic fermentation [2]; therefore ma- 
lo-lactic fermentation may be occurring in the wine as 
well. 

3.2. Higher Alcohols 

Higher major alcohols were the most abundant volatiles 
in all the studied wines. They are formed mainly during 
the first two stages of alcoholic fermentation [3,21]. In 
our work, 25 higher alcohols were identified and quanti 
fied, forming the largest group of volatile compounds. 
Their concentrations varied from 248 to 886 mg/L and 
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Table 2. Concentrations and OAVs of volatile compounds in cabernet sauvignon wines from Changli County. 

Concentration(µg /L) 
NO. RT Compounds 

Max. Min. Mean 

Odor thresholda 
(µg/L) 

OAVb Odor description 

1 3.26 ethyl acetate 90000 11700 42600 7500 [1] >1 fruity, sweet 

2 5.60 isobutyl acetate 180 70 80 1600[15] 0.1 strawberry, fruity, flowery 

3 6.15 ethyl butyrate 1900 500 800 20 [16] >1 sour fruit, strawberry, fruity 

4 6.54 1-propanol 20400 5800 10300 50000 [2] 0.1-0.5 fresh, alcohol 

5 6.96 ethyl isovalerate 80 20 30 3[8] >1 banana, sweet fruity 

6 8.14 isobutyl alcohol 105200 31000 52900 40000 [16] >1 fusel, alcohol 

7 8.36 isopentyl acetate 2800 200 600 30 [16] >1 fresh, banana 

8 9.66 1-butanol 4700 1600 2800 150000 [16] <0.1 medicinal, alcohol 

9 11.59 isopentyl alcohol 567500 164400 328100 30000 [16] >1 alcohol, harsh, bitter 

10 12.03 ethyl hexanoate 1300 400 700 14 [16] >1 green apple, fruity, strawberry, anise 

11 12.83 3-methyl-3-buten-1-ol 300 100 200 600[*] 0.1-0.5 light fruity, sweet fruity[8] 

12 12.94 1-pentyl alcohol 400 200 300 80000[2] <0.1 alcohol 

13 13.34 hexyl acetate 20 10 10 1500 [16] <0.1 pleasant fruity, pear 

14 13.84 2-O-2-phenylethyl formate 2600 60 600 n.d.   

15 14.99 isohexyl alcohol 600 200 400 5000 [*] 0.5 tropical fruity, light fruity 

16 15.20 2-heptanol 40 10 20 200-300[*] 0.1-0.5 lemon, orange, copper[8] 

17 15.40 3-methyl-1-pentanol 900 200 500 500[*] 1 soil, mushroom 

18 15.80 ethyl lactate 237400 43300 100100 14 000 [2] >1 lactic, raspberry 

19 1392 1-hexanol 28400 11400 17300 8000 [16] >1 green, grass 

20 16.56 (E)-3-hexen-1-ol 2100 600 1000 400[17] >1 Green grass, herb[8] 

21 16.95 3-ethoxy-1-propanol 600 100 70 100[20] 0.5-1  

22 17.20 (Z)-3-hexen-1-ol 1500 700 900 400[17] >1 Green grass, herb[8] 

23 17.93 (E)-2-hexen-1-ol 800 150 300 400[17] 0.5-1 Green grass, herb[8] 

24 18.23 (Z)-2-hexen-1-ol 370 100 110 400[17] 0.1-0.5 Green grass, herb[8] 

25 18.43 ethyl 2-hydroxy 
-3-methyl butyrate

50 10 30 1000[19] <0.1 Pineapple, strawberry, tea, honey[8] 

26 18.69 ethyl octanoate 740 130 400 5 [16] >1 pineapple, pear, floral 

27 19.51 1-heptanol 260 40 100 200-300[*] 0.1-0.5 lemon, orange, copper[8] 

28 19.87 linalool oxide 50 10 10 500[19] <0.1 rose, wood [8] 

29 20.58 2-ethyl hexanol 80 30 40 8000[*] <0.1 mushroom, sweet fruity[8] 

30 21.17 isooctanol 400 60 150 900[2] 0.1-0.5 fatty, orange, rose 

31 21.39 β-ionone 9 1 4 0.09[17] >1 raspberry, violet, sweet fruity 

32 21.48 α-ionone 6 2 3 0.09[17] >1 raspberry, violet, sweet fruity 

33 22.14 ethyl 2-hydroxy 
-4-methyl valerate 

80 10 40 n.d.   

34 22.30 linalool 130 10 40 25[15] >1 muscat, flowery, fruity 

35 22.67 1-octanol 230 70 140 900[2] 0.5-0.1 flesh orange, rose, sweet herb 
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Concentration(µg /L) 
NO. RT Compounds 

Max. Min. Mean 

Odor thresholda 
(µg/L) 

OAVb Odor description 

36 22.89 isopentyl lactate 740 170 300 200[*] >1 cream, nut[4] 

37 23.08 isobutyric acid 200 40 60 8100[14] <0.1 phenol, chemical, fatty 

38 23.25 2,3-butanediol 8600 800 3200 120000 [2,18] <0.1 butter, creamy 

39 23.83 4-terpineol 110 10 20 110-400[13] 0.1-0.5 light aroma, wood, soil[8] 

40 24.29 2(3H)-dihydro-furanone 900 100 300 50000[15] <0.1 milk, cream[8] 

41 24.91 ethyl decanoate 100 4 30 200 [20] 0.1-0.5 fruity, fatty, pleasant 

42 25.49 isopentyl octanoate 240 40 90 125[2] 0.5-1 sweet, light fruity, cheese, cream 

43 25.67 1-nonanol 110 30 40 600[*] 0.1-0.5 apple, banana, raspberry, strawberry, 
rose[8] 

44 25.98 diethyl succinate 52800 4800 23100 200000 [16] 0.1-0.5 light fruity 

45 26.40 ethyl 9-decenoate 5 1 1 100[*] <0.1 light fruity, fatty[8] 

46 26.62 β- terpineol 200 20 80 110-400[13] 0.1-0.5 wood, soil [8] 

47 27.10 3-methoil-1-propanol 120 60 70 1000[15] 0.1 raw potato, garlic 

48 28.53 1-decanol 150 20 60 400 [2] 0.1-0.5 orange flowery, special fatty 

49 29.71 phenethyl acetate 500 80 170 250 [16] 0.5-1 pleasant, floral 

50 29.86 β-damascenone 20 3 7 0.05 [16] >1 bark, canned peach, baked apple, dry 
plum 

51 30.60 ethyl laurate 40 0 5 1500[*] <0.1 sweet, floral, fruity, cream 

52 30.91 hexanoic acid 1700 100 900 420 [16] >1 cheese, rancid 

53 31.34 benzyl alcohol 2000 500 900 200000[15] <0.1 almond 

54 32.15 2-phenyl-ethanol 140100 30800 71700 14000 [16] >1 flowery, pollen, perfume 

55 32.99 5-butyl-dihydro-4-methyl 
-2(3H)-furanone 

1350 80 170 67[2] >1 peach, coco 

56 33.44 dodecan-1-ol 40 0 10 1000 [2] <0.1 unpleasant in higher concentration, 
flowery in low concentration

57 34.48 p-ethyl-2-methoxy phe-
nol 

10 0 1 33[16] 0.1 medicine, wood, clove, smoky 

58 34.76 [E]-nerolidol 200 10 30 700[*] 0.1-0.5 wood, orange, light fruity 

59 34.90 ethyl myristate 10 0 1 2000[*] <0.1 sweet fruity, butter, fatty odor[8] 

60 35.24 octanoic acid 10000 700 3400 500 [16] >1 rancid, harsh, cheese, fatty acid 

61 36.77 eugenol 6 1 1 6[2,17] 0.1-0.5 smoky, clove 

62 36.94 p-ethyl phenol 24 2 8 440[15] <0.1 phenolic, leather, spicy, almond 

63 38.15 ethyl hexadecanoate 24 0 2 1500 [2,18] <0.1 fatty, rancid, fruity, sweet 

64 38.59 n-decanoic acid 730 10 140 1000 [16] 0.1-0.5 fatty, unpleasant 

65 38.94 2,4-di-tert-butyl-phenol 370 60 150 200 [2,17] 0.5-1 phenolic 

(a) The reference from which the odor threshold and odor description have been taken is given in parentheses. [1] Guth (1997b). The matrix was a 10% 
water/ethanol solution; [2] and [19] Li (2006) and Sun et al. (2004). The matrix was a 12% ethanol/water mixture containing 5 g/L tartaric acid at pH 
3.2. [8,15-18] Ferreira et al. (2000), Aznar et al. (2003), Cullere et al. (2004), Gomez et al. (2007) and Lopez et al. (2004). The matrix was an 11% 
water/ethanol solution containing 7 g/l glycerol and 5 g/l tartaric acid, with the pH adjusted to 3.4 with 1 M NaOH; [13] José et al. (2004). The matrix 
was a 10% water/ethanol solution containing 5 g/l tartaric acid. [20] Peinado, et al. (2004). The matrix was an 11% water/ethanol solution containing 
5 g/l tartaric acid, with the pH adjusted to 3.4 with 1 M NaOH; [*] Calculated in the Laboratory of Wine Olfactometry, College of Enology, North-
west A & F University, China. Orthonasal thresholds were calculated in a 12% ethanol/water mixture containing 5 g/L tartaric acid at pH 3.2. n.d., not 
detected. 

(b) Odor activity value calculated by dividing concentration by the odor threshold value of the compound. 
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they made up of about 75% of the total aromatic com-
pounds. Aromatic compounds with OAVs higher than 
one were isobutyl alcohol, isopentyl alcohol, 3-methyl-1- 
pentyl alcohol, 1-hexanol, (E,Z)-3-hexen-1-ol and 2- 
phenyl-ethanol. Isobutyl and isopentyl alcohols have 
fusel characters and may give a bitter or harsh sensory 
odor when in high concentrations. 3-methyl-1-pentyl al- 
cohol has soil and mushroom nuances. 1-hexanol and 
hexen-1-ol contribute green grass, herb odor. 2-phenyl- 
ethanol gives flowery, pollen, and perfume nuances. 

3.3. Fatty Acids 

Four fatty acids were detected in the sample wines. Their 
concentrations ranged from 0.816 to 12.63 mg/L and 
accounted for 0.26-0.98% of the total volatile compounds. 
The OAVs of hexanoic and octanoic acids were higher 
than one. They contributed cheese and cream flavors in 
lower concentrations, while giving a rancid and harsh 
odor in higher concentration. Although the presence of 
C6–C10 fatty acids is usually related to the occurrence of 
negative odors, they are very important for aromatic 
equilibrium in wines because they oppose the hydrolysis 
of the corresponding esters [22]. 

3.4. Terpenols 

Numerous studies have reported that the terpenoid com-
pounds could be used analytically for varietal charac-
terization. Terpene compounds belong to the secondary 
plant constituents, of which biosynthesis begins with 
acetyl-coenzyme A (CoA). Terpenes are not changed by 
yeast metabolism during fermentation [20]. Five terpenes 
were detected in sample wines: linalool, linalool oxide, 
4-terpineol, β-terpineol and [E]-nerolidol. Only linalool 
had an OAV greater than one and contributed muscat, 
flowery and fruity odors. Because they have overlapping 
effects, terpenols may play an important role in contrib-
uting to the overall aroma. 

3.5. Norisoprenoids 

In this chemical group, α-ionol, β-ionol, and β-damas-
cenone, three norisoprenoids often reported, were all 
detected in sample wines, and all had odor activity. The 
ionols are responsible for the raspberry, violet and sweet 
fruity nuances, while β-damascenone contributes odors of 
bark, canned peach, baked apple, and dry plum. 

3.6. Volatile Phenols 

Some volatile phenols, such as eugenol and guaiacol, may 
be the major differences between Cabernet Sauvignon 
and other red variety wines [8]. Four phenols were iden-
tified in our study, but all seemed to have no odor con-
tribution. Eugenol and 2,4-di-tert-butyl phenol have 
OAVs between 0.5 to 1. Eugenol has smoky and clove 
odors. 2,4-di-tert-butyl phenol gives phenols’ chemical 
character. 

3.7. Others 

An AEDA study regarding the odorants of Bordeaux 
Cabernet Sauvignon red wines showed that 3-methiol- 
1-propanol, furaneol and homofuraneol had high flavor 
dilution (FD) factors [6]. In our work, two furans and one 
sulfur compound were detected in the sample wines: 
2(3H)-dihydrofuran, 5-butyl-dihydro-4-methyl-2(3H)- 
furan and 3-methiol-1-propanol. Only 5-butyl-dihydro- 
4-methyl-2(3H)-furan had odor activity and smelled of 
peach and cocoa. 
 
4. CONCLUSIONS 
 
Aroma compounds in Cabernet Sauvignon dry red wine 
from Changli County were evaluated by SPME-GC-MS; 
65 volatile compounds were identified and quantified. 
Their concentrations ranged from 0.5 μg/L to 2.23 g/L. 
Twenty-one volatile compounds were considered to be 
the powerful impact odorants of this wine because their 
OAVs were more than one. These active volatile com-
pounds include eight esters, seven higher alcohols, two 
fatty acids, one terpenols (linalool), α/β-ionol and β-dam- 
ascenone, one compound of furan. These compounds 
have different sensory characters and give the wine very 
complicated aroma, which included not only pleasant 
floral and fruity odors, but also cheese, clove flavors, and 
grassy and smoky aromas. Taste or olfactory experiments 
could be designed to confirm the sensory characteristics 
of the wine. 
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ABSTRACT 

The aim of this study is to compute the budget 
impact of adopting Kiovig, a new ready-to-use 
10% liquid immunoglobulin preparation, as a 
treatment for primary immunodeficiency from 
the perspective of the Belgian health care payer. 
The analysis compared the “world with Kiovig” 
to the “world without Kiovig” and calculated 
how a change in the mix of immunoglobulins 
used to treat primary immunodeficiency would 
impact drug spending during 2010-2014. Data on 
the number of patients, immunoglobulin market 
shares and drug unit costs were derived from 
the IMS Health hospital disease database and 
from Belgian sources. The number of Belgian 
patients suffering from primary immunodefi-
ciency is expected to increase from 2,378 pa-
tients in 2010 to 2,447 patients in 2014. The 
budget impact of adopting Kiovig is likely to be 
modest, raising the immunoglobulin drug bud- 
get for this patient population by 0.4%-1.3% per 
year. The budgetary increase originated from the 
higher price of Kiovig as compared with other 
products, although the impact of Kiovig was 
limited by its anticipated slow market penetra-
tion. There is a need for more and better data on 
the Belgian immunoglobulin market. 

Keywords: Immunoglobulins; Intravenous; Primary 
Immunodeficiency; Budget Impact; Belgium 

1. INTRODUCTION 

Primary immunodeficiency (PID) disorders are charac-
terised by low or undetectable immunoglobulin levels [1] 
and are associated with an increased patient susceptibility 
to recurrent respiratory tract and gastrointestinal infec-
tions [2]. Since the 1950s, immunoglobulin products have 
been administered to treat infections in PID, and patients 

often require lifelong therapy [3]. Immunoglobulin the- 
rapy in PID replaces functionally deficient or absent 
immunoglobulins, reduces the incidence of infections, 
and prevents organ damage caused by infections [4]. 
Immunoglobulin therapy is administered via the intra-
muscular, intravenous or subcutaneous route.  

Kiovig (Baxter International Inc.), a ready-to-use 10% 
liquid immunoglobulin preparation, is medically indi-
cated for the treatment of, amongst other indications, PID 
disorders [5]. This plasma-derived product consists of a 
highly purified preparation of human immunoglobulin. It 
is supplied as a ready-to-use liquid formulation with a pH 
of 4.6 to 5.1. Three dedicated virus clearance steps are 
integrated in the manufacturing process and the resulting 
product exhibits an intact immunoglobulin molecule with 
complete functional activity. Kiovig is supplied in sin-
gle-dose vials that nominally contain 1 g, 2.5 g, 5 g, 10 g 
and 20 g protein per vial. The European Commission 
granted a marketing authorisation valid throughout the 
European Union for Kiovig in January 2006 [6]. 

With a view to assessing a drug reimbursement appli-
cation, regulatory agencies in an increasing number of 
countries require data about, amongst other things, the 
budgetary impact of the drug on national, regional or local 
budgets [7]. A budget impact analysis examines the fi-
nancial impact of the adoption and diffusion of a drug 
within a particular setting and, thus, considers the afford- 
ability of a drug. Specifically, a budget impact analysis 
explores how a change in the current mix of treatment 
strategies by the introduction of a new drug will impact 
spending on a disease. However, to date, budget impact 
analyses have rarely been published in the international 
literature [8]. 

In a context of spiralling health care costs and limited 
resources, policy makers and health care payers are con-
cerned about the budget impact of Kiovig and other in-
travenous immunoglobulins. Therefore, the aim of this 
study is to compute the budget impact of adopting Kiovig 
as a treatment for PID from the perspective of the Belgian 
health care payer. 
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2. METHODS 
 
2.1. Analytic Technique 

The methodology of budget impact analysis is still de-
veloping, although principles of good practice for budget 
impact analysis have recently been proposed [9]. The 
budget impact analysis assessed the financial conse-
quences of adopting Kiovig as a treatment for PID from 
the perspective of the health care payer in Belgium. 
More specifically, the budget impact analysis compared 
the “world with Kiovig” to the “world without Kiovig” 
and calculated how a change in the mix of immunoglo- 
bulins used to treat PID would impact the trajectory of 
drug spending on this condition. The general model for 
conducting the budget impact analysis of Kiovig is out-
lined in Figure 1. 

The budget impact analysis consisted of four modules. 
First, the Market Size was estimated by identifying the 
number of PID patients requiring immunoglobulin 
treatment. Second, the Market Distribution module esti-
mated the market share of Kiovig as well as the impact 
of the adoption of Kiovig on the market shares of other 
immunoglobulins. Third, the Drug Costs scenario calcu-
lated annual immunoglobulin costs per patient. Fourth, 
the Budget Impact module calculated total drug costs in 
the reference scenario (“world without Kiovig”) and the 
new drug scenario (“world with Kiovig”). The cost dif-
ference between these two scenarios revealed the budget 
impact of adopting treatment with Kiovig. The time ho-
rizon of the budget impact analysis was five years from 
2010 until 2014. 

2.2. Market Size 

The number of Belgian people suffering from PID was 
derived from the IMS Health hospital disease database 
and was expressed as a proportion of the Belgian popu-
lation. The analysis assumed that the percentage of the 
Belgian population who suffers from PID would remain 
constant over time. This implies that, in line with the 
growing size of the Belgian population over time [10], the 
number of PID patients is expected to increase. 

2.3. Market Distribution 

Based on the reimbursement value of intravenous immu-
noglobulins in 2007 as derived from the IMS Health hospi-
tal disease database, the market share of intravenous im-
munoglobulin products was estimated at 50% for Multigam, 
45% for Sandoglobuline, 5% for Gammagard S/D, and 0% 
for Octagam. No data were available on the market shares 
of other intravenous immunoglobulins (i.e. Nanogam) and 
subcutaneous immunoglobulins (i.e. Subcuvia and Vivag-
lobin) available on the Belgian market. The analysis as-
sumed that immunoglobulin market shares observed in 
2007 would persist in the future in the reference scenario. 

Market size 

 

Market Distribution 

 
 
 

Historical market share distribution of IGs  

Forecasted market share of IGs without Kiovig 
 

Forecasted market share of IGs with Kiovig 

Drug Cost 

 Cost per patient 

Budget Impact 

 

 
Direct cost in Reference Scenario Direct cost with Kiovig Scenario 

Number of Belgian PID patients requiring IG 
treatment Size of Belgian IG market 

Incremental Costs (savings) over Reference Scenario  
Notes: IG = immunoglobulin; PID = primary immunodeficiency. 

Figure 1. Model structure of budget impact analysis. 
 
Table 1. Intravenous immunoglobulin market shares in new drug 
scenario. 

 2010 2011 2012 2013 2014 
Gammagard 

S/D 
4.84% 4.75% 4.67% 4.59% 4.49%

Kiovig 3.20% 5.00% 6.60% 8.10% 10.20%

Multigam 48.40% 47.50% 46.70% 45.95% 44.90%

Sandoglobuline 43.56% 42.75% 42.03% 41.36% 40.41%

      

Total 100% 100% 100% 100% 100% 

 
In the new drug scenario, Baxter expects Kiovig to 

gain a market share of 3.2% in 2010, 5% in 2011, 6.6% 
in 2012, 8.1% in 2013, and 10.2% in 2014. Kiovig was 
assumed to take its market share evenly from Gamma-
gard S/D, Multigam and Sandoglobuline (see Table 1).  

The associated number of patients in the reference 
scenario and in the new drug scenario was calculated by 
multiplying the estimated market share of each immu-
noglobulin product by the size of the target population. 

2.4. Drug Costs 

Hospital prices (including value-added tax of 6%) per 
patient were calculated assuming an immunoglobulin 
consumption of 24 g for a patient weighing 60 kg. This 
was based on an average monthly dose of 0.4 g per kg of 
body weight [1,3]. The average hospital price per gram 
was calculated based on the different doses available for a 
particular immunoglobulin product. Immunoglobulin unit 
cost data for 2008 originated from Belgian sources and 
were assumed to persist in the future. Table 2 presents the 
cost per gram, monthly costs and annual costs for im-
munoglobulin products on the Belgian market. 

2.5. Budget Impact 

This study estimated the market size by identifying the 
number of PID patients requiring immunoglobulin treat- 
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Table 2. Intravenous immunoglobulin costs per patient in 2008. 

Drug Cost per gram Monthly costs Annual costs 
Gammagard S/D 44.86 € 1,076.64 € 12,919.68 € 

Kiovig 49.01 € 1,176.24 € 14,114.88 € 
Multigam 41.29 € 990.96 € 11,891.52 € 

Sandoglobuline 45.58 € 1,093.92 € 13,127.04 € 

 
Table 3. Estimated target population. 

 2010 2011 2012 2013 2014 

Number of Belgian people 10,807,396 10,886,032 10,965,473 11,044,878 11,123,330 

Percentage of people with pri-
mary immunodeficiency 

0.022% 0.022% 0.022% 0.022% 0.022% 

Number of primary immunode-
ficiency patients 

2,378 2,395 2,412 2,430 2,447 

 
Table 4. Estimated patient numbers. 

Reference scenario New drug scenario 

 2010 2011 2012 2013 2014  2010 2011 2012 2013 2014 
Gammagard 

S/D 
119 120 121 121 122 

Gammagard 
S/D

115 114 113 111 110 

      Kiovig 76 120 159 197 249 

Multigam 1,189 1,197 1,206 1,215 1,224 Multigam 1,151 1,138 1,126 1,117 1,099 

Sandoglobuline 1,070 1,078 1,085 1,094 1,101 Sandoglobuline 1,036 1,023 1,014 1,005 989 

Total 2,378 2,395 2,412 2,430 2,447 Total 2,378 2,395 2,412 2,430 2,447 

 
Table 5. Budget impact of adopting Kiovig. 

Total drug costs in reference scenario (€) Total drug costs in new drug scenario (€) 
 2010 2011 2012 2013 2014  2010 2011 2012 2013 2014 

Gammagard 
S/D 

1,537,442 1,550,362 1,563,281 1,563,281 1,576,201
Gammagard

S/D
1,485,763 1,472,844 1,459,924 1,434,084 1,421,165

      Kiovig 1,072,731 1,693,786 2,244,266 2,780,631 3,514,605

Multigam 
 

14,139,017 14,234,149 14,341,173 14,448,197 14,555,220 Multigam 13,687,14013,532,550 13,389,852 13,282,82813,068,780

Sandoglobu-
line 

14,045,933 14,150,949 14,242,838 14,360,982 14,452,871
Sandoglobu-

line 
13,599,61313,428,962 13,310,819 13,192,67512,982,643

Total 
 

29,722,392 29,935,460 30,147,293 30,372,460 30,584,292
Total 

 
29,845,24730,128,141 30,404,860 30,690,21930,987,193

 
Budget impact of adopting Kiovig 

 2010 2011 2012 2013 2014 
Absolute budget impact 

(€) 
122,855 192,681 257,567 317,759 402,900 

Relative budget impact 
(%) 

0.41 0.64 0.85 1.05 1.32 

 
ment. Annual costs for a specific immunoglobulin product 
were calculated by multiplying the number of patients 
taking that product with the annual cost of that product. 
Summing annual costs over all immunoglobulin products 
generated total drug costs. 
 
3. RESULTS 
 
Table 3 presents estimates of the Belgian number of pa- 

tients suffering from PID over the 2010-2014 time hori-
zon. The number of Belgian PID patients is expected to 
increase from 2,378 patients in 2010 to 2,447 patients in 
2014. Multiplying the estimated market share of each 
immunoglobulin product by the size of the target popu-
lation generates estimates of the number of PID patients 
taking a particular immunoglobulin product in the refer-
ence scenario and in the new drug scenario (see Table 4). 
In both scenarios, the highest number of patients would 
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be expected to take Multigam, followed by patients tak-
ing Sandoglobuline and patients taking Gammagard S/D. 
In the new drug scenario, the number of patients treated 
with Kiovig is expected to increase from 76 patients in 
2010 to 249 patients in 2014. 

Table 5 shows total drug costs in the reference sce-
nario (“world without Kiovig”) and the new drug sce-
nario (“world with Kiovig”), respectively. In the refer-
ence scenario, total drug costs are expected to increase 
from 29.7 million € in 2010 to 30.6 million € in 2014. In 
the new drug scenario, total drug costs would rise from 
29.8 million € in 2010 to 31 million € in 2014. The esti-
mated budget impact of treatment with Kiovig is the 
difference in total drug costs between the new drug sce-
nario and the reference scenario. Table 5 demonstrates 
that the absolute budget impact of adopting treatment 
with Kiovig increases from 0.1 million € in 2010 to 0.4 
million € in 2014. Overall, treatment with Kiovig raises 
the 2010-2014 budget by 1.3 million € (or 0.86% of the 
reference drug budget). 
 
4. DISCUSSIONS 
 
The budget impact analysis compared the “world with 
Kiovig” to the “world without Kiovig”. The analysis took 
into account the market size, immunoglobulin market 
shares and unit costs with a view to estimating the budget 
impact of Kiovig. The findings showed that, from the 
perspective of the Belgian health care payer, the budget 
impact of adopting Kiovig in the treatment of PID is 
likely to be limited. 

The adoption of Kiovig would raise the immunoglobulin 
drug budget by 0.4%-1.3% per year. The budgetary in-
crease originated from the higher price of Kiovig as com-
pared with other intravenous immunoglobulins, although 
the impact of Kiovig was limited by the slow market 
penetration of Kiovig as predicted by Baxter. The analysis 
used conservative estimates of the market share of Kiovig 
over time given that similar products are expected to enter 
the market in the future. 

The budget impact analysis was based on a number of 
assumptions in the absence of data. First, the analysis 
focused on some, but not all intravenous immunoglobulin 
therapies available on the Belgian market and did not 
include subcutaneous immunoglobulin therapies. Second, 
the immunoglobulin market evolves so that, even though 
the most recent market share data relating to 2007 were 
used, the data may no longer reflect the current market 
situation. Third, the assumption was made that a patient 
would require an immunoglobulin consumption of 24 g 
per month. This is in line with estimates used by the 
Belgian Commission for Drug Reimbursement [11]. In 
light of these assumptions, the findings give an idea of the 
order of magnitude of the budget impact of Kiovig, but do 
not represent the exact budget impact. These shortcom-

ings highlight the need for more and better data on the 
Belgian immunoglobulin market size and the market 
distribution. 

It should be noted that the budget impact is only one of 
the factors informing the decision whether to reimburse 
Kiovig. Other factors that are taken into account in Bel-
gium are the therapeutic value, price, importance in 
medical practice in terms of therapeutic and social needs, 
and cost-effectiveness. 

Kiovig has a favourable pharmacokinetic, safety and 
effectiveness profile in the treatment of PID patients. Three 
prospective, open-label, multi-centre studies 160001 [12], 
160101 [13] and 160002 [14] have demonstrated that 
Kiovig attains the required minimum trough levels and 
pharmacokinetic parameters in PID patients. The Euro-
pean Public Assessment Report of Kiovig reveals no 
special risk for humans based on the exploration of safety 
pharmacology and toxicity [15]. The outcome measures 
of incidence of infections, antimicrobial use and the 
number of days off school or work were similar to those 
of other intravenous immunoglobulins. 

In Belgium, Kiovig tends to be more expensive than 
other intravenous immunoglobulins, amounting to an 
increase in the hospital price per gram (excluding VAT of 
6%) of 0%-18% as compared with Gammagard S/D, 
5%-27% as compared with Multigam, -4% to 21% as 
compared with Nanogam, and 8%-28% as compared with 
Octagam in 2008. 

