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The artificial microRNA mediates GUS-GFP gene silencing
using ath-miR169d precursor as backbone

Chong Liu1,2, Lan Zhang2, Jie Sun1,2, Yanzhong Luo2, Mingbo Wang3, Yunliu Fan2, Lei Wang2,* 
1College of Agriculture, Key Laboratory of Oasis Ecology Agriculture of BINTUAN, Shihezi University, Shihezi 832003, 
China; 2Biotechnology Research Institute/The National Key Facility for Crop Gene Resources and Genetic Improve-
ment, Chinese Academy of Agricultural Sciences, Beijing 100081, China; 3CSIRO Plant Industry, PO Box 1600, Can-
berra, ACT 2601, Australia

Received January 13, 2009

Abstract
Artificial microRNA (amiRNA) is becoming a powerful tool for silencing genes in plants, and several amiRNA 

vectors have recently been developed based on the natural precursor structures of ath-miR159a, ath-miR164b, ath-
miR172a, ath-miR319a and osa-miR528. In this study we generated a simple amiRNA vector (pAmiR169d) based on 
the structure of Arabidopsis miR169d precursor (pre-miR169d). Two unique restriction sites were created inside the 
stem region of pre-miR169d, which allows for amiRNA sequences to be cloned as either ~ 80 bp synthetic oligonucle-
otides or PCR products. A β-glucuronidase (GUS)/green florescent protein (GFP) fusion gene was efficiently silenced 
in transient assays using a pAmiR169d-derived construct targeting a GFP sequence. 5' RACE showed that the target 
GFP transcript was cleaved precisely at the expected position across nucleotides 10 and 11 of the amiRNA. Thus, 
pAmiR169d allows for both easy construction of amiRNA constructs and efficient silencing of target genes in plants. 
[Life Science Journal. 2009; 6(2): 1 – 7] (ISSN: 1097 – 8135).

Keywords: miRNA; hairpin RNA; artificial microRNA; silencing gene

1  Introduction

MicroRNAs (miRNAs) are 20 – 25 nt small RNAs 
that negatively regulate gene expression in plants and 
animals by base pairing with target mRNAs causing 
mRNA cleavage or translational repression. miRNAs 
are processed by RNase III-like enzyme Dicer from 
short hairpin-loop structures known as miRNA precur-
sors (pre-miRNA) that are derived from longer primary 
miRNA transcripts (pri-miRNA). Single-stranded mature 
miRNAs are incorporated into RNA-induced silencing 
complex (RISC) containing Argonaute proteins to guide 
mRNA cleavage or translational repression. In animals, 
miRNAs are normally partially complementary to the 
target mRNA and cause translational arrest[1]. By con-

trast, in plants miRNAs typically have few (zero to five) 
mismatches to their targets and induce transcript cleav-
age and subsequent degradation[2]. 

Recent studies have shown that alteration of several 
nucleotides within a miRNA sequence does not affect its 
biogenesis as long as the initial base-pairing in the stem-
loop structure of the precursor remain unaffected[3]. This 
makes it possible to modify natural miRNA sequences 
and generate artificial miRNA (amiRNA) targeting any 
gene of interest[4–6]. The amiRNA technology was first 
used for silencing genes in human cell lines, and recently 
it was successfully employed to down-regulate individ-
ual genes or groups of endogenous genes in transgenic 
plants[7,8]. These plant amiRNAs are expressed from 
vectors derived from precursors of ath-miR159a, ath-
miR164b, ath-miR172a, ath-miR319a and osa-miR528. 
Genome-wide expression analyses in transgenic Arabi-
dopsis thaliana shows that plant amiRNAs exhibit high 
sequence specificity similar to natural miRNAs[9], so 
the amiRNA sequence can be easily optimized to knock 

Supported by the National Key Basic Research Program of China (Grant 
No. 2006CB101601) and National High Technology Research and Devel-
opment Program of China (Grant No. 2007AA10Z147).
*Corresponding author. Email: leiwang70@163.com
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down the expression of a single gene or several highly 
conserved genes without affecting the expression of 
other unrelated genes.

The miR169 family is one of the highly conserved 
miRNA families in plants. The ath-miR169 family 
consists of 4 types from 14 chromosomal locations[10]. 
The size of ath-miR169 precursors ranges from 154 to 
411 nt, of which miR169d was the shortest, comprising 
only 154 nt. In this study, we modified the precursor of 
ath-miR169d (accession number: MI0000987) into an 
amiRNA vector that allows for easy cloning of amiRNA 
sequences. Transient assays using the green florescent 
protein (GFP) gene as a target indicated that miR169d-
based constructs are effective at conferring gene silenc-
ing in plants.

2  Materials and Methods

2.1  Vector construction
2.1.1 AmiRNA vector pAmiR169d. The backbone of 
pAmiR169d was directly assembled by annealing of the 
following eight sense and antisense overlapping oligo-
nucleotides: oligo1 (5'-gatccGTATCATAGAGTCTT-
GCATGGA-3'), oligo2 (5'-AAAATTAAAGaattcATT-
G A G C C A A G G AT G A C T T G C C G AT G T T- 3 ' ) , 
o l igo3 (5 ' -ATCAACAAATCTTAACTGATTTT-
G G T G T C C G G C A A G T T G A C C T T- 3 ' ) ,  o l i g o 4 
(5 ' -GGCTCTGTCGACTTCTTTTCTTTTCAAT-
G T C A A A C T C TA G ATAT g a g c t - 3 ' ) ,  o l i g o 5 
( 5 ' - C ATAT C TA G A G T T T G A C AT T G A A - 3 ' ) , 
o l i g o 6  ( 5 ' - A A G A A A A G A A g t c g a c A G A G C -
CAAGGTCAACTTGCCGGACACCA-3'), oligo7 
( 5 ' - A A AT C A G T TA A G G AT T T G T T G ATA A -
CATCGGCAAGTCATCCTTGGC-3') and oligo8 
( 5 ' - T C A AT C G A AT T C T T TA AT T T T T C C AT G -
CAAGACTCTATGATACg-3'). 

These oligonucleotides were phosphorylated and 
annealed as previously described[11], forming double-
stranded DNA with 4 nt overhangs ready for ligation 
with BamHI and SacI-digested DNA. 

To obtain a promoter-terminator cassette for express-
ing the amiRNA, the ~ 3000 bp 35S-GUS-Nos fragment 
was excised by HindIII/EcoRI digestion from pBI121 
and gel-purified using a Qiagen agarose gel purifica-
tion kit. The fragment was ligated to the binary vector 
pCAMBIA1303 at the HindIII/EcoRI sites, generating 
the plasmid pCAMBIA-35S. To remove the EcoRI site 
from pCAMBIA-35S, the plasmid was digested with 
EcoRI, the sticky ends were blunted with T4 DNA poly-
merase, and the linearized DNA was self-ligated to form 

pCAMBIA-35SE. The annealed products (~ 100 ng) de-
scribed above were cloned into pCAMBIA1303-35SE at 
the BamHI and SacI sites, generating the amiRNA vector 
pAmiR169d.
2.1.2 AmiRNA construct targeting GFP, pAmiR-gfp. 
The following four oligonucleotides were synthesized and 
annealed as described above to form an EcoRI-SalI frag-
ment containing the AmiR-gfp sequenc: oligo9 (5'-aattC-
GATTTGTATTCCAACTTGTGGCCGATGTTAT-3'), 
oligo10 (5'-CAACAAATCTTAACTGATTTTGGT-
GTCCGGCCACAAGATGGAATACATGTCGAC-3'), 
oligo11 (5'-AAAATCAGTTAAGATTTGTTGATAA-
CATCGGCCACAAGTTGGAATACAAATCG-3'), and 
oligo12 (5'-tcgaGTCGACATGTATTCCATCTTGTG-
GCCGGACACC-3'). 

The annealed products were ligated with pAmiR169d 
pre-digested with EcoRI and SalI, generating pAmiR-
gfp, in which the ath-miR169d sequence was replaced 
by the sequence of TTGTATTCCAACTTGTGGCCG, 
targeting the GFP sequence in the GUS-GFP fusion gene 
of pCAMBIA-35SE.

2.2  Transient expression analysis in Nicotiana ben-
thamiana leaves using Agrobacterium infiltration

pAmiR-gfp was introduced into Agrobacterium tu-
mefaciens strain GV3101 by electroporation. pCAM-
BIA1303 was also introduced into GV3101 for use as 
control. Growing of wild-type Nicotiana benthamiana 
and Agrobacterium infiltration of N. benthamiana leaves 
were carried out as previously described[12]: 0.5 ml of 
Agrobacterium containing pAmiR-gfp was infiltrated 
into leaves of N. benthamiana that had been grown to 6 
– 8 leaves in pots at 24 ºC under a photoperiod of 16 h
light/8 h dark. Similarly, 0.5 ml of Agrobacterium con-
taining pCAMBIA1303 was infiltrated into leaves of N. 
benthamiana for use as a control. After infiltration, plants 
were kept under the constant conditions and grown for 
48 h. The infiltrated leaves (~ 150 mg) were then excised 
from the plants and used for GUS expression and RNA 
analysis. GUS enzyme assays were measured as previ-
ously described[12]. 

2.3  RT-PCR analysis

Total RNA was isolated using the RNAgents Total 
RNA Isolation System (Promega). Portions (2 μg) of 
total RNAs were used for the reverse transcription using 
the SuperScript First-Strand Synthesis System (Invit-
rogen). The following primers were used to detect the 
GUS-GFP transcript: forward 5'-CGATGCGGTCACT-
CATTAC-3' and reverse 5'-TTCACACGTGGTGGTG-
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GTGGT-3'. The PCR reaction was denatured at 94 ºC for 
2 min, followed by 35 cycles of 20 sec at 94 ºC, 20 sec 
at 53 ºC and 20 sec at 72 ºC, with a final extension for 
10 min at 72 ºC. The predicted size for the PCR product 
is ~ 2600 bp. For use as loading reference, a ~ 441 bp 
fragment of the tobacco Actin1 (GenBank: AB158612) 
RNA was amplified using the following primers: NAcfw, 
5'-ATGAGCAAGAGTTGGAGACTG-3' (forward) and 
NAcrv, 5'-CAATGGAAGGACCAGATTCAT-3' (re-
verse). The reaction was denatured at 94 ºC for 2 min, 
followed by 25 cycles of 20 sec at 94 ºC, 20 sec at 53 ºC 
and 40 sec at 72 ºC, with a final extension for 10 min at 
72 ºC.

2.4  5' RACE (rapid amplification of cDNA ends)
The 5' RACE assay was performed using version 2.0 

of the 5' RACE System available from GIBCO BRL Life 
Technologies following the manufacturer’s instructions. 
Basically, 2 μg of total RNA was reverse-transcribed 
using a GFP-specific primer (GFP RV: 5'-TTCACAC-
GTGGTGGTGGTGGT). The resulting cDNA was 
purified to remove unincorporated dNTPs and GFP RV 
primer and treated with TdT (Terminal deoxynucleo-
tidyl transferase) to add homopolymeric C tails to the 
3' end. The tailed cDNA was then amplified by PCR 
using the anchor primer T7-G (5'-TAATACGACTCAC-
TATAGGGGGGGGGG) and GFP RV. The reaction was 
denatured at 94 ºC for 2 min, followed by 30 cycles of 
20 sec at 94 ºC, 20 sec at 65 ºC and 45 sec at 72 ºC, with 
a final extension for 10 min at 72 ºC. Nested PCR was 
performed using a T7 primer (5'-TAATACGACTCAC-
TATAGGG) and GFP RV2 (5'-GTGGTGGTGGTGGC-
TAGCTTT). The reaction was denatured at 94 ºC for 2 
min, followed by 30 cycles of 20 sec at 94 ºC, 20 sec at 
55 ºC and 45 sec at 72 ºC, with a final extension for 10 
min at 72 ºC. The PCR products were separated in 1% 
agarose gel. The ~ 300 bp DNA fragment was excised 
and purified using a Qiagen agarose gel purification kit. 
The sample was ligated to pGEM-T vector, and five indi-
vidual clones were selected for sequencing. 

3  Results                        

3.1  Construction of the amiRNA vector pAmiR169d 
The construction of amiRNA vectors in the previous 

reports often involved cloning of relatively long DNA 
fragments generated by multiple PCRs. To select for a 
better amiRNA backbone, we screened all Arabidopsis 
miRNA precursors in the miRBase/Rfam database. We 
found that the ath-miR169d precursor (pre-miR169d) 
consists of only 154 nt and forms a simple stem-loop 

(Figure 1A), and the sequences can be easily modified 
into two restriction endonuclease sites for EcoRI and 
SalI in the stem. Furthermore, ath-miR169d is expressed 
in several Arabidopsis tissues including leaves, roots and 
panicles, indicating that pre-miR169d can be efficiently 
processed by Dicer in these tissues.

The modified ath-miR169d precursor sequence was 
directly assembled by annealing of eight synthetic oligo-
nucleotides, in which five nucleotides of the original pre-
miR169d sequence were altered to produce the EcoRI 
and SalI sites but with the secondary structure of pre-
miR169d being maintained (Figure 1B). The anneal 
products had 4 nt overhangs in each ends, matching the 
BamHI and SacI sites, respectively. To clone this pre-
miR169d sequence into an expression vector suitable 
for Agrobacterium-mediated plant transformation, the 
35S-GUS-Nos cassette from pBI121 was inserted into 
pCAMBIA1303, generating pCAMBIA-35S (Figure 
2). The EcoRI site of pCAMBIA-35S was subsequently 
removed giving rise to the intermediate plasmid pCAM-
BIA-35SE. The modified ath-miR169d precursor was 
then inserted at the BamHI and SacI sites downstream 
of the 35S promoter in pCAMBIA-35SE, forming the 
pAmiR169d vector (Figure 2). The EcoRI and SalI sites 
are unique in pAmiR169d, and the sequence between the 
two restriction sites, including the miRNA and miRNA* 
parts, is about 80 bp. Therefore, amiRNA sequences can 
be conveniently cloned into the vector either as annealed 
synthetic oligonucleotides or as PCR fragments. 

3.2  pAmiR-gfp efficiently down regulates GFP ex-
pression at mRNA and protein levels

To validate the efficacy of pAmiR169d, we chose the 
fusion reporter gene GUS-GFP from the pCAMBIA1303 
vector as a target. The amiRNA targeting GFP, amiR-gfp, 
was designed based on the characteristics of nucleotide 
compositions of natural Arabidopsis miRNAs, 5' insta-
bility of miRNA/miRNA* duplexes, and target acces-
sibility. The sequence, 5'-UUGUAUUCCAACUUGUG-
GCCG-3', contains a uridine residue at position 1 and an 
adenine residue at position 10, with a GC content of 48% 
(Figure 1C); all of these features are overrepresented in 
endogenous miRNAs[13]. This sequence also ensures the 
amiRNA/amiRNA* duplex to have 5' instability allowing 
preferential loading of the amiRNA strand into RISC[17]. 
The structural accessibility to the GFP complementary 
sequence by amiR-gfp was examined using Sfold[14–16], 
which showed that amiR-gfp has high accessibility to its 
complementary target sequence, with nucleotides 10 and 
11 the highest having the highest accessibility (Figure 
1D). 
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Agrobacterium infiltration-mediated transient assays 
have been widely used to study transgene expression and 
transgene-induced silencing in plants[12,17]. We therefore 
chose Agrobacterium infiltration to investigate the silenc-
ing effect of pAmiR-gfp on the target GUS-GFP gene 
that is present in the same vector. As the GUS sequence 
is transcriptionally fused with the GFP sequence, target-
ing of the GFP sequence should result in the silencing of 
both the GFP and GUS genes. We therefore examined 
the silencing effect by measuring the GUS activity. As 
shown in Figure 3A, N. benthamiana leaves infiltrated 
with pAmiR-gfp expressed significantly lower levels of 
GUS activity than those infiltrated with the control vec-
tor pCAMBA1303; GUS activity was reduced by around 
50%. RT-PCR of RNA isolated from infiltrated leaves 

showed a dramatic reduction in GUS-GFP mRNA lev-
els in pAmiR-gfp-infiltrated leaves in comparison with 
pCAMBIA1303-infiltrated tissues (Figure 3B). These re-
sults indicated that amiR-gfp was expressed and properly 
processed from pAmiR-gfp, resulting in efficient GFP 
silencing in N. benthamiana cells.

3.3  AmiR-gfp directs precise cleavage of GUS-GFP 
mRNA at the predicted position

To confirm proper processing and functioning of 
amiR-gfp, 5' RACE-PCR was performed to detect the 
cleavage site in the target GUS-GFP RNA. Cleavage of 
GUS-GFP transcript by amiR-gfp at the predicted site 
should generate a 317 bp RACE-PCR fragment (Figure 
4B). As shown in Figure 4A, a distinct band of about 
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Figure 1. Predicted structure of the native ath-miR169d precursor (A), the modified amiR169d precursor (B) and the GFP amiRNA amiR-
gfp (C). The ath-miR169d and amiR-gfp sequences are shown in red and green, respectively, and the modified nucleotides in the stem-loop 
are shown in lowercase. D. Target accessibility profiling by Sfold for part of the GUS-GFP sequence (from nt 2132 to nt 2332) containing 
the region targeted by amiR-gfp. Note that the amiR-gfp-binding site (shaded) is highly accessible for small RNA.
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320 bp was amplified from the sample infiltrated with 
pAmiR-gfp, but not from the pCAMBIA1303-infiltrated 
sample. This band was gel-purified and ligated into the 
pGEM T vector. Five clones were sequenced, and the 
result showed that this DNA fragment was the expected 
317 bp cleavage product from the GUS-GFP transcript. 
All five clones had the same 5' terminal nucleotide corre-
sponding to the position located between the two nucleo-
tides complementary to nucleotides 10 and 11 of amiR-
GFP (Figure 4B). This was consistent with miRNA- and 

siRNA-guided cleavage in plants that typically occurs 
across nucleotides 10 and 11 of the miRNA and siRNA 
sequences, and that even 24 nt siRNAs also cleave at po-
sition 10[18].

4  Discussion

In this study, the Arabidopsis miR169d precursor was 
successfully used as the backbone for the expression of  
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Figure 2. Flow chat for the construction of pAmiR169d and pAmiR-gfp. The 35S-GUS-Nos cassette is excised from pBI121 with EcoRI 
and HindIII digestion, and inserted into pCAMBIA1303, giving rise to pCAMBIA-35S. The EcoRI site in pCAMBIA-35S is abolished 
by treatment with T4 DNA polymerase to generate pCAMBIA-35SE. The Ath-miR169d precursor sequence was then assembled from 
8 overlapping oligonucleotides by annealing and inserted into pCAMBIA-35SE at the BamHI/SacI site, forming the amiRNA vector 
pAmiR169d. To make the AmiR-gfp construct, 4 overlapping oligonucleotides were annealed and inserted into the SalI/EcoRI sites in 
pAmiR169d.
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Figure 3. pAmiR-gfp induces target gene silencing in Agrobacte-
rium-infiltrated N. benthamiana leaves. A: Analysis of GUS activ-
ity; B: Semi-quantitative RT-PCR of GUS-GFP transcripts.

 

Figure 4. AmiR-gfp induces cleavage of the target GUS-GFP tran-
script at the predicted nucleotide position. A: 5' RACE-PCR. A dis-
tinct band of about 320 bp is present in the sample infiltrated with 
pAmiR-gfp but not the infiltrated with the control plasmid pCAM-
BIA1303. B: Target cleavage site by amiR-gfp as determined by 
sequencing of 5' RACE clones. The 21 nt target sequence is shown 
in red, and the cleavage site is indicated by an arrow head. The 
size of the cleavage fragment is predicted to be 317bp (from the 
cleavage site at nt 2245 to the 5' end of the reverse primer GFP 
RV2 at 2563).

of amiRNAs in plants. Preparation of amiRNA con-
structs in the previous reports using backbones from ath-
miR159a, ath-miR164b, ath-miR172a, ath-miR319a 
and osa-miR528 all involves cloning of longer DNA 
fragments that are normally generated through multiple 
PCRs[4,7,8,17]. With the pre-miR169d-based vector, amiR-
NA sequences can be directly synthesized as ~ 80 bp 
oligonucleotides and cloned by a single step ligation into 
the unique restrictions sites EcoRI and SalI created in 
the middle of the stem. This should allow for rapid and 
high-throughput preparation of amiRNA constructs for 
silencing genes in plants. The GFP-targeting amiRNA 

construct, amiR169d-gfp, conferred efficient silencing to 
the GUS-GFP fusion transgene in transient assays, and 
this silencing was correlated with precise cleavage of the 
GUS-GFP transcript at the predicted position across nu-
cleotides 10 and 11 of the designed GFP amiRNA. This 
suggests that amiRNAs expressed from the pAmiR169d 
vector is accurately processed by Dicer and efficiently 
loaded into RISC, indicating that the introduction of the 
restriction sites into the pre-miR169d stem did not af-
fect Dicer processing. Creating restriction sites into pre-
miRNA stems could therefore be used for constructing 
amiRNA vectors from on other miRNA precursors to al-
low for easy cloning of amiRNA sequences. 

In order to design an effective amiRNA, we examined 
the sequence characteristics of all known Arabidop-
sis miRNAs and the base-pairing feature between the 
miRNAs and their targets. Initially, candidate 21-mer 
sequences were picked from the whole length of the re-
verse complements of the target GFP transcript, which 
had a nucleotide A at position 10 and displayed 5' insta-
bility (higher AU content at the 5' end and higher GC 
content at the 3' end around position 19). These candi-
date sequences were further screened based on the sta-
tistic analysis of base mismatches between microRNAs 
and their targets, which showed that mismatches occur 
frequently at position 1, 2 or 21, but almost never occur 
at position 3, 4, 16 or 17, and G/U pairing was the most 
frequent mismatch. Furthermore, target accessibility by 
the amiRNA was analysed using the Sfold program[14]. 
The finally chosen amiR-gfp sequence, 5′-UUGUAUUC-
CAACUUGUGGCCG-3', therefore conforms with both 
the sequence features of microRNAs and their targeting 
rules. The transient assay data demonstrated that this 
amiR-gfp directed efficient and precise cleavage of the 
GUS-GFP mRNA at the predicted amiR-gfp recognition 
site, suggesting that this amiRNA selection pipeline is 
potentially applicable to the design of other amiRNAs.
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Abstract
Immobilization techniques provide a special microenvironment in which cells always have different behaviors com-

pared with free cells. In the present work, the effect of Bacillus pumilis MTCC 2296 cells immobilized in various matri-
ces; such as calcium alginate, polyacrylamide and agar-agar, for the production of alkaline protease, is studied. Calcium 
alginate was found to be an effective and suitable matrix for higher alkaline protease productivity (491 U/ml) compared 
to the other matrices studied. [Life Science Journal. 2009; 6(2): 8 – 10] (ISSN: 1097 – 8135).

Keywords: Bacillus pumilis; immobilization; alkaline protease; calcium alginate

1  Introduction

Alkaline proteases constitute one of the most impor-
tant groups of industrial enzymes. It accounts for at least 
a quarter of the total global enzyme production (Herbert 
et al, 1992). Proteases are essential constituents of all 
forms of life on earth including prokaryotes, fungi, plants 
and animals. Recently, the sue of alkaline protease has in-
creased significantly in various industrial processes such 
as detergent and feed additives, food, dehairing, pharma-
ceutical, leather and silk industries. Among these, use as 
laundry detergent additive is one the most important in-
dustrial applications for alkaline proteases (Stevenson et 
al, 1998; Masui et al, 1999; Gupta et al, 2005). Proteases 
are also useful and important components in biopharma-
ceutical products as contact-lens enzyme cleaners and 
enzymatic debriders (Anwar and Saleemuddin, 2000). 
The enzyme also could be used in the applications of al-
kaline environments including aquaculture industry (Fu 
et al, 2005; Shanmughapriya et al, 2008). At present, the 
use of alkaline proteases has increased remarkably with 
large proportions of commercially available alkaline pro-
teases derived from Bacillus strains (Adinarayana et al, 

2005; El Enshasy et al, 2008; Sen and Satyanarayana, 
1993).

Modification of biotechnology and processes, using 
immobilized biocatalysts, has recently gained the atten-
tion of many biotechnologists. Application of immobi-
lized enzymes or whole cells is advantageous, because 
such biocatalysts display better operational stability 
(Kukubu et al, 1981; Fortin and Vuillemard, 1990) and 
higher efficiency of catalysis (Ramakrishna et al, 1992; 
Linko and Haapala, 1996) and they are reusable.

The present study was performed in order to evaluate 
alkaline protease production by Bacillus pumilis MTCC 
2296 cells by using different entrapment technique under 
optimized as well as harsh condition and to check their 
efficiency with control cells.

2  Materials and Methods

Bacillus pumilis (B. pumilis) MTCC 2296 was used 
through out this study. The culture is routinely main-
tained on Nutrient agar in 90 mm diameter Petri plates 
at 37 ºC. B. pumilis MTCC 2296 cells were immobilized 
by using sodium alginate, polyacrylamide and agar-agar. 
The alginate entrapment of cells was performed accord-
ing method of Johnsen and Flink (1986). Sodium algi-
nate solution was prepared by dissolving sodium alginate 

*Corresponding author. Tel: 0091-9216232281; Email: varenyam@gmail.
com
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in 100 ml boiling water and autoclaved at 121 ºC for 15 
minutes. 

Immobilization in polyacrylamide was done by adding 
cells to 2.85 g acrylamide (Sigma-Aldrich), 0.15 g bi-
sacrylamide (Sigma-Aldrich), 10 mg ammonium persul-
phate (Sigma-Aldrich), and 1 ml TEMED, tetra methyl 
ethylene diamine (Sigma-Aldrich). The cell suspension 
and the above phosphate buffer mixture was mixed well 
and poured into sterile flat bottom 10 cm-diameter Petri 
plates. After polymerization (solidification), the acryl-
amide gel was cut into equal size cubes (4 mm3), trans-
ferred to 0.2 M phosphate buffer (pH 7.0), and kept in 
the refrigerator for 1 hour for curing (Reyed, 2007).

Encapsulation in agar was done by adding cell suspen-
sion into the molten agar-agar. The solidified agar block 
was cut into equal size cubes (4 mm3), added to sterile 0.1 
M phosphate buffer (pH 7.0), and kept in the refrigerator 
(overnight) for curing (Veelken and Pape, 1982). 

The immobilized beads prepared by using all the three 
matrices along with control B. pumilis MTCC 2296 
were transferred into 50 ml of production medium in 
250-ml flasks. The composition of production medium 
was 5 g/L glucose, 7.5 g/L peptone, and 5% salt solution 
(MgSO4·7H2O, 5 g/L; KH2PO4, 5 g/L; and FeSO4·7H2O, 
0.1 g/L) with a pH of 9.0. The flasks were incubated at 
37 ºC for 48 hours. Samples were withdrawn at regular 
intervals of 6 hours and assayed for alkaline protease ac-
tivity.

Protease activity was assessed by the modified pro-
cedure based on the method of Tsuchida et al (1986) 
using 2.0% casein in 0.2 M carbonate buffer (pH 10.0) 
as substrate. The culture broth was centrifuged at 8,000 
rpm for 10 minutes and supernatant served as the crude 
enzyme source. One unit of enzyme activity is defined 
as the amount of enzyme that released 1 μg of tyrosine/
ml/minute. Protease activity was also estimated at vari-
ous pH (8 to 12) using free and immobilized B. pumilis 
MTCC 2296. The buffers used were 20 mM HEPES (pH 
8.0 – 9.0) and 200 mM carbonate (pH 10 – 12). All ex-
periments were carried out in triplicate. All the data were 
analyzed using GraphPad Prism 4.1 software. 

3  Results and Discussion  

Cell immobilization is one of the common techniques 
for increasing the overall cell concentration and pro-
ductivity. Immobilization of cells may allow continuous 
operation of cultivation processes at high dilution rates 
(Adinarayana et al, 2005).

The amount of cell mass entrapped in calcium alginate 

matrix increased gradually up to 30 hours of incubation 
after which there was no appreciable change (Figure 1). 
The enzyme production was started at 6 hours with im-
mobilized cells and reached a maximum level (491 U/ml) 
by 30 hours. On further incubation, enzyme production 
was gradually decreased, whereas maximum enzyme 
titer was observed by 36 hours in the case of free cells. 
There was negligible change in pH profile of free cells 
as well as immobilized cells after 30 hours. Maximum 
alkaline protease production occurred at around pH 10.5 
except calcium alginate matrix (pH 11.5) after 30 hours 
(Table 1). In case of alginate matrix, enzyme activity was 
continued increasing up to 36 hours at extreme pH 12 as 
compare to free cells and other matrices. It is evident that 
the alkaline protease production was higher with calcium 
alginate immobilized cells (491 U/ml) than that of free 
cells (399 U/ml). Ramakrishna et al (1992) reported the 
immobilization of B. cereus in calcium alginate and em-
ployed packed-bed and fluidized-bed reactors to continu-
ously synthesize thermostable α-amylase.

Figure 1. Time course profiles of alkaline protease production 
by free cell culture and immobilized culture of B. pumilis MTCC 
2296 in calcium alginate, polyacrylamide and agar-agar.

Polyacrylamide was also found to be one of good ma-
trices for cell immobilization. Using this matrice, gradual 
increase in alkaline protease production was noticed 
from 6 hours onwards to 30 hours; on further incubation 
decline in alkaline protease titer was observed. The max-
imum alkaline protease titer of 350 U/ml was observed 
at 30 hours. The alkaline protease titer obtained with this 
carrier was less than that of free and immobilized cells 
with the other carrier (calcium alginate).

Alkaline protease production pattern by immobilized 
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cells in agar-agar was similar to other matrices. The re-
sults are similar to Figure 1 and the data indicated that 
alkaline protease production was started from 6 hours 
onward and reached a maximum level by 30 hours (303 
U/ml). The alkaline protease titer obtained with this car-
rier was very low compared with the titers of free cells 
and the immobilized cells of the above-mentioned other 
carriers. Anna et al (2003) reported that the use of agar-
entrapped cells of B. circulans ATCC 21783 for cyclo-
dextrin glucanotransferase production in a fluidized bed 
reactor led to enzyme activity (180 U/ml) after 24 hours 
of cultivation.

Table 1. Comparison of alkaline protease production
using B. pumilis MTCC 2296 cells entrapped

in various gel matrices after 30 hours

Support matrix Final pH Alkaline prote-
ase titre (U/ml)

Relative percent-
age of production

Calcium alginate 11.5 491.23a 100
Polyacrylamide 10.45 350.03ab 71.26

Agar-agar 10.42 302.3b 61.54
Free cells 10.48 399.17a 81.26

The alginate matrix was found to be superior to the 
other matrices studied in this paper. In addition, the al-
ginate matrix is less expensive, nontoxic, and prepara-
tion of biocatalyst involves mild conditions, which is an 
added advantage. In contrast, free cells showed lower 
enzyme productivity than the calcium alginate-immobi-
lized ones and their activity decreased markedly after 30 
hours.

4  Conclusion 

In conclusion, calcium alginate is a promising method 
of B. pumilis MTCC 2296 immobilization for alkaline 
protease production. Alkaline protease production by im-
mobilized cells is better than that of free cells.
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Abstract
The genetic diversity and genetic relationships of 46 Osmanthus fragrans cultivars, collected from Hubei, Zhejiang, 

and Guangxi provinces in China, were analyzed by the technique of amplified fragment length polymorphism (AFLP). 
Ten primer combinations were used and generated 436 scorable bands including 269 polymorphic. It indicated that each 
primer combination generated 26.9 polymorphic bands. Genetic similarities were obtained using simple matching (SM) 
coefficients, and a dendrogram of the 46 cultivars was established by UPGMA clustering method. The high level genet-
ic variations in 46 O. fragrans cultivars were proved by the SM coefficient value from 0.69 to 0.87. The cluster analysis 
suggested that the 46 O. fragrans cultivars could be divided into five groups, and this result was not absolutely con-
sistent with the morphology-based traditional classification. The cluster analysis showed that there were close genetic 
relationships among cultivars of the same flower color, and the geographic origin of O. fragrans was correlated with the 
analysis cluster results at a certain level. Cluster analysis also indicated that Guangxi cultivars were distinct from those 
of Hubei and Zhejiang. [Life Science Journal. 2009; 6(2): 11 – 16] (ISSN: 1097 – 8135).

Keywords: AFLP; Osmanthus fragrans; cultivar; genetic diversity; UPGMA

1  Introduction

Osmanthus fragrans (O. fragrans), belongs to the 
Oleaceae family, is cultivated extensively as one of the 
most valuable of fragrance and ornamental plants in Chi-
na. A long history of domestication was confirmed by the 
descriptions of this plant in 2500 years old documents. 
As O. fragrans has been cultivated for a long time, a 
large number of intraspecific varieties occurred under 
the influence of both natural and artificial selections. At 
present, there are about 157 cultivars which could be cat-
egorized into 4 cultivar groups (Asiaticus Group, Albus 
Group, Luteus Group, and Aurantiacus Group) according 
to morphological and physiological characteristics[1,2].

Gene diversity research is significant to illuminate the 
evolutionary and classification in cultivars of O. fragrans 
not only in theory but also in cultivar breeding and ar-
rangement in garden. However, no reasonable and ac-
cepted taxonomic principles and system are established 
up to now, and there is still much confusion in cultivar 
nomenclature. There is still a need for a better genetic 
diversity assessment and varietal identification by using 
high throughput marker technologies.

The identification of O. fragrans cultivars has been 
traditionally carried out by morphological and physi-
ological traits[2]. Although these methods are efficient, 
they present practical drawbacks because of the effect 
of environmental fluctuations on the expression of most 
morphological traits.

Several researchers sought to rectify the weakness 
of the traditional approach by using biochemical mark-
ers[3,4]. Although such studies provided some useful 
insights, they posed their own problems. Biochemical 
markers are not necessarily genotype-specific, and may 
be influenced by environmental and developmental fac-
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and Technicians Troop Construction Projects of Henan Province (Grant 
No.094100510018).
*Corresponding author. Tel. & Fax.: 86-378-3886199; Email: fudeshang@
henu.edu.cn
#Both are equal contribution to this work.

∙  11  ∙



 Life Science Journal, Vol 6, No 2, 2009                                                                                                                               http://lsj.zzu.edu.cn

tors[5]. Unaffected by environmental variables, genetic 
markers can be used to reliably and accurately identify O. 
fragrans cultivars. The randomly amplified polymorphic 
DNA (RAPD) technique was employed in initial studies 
of O. fragrans genetic markers[6–9]. Recently, the ampli-
fied fragment length polymorphism (AFLP)[10] technique 
was used in O. fragrans[11] and  showed many advantages 
over the technique of RAPD, restriction fragment-length 
polymorphism (RFLP) and SSR (microsatellites)[12–14].

The objectives of this study were to analyze the ge-
netic relationships and diversity among 46 O. fragrans 
cultivars, and then to use this genetic diversity informa-
tion to suggest strategies for the germplasm identifica-
tion, breeding, protection and conservation.

2  Materials and Methods

2.1  Plant materials
We collected mature leaves of 46 O. fragrans cultivars 

from Hubei, Zhejiang, and Guangxi provinces (Table 1) 
in September 2007. These were dried in Silica gel and 
stored at – 70 ºC.

2.2  Genomic DNA extraction

DNA was extracted from 0.5 g – 0.6 g of leaf tissue us-
ing a modified CTAB method[15,16], then purified with 5 
mol/L NaCl, water-saturated ether, and RNase. 

2.3  AFLP analysis

We followed the protocol used by Han et al[11]. Ge-
nomic DNA (250 ng) was digested with EcoRI and MseI 
at 37 ºC for 3 h, and then at 65 ºC for 2.5 h. The digested 
DNA fragments were ligated to MseI and EcoRI adaptors 
(Table 2) with T4 DNA ligase for 2 h at 25 ºC. The ligat-
ed fragments were diluted 10-fold in TE buffer (10 mM 
Tris-HCl, 0.1 mM EDTA) and used as templates in the 
20-cycle[10] preamplification PCR. Ten primer combina-
tions were used for the selective amplification (Table 2). 
The PCR amplifications were carried out in a PTC-100 
Thermal Cycler (MJ Research Inc.). 

Amplified products were separated by electrophoresis 
with 6% denaturing polyacrylamide gels in 1 × TBE buf-
fer. The gels were then stained with 0.1% silver nitrate[17] 
and air dried overnight before being photographed. Only 
unambiguous bands were scored. The presence of a band 
was scored as 1 and the absence of a band was scored as 0.

2.4  Data analysis

Polymorphic AFLP markers were manually scored as 
binary data with presence as “1” and absence as “0”, and 

Table 1. O. frangrans cultivars analyzed in this study
Group Code Cultivar Origin
Luteus HT1 Zaojingui-1 Hubei

HT2 Zijingui Hubei
HT3 Yuanban Jingui-1 Hubei
HT4 Huangchuan Jingui Hubei
HT5 Jinhuataige Hubei
HT6 Qiugui-1 Hubei
ZT1 Qiugui-2 Zhejiang
ZT2 Jinqiugui‘Jinqiu’ Zhejiang
ZT3 Wandian Jin Zhejiang
ZT4 Congzhong Xiao Zhejiang
GT1 Juye Zijingui Guangxi
GT2 Yuanye Zijingui Guangxi
GT3 Taoye Jingui Guangxi
GT4 Zaojingui-2 Guangxi
GT5 Yuanban Jingui-2 Guangxi
GT6 Hanxiao Guangxi
GT7 Yuanye Jingui Guangxi
GT8 Heishan Jingui Guangxi
GT9 Heishanzhizhu Guangxi
HT7 Zuiyun Hubei

Albus HL1 Zigeng  Zigui Hubei
HL2 Changgengbai Hubei
HL3 Yinxing Hubei
HL4 Jiangnan Liren Hubei
ZL1 Wanyingui Zhejiang
ZL2 Yulinglong Zhejiang
GL1 Yuanye Ziyingui Guangxi
GL2 Chiye Ziyingui Guangxi
GL3 Qinyun Guangxi
GL4 Yaotiaoshunv Guangxi
GL5 Cuizhu Guangxi
GL6 Ruichi Yingui Guangxi
GL7 Ziyun Guangxi

Aurantiacus HA1 Chiye Dangui Hubei
HA2 Gecheng Dangui Hubei
HA3 Dangui Hubei
HA4 Mantiaohong Hubei
ZA1 Zhuangyuanhong Zhejiang
ZA2 Yingye Dangui Zhejiang
ZA3 Hongyan Ningxiang Zhejiang
ZA4 Zuijihong Zhejiang

Asiaticus HF1 Sijigui-1 Hubei
ZF1 Sijigui-2 Zhejiang
ZF2 Tianxiang Taige Zhejiang
ZF3 Danzhuang Zhejiang
ZF4 Tiannv Sanhua Zhejiang
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only bands showing unambiguous polymorphism were 
entered into a data matrix. Genetic similarities between 
pairs of cultivars were determined by calculating simple 
matching (SM) coefficients[18,19]. Then the similarity ma-
trices were followed by unweighted pair group method 
with arithmetic mean algorithm (UPGMA) method[20] by 
using SAHN clustering analysis of NTSYS-pc version 
2.1[19]. 

3  Results                        

3.1  Results of DNA amplification 
The 10 AFLP primer combinations used amplified 436 

scorable bands ranging from 0.1 kb to 1.5 kb, of which 
269 were polymorphic (Table 2). The primer combi-
nation E-AAC/M-CAC yielded the largest number of 
scorable bands (55). Bands generated by E-AAG/M-CTC 

had the highest polymorphism ratio (70%). Each O. fra-
grans cultivar had its unique fingerprinting and could be 
easily distinguished from each other. It fully indicated 
abundant polymorphism existed between O. fragrans 
cultivars genomes. Part of AFLP bands amplified by 
primer combination E-AAC/M-CAG was presented in 
Figure 1. 

3.2  Genetic relationship and cluster analysis
The result of cluster analysis is shown on the dendro-

gram (Figure 2) depicting the pattern of relationships 
among the studied cultivars. There was obvious differ-
ence among different cultivars.

Pair-wise genetic similarity ranged from 0.69 to 0.87. 
The UPGMA dendrogram revealed two distinct clusters 
that could be further divided into five groups at GS value 
of 0.72: (1). The first group consisted of 4 cultivars from 
Hubei province, including 1 cultivar of Aurantiacus 
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Figure 1. AFLPs generated from genomic DNA of 46 materials using primer combination E-AAC/M-CAG．

Table 2. Performance of 10 AFLP primer combinations (primers sequence were also lined out)
Primer combination

EcoRI/MseI
No. of amplified

bands
No. of polymor-

phic bands
Polymorphism

ratio (%) Primer sequence

AAC/CAG 39 27 69.23 Adaptors
AAC/CAC 55 30 54.55 EcoRI 5′ctc gta gac tgc gta cc
AAC/CTC 53 32 60.38 cat ctg acg cat ggt taa 5′
AAG/CTC 40 28 70.00 MseI 5′gac gat gag tcc tga g
AAC/CTG 31 20 64.52 ta ctc agg act cat 5′
ACT/CTC 44 30 68.18 Pre-selective primer
AGC/CTC 43 24 55.81 EcoRI (a) 5′gac tgc gta cca att c-a
AGC/CTG 34 18 52.94 MseI (c) 5′gat gag tcc tga gta a-c
AGC/CTA 44 29 65.91 Primers
ACT/CTG 53 31 58.49 EcoRI ( a) 5′gac tgc gta cca att c-axx*

Total 436 269 MseI (c) 5′gat gag tcc tga gta a–cYY*

Mean 43.6 26.9 61.70
* XX is null for plus 1 primers; CC, CT, GG, AG, CG for plus 3 primers; YY are null for plus 1 primers; AG, GC, AC, TG for plus 3 
primers.



 Life Science Journal, Vol 6, No 2, 2009                                                                                                                               http://lsj.zzu.edu.cn

Group (HA1) and 3 cultivars of Luteus Group (HT1, 
HT2, HT4); (2). The second group could be examined 
more precisely by cutting the dendrogram at GS value of 
0.735, the group thus was split to four major sub-groups, 
leaving HT3 as the first one sub-group and HL1 as the 
second. There formed 3 minor rami within the third sub-
group: the first minor ramus was composed of 3 cultivars 
(HL2, HL4, HL3) from Hubei province, which belong 
to Albus Group; the second minor ramus was composed 
of 2 cultivars (ZF4, ZF3) from Zhejiang province, which 
belong to Asiaticus Group; the third minor ramus was 
composed of 5 cultivars from Zhejiang province, in-
cluding 3 cultivars of Aurantiacus Group (ZA1, ZA2, 
ZA3) and 2 cultivars of Luteus Group (ZT2, ZT3).The 
fourth sub-group included 2 cultivars of Aurantiacus 
Group (HA2, HA4), 2 cultivars of Luteus Group (HT5, 
ZT1) and 1 cultivar of Albus Group (ZL1); (3).The third 
group was composed of 2 cultivars of Luteus Group 
(HT7, HT6) and 3 cultivars of Asiaticus Group (HF1, 
ZF2, ZF1). (4).The fourth group could be divided into 
two sub-groups at GS value of 0.72: the first included 2 
cultivars of Aurantiacus Group (HA3, ZA4), 1 cultivar 
of Albus Group (ZL2) and 1 cultivar of Luteus Group 
(ZT4). They all were collected from Zhejiang province 
except for HA3, which from Hubei province; the second 
was exclusively composed of 15 cultivars from Guangxi 
province, and the 15 cultivars were classified into two 
sub-groups: one included 5 cultivars of Luteus Group 
(GT3, GT5, GT4, GT6, GT8); the other included 7 cul-
tivars of Albus Group (GL1, GL2, GL3,GL5,GL4, GL6, 
GL7) and 3 cultivars of Luteus Group (GT1,GT2,GT9). 
GL1 and GT2, which were all collected from Guangxi 
province but belong to different cultivars groups, exhib-
ited the highest genetic similarity of 0.87. (5) The fifth 
group included only one cultivar (GT7) from Guangxi 
province, which belongs to Luteus Group.

4  Discussion 

Traditionally, O. fragrans cultivars were grouped in ei-
ther Fragrans Division or Autumn Division according to 
flowering time. Autumn Fragrans cultivars were further 
divided into Albus Group, Luteus Group and Aurantiacus 
Group based on flower color[21–24]. Cluster analysis in 
present study was not completely in accordance with the 
traditional classification. The cultivars of the same color 
could be clustered together at the early stage showed that 
there were close genetic relationships among cultivars 
of the same flower color. RAPD and AFLP were used to 
obtained the similar results from different O. fragrans 

Figure 2. Dendrogram based on simple matching coefficient for 
46 materials using ten primer combinations.

cultivars[6,25]. Zhao et al and Liu et al, in their analysis 
of O. fragrans cultivars by RAPD[6,25], and Han et al, 
in their AFLP study, obtained the similar results from 
analysis of different O. fragrans cultivars. These similar 
results suggested that flower color was an advanced cri-
teria of classification which could be used to discriminate 
efficiently O. fragrans germplasm. Cultivars with the 
same flowering time on the other hand clustered in dif-
ferent groups[25], indicating that flowering time was not 
a reliable classification criterion. The high natural and 
artificial selections of this ornamental plant probably has 
resulted in significant morphological and physiological 
variations among closely related cultivars, contributing 
to the discrepancies between the morphology/physiol-
ogy-based classification and the genetic marker-based 
groupings. However, these discrepancies may have been 
exaggerated because the genetic markers used to date 
possibly do not sufficiently cover regions coding for 
morphological and physiological traits.

Among the four O. fragrans cultivars groups evalua-
tion, the genenic relationship between Luteus Group and 
Aurantiacus Group was closer than either of them to Al-
bus Group and Asiaticus Group demonstrated by cluster 
analysis. These data supported the conclusion that Au-
rantiacus Group cultivars probably originated from bud 
sports of some Luteus Group cultivars[1,25]. In the light of 
the laws of evolution and research data, Asiaticus Group 
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was more primitive than other cultivar groups, while the 
evolutionary sequence from primitive to advanced in 
Autumn Division was Albus Group, Luteus Group and 
Aurantiacus Group[22,27]. Although our conclusion held 
out this view, there was some difference about the rela-
tionship of Asiaticus Group and other cultivar groups. 
Some researchers obtained the similar conclusion that 
Asiaticus Group had remote relationship comparing with 
other three cultivar groups[4,9,11,21,22,25.26]. But, in the den-
drogram, the cultivars of Asiaticus Group were clustered 
with those of other three cultivar groups, which was not 
in accordance with their conclusion. This difference was 
probably not typical as a whole because of the limited 
number of cultivars of Asiaticus Group included in this 
experiment. So, for further understand the relationship 
and the evolutive relation of the four cultivar groups, 
more O. fragrans cultivars especially some cultivars of 
Asiaticus Group were needed.

The geographic origin of O. fragrans was correlated 
with the analysis cluster results at a certain level. Culti-
vars originating from the same place could be clustered 
together in the AFLP dendrogram. As was shown in the 
dendrogram, some cultivars of Hubei were clustered 
into one group (HA1,HT1, HT2, HT4), some met in one 
minor group (HL2, HL4, HL3); some cultivars of Zheji-
ang cultivars were put into one minor group (ZA1, ZA2, 
ZA3, ZT2, ZT3); all cultivars from Guangxi were clus-
tered into one subgroup with close relationship except 
GT07. The results confirmed that the O. fragrans culti-
vars from the same place had closer genetic relationships. 
Cluster analysis indicated that the relationship between 
Hubei and Zhejiang O. fragrans cultivars was nearer and 
gathered together first, then clustered with Guangxi culti-
vars, indicating that Guangxi cultivars were distinct from 
those of Hubei and Zhejiang. Such geographically dis-
tinct groups of O. fragrans cultivars have been observed 
in a recent study by Han et al[28], and their analysis of the 
AFLP data also revealed that O. fragrans cultivars of the 
Guilin region formed a distinct subgroup. More studies 
employing genetic markers are required to map out the 
geographic distribution of O. fragrans cultivar genotypes 
in China.

This work also established the existence of homonym 
problems in O. fragrans cultivars,the most obvious ex-
ample is that cultivars with the same name but from dif-
ferent places were clustered into different groups (such 
as HT1 and GT4, HT3 and GT5, HT6 and ZT1), which 
suggested that they maybe not the same cultivars. So, we 
should reexamine the criteria of O. fragrans cultivar’s 
classification and establish a rational cultivar classifica-
tion system.

5  Conclusion

Our study provided valuable information for the 
identification of O. fragrans cultivars and for detecting 
genetic diversity of the 46 cultivars as well as determin-
ing genetic relationships among them. A thorough under-
standing of the genetic diversity of O. fragrans cultivars 
is critical to future O. fragrans cultivars germplasm 
identification, breeding, protection and conservation. So, 
further studies may obtain more refined phylogenetic 
trees of O. fragrans cultivars from different geographical 
areas by combining genetic marker techniques and mor-
phology/physiology-based classification methods.
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Abstract
Sweet osmanthus (Osmanthus fragrans Lour.) is one of the most valuable and ornamental plants of China. O. fra-

grans in medicinal uses with an anti-tussive of its flowers and its essential oil used as a flavouring. The development of 
a core collection could facilitate easier access to sweet osmanthus genetic resources for their use and simplify the gene-
bank management. The present study was initiated to develop a core subset of sweet osmanthus based on 12 qualitative 
traits and 5 quantitative traits on 122 sweet osmanhus accessions. The accessions were stratified by group, and data on 
12 qualitative traits and 5 quantitative traits were used for clustering following Ward’s method. About 30 % of the ac-
cessions were randomly selected from each cluster to constitute a core subset of 38 accessions. Mean comparisons us-
ing t-test, frequency distribution using χ2-test, and Shannon-Weaver diversity index of 17 descriptors indicated that the 
genetic variation available for these traits in the entire collection has been preserved in the core subset. There was a fair 
degree of similarity in phenotypic correlation coefficients among traits in the entire collection and core subset, suggest-
ing that this core subset has preserved most of the co-adapted gene complexes controlling these associations. [Life Sci-
ence Journal. 2009; 6(2): 17 – 22] (ISSN: 1097 – 8135).

Keywords: sweet osmanthus; core collection; genetic resources; Shannon-Weaver diversity index 

1  Introduction

Sweet osmanthus belongs to the genus Osmanthus in 
the Oleaceae family. Descriptions of this plant appear in 
2500 years old documents, suggesting a long history of 
domestication[1]. It is certain that sweet osmanthus is a 
plant originated from a China-Himalayan region, in the 
southwest China, from the eastern Himalayan Mountains 
extending to northern Thailand[2]. Sweet osmanthus is 
one of the most valuable and ornamental plants of China. 
Appreciating osmanthus flowers in golden autumn is 
a traditional habitude in China. In order to develop 
and expand osmanthus culture, Osmanthus festivals 
are solemnly and grandly held every year in China to 
promote their local tourism[1]. It is especially valued as 
an additive for tea and other beverages and is native to

Asia which extends from the Himalayas east through 
China to Japan. Osmanthus fragrans Lour. (O. fragrans) 
is used in cosmetics for the hair and skin, but is mostly 
used for aromatic therapy. In addition, O. fragrans in 
medicinal uses with an anti-tussive of its flowers and its 
essential oil used as a flavouring[3].