In addition to Kiovig, other intravenous immu-
noglobulins are available on the Belgian market, in-
cluding Gammagard S/D, Multigam, Nanogam, Octa-
gam and Sandoglobuline. Furthermore, Subcuvia and 
Vivaglobin are available for subcutaneous administra-
tion. As compared with other immunoglobulins, Kiovig 
benefits from: a manufacturing process consisting of 
three dedicated virus reduction steps; a formulation 
containing no sucrose or sodium and containing more 
than 98% immunoglobulin G; a ready-to-use liquid 
presentation obviating the need for reconstitution; the 
ability to store at room temperature; a faster infusion 
speed and lower infusion volume; and the potential for 
home-based administration [4,5]. 

To date, the cost-effectiveness of Kiovig as compared 
with other intravenous immunoglobulins is unknown. 
The previous sections point to a similar effectiveness and 
higher price of Kiovig as compared with other products. 
To determine the cost-effectiveness of Kiovig, there is a 
need for an economic evaluation alongside a head-to- 
head clinical trial comparing Kiovig with other intrave-
nous immunoglobulins. 
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ABSTRACT 

The purpose of the study was to investigate 
whether or not the incidence of cough after intra-
venous fentanyl depends on the patient’s smoking 
state and the speed of injection. 530 ASA class I-III 
patients free of bronchial hyperreactivity and res-
piratory tract infection undergoing general anes-
thesia for elective surgery were randomized to 1.5 
g.kg-1 fentanyl injected over 2, 5 or 10 sec or pla-
cebo via a peripheral intravenous cannula. The 
endpoint was cough within 5 min after completion 
of injection. Statistical evaluation was performed 
by factorial ANOVA and chi-square-test. Assuming 
around 25% smokers in our patient population 
calculated patient sample size was 340 per group. 
The study was terminated for futility after enrol-
ment of 530 patients since an interims analysis 
yielded an incidence of cough of 2 % both in 
smokers (n=174) and nonsmokers (n=356, p= 
0,970), which was unrelated to the speed of injec-
tion and not different from placebo. 

Keywords: Cough, fentanyl induced; smoking; 
fentanyl induced cough; cough; fentanyl; 
speed of injection 

1. INTRODUCTION 

Cough after intravenous fentanyl for induction of anes-
thesia has been overestimated for more than 15 years. The 
question of fentanyl-induced cough is clinically of con-
siderable importance since several prophylactic measures 
haven been proposed to suppress cough after injection of 
fentanyl (2-7) all with specific possible side effects. We 
have shown in ASA I-III nonsmoking European patients 
that the incidence of cough after 1.5 g.kg-1 fentanyl is 
around 4% and not related to the speed of injection [1], 
much lower than previously assumed [2-9].  

Fentanyl induced cough is also believed to be much 
lower in smokers compared to nonsmokers (3% vs 13%) 
with the incidence depending on the speed of injection [8]. 
We hypothesised, based on our own data in nonsmoking 
European patients that there would be no clinically rele-
vant difference between smokers and nonsmokers in fent- 
anyl-induced cough at least in a European population. 
Accordingly, to evaluate the influence of smoking on the 
incidence of fentanyl induced cough we performed a 
single blinded, randomized controlled study with pe-
ripheral intravenous injection of 1.5 g.kg-1 bw fentanyl. In 
addition we hypothesizedd that in smokers the speed of 
injection is also not related to the incidence of cough. 
 
2. METHODS 
 
With institutional and ethical committee approval and after 
having obtained informed written consent 542 ASA class 
I-III patients without history of bronchial hyperreactivity 
and free of any upper respiratory tract infections scheduled 
for elective general, orthopedical, or gynecological surgery 
with general anesthesia were randomised (computer gen-
erated list, permuted blocks of 12). The study was per-
formed between Oktober 1th 2007 and May 31th 2008. 
Patients received either 1.5 g.kg-1 bw. fentanyl injected 
over 2, 5 or 10 seconds or saline placebo (NaCl 0.9%) 
injected over 2 sec. The study was carried out in a single 
blinded design i.e. patients were blinded concerning drug 
and speed of injection. Patient allocation was performed 
consecutively in the anesthesia pre-evaluation ambulance 
by the attending anaesthesiologist according to numbers 
generated by the computer generated list. 

During the preparation of our previous study all anes-
thesia nurses (n=7) had been trained by means of a stop 
watch in delivering the three predefined injection velocities. 
After placement of the routine monitors (noninvasive 
blood pressure, ecg, pulse oximetry) the anesthesia nurse in 
charge injected the assigned drug within the assigned time 
controlled by a stop watch. After completion of injection 
patients were observed for 5 minutes. Througout the 5 min 
study period all patients were preoxygenated (6 l.min-1 flow 

*Presented in part at the German anesthesia annual congress, Leipzig, 
May 9th, 2009. 
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O2, semi-closed system with the expiration valve of the 
anesthesia circuit being set to 5 cm of water). Drugs were 
always injected at room temperature via a periphereal intra- 
venous cannula at the back of the right or left hand in a 
running infusion of Ringer’s lactate. 

Primary endpoint was cough within 5 min after com-
pletion of injection. Cough was defined as any tussive 
reaction not consistent with normal quite breathing. Pri-
mary outcome was assessed by the attending anaesthesi-
ologist. Secondary endpoints were nausea and vomiting or 
any other complaints of the patients within 5 min after 
completion of injection. 

Basic assumptions were set as in our previous study: a 
5% incidence of fentanyl-induced cough in the fentanyl 
and of 0% in the placebo group, an alpha error of 0.01 and a 
ßeta error of 0,05 resulting in 340 patients per group [10]. 
Assuming a portion of 25% smokers in our local popula-
tion an interim analysis was planned after enrolment of 500 
patients, when in all likelihood enough (more than 100) 
smokers were included into the study protocol to allow 

statistically meaningful results. 
Statistical evaluation was performed with an analysis of 

variance for continuous and the chi-square-test for cate-
gorical variables. We compared the incidence of cough 
between smokers and nonsmokers in the whole group and 
the incidence of cough between fentanyl and placebo with- 
in the smoking and the non-smoking groups, respectively. 

Our null hypothesis was that there were no significant 
differences in the incidence of cough between smokers and 
nonsmokers and between the fentanyl groups and saline 
placebo in the smoking and non-smoking group, respec-
tively. After adjusting for multiple testing (bonferroni`s 
method) the null hypothesis was rejected and statistical 
significance assumed with a p value less than 0.001. 
 
3. RESULTS 
 
The flow chart of the patients of our study is shown in Fig-
ure 1. Overall, from 542 patients enrolled, 530 received the 
allocated medication. Eleven patients did not present 

 
 

Allocation 

Analyzed n=133 
Excluded from analysis: n=0 

Lost to follow-up: n=0 
Discontinued intervention: n= 0  

Allocated to Fentanyl 2 sec: n= 136 
Received Fentanyl 2 sec: n= 133 
Did not receive allocated 
intervention:  
n= 3 not presented on scheduled 
operation day 

Excluded: n=0
Not meeting inclusion criteria: n=0 
Refused to participate: n=0 
Other reasons: n=0 

Lost to follow-up n=0 
Discontinued intervention n=0 

Allocated to Fentanyl 5 sec: n=135 
Received allocated intervention:n= 
133 
Did not receive allocated 
intervention: n= 2 not presented on 
scheduled operation day 

Allocated to Fentanyl 10 sec: n= 136 
Received allocated intervention: n= 
132 
Did not receive allocated 
intervention: n= 4 not presented on 
scheduled operation day 

Allocated to Saline Placebo: n= 135 
Received allocated intervention: 
n=133 
Did not receive allocated 
intervention: n= 2 not presented on 
scheduled operation day 

Lost to follow-up: n=0
Discontinued intervention n=0 

Lost to follow-up: n=0
Discontinued intervention n=1 

Analyzed n=133
Excluded from analysis: n=0 

Analyzed n=131
Excluded from analysis: 
n=1 

Analyzed n=133 
Excluded from analysis: 
n=0 

Assessed for eligibility  (n=542) 

Enrollment 

Randomization 

Follow-Up 

Analysis 

 

Figure 1. The consort E-flowchart.      
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at the operation day scheduled, equally distributed in the 
four groups. In one patient in the fentanyl 10 sec group the 
syringe with the study medication was dislocated during 
the injection. Therefore the patient was excluded from 
evaluation. Thus, enrolment, allocation and follow up of 
the patients were highly conformable to the study proto-
col. 

The study was terminated for futility after enrolment of 
530 patients since the planned interims analysis yielded 
an incidence of cough in 4/174 patients (=2%) in the 
smoking and of 8/356 patients (=2%) in the non-smoking 
group (p=0.970), Table 1 shows the results of the three 
injection velocities in the smoking, non-smoking and overall 
patient groups compared to placebo respectively. There were 
no differences in fentanyl induced cough within the three 
fentanyl groups of different injection velocities neither 
when comparing between the fentanyl groups nor when 
comparing the fentanyl groups to placebo. 

Only one patient in the fentanyl 2 sec and one patient in 
the 5 sec group (in the smoker group) reported nausea 
during the study period. No patient suffered from vomiting 
during the study period. 

Demographic data (age, height, weight, distribution of 
sex) and ASA class did not differ between groups. 
 
4. DISCUSSION 
 
The main finding of our study is that the incidence of cough 
after 1.5 g.kg-1 fentanyl is 2% both in smokers and non-
smokers. Within the smoking and non-smoking group it 
was also not related to the speed of injection and not differ-
ent from saline placebo. Thus, this study confirmed our 
previous findings of a clinically irrelevant incidence of fen-
tanyl induced cough in European people also in smokers. 

Our results emerged when confounding variables such 
as patient population, different doses of fentanyl or 
speed or site of injection either were strictly controlled 

or eliminated. In addition, our study is the first, which 
compared in smokers different injection velocities not 
only between the fentanyl groups but also to saline pla-
cebo. 

As in our previous study in non-smoking patients [1] 
we have choosen the 1.5 g.kg-1 dose of fentanyl, because 
it is the routine used induction dose in > 90% of our pa-
tients. While even 7 g.kg-1 fentanyl injected in a pe-
riphereal vein over 1 second evoked cough in only 1/37 
patients in an European population [8], two studies in an 
asiatic/chinese population testing an identical dose of 1.5 
g.kg-1 fentanyl found much higher incidences of up to 28 
% [6,9], suggesting a race dependence.  

Regardless of the smoking status, injection velocity 
did not influence the incidence of cough and was con-
siderably lower than previously reported [6]. Since, 
compared to our study, the dose of fentanyl as well as the 
site of injection were identical, other reasons must be 
responsible. First, in the study of Lin et al. [6] the speed 
of injection (2, 15 and 30 seconds) was considerably 
slower than in our study (2, 5 and 10 seconds). Assuming 
any relation between the incidence of cough and the 
speed of injection a slower injection velocity should re-
sult in a lower incidence of cough. However, compared 
to our results the incidence of cough in the study by Lin 
was greater with slower injection velocities, excluding 
any possible relationship. Second, the study of Lin et al 
[6] and ours differed in the substantially longer post- 
injection observation period in our study (30 seconds in 
the study by Lin et al. vs. 5 minutes in our study proto-
col). Since a longer observation period in all likelihood 
should result in a higher rather than a lower incidence of 
cough by chance alone this also can be excluded as an 
explanation for the higher incidence of cough in the 
study by Lin et al. Thus racial differences of the subjects 
studied (Chinese vs. European people) seemed to be the 
most likely explanation for the different incidences of 

 
Table 1. Incidence of cough after intravenous injection of fentanyl or placebo( n=530). 

 Fentanyl 2 sec (n=133) Fentanyl 5 sec (n=133)
Fentanyl 10 sec 

(n=131) 
Placebo (n=133) 

 
Cough yes/no 

( %) 
Cough yes/no 

( %) 
Cough yes/no 

( %) 
Cough yes/no 

( %) 

Smoker (n=174) 1/37 1/44 1/46 1/43 

 (2,6%) (2,2%) (2,1) (2,2%) 

 p=0,999 

Nonsmoker (n=356) 3/92 2/86 1/84 2/86 

 (3,1 %) (2,2%) (1,0%) (2,2%) 

 p=0,848 

Total (n=530) 4/129 3/130 2/129 3/130 

 (3,0 %) (2,2%) (1,5%) (2,2%) 

 p=0,884 

Values shown are numbers. Values in parenthesis represent percentage of patients with cough. P-values refer to the chi-square-test. 
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cough between the study by Lin et al. compared to our 
study. In fact, in an asiatic or chinese population 
[2,3,6,7,9] intravenous injection of fentanyl in doses ran- 
ging from 2-5 g.kg-1 given within 1-5 seconds evoked 
cough in 28-65% in contrast to 3% incidence after 7 5 
g.kg-1 given within 1 second in an European population 
[8]. 

That in our study cough was also evoked after saline 
placebo injection in all likelihood is the result of our 
considerably longer post-injection observation period (5 
minutes) in conjunction with preoxygenation by face 
mask, both increasing the chance for cough either by 
time alone or by inconvenience of the mask regardless of 
the drug injected. Consistent with this assumption, in the 
placebo groups cough occurred in 2 patients after 1,5 and 
3 minutes in the nonsmokers and after 4 minutes in one 
smoker, respectively, in contrast to the fast (< 1 minute) 
response after intravenous fentanyl.  

In summary, in this study in an European population the 
incidence of cough after intravenous injection of fentanyl 
was 1) not different between smokers and nonsmokers, 2) 
unrelated to the speed of injection within the smoking and 
non-smoking group, and 3) not different from saline pla-
cebo. Therefore in a routine clinical setting fentanyl-in- 
dued cough is a rare event without any need for prophy-
laxis. 
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ABSTRACT 

Green tea catechins are classified as (-)-epi-
forms (2R, 3R) or (-)-forms (2S, 3R) with respect 
to stereoisomerism. The (-)-forms (2S, 3R) in 
catechin preparations obtained from green tea 
amounts to approximately 10% of total catechins, 
whereas the other 90% are (-)-epiforms (2R, 3R). 
High temperature induces the conversion of 
(-)-epiforms (2R, 3R) to (-)-forms (2S, 3R). This 
study investigated the effect of catechin prepa-
rations containing 10, 20 and 30% (-)-forms (2S, 
3R) on the oxidative and hydrolytic stability of 
butter. For comparison, butter with δ-tocopherol 
and BHT and butter without stabilizer were 
analysed. Butter stability was examined under 
conditions of refrigeration (8 oC) and freezing 
(-22 oC) and at temperature of 50 oC and 100 oC. 
Catechin preparations were more efficient butter 
stabilizers than BHT and δ-tocopherol. Thermal 
modification of catechins that led to the genera-
tion of 20% of (-) forms (2S, 3R) improved their 
antioxidative efficacy, but longer treatment lead- 
ing to the formation of 30% of (-) forms (2S, 3R) 
decreased their antioxidative activity. The hy-
drolytic stability of butter, however, increased as 
the amount of (-) forms (2S, 3R) increased. 

Keywords: Oxidative; Hydrolytic Stability; Antioxi-
dants; Catechins 

1. INTRODUCTION 

In recent years a number of studies have been carried out 
that have shown a positive effect of green tea on humans, 
mainly due to polyphonies. Green tea polyphenols have 
been reported to have antiatherosclerotic [1], anticar-
cinogenic [2,3] and anti-inflammatory [4,5] effects. Fla-
van-3-ols (catechins) form the most numerous group of 
non-fermented green tea polyphenols. The flavan-3-ol 

molecule comprises two stereogenic centres situated on 
the C-ring and constituted by the C2 and C3 carbon atoms. 
Tea catechins always have an R configuration at the C3 
carbon atom. Based on configuration at the C2 carbon 
atom, catechins can be classified into two groups: (-) 
epiforms (2R, 3R) and (-) forms (2S, 3R) [6]. In catechin 
preparations obtained from tea the main components are 
(-) epiforms (2R, 3R): (-) epigallocatechin gallate (EG- 
CG), (-) epicatechin gallate (ECG), and (-) epicatechin 
(EC). At high temperatures and in anaerobic conditions 
the epimerization reaction results in more (-) epiforms 
(2R, 3R) being transformed to (-) forms (2S, 3R) [7,8]. 
Catechins that belong to the (-) forms (2S, 3R) include: (-) 
gallocatechin gallate (GCG), (-) catechin gallate (CG), 
and (-) catechin (C). These compounds efficiently limit 
the absorption of cholesterol [9,10] and lipid hydrolysis 
products in the digestive tract [11-14]. Ikeda reported that 
catechin gallates, being (-) forms (2S, 3R), were most 
effective in eliminating cholesterol from bile acid mi-
celles [10]. The antioxidative and antiseptic properties of 
catechins suggest that these compounds could be used as 
food stabilizers. Moreover, catechin preparations that are 
rich in (-) forms (2S, 3R) seem to be ideal stabilizers of 
high-fat foods that are also high in cholesterol. The aim of 
this study was to determine the influence of catechin 
preparations that differed in flavan-3-ols content on the 
oxidative and hydrolytic stability of butter stored at 8 oC 
and –20 oC or exposed to the temperature of 50 oC and 
100 oC. 
 
2. MATERIALS AND METHODS  
 

2.1. Thermal Modification of Catechin 
Preparations 

Catechin solutions (50 mg/ml of redistilled water) were 
prepared from Sigma Polyphenon 60 and subjected to 
thermal modification at 140 oC for 40 minutes (prepara-
tion HMC1) or 80 minutes (preparation HMC2). Modi-
fications were carried out in Scott tubes under gaseous 
nitrogen. 
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2.2. Determination of Chemical Composition 
of Catechin Preparations 

The composition of flavan-3-ols in thermally modified 
and non-modified (NMC) catechin preparations was 
determined by the HPLC method as described by Lin [15]. 
Standards of (-) ECG, (-) EGCG, (-) GCG, (-) CG, (-) C, (-) 
EC and catechin solutions  (diluted 200-fold) were fil-
tered (0.45 μm) and injected (50 μl) into a LUNA 5U 
C18(2) (250 x 4.6 mm) chromatographic column. The 
Phase A elution solution comprised methanol, formic acid 
and redistilled water (20:0.3:79.7 v/v/v) and phase B was 
composed of methanol and formic acid (99.7:0.3 v/v). 
Samples were eluted from the column using the following 
programme: (0—10 min: 100% of phase A; 10—25 min: 
100%  90% of phase A, 0%  10% of phase B, linear 
gradient; 25–60 min: 90%  70% of phase A, 10%  
30% of phase B,  linear gradient). Liquids were filtered 
and degassed. The flow rate was 1 ml per minute and the 
detection wavelength was 280 nm. 

2.3. Preparation of Butter Samples 

Catechin preparations (NMC, HMC1 or HMC2) were 
introduced into home-made butter at concentrations of 50, 
100, 200 and 400 mg per 100 g of butter. For comparison, 
samples of butter stabilized with δ-tocopherol and 
3,5-di-tert-4-butylhydroxytoluene (BHT) in 50 mg per 
100 g of butter were used. Butter samples stabilized with 
catechin preparations of various amounts of different (-) 
forms (2S, 3R), BHT, δ-tocopherol and a negative control 
without stabilizer (K-) were stored at 8 oC for two weeks 
or at –20 oC for four weeks and then were incubated at 50 
oC or 100 oC for one hour. In addition, samples prepared 
from a stabilizer and fresh butter with no additions served 
as positive controls (K+). 

2.4. Elucidation of Oxidative and Hydrolytic 
Stability of Butter 

In order to determine butter stability, compounds that 
reacted with thiobarbituric acid (TBARS) and total acid 
number (TAN) were analysed. TBARS were detected 
using the method described by Buege and Aust [16] and 
were expressed as μmol of malondialdehyde (MDA) 
released from 100 g of butter. TAN was determined by 
titration of butter samples with 0.1 M KOH in ethanol and 
was expressed as mmol of free fatty acids (FFA) per 100 g 
of butter.  

The concentration of FFA was determined by the 
HPLC method as described by Fliszar [17] and expressed 
as mmol of FFA per 100 g of butter. Standards of lauric 
acid, myristic acid, oleic acid, palmitic acid, stearic acid 
and butter extract were filtered (0.45 μm) and injected (20 
μl) into a LUNA 5 µm C18(2) (250 x 4.6 mm) chroma-
tographic column. The column temperature was main-
tained at 40 oC, the flow rate was 1 ml per minute and 

detection was performed at 220 nm. Liquids were filtered 
and degassed. A gradient of acetonitrile (ACN) and 
o-phosphoric acid (0.1%) was employed to achieve suit-
able separation. The linear gradient used was as follows: 
30% 75% of ACN from 0 to10 min; 75%  80% of 
ACN from 10 to 20 min; 88%  99% of ACN from 20 to 
22 min; then held for 23 min. An equilibration time of 5 
min was employed between injections. 

2.5. Statistical Analysis 

Data were analysed using Statgraphics Plus for Windows. 
Results were compared with multifactor ANOVA and 
significant differences were determined using the LSD 
test at p<0.05. 
 
3. RESULTS AND DISCUSSIONS 
 

3.1. Thermal Modification of Catechin  
Preparations 

The differences in total catechin content among the 
HMC1, HMC2 and NMC preparations were not signifi-
cant (Table 1). In the NMC preparation (-) form cate-
chins (2S, 3R) constituted approximately 10% of the total 
catechins. As a consequence of thermal modification of 
the preparation the amount of (-) forms (2S, 3R) in 
HMC1 and HMC2 increased to 20 and 30% of total 
catechins, respectively. It is known that high temperatures 
cause γ-pyran ring opening, which enables rotation of the 
group situated at position C2 of the ring and a change in 
its locaion in relation to the plane of the whole molecule. 
The (-) forms (2S, 3R) in which the groups at the asym-
metric carbon atoms are in trans orientation to each other 
are more stable than their (-) epiforms (2R, 3R) [7]. The 
rate of epimerization depends not only on the temperature 
and on the time of exposure but also on the presence of 
metal ions and the pH of the solution [8,18]. 

3.2. Oxidative Stability of Butter Enriched  
with Catechins 

During storage under refrigeration (8 oC) all catechin 
preparations inhibited butter oxidation to an extent that 
did not differ from the positive control (Table 2). 
δ-Tocopherol and BHT, however, were less effective 
stabilizers, although the amounts of MDA assayed in 
butter samples stabilized with these agents were 39.2% 
and 88% lower, respectively, in comparison to samples 
without stabilizer stored at 8 oC for 14 days (negative 
control, K-).  

The amount of MDA assayed in butter samples stored 
at –20 oC for four weeks corresponded with the amount of 
MDA in the positive control for samples stabilized with 
the NMC and HMC1 preparations. On the other hand, the 
amount of MDA in samples stabilized with the HMC2 
preparation, δ-tocopherol and BHT did not differ from the  
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Table 1. The percentage of catechins ((-) EGCG, (-) ECG, (-) EC, (-) GCG, (-) CG, (-) C) and GA gallic acid) in a dry mass of thermally 
modified (HMC1, HMC2) and non-modified (NMC) catechin preparations. Different superscripts within a column indicate significant 
differences between catechin preparations (at p<0.05). All analyses were carried out in quadruplicate. 

(-) epiform (2R, 3R) [% d.m] (-) form (2S, 3R) [% d.m.] 
Catechin preparations 

 

GA (-) EGCG (-) ECG (-) EC (-) GCG (-) CG (-) C 
Total catechins 

NMC 0.24a 49.88c 11.30b 7.02b 4.20a 1.63a 1.64a 75.92a 

HMC1 0.35b 45.10b 9.78a 5.93a 8.53b 3.03b 3.10b 75.91a 

HMC2 0.47c 36.04a 9.62a 5.42a 16.04c 3.95c 4.48c 76.03a 

 
Table 2. Concentrations of MDA assayed in 100 g of butter. All stabilizers were added at doses of 50 mg per 100 g of butter. Different 
superscripts within a row indicate significant differences between samples (at p<0.05). All analyses were carried out in quadruplicate. 
HMC1, HMC2 = thermally modified catechin preparations. NMC = non-modified catechin preparation. K+ denotes the amount of 
MDA in fresh butter. 

 MDA μmol/100 g butter 

Butter stabilizers Butter without stabilizer 
Thermal 
treatment NMC HMC1 HMC2 

δ-Tocophero
l 

BHT K+ K- 

Refrigeration 
8 oC, 2 weeks 

0.84a 0.85a 0.86a 3.66c 1.34b 0.77a 5.52d 

Freezing 
–20 oC, 4 weeks 

0.82a 0.77a 1.12b 1.19b 1.21b 0.77a 1.20b 

Heating 
50 oC, 1 h 

1.05cd 0.85a 0.96b 1.11d 1.02bc 0.77a 1.30e 

Heating 
100 oC, 1 h 

1.08b 1.18b 1.20b 1.62c 1.25b 0.77a 1.67c 

 
Table 3. Concentrations of FFA assayed in 100 g of butter. All stabilizers were added at doses of 50 mg per 100 g of butter. Different 
superscripts within a row indicate significant differences between samples (at p<0.05).  Mean values from four independently per-
formed experiments. HMC1, HMC2 = thermally modified catechin preparations. NMC = non-modified catechin preparation. K+ 
denotes the amount of MDA in fresh butter. 

 FFA mmol/100 g butter 

Butter stabilizers Butter without stabilizer 
Thermal 
treatment NMC HMC1 HMC2 δ-Tocopherol BHT K+ K- 

Refrigeration 
8 oC, 2 weeks 

14.17cd 13.72bc 13.58b 14.85e 15.00e 4.19a 14.67de 

Freezing 
–20 oC, 4 weeks 

4,15a 4.51a 4.42a 4.46a 4.17a 4.19a 4.15a 

Heating 
50 oC, 1 h 

4.24a 4.30a 4.42a 4.28a 4.21a 4.19a 4.38a 

Heating 
100 oC, 1 h 

4.33a 4.35a 4.28a 4.15a 4.24a 4.19a 4.42a 

 
negative control. 

Butter samples stabilized with the HMC1 preparation 
incubated at 50 oC did not show any changes in the 
amounts of TBARS compared to the fresh butter (K+). In 
the conditions of the assay only the HMC1 preparation 
effectively stopped the oxidation process. On the other 
hand, δ-tocopherol was the least efficient butter stabilizer 
(35.9% less MDA generated during incubation than in the 
negative control K-). Analysis of the results obtained for 

samples incubated at 100 oC did not demonstrate any 
differences between the extent of oxidation of butter 
stabilized with catechin preparations of various amounts 
of (-) forms (2S, 3R) and BHT. These stabilizers limited 
the amounts of oxidation products emerging during 
heating at 100 oC by 46.7 up to 65.6% compared to the 
negative control. As in the case of incubation at 50 oC, 
δ-tocopherol was the least efficient stabilizer because no 
differences were observed between butter stabilized with 
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δ-tocopherol and the negative control. Neither of the 
preparations used at a rate of 50 mg per 100 g of butter 
stopped the oxidation of butter heated at 100 oC. In order 
to establish whether any of the catechin preparations were 
capable of stopping the butter oxidation process at the 
level corresponding to the positive control at 100 oC, 
higher doses of preparations were used (Figure 1).  

At doses of up to 100 mg of catechins per 100 g of 
butter, the efficacies of all preparations tested were simi-
lar. For doses higher than 100 mg of catechins per 100 g 
of butter, the HMC1 preparation containing 20% of (-) 
forms (2S, 3R) proved to be the most effective stabilizer. 
HMC1 stopped the oxidation process at the level corre-
sponding to the positive control at a dose of 400 mg per 
100 g of butter. The least effective was the HMC2 
preparation with the highest proportion of (-) forms (2S, 
3R). Increasing the concentration from 200 to 400 mg per 
100 g of butter did not decrease the rate of oxidation 
during a one-hour incubation of butter at 100 oC.  

Experiments determining the efficacy of non-modified 
green tea catechins as stabilizers in poultry meat [19], 
beef [20,21], pork [22], fish [21] and vegetable oils [23] 
have been reported. O’Sullivan and co-workers [19] 
showed that catechins increase the durability of meat 
under conditions of refrigeration through inhibition of the 
oxidation process, but not as efficiently as BHT. However, 
Chen [23] showed that catechins stopped oxidation more 
efficiently than BHT in oil heated to 95 oC. These results 
suggest that the (-) forms (2S, 3R) that emerge following 
heating demonstrate higher antioxidative activity than the 
stereoisomers classified as (-) epiforms (2S, 2R). Xu and 
co-workers [24] demonstrated, however, that the highest 
difference, in favour of epiforms (2S, 2R), occurs be-
tween (-) EGC and (-) GC whilst the other pairs of 
stereoisomers (-) EGCG→(-) GCG; (-) EC→(-) C; 
(-)ECG→(-)CG had a similar antioxidative activity. In 
our study the highest antioxidative activity in the HMC1 
preparation, in which the proportion of stereoisomers 
classified as (-) forms (2S, 3R) amounted to 20%, was 
probably due to the synergistic effect of both catechin 
stereoisomers. A decrease in the antioxidative activity of 
the HMC2 preparation (containing 30% of (-) forms (2S, 
3R)) in samples exposed to 50 and 100 oC was most 
probably due to further conversions of the (-) forms (2S, 
3R) to polymeric structures typical for fermented teas. 

3.3. Hydrolytic Stability of Butter Enriched 
with Catechins 

Incubation of butter samples for one hour at 50 oC and 
100 oC and further storage at –20 oC for four weeks did 
not increase the amount of FFA (Table 3).  

Alterations in the amounts of FFA were observed only 
for butter samples stored at 8 oC for 14 days. When sta-
bilizers were used at a level of 50 mg per 100 g of butter, 
a decrease in the amounts of free fatty acids released as  
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Figure 1. The influence of the concentration of catechin prepa-
rations (NMC, HMC1, HMC2) added to 100 g of butter on the 
amount of dimalonic aldehyde released during a one-hour in-
cubation at 100 oC. Individual letters denote statistically sig-
nificant differences (at p<0.05). All analyses were carried out in 
quadruplicate. K+ denotes the amount of MDA in fresh butter. 
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Figure 2. The influence of the concentration of catechin prepa-
rations (NMC, HMC1, HMC2) added to 100 g of butter on the 
amount of free fatty acids (FFA) released during two weeks 
storage at 8 oC. Individual letters denote statistically significant 
differences (at p<0.05). All analyses were carried out in quad-
ruplicate. 

 
compared to the negative control was observed only with 
thermally modified catechins. The other compounds did 
not influence the hydrolytic stability of butter. However, 
the amount of fatty acids was lower by only 13.3% for 
the HMC2 catechin preparation and by 10.9% for the 
HMC1 preparation in comparison to the negative control. 
In order to improve the hydrolytic stability of butter un-
der refrigeration conditions (8 oC) the amounts of cate-
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chins added were increased (Figure 2). 
With increasing dose and an increased proportion of 

catechins classified as (-) forms (2S, 3R), the amount of 
free fatty acids decreased during storage at 8 oC. For the 
HMC2 and HMC1 preparations at the highest dose the 
amounts of FFA were lower by 52.1% and 40.6% re-
spectively, compared to the negative control. Inhibition 
of the hydrolysis of butter lipids is most probably a sec-
ondary effect caused by suppression of microbial growth. 
A number of data in the literature confirm the antiseptic 
activity of polyphenols, including catechins [25,26].  

Openly accessible at  

In conclusion, catechin preparations were more efficient 
butter stabilizers than BHT and δ-tocopherol. Thermal 
modification of the catechin preparation that led to the for-
mation of 20% (-) forms (2S, 3R) improved its antioxida-
tive efficacy; however, further increases in (-) form cate-
chins (2S, 3R) to 30% of these molecules led to a decrease 
in the antioxidative stability of butter. The hydrolytic stabil-
ity of butter, on the other hand, increa- sed as the concentra-
tion of catechins classified as (-) forms (2S, 3R) increased. 
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ABSTRACT 

Scope: This article seeks to assess the eco-
nomic impact of industrial accidents with ref-
erence to the incidence of opthalmological in-
dustrial injuries occurring in the Thriacion Plain 
industrial zone in Greece during the period 
1991-2000. Material and Methods: Data provided 
by 53 industrial units have been collected and 
classified. During the study period, 2,011 adults 
and juveniles out of the 15,600 people employed 
in the area (a 13% aggregate) suffered opthal-
mological injuries occurring at the workplace. 
Results: The highest percentage of injuries were 
due to trauma (61% of adults, 67% of juveniles), 
followed by chemical burns. In the majority of 
cases (75% of adults and 50% of juveniles) 
treatment was provided at the local IKA (Social 
Security Fund) health care unit, in the town of 
Elefsis. It was estimated that a total of 10,192 
working days were lost, with compensation 
costs (benefit payments) alone amounting to 
approximately € 118,000.00, not allowing for in-
direct employer costs such as loss of produc-
tivity, substitution and replacement costs. Con-
clusions: The high incidence of industrial acci-
dents in combination with the high percentage of 
child labor in the area of Thriacion Industrial Plain 
were striking and contributed significantly to high- 
er rates of work-related injuries of ocular interest 
in Greece. The latter were shown to result in a sig- 
nificant deterioration of the employees’ health 
status, with the majority of the accidents being 
due to the lack of safety precautions at the work-
place at a considerable financial burden on the 
social security system in direct benefit payments. 
The social security system needs to press for 
tighter work safety regulations and their proper 
implementation if to minimize the burden these 

accidents impose on its budget. 

Keywords: Occupational Health; Cost of Care;  
Ophthalmological Accidents 

1. INTRODUCTION 

One of the primary objectives of the social security sys-
tems in most European countries is to cover for risks due 
to industrial injuries and occupational related diseases [1]. 
Over the past twenty years, changes in the manufacture 
and production process, largely aimed at an improvement 
of the work environment for employees, have led to the 
introduction of advanced technologies and the minimiza-
tion of human interaction with high-risk machinery, in an 
effort to limit the extent of occupational / industrial acci- 
dents [2]. 

An occupational / industrial accident is “any violent, 
sudden and unforeseen incident occuring to the employee 
during or because of his work and resulting in a disability 
for work of a duration of more than 4 days” and, as such, 
manifests the effect of economic activity on the health of 
an employee [3], leading to a deterioration of the health 
status of the injured person, an increase in the social se-
curity burden of treatment and rehabilitation, abseintism, 
decrease in productivity and lost revenue [4]. 

Whereas improvements in working conditions in Greece 
from 1970 onwards resulted in a decrease in the incidence of 
industrial accidents, and especially fatal ones, related mor-
bidity remained relatively high until 1989. During the next 
decate, morbidity decreased substantially [5,6]. Industrial 
accidents in Greece were largely related to the low level of 
work safety standards, the unsuitability of the work envi-
ronment, the lack of sufficient measures to monitor safety 
regulations and collect and analyze relevant information, the 
recruitment of non-specialized workers for specialized tasks 
and the lack of state control over enterprises, particularly in 
monitoring compliance with safety regulations [7]. 
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Table 1. Work accidents to IKA insured employees and consequences (1991-1995). 

Accidents -consequences 1991 1992 1993 1994 1995 

Death 222 227 240 229 206 

Absence from work and 
compensation 

25,611 25,582 24,524 23,231 21,946 

Temporary disability and 
retirement 

673 474 504 507 392 

Permanent disability and 
retirement 

290 300 311 317 253 

Minor injury with no impact 
on ability to perform tasks 

74 84 75 78 145 

Total work accidents 26,870 26,667 25,654 24,362 22,942 

Source: National Statistical Service of Greece, Statistical year book of Greece, 1999 

 
Table 2. Subsidies paid due to industrial accidents to IKA insureds, 1995. 

Benefit data Total 

Cases 22 

Days of subsidy 689 

Bonus days 52 

Total days 741 

Cost in euros 8,516,327.77 

Cost per case 395.37 

Days per case 34 

Source: Social Security Institute, Statistical Report 1996, Athens. 

 
In 1995, 0.90% of accidents at the workplace resulted 

in death, 95.66% resulted in absence from work and 
payment of compensation, 1.71% resulted in temporary 
disability, 1.10% resulted in permanent disability and 
0.63% related to minor injury that did not hinder the 
employee from performing his duties (Table 1). 

In the same year, IKA, the largest social security fund, 
where 55% of the population are insured (compulsory 
health / social insurance), paid out € 8.5 million in com-
pensation (benefits) for 21,540 industrial accidents [8]. 
Compensation covered an average of 34 days per incident 
with the per capita benefit amounting to € 395 (Table 2). 

It should be noted that this figure did not include 
benefits in kind for treatment, which were paid sepa-
rately to the insureds, or the cost of health services actu-
ally provided at the IKA local health units or hospitals. 
Nonetheless, in 1996, this compensation in kind for in-
dustrial accidents amounted to 6% of IKA’s total provi-
sion for illness in money terms [8], which is considered 
high especially as it is an “avoidable” cost that could 
potentially lead to catastrophic health care expenditure 
for the security fund, the employee and the employer.  

In the remit of industrial accidents, work related injuries 
of ophthalmologic interest have been in the center of recent 
scientific analysis and debate [9-11]. While ocular injuries 

appear to be relatively higher in industrial settings at some 
countries, such as Southeastern Nigeria, where 12.5 % of 
industrial accidents affected the eye [9], comparably high 
incidence rates are also observed in the agricultural sector in 
both USA and Italy [10,11].  

In the view of 1) the growing importance of ocular 
accidents occurring at the workplace and 2) the significant 
economic burden imposed on the social security system 
by occupational accidents in Greece, this paper assesses 
the economic impact of ocular injuries at the workplace in 
one of the most industrialised areas of the country. 
 
2. METHODS 
 
This paper analyses the incidence and the economic 
consequences of ophthalmological industrial accidents in 
the Thriasion Plain industrial zone in Greece over the 
period 1991-2000. Data were collected from fifty three (53) 
industries that operate in the greater area of the Thriacion 
Plain and employee health records at the primary health 
care clinic of the IKA local health unit in Elefsis. Cost data 
were obtained from the Annual IKA Statistical Bulletin. 
The cost of the accidents was estimated in monetary terms 
both for the social security system and the individuals 
(injured employees and employers) alike. 
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Table 3. Employees per category/sex and opthalmological accidents in the industrial area of Thriacion Plain (1991-2000). 

EMPLOYEES ACCIDENTS 

Adults  Cases 
% (compared to the total 

of accidents) 
Employees per acci-

dent 

MEN 8,150 1,785 89% 8.12 

% (compared to the adults total) 56.21    

WOMEN 6,350    

% (compared to the adults total) 43.79    

TOTAL  14,500    

% (compared to the total of employees) 92.95    

Juveniles     

MEN 995 226 11% 4.87 

% (compared to the juvenile total) 90.45    

WOMEN 105    

% (compared to the juvenile total) 9.55    

TOTAL  1,100    

% (compared to the total of employees) 7.05    

All Employees 15,600 2,011 100% 7.76 

 
Table 4. Work opthalmological accidents in adults and juvenile in the industrial area of Thriacion Plain (1991-2000). 

Year Adult Accidents % Juvenile Accidents % Total of accidents 

1991 228 86.36 36 13.64 264 

1992 114 83.82 22 16.18 136 

1993 78 85.71 13 14.29 91 

1994 76 84.44 14 15.56 90 

1995 68 94.44 4 5.56 72 

1996 116 95.87 5 4.13 121 

1997 149 94.90 8 5.10 157 

1998 234 89.66 27 10.34 261 

1999 366 87.98 50 12.02 416 

2000 356 88.34 47 11.66 403 

TOTAL 1,785 88.76 226 11.24 2,011 

 
3. RESULTS 
 
A total of 15,600 workers were employed in the area over 
the study period, of whom 14,500 were adults and 1,100 
juveniles. Of them, an aggregate 13 % (1,785 adults and 
226 juveniles) suffered ocular casualties over the study 
period (Table 3). This percentage is a striking 4.5 times 
higher than the average representation of ocular injuries 
in the overall industrial accidents (2.8% of total accidents) 
reported by IKA for that period. 

The number of opthalmological injuries sustained by 
both adults and juveniles varied significantly between 
1991-1996 and 1996-2000. Table 4 depicts a 70% decline 
in opthalmological industrial accidents (from 228 to 68)  

for adults and an 88% decline (from 36 to 4) for juvenile 
workers between 1991 and 1996. Conversely, over the 
period 1996-2000, there was a marked increase of 206% 
(from 116 to 356) in adult ophthalmological industrial 
accidents and 840% (from 5 to 47) in juvenile ones, 
despite the introduction of additional European Union 
legislation on tighter safety controls in the workplace (6 
new legislative acts over the study period). 

A large proportion of the employees seeking treatment 
for ophthalmological industrial injuries had not been 
legally employed and were uninsured, with the rate of 
child labor in the area being quite significant (7.05%). 
Children displayed a greater propensity towards accidents 
at the workplace (a chance of 1 in 4.87 for juveniles as  
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Table 5. Adult work accidents by eye anatomical area subjected to injury (1991-2000). 

Eye anatomical area 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Eyelids 65 40 20 25 20 25 21 48 100 90 

Conjunctivae 25 4 8 15 7 5 25 40 43 20 

Cornea 110 70 46 30 41 63 79 134 209 219 

Sclera 17  4 6  16 14 10 11 20 

Iris 7     2 5  2 4 

Lens 2     5 5 2 1 3 

Hyaloid 2          

 
Table 6. Juvenile work accidents by eye anatomical area subjected to injury (1991-2000). 

Eye anatomical area 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 

Eyelids 13 11 4 7 2 5 6 20 30 31 

Conjuctivae 10 2 8 5 2  2 5 3 7 

Cornea 2 4 1 1    2 5 9 

Sclera 9 5  1     7  

Iris 1        4  

Lens 1        1  

Hyaloid           

 
Table 7. Cost estimation surcharged to IKA by absence reimbursement due to adult industrial opthalmological accidents in the Thriacion Plain (1991- 2000). 

Anatomical 

area 
Incidents 

Average 

recovery 

period 

Total days 

of recovery

Days paid 

by em-

ployer 

Days paid 

by IKA 

Employer 

cost 
IKA cost 

Total re-

imburse-

ment cost 

Eyelids 454 4 1,816 1,362 454 15,836.37 5,278.79 21,115,.16 

Conjuctivae 192 4 768 576 192 6,697.32 2,232.44 8,929.76 

Cornea 1,001 3 3,003 3,003 0 34,916.76 0.00 34,916.76 

Sclera 98 23 2,254 294 1,960 3,418.42 22,789.49 26,207.92 

Iris 20 23 460 60 400 697.64 4,650.92 5,348.55 

Lense 18 23 414 54 360 627.87 4,185.83 4,813.70 

Hyaloid 2 23 46 6 40 69.76 465.09 534.86 

TOTAL 1,785  8,761 5,355 3,406 62,264.15 39,602.56 101,866.71 

 
Table 8. Cost estimation surcharged to IKA by absence reimbursement due to juvenile employees work opthalmological accidents in 
the Thriacion Plain (1991-2000). 

Anatomical 

area 
Incidents 

Average 

recovery 

period 

Total days of 

recovery 

Days paid 

by em-

ployer 

Days 

paid by 

IKA 

Employer 

cost 
IKA cost 

Total reim-

bursement cost 

Eyelids 129 4 516 387 129 4,499.76 1,499.92 5,999.68 

Conjuctivae 44 4 176 132 44 1,534.80 511.60 2,046.40 

Cornea 24 3 72 72 0 837.17 0.00 837.17 

Sclera 22 23 506 66 440 767.40 5,116.01 5,883.41 

Iris 5 23 115 15 100 174.41 1,162.73 1,337.14 

Lense 2 23 46 6 40 69.76 465.09 534.86 

TOTAL 226  1,431 678 753 7,883.30 8,755.35 16,638.66 
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compared to 1 in 8.12 for adults). This uninsured popu- 
lation (including illegally employed children) did not 
generate revenue (compulsory insurance fees) for the 
social security fund but, nonetheless, sought and received 
treatment for their accidents at the IKA local health care 
unit, at a considerable, additional and unaccounted for, 
cost for the fund. 

Tables 5 and 6 depict the steady increase in injuries 
involving the eyelids both for adults and juveniles, espe-
cially after 1998, and the cornea (especially in adults), 
while injuries involving the conjunctivae have also dis-
played a relative increase. Eye injury was most com- 
monly caused by metal chips, cement dust, fragments of 
wood, pieces of coal stone and arc rays, all of which could 
be prevented by wearing appropriate protective eye cov-
erings. Mechanical injuries accounted for 1,076 of adult 
injuries (60.3%), chemical burns for 630 (35.3%) and 
clashes for 79 (4.4%). Injury causes in juveniles were 
distributed similarly, though no injuries were attributed to 
clashes. 

Seventy-five percent of the adults thus injured were 
treated at the local health unit of IKA in Elefsis, whereas 
the remainder was transported to the opthalmological 
Clinics of Athens and Piraeus (National Health System – 
NHS-Clinics). Of the juveniles injured, 50% were treated 
at the local health unit and the others were transported to 
the two Children’s Hospitals in Athens (NHS Hospitals) 
[12,13]. It should be noted that according to the Greek 
NHS principles, it is compulsory that treatment is pro-
vided to everyone in need, irrespective of insurance status. 
In this light, even if uninsured or illegally employed, all 
employees that suffered ocular industrial accidents re-
ceived treatment either at a cost that fell on the social 
security fund or directly the NHS (the hospital budget).  

IKA, which insures the majority of employees in the 
area, apart from covering treatment expenses, pays out 
compensation, sick-leave subsidies and a disability pen-
sion for either permanent or temporary disability. Based 
on the average compensation per day of absence from 
work, the cost to IKA for each employee amounts to:  

IKA cost = Days of absence – 3 (paid by the employer) 
x average daily compensation 

Whereas days of leave are estimated using the formula: 
type of injury x factor n (which expresses the days re-
quired for recovery for each category of injury).  
Thus, the cost to social security (IKA) in 1995 prices for 
the coverage of opthalmological injuries occurring in the 
Thriacion Plain industrial zone in 1995 wages amounted 
to € 39,602.56 for adults (Table 7) and € 8,755.35 for 
juveniles (Table 8), at a total burden of injury of € 
48,357.91. The above estimation is based on an average 
daily compensation multiplied by the days required until 
recovery; the days required for recovery are on average 4 
(3-5) for injuries to the eyelids and conjuctivae, 3 (2-4) 
for injuries to the cornea and 23 (5-30) for injuries sus-
tained to sclerae, iris, lens and vitreous. 

The burden of disease on employees amounted to ap-
proximately € 62,264.15 for adults and € 7,883.30 for 
juveniles, at a total of € 70,144.46. Overall, the total cost 
of opthalmological industrial accidents in the Thriacion 
Plain industrial zone during the 1990s was estimated at € 
118,505.36. It should be noted that this was the cost in-
curred for sick leave only and, thus, an underestimate of 
the full economic burden of disease, as it does not allow 
for indirect employer costs such as replacement costs, 
productivity losses, delays in order processing or in-
voicing and adverse publicity. 

As mentioned before, compensation costs paid out by 
the social security did not include the provision of ser-
vices or payments in kind for treatment of the insured, 
which were exponientially higher than the compensation 
cost. Given the lack of published hospital and IKA treat- 
ment data [14], this cost could not be estimated in a 
credible manner. Compensation costs are thus used in this 
paper as an indicator of the extent of preventable and 
avoidable expense to the social security system (and to 
the NHS) that stricter implementation of work safety 
regulations could result to. 
 
4. DISCUSSIONS 
 
Data analysed in this paper show that the conditions ex-
isting in the Thriacion Plain industrial zone favor the 
occurrence of opthalmological industrial accidents, due to 
the lack of implementation of strict safety regulations, 
lack of information, ignorance of risks (resulting to care- 
lessness), difficult working conditions, diminished per-
ception, inexperience and insufficient physical strength. 
The probability of an accident occurring is further ag-
gravated by the high rate of child labor that is essentially 
more vulnerable to such accidents.  

These accidents, that to a great extent could be pre-
vented through the use of protective eye coverings and 
more appropriate safety regulations, effect a high health 
and economic burden on social security, the employee 
and the employer alike and can ultimately lead to unem-
ployment in an area where the primary source of income 
is from employment in the industrial sector [12-13]. It is 
recommended that in accordance with European guide-
lines on health and safety at work [15], legislation ad-
dressing the use of protective devices in high-risk indus-
tries should be vigorously enforced and compliance better 
monitored. This would not only improve the eye health of 
industrial workers in Greece but, most crucially, prevent 
avoidable expense to the fragile social security system 
and the NHS, which face major economic constraints on 
their budgets. 
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ABSTRACT 

Phytosterols are a group of steroids alcohols 
which had been regarded as a functional factor. 
An unknown compound in phytosterol samples 
and phytosterol standard samples was detected 
by HPLC using symmetry C18 column. The quan- 
tity of the compound was increased with the 
enrichment of β-sitosterol. After being collected 
and analyzed by GC-MS and compared with 
standard diagram from Wiley and Nist standard 
chart library, it proved to be γ-sitosterol, a 24β 
epimer of β-sitosterol. 

Keywords: β-Sitosterol; γ-Sitosterol; Isomer; 
Stereochemistry; HPLC; GC-MS 

1. INTRODUCTION 

Plant sterols are steroid alcohols. Phytosterols regulate 
the membrane properties of the plant cells and participate 
in the control of membrane-associated metabolic proc-
esses. Sterols also play an important role in cellular and 
developmental processes in plants as precursors of brassi- 
nosteroids. They also act as substrates for a wide variety 
of secondary metabolites such as the glycoalkaloids, 
saponins. A major function of phytosterols in diet is the 
inhibition of absorption and subsequent compensatory 
stimulation of the synthesis of cholesterol. They are 
generally regarded as a kind of functional factor which 
could lower serum cholesterol and LDL-C level. Among 
different kinds of phytosterols, β-sitosterol has the most 
powerful serum cholesterol-lowering effect. 

Phytosterols are made up of a tetracyclic cyclopenta [α] 
phenanthrene ring and a long flexible side chain at the C- 
17 carbon atom. The four rings (A, B, C, D, from left to 
right) have trans ring junctures, forming a flat α system. 
The most common representatives are sitosterol, stigmas- 
terol and campesterol (4-desmethyl sterol). Campesterol 
and sitosterol have a △5 double bond and an additional 

one-carbon or two-carbon substituent in the side chain at 
C-24. Brassicasterol and stigmasterol have △5 and △22 
double bonds, also an additional methyl or ethyl sub-
stituent at C-24 (Figure 1). These substituents are intro-
duced by trans-methylation reactions. Methyl and ethyl 
substituents may have α or β chirality. Most 24-ethyl 
sterols are 24α-epimers, whereas 24-methyl sterols occur 
as mixtures of 24α-epimers and 24β-epimers. Alkylation 
of C-24 is a reaction specific to plants. 

Sitosterol is the principal sterol in plant materials. Gen-
erally it refers to β-sitosterol which has △5 double bond 
and α-ethyl at C-24 [1]. The structure of β-sitosterol is 
definite. But little has been reported concerning γ-sitos-
terol, an epimer of β-sitosterol, which has been described 
as a △5 sterol and β-ethyl at C-24. Thompson (1963) [2] 
and Nishioka (1965) [3] respectively reported on γ-sitos-
terol in early years, but little chromatography information 
about how to separate these two epimers could be found. 

In the course of an experiment aimed to enrich β-sitos-
terol, it was found that an unknown compound of small 
quantity also had been enriched. This compound had been 
neglected in the previous research and determination. It is 
important to define what this compound is. 

 
2. EXPERIMENTAL 
 
2.1. Chemicals 

All chemical solvents are HPLC-grade, were purchased 
from Shanghai Chemical solvents company. 

2.2. Samples 

Four samples were used for determination by HPLC. 
Sample A was phytosterol raw material and its purity was 
87.1%. Sample B was a β-sitosterol enriched phytosterol 
product prepared in the lab. Sample C was a blended phy-
tosterol standard sample (total phytosterols purity was 
95.7%) containing brassicasterol, stigmasterol, campes-
terol and β-sitosterol. Sample D was a stigmasterol stan-
dard sample with the purity of 97.3%. All the standard 
samples were from Sigma.  
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Figure 1. The structures of phytosterols. 

 
2.3. Sample Preparation 

The four samples were dissolved in absolute alcohol. 
The concentrations of sample A, B, C, and D were 
0.7563mg/ml, 0.8322mg/ml, 1.360mg/ml and 0.7520mg/ 
ml respectively. Preparation of well-dissolved samples 
were achieved by ultra-sonic treatment. Undissolved 
particulate matter was removed by membrane filtration 
before the HPLC analysis. 

Openly accessible at  

 
3. CHROMATOGRAPHY METHODS [4] 

 
3.1. HPLC Conditions 

Waters 600 HPLC equipment combined with UV detector 
at UV 210nm. Symmetry C18 Column (5μm, 3.9×150mm) 
from Waters. Column temperature was 30 . Mobile ℃
phase: MeOH (HPLC grade). The flow rate was 1.0ml/ 
min. Sample Loading was 30μl. 

3.2. GC-MS Conditions 

TRAC-MS (Finnigan company), OV-1701 column (30m× 
0.25mm×0.25μm) from Vertical Chromatography Co., 
Ltd. Mobile phase: He gas (99.99% purity), flow speed 
was 0.8ml/min, split ratio was 10:1. Sample temperature: 
280oC. Column temperature: from 240oC and rose up to 
265 oC at the rising speed of 10oC/min. Remained at 265 

oC for 40 minutes. Ionization mode: EI+. Electron energy: 
70eV. Interface temperature: 250oC. Ion source tempera-
ture: 200oC. Detection voltage: 350V. Sample loading: 
0.5μl. 

3.3. Separation of Four Samples by HPLC 

HPLC was applied to separate phytosterol samples for 
quantity determination. The RT (retention time) and 
quantity of each kind of sterol in phytosterol standard 
samples (sample C and D) were already known (Table 1). 
Sample B was prepared for the purpose of concentrating 
β-sitosterol. The unknown compound was also enriched 
while the β-sitosterol enriched. This phenomenon caused 
our interest. Usually the unknown compound we dis-

cussed in this report was too little to be noticed, though it 
existed in almost all the samples. Their HPLC separation 
results are shown in Figures 2-5 (Sample A, B, C and D). 

The information about the name and RT of each phy-
tosterol in Figures 2-5 was listed in Table 1. 

The first small peak is a compound with low concen-
tration which was detected around 15min to 15.3min in 
sample A, B and C. It was a long chain alkane with SiO- 
group. After collection and determination by GC-MS, this 
small compound was judged to be material lost from the 
C18 column. 

The content of β-sitosterol in sample B was more than 
in sample A which was due to the enriching course of β- 
sitosterol. The content of β-sitosterol in raw material was 
37.21% and in concentrated phytosterol sample was 
56.46%. Simultaneously, the unknown compound was 
also enriched in the experiment which showed the same 
concentrated tendency as β-sitosterol. Its content was 
raised from 4.92% in raw material to 6.55% in treated 
sample. It must be a kind of phytosterol for it has a similar 
chemical reaction ability and solvent dissolved property 
as β-sitosterol. This unknown compound was collected 
and analyzed by GC-MS for further study. Repeated col-
lecting the unknown compound manually until 5ml was 
gathered when the unknown peak shown up from the 
HPLC UV detector. Dry the gathered sample by high 
purity of nitrogen gas, then dissolve it in 0.2ml cyclo-
hexanone before GC-MS analysis. 

3.4. Analysis of the Unknown Compound by 
GC-MS 

The unknown compound was collected and analyzed by 
GC-MS. The information of MS was given from the 
Wiley and Nist standard chart library. The MS informa-
tion is listed in Figure 6 and Figure 7. 

The unknown compound (Figure 6) probably was an 
isomer of β-sitosterol. The name stigmast-5-en-3-ol was 
given by IUPAC (International Union of Pure and Ap-
plied Chemistry). The only difference from β-sitosterol 
was the stereochemistry in the position of C-24 ethyl. 
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Figure 2. HPLC of phytosterol raw material. Figure 3. HPLC of phytosterol product. 

Figure 4. HPLC of β-sitosterol standard sample. Figure 5. HPLC of stigmasterol standard sample. 
 

Table 1. RT(min) of each sterol in sample A-D. 

 Compound name 
Sample A 
RT(min) 

Sample B 
RT(min) 

Sample C 
RT(min) 

Sample D 
RT(min) 

1 Column loss  15.245 15.080 － 
2 Unknown compound 16.187 16.669 16.282 － 
3 brassicasterol 17.201 17.605 17.330 17.308 
4 stigmasterol 19.635 19.780 19.775 19.745 
5 campesterol 20.440 20.580 20.574 － 
6 β-sitosterol 21.743 21.879 21.880 － 

 
Hit Spectrum Compound Structure 
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34.97 STIGMAST-5-EN-3-OL, (3.BETA. 24S)- (CAS) 878 890 54.40 

Figure 6. MS information of unknown compound. 
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RT Name SI RSI Probability 
37.93 STIGMAST-5-EN-3-OL, (3.BETA)- (CAS) 921 922 62.73 

Figure 7. MS information of β-sitosterol. 
 
4. CONCLUSIONS 
 
β-sitosterol is one important kind of phytosterols that  
commonly occurs in raw material which was extract from 
deodorizer distillates. It is a △5 4-desmethyl sterol with 
an additional ethyl substituent in the side chain at C-24. 
This 24-ethyl substituent has α chirality which had been 
already known. An unknown compound was found in the 
sample prepared in lab. The unknown compound could be 
separated from other phytosterols and collected by HPLC 
under our chromatography conditions. In further study, 
GC-MS information was given and shown that the un-
known compound was probably to be an epimer of β- 
sitosterol, which was called γ-sitosterol by its trivial name. 
The only difference of these two epimers was the 24-ethyl 
substituent. The 24-ethyl in the side chain of γ-sitosterol 
has beta chirality, which was indicated as 24s in the Wiley 
and Nist standard chart library. 