Long-standing cultivation and the process of history 
has enabled us to boast of rich cultivars of sweet 
osmanthus, but due to the limitations of history, there had 
never been any detailed sweet osmanthus investigation, 
or theoretical and systematical classification research 
on sweet osmanthus and its cultivars had never been 
conducted until the 1980s. At that time a group of 
scientists devoted themselves to research into sweet 
osmanthus and its cultivars, and into its classification 
system (Chen, 1983; Liu, 1985; Lu, 1986; Zhu, 1992)[1]. 
At present, there are about 166 cultivars which could 
be categorized into 4 cultivars groups (Asiaticus 
Group, Albus Group, Luteus Group, and Aurantiacus 
Group) according to morphological and physiological 
characteristics[4]. The detailed characters of 122 cultivars 
of sweet osmantus were described in Xiang’s an 
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094100510018).
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Illustrated Monograph of the sweet Osmanthus Cultivars 
in China (2008). Accordintg to the flowing time and 
corolla color all the cultivars also are divided into 4 
groups: Asiaticus Group, Albus Group, Luteus Group, 
and Aurantiacus Group.

Frankel (1984) proposed ‘‘core collection’’ which 
would represent, with a minimum of repetitiveness, the 
genetic diversity of a crop species and its relatives[5]. 
Frankel and Brown (1984)[6] and Brown (1989)[7] outlined 
the procedure for the development of core collection 
by using information on the origin and characteristics 
of the accessions. The issues that should be taken into 
consideration while developing a core are the size, the 
sampling strategy, the grouping within the collection, and 
the number of accessions to be included in the core from 
each group. The core collection should be about 10% of 
the total collection that will retain over 70% of the alleles 
in the whole collection[7]. Using the stratified sampling, 
the collection is first divided into non-overlapping groups 
or strata, and then a simple random sampleis drawn 
from within each group. Passport and characterization 
data may be used to determine the groups within the 
germplasm collection. The hierarchy of groupings begins 
with the groupings suggested by taxonomy followed 
by assigning accessions to major geographic groups or 
agro-ecological regions. Clustering within the broad 
geographic group could be done based on information 
from available genetic diversity, cytological variation, 
marker loci or quantitative traits, and data on stress 
tolerances. Collection with abundant discriminating 
data of this type will require a multivariate clustering 
to discern groups of similar accessions[8]. The number 
of accessions selected from each cluster will depend 
on the strategy used. A good core collection should 
have maximum genetic diversity and no genotypically 
redundant entries, should represent the whole collection, 
and should be small enough to manage easily[9].

Core collection has been developed in many crops[10

–14]. Core collection has also been developed in some 
horticultral plants. Johnson et al developed a core subset 
(CS) of 210 safflower accessions based on branching 
pattern, flower color, flowering time, growth habit, head 
diameter, plant height, iodine number, lysine content, 
oil content, and spineless on 2000 accessions from 50 
countries[15]. The present study was therefore aimed to 
develop a CS of sweet osmanthus based on four groups, 
12 qualitative traits and 5 quantitative traits.

2  Materials and Methods

We used 122 accessions of four groups described by 

Xiang (2008) to develop the CS for sweet osmanthus 
(Table 1). The accessions were first stratified by group. 
The data on 12 qualitative traits in each group was stan-
dardized using the range of each variable to eliminate 
scale differences[16]. The standardized data was subjected 
to the hierarchical cluster algorithm of Ward[17], using 
SPSS13.0. This method optimizes an objective func-
tionbecause itminimizes the sum of the square within 
groups and maximizes the sum of squares among groups. 
The agglomerative procedure starts with n groups (i.e., 
one observation in one group; maximum among group 
sum of squares), and proceeds by merging observations 
in groups so that the between-groups sum of squares 
decreases  and within-groups sum of squares increases. 
In certain cases the within-groups sum of square will 
remain the same, but it will never decrease[18]. From each 
cluster, 30% of the accessions were randomly selected 
for inclusion into the CS. At least one accession was 
included from those clusters that had less than 3 acces-
sions.

Means of the entire collection (EC) and CS for the 12 
morphological descriptors were compared using New-
man-Keuls procedure[19]. The homogeneity of variances 
of the EC and CS was tested with the Levene’s test[20]. 
The distribution homogeneity for each descriptor among 
the EC and the CS was analyzed by the χ2-test. The phe-
notypic correlation among different traits in the EC and 
CS was estimated to know whether these associations, 
which may be under genetic control, were conserved in 
the CS. 

3  Results                        

A CS of 38 accessions was established from 122 sweet 
osmantus accessions. These 38 accessions were arrayed 
into 4 distinct clusters (Table 2). Albus Group and Luteus 
Group accounted for 66.4% (81 accessions) of the acces-
sions in the EC, and this predominance was also reflected 
in the CS that contain, 65.8% (25 accessions) of the ac-
cessions from the two groups. About 13.1% (5) of the ac-
cessions in the CS were from Asiaticus Group, 21.1% (8) 
from Aurantiacus Group.

The ranges, means, and variances of the 12 qualita-
tive traits and 5 quantitative traits are given in Table 3. 
Differences among means of the EC and CS for the 12 
qualitative traits used in developing the CS were not 
significant, and the variances of the EC and CS were 
homogeneous for all the traits. The CS captured 100% 
range variation for 10 qualitative traits and 90% for leaf 
margin and shape of spring leaf. The differences between 
means and variances of the EC and CS for the 5 quantita-
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tive traits were also not significantly different. The CS 
captured over 90% range variation for three quantitative 
traits (Leaf length, Corolla diameter and Length of pedi-
cel ).

Table 2. Group representation of accessions in EC and CS
in sweet osmanthus

Group No. of accessions in EC No. of accessions in CS
Asiaticus 14 5

Albus 46 15
Luteus 35 10

Aurantiacus 27 8

The analysis of  frequency distribution of 12 morpho-
logical descriptors indicated the homogeneity of distribu-
tion among the EC and CS inferred from probability (> 
0.05) (Table 4).

Ortiz et al emphasized the importance of proper and 
adequate sampling for the conservation of phenotypic 

associations arising from coadapted gene complexes in 
core collection[21]. There is a fair degree of similarity in 
phenotypic correlation coefficients among qualitative and 
quantitative traits, suggesting that this CS has preserved 
most of the co-adapted gene complexes controlling these 
associations. The correlation (r) values were low but 
significant (48 and 42 correlation coefficients in EC and 
CS, respectively in Table 5 and 7 and 6 correlation coef-
ficients in EC and CS, respectively in Table 6), indicating 
that these correlation’s did not explain a large fraction of 
the total variation.

The Shannon-Weaver diversity index (H′) was used to 
measure allelic richness and evenness in the EC and CS. 
A low H′ indicates an extremely unbalanced frequency of 
classes for an individual trait and a lack of genetic diver-
sity. In the present study, H′ values for all the 12 qualita-
tive traits and quantitative traits were similar in the EC 
and CS (Table 7), indicating that the diversity of the EC 
was represented in the CS.
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Table 1. List of morphological descriptors recorded on 122 sweet osmanthus accessions 

Morphological descriptor Abbreviation Classes and stage of evalution
Qualitative traits

Growth habit GH shrub-1, tree-2, shrub or tree-3
Growth status GS vigorous-1, medium vigorous-2, slight vigorous-3

Shape of tree crown
STC

ellipsoidal-1, spheroidal-2, spheroidal or broad spheroidal-3, ovoid-4, ellipsoidal or 
spheroidal-5, ovoid or spheroidal-6, oblate spheroidal-7, long spheroidal-8, obovoid-9, 
irregular spheroidal-10

Leaf margin LM entire or nearly-1, entire-2, thin serrate-3, serrate-4, entire or sprase serrate-5, entire or 
serrate-6, always serrate-7, dense serrate-8, sprase serrate-9

Base of leaf BL cuneate-1, narrow cuneate-2, cuneate or narrow-3, broad cuneate-4, rounded-5
Shape of spring leaf

SPL

elliptic-1, obovate-elliptic-2, obovate-ellipticto broad elliptic-3, broad elliptic to rounded-4, 
elliptic to broad elliptic-5, obovate or obovate-ellipticto-6, elliptic to elliptic-lanceolate-7, 
elliptic-lanceolate-8, linear-lanceolate-9, oblanceolate-10, elliptic to ovate-elliptic-11, 
linear-12, oblong-lanceolate-13, lanceolate-14

No. buds per node NBN 1 pair-1, 2 pairs-2, 1-2 pairs-3, 1-3 pairs-4, 2-3pairs-5, 3-4pairs-6
Corolla color

CC
Yellow white-1, milky white-2, silvery white-3, milky yellow-4, white-5, light orange-6, 
orange yellow-7, light yellow-8, golden-yellow-9, yellow-10, deep yellow-11, deep orange 
yellow-12, orange red-13

Expand mode of corolla EMC spreading-1, inclined-2, spreading or inclined-3, reflexed-4, unexpanding-5
Shape of corolla lobe SCL elliptic-1, ovate-2, obovate-3, oblong-4, linear-5, elliptic orrounded-6, obovate or elliptic-7

No. flowering of every year NFE 1 time-1, 2 times-2, 1-2 times-3, 2-3 times-4, 3-4 times-5, time after time-6
Pistil PI fruit-1, sterile-2, abortive-3

Leaf length (cm) LL Average length
Length of petiole (mm) LP Average length

No.of leaf side venation (pair) NLV Average pair
Corolla diameter (mm) CD Average diameter
Length of pedicel (mm) LPE Average length
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Table 4. Chi-square test and probability for comparison of 
frequency distribution of  12 qualitative traits between

the CS and entire sweet osmanthus collection
Descriptor No. of classes χ2 Probability

GH 3 0.831 0.660
GS 3 0.239 0.887

STC 8 3.057 0.962
LM 8 5.015 0.756
BL 5 1.015 0.908
SPL 13 4.494 0.985
NBN 6 2.701 0.746
CC 14 6.490 0.927

EMC 4 2.661 0.616
SCL 7 1.203 0.977
MFE 6 1.014 0.908

PI 3 0.888 0.641

4  Discussion

Based on the conception and the significance of the 
core collection, and the characteristics and the status of 
germplasmand core collection of horticultural plants, we 
should quickly set up some core collections of traditional 

famous and important horticultural plants aimed at mak-
ing full use of the germplasm resources,  promoting in-
novation ability of germplasm resources and propelling 
horticultural industry[22]. Sweet osmanthus, as a tradition-
ally popular flower in china, should set up core collection 
and possess the condition by the efforts of the scientists 
of International Cultivars Regitration Center For Osman-
thus. In the present study we developed core cellection 
of sweet osmanthus base on 12 qualitative traits and 5 
quantitative traits described in Xiang’s an Illustrated 
Monograph of the sweet Osmanthus Cultivars in China. 
We expect to provide some help for protecting of germ-
plasm resources and breeding of sweet osmanthus. 

Suresh and Balakrishnan compared the diversity of 
the core sample with that of the whole collection using 
six different sampling strategies. The pool diversity in-
dex based on 28 descriptors was close to the diversity of 
the whole collection. However, when accessions from 
different diversity groups were allocated with equal fre-
quency or in proportion to the logarithm of the number 
of accessions in each group or in the proportion to the 
square root-proportion of the number of accessions in 
each group, the resultant core sampleshad higher levels 
of diversity than the whole collection[23]. Liu et al also re-
ported that a core of 719 mungbean accessions, roughly 
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Table 3. Range, mean, and variance of 12 qualitative traits and 5 quantitative traits recorded in the EC and CS of sweet osmanthus

Qualitative
traits

Range Mean*

Significance
Variance**

EC CS EC CS EC CS F-value P-value
GH 1 – 3 1 – 3 2.2 2.3 NS 0.57 0.49 0.325 0.570
GS 1 – 3 1 – 3 1.5 1.4 NS 0.38 0.41 0.027 0.871

STC 1 – 10 1 – 10 3.4 3.5 NS 6.54 7.18 0.012 0.914
LM 1 – 9 1 – 8 4.0 4.1 NS 4.76 4.48 0.071 0.791
BL 1 – 5 1 – 5 2.9 2.9 NS 2.53 2.69 0.087 0.769
SPL 1 – 14 1 – 13 6.4 6.1 NS 14.53 14.75 0.019 0.891
NBN 1 – 6 1 – 6 3.7 3.4 NS 2.05 2.07 0.191 0.663
CC 1 – 13 1 – 13 6.1 6.2 NS 16.42 17.74 0.160 0.690

EMC 1 – 5 1 – 5 2.0 2.2 NS 0.62 0.86 1.513 0.220
SCL 1 – 7 1 – 7 3.5 3.4 NS 3.66 3.44 0.153 0.696
NFE 1 – 6 1 – 6 2.6 2.7 NS 2.84 3.22 0.703 0.403
PI 1 – 3 1 – 3 1.8 1.8 NS 0.22 0.19 2.434 0.121

LL (cm) 6 – 14.5 7 – 13 9.8 10.0 NS 2.93 2.27 0.342 0.559
LP (mm) 5 – 15 6 – 15 9.8 9.8 NS 4.68 5.67 0.474 0.492

NLV (pair) 6 – 12 6 – 12 8.5 8.5 NS 1.63 1.92 0.236 0.628
CD (mm) 4.5 – 12 6 – 11 7.7 7.6 NS 2.56 2.85 0.517 0.473
LPE (mm) 4 – 14.5 5 – 14.5 8.5 8.4 NS 5.31 5.18 0.135 0.714

*: NS (Non significant) at 0.05; **: Differences between mean of EC and CS were tested by Newman-Keuls test, and variance homogeniety 
was tested by Levene’s test.
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Table 6. Correlation coefficients between 5 quantitative traits  in 
the EC (above diagonal) and CS (below diagonal)

of sweet osmanthus
LL LP NLV CD LPE

LL – 0.350* 0.342* 0.172 – 0.021
LP 0.320** – 0.281* 0.068 0.222*

NLV 0.460** 0.223** – 0.071 – 0.217*

CD 0.249** 0.086 0.198* – 0.439**

LPE 0.102 0.203* 0.009 0.437** –
* and **: Significant at 0.05 and 0.01 probability level, 
respectively.

Table 7. Shannon-Weaver diversity index for 12 morphological 
and 5 quantitative traits in the ES and CS of sweet osmanthus
Qualitative traits EC CS

GH 1.05 0.99
GS 0.85 0.85

STC 1.84 1.77
LM 1.46 1.43
BL 1.51 1.44
SPL 2.08 2.03
NBN 1.50 1.60
CC 2.32 2.28

EMC 1.10 1.12
SCL 1.57 1.66
NFE 1.41 1.49
PI 0.64 0.59

LL (cm) 2.54 2.35
LP (mm) 2.77 2.61

NLV (pair) 2.20 2.14
CD (mm) 2.49 2.43
LPE (mm) 2.75 2.51

14.2% of the 5072 accessions, represented the whole col-
lection[24]. The accessions were stratified by group, and 
data on 12 qualitative traits and 5 quantitative traits were 
used for clustering following Ward’s method. About 30% 
of the accessions were randomly selected from each clus-
ter to constitute a CS of 38 accessions. Mean compari-
sons using t-test, frequency distribution using χ2-test, and 
Shannon-Weaver diversity index of 17 descriptors indi-
cated that the genetic variation available for these traits 
in the EC has been preserved in the CS. There was a fair 
degree of similarity in phenotypic correlation coefficients 
among traits in the EC and CS, suggesting that this CS 
has preserved most of the co-adapted gene complexes 
controlling these associations.
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Abstract
Background. Suicide gene therapy using herpes simplex virus type-1 (HSV-1) thymidine kinase (TK) is a widely 

exploited approach for gene therapy of cancer and other hyperproliferative disorders. Despite its popularity, clinical 
success has been so far hampered mostly by the relative inefficiency of TK gene transfer and its limited bystander ef-
fect. Materials and Methods. Here we report that fusion of TK to HIV-1 Tat protein with different Gly linker imparts 
cell membrane translocating ability to the enzyme and significantly increases its cytotoxic efficacy, and Gly4 linker be-
tween fusion protein show a major impact to enhancement of TK tumor cells killing compared to Gly0, Gly2 and Gly6. 
Experiments were performed by incubated HepG2 cells with Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10 μg/ml different Gly linker fusion proteins. Results. The clearance of TK-expressing cells is confirmed by Immu-
nofluorescence assay and results show that transcellular transfer of active HSV-1 thymidine kinase could be mediated 
by HIV-1 Tat. Meanwhile, the proportion of apoptosis cells detected by cell flow cytometry and survival cell popula-
tions by trypan blue suggested that the remarkable enhancement of fusion protein with Gly4 linker cytotoxicity can be 
detected in different group in vitro. Conclusions. This modification of TK might constitute an important step in the op-
timization of TK suicide gene strategy for gene therapy of cellular proliferation. [Life Science Journal. 2009; 6(2): 23 – 
28] (ISSN: 1097 – 8135).

Keywords: thymidine kinase; Tat; glycine; internalization effects 

1  Introduction

Thymidine kinase (TK) from human herpes simplex 
virus type 1 (HSV-1) is the most extensively exploited 
gene for the control of cellular proliferation in gene 
therapy[1]. Cells expressing TK convert the nucleoside 
analogues acyclovir (ACV) and ganciclovir (GCV) 
into their phosphorylated forms, which are in turn 
incorporated into replicating DNA where they block 
further chain elongation and consequently induce cell 
death[2]. Prodrug gene therapy using TK has found 
application in several instances. However, the results so

far obtained have shown only marginal clinical benefit, 
mainly due to the poor rate of delivery of the HSV-
TK gene to tumor cells[3,4]. In the last few years, some 
proteins, which present the unusual characteristic of 
crossing the cell membranes through noncanonical 
processes of secretion or internalization, have been 
described. In particular, chemical cross linking of Tat 
peptides with heterologous proteins[5] or more efficiently, 
production of recombinant proteins facilitates the 
intracellular delivery of these proteins. Monica and her 
colleagues have recently observed that recombinant 
proteins fused to full-length Tat (86 amino acids) 
efficiently enter the cells when present in the extracellular 
medium and are readily transported to the nucleus in an 
active form[6–8]. 

Given this peculiar characteristic of fusion protein, the 
Supported by the National Key Technologies R & D Program of China 
during the 10th Five-Year Plan Period (Grant No. 2004BA719A13).
*Corresponding author. Tel: 86-371-65027108; Email: johnyu@zzu.edu.cn
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success of this approach depends on the possibility either 
of expressing the suicide gene in the majority of cancer 
cells (a still unrealistic possibility) or of extending its 
effect to a proportion of cells sufficiently large to achieve 
complete cell killing after prodrug treatment. As far as 
the latter possibility is concerned, further improvements 
in the TK gene approach might also benefit from 
prolonged persistence of the K-producing cells in the 
context of the tumor mass for the whole duration of 
GCV treatment. Meanwhile, how to construct the fusion 
protein that confers TK a remarkably therapeutic efficacy 
is not still defined. To address this question well, we 
constructed a series of HIV-1-Tat-TK fusion protein 
that contained Gly0, Gly2, Gly4 or Gly6 different linker 
between them. Our results show that fusion of Tat to TK 
permits transcellullar transfer of the enzyme in HepG2 
cells, and the remarkable enhancement of fusion protein 
with Gly4 linker cytotoxicity can be detected in different 
group in vitro.

2  Materials and Methods

2.1 Materials
Plasmid pcDNA3-TK containing TK gene, pcDNA3-

Tat carrying truncated HIV-Tat (1 – 200 nt) gene and E. 
coli DH5α were maintained in our laboratory. Eukaryotic 
expression vectors pcDNA3 and prokaryotic expression 
vector-PBK were from Invitrogen Co., Netherlands. Puri-
fication kit for PCR product was obtained from QIAGEN 
Company (Germany). Restriction endonucleases such as 
EcoRI, BamHI, and T4 DNA ligase were from Huamei 
Bioengineering Company (Luoyang, China). All the PCR 
primers used in the study were designed by Genebank 
and synthesized by Takara Ltd. (Dalian, China). Sepha-
dex G-100 and Sepharose CL-4B were from Pharmacia 
Ltd. Monoclonal antibodies of HIV-Tat and TK proteins 
were gently gift from MD. Zqi Han, Medical College 
North-western University, USA.

2.2 Chimer genes preparation
Primers for polymerase chain reaction (PCR): Re-

combinant protein of HIV Tat and TK gene containing 
2 glycines. HIV Tat left primer: 5'-GTGGATCCATG-
GAGCCAGTAGATCCTA-3', HIV Tat: 5'-ATCGA 
AGCATACCTCCCTTTTCCTTCGGGCCAG-3'; TK 
left primer: 5'-GGAGGTATGCTTCGTAC CCCT-
GCCATC-3', TK right primer: 5'-CAGGATCCAGT-
TAGCCTCCCCCATCTC-3'.

Recombinant protein of HIV Tat and TK gene contain-
ing 4 glycines HIV Tat left primer: 5'-GTGGATCCAT-
GGAGCCAGTAGATCCTA-3', HIV Tat right primer: 

5'-GCATACCTCCACCTCCCTTTTCCTTCGGGC-
CAG-3'; TK left primer: 5'-GGAGGTGGAGGTAT-
GCTTCGTACCCCTGCC-3', TK right primer: 5'-CAG-
GATCCAGTTAGCCTCCCCCATCTC-3'.

Recombinant protein of HIV Tat and TK gene contain-
ing 6 glycines HIV Tat left primer: 5'-GTGGATCCATG-
GAGCCAGTAGATCCTA-3', HIV Tat right primer: 5'-A 
CCTCCACCTCCACCTCCCTTTTCCTTCGGGC-3'; 
TK left primer: 5'-GGAGGTGGAGGTGGAGGTAT-
GCTTCGTAC-3', TK right primer: 5'-CAGGATC-
CAGTTAGCCTCCCCCA TCTC-3'.

2.3 Ligation of objected genes and clone
2.3.1 The 1st ligation of Tat and TK (Recombinant 
protein containing 0 or 2 glycines). Extracted the 
pcDNA3-Tat and pcDNA3-TK plasmid as routine 
methods, HIV Tat left primer: 5'-GTGAATTCATG-
GAGCCAGTAGATCCTA-3' (containing EcoRI site, 
underline showed), HIV Tat right primer: 5'-ATC-
GAAGCATACCTCCCTTTTCCTTCGGGCCAG-3', 
TK left primer: 5'-GGAGGTATGCTTCGTACCCCT-
GCCATC-3', TK right primer: 5'-CAGGATCCAGT-
TAGCCTCCCCCATCTC-3' (containing BamHI site, 
underline showed), amplified Tat and TK gene, the PCR 
profiles were denaturation at 92 ºC for 30 s, annealing at 
55 ºC for 30 s, and extension at 72 ºC for 60 s for 30 cy-
cles, at last extension at 72 ºC for 10 min. Amplification 
products were resolved by agarose gel electrophoresis, 
stained with ethidium bromide, and quantified until use.

The ligation of antisense fragment of TK gene with 
HIV Tat gene segment was performed by gene SOEing 
PCR[11] with Puf enzyme. Briefly, there were a sense and 
antisene sequence between the primers of Tat and TK 
gene (underline showed): HIV Tat right primer: 5'-ATC-
GAAGCATACCTCCCTTTTCCTTCGGGCCAG-3', TK 
left primer: 5'-GGAGGTATGCTTCGTACCCCTGC-
CATC-3' (Slanting base pairs are codon of glycine). The 
above products of Tat and TK were mixed as a certain 
proportion. The fragment of HIV Tat-(Gly)2-TK was fur-
ther amplified by PCR with the major round to be 92 ºC 
for 30 s, 50 ºC for 45 s and 72 ºC for 60 s for 30 cycles, 
and the final extension step being 10 min at 72 ºC, in 
which the HIV Tat left primer: 5'-GTGAATTCATG-
GAGCCAGTAGATCCTA-3', and the TK right primer: 
5'-CAGGATCCAGTTAGCCTCCCCCATCTC-3', were 
employed as primers. Amplification products were re-
solved by agarose gel electrophoresis, stained with ethid-
ium bromide, and quantified for the next PCR ligations 
or cloned. 
2.3.2 The 2nd ligation of Tat and TK (Recombinant 
protein containing 4 glycines). The above prod-
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ucts of HIV Tat-(Gly)2-TK were amplified, HIV Tat 
left primer: 5'-GTGAATTCATGGAGCCAGTAG-
ATCCTA-3', HIV Tat right primer: 5'-GCATACCTC 
CACCTCCCTTTTCCTTCGGGCCAG-3' and TK left 
primer: 5'-GGAGGTGGAGGTATGCTTCGTACCCCT-
GCC-3' ,  TK right primer: 5 '-CAGGATCCAGT-
TAGCCTCCCCCATCTC-3' was employed as two pair 
primers to amplify respectively for the first step PCR. The 
two products of the first step PCR were mixed as a cer-
tain proportion, HIV Tat left primer: 5'-GTGAATTCAT-
GGAGCCAGTAGATCCTA-3' and TK right primer: 
5'-CAGGATCCAGTTAGCCTCCCCCATCTC-3' were 
employed for the 2nd step PCR. Amplification products 
were resolved by agarose gel electrophoresis, stained 
with ethidium bromide, and quantified for the next PCR 
ligations or cloned.
2.3.3 The 3rd ligation of Tat and TK (Recombinant 
protein containing 6 glycines). The above prod-
ucts of HIV Tat-(Gly)4-TK were amplified, HIV Tat 
left primer: 5'-GTGAATTCATGGAGCCAGTAG-
ATCCTA-3', HIV Tat right primer: 5'-ACCTCCACCT 
CCACCTCCCTTTTCCTTCGGGC-3' and TK left 
primer: 5'-GGAGGTGGAGGTGGAGGTATGCTTC-
GTAC-3', TK right primer: 5'-CAGGATCCAGTTAG 
CCTCCCCCATCTC-3' were employed as two pair prim-
ers to amplify respectively for the first step PCR. The 
two products of the first step PCR were mixed as a cer-
tain proportion, HIV Tat left primer: 5'-GTGAATTCAT-
GGAGCCAGTAGATCCTA-3' and TK right primer: 5'- 
CAGGATCCAGTTAGCCTCCCCCATCTC-3' were 
employed for the 2nd step PCR. Amplification products 
were resolved by agarose gel electrophoresis, stained 
with ethidium bromide, and quantified for clone.

2.4 Clone and determination of ligation products
2.4.1 Determination of chimer Tat-Gly-TK gene. The 
above 3 kinds of PCR ligation products, pcDNA3-TK 
and PBK vector were digested by EcoRI and BamHI, 
purified, ligated by T4 ligase. Ligation products were 
transferred into DH5α with routine principle, sifted and 
maintained at 37 ºC, poke out single clone of DH5α and 
cultured. Both of the newly-constructed vectors were 
confirmed by restriction endonuclease digestion, PCR 
with specific primers and finally by DNA sequencing 
(Baosheng Co., Dalian, China).
2.4.2 Expressed and extracted of the recombinant Tat-
Gly-TK protein. The positive E. coli after determination 
was planted in LB medium with gentamicin, culture at 37 
ºC. While OD value (A600) of E. coli was coming to 0.4 – 
0.6, isopropyl-1-thio-β-D-galactoside (IPTG, destined ti-
ter, 0.4 mM) was added and induced expressed, collected 

the E. coli after 6 h, destroyed the E. coli by ultrasonic in 
ice-cold and washed by 4 M urea buffer[12–14]. 
2.4.3 Recovery and purified of the recombinant Tat-
Gly-TK protein. E. coli were resolved into the buffer 
containing 8 M urea, passed Sephadex G-100 and ac-
quired the crude protein. The crude protein were incu-
bated in pH 8.0 buffer (containing 10 mM PBS, 5 mM 
reduction-glutathione, 2 mM oxidation-glutathione) at 
16 ºC for 12 h, after purifying through Sepharose CL-
4B which was incubated with HIV Tat monoclonal anti-
body[9] or TK protein monoclonal antibody, and recombi-
nant proteins were loaded on a 10% SDS-polyacrylamide 
gel and visualized by Coomassie Blue staining[12–14]. 
2.4.4 Determination on the biological property of 
Tat-Gly-TK. Cells: To study the biological property 
of recombinant Tat internalization, HepG2 cells were 
divided into 6 groups (HIV Tat protein group, Tat-TK 
protein group, Tat-(Gly)2-TK protein group, Tat-(Gly)4-
TK protein group, Tat-(Gly)6-TK protein group and the 
positive control TK protein) and seeded in 8-well dishes 
at the density of (1 – 2) × 104 cells/cm2 in DMEM con-
taining 10% fetal calf serum. After 24 h, cell cultures 
were washed twice and incubated for an additional 24 h 
in fresh medium containing 10% fetal calf serum, 100 
µM chloroquine, and recombinant Tat protein. Incuba-
tion in the presence of chloroquine favors Tat uptake by 
modifying the pH of endolysosomal vesicles and pre-
venting protein degradation[10,11]. After 24 h, the medium 
was changed to DMEM, 10% fetal calf serum, and cells 
were incubated for an additional 24 h. At the end of in-
cubation, cells were fixed and determined by immuno-
staining. Alternatively, cells were cultured for 3 days 
continued with DMEM containing 10 μg/ml gencilorvir, 
at last cells collected, stained by trypan blue and ana-
lyzed by FACS[12]. 

Immunofluorescence assay and trypan blue exclu-
sion test: Fixed cells were washed twice with 0.1% Tri-
ton X-100 in PBS for 10 min and incubated with mono-
clonal antibodies of HIV Tat in PBS supplemented with 
0.15% glycine and 0.5% bovine serum albumin. Images 
obtained by microscopy using an Olympus FV300 micro-
scope. Green-fluorescence in cells showed recombinant 
Tat internalization. Meanwhile, the photograph recorded 
cell shapes and the survival cell ratio was assessed by the 
0.1% trypan blue exclusion test on the 3rd day of post-
transfection and the data determined were analyzed by 
statistics (t-test).

Flow cytometry: To analyze HIV Tat internalization 
by cell cytometry, cells were washed four times with 
PBS, stained by ethidium iodide, washed with PBS again 
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and analyzed with a FACScan flow cytometer (Becton 
Dickinson). A total of 10000 events per sample were 
considered.	

3  Results

According to the length of glys in the HIV Tat-(Gly)n-
TK, the diffreent primers were employed for the first 
PCR or the second PCR. We acquired a series of chimer 
genes of  HIV Tat-(Gly)n-TK inserted different numbers 
of glycines, and fragments were about 1200 bp as ex-
pected (Figure 1).

Figure 1. PCR of four fragments which contained 0, 2, 4 or 6 
Glycines. M: Marker; Lane 1: HIV Tat-TK; Lane 2: HIV Tat-
(Gly)2-TK; Lane 3: HIV Tat-(Gly)4-TK; Lane 4: HIV Tat-(Gly)6-
TK.

3.1 SDS-PAGE of recombinant protein
The chimer genes of HIV Tat-(Gly)n-TK were ex-

pressed in E. coli and purified by Sepharose CL-4B dec-
orated by Tat monoclonal antibody, SDS-PAGE (Figure 
2). Recombinant proteins were loaded on a 10% SDS-
polyacrylamide gel and visualized by Coomassie Blue 

staining. The weight was about 53 KD as expected (the 
protein of HIV Tat-(Gly)6-TK gene expressed is the same 
as HIV Tat-(Gly)4-TK, the data isn’t shown).

Figure 2. SDS-PAGE of recombined protein after purify. M: 
Marker; Lane 1: HIV Tat-TK; Lane 2: HIV Tat-(Gly)2-TK; Lane 
3: mixture protein of E. coli after ultrasonic destroy; Lane 4: HIV 
Tat-(Gly)4-TK; Lane 5: HIV Tat-(Gly)6-TK. 

3.2 Immunofluorescence assay 
HepG2were incubated with the fusion protein of HIV 

Tat-(Gly)n-Tk for 3 days, and the cells were determined 
by immunofluorescence assay. Excepted for TK group, 
the green-fluorescence was showed in the Cells of the 
other 5 groups and the ratios of translocation to the 
nucleus in 5 groups were the same extend. But in the TK 
group, there was no green-fluorescence in the cells. Im-
ages were obtained by microscopy (Figure 3). 

3.3 Assessment by trypan blue exclusion test
The lethiferous effect of HIV-Tat-(Gly)n-TK on the 

HepG2 cells was continued to be aggravated on the 3rd 

day post-transfection, in which the majority of the trans-
fected HepG2 cells were observed shrunken, rounded in 
shape and even dead. With the assessment by trypan blue 
exclusion test, the dead cell ratios of recombinant pro-
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teins containing 0, 2, 4, 6 glycines or pcDNA3-TK (the 
positive on the 3rd day post-transfection) were 58.4%, 
65.4%, 80.2% and 56.7% in order, in the negative control 
(HIV Tat or TK protein group) only 9.1%. There were 
obvious difference in the above groups(t-test, P < 0.05)

3.4 Flow cytometry 
Cells were cultured for 3 days continued with DMEM 

containing 10 μg/ml gencilorvir.  After scan of FACScan 
flow cytometer, the apoptosis cell ratios of recombinant 
proteins containing 0, 2, 4, or 6 glycines on the 3rd day 
post-transfection were 8.31%, 12.69%, 14.77% or 4.36% 
in order and in the control (HIV Tat or TK protein group) 
was only 1.00%. There were obvious difference in the 
above groups (t-test, P < 0.05).

4  Conclusion

The efficacy of HSV-1 TK-GCV suicide gene therapy 
of cancer, as well as of other hyperproliferative condi-
tions including arterial restenosis, has been widely at-
tributed to the bystander effect[13,14]. This phenomenon 
is credited with providing complete tumor regression 
when only a small percentage of tumor cells express the 
enzyme. However, the marginal clinical benefit so far 
observed in patients clearly indicates that the natural 
bystander effect of TK does not sufficiently compensate 
a poor rate of delivery of the HSV-TK gene to tumor 
cells[15,16]. Thus, clinical effectiveness of suicide gene 
therapy is entirely dependent, on the one hand, on the de-
velopment of novel strategies to increase bystander cell 
killing and, on the other and, on the improvement of the 
efficacy of gene transfer. 

In this work, we show that tagging TK with HIV-1 
Tat confers trafficking capacity to the enzyme and a 
major impact to enhancement of TK tumor cells killing 
was observed in the Gly4 linker between fusion protein 
compared to Gly0, Gly2 and Gly6. Different chimer genes 
were obtained by DNA recombinant technique and then 
clone into prokaryotic expression vector – PBK, fu-
sion protein purified by monoclonal antibody of HIV 
Tat, containing 0, 2, 4, or 6 glycines linker, cultured 
with HepG2 cells, proportion of apoptosis cell 8.31%, 
12.69%, 14.77% or 4.36%, respectively, suggested that 
fusion protein inserted Gly4 between them contributed a 
remarkable enhancement of TK activity to HepG2 kill-
ing, these results are agreement with trypan blue stain 
experiment.

Taken together, these results indicate that Tat may 
serve as a protein delivery tool by which candidate pro-
teins can be administered in a functional form to HepG2 

cells. It must be appreciated that a 1-fold to 2-fold ampli-
fication in TK efficacy might not be sufficient in itself to 
render this suicide gene therapy approach of cancer im-
mediately effective in a clinical setting. However, such 
amplification in protein delivery might be additive to the 
other ameliorations to TK gene therapy that are currently 
being considered, including amino acid modification to 
increase enzymatic efficacy[17,18], increased canonical by-
stander effect[19,20], and, clearly, improved gene delivery. 
It is conceivable that clinical success might eventually be 
attained through a combination of improvements in all 
these different aspects of suicide gene therapy.
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Abstract
Employing Monte Carlo simulation method, we have studied randomness-induced evolution of the first-order to the 

second-order phase transition in two-dimensional six-state Potts model system. Biological applications of the Potts 
model are developed very much recently. We change the transition from first-order to second-order through tuning the 
bonds strength or the concentration of void bonds. The evolution of phase transition in two-dimensional six-state Potts 
system is examined with energy histogram and the Binder cumulant analysis. [Life Science Journal. 2009; 6(2): 29 – 
32] (ISSN: 1097 – 8135).

Keywords: Monte Carlo; randomness; Potts model; phase transition 

1  Introduction

It has attracted much interest that randomness 
influences cellular phase transition behavior both in 
theoretical and experimental studies. The disorder 
produced by porous media reveals experimental evidence 
of randomness affecting phase transition of a system. For 
a system exhibiting continuous phase transition in pure 
case, the quenched bond randomness or field randomness 
can change the value of critical exponent and may even 
eliminate the phase transition[1–3]. The phenomenological 
renormalization-group arguments[4–5] suggest that 
addition of bond randomness can smoothen the first order 
phase transition and induce a continuous phase transition. 
This conjecture arises recent research interest to explore 
randomness effect upon the nature of phase transition 
with second-order system, which originally carried on 
the first-order phase transition in the pure case[4–8]. As for 
experimental work, extensive studies of the isotropic to 

nematic phase transition of nCB liquid crystals in 
aerogel shows that the transition temperature is lowered 
compared with the pure situation[9–12].

It is well known that the Potts model possesses 
fruitfully critical behavior. The q-state Potts model on 
two-dimensional cellular lattices exhibits temperature-
driven phase transition both in first-order and second-
order[14]. The phase transition is first-order for q > 4 and is 
continuous for q ≤ 4. So it could be a good candidate for 
testing the emergence of randomness-induced evolution 
of the first-order to second-order phase transition. Chen 
S et al[6–7] and Janke W[15] have performed Monte Carlo 
simulation study for the random bond Potts model in 
two-dimensional system with strong first-order region (q 
= 8). Yet some debated contradiction appears between 
the works of Chen S et al and Janke W demonstrates that 
quenched random-bond induces the second-order phase 
transition in two-dimensional eight-state Potts model. 
On the contrary, Janke W et al ascertain that the phase 
transition remains the first-order on random lattices in 
the same model. Paredesv R et al[13] study the five-state-
Potts model with weak first-order region, and Yang CS et 
al[8] study the three-state Potts anti-ferromagnetic model 
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on triangular lattice. Both models appear variation of the 
nature in phase transition induced by randomness.

In order to illustrate the randomness-induced change of 
the nature in phase transition, we investigate the six-state 
Potts model with various random by means of Monte 
Carlo simulation. Because the system has first-order 
phase transition in pure case, we may alter the nature 
of phase transition to the second-order through diluting 
the system, randomly introducing certain concentration 
of blank bonds or weakening strength of partial bonds. 
Applying field on the system, random effect also induce 
the change of nature in phase transition. We examine the 
evolution of phase transition in two-dimensional six-
state Potts system with energy histogram and the Binder 
cumulant analysis in this study.

2  Model

The Hamiltonian of a six-state Potts model with 
quenched random interaction can be written as follows:

H = ∑Kijδσiσj

Where δ is a Kronecker delta function; the spin σi can 
take on the values 1, 2, 3 ... 6; < i, j > indicates summa-
tion over all nearest-neighbor pairs of sites. The coef-
ficient Kij is the nearest-neighbor (< i, j >) random bond 
coupling constant, which can be randomly selected ac-
cording to the following distribution.

P(Kij) = fδ(Kij – Kα) + (1 – f)δ(Kij – Kβ)
Where f is a positive real number smaller than or equal 

to 1. Two differently prescribed random cases are stud-
ied. (1) The self-dual system (SD system): we randomly 
assign half of the total bonds to be the coupling K1, and 
the rest bonds are the coupling K2. The strength ratio is 
r = Ka/Kb. (2) The random dilution system (RD system): 
partial bonds is void, i.e. r → 0. In order to investigate 
the evolution of phase transition, we tune the strength 
and the concentration of blank bonds systematically. In 
SD system we set the normal bond coupling (Kb) to be 
one, and then decrease the strength ratio to make the pure 
system uneven. In RD system we gradually increase the 
concentration of blank bonds from zero.	

3  Simulation and Analysis

Consider a two-dimensional square lattice with frac-
tion f as quenched bonds and fraction (1 – f) as normal 
bonds. We perform extensive simulation on 90 × 90 lat-
tices with periodic boundary conditions. The Monte Car-
lo steps are up to 106 typically. The first 20% of the steps 
are discarded, and we accumulate the remaining data at 

equilibrium states in our simulation. The temperature of 
the heat capacity peak corresponds to the transition tem-
perature. We explore transition properties by analyzing 
energy histogram near the transition temperature. Usually 
the energy distribution displays a Gaussian type around 
some central energy due to fluctuation at thermal equi-
librium states in a finite size system. As the first-order 
phase transition occurs, there may co-exist two states at 
the transition temperature. The energy histogram would 
display two distinct humps. By analyzing the histogram, 
one may be able to identify the presence of the first-order 
phase transition[15–17].

We study the phase transition of pure system first. 
The behavior of specific heat indicates that the transition 
temperature is T = 0.808. Thus, we explore the energy 
distribution around this temperature extensively. Figure 
1 shows the energy histograms of pure case. The diagram 
displaying energy histogram near the transition tempera-
ture is sensitively dependent on temperature. At T = 0.807, 
the system start to melt, and the energy histogram dis-
plays a double-hump structure – a large right hump and 
a small left one. Then at T = 0.808, the energy histogram 
demonstrates a distinct double-hump structure, which has 
two humps of almost equal size. Just beyond the transi-
tion temperature, at T = 0.809, the energy histogram 
shows an inverse double-hump structure comparing to T 
= 0.807, with large left hump and a small right one. At a 
slight temperature difference away from the transition, T 
= 0.812, the energy histogram falls back Gaussian struc-
ture. Our simulation result reveals that the six-state pure 
Potts model proceeds a first-order phase transition at T = 
0.808.

Figure 1. The energy histograms of pure case. 

We then conduct the systematic study for the effect of 
randomness. The RD system is studied with randomly 
putting blank bonds. Figure 2 displays energy histograms 
of various blank bond fraction f = 0.1, 0.15, and 0.2, 
respectively. The transition temperature decreases with 
increasing the blank bond concentration, T = 0.715, 
0.664, and 0.614, respectively. They display different 
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types of state distribution at transition temperature. The 
distribution of f = 0.1 still demonstrates a distinct two-
hump structure. The histogram of f = 0.15 smears out to 
be a broad single hump. Yet, it is hard to find distinct dip. 
The distribution of f = 0.2 changes into nearly Gaussian 
type. In this case, the nature of phase transition may 
evolve into second-order behavior.

Figure 2. The energy histograms of various empty bond fraction 
f = 0.1, 0.15, and 0.2 in RD system, at transition temperature, T = 
0.715, 0.664, and 0.614, respectively.

In the SD system with randomly selected half of the 
total bonds quenched, we vary the coupling strength 
ratio. Figure 3 displays energy histogram of various 
strength ration r = 0.5, 0.4, and 0.3. The phase transition 
temperature decreases with decreasing strength ratio, T 
= 0.588, 0.540 and 0.484, respectively. The evolution 
of the diagram is similar to that in Figure 2. The energy 
histogram of r = 0.5 and 0.4 displays an unsymmetrical 
broad hump. The distribution of r = 0.3 changes into 
nearly Gaussian type, which shows second-order phase 
transition behavior due to larger bond strength variation. 

As for applying field on the system, we see systematic 
variation of the energy histogram with increasing the 
randomness. Simulation reveals that the nature of first-
order phase transition will change into the second-order 
induced by randomness.

Furthermore we inspect the quantity of the Binder’s 
fourth cumulant of energy defined as VL = 1 – (E4)L/3(E2)2, 
which is used to distinguish numerically between first-
order and continuous transitions. The concept is as the 
following: The energy distribution PL(E) for lattice L  × 
L is described by a single Gaussian. It will reduce to 
δ-function singularity in thermally dynamical limit, while 
the system is away from the transition. The fourth-order 
being reduced cumulant of energy yields the value of 
VL = 2/3, while L → ∞, at T ≠ Tc. And the quantity holds 
at Tc for second-order transition due to Gaussian energy 
distribution. On the other hand, the energy distribution 
PL(E) in finite lattice is considered to be a double Gauss-
ian over a small range around Tc. The corresponding or-
der and disorder states will yield a nontrivial value of VL. 

There will be a minimum value of VL at Tc.

Figure 3. The energy histograms of various strength ratio r = 0.5, 
0.4, and 0.3 in SD system, at transition temperature, T = 0.588, 
0.540 and 0.484, respectively.

Figure 4 displays the Binder’s cumulant VL near the 
transition temperature in RD system. We can find the 
minimum dip of VL at Tc in the pure system and in the 
case of empty bond fraction f = 0.15. Comparatively for 
the case of empty bond fraction f = 0.2, we find the VL is 
very close to 2/3.

Figure 4. The Binder’s cumulant VL near the transition temperature 
in RD system.

Figure 5 displays the Binder’s cumulant VL near the 
transition temperature in SD system. We can also find 
that in the case of strength ratio r = 0.3, VL is very close 
to 2/3. Therefore, we can ascertain the phase transition is 
changed by randomness from first-order to second-order.

Figure 5. The Binder’s cumulant VL near the transition temperature 
in SD system.

4  Conclusion

We have conducted Monte Carlo simulation of two-di-
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mensional six-state Potts model with constant couplings 
and random couplings. With thorough analysis, we have 
found that strength ratio r = 0.3 in SD system and blank 
bond ratio f = 0.2 in RD system will induce the variation 
of phase transition from the first-order to the second-
order.
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Abstract
Objective. This study aimed to evaluate the feasibility of using pulmonary functions and blood biochemical markers 

in monitoring coal dust-induced early lung damages and the status of coal worker’s pneumoconiosis (CWP). Methods. 
Sixty-four coal workers including tunneling workers, coal hewers, ancillary workers and 45 patients with CWP at differ-
ent stages were investigated for their pulmonary functions, routine blood biochemical panel and CC16, SOD, CAT and 
MDA. Results. Among coal workers globulin levels were higher in both tunneling workers (27.67 ± 2.45) and hewers 
(26.71 ± 2.26) than in ancillary workers (25.97 ± 3.39). Compared with coal workers, CWP patients showed decreases 
in VC, FVC, and FEV1 (P < 0.01 for all); those with the stage I and II disease showed lower CAT and higher globulin 
levels (P < 0.01 for both). The decreases of CAT and CC16 levels were associated with the increases of working ages 
(P < 0.05 for both). Conclusions. Pulmonary functions and globulin levels may be used as biomarkers to monitor coal 
dust-induced early lung damages and the CWP progression, respectively. The usefulness of CC16 and CAT levels for 
these purposes is not determined. [Life Science Journal. 2009; 6(2): 33 – 39] (ISSN: 1097 – 8135).

Keywords: coal worker’s pneumoconiosis; pulmonary function; blood biochemical parameters; Clara protein; anti-
oxidative response

1  Introduction

Frequent exposure to coal dusts causes serious diseas-
es, mainly the characteristic coal worker pneumoconiosis 
(CWP); therefore, the effective prevention from the haz-
ardous coal dusts has become a major occupational and 
public health issue. However, up to date, coal dusts still 
pose a great threat to the health of coal workers due to 
the lack of effective monitoring and diagnostic tools for 
coal dust-induced early lung damages.

The current practice for the CWP prevention is mainly 
through the routine monitoring of the pulmonary func-

tions[1–3]. Some studies revealed that damages of pulmo-
nary functions existed not only in the patients of CWP 
but also in many coal workers without an active dis-
ease[4–7]. Interestingly, at diagnosis, many CWP patients 
showed abnormalities of the routine blood biochemical 
panel[8,9], suggesting that the blood biochemical biomark-
ers may be used as markers to monitor the coal dust-in-
duced early lung damages and to determine CWP disease 
progression.

Loss of the oxidation and anti-oxidation balance has 
been proposed to be a leading cause of the damages to 
the alveolar macrophages[10,11]. Superoxide dismutase 
(SOD) and catalase (CAT) are two important enzymes to 
salvage free radicals and their levels are correlated with 
the anti-oxidative capacity of the body[12]. On the other 
hand, malondialdehyde (MDA) is the product of the 
lipid peroxidation, and its levels are correlated with the 
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degree of oxidative stress. Therefore, the levels of these 
molecules may be useful to evaluate the status of oxida-
tion and anti-oxidation, as well as the degree of oxidative 
damages. Although there have been evidences that CWP 
patients and coal miners lost the balance of oxidation and 
anti-oxidation[13–15], whether these molecules are effec-
tive markers for the detection of coal dust-induced early 
lung damages and CWP disease status is still largely un-
known.

Clara cell protein (CC16) is a protein secreted by the 
Clara cells. This protein has strong immuno-suppressive 
and anti-inflammatory activities and participates in many 
pathological and physiological processes. It has been 
shown that the level of CC16 in the bronchial epithelial 
lining fluid was associated with the cytotoxicity of silicon 
dioxide to the epithelium of the airway[16,17]; changes in 
CC16 levels can lead to the accumulation of fibroblasts 
and promote pulmonary fibrosis[18,19]. CC16 in the bron-
chial epithelial lining fluid can enter the blood stream 
by passive diffusion against the concentration gradient, 
so serum CC16 level can be used as a sensitive marker 
for the detection of early changes in the integrity of the 
Clara cells and the pulmonary capillaries[16,20]. Since the 
protein is correlated to the degree of pulmonary fibrosis, 
the decrease in serum CC16 level may also reflex the 
conditions of early lung damages and pulmonary fibrosis. 

In this study, we analyzed the pulmonary functions 
and a panel of blood biochemical biomarkers for coal 
workers exposed to different levels of coal dusts, and 
CWP patients with different disease status. The blood 
biochemical biomarkers included CC16, SOD, CAT and 
MDA, in addition to other routine blood biochemical 
parameters. We hope such study will offer the theoreti-
cal basis and a practical method for the monitoring of the 
coal dust-induced early lung damages and the determina-
tion of CWP disease status.

2  Materials and Methods

2.1  Subjects
All subjects were workers in a coal mining factory of 

Shandong province in China. There were 64 normal coal 
workers without active CWP, including a high exposure 
group of 34 tunneling workers, a moderate exposure 
group of 13 coal hewers, and a control group of 17 an-
cillary workers who worked on the ground level with 
very little exposure to concentrated coal dusts. All these 
workers had been worked in the environments of mixed 
coal dusts, with the average dust density of 7.04 mg/m3 
for the tunneling working environment, 5.21 mg/m3 for 

the hewers’ environment, and 0.98 mg/m3 for the ground 
level environment of the ancillary workers. In addition, 
there were 45 workers with CWP including 23 stage 
1, 19 stage II and 3 stage III patients, whose diagnosis 
was made by a group decision from doctors licensed in 
the nation’s first level hospital in the second class with 
specialty in the pulmonary system according to the “Di-
agnostic Criteria of Pneumoconiosis” (GBZ 70-2002) 
(Ministry of Health of the People’s Republic of China, 
2002). The diagnosis of pneumoconiosis depended fun-
damentally on evidence of occupational exposure history 
and radiographic findings; pulmonary function testing re-
sults were also considered. All subjects were males with-
out other diseases in the heart, the liver and the kidney 
by routine physical examinations; they were all asked to 
complete a questionnaire for weight, height, living habit, 
professional history, family history and other related in-
formation. Blood samples were collected from veins and 
serum samples were prepared for the study.