Openly accessible at  

It must be emphasized most strongly that the α-, β- as-
signments for side chain stereochemistry bear no rela-
tionship to the use of α- and β- to define substituents 
attached to the sterol rings. The two systems of α/β as-
signments are quite unrelated. 

Although γ-sitosterol is an important epimer of β-si-
tosterol, it has been neglected in past research. Especially 
the chromatography conditions for detecting and sepa-

rating γ-sitosterol from other phytosterols in raw material 
samples. So, isolation and identification of γ-sitosterol by 
HPLC and GC-MS in this study provided a new, precise 
determination of phytosterol for further research. 
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ABSTRACT 

Aim: Intervertebral spacers for anterior spine 
fusion are made of different materials, which 
can affect the post-fusion MRI scans. Suscep- 
tibility artifacts specially for implants made of 
titanium alloys can decrease the image quality. 
This study focused on the influence of deter-
mined implant parameters like shape and implant 
volume in MRI artifacting independent from se-
lected MRI-sequences. Methods: In this study 
the post-implantation MRI scans of determined 
cuboids and cylinders were evaluated. All in-
terbody test implants were made of titanium 
alloys. MRI scans were carried out by using T1 
TSE sequences. The total artifact volume (TAV) 
of all examined implants were calculated for sta-
tistical t-test correlation and implant volume 
(IV)/TAV-relation. Results: Considering all ex-
amined test implants with an increasing implant 
size the TAV became significant larger (p<0,001) 
with simultaneous reduction of the respective 
IV/TAV-relation. According to an intergroup TAV- 
correlation for cylinders and cuboids with an 
equivalent implant volume the cylindric test im-
plants demonstrated a significant smaller arti-
fact range (p<0,05). Conclusions: Based on 
these results the MRI artifacts of larger test im-
plants were more limited to the to the implant’s 
direct surroundings. In this connection for im- 
plants with identical material volumes a cylin- 
dric shape demonstrated more advantages con- 
sidering MRI artifacting than cubic forms. 

Keywords: Magnetic Resonance Imaging;  
Geometrical Test Implants; Susceptibility  
Effect; Titanium Interbody Spacer 

1. INTRODUCTION 

In the preoperative diagnostics of spinal diseases, mag-

netic resonance imaging (MRI) is used as a standard 
procedure that can visualize disc pathologies and neuro-
logical changes of the spinal canal with high precision. 
When anterior spine fusion proves indicated, implanta-
tion of interbody spacers often represents the treatment of 
choice. Interbody spacers made of various materials can 
be used as stand-alone cages for exclusively anterior 
fusion or in combination with dorsal instrumentation for 
dorsoventral fusion.  

When postoperative complications arise secondary to 
vertebra fusion, MRI scans are frequently necessary to 
evaluate implant position and demonstrate any clinically 
relevant abnormalities and to direct further surgical deci-
sion-making [1]. However, implant-related susceptibility 
artifacts can negatively impact the complex post-fusion 
evaluation of MRI scans. Depending on the spacer material, 
a local magnetic field gradient of varying susceptibility 
results in the area between structures. In these border areas, 
the respective spins gyrate with different frequencies and 
cause image distortions and susceptibility artifacts [2-4].  

The MRI imaging behavior of metallic spinal implants 
is well documented in the literature [5-11]. However, the 
aims of the published studies differed in that most focused 
on determining sequence-related artifact size. 

Studies on metallic artifacts in MRI of the anterior thor- 
acic and lumbar spine have been conducted by Vaccaro et 
al. [11] and Wang et al. [12]. In one cadaveric study, 
Vaccaro et al. [11] examined the MRI artifact rates of 
different metal particles introduced in predefined in-
tervertebral drill holes and subsequently embedded in 
paraffin. Vaccarro could not demonstrate any significant 
artifacts in T1- or T2 SE sequences, probably due to the 
fact that the particle density was lower than that produced 
by metal implants commonly used in clinical practice.  

In another cadaveric artifact study, Wang et al. [12] 
described the MRI behavior of an intervertebral spacer 
made of titanium. Using T1 SE sequences, the implant- 
related artifact rate of the titanium spacer was primarily 
limited to the implant’s direct surroundings and anatomic 
neighboring structures were clearly distinguishable. In a 
phantom study by Rudisch et al. [7]. the relevance of 
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Table 1. Test implant’s parameters and artifact calculations. 

 Implant parameters 
Cylinder: 
Height x base diameter 
Cuboid: 
Height x depth x width 
(cm) 

Implant volume 
(IV) 
(cm3) 

Total artifact vol-
ume 

(TAV) 
(+ s.d.) 
(cm3) 

TAV 
p-value 

Relation 

(IV / TAV) 

Small: 1,5 x 1,0 x 1,0 1,5 7,0  (+ 0,14) 1 : 4,7 

Medium: 2,0 x 1,2 x 1,2 2,9 11,2  (+ 0,11) 1 : 3,9 

Im
p

la
n

t 
gr

ou
p

 1
 

Large: 2,5 x 1,4 x 1,4 4,9 15,2  (+ 0,16) 

p<0,001 

1 : 3,1 

Small: 1,5 x 1,0 1, 6,2  (+ 0,19) 1 : 5,2 

Medium: 2,0 x 1,2 2,3 9,1  (+ 0,23) 1 : 3,9 

Im
p

la
n

t 
gr

ou
p

 2
 

Large: 2,5 x 1,4 3,9 11,4 (+ 0,11) 

p<0,001 

1 : 2,9 

Small: 1,91 x 1,0 1,5 6,5  (+ 0,23) 1 : 4,3 

Medium: 2,55 x 1,2 2,9 9,7  (+ 0,23) 1 : 3,4 

Im
p

la
n

t 
gr

ou
p

 3
 

Large: 3,18 x 1,4 4,9 14,3  (+ 0,26) 

p<0,001 

1 : 2,9 

 

 
a: Cuboids and cylinders with equivalent heights (Implant group 1 + 2). 
b: Cylinders with equivalent cuboid volumes (Implant group 3). 

Figure 1. a + b: Titanium test implants. 
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Figure 2. Cadavaric porcine spine model       
with an implanted large titanium cuboid. 

 
metallic artifacts and implant-related characteristics, such as 
implant material, shape and position, was demonstrated in 
addition to an impact by the selected MRI sequence. In spite 
of the use of optimum MRI sequences, variability in the 

amount of susceptibility artifacts must be accounted for 
when evaluating MRI scans of metallic spine implants. This 
experimental study mainly focused on the influence of the 
implant parameters shape and volume in MRI artifacting. 
Therefore in an in vitro spine model, we evaluated the 
post-implantation MRI scans of determined cubic and 
cylindric test implants made of titanium alloy. Our 
hypothesis was that defined implant parameters of geom- 
etrical implants would have a clear affect to the range of 
susceptibility artifacts independent from the selected MRI 
sequences or used implant materials. 
 
2. MATERIAL AND METHODS 
 
In this MRI-study we assessed 3 cuboids (Implant group 1) 
and 3 cylinders (Implant group 2) (Figure 1a) made of 
titanium-aluminium-vanadium alloy (TiAL6V4). The test 
implants of both groups were divided in small, medium and 
large on account to the implant height. Considering the 
implant volumes of the cuboids in a third group titanium 
cylinders with equivalent volumes (Implant group 3) were 
examined additionally (Figure 1b). The implant parame-
ters of all test implants were listed in Table 1. To visualize 
differences of the artifact range the respective test implants 
were exactly placed between adjacent vertebras of a ca-
daveric Göttingen mini pig spine model (Figure 2). The 
porcine spine model was completely coated with a soft 
tissue mass and later stored into a plastic container. For 
comparable trial conditions markings were drawn to the 
container wall to reproduce the spine/implant position. 
After completion of the preparation the MRI investigation 
followed. For less MRI artifacting MRI scans were carried 
out by using T1 TSE sequences [13,14]. 

2.1. Magnetic Resonance Imaging 

MRI was performed with a 1.5T MRI (Magnetom- 
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Table 2. TAV inter group correlation of implant group 1 + 3. 

Implant 
group 

Implant volume 
(cm3) 

Total artifact volume 
(TAV) 
(+ s.d.) 
(cm3) 

TAV 
(t-test) 
p-value 

1 7,0  (+ 0,14) 
3 

Small: 1,5 
6,5  (+ 0,23) 

0,027 

1 11,2  (+ 0,11) 
3 

Medium: 2,9 
9,7  (+ 0,23) 

0,002 

1 15,2  (+ 0,16) 
3 

Large: 4,9 
14,3  (+ 0,26) 

0,006 
 

 
Symphony,Siemens AG Medical Solutions, Erlangen, 
Germany. T1w-TSE sequences (TR: 600 + 2260, TE: 14, 
Flip angle: 15, Band width: 150) were used to acquire a 
slice thickness of 3 mm (Figure 3a-c). We selected a 
matrix with 512 x 512 combined with a Field of View 
(FOV) of 500 mms.  

All MRI scans were evaluated 5 times to determine 
the implant-related TAV by using an actual version of the 
DICOM reader software. Based on the multisection slice 
technique for cardiovolumetric MRI analysis (15), the 
respective TAV were calculated. The artifact area of 
every MRI slice were determined and later added regar- 
ding a slice thickness of 3 mm. Additionally we 
cal-culated the implant volume/TAV-relation. 

2.2. Statistical Analysis 

Considering a reliable analysis the TAV as well as implant 
volume (IV)/ TAV-relation of the cuboids and cylinders 
were determined. To calculate significant differences of the 
respective TAV within every implant group Newman- 
Keuls multiple comparisons were carried out (Table 1). 
Additionally the TAV of cylindric and cubic test implants 
with an equivalent implant volume (Implant group 1+3) 
were tested for statistical t-test correlation (Table 2). 
 
3. RESULTS 
 
Concerning the repeated artifact measurements for each 
implant group at the 0,05 significans level no significant 
differences could be demonstrated. Independent from the 
implant shape with an increasing implant size the TAV 
became significant larger (p<0,001) with simultaneous 
reduction of the IV /TAV relation within the respective 
implant group (Table 1). In this context with an increas-
ing implant size the artifact range were more limited to 
the implant´s surrounding. Considering an intergroup 
TAV correlation a statistical significance between cuboids 
and cylinders with equivalent implant volumes (Implant 
group 1+3) could be demonstrated (p<0,05) (Table 2). 
All cylinders of implant group 3 represented a significant 
smaller artifact range than the correponding cubic test 
implants of group 1. In this connection for implants with 
identical material volumes a cylindric shape demon-
strated more advantages considering MRI artifacting than 
cubic forms. Additional correlations did not result in  

 
a: Cylinder (small). 
b: Cuboid (large). 
c: Cylinder (medium)with equivalent cuboid volume. 

Figure 3. a-c: Median MRI artifact range depicted in a 
selection of 3 test implants. 
 

further information. 
 
4. DISCUSSIONS 
 
The disadvantages associated with bone grafting alone 
has led to the development of interbody spacers to en- 
hance anterior spinal fusion [16,17]. The use of inter- 
body spacers of different designs and materials has thus 
become increasingly widespread in clinical routine be- 
cause they offering immediate load transmission with 
direct primary stability. In this context the implant 
design of many interbody spacers derived from a cylin- 
drical or cubic prototype. 

In our department, MRI is the radiological diagnostic 
method of choice for clarifying post-fusion questions 
regarding the involvement of osseous and soft tissue str- 
uctures in relation to implant position. In these indica- 
tions, MRI is better suited than multisection CT to dem- 
onstrate myelopathies, inflammatory and infectious pro - 
cesses and any neurodegenerative changes. When posto- 
perative complications arise secondary to vertebra fusion, 
MRI scans are frequently necessary to demonstrate any 
clinically relevant abnormalities and to direct further 
surgical decision-making [4]. 

The MRI imaging behavior of spinal implants has 
been widely studied [5-12]. However, the aims of the 

Openly accessible at  



T. Ernstberger / HEALTH 1 (2009) 207-210 

SciRes Copyright © 2009                                  http://www.scirp.org/journal/HEALTH/Openly accessible at  

210 

published studies differed in that most focused on deter- 
mining sequence-related artifact size. 

In spite of the use of optimum MRI sequences, vari-
ability in the amount of susceptibility artifacts must be 
accounted for when evaluating MRI scans of metallic 
spine implants. 

Ernstberger et al [18] evaluated in an in vitro study the 
post-implantation MRI scans of 3 intervertebral disc 
spacers that differed in shape, material (Titanium, 
Carbon, Cobalt-chromium), surface qualities and imp- 
lantation technique. A spacer made of human cortical 
bone was used as a control. The respective artifact- 
affected image quality was rated on a developed score. 
Turbo spin echo sequences produced the best scores for 
all spacers and the control. Only the control achieved a 
score of 100%. The carbon, titanium and cobalt-chrome 
spacers scored 83.3%, 62.5% and 50%, respectively. 

In this study geometrical implant forms like cylinders 
and cuboids were chosen to prove possible coherences 
between the range of MRI artifacting and determined 
implant related factors like shape and implant volume. 
For the cuboids as well as cylinders the range of MRI 
artifacts was directly affected by the implant size and 
volume. In this context the smaller the implant the 
smaller the range of susceptibility artifacts. For implants 
characterized by equivalent materials and implant 
volumes the influence of the implant shape on the 
artifact size has to be proofed with priority on an artifact 
volumetric analysis. In this context significant diff- 
erences could be determined in favor of a cylindric 
implant shape. For all examined implant groups a more 
advantageous IV/TAV-relation could be recognized the 
larger the implants. In this connection using T1 TSE 
sequences, the expected implant-related artifact rate are 
more limited to the implant’s direct surroundings. On the 
basis of our study results the range of artifacts of our 
used test implants were influenced by material volume 
as well as implant shape. Considering the implant design 
of current intervertebral spacers further studies are nec-
cessary to interpreted the influence and concurrency of 
implant characteristics in MRI artifacting. 
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ABSTRACT 

Artificial neural networks became an attractive 
alternative for modeling and simulation of com- 
plex biological systems. In the present work, a 
blood plasma model based on artificial neural 
networks was proposed in order to evaluate the 
relationship between the magnesium ion pre-
sent in the blood plasma and systolic blood 
pressure and glucose. Experimental and simu- 
lated data were used to construct and validate 
the model. It performed the analysis consider-
ing the systolic blood pressure and glucose as 
a function of magnesium ion concentration at a 
fixed temperature (37oC). Predictions of these 
relationships through the proposed model 
produced errors, on average, below 1% com-
pared against experimental data not presented 
in the training step. The proposed methodology 
revealed quantitative results and correctly pre-
dicted behaviors and trends towards the asso-
ciation between magnesium concentrations 
and systolic blood pressure, and glucose in far 
agreement with experimental results from lit-
erature. These results indicated that artificial 
neural networks can successfully learn the 
complexity of the relationships among bio-
logical parameters of distinct groups and can 
be used as a complementary tool to assist 
studies in which the role of magnesium in 
systolic blood pressure and glucose are con-
sidered. 

Keywords: Artificial Neural Networks; Blood 
Plasma; Magnesium; Systolic Blood Pressure 

1. INTRODUCTION 

Magnesium plays an important role in cardiac and vas-
cular functions and participates in glucose metabolism [1]. 
The measurements of diabetic patients have shown that 
plasma magnesium concentrations are inversely related to 
plasma glucose values [2]. Some studies [3,4] have shown 
that magnesium deficiency can be associated with coro-
nary diseases such as atherosclerosis and cardiac ar-
rhythmia. Magnesium is an essential element in cardiac 
and vascular functions and is fundamental in the regula-
tion of blood pressure, as it regulates the rate of calcium, 
sodium, potassium and the pH inside the cell [5]. These 
elements are important in the process of contraction and 
relaxation of the vascular smooth muscle. Consequently, 
the reduction in magnesium levels can generate an in-
crease in the muscular tonus which, in turn, can produce 
an increase in blood pressure [5].  

Other factors can affect the blood pressure, such as 
biochemical factors, age, sex and race [6]. In general, 
magnesium can be found in three different forms in the 
blood plasma: ionic form, complex form and connected to 
plasma proteins. The free ionic form of magnesium 
([Mg2+]free) has the main biological activity, however, 
assaying the total ionic concentration ([Mg2+]total) is easier 
and less expensive [7].  

Studies based on the regulatory function of magnesium 
have been developed across the years [8-10]. In the latter 
works, low magnesium levels were found in patients with 
hypertension and cardiovascular disease (CVD), mainly 
among black individuals [8]. It found lower rates of mag-
nesium in the ionic form in hypertensive patients rather 
than in those considered normotensives [9] and it verified a 
significant inverse relation between plasma magnesium 
and systolic blood pressure (SBP) [10]. However, the blood 
plasma is a complex system, in which metal ions interact, 
for example, in competition for ligands. Therefore, the 
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development of methodologies capable of efficiently simu-
lating the relationships between plasma magnesium and 
SBP as well as between plasma magnesium and glucose 
can be a valuable tool for helping studies concerning this 
metal and SBP and glucose. 

Efficient computational methodologies have been ap-
plied in order to model the interaction between metal ions 
presenting in blood plasma [11,12]. A model was pro-
posed [13], using multiple regression techniques to evaluate 
the metal ion complexation in blood plasma. This method 
proved to be efficient in simulating ion-ligands formation 
and had been used to simulate experimental data [14,15]. 
Alternatively, artificial neural networks (ANNs) have already 
been used to predict the behavior of metal ions and their 
ligands in blood plasma [16]. Many researchers also pointed 
out the use of ANNs in biomedicine [17-22] and more 
specific in diagnosis [23,24]. Hence, ANNs are consid-
ered to be an efficient and reliable tool in simulation and 
prediction of biological parameters [25,26]. A previous 
work from our group demonstrated the use of ANNs to 
analyze the temperature and pH effects on the complexa-
tion of magnesium and calcium in a blood plasma model. 
It also analyzed the competition between these metals for 
ligands. As pointed out, ANNs are suitable when simul-
taneously analyzing a great number of data, for example, 
in studies with many individuals [27]. 

The present work focused on the applicability of the 
ANN’s as a reliable tool for simulating and analyzing the 
relationship between blood plasma magnesium concen-
trations and SBP and glucose. In view of this, the ex-
perimental data of SBP, glucose and [Mg2+]total from four 
different groups of individuals (black man, black women, 
white men, white women) were selected from previous 
investigation [8] to build a model based on an ANN. This 
model was then used to examine the relation between 
SBP versus [Mg2+] and glucose versus [Mg2+], thus evi-
dencing the ability of ANNs in mapping complex non- 
linear relationship. As these relationships are learned by 
the ANN, this model can be applied as a different ap-
proach to determine the role of magnesium in SBP or 
glucose, without the need of a large data set. 

2. MATERIALS AND METHODS  

2.1. Methods 

A computational method was used to investigate the 
relationships between [Mg2+]total and SBP. The artificial 
neural network was trained with experimental and simu-
lated data. This approach is inspired by biological nerv-
ous systems, such as the brain, process information. It is 
composed of a large number of highly interconnected 
processing elements called neurons. These neurons work 
together to solve specific problems, and then ANNs learn 
from examples [28]. This knowledge is stored in the conne- 
xions between neurons, through numbers, also known as 

 

Figure 1. Basic multilayer perception structure. 
 

synaptic weights. And learning involves adjustments to 
these synaptic weights. The general structure of a multi-
layer perceptron ANN (see Figure 1) can be configured for 
a specific application, such as pattern recognition or data 
classification, through learning processes. ANNs have a 
remarkable ability to derive meaning from complicated or 
imprecise data, and can be used to extract patterns and 
detect trends that are too complex to be noticed by either 
humans or other computer techniques, such as numerical 
mathematical methods. In addition, an ANN has the ad-
vantage of real time operation, since ANN computations 
may be carried out in parallel, so special hardware devices 
can be designed and manufactured to take advantage of the 
real time operation capability [29]. 

The ANN structure used in this work is a multilayer 
perception feed-forward network. Signals travel one way 
only, from inputs to outputs. There is no feedback loops, 
i.e. the output of any layer does not affect the previous 
layers. In this work it used the backpropagation learning 
algorithm. This algorithm consists of an interactive proc-
ess where the weights of each neuron are adjusted in such 
way that the error between the desired output and the 
actual output is reduced. According to Levenberg- 
Marquardt method [30], these weights (W) can be up-
dated as 

)()(])()([ 1
1 n

l
n

T
nnn

T
nn WWJIWJWJWW  

     (1) 

The variable β is a parameter with initial value β = 0.01 
and changes according to the minimization error. J is the 
Jacobian matrix and I is the identity matrix. The error 
between the desired output and the actual output is cal-
culated by the parameter ε, as given by 
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The parameter  is the actual output value of layer l 

and the parameter  is the desired output value of layer 

l. Thus, Eq.2 evaluates the quadratic error of each layer l. 
The structure of an ANN can be defined as (in, ni, nj, out), 
where in represents the number of input neurons, ni 
represents the number of neurons of first hidden layer, nj 
represents the number of neurons of the second hidden 
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layer and out represents the number of neurons in the 
output layer. This structure was used to construct the 
models implemented in the present work. 

2.2. Data 

The proposed model aimed to evaluate the relationship 
between SBP and glucose with the [Mg2+] presenting in the 
blood plasma. Consequently, it was necessary to find ex-
periments in order to correlate these data. The experimen-
tal data relating SBP, glucose and [Mg2+]total which is a-
vailable to train and validate the proposed model were the 
measurements of Ma et al. [8]. They examined the rela-
tionships between [Mg2+]total with cardiovascular disease, 
hypertension, diabetes mellitus, insulin and glucose, of 
four groups of individuals, participants of the ARIC 
(Atherosclerosis Risk in Communities) Study [31]. About 
15,000 participants took part in this study, male and female, 
black and white, aging from 45 to 64 years old. 

In the work of Ma et al. [8], it evaluated the relation-
ship between [Mg2+]total and SBP, and between [Mg2+]total 

and glucose, among others. However, [Mg2+]free was not 
considered. Thus, in order to extend the applicability of 
the proposed model, [Mg2+]free was included in our model, 
for a fixed pH value of 7.4. To simulate [Mg2+]free from 
the experimental samples of [Mg2+]total, it used the blood 
plasma model [13] which had been mentioned before. 
This approach allowed us to generate approximately 3500 
different simulated values for the relation between SBP 
and [Mg2+]total and [Mg2+]free, and also approximately 
3500 different simulated values for the relation between 
glucose and [Mg2+]total and [Mg2+]free, for each group of 
individuals (black man, black woman, white man and 
white woman).  

The success of the ANN method depends on the effi-
ciency of the ANN training and validation. It is desirable 
that the ANN is trained with an experimental data set and 
validated with a complete different set of data. However, in 
lack of a different set of experimental data related [Mg2+] 
to glucose and SBP, the experimental data used before [8] 
was split into two sets: the first data set was used to train 
and test the ANN; and the second was used to validate the 
ANN. In this way, the ANN was validated with data which 
did not take part in the training step. 

2.3. ANN Training and Validation 

The methodology used to obtain the ANN configuration 
with the smallest training error consists of changing the 
number of intermediate layers, as well as the number of 
neurons in each layer of the ANN under construction. A 
computer code evaluated each ANN configuration with 1 
and 2 hidden layers, and with 3 to 10 neurons in each 
layer, posteriorly indicating the best ANN configuration. 
The ANN mean square error was calculated according to 
Eq.2. The ANN activation functions used were hyper- 
bolic tangent in the hidden layers and a linear function in 

 

Figure 2. ANN minimization error. 
 
the output layer. The initial weights were randomly se-
lected. 

In order to perform the training and test of the ANN, 
the first sight could be used as a hold-out procedure, for 
example a random split of the data, with 2/3 for training 
and the rest 1/3 for testing. However, this procedure has 
two inconveniences. First, only 2/3 of the data are used 
for training and only 1/3 of the data are used for testing, 
reducing the amount of data available for training and 
testing. Moreover, the classification accuracy is based on 
a single random split of the data, which is not very sig-
nificant from a statistical point of view [32]. Therefore, to 
avoid these drawbacks, a k-fold cross-validation proce-
dure was used. In this procedure, the data set of size N is 
divided in k mutually exclusive subsets (folds) of ap-
proximately equal size (1 < k ≤ N). The training and test 
are performed k times, using k-1 subsets for training and 
the remainder for testing. Besides, the training of ANNs 
is prone to local minimum, i.e., the final result depends on 
the initial weights. Also, the random splitting (using holdout 
or K-fold) is dependent of the type of split performed. To 
overcome these dependencies, it performed multiple runs 
and the results were presented as the average of these runs. 
Consequently, for each configuration to be tested, a total 
of 20 runs of 10-fold cross-validation procedure were used 
to examine which ANN configuration would present the 
smallest training error. The error minimization process 
during the learn phase of the ANN is shown in Figure 2. 

The training was performed until 5000 epochs. In this 
convergence region, the mean square error was ap-
proximately 10-15, evidencing a correct mapping of the 
input-output relationship. After the training step, the 
ANN was ready to be used as a predictor, and the pre-
diction error was calculated according to 
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in which Errorpr is the prediction error, vex is the expected 
value and vpr is the value predicted by the ANN. 

The normal range for [Mg2+]total in human blood plasma 
is 0,65-1,25 mM [33]. As the experimental data for [Mg2+]total 

from [8] was ranging from 0,7 to 0,9 mM, it was possible 
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Table 1. Experimental and simulated data and the associated range. to use them in the simulations. The experimental SBP 
range used is 114-128 mmHg, which is accepted as a 
normal range as defined by Ma et al. [8], considering 
prevalent hypertension values of SBP ≥ 140 mmHg. All 
these data (see Table 1) were utilized to train and validate 
the proposed ANN. This ANN was then applied to 
evaluate the relationships between SBP and glucose with 
[Mg2+]total and [Mg2+]free, of the four groups of individuals, 
considering pH equal 7.4 and temperature equal 37oC. 

Parameter Range 

[Mg2+]total [1] 0,7 mM - 0,9 mM 

SBP for white women [1] 114,36 mmHg - 116,27 mmHg 

SBP for white men [1] 116,91 mmHg - 119,09 mmHg 

SBP for black women [1] 120,73 mmHg - 123,09 mmHg 

SBP for black men [1] 124,00 mmHg - 127,45 mmHg 

[Mg2+]free (simulated) 0,5 mM - 0,8 mM 

pH 7,4 

Glucose [1] 5,0-8,5 mM 

 

3. RESULTS AND DISCUSSIONS 
 
The ANN configuration (2,5,2) that exhibited the small-
est training is shown in Figure 3. 

 

After the training phase, the ANN can be considered 
as a practical tool for instantaneous prediction of [Mg2+]total 
and [Mg2+]free. In this sense, it is only necessary to sup-
ply the input data (SPB and pH) (see Figure 3). This 
easiness was a key point of the proposed methodology.  

As the ANN mapped the relationships between SBP, 
glucose and [Mg2+] of individuals belonging to different 
groups, it can indifferently predict these relationships for 
any specific individual or can be used to simultaneously 
predict the behavior of a group as a whole. 

A preliminary analysis was performed by comparing 
the ANN predictions for the relationship between SBP 
and [Mg2+] with the data set selected to validate the ANN. 
The results for data samples of the four examined groups 
are shown in Table 2. 

Figure 3. ANN structure used to evaluate the relationship  
between SBP and magnesium concentrations. 

Table 2. ANN predictions of the experimental data not present in the training step. 

Group SBP 
(mmHg) 

[Mgtotal][8] 
Measured 

[Mgtotal] Predicted 
by ANN (mM)

Relative 
Error

[Mglivre][13] 
Simulated (mM)

[Mglivre] Predicted 
by ANN (mM) 

Relative Error
(%)

1 118,55 0,72 0,72061 0,08 0,575 0,57414 0,15 

1 119,09 0,75 0,74966 0,04 0,582 0,58242 0,07 

1 117,82 0,80 0,79855 0,18 0,646 0,64748 0,23 

1 116,91 0,86 0,85821 0,21 0,697 0,69907 0,30 

2 127,45 0,71 0,71344 0,48 0,564 0,55973 0,76 

2 126,54 0,73 0,73233 0,32 0,588 0,58558 0,41 

2 125,50 0,78 0,77884 0,15 0,612 0,61343 0,23 

2 124,00 0,89 0,89056 0,06 0,705 0,70419 0,11 

3 115,36 0,72 0,71905 0,13 0,575 0,57552 0,09 

3 116,00 0,74 0,7417 0,23 0,598 0,59588 0,35 

3 115,45 0,77 0,76942 0,07 0,624 0,62475 0,12 

3 114,91 0,83 0,82885 0,14 0,665 0,666 0,15 

4 122,45 0,73 0,73041 0,06 0,588 0,58741 0,10 

4 123,00 0,79 0,78813 0,24 0,615 0,61731 0,37 

4 121,27 0,84 0,8403 0,03 0,678 0,67768 0,05 

4 120,73 0,85 0,84878 0,14 0,677 0,67848 0,22 

Mean    0,32   0,46 
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It is important to emphasize that these data were not 
taken into account in the training step. It selected four 
individuals of each group, and their SBP and pH (7.4) data 
were submitted to the ANN. The results obtained with the 
ANN were compared with the experimental data. The aver-
age prediction error is below 1% for both [Mg2+]total and 
[Mg2+]free, indicating that the ANN correctly mapped the 
relationship between the input and output data space. More- 
over, although a mix of experimental and simulated data 
were used to train and validate the ANN, the simulated 
data were generated by an efficient and well established 
blood plasma model [13], and therefore, it was appropri-
ate to demonstrate the validity of the proposed model. 