2.2  Pulmonary functional tests
AS-PAL Pulmonary Function Testing System (Minato, 

Japan) was used to analyze all parameters of pulmonary 
functions including vital capacity (VC), forced vital ca-
pacity (FVC), forced expiratory volume in one second 
(FEV1), and the ratio of forced expiratory volume in one 
second to forced vital capacity (FEV1/FCV).

2.3  Blood biochemical analysis 
Serum samples were collected from blood samples by 

centrifugation, and all measurements were carried out 
under the preset conditions. Olympus AU400 Automatic 
Biochemistry Analyzer was used to measure the routine 
blood biochemical parameters. Serum CC16 levels were 
measured by the human CC-16 assay kit from Wuhan 
USCN Sciences Co., LTD according to the manufactory 
manual. Serum SOD, CAT and MDA levels were mea-
sured by a SOD assay kit, a CAT assay kit, and a MDA 
assay kit, respectively, all from Nanjing Jiancheng Bio-
engineering Research Institute according to the manufac-
tory manuals.

2.4  Data analysis and statistics
A database was established by Epidata 3.1 software, 

and all data were subjected to statistical analysis with 
SPSS12.0 program. Differences in the routine blood 
biochemical parameters were analyzed by multivariate 
analysis of variance; differences in the pulmonary func-
tions and the levels of SOD, CAT and MDA were ana-
lyzed by analysis of variance; multi-level comparisons 
were made by dunnett’s t-test and SNK test. Differences 
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in the serum CC16 levels among groups were analyzed 
by Kruskal-Wallis nonparametric test. The general lin-
ear regression or the nonconditional logistic regression 
analysis was applied for the multivariate analysis for the 
influencing factors of the pulmonary functional and the 
biochemical biomarkers. The correlations of SOD, CAT 
and MDA with pulmonary functional parameters were 
analyzed by Spearman rank correlation analysis. The 
confidence coefficient was set at the level of 0.05. 

3  Results                        

3.1  Subject statistics
The 64 study subjects had an average age of 36.2 ± 

8.2 years, specifically an average of 38.3 ± 7.3 years for 
the tunneling workers, 34.5 ± 9.0 years for the coal hew-
ers, and 33.3 ± 8.4 years for the ancillary workers. The 
averaged age of the tunneling workers was significantly 
higher than those of the other two groups (P < 0.05). In 
this study, there were no significant differences in the 
average working age (14.7 ± 8.8 years), the body weight, 
and cigarette and alcohol consumptions among different 
groups of workers. The average ages of the CWP patients 
were 64.2 ± 6.3 years for patients with stage I disease, 
68.7 ± 8.6 years for the stage II patients and 67.0 ± 9.0 
years for the stage III patients, which were all significant-
ly older than those of coal workers without the disease (P 
< 0.01). The average working ages of the CWP patients 
were 22.3 ± 9.0 years for the stage I patients, 24.8 ± 10.4 
years for the stage II patients, and 16.7 ± 10.0 years for 
the stage III patients, which were also significantly older 
than the average working age of the general coal workers 
(P < 0.01). The percentages of smokers and alcohol con-
sumers for the CWP patients were actually significantly 
lower than those of the general coal workers (P < 0.01 
and P < 0.05, respectively, for the smokers and the alco-
hol consumers).

3.2  Pulmonary functions and the associated factors

Table 1 shows that there was no significantly differ-
ences in all the pulmonary functional parameters among 
different groups of coal workers without CWP. However, 
the CWP patients of all stages displayed significantly 
lower values of VC, FVC and FEV1 than the non-CWP 
coal workers (P < 0.01). The stage I CWP patients had 
significant lower values of FEV1/FVC than all other coal 
workers (P < 0.05) but these values were not significant-
ly different between the stage II and III patients and all 
other coal workers (P > 0.05).  

From Table 1, for the general linear regression analy-
sis to determine the factors associated with or affecting 
the pulmonary functions, each of the pulmonary func-
tional parameters was used as the dependent variable, 
and surveyed factors such as age, working age, weight, 
smoking status, alcohol consumption, job type, CWP 
disease stage were used as the independent variables. 
All variables belonging to multiple classifications were 
transformed to the dummy variables.

As shown in Table 2, compared with the coal workers 
without the disease, patients with stage I CWP had lower 
values of VC, FEV1 and FEV1/FVC, the stage II patients 
had lower values of VC and FEV1, and the stage III pa-
tients had lower values of FEV1. Values of VC and FCV 
decreased with increase of age, and FEV1 decreased with 
increase of the working age. 

3.3  Routine blood biochemical parameters and asso-
ciated factors

Table 3 shows that both the tunneling workers and the 
hewers had higher alanine aminotransferase-aspartate 
transaminase ratio (ALT/AST ratio) and blood glucose 
levels, the tunneling workers had the lower blood sodium 
level and the hewers had the higher urea nitrogen than 
the ancillary workers. Compared with the coal workers 
without CWP, the CWP patients of all stages showed 
higher total bilirubin and indirect bilirubin levels, lower 
albumin levels, higher globulin levels, lower Albumin/
Globulin ratios, higher ALT/AST ratios and glucose 
levels, as well as lower urea nitrogen and blood sodium 
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Table 1. Pulmonary functional status of coal workers and CWP patients

Biomarkers
Without CWP CWP patients

Tunneling
workers Hewers Ancillary

workers All groups Stage I Stage II Stage III All groups

VC (L) 3.22 ± 0.12 3.70 ± 0.15 3.46 ± 0.19 3.38 ± 0.71 1.90 ± 0.65** 1.60 ± 0.64** 1.76 ± 0.29** 1.76 ± 0.64
FVC (L) 3.05 ± 0.10 3.46 ± 0.23 3.42 ± 022 3.23 ± 0.74 1.74 ± 0.67** 1.49 ± 0.86** 1.70 ± 0.30** 1.63 ± 0.74
FEV1 (L) 2.53 ± 0.98 2.61 ± 0.18 2.66 ± 0.17 2.58 ± 0.62 1.15 ± 0.59** 1.09 ± 0.56** 1.28 ± 0.25** 1.13 ± 0.55

FEV1/FVC (%) 83.19 ± 1.83 76.54 ± 3.70 78.01 ± 3.22 80.46 ± 12.13 65.58 ± 20.96* 74.87 ± 20.14 74.90 ± 2.26 70.12 ± 20.19
Data were presented as χ2 ± SD. P values were calculated in comparison with the coal workers; *: P < 0.05, **: P < 0.01.
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levels.

Table 2. General linear regression analysis for the
affecting factors on pulmonary functions

Pulmonary
functional
biomarkers

Factors
Estimated
regression 
coefficient

t P
95% CI

Upper
limit

Lower
limit

VC (L) CWP
stage I – 0.75 – 2.37 < 0.05 – 1.37 0.12

CWP
stage II – 0.86 – 2.51 < 0.05 – 1.54 – 0.18

Age
(year) – 0.03 – 1.42 < 0.05 – 0.05 – 0.01

FVC (L) Age
(year) – 0.03 – 2.60 < 0.05 – 0.06 – 0.01

FEV1 (L) CWP
stage I – 1.15 – 3.88 < 0.01 – 1.74 – 0.56

CWP
stage II – 1.09 – 3.38 < 0.01 – 1.73 – 0.45

CWP
stage III – 1.00 – 2.04 < 0.05 – 1.96 – 0.03

Work age
(year) – 0.02 – 2.00 < 0.05 – 0.03 – 0.00

FEV1/
FVC (%)

CWP
stage I – 30.78 – 2.43 < 0.05 – 46.66 – 14.89

To determine the factors associated with or affect-
ing the blood biochemical parameters, a general linear 
regression analysis was performed with each of the pa-
rameter as a dependent variable, and factors such as age, 
working age, body weight, smoking status, alcohol con-
sumption, job type, and CWP stage as the independent 
variables. Results showed that the ratios of AST/ALT 
decreased with the increase of body weights (P < 0.05), 
total bilirubin and indirect bilirubin levels increased with 
the increase of age and amount of alcohol consumption 
(both had P < 0.05). Levels of blood albumin decreased 
with the increase of age. Smokers showed lower globulin 
levels (P < 0.05). The tunneling workers and the hewers 
had higher globulin levels than the ancillary workers (P 
< 0.05). The CWP patients also showed higher globulin 
levels than the non-CWP workers (P < 0.05). All the ana-
lyzed factors showed no significant associations with the 
levels of blood glucose, sodium, and urea nitrogen.

3.4  Serum CC16 levels and associated factors
As shown in Table 4, Kruskal-Wallis nonparametric 

test revealed that there was no statistically significant dif-
ference in serum CC16 levels between the CWP patients 
and the non-CWP coal workers (x2 = 2.94, ν = 3, P = 0.40), 
nor among the coal workers from different groups (P  = 

0.20, ν = 2, P = 0.90).
Based on the mean value of serum CC16 levels, the 

subjects were divided into two groups: a high CC16 
group with at least 100 pg/ml serum CC16 and a low 
CC16 group with CC16 levels below 100 pg/ml. CC16 
was used as the dependent variable and the factors listed 
in the subject questionnaire were used as the independent 
variables for a non-conditional logistic regression analy-
sis. After a series of selections and medical consider-
ations, the independent variables were determined to be 
the smoking status, alcohol consumption, job type, age, 
working age and the CWP stage. Results showed that 
increase of the working age was significantly associated 
with the decrease in the serum CC16 levels (P < 0.05, 
OR = 0.900, 95%CI = 0.823 – 0.985). Other factors were 
not significantly correlated with the serum CC16 levels.

3.5  Serum SOD, CAT MDA levels associated factors 
and correlations with pulmonary functions

As shown in Table 5, there were no significant differ-
ences in the levels of SOD, CAT and MDA among dif-
ferent groups of coal workers without CWP. However, 
patients with stage I CWP had significantly lower serum 
CAT levels than coal workers without CWP (P < 0.01); 
patients with the stage II CWP showed lower levels of 
both serum SOD and CAT than the workers without the 
disease (both with P < 0.01). The levels of MDA were 
not significantly different among all study groups.

With each of the oxidative response biomarker as the 
dependent variable, and using age, working age, body 
weight, smoking status, alcohol consumption, job type, 
and CWP stage as the independent variables, general lin-
ear regression analysis was used to determine the factors 
associated with the oxidative response capacity. CWP 
patients of stages I and II had CAT levels lower than the 
non-CWP workers. The serum CAT levels decreased with 
the increase of working ages (P < 0.05), and SOD levels 
decreased along with increase of ages (P < 0.05). All oth-
er factors showed no significant associations with serum 
MDA levels. Spearman rank correlation analysis showed 
positive correlations of VC, FVC, and FEV1 with serum 
SOD and CAT levels. The correlation coefficients of VC 
with SOD and CAT were 0.225 and 0.195, respectively (P 
< 0.05 for both); the correlation coefficients of FVC with 
SOD and CAT were 0.216 and 0.207, respectively (P < 
0.05 for both); the correlation coefficients for FEV1 with 
SOD and CAT were 0.210 and 0.298, respectively (P < 
0.05, P < 0.01).

4  Discussion 
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Coal worker’s pneumoconiosis is one of the most seri-
ous occupational diseases, which can be pathologically 
characterized by the silicotic nodule formation and the 
wide-spread diffuse interstitial pulmonary fibrosis. Al-
though great progress has been made from many studies 
in recent years, our knowledge on its pathogenesis is still 
limited, and there is still no effective cure for the disease. 
Therefore, seeking sensitive biomarkers to monitor the 
coal dust-induced early lung damages and to determine 
the CWP progression is critical to the prevention and 
treatment of this disease. In this study we explored the 
possibility of using pulmonary functional and the blood 

Table 4. Serum CC16 (pg/ml) levels in coal workers
without CWP and CWP patients

Group No. (n) Mean ± SD Median values (range) 
CWP
stages

None 64 110.18 ± 142.14 20.73 (9.45 – 399.26)
Stage I 23 62.57 ± 114.92 17.19 (8.76 – 412.47)
Stage II 19 76.89 ± 104.55 37.76 (11.58 – 386.62)
Stage III 3 84.67 ± 122.24 15.46 (12.73 – 255.81)

Work
types

Tunneling
workers 34 108.11 ± 147.84 20.73 (9.45 – 399.26)

Hewers 13 99.84 ± 137.67 22.80 (11.06 – 388.57)
Ancillary
workers 17 122.23 ± 141.45 20.25 (10.79 – 343.96)
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Table 3. Biochemical biomarkers in coal workers without CWP and CWP patients

Biomarkers
 Without CWP CWP patients

Tunneling
workers Hewers Ancillary

workers All groups Stage I Stage II Stage III All groups

Total bilirubin
(µmol/L) 14.45 ± 5.88 11.94 ± 4.18 15.21 ± 8.37 14.14 ± 6.37 18.03 ± 7.50 18.59 ± 8.64# 20.40 ± 3.25 18.40 ± 7.71

Direct bilirubin
(µmol/L) 4.28 ± 1.60 3.75 ± 1.03 4.46 ± 2.04 4.22 ± 1.64 5.04 ± 1.83 5.03 ± 2.21 4.60 ± 1.23 5.00 ± 1.93

Indirect bilirubin
(µmol/L) 10.17 ± 4.43 8.19 ± 3.23 10.75 ± 6.38 9.92 ± 4.84 12.99 ± 5.74 13.56 ± 6.49# 15.80 ± 2.34 13.40 ± 5.87

Total protein
(g/L) 74.84 ± 3.08 73.98 ± 3.88 72.61 ± 5.47 74.08 ± 4.04 72.87 ± 4.46 74.01 ± 4.12 79.77 ± 0.72 73.80 ± 4.45

Albumin (g/L) 44.18 ± 1.81 47.27 ± 2.28 46.65 ± 2.92 47.06 ± 2.22 44.32 ± 1.92## 44.28 ± 2.03## 46.40 ± 2.08 44.40 ± 2.00
Globulin (g/L) 27.67 ± 2.45 26.71 ± 2.26 25.97 ± 3.39 27.02 ± 2.75 28.57 ± 3.43 29.73 ± 3.15## 33.37 ± 1.36## 29.40 ± 3.39
Albumin/glo-

bulin ratio 1.72 ± 0.16 1.79 ± 0.13 1.83 ± 0.19 1.76 ± 0.17 1.56 ± 0.18## 1.51 ± 0.17## 1.37 ± 0.12## 1.50 ± 0.18

ALT (U/L) 26.46 ± 11.62 23.78 ± 15.23 33.80 ± 18.40 28.50 ± 15.90 22.52 ± 7.82 18.78 ± 6.56 18.23 ± 6.19 20.70 ± 7.33
AST (U/L) 28.77 ± 8.95 25.00 ± 5.97 29.71 ± 14.75 28.25 ± 10.34 26.14 ± 5.68 26.00 ± 5.47 30.33 ± 7.64 26.40 ± 5.67
AST/ALT 1.21 ± 0.39* 1.31 ± 0.61** 0.90 ± 0.40 1.20 ± 0.50 1.25 ± 0.36 1.52 ± 0.52## 1.73 ± 0.32# 1.40 ± 0.45

Alkaline phos-
phatase (U/L) 99.50 ± 22.9 99.00 ± 23.53 97.29 ± 26.87 98.80 ± 23.70 105.26 ± 29.23 98.53 ± 18.13 108.67 ± 33.32 102.60 ± 25.01

γ-glutamyl trans-
peptidase (U/L) 30.60 ± 14.20 31.20 ± 22.22 35.42 ± 14.94 32.00 ± 16.10 32.60 ± 18.90 22.64 ± 7.02 17.77 ± 4.48 27.40 ± 4.48

Urea nitrogen 
(mmol/L) 5.97 ± 1.20 6.79 ± 1.19* 5.27 ± 1.23 5.95 ± 1.30 5.19 ± 1.12# 5.06 ± 0.97# 5.37 ± 0.95 5.10 ± 1.03

Creatinine
(µmo/L) 68.74 ± 9.36 68.88 ± 7.18 70.09 ± 8.53 69.13 ± 8.63 69.29 ± 7.93 70.00 ± 8.28 75.10 ± 4.61 70.00 ± 7.90

Glucose
(mmol/L) 5.19 ± 0.43* 5.33 ± 0.62* 4.80 ± 0.54 5.12 ± 0.53 5.81 ± 1.07## 5.87 ± 1.51## 5.00 ± 0.83 5.80 ± 1.26

Potassium 
(mmol/L) 4.37 ± 0.33 4.28 ± 0.33 4.31 ± 0.42 4.33 ± 0.35 4.40 ± 0.35 4.22 ± 0.35 4.45 ± 0.46 4.30 ± 0.36

Sodium
(mmol/L)

143.85 ± 
1.57** 145.02 ± 1.75 145.29 ± 1.23 144.47 ± 1.65 142.00 ± 3.40## 140.52 ± 4.48## 143.53 ± 1.10 141.5 ± 3.85

Chloride
(mmol/L) 101.90 ± 1.83 103.05 ± 2.61 102.56 ± 1.83 102.31 ± 2.03 102.87 ± 2.13 102.10 ± 2.23 102.32 ± 2.10 102.30 ± 2.22

Calcium
(mmol/L) 2.42 ± 0.07 2.41 ± 0.05 2.36 ± 0.20 2.41 ± 0.12 2.35 ± 0.06 2.35 ± 0.08 2.44 ± 0.05 2.40 ± 0.07

CO2 combining
power (mmol/L) 23.40 ± 1.91 23.50 ± 1.79 23.18 ± 1.76 23.36 ± 1.82 23.97 ± 1.75 24.03 ± 2.26 22.93 ± 0.31 23.90 ± 1.93
*: P < 0.05, and **: P < 0.01 for the ancillary workers in comparison with the tunneling workers and the hewers. #: P < 0.05, and ##: P < 0.01 
for workers without CWP in comparison with the CWP patients.
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biochemical biomarkers as such markers.
The lung damage caused by coal dusts is a leading 

cause of the labor force decrease in the coal mining 
industry. Our study showed that all CWP patients had 
significantly damages of the pulmonary functions, which 
was worsened in the stage II patients. General linear re-
gression analysis revealed that the pulmonary functions 
were correlated with the stages of CWP, suggesting that 
the pulmonary functional parameters may be used as the 
markers for CWP staging.

Our results did not show any significant differences 
in these markers among coal workers with different lev-
els of coal dust exposure. This may be due to the strong 
functional compensation of the lung, which does not dis-
play signs of abnormality unless the damages are accu-
mulated to certain high levels. Therefore, the pulmonary 
functional parameters may not be sensitive enough for 
the detection of early lung damages before the disease 
onset.

The damages in the bronchioles and other pulmonary 
tissues may affect the exchange of air between the body 
and the outside, ultimately resulting in a chronic hypoxic 
state of the body. This condition may in turn lead to the 
degeneration and necrosis of cardiac myocytes, hepatic 
cells, renal glomerular and tubular cells, and then further 
change the blood biochemical parameters. In this study, 
general linear regression analysis showed that levels of 
globulin varied among all groups of coal workers with or 
without CWP, and it increased with the increase of expo-
sure level to coal dusts and the stage of CWP in the CWP 
patients; therefore, globulin may offer a sensitive marker 
for the detection of the coal dust-induced early lung dam-
ages and the CWP disease progression.

Recent studies have shown that CC16 is a sensitive 
marker for the early detection of the acute or chronic 
changes in Clara cells and the alveolar membrane struc-
tures[21,22]. In this study, levels of serum CC16 decreased 
with the longer exposure to coal dusts; it may be because 
that Clara cells are the stem cells for the renewal of the 
epithelial cells in the bronchioles, the cell number and 
CC16 secretion may decrease as the result of the dam-

ages in the pulmonary epithelial cells by coal dusts[23]. 
On the other hand, CC16 is passively transported to the 
blood stream across the lung-blood barrier[10,22]. The lung 
damages may decrease the permeability of the barrier 
then decrease the CC16 levels in the peripheral blood. 
However, we did not observe any significant differences 
of serum CC16 levels among all study groups with dif-
ferent exposure levels to coal dusts or with different 
CWP stages; therefore, the use of serum CC16 as marker 
for the detection of the coal dust-induced early lung 
damages and CWP disease progression still needs to be 
further studied.  

The generation of reactive oxygen species (ROS) and 
the response to such oxidative stress play important roles 
in the pathogenesis of lung damages induced by external 
toxic particulate matters[24,25], which are also the key fac-
tors causing pulmonary fibrosis and decrease in the pul-
monary functions. Our results showed that although there 
were no significant differences in the anti-oxidative ca-
pacity among non-CWP coal workers from three groups 
of different job types, there was a significant difference 
in the CAT values between the non-CWP workers and 
the CWP patients. In addition, CAT and SOD levels were 
shown to be positively correlated with the pulmonary 
functional parameters, and CAT values decreased with 
the increase of the working ages. Therefore, levels of 
CAT and SOD may offer complementary or reference 
values for the detection of coal dust-induced early lung 
damages and CWP disease progression. Whether they 
can be also used as true markers for the detection of coal 
dust-induced early lung damages is still a question.

We also observed that serum CAT levels decreased 
along with the disease progression in CWP patients. This 
may be the result of the enzyme consumption by the 
large amount of free radicals released from the alveolar 
macrophages while uptaking the coal dusts in the lung[26]. 
This process may activate the reactions of free radicals 
to cause the oxidation of the alveolar macrophage mem-
brane and increase the fatty acid perioxidation, therefore 
ultimately leading to the release of a large amount of free 
radicals.
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Table 5. Serum SOD, CAT and MDA levels of coal workers and CWP patients

Biomarkers
Without CWP CWP Patients

Tunneling workers Hewers Ancillary corkers All groups Stage I Stage II Stage III All groups
SOD (U/ml) 36.94 ± 21.91 36.16 ± 24.40 42.64 ± 11.42 41.35 ± 18.33 38.94 ± 29.64 20.11±16.74** 24.72 ± 15.02 29.66 ± 22.12
CAT (U/ml) 4.24 ± 4.96 3.48 ± 4.46 7.13 ± 10.89 4.87 ± 7.01 2.09 ± 2.76** 1.29 ± 0.97** 1.89 ± 0.83 1.77 ± 2.03
MDA (U/ml) 8.56 ± 12.74 9.42 ± 9.17 6.60 ± 4.49 8.19 ± 10.31 6.83 ± 5.95 6.89 ± 6.37 4.06 ± 1.58 6.89 ± 5.73
Data were presented as χ2 ± s. P values were calculated in comparison with the coal workers; **: P < 0.01.
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Abstract
The environmental tobacco smoke (ETS) can influence the expression of androgen acceptor (AR) in organs of tra-

chea and lung of animals of Wistar Rats. The rising of AR expression could be one of the mechanisms of smoking 
pathogenesis. Moreover, discontinuing ETS can not make the ascension of the AR back to normal level for the animals. 
[Life Science Journal. 2009; 6(2): 40 – 42] (ISSN: 1097 – 8135).
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1  Introduction

World Health Organization’s (WHO) indicated the 
population of smoker being approximately 13 hundred 
million in the world. The investigation demonstrated[1] 
male smoker is about 66%[2]. The environmental tobacco 
smoke (ETS) can produce 6000 different kinds of chemi-
cal substance[1–3]. Major parts of the substances can be 
harmful and being as carcinogen. ETS is acting direct or 
the indirect role at many kinds of disease as well as the 
developing process, such as respiratory disorders, lung 
cancer, chronic bronchitis and asthma. Recently, multi-
aspects research seeing from the immunity function, cell 
apoptosis, and oxidized damage and so forth, have car-
ried on the discussion to the smoking pathogenesis mech-
anism. It is well known that ETS can affect the shape and 
function of testis[4]. However, a pathogenesis mechanism 
proposed that androgen acceptor (AR) consists of eight 
exons with coding nucleoprotein being composed of 918 
amino acids[5] is related to ETS. Androgen can diffuse 
into both target and non-target organs. But, it only func-
tions in target organs. Similar like steroid hormone, AR 
is also a transcriptional factor. AR, if excited by Andro-
gen, can recognize the target factor in a specific segment 
in DNA and combine with it to adjust the gene transcrip-

tion expressing a new protein as well as changing the 
function of the cell[5]. In this article, we use RT-PCR and 
immunostaining LAB-SA to exam the AR expressing in 
tracheal sac and lung of the mice.

2  Material and Method

36 Wistar healthy male mice with body weight 180 g 
– 220 g provided by the Henan Province experimental 
animal center were randomly divided into three groups, 
group A was for ETS exposure, group B for being as con-
trol group, and group C as natural ETS exposure group. 
Each group has two cages. Each cage was raised six 
mice. An ETS room, 1740 mm × 1100 mm × 1500 mm 
was constructed by acrylic plate with a 2 mm × 3 mm air 
hole on top for exposing tobacco smoke and air. Group A 
was in ETS exposed 60 minutes, twice a day for the first 
38 days and changed to being in exposure for once a day 
60 minutes for another 38 days. In group A, the ETS was 
provided by burning “Hongxi Cigarette” in a bundle of 
five pieces of 84mm cigarettes in every fifteen minutes 
for four times. Basic components of a cigarette consist 
of 17 mg tar, 1.1 mg smoke alkali. The antibody of AR 
is taken anti-AR carboxyl group end multi-peptide frag-
ment to affine purified multi-clone immune body from 
the rabbit which is the product of Santa Cruz Corpora-
tion. The SP series driving fluid reagent box and DAB 
reagent box were the products from Beijing Zhongshan 
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Biological Technology Limited Company. In control 
group B, no ETS was provided. In natural group C, same 
ETS exposure was provided but the animals being sac-
rificed one month later after quitting ETS exposure. The 
animals in group A should be in surgical treatment on the 
day of 76th at abdominal cavity ketamine (3 mg/kg) in-
jection for taking organs of trachea and lung being fixed 
in 4% formaldehyde solution for 24 hours. For group C, 
similar sample collection procedures with group A were 
performed 30 days later after 76 days ETS exposure. Tis-
sue sample in preparation: Using ethyl alcohol gradient 
for dehydration of tissue sample embedded with paraffin 
wax ( low melting point) in 3 – 4 μm slice, and then, pro-
cessed with the chrome alum gelatin on glass slide being 
ready for staining. 

Method of immunohistochemistry staining (immunos-
taining) of AR: Taking PBS as negative group in con-
trary to be in comparison of the organ of testicle for lab-
animal as positive group. Normal and the benign prostate 
gland proliferation of the sample in situ RT-PCR, AR 
mRNA signal can be with purple pellet in positive group 
mainly located in the nearness karyotheca cytoblastema. 
Report from Liang Lijian research[5] revealed AR could 
be possible found in both cytoblastema and nucleus. 
Obvious yellowish brown pellet appears in intranuclear 
area. We can take the cytoplasma or the cell as the posi-
tive expression to determine the AR positive cell with 
the HPIAS-1000 high resolution pathology chart article 
analysis system for averaging gradation and luminosity. 
SPSS 10 software was used for t-test analysis and de-
picted with average ± STD ( x ± s).

3  Results

Yellowish brown pellets can be observed on both 
pseudostratified cilium cylinder epithelium cells and 
chondrocytes in the organ of trachea of the rats. We can 
also observe the yellowish brown pellets in the trachea 
pseudostratified cilium cylinder epithelium cells in organ 
of lung of the rats, most of them are in kytoplasm and a 

few in cell nucleus. In contrary, we can not observe the 
yellowish brown pellets in control group (replacement of 
anti-staining by PBS).

3.1 The AR expression in the organ of trachea of male 
rats 

In Table 1, the AR expressions are listed for all animal 
groups. In comparison with control B (Figure 1a) and 
group A (Figure 1b), AR expression in group A is higher 
than in group B (P < 0.01). However, no obvious differ-
ence can be observed between group C and A (P > 0.05) 
(Figure 1c).

Table 1. The AR expression in the organ of trachea
of the rats (x ± s)

Groups n mean ash density mean optical density
Control B 12 99.9 ± 7.75 0.293 ± 0.05

ETS A 12 87.0 ± 9.60* 0.358 ± 0.06*

Natural C 12 90.6 ± 6.28** 0.346 ± 0.03**

In comparison with control *: P < 0.01; with group C **: P > 0.05.

3.2 The AR expression in the organ of lungs of male 
rats 

AR can only expressed in the organ of trachea of the 
rats, however, no expression in the organ of lung of pul-
monary alveoli. The AR expression are listed in Table 2. 
In comparison with Figure 2a (control), AR expression in 
group A (Figure 2b) is higher than in group B (P < 0.05 
or P < 0.01) but no difference with group C (P > 0.05) 
(Figure 2c). No positive cells were observed in Figure 3.

Table 2. The AR expression in the organ of lung
of the rats (x ± s)

Groups n mean ash density mean optical density
Control B 12 140.5 ± 6.04 0.114 ± 0.015

ETS A 12 134.4 ± 5.92* 0.143 ± 0.023**

Natural C 12 135.1 ± 5.29*Δ 0.139 ± 0.017**Δ

In comparison with control *: P < 0.05; **: P < 0.01; with group C 
*Δ: and **Δ: P > 0.05.
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Figure 1. The AR expression in the organ of trachea of the rats (Immunostaining × 200). a: in control group B; b: in group A; c: in group C.
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4  Discussion and Conclusion

The experimental results have shown that the AR ex-
pression in the organ of lung and trachea of the rats upon 
ETS exposure is obvious stronger than in control. The 
report of Wei Sha Li et al[6] demonstrated smoking may 
reduce the blood serum androgen standard. Our research 
revealed the similar result[7]. Extrapolating the low stan-
dard of the androgen may possibly cause AR in high ex-
pression because the androgen automatically makes the 
adjustment of AR expression[8]. Thus, ETS can reduce 
the blood serum androgen standard in the trachea and 
lung is very obvious. Liang Shu et al[9] reported the AR 
expression for lung cancer patients can be high to 61.7%, 
also, AR expression of the adenocarcinoma of the lung 
is higher than lung cancer[10]. AR may participate the 
carcinogenesis in early stage. The natural did not show 
too much difference with the experimental group may 
result that quitting smoke can not help to reduce the ex-
pression of the AR in a short time period. However, the 
mechanism of the promotion of the AR expression and 
why the target should be the organs of lung and trachea 
would still be unknown and further research should be 
conducted.
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Figure 2. The AR expression in the organ of lung of the rats (Immunostaining × 400). a: in control group B; b: in group A; c: in group C.

Figure 3. Replace PBS to the antistaining in the organs of trachea (a) and lung (b) of the rats of ETS (Immunostaining × 100). 
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Abstract
Objective. To investigate the efficacy of pelvic floor electrical stimulation (PFES) using surface electrode combined 

with pelvic floor training (PFT) under intensive supervision for female with idiopathic detrusor overactivity (IDO) and 
urodynamic stress incontinence (USI). Methods. PFES using surface electrode and PFT under intensive supervision 
were performed on 70 women (age ranged from 31 to 64 years, average age 40 ± 7 years old) with IDO and USI for 
twelve weeks. Urinary diary, International Continence Inquiring Committee’s Questionnaire (ICI-Q-SF) scores were 
recorded and urodynamic study was performed before and after the treatment. Results. In total, fifty women (71%) 
finally completed treatment for twelve weeks, and urinary incontinence disappeared in 8 (16%), detrusor overactivity 
disappeared in 10 (20%), and leakage was no found in 6 (12%) in leakage point pressure measurement. Moreover, the 
total time of voiding (72 h), total time of leakage (72 h), total scores of ICI-Q-SF, max detrusor uninhibited contraction 
pressure and detrusor uninhibited contraction duration were significantly lower than those before treatment; max void-
ed volume, normal desired cystometric capacity, maximum cystometric capacity, Valsalva leak point pressure and max 
urethral closure pressure were significantly higher than those before treatment (P < 0.05). The effective rate following 
up three months was 60%, not significantly lower than that after treatment (P > 0.05). Conclusions. PFES using surface 
electrode combined with PFT under intensive supervision is a useful therapy to treat women with IDO and USI. [Life 
Science Journal. 2009; 6(2): 43 – 47] (ISSN: 1097 – 8135).

Keywords: urodynamic stress incontinence; idiopathic detrusor overactivity; pelvic floor electrical stimulation; pelvic 
floor training 

1  Introduction

It is well known that urodynamic stress incontinence 
(USI) is a common and heterogeneous disorder[1]. The 
overall prevalence of USI among Chinese women is as 
high as 18% to 55%, moreover, the trend is increasing 
year by year, seriously affecting their quality of life. The 
best choice for first-line treatment is mostly behavior 
therapy mainly including pelvic floor training (PFT) and

pelvic floor electrical stimulation (PFES), with 
advantages of being simple, noninvasive and economic, 
and only for serious patients surgical treatment can be 
carried out[2].  

However, there are many problems for good outcome 
of the women with USI in traditional behavior therapy[3]. 
For one thing, it is important and not easily assured that 
the validity and duration of the PFT. For anther thing, 
the vaginal electrode used in the PFES could bring 
remarkably discomfort[4]. Moreover, no matter what 
kind of treatment is used, after urodynamic checkup 
up to 50% of patients are found to be complicated by 
detrusor overactivity, which is the main reason for no 
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improvement in the quality of lives of the patients after 
the treatment, but also significantly increases the severity 
of urinary incontinence[5]. Furthermore, the causes for 
the women with USI and detrusor overactivity are still 
not clear, and the clinical treatments and its efficacy are 
also of much controversy. Therefore, it is imperative to 
investigate the outcome on the women with USI and 
detrusor overactivity treated by improved behavior 
therapy. 

The purposes of this study were to prospectively 
evaluate the efficacy of PFES using surface electrode 
combined PFT under intensive supervision for female 
with idiopathic detrusor overactivity (IDO) and USI. 
We hoped it would provide valuable insights into the 
pathogenesis and helpful in improving the outcome of 
them.

2  Materials and Methods

2.1  Patients
In this study, seventy women (mean age 40 ± 7 year, 

range 31 to 64 year, all had childbearing history by vagi-
nal delivery with an average of 1.2 parities) with USI and 
IDO were confirmed by urodynamic study, consecutively 
collected in the Urology and Urodynamic Center of the 
First Affiliated Hospital of Zhengzhou University from 
December 2006 to June 2008. The definition of USI and 
IDO was in according with that of International Conti-
nence Society (ICS)[6], which the former is noted during 
filling cystometry and is defined as the involuntary leak-
age of urine during increased abdominal pressure, in the 
absence of a detrusor contraction, the latter is s a urody-
namic observation characterised by involuntary detrusor 
contractions during the filling phase which may be spon-
taneous or provoked when there is no defined cause. The 
criteria of patients for inclusion are that the patients have 
not any treatment since the onset of urinary incontinence, 
and genital prolapsed within the vaginal orifice when the 
body examination was carried out. What’s more, the ex-
clusive standard was for the patients who were diagnosed 
to have urinary tract infection, diabetes, bladder vaginal 
fistula, bladder cancer and trauma, as well as neurogenic 
bladder dysfunction through the urinoscopy, urography 
and imaging examination of nervous system. According 
to the sub-standard of severity of USI[7], this study in-
cluded 35 mild cases, 23 moderate cases, and 12 cases of 
severe, and the course of disease was from 6 months to 
29 years. 

2.2  Method
All the patients were treated by PFES using surface 

electrode through neuromuscular electrical stimulation 
instrument (NeuroTracTM ETS, produced by VML Den-
mark’s company). The patients were asked to lie down, 
then the skin surface electrode was selected and placed in 
the perineal area that was besides the line of the vagina 
and anus. The sequential stimulation programmes were 
the same as those in previous research[8]. The stimulat-
ing cycle was 4S stimulation and 4S rest afterwards. The 
current strength of stimulus increased by 1% to 5% each 
time from 0 mA, until the patients had the feelings, while 
on computer screen electromyologram of perineum and 
muscle of perineum and anus contraction was observed, 
but without any significant discomfort. The treatment 
course was 3 times a week, each time 60 minutes, for 12 
weeks. 

At the same time, all the patients were given PFT 
under intensive supervision. First of all, doctors should 
supervise the patients to identify the correct pelvic floor 
muscles needing to be trained, by the method that the 
patients putting the index finger and middle finger in the 
vagina, they felt pressure around the fingers when anus 
contracted. In addition, when this method was applied, 
the contraction from other muscles such as the thighs, 
back and abdominal muscles should be avoided as far as 
possible at the same time. PFT program was that after 
emptying their bladder, the patients were asked to made 
a quick, maximum and sustained pelvic floor muscles 
contraction for three times, and then relax the pelvic 
floor muscles, further a slow, maximum and sustained 
pelvic floor muscles contraction for three times, and re-
lax the pelvic floor muscles, repeat the above process. 
The patients should take a rest for 5 to10 seconds after 
every contraction. PFT lasted for 30 minutes every time, 
2 times per day, for 12 weeks. The patients were required 
to go to the hospital and carried out pelvic floor muscle 
training in dorsal position at least 4 times a week, and 
PFES treatment could process at the same time. And the 
rest of PFT were allowed to carry out at home in dorsal, 
standing or sitting position. 

Urinary diary and International Continence Inquir-
ing Committee’s Questionnaire (ICI-Q-SF) scores were 
recorded and urodynamic study was performed before 
and after the treatment. The urodynamic study included 
free uroflowmetry, cystometry, pressure-flow electromy-
ography (EMG), valsalva leak point pressure (PVLP) and 
static urethral pressure measurement in all patients, using 
the Duet Logic urodynamic unit (Medtronic Corpora-
tion, Denmark) according to the recommendations of 
ICS[9]. The observation variables of efficiency included 
the maximum voiding volume (MVV), the total voiding 
(TOV), the total times of leakage (LT), ICI-Q-SF (total 
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scores were 21), maximum flow rate (MFR), maximum 
detrusor uninhibited contraction pressure (MDUCP), de-
trusor uninhibited contraction duration (DUCD), bladder 
compliance (BC), normal desired cystometric capacity 
(NDCC), maximum cystometric capacity (MCC), PVLP, 
maximum urethral closure pressure (MCP) and the func-
tional urethral length (SFL). 

The total efficiency were also followed up immedi-
ately and three months after the treatment in out-patient 
or on the phone. According to the standard[10], the cured 
were those whose conscious incontinence symptoms 
disappeared completely; the effective were those whose 
conscious incontinence symptoms improved signifi-
cantly, and the leakage times reduced by more than 50%; 
the ineffective were those whose conscious incontinence 
symptoms didn’t improve obviously, the times of leakage 
reduced by less than 50%. The effective rate was calcu-
lated based on the above cure and effective groups, with 
the formula (number of cured cases and effective cases)/
total number of cases.

2.3  Statistical analysis 
Statistical analyses were carried out by using the 

Statistical Package for Social Sciences, version 10.0 for 
windows. The paired samples t test and Chi-square test 
were used. P-values of < 0.05 were considered to be sta-
tistically significant. 

3  Results                        

3.1  Comparison of the various parameters of women 
with USI and IDO before and after the treatment

In total, fifty cases (71%) completed 12 weeks of 
therapy, whose clinical symptoms and urodynamic pa-
rameters before and after the treatment were shown in 
Table 1 and Table 2. Among all the patients, urinary in-
continence symptoms completely disappeared in 8 cases 
(16%), IDO disappeared in 10 cases (20%), no leakage 
occurrence in 6 cases (12%) during the Valsalva leak 
point pressure measurement. After treatment, TOV, LT, 
ICI-Q-SF, MDUCP and DUCD were significantly lower 
than those before treatment, and MVV, NDCC, MCC, 
PVLP and MCP were significantly higher than those before 
treatment (P < 0.05).

Table 1. The values of urinary diary and ICI-Q-SF before
and after treatment of PFES combined with PFT

MVV (ml) TOV(times/72h) LT (times/72h) ICI-Q-SF
Before the
treatment 159 ± 37 43 ± 8 20 ± 6 17 ± 3

After the
treatment 225 ± 48 28 ± 5 10 ± 5 10 ± 3

t 14.671 14.922 10.693 9.076
P 0.000 0.000 0.000 0.000
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Table 2. The values of urodynamic variables before and after treatment of PFES combined with PFT
MFR
(ml/s)

MDUCP
(cmH2O)

DUCD
(s)

BC
(ml/cmH2O)

NDCC
(ml)

MCC
(ml)

PVLP
(cmH2O)

MCP
(cmH2O)

SFL
(mm)

Before the treatment 29 ± 7 27 ± 9 13 ± 6 45 ± 13 141 ± 39 178 ± 36 81 ± 15 55 ± 8 27 ± 3
After the treatment 30 ± 6 18 ± 8 8 ± 3 47 ± 15 210 ± 48 247 ± 48 94 ± 11 59 ± 8 28 ± 3

t 1.569 5.003 5.849 1.241 10.412 12.392 5.789 2.776 1.008
P 0.123 0.000 0.000 0.220 0.000 0.000 0.000 0.008 0.318

3.2  The efficiency after treatment and follow-up for 
three months

The assessment of efficiency in the women with USI 
and IDO immediately after the treatment and follow-up 
for 3 months is shown in Table 3. The effective rate was 
66% immediately after the treatment, and was 60% when 
following up for 3 months, which the significant differ-
ence was not found between them (P > 0.05).

4  Discussion

USI is one of the most common chronic ailments in 
the women, some of whom is still poor response to treat- 

Table 3. The efficiency of PFES combined with PFT at
post-treatment and follow-up for three months

Total
No. (n) Cured Effect Ineff-

ective
Effective
rate (%) χ2 P

After the
treatment 50 8 (16) 25 (50) 17 (34) 66 0.386 0.534

Three mon-
ths after the
treatment

50 7 (14) 23 (46) 20 (40) 60

ment. The dynamic mechanism of USI is that the bladder 
pressure is higher than urethra pressure during the reserv-
ing urine period due to decreased urethra closed capabil-
ity when a sudden increase of abdominal pressure, and 
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urethral closure pressure becomes negative. As a result, 
in order to avoid the urine leakage, the women have to 
minimize social and sports activities, getting the name 
“social cancer”. It is usually considered to be related with 
childbirth, birth trauma, aging and declining estrogen 
levels and so on. These factors might lead to the bladder 
neck and urethra support structure damage, which made 
connective tissue surrounding the urethra relaxing, the 
activities of the urethra enlarging, pelvic floor muscle 
reflection delaying, the urethral controlled capability de-
clining. The treatment includes conservative therapy and 
surgery therapy, whose main purposes are to strengthen 
the pelvic floor tissues to support the pelvic organs, to 
restore the urethra and bladder neck to the normal ana-
tomic position, to increase the capacity of urethral conti-
nence[11]. However, when USI is complicated with IDO, 
even if there is no sudden increase in abdominal pressure 
or involuntary detrusor contraction, it can also lead to 
urine leakage through the lower closure capacity urethra, 
and then frequency and severity of incontinence of the 
patients increase significantly. Moreover, even if social 
and sport activities are limited, it can’t avoid occurrence 
of the leakage, making a significant decline in the quality 
of life[12]. Furthermore, IDO is also main reason for poor 
quality of life of USI patients after treatment[13].

So far, there is still controversy about the treatment of 
the women with USI and IDO. It was suggested by some 
clinicians that simply treat the USI, and some of the 
women IDO can self-healing, for the continued existence 
of the IDO can apply for drugs treatment. For example, 
Duckett JR[14] reported that the outcome of tension-free 
vaginal tape (TVT) on 51 women with IDO and USI, and 
followed up for six months, found that after only 47% 
of IDO were cured spontaneously, and rest of them who 
suffered from persistent IDO were given anti-cholinergic 
drug, but only 22% of the patients released. However, 
there are also some clinicians holding that IDO should 
be treated first with oral anticholinergic medication, and 
then treat USI. Nevertheless, the patients have to endure 
the pain of urinary incontinence caused by USI during 
the treatment. Moreover, the side effects of anticholiner-
gic medication is great, IDO is easy to relapse after drug 
withdrawal[5]. 

Animal studies have showed that repeated electrical 
stimulation, causing the passive contraction of pelvic 
floor muscles, not only increased the contraction capabil-
ity of pelvic floor muscles, but also feedback inhibited 
sympathetic reflex to reduce activity of the bladder[15]. 
Moreover, in the previous studies which the author ap-
plied PFES using surface electrodes on female stress 
incontinence and urge incontinence of young people, 

the found satisfied effect had been found that symptoms 
disappeared respectively in 51% and 42% of cases, and it 
was simple and convenient, non-invasive and clean, and 
economical[8,16]. Furthermore, PFT also known as Kegel 
exercise, is a initiative pelvic floor rehabilitation method, 
and its treating effect have been proved by a large num-
ber of meta-analysis and randomized controlled research, 
making it the first choice for the women with USI of 
various types[17]. The main principle is that the patients 
repeated the pelvic floor muscles contraction and relax-
ation under self conscious, it enhance tension of pelvic 
floor muscles which support the urethra, bladder, uterus 
and rectum, increase urethral resistance and restore the 
pelvic floor muscle relaxation to achieve the goal of 
curing USI. However, simply pelvic floor muscle train-
ing can not ensure the correct and effective pelvic floor 
muscle contraction training, which resulted in its rare ap-
plication in the clinic. 

In present study, the PFES was combined with PFT 
under intensive supervision, so that pelvic floor muscles 
got active and passive contraction training, and then 
treated IDO and USI at the same time. It was found that 
IDO and USI can be treated simultaneously. Among all 
the patients, urinary incontinence symptoms completely 
disappeared in 8 cases (16%), IDO disappeared in 10 
cases (20%), 6 patients’ (12%) no leakage occurrence 
in 6 cases (12%) during the Valsalva leak point pressure 
measurement. Moreover, after treatment, the TOV, LT, 
ICI-Q-SF, MDUCP and DUCD were significantly de-
creased, and MVV, NDCC, MCC, PVLP and MCP were 
also significantly increased.  

PFT was satisfied on the condition that PFT was valid-
ity and the duration should be at least 8 weeks. In this 
study, we applied for PFT under intensive supervision. 
That is, during 12-week course of treatment, patients 
were required to go the hospital for professional medical 
advice at least 4 times a week to ensure the validity of 
PFT during entire course of treatment, to urge and ensure 
that their PFT at home was carried out, and to enhance 
the patients’ confidence. In view of the above-mentioned 
requirements, most of the patients in the study came 
from the vicinity of our city. This study and Konstan-
tinidou E[18] both found that the efficiency of PFT under 
intensive supervision for female USI was significantly 
higher than that of simple family PFT reported in the 
literature[19]. In addition, in order to improve compliance 
of the patients, the study carried out PFES using surface 
electrodes to avoid the side effects of vaginal electrode, 
such as vaginal infection, bleeding, perineal discomfort 
and rashes. Moreover, the treatment room was set up and 
opened all day from Monday to Sunday so that patients 
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can receive professional medical treatment without a 
time limit. During the course of treatment, it is important 
that communication with patients proactively to enhance 
self-confidence and adjust treatment program timely. In 
this study, as much as 71% of the patients completed a 
12-week treatment and the effective rate after the treat-
ment and following up three months was 66% and 60% 
respectively.  

However, the follow-up time in present study is only 
three months, the long-term efficacy need further re-
search. Despite these limitations, we believe that our 
results highlight that PFES using surface electrode and 
PFT under intensive supervision is a useful therapy to 
treat women with USI and IDO.
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Abstract
In this article, we demonstrate the experimental results of the expression of androgen acceptor mRNA correlate with 

the functions of lung and trachea in an animal model. This study depicts androgen acceptor as the connection between 
lung and kidney in Traditional Chinese Medicine. [Life Science Journal. 2009; 6(2): 48 – 50] (ISSN: 1097 – 8135).

1  Introduction

The function of lung is to breathe for the body. In 
traditional Chinese medicine, it belongs to gold in five 
lines. In contrary, kidney belongs to water in the concept 
of the five elements (of metal, wood, water, fire, and 
earth) used in ancient Chinese cosmology and later in 
herb medicine five lines. Based upon the philosophy of 
Traditional Chinese Medicine, elements in five lines are 
correlated to each other. Therefore, if the lung and kidney 
mutually being affected in pathology is true[1,2], the func-
tion of sex hormone can be through the special accep-
tor in target cell cytoblastema[3]. By using the real time 
polymerase chain reaction (RT-PCR) and the technique 
of TaqMan fluorescence examination for mouse trachea 
in lung organization to see if any androgen acceptor/An-
drogen Receptor (AR) mRNA expression can be found 
being compared to the AR mRNA founded in mouse 
testicle organization may be able to reveal the correlation 
between the lung and kidney. Also, by using immunity 
histochemical method carries of the AR being in lung is 
highly correlated to the function of kidney. The androgen 
level appearing the modification by kidney may be influ-
enced through its acceptor in lung.

2  Materials and Methods

Ten animals of two months old healthy male Kunming 
mice with body weight 180 g to 200 g for the experiment 
of checking expression of AR mRNA in lung and trachea 
were provided by Henan Province Experimental Animal 
Center. The animal was anaesthetized by abdominal 
cavity injection with chloramine alkone (3 mg per Kg). 
Organs of trachea, lung and the testicle were rapidly 
taken and chopped to preserve in liquid nitrogen at – 70 
ºC. Taking 50 mg sample for each organ from the freezer 
and putting it into 800 μl (10–6 liter) reagent A (guanidine 
thiocyanate-phenol solution) for vibrating 30 seconds, 
adding 200 μl reagent B (the chloroform: isoamyl al-
cohol in 24 : 1) for being in 14000 rpm centrifugal for 
5 minutes. Supernatant should be carefully drawn 400 
μl to mix with 400 μl isoamyl alcohols. Taking 50 μl 
mixed solution for 14000 rpm centrifugal 10 minutes, we 
draw off supernatant and added 500 μl 75% ethyl alco-
hol to sediment shaking uniformly and put it for 14000 
rpm centrifugal 5 minutes. Then, we draw supernatant 
again to get the sediment in dry being ready for use. In 
the mean time, for each test tube, first making reverse 
transcript reactive solution by adding 1.5 μm random 
primer 5'-CTACTGCGCT-3' and 0.3 μm primer 5'-AG-
GCAGCTGCTCAGGGTGGC-3' mixed with buffer, and 
then 20 μl solution was taken to mix with 50 μl MLV 
keeping in 37 ºC incubator for an hour. 

For reverse transcript reaction, each tube was added 
PCR reactive mixture 20 μl and 50 μl MLV-reverse 
transcriptase. For PCR reaction, making PCR reactive 
mixture including buffer solution, 2 mM MgCl2, 200 μm *Corresponding author. Email: 
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dNTP, 0.3 μM (primer 2) mixed with buffer as well as 0.3 
μM 5'-TTACAGCAGAGGCAGGAGACT-3' (primer 1) 
and 1% off-ion formamide, taking 26 μl reactive mixture 
solution and 2 μl reverse transcript reactive solution and 
then added with 2 μl Taq DNA polymerase. Parameters 
used for the reaction were 94 ºC pre-denaturation for 5 
minutes, 94 ºC for 45 seconds, 55 ºC for 45 seconds, 72 
ºC for 45 seconds with 35 cycles and expended for 72 ºC 
for 5 minutes.