Based on this preliminary analysis, further assessments 
were performed to evaluate the effectiveness and accu-
racy of the proposed model. From the data set used to 
validate de ANN, it selected only 10 samples for each 
group of individuals to illustrate clearly the ANN predic-
tion capability. A simultaneous comparison for each group 
of individuals between the experimental data and the 
ANN predictions for SBP as a function of [Mg2+]total (see 
Figure 4a) and SBP as a function of [Mg2+]free (see Fig-
ure 4b) are presented. Although the experimental data for 
each group exhibit different shapes, the ANN accurately 
classified each individual in its respective group. 

As mentioned before, it is instructive to point out that 
after the training step, it was only necessary to feed the 
ANN with the values of SBP and pH, and the ANN in-
stantaneously produced the response, i.e., the values of 
[Mg2+]total and [Mg2+]free for the race and sex corresponding 
to the input values. 

The model was also applied to perform a quantitative 
analysis in order to demonstrate the efficiency of the pro-
posed methodology in determining the relationship be-
tween SBP and magnesium concentration. For example, 
considering the white women group, simulating an in-
crease in the value of SBP, from 114,18 mmHg to 116,27 
mmHg (a variation of about 2%), the ANN predicted a 
decrease of the [Mg2+]total from 0,80 mM to 0,75 mM 
(~6%), and a decrease of [Mg2+]free from 0,64 mM to 
0,58 mM (~10%). In the same way, considering the 
white men group, simulating an increase in SBP from 
116,91 mmHg to 119,09 mmHg (~2%), the ANN pre-
dicted a decrease of [Mg2+]total from 0,86 mM to 0,75 
mM (~13%), and a decrease of [Mg2+]free from 0,69 mM 
to 0,58 mM (~16%). It was possible to observe that for 
approximately the same variation of SBP (about 2%), the 
variation of magnesium concentrations for white men 
(~13% for [Mg2+]total and ~16% for [Mg2+]free) was 
greater than those values for white women (~6% for 
[Mg2+]total and ~10% for [Mg2+]free). 

The quantitative relationship between SBP and mag-
nesium concentration of black individuals was also in-
vestigated. For example, considering the black women 
group, when simulating an increasing in SBP from 120,73 
mmHg to 123,00 mmHg (~2%), the ANN predicted a 

decrease of [Mg2+]total from 0,85 mM to 0,79 mM (~7%), 
and a decrease of [Mg2+]free from 0,67 mM to 0,61 mM 
(~9%). Similarly, for the black men group, when in-
creasing SBP from 124,00 mmHg to 126,36 mmHg 
(~2%), the ANN predicted a decrease of [Mg2+]total from 
0,89 mM to 0,74 mM (16%), and a decrease of [Mg2+]free 
from 0,70 mM to 0,59 mM (16%). Therefore, for an in-
crease of approximately 2% in SBP, the ANN predicted a 
decrease in magnesium concentrations of approximately 
16% for black men and about 8% for black women.  

These results allowed extracting two important fea-
tures of the studied groups. First, the predictions sug-
gested that men have greater average SBP than women 
(the predicted values for black men (BM) and white men 
(WM) were greater than the predicted values for black 
women (BW) and white women (WW), respectively. 
These observations were in agreement with the work of 
Eison et al. [34], who verified that women, in general, 
have lower average SBP than men. Second, the SBP 
predicted values for black men (BM) and black women 
(BW) were greater than the SBP predicted values for 
white men (WM) and white women (WW), and this 
suggested that black individuals have average SBP val-
ues higher than white individuals. The same behavior 
was verified in the experimental work of Agyemang et al. 
[35] who showed that the higher prevalence of hyperten-
sion in blacks was due to the less effective control of 
blood pressure than in whites. Also, the work of Li et al. 
[36] showed that the hypertension and hypertensive 
complications were more frequent in black people, due 
to their lower socioeconomic level, and consequently, 
for their minor access to medical assistance. Fauvel and 
Laville [37] also showed that hypertension and salt sen-
sitivity were more intense in individuals of black race 
than other racial groups. In addition, the proposed ap-
proach identified the groups as black or white individu-
als, and classified them by sex. Moreover, the proposed 
methodology correctly allowed evaluating the relation-
ship between SBP, glucose and [Mg2+]free. In the experi-
mental data used, there were not measurements relating 
those parameters. However, as an advantage of the pro-
posed approach the model was able to quantitatively 
predict [Mg2+]free (see Figure 4b). It is interesting to say 
that all these classifications and analyses were simulta-
neously performed. 

3.1. Analysis of Glucose as a Function of 
Magnesium Concentrations 

As mentioned before [2], magnesium concentrations are 
inversely related to plasma glucose in diabetes patients. 
Also, several works [38,39,40] have shown that glucose 
is related to the magnesium levels in blood plasma. For 
example, the measurements of McNair et al. [38] for glucose 
as a function of serum magnesium, in patients with car-
diovascular disease, showed that the blood plasma glu-
cose levels diminished when the serum magnesium 
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Figure 4. (a) SBP as a function of [Mg2+]total, (b) SBP as 
a function of [Mg2+]free. Experimental data samples [8] 
for black men (BM), black women (BW), white men 
(WM) and white women (WW) are represented by 
squares. Black dots are the ANN predictions. 

 
concentration increased. Mather et al. [39] found that 
plasma magnesium levels in patients with diabetes were 
inversely dependent on blood glucose concentration. Roso-
lova et al. [40] also found this inverse relationship for 
diabetics and non-diabetics patients. Therefore, it is im-
portant to have a model that can analyze the relationship 
between the magnesium ions and glucose present in the 
blood plasma. In order to evaluate this proposal, a different 
ANN from the previous one (Figure 3) was trained with 
the same simulated data set previously described (~3500 
samples for each group of individuals). According to a 
previous work [41], the normal range of glucose is 4,5-5,6 
mM. Glucose concentration below 2 mM characterizes 
the hypoglycemia, while concentration above 6,7 mM 
indicates hyperglycemia. The experimental data range of 
glucose available in [8] characterizes a normal region 
from 5,6-6,7 mM, and a region of hyperglycemia from 

6,8 to 8,5 mM. Thus, the range of 5,0-8,5 mM was used 
in the simulations of glucose concentrations. The ANN 
configuration applied to analyze the relationship between 
glucose as a function of [Mg2+]total and [Mg2+]free, for the 
ethnic groups studied is shown in Figure 5. 

The predictions of glucose as a function of [Mg2+]total 
were simultaneously performed for the four groups of 
individuals (see Figure 6). Again, it selected 10 samples 
to be compared with the predictions of the ANN. 

As can be observed, there are four different curves to 
represent four different relationships between glucose and 
[Mg2+]total. In spite of this complexity, the ANN predictions 
are quantitative compared against to the experimental data, 
with average predictions errors below 1%. The experi-
mental behavior for black men and black women showed 
similar smooth shape, and revealed the inverse associa-
tion between [Mg2+]total and glucose (see Figures 6a and 
6b). In the latter figures one can observe that the ANN 
predictions also showed quantitative agreement com-
pared to the experimental data.  
 

 
Figure 5. ANN structure used to evaluate the relationship be-
tween glucose and magnesium concentrations. 

 
Figure 6. Predictions of glucose as a function of [Mg2+]total. 
Experimental data samples [8] for black men (BM), black 
women (BW), white men (WM) and white women (WW) are 
represented by squares. Black dots are the ANN predictions. 



J. C.D Conway et al. / HEALTH 1 (2009) 211-219 

SciRes Copyright © 2009                                http://www.scirp.org/journal/HEALTH/

217217

Openly accessible at

Similarly, the experimental data and the ANN predictions 
for white men and white women are shown in Figures 6c 
and 6d. In these figures, even though one observes different 
shapes, the ANN was able to learn all data simultaneously. 

The relationship between glucose and [Mg2+]free was 
also evaluated for the two ethnic groups and is shown in 
Figure 7. Owing to the fact that free magnesium con-
centration is a fraction of the total concentration, the ex- 
perimental curves of glucose as a function of [Mg2+]total 
(see Figure 6) and glucose as a function of [Mg2+]free (see 
Figure 7) were similar. 

All experimental curves represented in Figure 7 exhibit 
almost the same behavior, i.e., glucose decreases when 
[Mg2+]free increases, demonstrating again the inverse associa- 
tion between glucose and [Mg2+]free. Qualitatively, these 
results demonstrated that the ANN simultaneously pre-
dicted the inverse association between SBP and [Mg2+]free 
for the studied groups. While, quantitatively, the predic-
tions were in agreement with the simulated data for 
[Mg2+]free (the average prediction error was below 1%).  

As an example of the quantitative analysis for black 
men (see Figure 7a) with a glucose value equal to 6,27 
mM, the equivalent value for [Mg2+]free is 0,617 mM. For 
the same experimental value of glucose (6,27 mM), the 
ANN (Figure 5) predicted a value of [Mg2+]free equal to 
0,6175 mM. In this particular case, the ANN prediction 
error is smaller than 0.1%. Furthermore, the actual ap-
proach was also able to characterize the ethnic group. In 
this example, the results indicated that they belong to a 
black man. An important fact to be observed is that the 
proposed model was capable of predicting the inverse 
association between [Mg2+]free and glucose, even in the 
lack of experimental data for [Mg2+]free. 

3.2. Comparing Theoretical Results with 
Experimental Data 

The reliability of the proposed approach was also verified 
by comparing the ANN predictions against experimental 
data measured by Mather et al. [39]. The latter work 
consists of a totally different data set from those used to 
construct the proposed model (see Figure 5). The linear 
regression of the ANN predictions for glucose as a func-
tion of [Mg2+]total, for the white women group [8] studied 
is shown in Figure 8a. This group consisted of 45-65 
years old women, in which there were healthy patients 
and also patients with CVD, hypertension and diabetes. 
Our linear regression analysis showed a predominant 
inverse relationship between [Mg2+]total and glucose for 
this group (r = -0.95). Figure 8b shows the relationship 
between [Mg2+]total and glucose concentrations of a diabetic 
sixty years old woman [45]. In this figure the experi-
mental data exhibited a negative correlation between 
[Mg2+]total and glucose (r = -0.83). 

The comparison between Figures 8a and 8b shows 
that the ANN was able to learn the relationship between 

 

Figure 7. Predictions of glucose as a function of [Mg2+]free. Ex-
perimental data samples [8] for black men (BM), black women 
(BW), white men (WM) and white women (WW) are represented 
by squares. Black dots are the ANN predictions. 

 

 
 

 

Figure 8. (a) Glucose as a function of [Mg2+]total for the white 
women group (r = -0.95; p < 0.0001) [8], (b) Glucose as a 
function of [Mg2+]total for the diurnal profile of an insulin 
treated patient (r = -0.83; p < 0.001) [45]. 
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glucose and [Mg2+]total of the white women group. As can 
be seen, our theoretical results were in accordance with 
the experimental data from different data set, obtained at 
different times. The difference between the correlation 
factors (r), approximately 12%, can be attributed to the 
different biological conditions of the patients, i.e., the 
first data (see Figure 8a) expressed medium values of 
glucose concentrations of a heterogeneous group (range = 
5,65–6,15 mM), while the second one (see Figure 8b) 
expressed the conditions of a diabetic patient with high 
glucose concentration (range = 3-22 mM). In spite of 
these differences, the two curves clearly demonstrate the 
inverse relationship between plasma glucose and [Mg2+]total. 
These analysis showed that the ANN can predict the same 
trend exhibited in the experimental data. It seems that the 
use of about 3500 samples to train the proposed ANN was 
enough to extract the behavior of the relationship between 
[Mg2+]total and glucose. 
 
4. CONCLUSIONS 
 
This work has dealt with an alternative methodology in 
order to study the relationships between the magnesium 
ion present in blood plasma and systolic blood pressure 
and glucose, through ANNs. The average prediction errors 
for the relationship between SBP and serum magnesium 
as well as between glucose and serum magnesium were 
below 1%. All simulations showed that SBP and glucose 
diminished with the increase of magnesium concentration. 
The simulations also demonstrated that, in general, black 
individuals have average SBP values higher than white 
individuals and men’s average SBP values are generally 
higher than women’s average SBP values. These results are 
in fair agreement with the results reported elsewhere 
[34,35,36,37,38,39,40].  

A comparison between experimental data of a patient 
and the ANN predictions for a different group of patients 
showed that the ANN correctly predicted the inverse 
association between glucose and [Mg2+]total and revealsed 
the effectiveness of the proposed model in mapping the 
relationship between [Mg2+]total and glucose concentrations. 

Our main results indicate that the proposed approach 
can be an efficient tool for analyzing the role of magne-
sium in hypertension and diabetes, and can be used to 
obtain quantitative results which can contribute to the 
improvement of diagnostic quality. Finally, the present 
ANN model can be also applied to support researches 
related to the role of magnesium in human blood plasma. 
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ABSTRACT 

The development of a rapid, robust and reliable 
method for extracting plant food materials is 
important for screening a wide range of plant 
bioactives for their health benefits. In this study, 
extractions of bioactive polyphenolic com-
pounds from fruits and vegetables were per-
formed using a pressurised solvent extraction 
technique. Variables including solvent, extrac-
tion temperature and time, and number of ex-
traction cycles, were optimised to develop a 
rapid and efficient extraction protocol. The re-
sulting extracts were then analysed for antioxi-
dant capacity, total phenolic content and com-
position. The optimal parameters found were 
19:1 methanol/water (95% methanol) as solvent 
and three extraction cycles, of 10 minutes at 
40ºC or 2 minutes at 100ºC. High performance 
liquid chromatography mass spectrometry did 
not detect any difference in extract composition 
between low and high temperatures. Extraction 
at 100°C generally gave a moderately higher 
yield of polyphenolics for some fruit and vege-
table extracts but appeared to reduce the anti-
oxidant activity particularly for turnip leaf, el-
derberry and sour cherry extracts as measured 
by oxygen radical absorbance capacity assay. 
We found that all 40°C extracts were better at 
protecting cells from H2O2-induced cellular 
damage than their 100°C counterparts. The 40°C 
apple puree and elderberry extracts were about 
2 fold and 1.7 fold more effective, respectively, 
than extracts prepared at 100°C. Our results 
demonstrated that pressurised solvent extrac-
tion technique with careful parameter selection 
can be used as a quick method for screening the 
health benefits of plant food materials. 

Keywords: Antioxidant; Accelerated Solvent  
Extraction; Cytoprotection; Polyphenolics 

1. INTRODUCTION 

The consumption of fruits and vegetables is generally 
accepted to improve health and wellbeing, as well as 
reducing the risk of atherosclerotic heart disease [1], 
neuronal degeneration [2], and cancer [3] by inhibiting 
various stages of tumour initiation and proliferation [4]. 
These benefits are thought to be associated with the 
presence of polyphenolic compounds in fruits and vege-
tables [5-7], such as those in apples, berries and green 
leafy vegetables. Feng and co-workers [8] showed that 
cyanidin-3-rutinoside could selectively kill leukemic cells 
by inducing oxidative stress. They also suggested that this 
compound could be used in cancer therapy, as it is widely 
available in fruits such as black raspberry. Apple phenolic 
compounds have also been shown to protect human 
low-density lipoprotein LDL from being oxidised, which 
may help to prevent cardiovascular disease [9]. 

The desire to extract nutrients and nutraceuticals from 
plant materials as functional food ingredients has 
prompted a continuing search for economically and 
ecologically feasible extraction technologies. Traditional 
solid-liquid extraction methods require a large quantity of 
solvent and are time consuming. The large amount of 
solvent used not only increases operating costs but also 
causes additional environmental problems.  

Accelerated solvent extraction (ASE) is a fully auto-
mated technique that uses common solvents to rapidly 
extract solid and semisolid samples. ASE operates at 
temperatures above the normal boiling point of most 
solvents, using pressure to keep the solvents in liquid 
form during the extraction process. Pressure allows the 
extraction cell to be filled faster, helps to force liquid into 
the pores and to keep the solvent liquid at operating 
temperatures. ASE is considered as a potential alternative 
technique to conventional atmospheric pressure methods, 
for the extraction of polar compounds [10]. Compared 
with conventional solvent extraction, there is a dramatic 
decrease in the amount of solvent and extraction time 
required for ASE [11]. The development of a rapid and 
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robust extraction method is essential, particularly when 
studying and comparing the phenolic composition of fruit 
extracts, food material or other by product such as that 
done by Spigno and colleagues [12] on grape marc. Re-
cently, ASE has been developed for extracting phyto-
chemicals from various fruit and vegetable samples 
[13-15]. The ASE method is gaining in popularity, be-
cause of its practicality, speed and ability to process 
samples automatically using different solvents, pressures 
and temperatures under nitrogen. ASE extraction can be 
carried out in minutes, compared with the hours required 
for conventional methods such as Soxhlet extraction. A 
rapid extraction maximises sample throughput and would 
be expected to minimise phytochemical degradation [13].  

The aim of the present paper is to verify the possibility 
of using, instead of traditional extraction procedures, 
ASE, in order to reduce time, cost of analysis, and waste 
solvent. This technique uses conventional liquid solvents 
at elevated temperatures and pressures to achieve quan-
titative extraction from solid and semisolid samples in a 
short time and with a small amount of solvent. Here, we 
report an optimised extraction protocol that is applicable 
to a diverse range of fruit and vegetable materials, and 
demonstrate that temperature is a critical extraction pa-
rameter, because increasing extraction temperature im-
proves extraction efficiency but appears to increase phy-
tochemical degradation only moderately. Careful choice 
of conditions is at least as important with ASE as with 
conventional extraction methods. We have also compared 
three rapid assays for assessing polyphenolic or antioxi-
dant content of the extracts. 
 
2. MATERIALS AND METHODS 
 
All extractions, colorimetric assays and high performance 
liquid chromatography (HPLC) analyses of plant extracts 
were carried out in duplicate. The results shown in this 
study are reported as the mean values and were taken from 
the result of two separate experiments. 

2.1. Materials 

Quercetin dihydrate was purchased from Acros Organic 
(New Jersey, USA) and rutin trihydrate from Fluka, 
BioChemika (Buchs, Switzerland). Annexin V-FITC and 
binding buffer were obtained from BD Biosciences (San 
Diego, CA). Folin-Ciocalteu reagent, sodium carbonate 
and hydrogen peroxide were obtained from BDH 
Chemicals (Poole, England, UK). All other chemicals 
were purchased from Sigma-Aldrich Inc., (St. Louis, 
MO, 
USA).4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetraz
olio]-1, 3-benzene disulfonate (WST-1 reagent) was ob-
tained from Roche (Basel, Switzerland). All solvents 
used were of HPLC grade. Water used in experiments 
was deionized (MilliQ). The human neuroblastoma SH- 

SY5Y cells were obtained from the American Type Cul-
ture Collection (ATCC, Manassas, VA, USA). 

2.2. Plant Materials 

Apple puree (Malus x domestica, Pacific Beauty™ 
(Sciearly)) was selected for preliminary trials on extrac-
tion method development and optimisation. These apples 
were harvested in February 2005 from a HortResearch 
orchard in Hawke’s Bay, New Zealand. Five additional 
local fruits and vegetables were selected for the main 
study. These were: turnip leaf (Brassica campestris 
‘Barkant’; 8.5 kg), elderberry (Sambucus nigra; 5.0 kg), 
sour cherries (no stone; Prunus cerasus, ‘Fanal’; 5.0 kg), 
swede leaf (Brassica napus ‘Aparima Gold’; 8.5 kg) and 
apple puree (Malus x domestica, ‘Red Delicious’; 5.0 kg). 
The elderberries were collected in March 2005 in Mosgiel 
New Zealand, whereas sour cherries were collected in 
April 2005 in Otematata, Waitaki Valley, New Zealand. 
The turnip and swede leaf samples were collected in May 
2005 from the Crop and Food Research Station in Gore, 
New Zealand. ‘Red Delicious’ apples were harvested in 
April 2005 from a HortResearch orchard in Hawke’s Bay, 
New Zealand. After collection, the samples were imme-
diately frozen, freeze dried and milled using a domestic 
coffee grinder (Coffee and spice grinder, Breville CG2B, 
Australia), then stored in heat-sealed, gas-impermeable 
foil bags under vacuum at -20°C until needed. 

2.2.1. Preparation of Pacific Beauty™ 
(Sciearly) and ‘Red Delicious’ 
Apple Puree 

Apple purees from both cultivars were prepared simi-
larly. Twenty-five apples (approximately 5.0 kg) were 
selected randomly from the harvested batches. Apples 
were sliced into quarters, cored and then stored in cold 
water prior to blanching for approximately 6-7 min until 
the core temperature reached 90ºC. The blanching step 
was done in order to stop the browning process of the 
apple slices before processing into puree could be done. 
The blanched slices were crushed using a pilot-scale 
screw press (Model 3600, Brown International Corpo-
ration, Covina, CA) to produce the puree, which was 
freeze dried using a pilot-scale freeze dryer (W.G.G 
Cuddon Ltd, New Zealand). 

2.3. Accelerated Solvent Extraction (ASE) 

Extraction of the plant materials was performed using an 
accelerated solvent extractor (ASE300) unit (Dionex 
Corp., Sunnyvale, CA). The ASE apparatus pumps 
solvent into the extraction cell, pressurises it, holds the 
solvent in the cell at a controlled temperature and time 
(termed “static cycle”), and then drains it into a collec-
tion vessel. The high pressure appears to speed up 
penetration of the solvent into the sample pores greatly, 
which makes the extraction much faster and more effi-
cient than conventional atmospheric pressure methods. 
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The high pressure also increases the boiling point of the 
solvent, allowing the use of solvents at temperatures 
above their atmospheric pressure boiling points. Sam-
ples for extraction were prepared by mixing the 
freeze-dried sample powder (4 g) with an equal weight 
of diatomaceous earth (Celite®), which was then packed 
into the (34 mL) extraction cells. The use of Celite® was 
found to be essential, particularly for samples that were 
high in sugar, as they were hygroscopic and tended to 
aggregate. It also allowed a more even distribution of the 
sample within the cell [13]. 

2.4. Optimisation of Extraction Parameters 

Preliminary trials were conducted using apple pomace 
(Malus x domestica, Pacific Beauty™ (Sciearly) as a 
model sample. Extraction conditions in the preliminary 
trials were adopted from Alonso-Salces et al. [13] using 90 
seconds purging of N2 and 60% flush volume. Parameters 
tested were: choice of solvent (ethanol (EtOH); water; 100, 
95, 80% aq. methanol (MeOH)), temperature (40, 100, 130 
and 160°C), duration (2, 5, 10 or 15 minutes) and number 
(1-4) of static cycles, allowing the use of solvents at tem-
peratures above their atmospheric pressure boiling points. 
Extraction efficiency was evaluated using the Folin total 
phenolics assay (Section 2.8). On this basis, the optimum 
conditions chosen for the remaining experiments were 3 
static cycles of either 10 minutes at 40ºC or 2 minutes at 
100ºC, using 95% aq. MeOH as the solvent. The remaining 
experiments were carried out to determine the better of the 
two protocols arising from the preliminary study, and to 
evaluate the quality of the extracts in more detail using 
Liquid Chromatography Mass Spectrometry (LCMS) and 
both chemical and cell-based antioxidant assays. 

2.5. Processing of Extracts for Storage 

About 70 mL of extract was produced from each sample 
replicate. All extracts were made up to a standard volume 
of 100 mL, and concentrated to 25 mL under a stream of 
nitrogen gas using a RapidVap® concentrator unit (model 
79100-01, LabConco Corporation, Kansas City, MO). 
Samples were then aliquotted into freeze dryer vials (10 ml 
Stopcock vial, Crown Scientific, Australia) and further 
concentrated under vacuum using the centrifugal concen-
trator (model 78100-01, LabConco Corporation, Kansas 
City, MO). Finally, extract aliquots were freeze dried (Tel-
star Cryodos-80, Telstar Industrial S.L., Spain) to remove 
residual water and were stored under vacuum at -80ºC prior 
to analyses. 

2.6. HPLC-MS Analysis Procedure 

Dried samples were prepared for analyses to make ap-
proximately 10 mg/mL into two 1.5 mL Eppendorf tubes 
for each sample. One tube was extracted with 1 mL of 
15% acetic acid in methanol for anthocyanin analysis 
while the other tube was extracted with 1 mL of 85% 

(v/v) methanol/water for analysis of other flavonoids and 
phenolic acids. Samples were dissolved by vortex mix-
ing and then centrifuged at 20817 g for 10 minutes. 
Samples were diluted as necessary to fall within a suit-
able linear dynamic range for the detectors used. 

The LCMS system consisted of a Thermo Electron 
Corporation (San Jose, CA) Finnigan Surveyor MS pump, 
Finnigan MicroAS auto-sampler, Finnigan Surveyor PDA 
detector and a ThermaSphere TS-130 column heater 
(Phenomenex, Torrance, CA). The system was fitted with 
a Synergi-HydroRP C18 column (250 x 2.1 mm, Phe-
nomenex). A 5 L aliquot of each sample was separated 
with a mobile phase flowing at 250 μL/min, consisting of 
0.1% formic acid in water (A) and 0.1% formic acid in 
acetonitrile (B). A gradient was applied from 100% (A), 
held for 5 minutes, to 50% (B) at 45 minutes, 80% (B) at 
50 minutes, held for 5 minutes, then returned to the start-
ing conditions over 5 minutes before being re-equilibrated 
for 10 minutes. The eluent was scanned by photodiode 
array detector (PDA) from 160-600 nm and analysed by 
ESI-MS (electrospray) in the positive mode for acetic 
acid/methanol samples and negative mode for metha-
nol/water extracts. Parent masses from m/z 120-2000 were 
selected for MS2 fragmentation, followed by the first and 
second most intense ions from MS2 undergoing MS3, fol-
lowed by these two most abundant ions each being frag-
mented to the MS4. Parent ions were excluded for 15 sec-
onds after daughter ion fragmentation data collection. 
Data were processed with the aid of Xcalibur®2.0-SUR1 
(Thermo Electron corporation). 

2.7. Total Phenolic Determination 

Total phenolic content of the extracts was measured using 
the Folin Ciocalteu colorimetric method [16], using 
catechin as the standard. Results were then calculated as 
mg catechin equivalent per gram of fresh sample. All 
samples were analysed in duplicate. 

2.8. FRAP Antioxidant Assay 

The ferric-reducing antioxidant potential (FRAP) assay 
was performed using a published method [17]. All sam-
ples were analyzed in triplicate and Trolox standards 
between 25-250 μM and a blank were included in each 
run. The antioxidant capacity of each extract was calcu-
lated as Trolox equivalents from the linear regression 
formula obtained from a series of corresponding Trolox 
standards. Finally results were converted to mol Trolox 
equivalents per gram of fresh sample. 

2.9. ORAC Antioxidant Assay (Hydrophilic) 

The oxygen radical absorbance capacity (ORAC) assay 
was performed using a published procedure [18]. All 
samples were analyzed in triplicate and Trolox standards 
between 50-180 μM and a blank was included in each run. 
The antioxidant capacity of each extract was determined  
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Table 1. Results from preliminary trials using Pacific BeautyTM (Sciearly) apple puree as a model to establish optimum extraction 
conditions using an accelerated solvent extraction method (n=2). TPC (Total Polyphenolic Concentration) is expressed as mg catechin 
eq./g FW. (FW: fresh weight). 

Parameter 
tested 

Solvent Concentration T(°C) 
Static time 

(min) 
Static 
cycle 

TPC 
(mg/g FW) 

Solvent type 
MeOH 
EtOH 
Water 

absolute 
absolute 

100 % water 

40 
40 
40 

5 
5 
5 

2 
2 
2 

1.19 ± 0.049 
0.89 ± 0.022 
0.71 ± 0.016 

MeOH 
 
 

absolute 
95 % 
80 % 

40 
40 
40 

5 
5 
5 

2 
2 
2 

1.12 ± 0.057 
1.40 ± 0.021 
1.28 ± 0.028 

Solvent 
concentration 

EtOH 
absolute 

95 % 
80 % 

40 
40 
40 

5 
5 
5 

2 
2 
2 

0.87 ± 0.043 
0.96 ± 0.013 
0.94 ± 0.012 

Temperature 
(°C) 

MeOH 

95 % 
95 % 
95 % 
95 % 

40 
100 
130 
160 

5 
5 
5 
5 

2 
2 
2 
2 

1.28 ± 0.028 
1.50 ± 0.021 
1.50 ± 0.042 
1.67 ± 0.028 

Static time MeOH 

95 % 
95 % 
95 % 
95 % 
95 % 

40 
40 
40 

100 
100 

5 
10 
15 
2 
5 

2 
2 
2 
2 
2 

1.20 ± 0.008 
1.23 ± 0.042 
1.18 ± 0.028 
1.41 ± 0.021 
1.53 ± 0.039 

95 % 
95 % 
95 % 
95 % 

40 
40 
40 
40 

10 
10 
10 
10 

1st cycle 
2nd cycle 
3rd cycle 
4th cycle 

0.86 ± 0.028 
0.25 ± 0.049 
0.12 ± 0.028 

0.006 ± 0.0005 
Static cycle MeOH 

95 % 
95 % 
95 % 
95 % 

100 
100 
100 
100 

2 
2 
2 
2 

1st cycle 
2nd cycle 
3rd cycle 
4th cycle 

1.20 ± 0.018 
0.32 ± 0.042 
0.14 ± 0.028 

0.004 ± 0.0002 

 
by comparing the area under the curve with that of a blank 
sample and was calculated as Trolox equivalents. Results 
were converted to mol Trolox equivalents per gram of 
fresh sample. 

2.10. Cytoprotection Assay 

2.10.1. Cell Culture and Treatment of Human 
Neuroblastoma SH-SY5Y Cells 

The human neuroblastoma SH-SY5Y cells were cultured 
in Dulbecco’s modified Eagle medium nutrient mixture 
F12 ham (DMEM-F12) supplemented with 10% FBS at 
37°C in humidified air with 5% CO2. SH-SY5Y cells 
were used in the undifferentiated state. The SH-SY5Y 
cells were plated in 24-well plates at a concentration of 2 
 105 cells/mL with or without various concentrations of 
extracts. After 24 h of incubation, cells were harvested 
and stained with both annexin V-FITC and propidium 
iodide and subjected to flow cytometric analysis of cell 
death as described previously [19,20]. The cell death 
index (CDI) was calculated from the percentage of the 
viable cells and damaged cells (both apoptotic and ne-
crotic). The cytoprotective effects of extracts were 
measured by the inhibition of H2O2-induced total cell 
death. The median effective concentration (EC50) values 
were calculated through dose-response curves of the-

concentration of test extract against the percentage of 
inhibition as described previously [19,20]. The cytotoxic 
effects of extracts were assessed using WST-1 cell sur-
vival assays with the concentrations used in the cytopro-
tection experiments. 
 
3. RESULTS AND DISCUSSIONS 
 

3.1. Preliminary Optimisation of ASE  
Conditions 

Methanol was found to be the best solvent for extraction 
of polyphenolic compounds from apple pomace (Table 1). 
MeOH extracted approximately 25% more polyphenolics 
than ethanol and 40% more than water. Addition of water 
(up to 5%) to both MeOH and EtOH increased the ex-
traction efficiency by up to 20% and 9%, respectively.  

Extraction temperatures between 40°C and 130°C did 
not result in any detectable changes in the composition of 
the extract, as determined by HPLC. Extraction at 160°C, 
however, showed evidence of degradation in the HPLC 
chromatogram. Some peaks diminished in size and new 
ones appeared (data not shown). Hence, extraction tem-
peratures of 40°C and 100°C were chosen for comparison 
in further experiments. The length and number of static 
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Figure 1. Total phenolic content of Pacific Beauty apple pomace 
tissue extracted by an accelerated solvent extraction method at 
40ºC and 100°C for 10 and 2 minutes respectively using four 
static cycles. 

 

cycles influenced the extraction efficiency. The optimal 
conditions were found to be 3 static cycles, either of 10 
min at 40ºC or 2 min at 100°C (Figure 1, Table 1). Most 
of the phenolic compounds (~90%) were extracted by the 
first 2 cycles and most of the remaining material (~9%) by 
the third cycle, as measured by the Folin-Ciocalteu assay. 
A fourth cycle was found not to be necessary. Based on 
the results above, the operating parameters used in the 
remainder of this study were: solvent: 95% methanol, 
temperature: 40ºC or 100ºC, purging time: 90 seconds, 
flush volume: 60%, static time: 10 min for 40ºC extrac-
tion and 2 min for 100ºC extraction and 3 static cycles. 

3.2. Identification of Phenolic Compounds 
by LC-MS 

Identification and quantification of the major compounds 
found in the extracts was carried out by LC-MS (Table 2). 
To help with interpreting the data, structural fragmenta-
tion characteristics reported by other researchers were 
used [21, 22], together with in-house spectra based on 
reference materials and previously interpreted com-
pounds. 

3.2.1. ‘Red Delicious’ Apple Puree (Malus X 
Domestica ‘Red Delicious’) 

Procyanidins made up a significant proportion of com-
pounds found in the apple puree extracts from both tem-
perature treatments (Table 2). This is in agreement with 
studies by Giusti et al. [22] and Sudjaroen et al. [23]. 
Chlorogenic acid (the major individual compound), quer- 
cetin glycosides and phloridzin were also abundant and have 
also been previously reported to be present in apple [24]. 

3.2.2. Swede Leaf (Brassica Napus ‘Aparima Gold’) 
The major compounds in swede leaf were several 
kaempferol glycosides. Most of these were acylated with 
sinapic or ferulic acid. The phenolic composition was 
similar to that found by an earlier study [25]. A previous 
study by Huang and colleagues [26] found some com-
pounds in the swede leaf samples (also known as rutabaga 
in the US) that might be responsible for its antioxidant 
property. Because of lack of reference compounds, they 
were not able to identify them. However, we were able to 
identify which compounds were present in the extract 
analysed in the present study, and they were very similar 
to those found in the turnip leaf extracts. The three most 
abundant compounds in the swede leaf extract based on 
the relative area from the total spectral scan were 
kaempferol-3-(sinapoyl)-sophoroside-7-glucoside, kaem- 
pferol-3-(feruloyl)-sophoroside-7-glucoside and kaempf- 
erol-3-sophoroside-7-glucoside respectively. 

3.2.3. Sour Cherry (Prunus Cerasus ‘Fanal’) 
The major polyphenolic compounds found in the sour 
cherry extracts were 3-p-coumaroyl and 5-caffeoyl 
quinates (Table 2). Lesser amounts of rutin, quercetin and 
isorhamnetin glycosides were also found. Clifford and 
colleagues [27] reported the presence of chlorogenic acid 
(3-caffeoyl quinate) and this is also confirmed by our 
result. Procyanidins are also present in the extracts, in 
good agreement with previous findings [23,28]. 

3.2.4. Turnip Leaf (Brassica Campestris ‘Barkant’) 
Turnip leaf extracts from both high and low temperature 
treatment had similar polyphenolic compositions (Table 
2). The major components found in the extracts were 
glycosylated flavonols such as quercetin, kaempferol and 
isorhamnetin and to a lesser extent, sinapic acid deriva-
tives. The previously reported polyphenolic composition 
of Brassica rapa (another turnip variety) [29], was similar 
to that found here. Many of the same compounds were 
also reported in Brassica oleracea (broccoli) by Vallejo et 
al. [25]. The presence of sinapoyl-malate was previously 
reported by Liang et al. [30]. Another prevalent com-
pound found in the turnip leaf extract was kaempferol- 
3-sophoroside-7-glucoside, which was also confirmed by 
Fernandes et al. [31]. 

3.2.5. Elderberry (Sambucus Nigra) 
Anthocyanins were the major phenolic compounds in the 
elderberry extracts (Table 2). Extracts from both tem-
perature treatments were again similar. High concentra- 
tions of cyanidin sambubioside (the major individual co- 
mponent), rutin and 5-caffeoyl quinate were found. These 
compounds were previously reported by Piraud et al. [32] 
and Milbury et al. [33]. 

3.3. Comparison of the Polyphenolic Profile  
of Extracts 

There were no detectable differences in the polyphenolic 
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Table 2. Identification of some major phenolic compounds found in fruit and vegetable samples extracted by ASE 
technique from λ=280nm chromatograms. Quantification was based on total spectral scan λ=250-600 nm and expressed 
as μg/g FW sample. 

Plant samples Peak # Retention time Compound  μg/g FW sample  μg/g FW sample
(n=2) (min) (shown from chromatograms at λ=280nm) extracted at 40°C extracted at 100°C

Chlorogenic acid eq. Chlorogenic acid eq.
‘Red Delicious’ apple puree 2 21.1 Chlorogenic acid 112.2 ± 5.7 76.9 ± 5.5

 (Malus  x domestica  ‘Red Delicious’) Cyanidin-3-glucoside eq. Cyanidin-3-glucoside eq. 
1 19.4 Cyanidin-3-galactoside 35.0 ± 2.6 32.8 ± 1.4
3 22.2 Procyanidin-B2 (dimer) 68.3 ± 4.3 51.4 ± 2.4
6 23.7 Procyanidin-trimer 64.8 ± 2.4 49.5 ± 1.7
7 24.2 Procyanidin-tetramer 36.6 ± 1.4 32.9 ±2.0
8 24.8 Procyanidin-pentamer 56.1 ± 3.1 44.1 ± 1.7

Epicatechin eq. Epicatechin eq.
4 23.1 Epicatechin 80.7 ± 3.2 70.9 ± 3.1

Rutin eq. Rutin eq.
9 26.7 Quercetin-3-glucoside 83.8 ± 1.5 62.9 ± 1.1

10 28.6 Quercetin-3-xyloside 49.5 ± 1.9 39.5 ± 2.9
11 28.9 Quercetin rhamnoside 41.9 ± 1.7 34.1 ± 0.9

Phloretin eq. Phloretin eq.
12 28.0 Phloretin-2-O-xylo-glucoside 23.1 ± 1.0 22.4 ± 0.9
13 30.2 Phloridzin 51.0 ± 2.6 36.9 ± 1.7

Unknown Unknown
5 23.3 Unknown -- --

Rutin eq. Rutin eq.
Swede leaf 15 19.7 Kaempferol-3-sophoroside-7-glucoside 513.6 ± 28.7 583.0 ± 14.1

(Brassica napus  ‘Aparima Gold’) 16 21.8 Kaempferol-3-(sinapoyl)-sophoroside-7-sophoroside 64.9 ± 2.1 75.2 ± 3.2
17 22.1 Kaempferol-3-(sinapoyl)-sophoroside-7-glucoside 926.6 ± 26 1059.0 ± 15
18 22.4 Kaempferol-3-(feruloyl)-sophoroside-7-glucoside 689.7 ± 28 787.8 ± 20.5
19 22.6 Kaempferol-3-(coumaroyl)-sophoroside-7-glucoside 257.1 ± 14.3 301.8 ± 15
22 26.4 Kaempferol-3-(4-disinapoyl)-sophorotrioside-7-sophoroside 53.1 ± 3.2 75.8 ± 4.3
23 26.8 Kaempferol-3-(4-disinapoyl)-sophorotrioside-7-glucoside 77.9 ± 3.6 103.6 ± 3.2

Sinapic acid eq. Sinapic acid eq.
24 29.4 1,2-disinapoyl-gentiobiose 33.2 ± 1.9 41.4 ± 3.1
25 29.8 1,2-sinapoyl-feruloyl-gentibiose 5.2 ± 0.3 6.9 ± 0.3

Unknown Unknown
14 18.8 Unknown -- --
20 23.4 Unknown -- --
21 25.0 Unknown -- --

Cyanidin-3-glucoside eq. Cyanidin-3-glucoside eq. 
Sour cherry 26 18.7 Cyanidin-3-glucosyl-rutinoside 21.3 ± 1.2 24.2 ± 1.4

(Prunus cerasus  ‘Fanal’) 30 21.8 Procyanidin-B2 (dimer) 98.8 ± 8.7 95 ± 8.5
31 23.7 Procyanidin trimer 30.3 ± 1.0 29.7 ± 1.1

(Chromatogram not shown) 32 24.2 Procyanidin tetramer 18.8 ± 1.2 19.2 ± 0.7
Rutin eq. Rutin eq.

33 26.0 Quercetin-3-rutinoside 13.9 ± 0.6 14.3 ± 0.5
34 27.7 Rutin 76.9 ± 5.0 77.8 ± 3.3
35 28.7 Isorhamnetin-3-rutinoside 17.6 ± 1.1 17.4 ± 1.5

Chlorogenic acid eq. Chlorogenic acid eq.
27 20.3 3-caffeoylquinic acid 145.9 ± 9.6 144.9 ± 9.1
29 22.9 5-caffeoylquinic acid 156.1 ± 12.0 154.9 ± 13.0

p-Coumaric acid eq. p-Coumaric acid eq.
28 22.2 3-O-p-coumaroylquinic acid 1306.8 ± 59.0 1321.0 ± 55.0

Rutin eq. Rutin eq.
Turnip leaf 36 19.4 Quercetin-3-sophoroside-7-glucoside 26.8 ± 1.8 31.2 ± 1.4

(Brassica campestris  ‘Barkant’) 38 20.7 Kaempferol-3-methoxycafeoyl-sophoroside-7-glucoside 49.2 ± 2.7 41.9 ± 2.6
39 21.3 Quercetin-3-glucoside-7-glucoside 108.3 ± 3.2 108.4 ± 5.2

(Chromatogram not shown) 40 21.5 Quercetin-3-(sinapoyl)-sophoroside-7-glucoside 111.9 ± 3.6 150.5 ± 3.2
41 20.0 Kaempferol-3-sophoroside-7-glucoside 132.1 ± 7.5 169.4 ± 9.1
42 23.9 sorhamnetin-3,7-diglucoside 2089.7 ± 46.1 1773.1 ± 49
43 22.2 Isorhamnetin-3-rutinoside 370.0 ± 14.7 472.2 ± 20

Sinapic acid eq. Sinapic acid eq.
44 29.6 Sinapoyl-malate 155.8 ± 13.2 236.1 ± 19.5
45 29.2 1,2-disinapoyl-gentiobiose 2.2 ± 0.1 11.9 ± 0.6
46 30.0 1,2-sinapoyl-feruloyl-gentibiose 3.6 ± 0.2 9.9 ± 0.4

Unknown Unknown
37 19.8 Unknown -- --

Cyanidin-3-glucoside eq. Cyanidin-3-glucoside eq. 
Elderberry 47 22.2 Cyanidin-sambubioside 3907.0 ± 235 3500.0 ± 182

(Sambucus nigra ) Rutin eq. Rutin eq.
48 26.4 Quercetin-3-glucoside 26.1 ± 1.8 33.4 ± 2.5

(Chromatogram not shown) 49 27.7 Rutin 1313.2 ± 47.0 1197.0 ± 49.1
Chlorogenic acid eq. Chlorogenic acid eq.

50 22.8 5-caffeoylquinic acid 1296.0 ± 40 1033.0 ± 40  
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Figure 2. HPLC chromatograms at 280nm of Red delicious apple puree (I) and Swede leaf var. Aparima Gold 
(II) from accelerated solvent extractions (ASE) at 40ºC and 100ºC. The sample concentration was 10mg/L. 
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Figure 3. Total phenolic contentby Folin Ciocalteu mathod and antioxidant capacity (measured by FRAP (ferric re-
ducing antioxidant potential) and ORAC (oxygen radical absorbance capacity) methods for fruit and vegetable sam-
ples extracted by accelerated solvent extraction (ASE) at 40ºC and 100ºC. Results are expressed as μg catechin 
equivalent or μmol Trolox equivalent /g fresh weight samples for total phenolic content and antioxidant capacity, 
respectively. 

 
profiles obtained from ASE prepared using different 
temperatures, for ‘Red Delicious’ apple puree or Swede 
leaf extracts (Figure 2). The same result was obtained 
from the other plant materials (data not shown). The only 
noticeable difference was a 20-25% higher peak intensity 
at 40ºC for the apple puree extract, indicating that the 
lower temperature was, surprisingly, more efficient. If 
there is increased degradation at 100ºC, it is apparently 
evenly spread over all compounds. However, extraction 
of swede leaf showed a different trend to that of apple 
puree extract, as more phenolics seemed to be released 
when extraction was carried out at the higher temperature 
(100°C). 

The polyphenolic composition and concentrations from 

this study are in good agreement with the USDA database 
of the flavonoid and proanthocyanidin content of foods 
(http://www.ars.usda.gov/nutrientdata). As has been dis-
cussed by Kroon and Williamson [34] , the USDA has 
now developed databases of polyphenolic compound 
classes with recommended daily intake (RDI) values, as 
well as for micronutrients such as vitamins and minerals. 
Based on the USDA database, the major anthocyanidins 
found in elderberry were found to be cyanidins, whereas 
vegetables such as turnip have an appreciable amount of 
flavonols such as kaempferols and quercetins. ASE ex-
traction appears to provide comparable extraction profiles 
to manual extraction methods, such as that done by Ro-
mani et al. [29] on Brassica plants, and therefore appears 
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to be suitable for updating databases of food polyphenolic 
content in the future. 

3.4. Comparative Total Phenolic Content of  
Extracts 

Total phenolic content as measured by the Folin-Ciocalteu 
assay, combined with ASE, is a rapid and convenient means 
to compare the overall polyphenolic antioxidant content of 
different plant foods. Elderberry extract stands out, with a 
total phenolic content 2-4 times higher than the other ex-
tracts tested (Figure 3). 

Different plant materials behaved differently when ex-
tracted at different temperatures. Total phenolic content of 
turnip leaf, elderberry and red delicious puree extracts 
were slightly greater when the samples were extracted at 
100ºC than at 40ºC, whereas contents in swede leaf and 
sour cherry were slightly lower. This may indicate that 
some polyphenolics from swede leaf and sour cherry are 
more labile at a higher temperature than those in the other 
materials extracted. These differences were, however, 
minor, so on this basis the extraction temperature chosen 
for comparison of different plant materials could be be-
tween 40°C and 100ºC. 

3.5. Antioxidant Capacity of Plant Extracts 

The chemical antioxidant activities of the extracts were 
determined by both the FRAP and ORAC assays. The 
effect of extraction temperature is more obvious in the 
FRAP assay than in the total phenolic content assay. El-
derberry extract had the highest FRAP value and the trend 
of the extracts was quite similar to that of total phenolic 
content (Figure 3). It therefore appears that polyphenolics 
play a major role in contributing to the metal ion-reducing 
capacity in these extracts. The FRAP values of all samples 
measured seemed to be higher when the extraction was 
carried out at 100°C. Turnip leaf extract was found to have 
the lowest antioxidant capacity by this assay.  

Elderberry again had the highest value and the quali-
tative trend of other extracts was similar to the trend 
identified in the total phenolic content and FRAP results 
(Figure 3). However, the antioxidant capacities of the 
elderberry and turnip extracts prepared at 100°C were 
proportionately smaller than those of extracts prepared at 
40ºC; the relationship to total phenolic content was much 
weaker and extraction temperature had a considerable 
effect. Elderberry and apple puree extracts had the highest 
ORAC values overall, compared with those of other ex-
tracts. The ORAC value of elderberry was moderately 
lower and turnip leaf ORAC value was reduced by about 
half when comparison was made between the 100°C and 
40°C treatments. Little difference was found between 
ORAC values of sour cherry extracts prepared at low and 
high temperatures. These differences are probably ex-
plained by both differences in lability of compounds with 
high ORAC capacity and the presence of compounds 

other than polyphenolics with significant ORAC capacity. 

3.6. Cytoprotection Assay 

3.6.1. Cytotoxicity of Extracts 
The cytotoxicities of these extracts were tested on SH-SY5Y 
cells at different concentrations for 24 hours using the 
WST-1 assay. All extracts produced at either temperature 
did not affect the viability of human neuroblastoma SH- 
SY5Y cells within the concentration range used (data not 
shown). 

3.6.2. Cytoprotective Effects of Extracts 
The inhibitory effects of test samples on cellular death 
induced by H2O2 on human neuroblastoma SH-SY5Y 
cells were determined.  

For extracts at 40°C, elderberry had the highest pro-
tective capacity, followed by apple puree, sour cherry, 
turnip and swede leaf extracts. For those extracted at 
100°C, elderberry again had the highest protective ca-
pacity, followed by sour cherry, apple puree, turnip and 
swede leaf extracts respectively. This ranking order was 
the same as with the other assays. The trend of EC50 
values was similar to that of the other assays (bearing in 
mind that a low EC50 value indicates higher cytoprotec-
tive capacity; Figure 4). The only significant difference 
from the other assays was that 40ºC extracts consistently 
performed moderately better than the 100ºC extracts. 
Based on the results reported here, it appears that there is 
relatively little to choose between these four antioxidant 
assays to combine with ASE as a means of rapidly com-
paring the antioxidant potential of plant foods. The results 
of all four assays correlate very closely, with the possible 
exception of the ORAC assay, which is qualitatively 
similar but shows some quantitative differences. 
 
4. CONCLUSIONS 
 
Results indicated that different fruit and vegetable ex-
tracts prepared at low and high temperatures behaved 
differently when analysed for their total phenolic contents 
and antioxidant capacities. The polyphenolic composi-
tions of the ASE extracts in this study agree well with 
those reported in literature on the same plant materials. 
Elderberry extract was found to have the highest poly-
phenolic content and antioxidant capacity, followed by 
sour cherry, red delicious apple puree and the two vege-
table samples. The four rapid assays used to evaluate the 
extracts (Folin total phenolics, FRAP, ORAC and cyto-
protection), all ranked the five extracts similarly, which 
possibly indicates that polyphenolics are the major anti-
oxidants in the extracts and are responsible for most of the 
antioxidant capacity. The effect of extraction temperature 
was more obvious in results from the ORAC antioxidant 
assay, particularly for turnip and elderberry extracts. 
However, all extracts prepared at 40°C performed better 
in the cell-based antioxidant assay. This study has shown  
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Figure 4. Protective effects (EC50) of extracts against H2O2-induced death of SH-SY5Y cells. After incubation, cells 
were stained with both annexin V-FITC and PI and analyzed by flow cytometry. Results are expressed as EC50 values 
with standard deviations from the mean of two separate determinations. 

 
that accelerated solvent extraction, combined with HPLC, 
antioxidant and cytotoxicity testing, is a useful tool for 
rapid screening of plant extracts for comparison of the 
abundance of compounds thought to be beneficial to 
human health. 
 
5. ACKNOWLEDGMENTS 
 
This work was funded by the Foundation for Research Science and 
Technology (Wellness Foods Programme, Contract C06X0405). We 
thank Joyce Au and Rosheila Vather for their contribution in doing the 
antioxidant assays, Tom Orchiston for sample collection, Ms Teresa 
Wegrzyn, Dr Denise Hunter and Dr Jeffrey Greenwood for checking and 
the helpful discussions on the manuscript. 

REFERENCES 

[1] M. N. Diaz, B. Frei, J. A. Vita, J. F. Keaney, (1997) Mecha-
nisms of disease: Antioxidants and atherosclerotic heart 
disease. New Engl J Med, 337, 408-416.  

[2] Y. Christen, (2000) Oxidative stress and Alzheimer dis-
ease. Am J Clin Nutr., 71, 621s-629.  

[3] B. N. Ames, L. S. Gold, W. C. Willett, (1995) The causes 
and prevention of cancer. Proc Natl Acad Sci USA., 92, 

5258-65, 0027-8424 (Print). 
[4] S. Kuntz, U. Wenzel, H. Daniel, (1999) Comparative 

analysis of the effects of flavonoids on prolifertion, cyto-
toxicty and apoptosis in human colon cancer cell lines. Eur 
J Nutr, 38, 133-142.  

[5] C. Bosetti, L. Spertini, M. Parpinel, P. Gnagnarella, P. 
Lagiou, E. Negri, S. Franceschi, M. Montella, J. Peterson, 
J. Dwyer, A. Giacosa, C. La Vecchia, (2005) Flavonoids 
and breast cancer risk in Italy. Cancer Epidemiol Bio-
markers Pre, 14, 805-808, 1055-9965. 

[6] M. Rossi, E. Negri, R. Talamini, C. Bosetti, M. Parpinel, P. 
Gnagnarella, S. Franceschi, L. Dal Maso, M. Montella, A. 
Giacosa, C. La Vecchia, (2006) Flavonoids and colorectal 
cancer in Italy. Cancer Epidemiol Biomarkers Prev, 15, 
1555-1558, 1055-9965. 

[7] A. Tavani, L. Spertini, C. Bosetti, M. Parpinel, P. Gnag-
narella, F. Bravi, J. Peterson, J. Dwyer, P. Lagiou, E. Negri, 
C. La Vecchia, (2006) Intake of specific flavonoids and 
risk of acute myocardial infarction in Italy. Public Health 
Nutr, 9, 369-374, 1368-9800. 

[8] R. Feng, H. M. Ni, S. Y. Wang, I. L. Tourkova, M. R. 
Shulin, H. Harada, X. M. Yin, (2007) Cyanidin- 3-ruti-
noside, a natural polyphenol antioxidant, selectively kills 
leukemic cells by induction of oxidative stress. J Biol 
Chem, 282, 13468-13476. 

[9] D. A. Pearson, C. H. Tan, J. B. German, P. A. Davis, M. E. 



R. Wibisono et al. / HEALTH 1 (2009) 220-230 

SciRes Copyright © 2009                                  http://www.scirp.org/journal/HEALTH/Openly accessible at  

230 

Gershwin, (1999) Apple juice inhibits human low density 
lipoprotein oxidation. Life Sci, 64, 1913-1920. 

[10] R, M. Alonso-Salces, A. Barranco, E. Corta, L. A. Berrueta, 
B. Gallo, F. Vicente, (2005) A validated solid-liquid extrac-
tion method for the HPLC determination of polyphenols in 
apple tissues - Comparison with pressurised liquid extrac-
tion. Talanta, 65, 654-662. 

[11] B. E. Richter, B. A.Jones, J. L. Ezzell, N. L. Porter, N. 
Avdalovic, C. Pohl, (1996) Accelerated solvent extraction: 
A technique for sample preparation. Ann Chem, 68, 
1033-1039. 

[12] G. T. L. Spigno, D. M. De Faveri, (2007) Effects of ex-
traction time, temperature and solvent on concentration 
and antioxidant activity of grape marc phenolics. J Food 
Eng, 81, 200-208.  

[13] R. M. K. E. Alonso-Salces, A. Barranco, L. A. Berrueta, B. 
Gallo, F. Vicente, (2001) Determination of polyphenolic 
profiles of basque cider apple varieties using accelerated 
solvent extraction. J Agric Food Chem, 49, 3761-3766.  

[14] X. Wu, G.. R. Beecher, J. M. Holden, D. B. Haytowitz, S. E. 
Gebhardt, R. L. Prior, (2004) Lipophilic and hydrophilic anti-
oxidant capacities of common foods in the United States. J 
Agric Food Chem, 52, 4026-4037.  

[15] X. Wu, G. R. Beecher, J. M. Holden, D. B. Haytowitz, S. E. 
Gebhardt, R. L. Prior, (2004) Development of database for to-
tal antioxidant capacity in foods: A preliminary study. J Food 
Comp Anal, 17, 407-422.  

[16] V. L. Singleton, R. Orthofer, R. M. Lamuela-Raventos, 
(1999) Analysis of total phenols and other oxidation sub-
strates and antioxidants by means of folin-ciocalteu reagent. 
Methods Enzymol., 299, 152-178.  

[17] N. Deighton, R. Brennan, C. Finn, H. V. Davies, (2000) 
Antioxidant properties of domesticated and wild rubus 
species. J Sci Food Agric, 80, 1307-1313.  

[18] C. Walton, R. Lentle, G. Reynolds, M. Krugger, T. 
McGhie, (2006) Anthocyanin absorption and antioxidant 
status in pigs. J Agric Food Chem, 54, 7940-7946.  

[19] J. Zhang, L. Melton, A. Adaim, M. Skinner, (2008) Cy-
toprotective effects of polyphenolics on H2O2-induced 
cell death in SH-SY5Y cells in relation to their antioxidant 
activities. Eur Food Res Technol, 228, 123-131.  

[20] J. Zhang, R. A. Stanley, A. Adaim, D. L. Melton, A. M. Skin-
ner, (2006) Free radical scavenging and cytoprotective activi-
ties of phenolic antioxidants. Mol Nutr Food Res, 50, 996- 
1005.  

[21] N. Fabre, I. Rustan, E. de Hoffman, J. Quetin-Leclercq, 
(2001) Determination of flavone, flavonol and flavanone 
aglycones by negative ion liquid chromatography elec-
trospray ion trap mass spectrometry. J Am Soc Mass 
Spectrom, 12, 707-715.  

[22] M. M. Giusti, L. E. Rodriguez-Saona, D. Griffin, R. E. 
Wrolstad, (1999) Electrospray and tandem mass spec-
troscopy as tools for anthocyanin characterization. J Agric 
Food Chem, 47, 4657-4664.  