After preparing mixture solution by diluting one tenth 
of the product that was through PCR procedures, 15 μl 
mixture solutions were taken for 2% Agarose gel elec-
trophoresis checking (0.05% Bromination second grade 
spindle at voltage of 5 V/cm). To isolate AR, 50 mg 
sample of mouse testicle was taken for experiment. The 
segment specificity of the sample can be shown at wave-
length of 302 nm under ultraviolet exam. Meanwhile, 
male specimen has shown 260 bp in size at specificity of 
DNA segment.

In preparing of DNA specificity segment in tube for 
centrifuge and lysate being incubated at 37 ºC – 55 ºC 
for uniformly melting, we can mix 800 μl lysate with 
DNA, put the mixture in incubation at 55 ºC for 15 min-
utes, centrifuge at 14000 rpm for thirty minutes, take off 
supernatant fluid and add 75% alcohol, centrifuge again 
for another 30 seconds, take off supernatant fluid and add 
600 μl TE buffer at 55 ºC gently for 15 minutes, put in  
14000 rpm centrifugal for 3 minutes, dilute for 10 times 
dilution for fluorescent. The PCR amplification can be 
done by taking 2 μl mixtures for the process. In the mean 
time, Fluorescence PCR real time reaction for checking 
system can be performed by taking 2.5 μl buffer, 8 mM 
MgCl2 and 100 μM dNTP, 2% as well as 3 pM fluores-
cent probes, 15 pM primer 2,  double evaporate 2 μl tem-
plate being added together with 50 μl distill water. 

3  Results

In normal male Kunming mice, we investigated the 
expression of AR mRNA in trachea, lung tissue and tes-
ticles. The lowest expression of AR mRNA was found in 
lung. Real-time quantitative fluorescence PCR detection 
results show the Ct values at 9.880 ± 8.01, 12.831 ± 5.632 
and 22.298 ± 2.35 in testicular and lung (Table 1). From 
the analysis of gel electrophoresis, size of 260 bp band of 
AR appearance of the specific segment  is revealed.

Figure 1 to Figure 5 depicts the expressions of AR in 
testis of normal male rat, AR in testis of normal male rat, 
testis of male normal rat, expression of AR in trachea of 
normal male rat and the expression of AR in lung of nor-
mal male rat.

Table 1. the expression of AR in the trachea and lung
of normal male rat

Tissues n Mean ash density Mean optical density
Trachea 10  128.1 ± 4.11** 0.225 ± 0.04**

Lung 10 140.98 ± 9.58 0.15 ± 0.05
Compare the trachea with that of lung, **: P < 0.01.

Figure 1. The expression of AR mRNA in the lung, testes and 
trachea of normal male mice.

Figure 2. The expression of AR in testis of normal male rat (× 
400). AR positive cell mainly appeared in the testis convoluted 
seminiferous tubule.

Figure 3. The testis of male normal rat (negative control) (× 400). 
This is PBS instead of first antibody (There were no AR positive 
cell in the testis of rat).

Figure 4. The expression of AR in trachea of normal male rat (× 
400). AR positive cells appeared in the pseudo ciliated columnar 
epithelial cells and cartilage cell of male wistar trachea.
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Figure 5. The expression of AR in lung of normal male rat (× 
400). AR positive cells appeared in the ciliated columnar cell of 
each grade bronchus.

4  Discussion 

These findings showed the AR mRNA expression can 
be observed in normal male mouse trachea and lung. Us-
ing of RT-PCR and the technology of molecular level, 
we found the expression of AR mRN in trachea. The AR 
mRNA expression quantity was stronger in testicle but 
lower in trachea and lung. The androgen may proliferate 
to enter the target as well as non-target organization, but 
only function in the target cells which the androgen re-
ceptor exists. Furthermore, the steroid hormone acceptor 
is located in the cell with AR. The androgen and its ac-
ceptor could be the bases of traditional Chinese medicine 
“the lung kidney mutual promotion of the five elements” 
and “the kidney host air intake”.

The traditional Chinese medicine says that, the lung is 
the gold in five lines, the kidney is the water in five lines, 
between the lung kidney the passages through which vi-
tal energy circulates is connected. The kidney fine may 
moisten the lung in cloudy and the kidney may warm the 
lung. The androgen has the function through its acceptor 
to the lung and possibly being in the kidney as a warm 
aspect to the lung. Due to the decrease in the level of an-
drogens, AR directly may affect its target organs for the 
senior. It may be one of the reasons of chronic bronchitis 
for senior being significantly higher than that of the inci-
dence of young people[12]. According to the results of this 
study, many diseases such as asthma, lung cancer and 
other diseases for the seniors may have occurred with 
low level sex hormones in the trachea and lungs. Adjust 
the abnormal level of AR is probably the prevention and 
treatment of respiratory disease for seniors. Nonetheless, 
the function of body system is by various factors, and 
the adjustment mechanism is very complicated. Renal 
through its receptor on the lungs of androgens can adjust 
function of “kidney associated”.

5  Conclusion

Our study found that the AR mRNA expressions 
in trachea and lung tissue in male normal mouse. The 
expression with AR mRNA is highest in testicular but 
lower in trachea and lowest lung tissue. AR expression in 
trachea and lung confirmed that trachea and lung are an-
drogen target organ. Adjustment androgen and its accep-
tor level possibly can be the prevention and treatment for 
respiratory disease. Therefore, the androgen must have 
the influence like the traditional Chinese medicine says 
“the lung kidney mutual promotion of the five elements”. 
The “kidney host air intake” can also possibly be one of 
material bases through its acceptor to the trachea and the 
lung to invigorate the kidney as one of the organ affect-
ing respiratory disease.
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Abstract
Background. The levels of plasma ApoA-I, ApoB and the ratio of ApoA-I/ApoB were reported as risk factors of 

stroke. However, if they are prognostic factors of stroke is still unknown. This article is to demonstrate the study of 
plasma levels of ApoA-I and ApoB levels for prognosis of acute ischemic stroke. Method. From Aug 24th 2005 to Apr 
25th 2007, patients with acute ischemic stroke (AIS) came to Henan Stroke Registry Centre in the First Affiliated Hos-
pital of Zhengzhou University were voluntarily enrolled to this study. Parameters related to prognosis of AIS of these 
patients were tested at admission counter, such as plasma ApoA-I, ApoB, NIHSS, age, gender. Parameters for patients’ 
self-care ability, such as Modified Rankin Scale (MRS), Barthel Index (BI) were collected one month later. We estab-
lished MRS < 3 or BI > 60 as patient independence. Then, we used Logistic regression to detect independent predictors 
for the prognosis of AIS. Results. During the 2 years study, we collected 248 patients in all. Of these patients, ApoA-I 
ranged from 0.20 g/L to 2.30 g/L, and average level was 1.04 ± 0.29 g/L; ApoB ranged from 0.40 g/L to 2.40 g/L, and 
average level was 0.91 ± 0.32 g/L; ApoA-I/ApoB ratio ranged from 0.21 to 5.50, and its median was 1.17. MRS < 3 
was observed in 69% (171/248) of the patients at 1 month follow-up, and BI > 60 in 69.6% (172/248) of the patients. 
Multivariate analysis showed ApoA-I/ApoB independently associated with MRS score (OR = 0.46, 95%CI = 0.213 – 
0.977, P = 0.043) and BI score (OR = 0.45, 95%CI = 0.208 – 0.966, P = 0.040). Conclusions. Our results indicated that 
ApoA-I/ApoB ratio in AIS patients was independently associated with one month MRS score and BI score. Higher the 
ApoA-I/ApoB ratio, better the recovery outcome patients would achieve. High ApoA-I/ApoB ratio could be a predictor 
for good prognosis of AIS. [Life Science Journal. 2009; 6(2): 51 – 56] (ISSN: 1097 – 8135).

Keywords: acute ischemic stroke; ApoA-I; ApoB; Barthel Index  

1  Introduction

Stroke is the third leading cause of all disease deaths 
as well as the first leading cause of severe disability in 
both developing and developed countries[1]. Finding out 
predictors for stroke outcome, and interfering in them 
will improve patients’ recovery, and reduce the risk of 
life threat. Some modifiable predictors, such as blood 
glucose, blood pressure, and plasma lipids are being 
studied. So far, hyperglycemia in acute phase has been 
regarded as a predictor of bad prognosis of stroke[2], and 
very high or very low, or fluctuating blood pressure in

acute phase has also been considered bringing poor out-
come. However, the relationship between plasma lipids, 
lipoproteins and apolipoproteins (Apos) in acute phase 
and stroke is still not sure. Researches on the relation-
ship of plasma lipids and prognosis of stroke are few and 
mainly focused on cholesterol, and results always con-
flict with each other. Some authors' findings suggested 
that higher levels of cholesterol were associated with a 
better outcome in the early phase after ischemic stroke[8]; 
more researchers induced contradictory conclusions[9–11]. 
In addition, these trials were all retrospective in design. 
Therefore, it’s necessary to study other lipid sub-frac-
tions and stroke using prospective method. 

Clinical trails showed statins reduced the risk of isch-
emic stroke and coronary heart disease nearly to the same *Corresponding author. Email: xuyuming@zzu.edu.cn
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extend. Scandinavian Simvastatin Survival Study (4S)[3] 
indicated Simvastatin reduced the risk of stroke by 36%; 
Long-Term Intervention with Pravastatin in Ischemic 
Disease (LIPID) Study[4] demonstrated that Pravastatin 
reduced the risk of stroke by 19%, and non-hemorrhagic 
stroke by 23%. Weak associations between total and 
low density lipoprotein (LDL) cholesterol and ischemic 
stroke compared with coronary heart disease (CHD) are 
at odds with the similar effectiveness of statin drugs in 
preventing ischemic stroke and CHD, suggesting that 
other lipid sub-fractions that are affected by statins might 
be better predictors of ischemic stroke. Plasma ApoA-I, 
ApoB levels and ApoA-I/ApoB ratio are lipid sub-frac-
tions affected by statins.

Some studies found ApoA-I/ApoB ratio was signifi-
cantly associated with the occurrence of stroke. AMO-
RIS prospective study[5] linked the ApoB/ApoA-I ratio to 
the risk of fatal stroke in a similar fashion as myocardial 
infarction and other ischemic events. Adnan I. Qureshi 
et al[6] reported the ApoA-I/ApoB ratio was inversely 
associated with both myocardial infarction and stroke 
and might be an important protective clinical marker 
for atherosclerosis. A prospective cohort study[7] which 
enrolled 261 patients with previous TIA and followed 
up for 10 years found that ApoB and the ApoB/ApoA-I 
ratio were predictive of ischemic stroke in patients with 
previous TIA. However, these studies are about ApoA-I, 
ApoB levels and ApoA-I/ApoB ratio and stroke risk, 
not stroke outcome. We conducted a small prospective 
cohort study to investigate plasma ApoA-I, ApoB levels, 
ApoA-I/ApoB ratio and early outcome of acute ischemic 
stroke (AIS), aiming at searching for a new predictor of 
prognosis of  AIS.

2  Subjects and Methods

2.1 Subjects 
2.1.1 Resources of Subjects. From Aug 24th 2005 to 
Apr 25th 2007, patients with AIS came to Henan Stroke 
Registry Centre in the First Affiliated Hospital of Zheng-
zhou University were voluntarily enrolled to this study.
2.1.2 Diagnostic criteria. 1) The diagnostic criteria for 
stroke is: Acute onset, focal neurological impairments 
(some with comprehensive neurological impairments), 
with signs and symptoms lasting more than 24 hours (or 
patient die within 24 hours) or rapidly vanishing symp-
toms with imaging of an acute clinically relevant brain 
lesion in patients. Exclude non-vascular causes[12]; 2) Ex-
clude hemorrhage by the first time computerized tomog-
raphy (CT)/magnetic resonance imaging (MRI).

2.1.3 Inclusion criteria. 1) In accordance with the diag-
nostic criteria above; 2) At any age; 3) Within 15 days 
since symptoms onset; 4)	First stroke, or recurrent stroke 
with no neurological impairments before onset.
2.2.4 Exclusion criteria. 1) Patients with comorbid he-
matological diseases or severe renal failure or hepatic 
failure; 2) Dependence caused by any reason before on-
set; 3) Inability to give informed consent.

2.2 Methods
2.2.1 Study design. Prognostic study.
2.2.2 Sample size estimation. Empirical formula for 
sample size estimation of multivariate analysis: sample 
size = variable number × (5 – 10).
2.2.3 Cases collection. Cases collection included 4 
steps: 1) When informed consent got, residents filled 
out standard stroke registry form for each patient. The 
form contained patients’ age, gender, time from onset 
to admission, past history, alcohol consumption, smok-
ing status, height, weight, abdomen circumference; first 
blood pressure on admission, blood chemistry param-
eters on admission including hemoglobin (HGB), plate-
lets (PLT), hematocrit (HCT), prothrombin time (PT), 
activated partial thromboplastin time (APTT), fibrinogen 
(FIB), international normalized ratio (INR), blood urea 
nitrogen (BUN), creatinine, fasting serum glucose, tri-
glyceride (TG), cholesterol (CHO), LDL, high density 
lipoprotein (HDL), ApoA-I, ApoB; color ultrasound of 
carotid artery and heart, brain CT/MRI, transcranial dop-
pler sonography (TCD), Infarction subtype, medications 
given, rehabilitation care taken, complications and dis-
charge diagnosis. All blood chemistry test were done in 
the hospital central chemistry lab. Infarction subtype was 
classified according to Oxford Community Stroke Proj-
ect (OCSP) stroke classification: total anterior circulation 
infarction (TACI), partial anterior circulation infarction 
(PACI), lacunar infarction (LACI), posterior circula-
tion infarction (POCI); 2) Patients’ consciousness and 
neurological impairments were assessed immediately by 
trained residents using GCS (Glasgow Coma Scale), SSS 
(Scandinavian Stroke Scale) and NIHSS (National Insti-
tute of Health Stroke Scale); 3) On day30 ± 3 after onset, 
patients received phone calls from residents who didn’ 
participate step 1) and step 2) work. Through telephone, 
residents evaluated patients’ self-care ability using modi-
fied Rankin Scale (MRS) and Barthel Index (BI) and 
recorded the scores; 4) All information collected were 
saved in SPSS13.0.
2.2.4 Determination of factors probably affecting 
prognosis of AIS. After checking related studies, we 
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chose age, gender, infarction subtypes, severity of early 
neurological impairments (which is evaluated by NI-
HSS), time from onset to admission, fasting glucose on 
admission, total cholesterol, plasma ApoA-I, ApoB levels 
and ApoA-I/ApoB ratio as probable predictors for prog-
nosis of AIS, in accordance with common agreements. 
These data were all recorded in stroke registry forms, 
and they were defined as independent variables in statis-
tic analysis. Then, we chose patients’ MRS and BI scores 
at 1 month follow-up as the end point, and they were 
defined as independent variables in statistic analysis. Ac-
cording to common agreements and related researches, 
we defined MRS < 3 or BI > 60 as patient independence, 
MRS ≥ 3 or BI ≤ 60 as dependence, and MRS = 5 and/or 
BI = 0 is for death.

2.3 Statistical analysis
Analyzing data with SPSS13.0.

3  Results

3.1 General profiles
248 AIS patients documented by CT or MRI were en-

rolled, and none missed the 1month follow-up. Table 1  
and Table 2 demonstrate general data of the patients. 

3.2 Relationship between ApoA-I, ApoB, ApoA-I/
ApoB and prognosis of AIS
3.2.1 With MRS. We defined gender, age, time from 
symptom onset to admission, infarction subtype, NIHSS 
on admission, fasting blood glucose on admission, total 
cholesterol on admission, ApoA-I, ApoB and ApoA-I/
ApoB on admission as concomitant variables, and MRS 
at 1 month follow up as dependent variable. Then we 
used multivariate logistic regression analyzing the data. 
Results showed that ApoA-I/ApoB was significantly as-
sociated with MRS (P = 0.042, OR = 0.42, 95%CI (0.182, 
0.969)). Every 1 unit increase in ApoA-I/ApoB was asso-
ciated with 0.42 times reduction in risk of patient depen-
dence at one month (MRS ≥ 3). Other variables associ-
ated with one month MRS were age, infarction subtype, 
NIHSS on admission. However, sex, time from symptom 
onset to therapy, ApoA-I, ApoB, fasting blood glucose, 
total cholesterol on admission were not associated with 
one month MRS (Table 3).
3.2.2 With BI. In this part, BI was defined as dependent 
variable. Then we used multivariate logisticl regression 
analyzing the data. Results showed that the ApoA-I/
ApoB was significantly associated with BI (P = 0.046, 
OR = 0.425, 95%CI (0.184, 0.983)). Every 1 unit in 
crease in ApoA-I/ApoB was associated with 0.425 times 

Table 1. Categorical variables
n %

Male 146 58.9
Female 102 41.1
Urban 160 64.5
Rural 88 35.5

Hypertension 146 58.9
Diabetes 53 21.4

Hyperlipoidimia 46 18.5
TIA 30 12.1

Migraine 11 4.4
Smoke 87 35.1
Alcohol 63 25.4

Previous stroke 60 24.2
TACI 8 3.2
PACI 72 29.0
LACI 121 48.8
POCI 47 19.0

MRS < 3 171 69.0
3 ≤ MRS < 5 77 31.0

BI > 60 79 69.3
0 < BI ≤ 60 77 30.7

MRS = 5 and BI = 0 7 2.8

Table 2. Ccontinuous variables

variable Sum
total

Minimal
value

Maximal
value Mean ± SD

Age 248 23 93  62.46 ± 12.71
Time form 248 0.1 360.0 7.5

symptom onset to admission
NIHSS on admission 248 1 56 4
FBG on admission 248 3.26 17.58 5.39
TC on admission 248 2.38 11.95  5.09 ± 1.26

ApoA-I on admission 248 0.20 .30 1.04 ± 0.29
ApoB on admission 248 0.40 2.40 0.91 ± 0.32

ApoA-I/ApoB 248 0.21 5.50 1.17

reduction in risk of poor outcome after one month (MRS 
≥ 3). Other variables associated with BI were age, infarc-
tion subtype, NIHSS on admission. However, sex, time 
from symptom onset to therapy, ApoA-I, ApoB, fasting 
blood glucose, total cholesterol on admission were not 
associated with BI (Table 4).

4  Discussion
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4.1 The function of Apos in lipids metabolism 
Basic researches reveal that Apos plays important 

roles in lipids metabolism. ApoA-I is the major Apo in 
HDL, and it is probably important in protecting against 
premature atherosclerosis. Genetic defects that cause the 
inability to synthesize ApoA-I cause very low plasma 
concentrations of HDL cholesterol and premature coro-
nary artery disease in the fourth and fifth decades[13–

16]. Conversely, an increased rate of ApoA-I production 
causes high plasma levels of HDL cholesterol and may 
be associated with protection from premature coronary 
artery disease based on familial longevity[17]. Further-
more, overexpression of human ApoA-I in transgenic 

mice inhibits the development of atherosclerosis[18]. 
ApoB is the major Apo in chylomicrons, VLDL, inter-
mediate-density lipoprotein, and LDL. It is an essential 
structural part in these lipoprotein particles. For example, 
the genetic inability to secrete ApoB causes the absence 
of these lipoproteins in plasma[19]. Furthermore, muta-
tions in the ApoB gene can cause low levels of ApoB and 
LDL cholesterol and may be associated with protection 
from premature coronary artery disease[20]. In addition, 
ApoB acts as a ligand for the LDL receptor, mediating 
the cellular uptake and degradation of LDL[21]. Only one 
molecule of ApoB exists per lipoprotein particle, and 
thus the quantity of ApoB in fasting plasma is a measure 

Table 4. Results of Logistic regression analysis 2

B SE Wald Sig Exp (B)
95%CI for EXP(B)

Lower Upper
Age 0.059 0.017 12.146 0.000* 1.060 1.026 1.096

Infarction subtypes 12.443  0.006*

NIHSS on admission 0.226 0.044 26.843 0.000* 1.254 1.151 1.366
ApoA-I/ApoB  – 0.855 0.428 3.996 0.046* 0.425 0.184 0.983
Gender 0.352
Time from symptom 0.312
onset to treatment
FBG on admission 0.080
TC on admission 0.318
ApoA-I on admission 0.493
ApoA-I on admission 0.519
B = LnOR, Wald = Walds test value, OR = odds ratio, 95%CI Lower = 95% lower limit of confidence interval, Upper = 95% upper limit 
of confidence interval. P < 0.05 and 95%CI ≠ 1 had statistical significance, Sig = P value.

Table 3. Results of Logistic regression analysis 1

B SE Wald Sig Exp (B)
95%CI for EXP(B)

Lower Upper
Age 0.050 0.016 9.347 0.002* 1.051 1.018 1.086

Infarction subtypes 12.888  0.005*

NIHSS on admission 0.234 0.044 27.747 0.000* 1.263 1.158 1.378
ApoA-I/ApoB  – 0.867 0.426 4.137 0.042* 0.420 0.182 0.969
Sex 0.387
Time from symptom 0.421
onset to treatment
FBG on admission 0.099
TC on admission 0.395
ApoA-I on admission 0.318
ApoA-I on admission 0.980
B = LnOR, Wald = Walds test value, OR = odds ratio, 95%CI Lower = 95% lower limit of confidence interval, Upper = 95% upper limit 
of confidence interval. P < 0.05 and 95%CI ≠ 1 had statistical significance, Sig = P value.
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of the number of LDL and VLDL particles. In fact, the 
plasma levels of “non-HDL cholesterol”, which includes 
both LDL and VLDL, are correlated with plasma ApoB 
levels[22,23]. However, in contrast to the constant 1 : 1 
molar ratio of ApoB per LDL and VLDL particle, the 
amount of cholesterol in these lipoproteins varies widely. 
Therefore, plasma ApoB levels may be a better assay 
of the concentration of atherogenic lipoprotein particles 
than are LDL cholesterol or non-HDL cholesterol lev-
els[24,25]. 

4.2 The association between ApoA-I/ApoB and out-
come of AIS

Avogaro et al[26] considered Apos better discriminators 
than lipids for atherosclerosis. AMORIS[5] study found 
no significant relevance between ApoA-I, ApoB and risk 
of stroke. A community-based cohort study in Taiwan-
Chin-Shan Community Cardiovascular Study[27], as one 
of the few studies on plasma ApoA-I, ApoB and stroke 
in Chinese people, reported ApoA-I but not ApoB levels 
might serve as an effect modifier of hypertension for 
the risk of stroke events. However, these studies were 
all about stroke risk, and no article on plasma levels of 
ApoA-I, ApoB, ApoA-I/ApoB and prognosis of AIS has 
been published yet. This study found no significant rel-
evance between plasma ApoA-I, ApoB levels and short-
time outcome of AIS, with no contradiction with previ-
ous researches on plasma ApoA-I, ApoB levels and risk 
of AIS.

More and more concerns has been attracted by 
ApoA-I/ApoB ratio, a novel predictor for high risk of 
atherosclerosis. A study[28] showed high ApoB and a high 
ApoB/ApoA-I ratio were strongly related to increased 
coronary risk, while high ApoA-I was inversely related 
to risk. Walldius and Jungner[29] reviewed articles re-
cently published on ApoB/ApoA-I ratio and risk of ath-
erosclerosis and concluded that the cholesterol balance 
determined as the ApoB/ApoA-I ratio has repeatedly 
been shown to be a better marker than lipids, lipoproteins 
and lipid ratios. In all, results indicated that the ApoB/
ApoA-I ratio was a simple, accurate and new risk fac-
tor for CV disease – the lower the ApoB/ApoA-I ratio, 
the lower the risk. As a prognostic study, this research 
showed higher ApoA-I/ApoB ratio was associated with 
better outcome at 1 month follow-up, suggesting a po-
tential protective role higher ApoA-I/ApoB played in the 
neurofunction recovery post stroke. 

Mechanism of neuroprotective function of higher 
ApoA-I/ApoB ratio probably lies in the fact that ApoB/
ApoA-I ratio is a better marker than lipids, lipoproteins 
and lipid ratios to evaluate the balance of atherogenic 

and antiatherogenic lipoproteins. Antiatherogenic lipo-
protein HDL activities include endothelium protection, 
anti-inflammation, anticoagulation, antioxidation, as well 
as diminishing brain injury by inhibiting inflammation, 
oxidative stress post-stroke[30–33]. In addition, HDL, main-
ly ApoA-I, increases the resistance of endothelial cells 
against oxidized LDL and prevents its toxic (apoptotic) 
effect by blocking the pathogenic intracellular signal-
ing (culminating in sustained Ca2+ rise) involved in cell 
death[34].

4.3 Other factors and outcome of AIS
The relationship between lipids and stroke is not clear 

yet. Some large sample prospective study found the el-
evation of plasma lipids, including TG, CHO, and LDL 
were not able to predict the occurrence of stroke[35–38]. 
Some authors’ findings suggested that higher levels of 
cholesterol were associated with a better outcome in the 
early phase after ischemic stroke8; more researchers in-
duced contradictory conclusions[9–11]. This study showed 
no significant association between CHO and short-time 
outcome of AIS, in accordance with most similar re-
searches.

Unlike previous studies, this study didn’t conclude 
that fasting glucose on admission was relevant to out-
come of AIS. The possible reason is that glucose fluctu-
ates frequently in the superacute phase of AIS. Previous 
researches on glucose and stroke enrolled patients who 
admitted to hospital mainly within 3 days since onset; 
this study enrolled patients admitted to hospital within 15 
days, whose glucose levels couldn’t represent the level in 
the superacute phase. 