[23] J. F. Sudjaroen, R. Haubner, G. Wurtele, W. E. Hull, G. 

Erben, B. Spiegelhalder, S. Changbumrung, H. Bartsch, R. 
W. Owen, (2005) Isolation and structure elucidation of 
phenolic antioxidants from tammarind (Tamarindus indica 
L.) seeds and pericarp. Food Chem Toxicol, 43, 1673- 
1682.  

[24] F. Sanchez-Rabaneda, O. Jauregui, R. M. Lamuela- 
Raventoz, F. Viladomat, J. Bastida, C. Codina, (2004) 
Qualitative analysis of phenolic compounds in apple po-
mace using liquid chromatographycoupled to mass spec-
trometry in tandem mode. Rapid Comm Mass Spectrom, 
18, 553-563.  

[25] F. Vallejo, F. A. Tomas-Barberran, F. Ferreres, (2004) 
Characterization of flavonols in broccoli (Brassica ol-
eracea L. var. italica) by liquid chromatography-UV diode 
array detection-electrospray by ionisation mass spectro-
photometry. J Chromatogr A, 2006, 148-155.  

[26] Z. Huang, B. Wang, D. H. Eaves, J. M. Shikany, R. D. 
Pace, Phenolic compound profile of selected vegetables 
frequently consumed by African Americns in the south-
east United States. Food Chem 2007, 103, 1395-1402.  

[27] M. N. Clifford, K. L. Johnston, S. Knight, N. Kuhnert, 
(2003) Hierarchical scheme for LCMSn identifications of 
chlorogenic acids. J Agric Food Chem, 51, 2900-2911.  

[28] L. Gu, M. A. Kelm, J. F. Hammerstone, Z. Zhang, G. R. 
Beecher, J. M. Holden, D. B. Haytowitz, R. L. Prior, 
(2003) Liquid chromatographic/electrospray ionization 
mass spectrophotmetric studies of proanthocyanidins in 
foods. J Mass Spectrom, 38, 1272-1280.  

[29] A. Romani, P. Vignolini, L. Isolani, F. Leri, D. Heimler, 
(2006) HPLC-DAD/MS characterization of flavonoids 
and hydroxycinnamic derivatives in turnip tops (Brassica 
rapa L. subsp.sylvestris L.). J Agric Food Chem, 54, 
1342-1346.  

[30] Y. S. Liang, H. K. Kim, A. W. M. Lefeber, C. Erkelens, Y. 
M. Choi, R. Verpoorte, (2006) Identifications of phenyl-
propanoids in methyl jasmonate treated Brassica rapa 
leaves using two dimensional nuclear magnetic resonance 
spectroscopy. J Chromatogr A, 1112, 148-155.  

[31] F. Fernandes, P. Valentao, C. Sousa, J. A. Pereira, R. M. 
Seabra, P. B. Andrade, (2007) Chemical and antioxidative 
assessment of dietary turnip (Brassica rapa var. rapa L.). 
Food Chem, 105, 1003-1010.  

[32] M. Piraud, C. Vianey-Saban, K. Petritis, C. Elfakir, J. P. 
Steghens, A. Morla, D. Bouchu, (2003) ESI-MS/MS analy-
sis of underivatised amino acids: A new tool for the diag-
nosis of inherited disorders of amino acid metabolism. 
Fragmentation study of 79 molecules of biological interest 
in positive and negative mode. Rapid Comm Mass Spec-
trom, 17, 1297-1311.  

[33] P. E. Milbury, G. Cao, R. L. Prior, J. Blumberg, (2002) 
Bioavailablility of elderberry anthocyanins. Mech Ageing 
Dev, 123, 997-1006.  

[34] P. Kroon, G. Williamson, (2005) Polyphenols: Dietary 
components with established benefits to health? J Sci 
Food Agric, 85, 1239-1240. 

 



Vol.1, No.3, 231-238 (2009)
doi:10.4236/health.2009.13038 
 

SciRes Copyright © 2009                                  http://www.scirp.org/journal/HEALTH/

                                                                         Health 

Openly accessible at

 

 

Detection of circulating tumor cells (CTCs) in patients with 
lung carcinoma by real-time fluorescent quantitative-PCR 
approach before and after chemotherapy 

Ming-Jian Ge1, Qing-Chen Wu1, Mei Wang2, Li Li1, Xiao-Long Zhao1, Qiao-Min Huang1,        
Liang-Bin Li1  

1Department of Thoracic Surgery, the First Affiliated Hospital, Chongqing Medical University, Chongqing, China 
mingjian_ge@hotmail.com  
2Department of Clinical Laboratory, the First Affiliated Hospital, Chongqing Medical University, Chongqing, China 

Received 18 September 2009; revised 9 October 2009; accepted 10 October 2009. 

ABSTRACT 

Circulating tumour cells (CTCs) are referred to the 
tumour cells that disseminated from the primary 
tumour and survive in circulating during the pro-
ceeding of tumour growth. As surgical treatment 
evolves and local control has improved, the failure 
of cancer treatment has largely remained the re-
sult of systemic metastasis. Selection of patients 
most likely to benefit from adjuvant strategies 
remains problematic. In order to develop a new 
standard of curative effect, this study was de-
signed to track the number of CTCs in patients 
with lung cancer during chemotherapy. Methods: 
Samples of peripheral blood was taken from each 
lung cancer patients (n=32) on the day before 
chemotherapy as well as the third week after the 
chemotherapy cycle. The samples were subjected 
to real-time fluorescent quantitative reverse-tran- 
scriptase polymerase chain reaction (fqRT-PCR). 
Meanwhile the tumour size was determined by 
chest X-ray or computed tomograghy. Results 
Compared to that of pre-chemotherapy, the ex-
pression level of cytokeratin (CK) 19 in the pa-
tients significantly declined after chemotherapy 
(t=4.659,P=0.000). The level of CK19 mRNA in pa-
tients with small cell lung cancer (SCLC) was 
higher than that of patients with non-small cell 
lung cancer (NSCLC) (t=1.944, P=0.061). The de-
crease of CK19 mRNA level correlated well with 
the type during the treatment. Relatively the de-
crease of SCLC is more obvious (t=6.073,P=0.000). 
The variation of CK19 mRNA level before and after 
chemotherapy was positively related to the dis-
parity of tumour burden (r=0.593). There was also 
a significant association between the type (NSCLC 
vs. SCLC) and the change of tumour size (t=3.686, 

P=0.001).The positive rate before chemotherapy  
was 71.9% (23/32), while that after chemotherapy 
was 37.5% (12/32), indicating that 11 patients con- 
verted into negative after chemotherapy. Of the 16 
patients which were in Ⅳ-stage, 11 cases were po- 
sitive (11/16,68.8%). Surprisingly, of the remaining 
16 patients which were Ⅱ/Ⅲ stage, 12 cases were 
regarded as positive according to the criteria 
(12/6,75%). Conclusions: The real-time flu- ores-
cent quantitative-PCR approach is useful for mea- 
suring the relative number of CTCs in a patients’ 
peripheral blood to monitor the effectiveness of 
treatment, and for designing more comprehensive 
and reasonable therapeutic regimes at earlier 
dates for patients. The treatment response can be 
immediately assessed by serial quantitation of 
CTCs after chemotherapy, and therefore this 
method highlights an alternative approach to 
rapidly access the patient’s response to treatment. 

Keywords: Lung Neoplasm; Blood; Polymerase 
Chain Reaction; Cytokeratin; Messenger RNA; 
Chemotherapy 

1. INTRODUCTION 

Traditionally clinical response criteria for solid tumors 
were defined according to the change of the mass during 
therapy; briefly, complete response (CR) is defined as 
complete disappearance of all measurable and available 
clinical evidence of cancer; partial response (PR) is de-
fined as at least a 50% reduction in the size of all meas-
urable tumour areas, progressive disease (PD) is defined 
as an increase of = or ＞ 25% (compared to baseline or 
best response) in the size of all measurable tumour areas; 
And stable disease (SD) is defined as neither sufficient 
shrinkage to qualify for PR nor sufficient increase to 
qualify for PD. If the mass was resected, how do we as-  

Supported by grant from the Natural Science Foundation in China
(No.30972961).
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Table 1. Clinicopathological featurse and CK19 mRNA expression in peripheral blood before and after chemotherapy for patients with 
lung cancer. 

Tumour size (cm2) CK19 mRNA* 
Patient 

Gender 
/Age 

Type Stage 
Before After Before After 

1＃ F/54 ADC Ⅱ 8.4 1.6 6.03 4.26 

2＃ M/59 SCLC Ⅳ 19.8 9.6 5.19 4.05 

3＃ F/48 SCLC Ⅳ 5.2 3.4 5.61 4.09 

4＃ M/62 SCC Ⅲ 10.1 9.8 4.04 4.40 

5＃ M/63 ADC Ⅳ 35.3 26.7 4.23 3.81 

6＃ M/67 SCLC Ⅲ 34.4 15.8 4.86 2.28 

7＃ M/68 SCC Ⅱ 5.2 3.4 4.22 3.40 

8＃ M/60 SCC Ⅲ 8.3 6.4 3.51 4.30 

9＃ F/53 ADC Ⅳ 5.1 5.0 3.62 3.78 

10＃ M/58 ADC Ⅳ 9.3 8.7 3.55 3.50 

11＃ M/45 ADC Ⅱ 19.6 12.6 4.60 3.89 

12＃ M/63 SCC Ⅲ 22.5 10.4 6.15 4.75 

13＃ M/62 SCC Ⅳ 14.4 8.7 3.31 3.29 

14＃ M/49 SCC Ⅲ 36.1 33.2 3.93 3.73 

15＃ F/54 ADC Ⅳ 42.6 33.6 5.90 4.74 

16＃ F/47 SCLC Ⅳ 10.5 0.0 5.72 3.29 

17＃ M/52 SCC Ⅲ 19.3 18.0 6.78 5.71 

18＃ M/62 SCC Ⅲ 3.6 3.4 4.12 4.71 

19＃ M/39 SCLC Ⅲ 60.8 11.9 5.99 3.98 

20＃ M/33 SCC Ⅳ 16.5 17.2 5.06 5.08 

21＃ F/50 SCC Ⅳ 10.9 11.8 4.64 4.26 

22＃ M/60 SCLC Ⅲ 7.3 0.0 4.94 2.86 

23＃ M/56 SCC Ⅲ 10.9 12.5 5.06 5.02 

24＃ F/66 SCC Ⅳ 7.8 3.1 5.14 3.99 

25＃ F/45 SCC Ⅳ 15.1 13.9 4.25 4.16 

26＃ M/62 SCC Ⅳ 2.97 2.32 3.44 3.57 

27＃ M/61 SCC Ⅱ 3.6 2.9 3.65 3.85 

28＃ M/63 SCLC Ⅱ 11.9 2.9 5.41 3.30 

29＃ M/47 SCLC Ⅱ 17.5 6.3 4.55 3.29 

30＃ M/66 ADC Ⅳ 13.2 11.3 4.44 3.70 

31＃ M/61 ADC Ⅳ 8.4 8.7 6.10 6.05 

32＃ M/60 ADC Ⅳ 9.6 5.1 3.86 3.73 

Abbreviation: F, female; M, male; ADC, adenocarcinoma; SCC, squamous cell carcinoma; SCLC, small cell lung cancer. 
* The values of results were expressed as log10CK19 mRNA copies per millilitre serum. 

 
sess efficacy of the treatmental strategy? 

Clinical cancer care and study depends on accurately 
staging the extent of disease to assess prognosis and de-
termine efficacy of treatment regimens. Staging criteria 
for most solid tumours with which general surgeons 
areconcerned are based on the tumour node metastasis 
(TNM) system. But current approaches are limited in 
adequately identifying individual patients who are at high 

risk for future relapse and have the need for a more ag-
gressive therapy. This is mainly due to inaccuracy in the 
identification of early stage metastasis. Furthermore the 
diagnosis tools for therapy monitoring are restricted to 
imaging techniques and the measurement of protein se-
rum markers. Whereas imaging techniques suffer in 
general from their resolution of about 0.5 cm, the clinical 
usefulness of tumour markers is questionable, leading to a 
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progressive reduction of their use in clinical practice 
[1-6]. 

Since even small tumours already show dissemination 
of cells, their disclosure has been considered as a tool to 
improve early cancer detection. In addition to the ‘tumour 
marker’ function of CTCs, these cells remain in the 
lymphatic/systemic circulation after surgical removal of 
the primary tumour and are responsible for the later re-
currence of the disease. Consequently this undetected cell 
dissemination by conventional measures is of relevance 
for cancer progression and has been already demonstrated 
to be of prognostic impact in several malignancies [7-12]. 

CTCs are referred to the tumour cells that disseminated 
from the primary tumour and survive in circulating during 
the proceeding of tumour growth. There are no symptoms, 
and current clinical procedures (i.e. radiography and 
routine pathological examination) often fail to identify 
the foci. Generally most of these cells are dormant (i.e. no 
proliferation or a balance between cell growth and death). 
If the host suffers from trauma or immunological im-
pairment, dormant tumour cells will proliferate continu-
ally and growth into a mass focus eventually. Therefore, 
the detection of CTCs is important for evaluating the 
prognosis and tailoring therapeutic strategy [13]. 

As surgical treatment evolves and local control has 
improved, the failure of cancer treatment has largely 
remained the result of systemic metastasis. There is 
therefore much reason to develop effective adjuvant sys-
temic therapy. Identification of patients most likely to 
benefit from adjuvant strategies remains problematic. 
With the aim of aiding the development of a new standard 
of curative effect, this study was designed to track the 
number of CTCs in patients with lung cancer during 
chemotherapy. 
 
2. MATERIAL AND METHODS 
 

2.1. Clinical Data 

After obtaining informed consent, samples of 5ml pe-
ripheral blood(PB) were taken from each lung cancer 
patient (n=32) on the day before chemotherapy as well as 
the third week after the chemotherapy cycle. Meanwhile 
the tumour size (cm2) was determined by chest X-ray or 
computed tomography. The control population consisted 
of healthy individuals who had no any evidence of solid 
tumours or haematological malignancy (n=20). 

All the cases were diagnosed for the first time and re-
ceived the first cycle of chemotherapy. They had never 
received any other treatment (e.g. surgery or radiother-
apy). Each patient with SCLC included in this study re-
ceived the first cycle of chemotherapy consisting of eto-
poside 100mg/m2 per day on day(s) 1 to 3, cisplatin 50 
mg/m2 per day on day1. For patients with NSCLC, the 
first cycle of chemotherapeutic strategy was composed by 
mitomycin 10mg/m2 per day on day 1 and 8, vindesine 

(VDS) 3mg/m2 per day on day 1 and cisplatin 80mg/m2 
per day on day1. 

The study population consisted of 32 patients with 
histologically documented lung cancer. Staging proce-
dures included chest radiograph, bronchoscope, thoracic 
computed tomography, sonography, bone scintigraphy 
and biopsy of distant lesion (e.g. lymph node). The 
clinicopathological features of the lung cancer patients 
were summarized in Table1. 

2.2. Procedure 

2.2.1. RNA Isolation 
The peripheral blood mononuclear cells (PBMNs) were 
separated with Ficoll-Paque solution. As outlined by 
manufacturer, the RNA was Isolated from PBMNs by 
using Trizol reagent (Invitrogen). The concentration of 
total RNA was quantitated by using UV spectropho-
tometer (Parmacia-Bitech). The integrity of extracted 
RNA was verified by migration by gel electrophoresis. 

2.2.2. CDNA Synthesis 
Total RNA was denatured at 70℃ for 5min. Reverse tran-
scriptase reaction was carried out in 18µl 1×reverse tran-
scriptase buffer [50mM Tris-HCL(PH8.3), 75 mM KCL and 
3mM MgCL2] with 0.5 mM deoxynucleotide triphosphates, 
1µl of RNasin, and 200 units of Moloney murine leukaemia 
virus reverse transcriptase(Promega). CDNA were synthesis 
at 37℃ for 30min. 

2.2.3. Primer/Probe Design 
For the development of suitable combinations of Taqman 
primers and probe, the Primer Express software (PE Ap-
plied Biosystems) was used. The resulting primer pair 
produces a 202-bp fragment. Sequences (from 5’ to 3’) of 
CK19 were as follow: upper primer GCA GAA CCG 
GAA GGA TGC T; lower primer TCC GTT TCT GCC 
AGT GTG TC. The Taqman probe was labelled at the 5’ 
end with the reporter dye molecular FAM (emission 
wavelength 518nm) and at the 3’ end of the probe was 
additionally phosphorylated to prevent extension during 
PCR. The sequence of the probe is TGG TTC ACC AGC 
CGG ACT GAA. The primer-probe set was selected so 
that the primers were positioned over an intron-exon 
junction, and were designed to differentiate between the 
highly homologous pseudogenes. 

2.2.4. Taqman PCR Reaction 
PCR was conducted in 43µl 1× PCR buffer [10mM 
Tris-HCL (PH8.4), 50mM KCL, and 1.5mM MgCL2] 
with 0.2 mM deoxynucleotide triphosphates, 5 µl of 
cDNAs, 2 units of Taq DNA polymerase (Promega), 0.4 
µM of sense and antisense primers for CK19 respec-
tively. The optimised thermal profile was initiated with 5 
min denaturation at 95℃, followed by 35 cycles of 95℃ 
for 30seconds, 62℃ for 20 seconds, and 72℃ for 20 
seconds, and a final extension at 72℃ for 10 min. LC-5 
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RNA standards and multiple water blanks were analysed 
in parallel with blood samples in each set of PCRs. All 
reactions were performed in the ABI Prism 7000 Se-
quence Detection System. 

The initial concentration of every sample could be 
achieved according to the standard curves gained previ-
ously. In this study, the values of results were expressed 
as log10CK19mRNA copies per millilitre serum. All reac-
tions were performed in the ABI Prism 7000 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), 
which detects the signal from the fluorogenic probe dur-
ing PCR. The 7000 system has a built-in thermal cycler 
and a laser directed via fiber optical cables to each of the 
96 sample wells. A charge-coupled device camera col-
lects the emission from each sample and the data are 
analysed automatically. The software accompanying the 
7000 system calculates cycle threshold (Ct) and deter-
mines the starting copy number in the samples. 

2.2.5. Spiking Experiment Using LC-5 Cells 
LC-5 cells (a squamous cell line of lung cancer) from a 
monolayer culture were harvested with trypsin-EDTA 
(Sigma), washed in cold PBS and resuspended. Cell 
densities were evaluated using a counting chamber and 
viability by trypan blue staining (Sigma). Densities were 
adapted to a total of 106 cells in 2 ml diehypyrocarbon-
ate-treated water. To simulate the presence of lung cancer 
cells in the circulation of lung cancer patients, total RNA 
was first extracted from 107 PBMNs from healthy sub-
jects and 106 LC-5 cells. Aliquots of total RNA from 106 
PBMNs were mixed with LC-5 total RNA, corresponding 
to 1,10,102,103,104 and 105 LC-5 cells. As for the negative 
control, only RNA extracted from 106 PBMNs was used. 
The RNA mixtures were then subject to fqRT-PCR for 
construction of the calibration curves and receiver op-
erator characteristic (ROC) curves. Each sample was 
measured in triplicate. 

2.3. Statistical Analysis 

The results were analysed with statistical software SPSS10.0 
for Windows. The statistical assays included paired samples 
t test, independent samples t test and bivariate correlate 
analysis, with P＜0.05 indicating significance. The method 
used to calculate the appropriate sample size in the study 
was similar to that used to paired measurement data. Sup-
pose if TypeⅠerror is 0.05,the sample sizes for both pre- 
and post-chemotherapeutical group were thirty, respectively. 
The weighted sample size i.e. thirty-two, calculated by the 
proposed method, preserved the power (1-β) above 0.9. 
 
3. RESULTS 
 

3.1. Evaluation of the CK19 Diagnostic Test 

To rigorously define the value of the real time RT-PCR 
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Figure 1. ROC curve of CK19 diagnostic test. ROC curve analysis 
is based on a plot of sensitivity as a function of 1-specificity. The 
area under the curve in this study was 0.965, indicating high accu-
racy. In this study, the upper value of the confidence interval of the 
median of the volunteer group was considered as the cut-off value, 
which is 4.120.Under this standard, the sensitivity of the diagnostic 
test was 90%, and the specificity was 84%. 
 

 

Figure 2. Standard curve for LC-5cell line dilutions. The graph 
shows the Ct value versus the log of the number of CK19 mRNA, 
measured in triplicate. The standard curve shows 4 orders of 
linear dynamic range. 
 
analysis for the detection of CTCs, we performed a ROC 
curve analysis using SPSS 10.0 for windows software. ROC 
curve analysis is based on a plot of sensitivity as a function of 
1-specificity. The area under the ROC curve in this study was 
0.965 (95% confidence interval:0.916～1.014) (Figure 1). 

In order to define the criteria to identify true positiv-
ity,the upper value of the confidence interval of the median 
of the volunteer group was considered as the cut-off value, 
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which is 4.120. Under this standard, the sensitivity of the 
diagnostic test was 90%, and the specificity was 84%. 

The reproducibility of the technique was established 
with the Ct value obtained for each dilution (105～108) of 
the standard curve in different assays and within an assay: 
the intraassay and interassay CVs of the threshold cycle 
were 2.2 and 6.5%, respectively, on average. 

Standard curve and amplification plots are showed in 
Figure 2 and Figure 3, respectively. 

3.2. Comparison of CK19 Mrna Level in PB 
Before and after Chemotherapy 

Compared to that of pre-chemotherapy, the expression 
level of CK19 in peripheral blood significantly declined 
post-chemotherapeutically (4.7323±0.9698 vs. 3.9864 ± 
0.8309, t=4.659, P=0.000. Paired Samples T Test). 

3.3. The Relationship Between CK19  
MRNA Level in PB and Classic  
Clinocopathological Features 

The level of CK19 mRNA in patients with SCLC was 
higher than that of patients with NSCLC (5.2853±0.4880 
vs. 4.5480±1.0263, t=1.944, P=0.061, Independent Sam-
ples T Test, Figure 4). Nevertheless, there was no link 
between value and other clinicopathological parameters 
such as stage, gender and age etc. (P＞0.05). 

The difference of CK19 mRNA level correlated well 
with the type during the treatment. Relatively the dispar-
ity of SCLC is more obvious (1.8924 vs. 0.3637, t=6.073, 
P=0.000, Independent Samples T Test). However, there 
was no relationship between the difference of CK19 
mRNA level and other parameters such as stage, gender 
and age etc. (P＞0.05). The variation of CK19 mRNA 
level before and after chemotherapy was positively re-
lated to the disparity of tumour burden (r=0.593, P=0.000, 
Bivariate Correlation Analysis). There was also a sig-
nificant association between the type (NSCLC vs. SCLC) 
and the difference of tumour size (3.0525 vs. 14.6875, 
t=3.686, P=0.001, Independent Samples T Test). Figure 5 
showed the difference of tumour volumes of different 
types of tumour before and after treatment. 

3.4. The Positive Rate of CK19 Gene 
Expressive Level before and  
after Chemotherapy 

The upper value (4.120) of confidence interval of the 
median (3.6647) of the healthy volunteer group was con-
sidered as the cut-off value. If lgCK19＞4.120, the case 
would be classified as a positive one. The positive rate 
before chemotherapy was 71.9% (23/32), while that after 
chemotherapy was 37.5% (12/32), indicating that 11 
patients converted into negative after chemotherapy. Of 
the 16 patients who were in Ⅳ-stage,11 cases were posi-
tive(11/16,68.8%). Surprisingly, of the remaining 16 
patients who were Ⅱ/Ⅲ stage,12 cases were regarded as 

 

Figure 3. Typical amplification plot. The graph of the increment 
of fluorescence reporter signal(ΔRn) versus cycle number 
during PCR shows three stages: baseline, exponential phase, and 
plateau. The Ct value is calculated by determining the point at 
which the fluorescence exceeds an arbitrary threshold limit. For 
each reaction tube, the fluorescence signal of the reporter dye  
is divided by the fluorescence signal of the passive reference dye, 
to obtain a ratio defined as the normalized reporter signal (Rn). 
ΔRn represents the normalized reporter signal (Rn) minus the 
baseline signal. 
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Figure 4. The comparison of CK19 mRNA in PB of patients 
with SCLC and NSCLC before chemotherapy. 
 
positive according to the criteria (12/16,75%). 
 
4. DISCUSSION 
 
Since traditional RT-PCR technology is at best semi-
-quantitative, it has been difficult to differentiate between 
baseline level of gene expression in normal tissues and 
increased level of gene expression associated with cancer, 
rising the concerning for false-positive results. In this 
study, the real time PCR was exploited to investigate the 
possibility of using easily accessible body fluids as a 
source for CTCs detection enabling longitudinal obser-
vation of the disease, therapy monitoring and initial di-
agnosis. 
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Figure 5. The comparison of CK19 mRNA in PB and tumour 
volumes of patients with SCLC and NSCLC before and after 
treatment. 

 
In this study, we could detect low level of CK19 ex-

pression in healthy volunteers, suggesting low expression 
in non-malignant cells in peripheral blood. In order to 
define criteria to identify true positivity, we have taken 
this observation into account in the calculation of the 
median and 95% CI of the median (i.e. the upper limit for 
normal expression) of the volunteer group. In order to 
define criteria to identify true positivity, the upper value 
of the confidence interval of the median of the volunteer 
group was considered as the “cut-off” value. Therefore, 
the specificity of CK19 analysis could be restored by the 
use of a quantitative assay with subtraction of background 
transcription. The possibility of obtaining quantitative 
information represents a milestone in the identification of 
subtle changes in the expression profiles and numbers of 
circulating tumour cells. The real-time PCR method of-
fers several advantages over other current quantitative 
PCR methods [14]. 

The study demonstrated that, comparing with that of 
pre-chemotherapy, the expression level of CK19 in PB of 
patients with lung cancer declined dramatically after 
chemotherapy (P=0.000). We believed that, due to anti-
cancer drugs, the number of cancer cells shedding from 
primary tumour decrease greatly. Furthermore, these 
drugs could directly kill cancer cells in the circulation. 
The level of CK19 mRNA in PB of patients with SCLC 
was higher than that of NSCLC (P=0.061). After one 
cycle of chemotherapy, the dropping of CK19 mRNA 
level in SCLC was much more obvious than that of 
NSCLC (P=0.000). The phenomena could be due to two 
group’s different sensitivity to chemotherapy, coordinat-
ing with previous studies. The traditional standard for 
evaluating the curative effect of solid tumour depends on 
the variation of the mass size. It belongs to magnificent 
criterion. In clinical practise, in order to develop more 

accurate standard, other factors such as cytology and 
molecular ones should be taken into account. To improve 
the current staging and effect of tumours, oncologists are 
striving for new norm. This study showed that the dif-
ference in expression level of CK19 in PB was correlated 
well with the variation of tumour size during chemo-
therapy, indicating that it could be considered as a brand 
new criterion regarding assessing the result of therapy. 
Blood can be sampled throughout the course of the dis-
ease and its collection is a minimally invasive procedure. 
The permanent access to CTCs enables follow up studies 
to be done to forecast prognostication of disease outcome, 
therapy monitoring or drug targeting. For example, for 
postoperative patients whose mass no longer exits, it 
could be exploited to evaluate the animated therapeutic 
results. 

It was interesting that we found there was no correla-
tion between the existence of CTCs and the traditional 
TNM staging system. Why were only 11 patients not all 
who were in Ⅳ stage positive in this study? We insisted 
that this phenomenon could be due to intermittent shed-
ding of tumour cells in the circulation. This problem 
should be overcome by sequential sampling, defined as 
the analysis of multiple blood samples at different time 
points. False-negative results could also be due to 
down-regulation of the target gene by therapy (e.g. hor-
monal treatment) or to the presence of poorly differenti-
ated subclones that do not express the tissue-specific 
marker being tested. For example, PSA mRNA expres-
sion was shown to be decreased by antiandrogen therapy 
[15] and in poorly differentiated prostatic carcinoma [16]. 
The use of multiple markers will help diminish these 
types of false negative. On the other hand, it was sur-
prising that, of the 16 patients who were on Ⅱ/Ⅲ stage, 
12 cases were positive! We believe that many cancers 
have systemic spread at an early stage of their develop-
ment. The presence of CTCs in PB should be incorporated 
in the UICC staging nomenclature by including isolated 
tumour cells (Mi) in the M-stage of the Tumour - Node - 
Metastases classification. Patients with occult dissemi-
nation of viable tumour cells are not cured by surgery 
alone and may benefit from additional adjuvant therapy 
[17]. 

The permanent access to CTCs enables longitudinal 
studies to monitor therapy outcome. This aspect is sub-
stantially improved by recent quantitative methods (e.g. 
FQ-PCR) allowing the detection of changes in the quality 
and number of tumour cells [18]. In contrast to solid 
metastatic tumours, micrometastatic tumour cells are an 
appropriate target for intravenously applied agents be-
cause macromolecular and immunocompetent effectors 
cells should have access to the tumour cells. Because the 
majority of micrometastatic tumour cells may be non-
proliferative (G0 phase), standard cytotoxic chemothera-
pies aimed at proliferating cells may be less effective, 
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which might explain, in part, the failure of chemotherapy. 
Thus, adjuvant therapies that are aimed at dividing and 
quiescent cells, such as antibody-based therapies, are of 
considerable interest [19]. 

Our study showed that quantitation of CTCs is possible 
during the course of therapy. Because cancer cells express 
different levels of CK19 mRNA, patients with higher 
CK19 mRNA level do not necessarily have more CTCs in 
peripheral blood than do patients with lower one. Nev-
ertheless, the real-time fluorescent quantitative-PCR ap- 
proach is useful for measuring the relative number of 
CTCs in a patients’ peripheral blood to monitor the ef-
fectiveness of treatment. In a limited number of patients, 
we demonstrated that the relative number of CTCs cor-
related well with the tumour burden and therapeutic re-
sponse. This method highlights an alternative approach to 
rapidly access the treatment response of patients. The 
treatment response can be immediately assessed by serial 
quantitation of CTCs after chemotherapy. This method 
may, therefore, help to design more comprehensive and 
reasonable therapeutic regimen at an earlier date for pa-
tients [20]. A large prospective study is needed to deter-
mine whether prognostic significance can be derived 
from the presence of CTCs and whether this group of 
patients might benefit from adjuvant treatment. 
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ABSTRACT 

The purpose of this study was to investigate 
neuronal mechanisms active during the percep-
tion of forward postural limits in a standing po-
sition and to specify fall-related brain activity 
using optical functional near-infrared spectros-
copy. The study group included six right-handed, 
healthy female volunteers (range: 19, 20 years). 
The optical imaging device comprised 16 opto-
des designed to provide 24-channel recording of 
changes in hemoglobin oxygenation. We meas-
ured the changes of oxygenated hemoglobin 
levels in the frontal region when subjects per-
ceived reachability in a standing position. Com- 
pared with those in other regions, the oxygen-
ated hemoglobin levels in the right frontal region 
compatible with the right prefrontal cortex sig-
nificantly increased. This result suggests that 
brain activities in the right prefrontal cortex are 
related to perception of reachability. Overesti-
mation of postural limits has been reported as 
one of the risk factor for falling. This overesti-
mation might be induced by dysfunction in the 
prefrontal cortex, resulting in a failure to inhibit 
a motor program that would have caused a loss 
of balance in reaching. Activation of the right 
prefrontal cortex may be a key factor for pre-
venting accidental falls in the elderly and in pa-
tients with neurological disorders. 

Keywords: Postural Limits; Falls; Functional 
Near-Infrared Spectroscopy (fNIRS); Prefrontal  
Cortex (PFC) 

1. INTRODUCTION 

Most people can appropriately perceive reachability, which 
is defined as the distance to which one could reach if actually 

executing the reach. Previous studies often utilized forward 
perceived reachability in a standing position as an index of 
one’s own perceived postural limits [1-3]. Reaching move-
ments are programmed based on this perception, and one 
can usually execute these movements safely by keeping the 
center of mass within postural limits [4]. 

Our previous study and others have reported that eld-
erly and neurological patients, including patients with 
Parkinson’s disease, tended to overestimate their reach-
ability when standing, and thus, overestimate their own 
postural limits, even if a target is not within actual reach 
[3,5]. In addition, this overestimation has been reported as 
one of the risk factors of multiple falls [6]. Therefore, 
improving the perception of reachability might decrease 
the number of accidental falls in the elderly and in neu-
rological patients. For creating a rationale for this new 
intervention, it is useful to investigate the neuronal 
mechanisms of this abnormal estimation of reachability. 
However, no research has yet examined such brain ac-
tivities with regard to perception of reachability. 

Functional near-infrared spectroscopy (fNIRS) can 
evaluate cortical activity by measuring the changes of 
hemoglobin oxygenation of blood within a few centime-
ters of the skull surface [7]. We adapted this technique to 
our study since it was suitable for use during dynamic 
tasks such as walking and in a standing position [8,9]. 
Thus, the purpose of this study was to clarify neuronal 
mechanism during the perception of forward postural 
limits in a standing position by fNIRS and to specify 
fall-related brain regions. 
 
2. METHODS 

2.1. Subjects 

The study group included six right-handed, healthy fe-
males (range: 19, 20 years). Informed consent was ob-
tained form each subject in accordance with the Helsinki 
Declaration. 

mailto:nkamata@hp-rehab.med.osaka-u.ac.jp
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analog switch
in left hand

optodes of fNIRS target of functional reach instrument

70cm

analog switch
in left hand

optodes of fNIRS target of functional reach instrument

70cm  

Figure 1. Position of subject and experimental devices. The 
target of the functional reach instrument can be moved along the 
dotted line. The distance from the target to the subject is 70cm. 
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Figure 2. (a) Schema for location of the array of optodes. The 
optode array consists of 8 light fibers (white circles) and 8 
detectors (black circles). The change of dortical hemoglobin 
content was measured in each channel between a light fiber and 
a detector (square numbers from 1 to 24). The center of the 4th 
row of optodes (channel 2) was located in the Cz position of the 
international 10-20 system. (b) Location of 13 regions of interest 
(circles labeled A-M). Each region consists of 4 near-
est-neighbor channels For example, region of interest A was 
formed by channels 1, 4, 5, and 8. 
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Figure 3. Task design for fNIRS. The perceived reachability tasks 
(taller blocks) and control tasks (lower blocks) were measured 
alternately and repeated continuously 5 times. 

2.2. Experimental Devices 

We used an optical imaging device (FOIRE3000, Shi- 
madzu, Kyoto, Japan) and a standard device for the 
functional reach test [10] (GB-200, OG Giken, Okayama, 
Japan) with a wired analog switch. Subjects stood before 
the target of the functional reach test instrument with 
their feet positioned shoulder-width apart, holding the 
analog switch in their left hand (Figure 1). 

2.3. fNIRS 

The schema for location of the array of optodes in opti-
cal imaging device is showed in Figure 2a. The device 
consisted of 16 optodes, including 8 light-source fibers 
and 8 detectors arranged in a 4 × 4 array with the inter-
optode distance set at 3.0cm. We located the center of 
the 4th row of optodes in the Cz position, in accordance 
with to the international electroencephalogram 10-20 
system. This configuration permitted 24-channel re-
cording of changes in oxygenated hemoglobin (oxy-Hb), 
deoxygenated hemoglobin (deoxy-Hb), and total hemo-
globin (total-Hb) in the motor-related cortex within the 
covered 9×9-cm skull surface. 

2.4. Task Design and Experimental Protocol 

The task design for this fNIRS study is shown in Figure 3. 
We conducted two tasks, the perceived reachability task 
and the control task. Each task took a total of 35 seconds 
and consisted of a 10-second pretask period, a 15-second 
task period, and a 15-second posttask period. The two 
tasks were measured alternately, and the protocol was 
repeated 5 times. Total duration for each fNIRS measure-
ment session was 350 seconds. 

During the tasks, the subject was instructed to concen-
trate on the target while in a standing position with arms at 
her sides and maintaining a static posture. In the perceived 
reachability task, the examiner moved the target in a direc-
tion away from the subject during the 15-second test. When 
the subject judged that the target had arrived at the reach-
able limit for her right arm, she pushed the analog switch to 
record her perception. In control tasks, the examiner moved 
the target in a direction nearer to the subject. 

2.5. Data Analysis 

The hemoglobin oxygenation data was sampled every 
160ms. We used the change of oxy-Hb level (mM-cm) as 
the index of cortical activity. When cortical activity in-
creased, cortex needed more oxygen that increases oxy- 
Hb level and it correlated better with the change of re-
gional cerebral blood flow than deoxy-Hb or total-Hb 
[11]. First, the 5 repetitions of oxy-Hb measurement in 
each task were grand-averaged in each channel. In addi-
tion, we obtained the data from the last 10 seconds of 
each task period because hemodynamic changes as 
measured by fNIRS lag behind the task stimulus by a 
few seconds [12]. Second, to adjust for the influence of  
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Figure 4. Mean values of effect size in regions of interest. (a) Values are mean ± standard error. Effect size of oxy-Hb (white bars) or 
total-Hb (hatched bars) significantly increased in regions A, B, D, F, and K. The effect magnitude of deoxy-Hb (black bars) tended to 
show negative scores. (b) The effect size of oxy-Hb located in regions of interest A, B, D, F, and K significantly increased (black circles). 

 
differential light-path lengths among subjects or chan-
nels and to emphasize the changes of oxy-Hb level dur-
ing perception of reachability, the effect size was calcu-
lated by the following formula: Effect size = (mean 
oxy-Hb during perceived reachability task – mean 
oxy-Hb during control task) / standard deviation of 
oxy-Hb during the control task [8,13]. Finally, we estab-
lished 13 regions of interest, which consisted of the 4 
nearest neighboring channels (Figure 2b). The data for 
each region included a total of 24 effect-size values (6 
subjects × 4 channels). On the basis of these values, we 
used 1-sample t tests to assess the regions in which the 
oxy-Hb level was significantly increased during the per-
ception of reachability. Statistical significance was de-
fined as P<0.05. 

To examine changes of oxy-Hb, deoxy-Hb and to-
tal-Hb during control task, we calculated the Z scores in 
each subject and each channel by following fomula: Z 
score = (mean value during control task – mean value 
during pretask period of control task) / standard devia-
tion during pretask period of control task [12]. All mean- 
Z scores of oxy-Hb, deoxy-Hb and total-Hb in each 
channel ranged from -1 to 2 and therefore, we judged 
that hemoglobin levels were not changed by the control 
task. 
 
3. RESULTS 
 
The mean values of effect size in each channel are 
shown in Table 1. The effect tended to increase in the 

right frontal region during the perception of reachability. 
Statistical analysis also showed that the mean oxy-Hb 
effect size significantly increased in regions of interest A, 
B, D, F, and K (P<0.05) (Figure 4). 

4. DISCUSSION 

The significant change in oxy-Hb during the perception 
of reachability indicated increased neural activity in the 
right frontal lobe. Previous researches have reported that 
the perception of reachability was estimated by internal 
mental simulation or motor imagery of the reaching 
movement [14-16]. Literally, motor imagery for the right 
hand recruits multiple cortical areas, including the left 
supplementary motor area, the premotor cortex [17], and 
the primary motor cortex [18]. As previous studies have 
indicated that motor imagery is related to estimation of 
the right arm-reach range, neural activity would be pre-
dominantly in the left frontal lobe, not in the right frontal 
lobe. However, since we observed activations in the right 
frontal lobe, our results do not support the existence of a 
close connection between perceived reachability and 
motor imagery. The lateral area of Cz position in the 
international 10-20 system corresponds with sensorimo-
tor cortex. Significant increases of oxy-Hb level in re-
gions of interest A, B, and D may be induced by the act 
of pushing the analog switch in the left hand during the 
perceived reachability task. Thus, we hypothesize that 
regions F and K in the right frontal lobe, located in the 
prefrontal cortex (PFC), are key regions in the percep-  
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Table 1. The mean effect size of oxy-Hb, deoxy-Hb and total-Hb in each Channel. 

Ch 1 1.11 ± 1.68 -0.34 ± 0.69 0.78 ± 0.78
Ch 2 0.45 ± 1.30 0.12 ± 0.22 0.52 ± 0.50
Ch 3 0.42 ± 1.73 0.06 ± 0.81 0.75 ± 0.68
Ch 4 0.43 ± 1.21 -0.16 ± 0.56 0.51 ± 0.51
Ch 5 0.79 ± 1.37 0.12 ± 0.52 0.70 ± 0.54
Ch 6 0.80 ± 1.80 0.23 ± 0.62 0.86 ± 0.68
Ch 7 -0.40 ± 0.72 0.19 ± 0.60 0.28 ± 0.42
Ch 8 0.53 ± 1.05 -0.20 ± 0.58 0.49 ± 0.47
Ch 9 0.87 ± 2.50 0.26 ± 0.63 1.07 ± 0.94
Ch 10 0.07 ± 1.01 -0.09 ± 0.52 0.38 ± 0.43
Ch 11 0.62 ± 1.40 0.06 ± 0.85 0.73 ± 0.57
Ch 12 0.90 ± 1.40 -0.52 ± 0.64 0.60 ± 0.70
Ch 13 0.34 ± 1.71 -0.07 ± 0.84 0.70 ± 0.69
Ch 14 -0.08 ± 1.56 0.40 ± 0.89 0.69 ± 0.65
Ch 15 1.22 ± 2.31 -0.27 ± 1.19 1.11 ± 1.00
Ch 16 0.17 ± 1.20 -0.55 ± 1.15 0.49 ± 0.70
Ch 17 0.74 ± 2.34 -0.45 ± 0.98 0.90 ± 1.00
Ch 18 2.55 ± 3.43 -3.22 ± 4.84 1.90 ± 2.91
Ch 19 0.39 ± 3.05 0.08 ± 1.25 1.19 ± 1.20
Ch 20 0.62 ± 3.95 -1.06 ± 2.64 1.54 ± 1.88
Ch 21 0.25 ± 1.89 -0.31 ± 1.07 0.73 ± 0.83
Ch 22 1.47 ± 3.11 -2.76 ± 1.89 0.93 ± 2.04
Ch 23 0.89 ± 3.03 -0.92 ± 2.56 1.39 ± 1.56
Ch 24 0.41 ± 2.61 -0.89 ± 3.00 1.28 ± 1.58

Effect size of oxy-Hb Effect size of deoxy-Hb Effect size of total-Hb

Values are mean ± standerd diviation.  
 
tion of reachability in a standing position; in other words, 
perception of the subject’s own postural limits.  

We also investigated the functional relationship be-
tween perceived reachability and cognitive function. 
Previous studies have shown that healthy young subjects 
tend to overestimate their own reachability while in a 
sitting position, although they underestimate their own 
reachability in a standing position. Robinovich [2] called 
this underestimation a potential safety factor in reducing 
the risk of loss of balance. This safety factor means that 
the process of perceiving one’s own postural limits are 
controlled by an inhibitory neural mechanism of a motor 
program executing the reaching motion without risk of a 
fall. Shallice proposed the notion of a supervisory atten-
tional system in the frontal lobe that selects appropriate 
schema among activated schemas in response to various 
situations, subsequently inhibiting inappropriate ones 
[19]. In addition, the PFC in the right hemisphere is ac-
tivated by a GO/NO-GO task [20]. Therefore, the right 
PFC activity observed in our study may represent an 
inhibitory mechanism for estimating safe reaching in a 
standing position. Recently, Ambrose et al. reported that 
elderly fallers with impaired working memory overesti-
mated their postural limits compared with those with 
preserved working memory [21]. They also reported that 
an impaired executive function might promote fall risks 
due to misjudgment of motor planning in daily activity. 
Working memory and executive function are believed to 

be conducted mainly in the PFC [22]. Consequently, our 
results indicate that working memory may be associated 
with perception of one’s own postural limits. 

5. CONCLUSIONS 

Overestimation of postural limits is a possible risk factor 
for falls. Our study using fNIRS suggests that overesti-
mation of the postural limits may result from dysfunction 
of the right PFC, which subsequently fails to inhibit an 
inappropriate motor program. Thus, activation of the right 
PFC may be a key factor for preventing accidental falls in 
the elderly and in patients with neurological disorders. 
Interventions to activate the right PFC could be useful for 
preventing accidental falls. 
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ABSTRACT 

OBJECTIVE: To study and establish quality con-
trol model of the Salvianolic Acid B by Near In-
frared Spectroscopy (NIRS), and to realize on-line 
quality control of extracting and purifying proc-
esses of industrial scale herbal product manu-
facturing. METHOD: NIR chromatography was 
obtained from on-line NIR detection of extract-
ing process and purifying process. HPLC 
analysis was carried out to determine the con-
tents of salvianolic acid B. Partial Least Squares 
Regression (PLS) was used to establish the 
model between the information between NIRS 
and HPLC. RESULTS: For extracting model: the 
optimum Near Infrared (NIR) wavelength range was 
9815- 5430cm-1, R=0.9784, RMSEC=0.258; for puri-
fying model: the optimum NIR wavelength range 
was 9815-5430cm-1, R=0.9776, RMSEC=4.02. The 
average relative error was <5%. CONCLUSION: 
NIR technique is applicable for on-line quality 
control in production of salvianolic acid B. 

Keywords: NIR; Salvianolic Acid B; On-Line  
Quality Control; Industrial Scale 

1. INTRODUCTION 

Real-time control of contents has ground to gain in con-
trolling mode of Chinese medicine manufacturing in 
China, as the very traditional techniques remain the 
mainstream. Off-line tests do not meet the on-line control 
demands for production process. On-line test is the solu-
tion to quality consistency, which is still the bottle-neck in 
manufacturing of Chinese medicine. 

Near infrared (NIR) Spectroscopy technology develops 
rapidly in recent years as a fast analytical technology. It 
shows the substances and structures of the tested samples 
indirectly. The procedure of acquiring information by 
NIR chromatography is easy and low-cost. It does not 
require complicated pre-treatment of the samples but still  
meets the requirement of on-line testing.  

As the chemistry metrology and computer technology 
develop, NIR has already been widely adopted in agri-
culture and petroleum industries [1-2]. In 2002, USFDA 
approved NIR to be one of the standard measurement 
methods. In 2005, “China Pharmacopoeia” listed “NIR 
Spectroscopy instruction” in [3]. NIR Spectroscopy 
technology turns out to be a research hotspot in on-line 
testing in Chinese medicine industry, especially in manu- 
facturing process recently. Some of the experts use NIR to 
measure the content of Tanshinone and Salvianolic acid B 
in Danshen liquid distilling process [4] while some others 
use NIR in quantitative analysis of Gardenia herbs dis-
tilling and Notoginsenosides [5-6]. NIR is also reported 
to be used in real-time analysis of CoptisRoot and Bit-
tetOrange extract purification processes [7-8]. But these 
are limited in laboratory scale simulated manufacture 
research, but not yet in manufacture scale distilling or 
purification of TCM.  

This research covers the key working procedures in 
manufacturing of Salvianolic acid B, including distilling 
and purification, and focuses on concentration of Salvi-
anolic acid B, which is the main effective ingredient in 
aqueous extract and elute. On-line NIRS chromatography 
charts are collected and chemometrical calculation is 
done based upon data from HPLC testing. Models for 
content analysis of Salvianolic acid B in distilling and 
purification processes are established in order to facilitate 
real-time quality monitoring in manufacturing of Salvi-
anolic acid B. 

2. MATERIALS AND METHODS 

2.1. Instruments and Materials 

2.1.1. Instruments 
ANTARIS FT-NIR(Thermo), optical fiber and TQ Ana-
lyst software; Agilent 1100 HPLC; 500L Multifunctional 
distill tank (Tianjin Tasly Modern TCM Resources co., 
LTD); 150L Stainless steel chromalography columns 
(Tianjin Tasly Modern TCM Resources co., LTD). 

2.1.2. Materials 
Danshen (From Shangluo, Shanxi, China; identified as by 
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Quality Control Department of Tianjin Tasly Modern 
TCM Resources co., LTD); 

Salvianolic acid B reference standard (from National 
Institute For The Control of Pharmaceutical and Bio-
logical); 

Methanol, acetonitrile (chromatographical grade) 
(Merk); 

Methanoic acid is (Analytical grade; Tianjin Chemical 
Reagent Co., LTD). 

2.2. Rationale and Method 

2.2.1. Rationale (Moved To the Introduction  
Section) 

The NIR is electromagnetic wave between VIS and MIR.  
ASTM (American Society of Testing Materials) defined 
The area of NIR chromatography as 780~2526nm 
(12820~3959cm-1) [9]. The wavelength of NIR covers 
frequencies of organic molecule groups with hydrogen 
(OH, NH and CH). Scanning organic samples with NIR 
produces information about the organic molecules with 
hydrogen. Absorption and maximum absorption wave-
length differ from each other with different groups or 
same group in different chemical constitutions, and there- 
fore, the chromatography bears information of chemical 
structures, which ensures its application in analysis of 
bioactive ingredients [10]. Because of the width and 
overlapping of NIR absorption ranges, application of 
chemometrics is a necessity in extraction of chroma-
tographic information. In this research, HPLC test is 
applied for content analysis of entities, while PLS re-
gression applied for establishment of model between NIR 
information and content analysis information for on-line 
testing and quality monitoring of Salvianolic acid B. 

2.2.2. Methods 
1) Research system 

Weigh 50kg Danshen, put into the extracting tank-500L, 
add 5.5 times of water and start decoction; after 1 hour, 
export extract solution then add triple water to extracting 
waste; after 0.5 h, export extract solution. Mix and prepare 
the extract solutions for separation with polyamide resins. 
In the process of extracting and refine, we collect chro-
matography data at regular intervals; test samples by 
HPLC. The extract and refine devices were shown in the 
following illustration: 

2) On-line collection of NIR chromatography data 
2 parallel chromatographic charts are collected at 

2-5min intervals in the process of extracting and refining. 
Samples for HPLC tests are collected at the same time of 
collecting NIR chromatography. Samples and NIR chro-
matography charts are coded correspondingly. 
NIR chromatography is collected at scanning scope of 
10000-4000cm-1, scanning number of 32, and resolution 
of 8 cm-1. The NIR chromatography of Danshen extract 
and elutriant is shown in the following illustration 3-4. 

In the process of collecting NIR chromatography, air 

SoblR diffuse 
Reflectance probe

 

Figure 1. Extracting equipment of Salvianolic acid B. 
 

 

SoblR diffuse 
Reflectance probe

 

Figure 2. Separation equipment of Salvianolic acid B. 
 
bubble in the flow cell is a problem in the process of 
experiment, as it is directly influence the absorption and 
emission of signals, resulting in irregular peaks in chro-
matography and serious interference of chromatography 
information. Measures are taken with equipment and 
process till the solution of the issue. 

3) Testing method of Salvianolic acid B 
Chromatographic column: Agilent ZORBAX SB-C18, 
5um, 4.6*250mm; mobile phase: methanol-acetonitrile- 
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Figure 3. NIR chromatography of salvianolic acid B extract. 
 

 

Figure 4. NIR chromatography of salvianolic acid elutriant. 
 

methanoic acid-water=30:10:1:59; detection wavelength: 
286nm; flow rate: 1ml/min; column temp: 30C; injection: 
5ul; preparation of reference substance solution: weigh 
accurately salvianolic acid B reference, and add it to the 
75% methanol to make methanol solution of 0.14mg/ml; 
preparation of test solution: weigh accurately extract 
solution and elutriant, add it to the 75% methanol and 
dilute to 10ml, shake till well mixed, and then filtrate to 
the 0.45um. Filtrate is the test solution. 
 
3. RESULTS AND DISCUSSIONS 
 
3.1. Pretreatment of Chromatography Data 

In the process of collecting chromatography, environ-
mental changes produce baseline excursion, while ran-
dom noise of sample background produce influences on 
calibration results. Pretreatment of the chromatography 
data is conducted for the issue. Factorial analysis of 
various pretreatment methods and statistical factors in 
extracting and refining models are listed in Table 1 and 
Table 2. 

The methods of pretreatment are MSC, SNV, first- 
order differential equation, second-order differential 
equation, S-G (Savitzky-Golay) smooth and Norris De-
rivative Filter smooth etc. 1st derivative +Norris is se-
lected as the pretreatment for both extract and refine 
model accordingly. 

Table 1. Effect of various pretreatment methods on extracting 
model. 

Method of the chromatography 
pretreatment 

R RMSEC RMSECV

Original chromatography 0.9581 0.358 0.389 

MSC 0.8094 0.733 0.807 

MSC+ 1st derivative 0.9169 0.498 0.566 

MSC+ 2nd derivative 0.9055 0.530 0.911 

MSC+1st derivative +Norris 0.8978 0.550 0.612 

MSC+2nd derivative +Norris 0.8907 0.568 0.666 

SNV 0.8131 0.727 0.800 

SNV+1st derivative 0.9179 0.496 0.743 

SNV+2nd derivative 0.9064 0.528 0.906 

SNV+1st derivative +Norris 0.8988 0.547 0.610 

SNV+2nd derivative +Norris 0.8906 0.568 0.666 

1st derivative +Norris 0.9784 0.258 0.286 

2nd derivative +Norris 0.9574 0.361 0.430 

1st derivative +S-G 0.9746 0.279 0.378 

2nd derivative +S-G 0.9110 0.515 0.761 

 
Table 2. Effect of various pretreatment methods on purifying 
model. 

Method of the chromatography 
pretreatment 

R RMSEC RMSECV

Original chromatography 0.6681 14.9 15.8 

MSC 0.7782 12.6 13.4 

MSC+1st derivative 0.9657 5.27 7.09 

MSC+2nd derivative 0.9761 4.38 11.3 

MSC+1st derivative +Norris 0.9635 5.39 6.95 

MSC+2nd derivative +Norris 0.9524 6.15 7.05 

SNV 0.9313 7.34 8.18 

SNV+1st derivative 0.9624 5.49 6.99 

SNV+2nd derivative 0.9730 4.65 11.5 

SNV+1st derivative +Norris 0.9551 5.97 6.80 

SNV+2nd derivative +Norris 0.9500 6.28 7.06 

1st derivative +Norris 0.9776 4.02 4.42 

2nd derivative +Norris 0.9668 5.26 6.09 

1st derivative +S-G 0.9733 4.56 5.53 

2nd derivative +S-G 0.9760 4.46 9.59 

 

3.2. Selection for the Best Principal Factors 

In regression for the models with PLS, rational selection 
of principal factors is critical to avoid “over fitting”. 
Through LOOCV (leave-one-out cross-validation), we 
inspect the influence principal factors to RMSECV 
(Root-Mean-Square Error of Cross-Validation). The re-
sults for extracting and refining models are in Figure 5 
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and Figure 6. 
When the principal factor number is 5, the RMSECV is 

0.286 and reaches pleateau phase. It is decided the prin-
cipal factor number is 5. From Figure 6, RMSECV 
reaches peak at 4.42 when principal factor number of 
refining model is 6. 

3.3. Selection of Chromatography Scope 

The decision of chromatography scope is the most diffi- 
cult step in the quantitative analysis model of NIR, as the 
calculation is not well established in chemometrics. The 
wave band of 9815-5430 cm-1 is validated as the optimal 
chromatography scope with optimized correlation coeffi- 
cient and forecast effects. 

3.4. Establishment of Models 

Salvianolic acid B contents in 6 batches are analyzed, 
while 473 experiment samples (222 from extracting 
process and 251 from refining process) are collected. 
First-order differential equation is the statistical method 
in establishment of Salvianolic acid B models through 
PLS. According to the result of cross-validation: extra- 
cting model: the best principal factor number is 5, 
correlation coefficient R=0.784, RMSEC=0.258; refin- 
ing model: the best principal factor number is 6, corr- 
elation coefficient R=0.9776, RMSEC=4.02. The correl- 
ation coefficients of predicted results and test results are 
shown as following table: 

3.5. Evaluation of Prediction 

In order to validate the predict effect of the model or REF, 
a batch with the same manufacturing conditions, is pro-
duced, and 19 extracting samples and 33 refining samples 
are collected respectively for the validation of the models. 
The trend in predicted values and test values of Salvia-
nolic acid B is shown as following: 

Obvious from Figures 9 and 10, predicted values 
match test values in a constant and steady style with 
exceptions in few outliers. The relative error is less than 5 
between predictive values and true values (3.2% in ex-
tracting model and 4.8% in refining model). Abnormal 
data points may be result of several facts. First of all, NIR 
test requires tested content to be at least 0.1%. Very low 
target concentration leads to more errors in measurement. 
The on-line nature of the measurement also contributes in 
the errors, as test liquid is in constant movement in pipe-
line, and instability, as well as formation of bubbles in 
circulation pool is inevitable. 
 
4. CONCLUSIONS 
 
1) NIR (near infrared) Spectroscopy technology have 
many strong points including convenience, time effec-
tiveness, cost effectiveness, and environment friendliness. 
On the basis of the research and model, it is feasible to 

 

Figure 7. Correlation of salvianolic acid B’s content between 
actual and calculated. 
 

 

Figure 8. Correlation of salvianolic acid B’s content between 
actual and calculated. 
 

0

1

2

3

4

5

1 3 5 7 9 11 13 15 17 19 

m
g/

m
l
 

test 
values

predicted
values

 
Figure 9. Predicted and test values of Salvianolic acid B content. 
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Figure 10. Predicted and test values of Salvianolic acid B content. 
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2) Pretreatment of the chromatography data and prin-
ciple factor number has influence on the accuracy of the 
model. Analysis and comparison of various conditions 
and is necessary in selection of the principal factors. 

3) Extremely low concentration of target entity, insta-
bility and bubble formation in the current have influence 
over collection of chromatography data and over accu-
racy of the model in prediction. Necessary measurement 
should be taken to reduce the influences. 
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