5  Conclusions

ApoA-I/ApoB ratio is significantly associated with 
short-time prognosis of AIS. Higher ApoA-I/ApoB ratio 
might be a predictor of good outcome of AIS. As this is a 
small-sample pilot study, further large sample researches 
are needed.
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Abstract
Objective. An efficient protocol for in vitro regeneration of endangered medicinal plant Rauvolfia serpentina has been 

developed. Methods and Results. The juvenile leaf explants were transferred to MS medium containing different com-
binations of PGRs. Among the various combinations of BAP (1.0 – 3.0 mg/L) and IAA (0.1 – 0.5 mg/L) the intensity of 
callus induction was highest in 2.5 mg/L BAP + 2.0 mg/L IAA and 1.0 mg/L BAP + 0.5 mg/L IAA. The frequency of 
callus induction was highest 77.77% in 1.0 mg/L BAP + 0.5 mg/L IAA. During organogenic callus formation, different 
types of calli with variation in colour and texture were noticed and among them, the light green, fragile calli responded 
well for the induction of shoots. Among the various combinations of BAP and IAA used the frequency of shoot regen-
eration was highest 75% in 2.5 mg/L BAP + 0.4 mg/L IAA. For elongation of shoot 1 ppm GA-3 was also used, this 
provides a better result. The shoot was transferred to MS medium for root regeneration containing PGRs: BAP (2.5 mg/L) 
+ IAA (0.3 – 0.5 mg/L) + NAA (0.3 – 0.5 mg/L). The frequency of root regeneration was 100% in MS medium contain-
ing BAP (2.5 mg/L) + IAA (0.5 mg/L) + NAA (0.5 mg/L). After rooting on shoots the plantlets were shifted to sterile 
soil field pots for acclimatization. The survival percentage of plants after hardening was 67%. Conclusion. The protocol 
was optimized by manipulations of different PGRs for enhanced multiplication. Protocol explained in this research pa-
per provides a rapid plant regeneration system which could be used for the somaclonal variation; shoot induction and 
producing transgenic plants in Rauvolfia through Agrobacterium and biolistic methods. [Life Science Journal. 2009; 
6(2): 57 – 62] (ISSN: 1097 – 8135).

Keywords: Rauvolfia serpentina; regeneration; in vitro; induction

1  Introduction

Medicinal plants have been the subjects of man’s 
curiosity since time immemorial (Constable, 1990). Al-
most every civilization has a history of medicinal plant 
use (Ensminger et al, 1983). Approximately 80% of the 
people in the world’s developing countries rely on tradi-
tional medicine for their primary health care needs, and 
about 85% of traditional medicine involves the use of 
plant extracts (Vieira and Skorupa, 1993). In vitro cell 
and tissue culture methodology is envisaged as a mean 
for germplasm conservation to ensure the survival of en-
dangered plant species, rapid mass propagation for large-
scale revegetation, and for genetic manipulation studies.  

Combinations of in vitro propagation techniques (Fay, 
1992) and cryopreservation may help in conservation of 
biodiversity of locally used medicinal plants.

Rauvolfia serpentina L. commonly known as sarph-
gandha is an important medicinal shrub of family Apocy-
naceae (Nathan Kline, 1954). The snake-weed genus 
includes about 50 species, this has fairly wide area of 
distribution, including the tropical part of the Himalayas, 
the Indian peninsula, Sri Lanka, Burma, and Indonesia. 
The plant is indigenous to India, Bangladesh and other 
regions of Asia and found to grow in the wild in many 
places around the country (Ghani, 1998). Its roots con-
tain 0.15% resperine-rescinnamine group of alkaloids 
(Anonymous, 1969). It also contains a number of bioac-
tive chemicals, including ajmaline, deserpidine, rescin-
namine and yohimbine (Lewis WH, 2003). This herbal 
plant is used as medicine for high blood pressure, insom-*Corresponding author. Email: tapannailwal@gmail.com
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nia, anxiety and other disorders of the central epilepsy 
(Ghani, 1998).

Rauvolfia is threatened in India due to indiscriminate 
collection and over exploitation of natural resources for 
commercial purposes to meet the requirements of phar-
maceutical industry, coupled with limited cultivation 
(Nayar and Sastry, 1987; Gupta, 1989). IUCN has kept 
this plant under endangered status. The chemical resper-
ine is an alkaloid first isolated from roots of Rauvolfia 
serpentina and is used to treat hypertension (Ford RV 
et al, 1953; Vida F, 1953). Although, for centuries they 
have been used empirically in India for a variety of con-
ditions that they were effective in relief of hypertension 
was first commented on by Bhatia in 1942. Subsequently, 
other clinical investigators working in India confirmed 
the effectiveness of Rauvolfia serpentina for that pur-
poses (Chakraverti NK et al, 1951; Gupta JC, 1942). 
In a short term study, a significant decrease in systolic 
as wall as diastolic blood pressure of patients to whom 
the drug was given was observed (Vakil, 1949). Insan-
ity, Snakebite and Cholera can also be treated by use of 
this alkaloid (Wild R, 1994). The pectic polysaccharide 
named rauvolfian RS was obtained from the dried callus 
of Rauvolfia serpentina L. by extraction with 0.7% aque-
ous ammonium oxalate and it was found to posses some 
anti-inflammatory effect (Popov SV et al, 2007).

In approximately 60% of medicinal plants used in 
traditional medicines, roots are the principal source of 
drug preparation (Kamboj, 1988). The development of 
fast growing culture system can offer an opportunity for 
producing drugs from the roots in the laboratory with out 
having to depend solely on field cultivation (Sudha and 
Seeni, 2003).

In vitro regeneration of sarphgandha has been done 
from several genotypes. Micropropagation has been 
achieved from explant of Rauvolfia micrantha Hook F 
cultures (Sudha and Seeni, 1996). Micropropagation can 
be considered as an important tool for the production of 
higher quality plant based medicines (Debnath M, 2006). 
In view of this, there is an urgent need to apply in vitro 
culture methods for the micropropagation and conserva-
tion of this valuable endangered plant. Here efforts have 
been made to define efficient protocol for the recovery 
of plants through organogenesis of Rauvolfia serpentina. 
In vitro regeneration of Rauvolfia has been reported by 
many authors (Butenka, 1964; Mitra and Kaul, 1964; 
Vollosovich and Butenka, 1970; Kukreja et al, 1989;  
Roy et al, 1994). The present study was undertaken to 
develop a more efficient protocol for rapid in vitro multi-
plication of Rauvolfia serpentina using leaf explant as an 
initial plant material.

2  Materials and Methods

2.1  Plant material
Plantlets of Rauvolfia serpentina were obtained from 

Corbett Jadibuti Udhyan Kaladhungi, Nainital, Uttara-
khand and grown in sterile vermiculite at 25 ºC – 30 ºC 
in light. All the explants were taken from these donor 
plants for present investigation. Leaf explants from 2 
months old donor plant was kept for 2 hours in systemic 
fungicide Bavistin (VIMCO pesticides, Gujarat) and 
Tween-80, an antimicrobial agent, prior to surface steril-
ization. For surface sterilization, chemicals such as HgCl2 
(0.1%), NaOCl (1%), H2O2 (1%) and ethanol (70%) was 
used. Juvenile leaves were washed thoroughly in running 
tap water for 30 minutes and then with distilled water 
three times. Leaves were treated with bavistin solution 
for 4 – 5 minutes, and then rinsed thoroughly with sterile 
distilled water. The leaves were subjected to 0.1% HgCl2 
for 30 seconds, washed with distilled water and then 
placed in 70% ethanol for 1 minute and again washed 
with distilled water, followed by addition of three drops 
of antibiotic solution (cefotaxime) in laminar airflow 
cabinet. In the antibiotic solution, all leaves were dissect-
ed into small pieces and treamed so that maximum part 
can be exposed to media. All the chemicals used were 
purchased from Hi-media unless stated otherwise.

2.2  Culture media and growth condition

The medium comprised of macro and micro elements 
according to Murashige and Skoog (1962) with mesoino-
sotol (100 mg/L), thiamine-HCl (0.5 mg/L), pyridoxine-
HCl (1 mg/L), nicotinic acid (0.5 mg/L) and sucrose 
(30 g/L), solidified with 0.6% agar. The plant growth 
regulators used were 6-benzyl-aminopurine (BAP), 
α-naphthalene acetic acid (NAA) and indole acetic acid 
(IAA). All experiments were carried out in culture tubes 
(150 × 25 mm) containing 30 ml of culture medium. The 
pH of media were adjusted to 5.8 prior to autoclaving at 
121 ºC at 15 lbs pressure for 20 minutes. Cultures were 
incubated under 16 hours/8 hours light/dark cycles (arti-
ficial light, 80 µM per m2/s). 

2.3  Callus induction and shoot regeneration

For callus induction juvenile leaf section (3 – 5 mm 
in length) with cut end surface in contact with culture 
medium were placed on MS medium supplemented with 
various concentrations of PGRs BAP and IAA. After 20 
days of culture, the leaves cultured on MS basal medium 
supplemented with 3% (w/v) sucrose, BAP (1.0 ppm) 
and IAA (0.5 ppm) were found to give profuse callusing 
and when callusing was observed in entire explant, the 
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callus was cut into small pieces transferred to MS media 
having BAP and IAA in same concentration as for cal-
lus induction. Subculturing was done after every 1 – 2 
weeks. After 3 – 4 weeks of subculturing first shooting is 
observed in callus.

2.4  Regeneration of roots and development of com-
plete plantlets

For initiation of roots the 6 – 8 weeks old shoots (2.5 
– 4.0 cm in length) were cultured on half strength MS 
basal medium supplemented with 2% (w/v) sucrose and 
different concentration of PGR were tested BAP (2.5 
ppm) : IAA (0.3 ppm) : NAA (0.3 ppm), BAP (2.5 ppm) 
: IAA (0.4 ppm) : NAA (0.4 ppm), and BAP (2.5 ppm) 
: IAA (0.5 ppm) : NAA (0.5 ppm), for 2 – 3 weeks. The 
shoots were also tested on hormone free full and half 
strength MS basal medium with 3% sucrose (w/v) for 
root initiation.

The complete rooted plantlets (6 – 10 weeks old) were 
washed free of agar and dipped in 0.2% bavistin fungi-
cide for 5 – 10 minutes, and potted in small plastic pots 
containing sterilized soilrite. The plantlets were covered 
with polythene bags to maintain high humidity. These 
were acclimatized at 25 ± 3 ºC less than 16 hours pho-
toperiod and watered regularly. After 3 – 4 weeks, the 
polythene bags were removed and established plantlets 
were transplanted to earthen pots in a greenhouse. 

3  Results and Discussion                        

The smaller size of explants were chosen due to fact 
that smaller size of explants provide less chance of con-
tamination, as well as longer leaves showed total loss 
of morphogenic potential (Mujib A, 2003). Initiation of 
calluses from leaf explants did not pose a major problem. 
During initiation the explants did not show any leaching 
or browning of tissues. MS basal medium was the most 
effective for callusing of leaf explants. The explants cul-
tured on MS basal medium supplemented with different 
combinations of BAP and IAA showed varied response 
for callusing (Table 1). Leaf explants culture on MS 
basal medium without any PGR supplementation showed 
only swelling of explants that were not significant for 
callusing. This was possibly due to significant role of 
PGR over callusing. In the media supplemented with 
BAP and IAA, the leaf segments remain green for long 
period with very slow process of callus induction (Figure 
1). Further transfer into media containing BAP and IAA 
rapidly showed callus induction because the excretion of 
phenolic compounds from explants to the medium was 

strictly avoided by regular sub-culturing of callus (Figure 
2).

Callus is an unorganized mass of plant cells and its 
formation is controlled by growth regulating substances 
present in the medium (auxins and cytokinins) (Shah et  

Table 1. Effect of different concentrations of PGR added
to MS medium on induction of callus from leaf in

R. serpentina (Observation after 27 days)
PGR (mg/L) Intensity of 

callus induction Nature of callus
IAA BAP
0.1 – – No callus formation
0.1 1.0 ++ White coloured, fragile
0.1 1.5 + Green coloured, fragile
0.2 0.0 No callus formation
0.2 1.0 ++ Light green coloured, fragile
0.2 1.5 + Light green coloured, fragile
– 2.0 – No callus formation
– 2.5 – No callus formation
– 3.0 – No callus formation

0.1 2.0 + White coloured, fragile
0.1 2.5 – No callus formation
0.1 3.0 – No callus formation
0.2 2.0 – No callus formation
0.2 2.5 +++ White coloured, fragile
0.2 3.0 – No callus formation
0.3 – – No callus formation
0.3 1.0 ++ Green coloured, fragile
0.3 1.5 + Light green coloured, fragile
0.3 2.0 – No callus formation
0.3 2.5 ++ Light green coloured, fragile
0.3 3.0 – No callus formation
0.4 – – No callus formation
0.4 1.0 + Light green coloured, fragile
0.4 1.5 + Light green coloured, fragile
0.4 2.0 – No callus formation
0.4 2.5 ++ Light green coloured, fragile
0.4 3.0 – No callus formation
0.5 – – No callus formation
0.5 1.0 +++ Light green coloured, fragile
0.5 1.5 + Green coloured, fragile
0.5 2.0 ++ Light green coloured, fragile
0.5 2.5 – No callus formation
0.5 3.0 – No callus formation

– – – Swelling of the explant ob-
served
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al, 2003). The specific concentration of plant regulators 
needed to induce callus, varies from species to species 
and even depends on the source of explant (Charriere et 
al, 1999). It has been demonstrated in many cases that 
2,4-D is usually the choice of auxin for callus induc-
tion and subculture of grasses (Bhaskaran and Smith, 
1990; Chaudhury and Qu, 2000). Lately more and more 
experimental results indicate that the addition of a low 
concentration of cytokinin in callus culture medium of-
ten enhances callus regeneration (Alpeter and Posselty, 
2000; Chaudhury and Qu, 2000; Cho et al, 2000; Bai and 
Qu, 2001; Bradely et al, 2001). Minimal cytokinins and 
auxins in culture media would avoid somaclonal varia-
tion and efficiently produce true to type plantlets (Edson 
et al, 1996).

Figure 1. Callus induction in R. sepentina from leaf explants in 
MS media containing 1.0 mg/L BAP and 0.5 mg/L IAA.

Figure 2. Shoot regeneration from callus on 2.5 mg/L BAP + 0.4 
mg/L IAA MS media.

The success of micropropagation largely relies on the 
selection of suitable plant part, which is to be used as 
the starting material for the experiment. In the present 

experiment leaf explants was best fit for purposes. The 
best callusing was observed in media having BAP : IAA 
in concentration ratio of (1.0 : 0.5 ppm). In the media 
supplemented with only BAP and IAA the callus induc-
tion was very significant (Figure 2). This remains in ac-
cordance with previous reported work of (Mathur et al, 
1987). Different types of calli with variation in colour 
and texture were noticed (Table 1) and among them, the 
light green, fragile calli responded well for the induction 
of shoots.

This study further demonstrates that shoot regenera-
tion from callus was very earlier in media supplemented 
with BAP and IAA in concentration ratio of (2.5 : 0.4 
ppm), in comparison to 2.5 : 0.3, 1.0 : 0.5 or 2.0 : 0.5 
(Table 2 and Figure 3). Thus, the PGR concentrations 
have significant impact on shoot regeneration. This is 
basically due to endogenous level of growth regulators. 
For elongation of shoot 1ppm GA-3 was also used, this 
provides a better result (Figure 4).

Table 2. Effect of different concentration of PGRs added to
MS medium on induction of callus and regeneration

of shoots from leaf of R. serpentina

PGR (mg/L) Days for
callus

formation
(day)

Days of shoot
regeneration

after callusing
(day)

Frequency 
of callus-
ing (%)

Frequency of
shoot regene-

ration (%)BAP IAA

2.5 0.4 24 18 72.00 75
2.5 0.3 24 36 40.00 45.03
1.0 0.5 24 37 77.77 52
2.0 0.5 24 38 70.00 39.45

 

Figure 3. Rooting regeneration on 2.5 mg/L BAP + 0.5 mg/L IAA 
+ 0.5 mg/L NAA MS media.

No root could be induced in either basal medium of 
full or half strength MS media. However, when 2.5 – 4.0 
cm elongated shoots were placed on half strength MS 
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basal medium supplemented with BAP, IAA and NAA in 
concentration ratio of (2.5 : 0.5 : 0.5 ppm) roots were in-
duced in nearly 100% of shoots within 2 weeks (Figure 5). 
Other concentration BAP, IAA and NAA (2.5 : 0.4 : 0.4 
and 2.5 : 0.3 : 0.3) induce rooting in slightly lower per-
centage (Table 3). Basal media supplemented with NAA 
was found to be better for root regeneration this was in 
accordance with previous reported work of Kumar et al 
(1993).

Figure 4. In vitro regeneration of complete plantlets of R. 
serpentina from leaf explant.

Figure 5. Hardening of plantlet to mixture of sterile soil, sand and 
vermicompost.

Taking care of root regeneration data it can be con-
cluded that the standard protocol developed for regenera-
tion of Rauvolfia was nearly 100% efficient but in accor-
dance with hardening data (Table 4) there is a need for 
further standardization and work to increase the efficien-
cy, during hardening so that this medicinally important 

plant could be propagate at larger scale and its medicinal 
importance properties could be utilized for well being 
of human population. This further become important 
due to advancement in commercialization of plant tissue 
cultured plantlets by commercial sectors have led to con-
tinued exponential growth within the industry in terms of 
numbers of new units as well as numbers of plants pro-
duced by the units (Govil S and Gupta SC, 1997). The 
development of a reliable in vitro protocol are of great 
importance for producing plant material and for conser-
vation of rare plant species, and offset the pressure on the 
natural populations as well as plant medicinal purposes.

Table 3. Effect of different concentration of PGR
added to MS medium for root regeneration

from shooted callus of R. serpentina
PGR (mg/L) Days of

rooting (day)
Frequency of
rooting (%)BAP IAA NAA

2.5 0.3 0.3 12 85
2.5 0.4 0.4 15 96
2.5 0.5 0.5 10 100

Table 4. Estimated survival of plants after hardening
Number of pots

containing plants
Number of plants

survived
Percentage of
survival (%)

5 3 60
3 2 67
4 2 50

4  Conclusion

The present study describes a well documented and 
reliable protocol of R. serpentina from leaf explants with 
much higher rate of multiplication. This protocol can be 
used as a basic tool for commercial cultivation of sarph-
gandha plant.
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Abstract
Objective. Investigate the risk factors of postoperative upper gastrointestinal bleeding of percutaneous coronary in-

terventional (PCI) therapy. Methods. From March of 2005 to 2008, application of Logistic multiple stepwise regression 
analysis and forecasting factor screening Fishers discrimination mode, we have studied 152 cases for postoperative up-
per gastrointestinal bleeding of PCI therapy in the Second Affiliated Hospital of Zhengzhou University. Results. The in-
cidence of upper gastrointestinal bleeding is 0.3% (5/152). Meanwhile, Logistic regression analysis showed that the risk 
factors of upper gastrointestinal bleeding are associated with elderly age and postoperative using heparin and Tirofiban. 
Conclusion. Early identification of risk factors can reduce the risk of gastrointestinal bleeding of PCI for postoperative 
patients. [Life Science Journal. 2009; 6(2): 63 – 64] (ISSN: 1097 – 8135).

Keywords: coronary heart disease; angioplasty; upper gastrointestinal bleeding; PCI

1  Introduction

Manoukian et al reported[1] that up to 30% patients of 
acute coronary syndrome and of coronary heart disease 
with percutaneous coronary intervention (PCI) treatment 
are in suffering of bleeding complications. Patients with 
immediate bleeding and the long-term poor prognosis 
with hemorrhage is closely related[2,3]. Both Anticoagula-
tion and antiplatelet therapy are the must in the treatment 
of patients with coronary heart disease to reduce the oc-
currence of ischemia but also may increase the tendency 
of bleeding. This report demonstrated 152 case-studies 
on gastrointestinal bleeding risk factor of PCI patients 
with coronary artery disease were retrospectively ana-
lyzed and discussed.

2  Cases Study

From March 2005 to 2008, 152 PCI (88 of male and 
64 of female aged from 37 to 77 years old patients) cases 
were studied. Among the patients, there are 63 cases for

acute myocardial infarction, 56 cases for unstable angina 
pectoris, and 13 cases for remote infarct as well as 20 
cases for ischemic cardiomyopathy excluding ischemic 
heart valve disease, serious, myocarditis, arrhythmia, liv-
er function is not complete, chronic obstructie pulmonary 
emphysema, etc. However, patients were administrated 
with nitrate, beta blockers and calcium channel block-
ers, statins, aspirin, clopidogrel and other drugs with PCI 
therapy.
Clinical observation. Before the operation for routine 
PCI platelet counts, blood clotting time, prothrombin 
were carefully recorded and measured for all the cases. 
In the use of heparin and Tirofiban, platelet counts, blood 
coagulation time, thrombinogen reaction time and fe-
cal occult blood test with specific criteria, such as blood 
platelet count test must be less than 20 ×109/L and APTT 
test must be longer than 180 seconds etc., all carefully 
being performed has obviously shown the bleeding ten-
dency. Moreover, positive fecal occult blood test indi-
cated the early gastrointestinal bleeding. Clinically, we 
observed the bleeding of gums indicating the administra-
tion of heparin and Tirofiban may cause early bleeding 
being observed. Administration of heparin and Tirofiban 
may also cause the bleeding tip coagulated time longer *Corresponding author. Email: 
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than regular 2 to 3 minutes for intravenous administra-
tion and much dressings oozed blood or local hematoma 
for the PCI postoperative care, 

3  Results

Recording age, gender, alimentary basic diseases, PCI 
duration and complications preoperative and postopera-
tive, side effects of using heparin and Tirofiban, proton 
pump inhibitors, platelet count and blood clotting PT 
and PTT as the data base, by using SPSS and Logistic 
regression analysis, we set up parameters and proposed a 
model for bleeding risk factor calculation as following:

P = exp(– 14.253 + 0.152 × age + 2.602 × concentra-
tion of heparin and Tirofiban)/[1+exp(– 14.253 + 0.152 × 
age + 2.602 × heparin and Tirofiban)]

According to the model, we conclude the ROC curve 
at 0.961 (95% CI: 0.911 – 1.010) and standard error is 
0.025. In the mean time, increasing age may increase the 
risk of bleeding of PCI therapy.

Table 1. The risk factors of postoperative upper
gastrointestinal bleeding of PCI therapy

parameters B SE Wald P Exp (B) 95% CI

Age 0.152 0.067 5.214 0.022 1.164 1.022 –
1.326

Heparin and
tirofiban 2.602 1.032 6.357 0.012 13.487 1.7859 –

101.931
Constant – 14.253 4.851 8.634 0.003 < 0.0001

B: partial regression coefficient; SE: standard error of partial 
regression coefficient; Exp (B): relative risk RR.

If substitute age, heparin and Tirofiban (two risk fac-
tors) to Fisher formula, we can get the discriminant func-
tion

Y = 0.647 × age + 0.774 × concentration of heparin 
and Tirofiban

By using cross validation to evaluate the reliability, we 

can get the accuracy of discriminant function of 84.2%.

4  Discussion

In order to avoid the PCI postoperative stent acute 
thrombosis, Heparin and Tirofiban can be used for 
therapy. Through the anticoagulant III enzyme, heparin 
can inhibit the function of II a, IX a, X a plasma throm-
boplastin component (PTC) and therefore within 10 
minutes of injection can significantly prolong the blood 
clotting, thrombin enzyme activity and hemoglutina-
tion[4,5]. Through inhibiting platelet by glycoprotein II 
b/III receptor to exert the function of antiplatelet agents, 
Tirofiban can provide the function of anticlotting. Anti-
clotting drugs can directly cause gastrointestinal mucosa 
bleeding[6]. For senior patients, due to the physiological 
degradation, heparin and Tirofiban combination therapy 
may have high risk of gastrointestinal bleeding which 
truly match the calculation from our prediction model.
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Abstract
Objective. This study were designed to compare the impact of instant high frequency stimulation (HFS) and 3-day 

continuous HFS on the intracellular Ca2+ volume in sympathetic PC12 cells and to define the role of Nifedipine(NIF) 
in this process. Methods. The cells were randomly divided into two groups, namely instant HFS and 3-day continuous 
HFS. Using a line scanning technique under a Laser Scanning Microscope (LSM) at 1.2 ms – 1.25 ms intervals for 60s, 
we found that the intracellular Ca2+ fluorescence intensity changes between conduction of HFS and after termination of 
HFS. Results. The intracellular Ca2+ fluorescence intensity rapidly declined instantly after HFS on the sympathetic PC12 
cells and the range of declination observed through line scanning was 47.7%. HFS was conducted continuously for 3 
days, 3 hours per day. After discontinuing HFS, Ca2+ fluorescence intensity increased sharply with a 60% inclination. 
This effect was weakened by Ca2+ channel inhibitor Nifedipine (NIF). Conclusion. These data indicates that the variation 
of Ca2+ volume induced through HFS has a significant effect on sympathetic PC12 cells. On commencing instant HFS, 
Ca2+ fluorescence intensity increased significantly and decreased sharply after 3-day continuous HFS was terminated. 
However, NIF can partially counteract the inhibitory effect of HFS on PC12 cells, instead of complete blockage. [Life 
Science Journal. 2009; 6(2): 65 – 70] (ISSN: 1097 – 8135).

Keywords: PC12 cells; high frequency stimulation; Nifedipine; laser scanning microscope

1  Introduction

The treatment of Parkinson’s disease (PD) is a difficult 
process that currently remains partially explored. Now, 
high frequency stimulation (HFS) of the subthalamic nu-
cleus (STN) has become one of the main global surgical 
techniques in the treatment of PD[1,2]. In clinical condi-
tions, HFS of STN neurons in PD is empirically applied at 
> or = 100 Hz (130 – 185 Hz), with pulses of short duration 
(60 – 100 micros) and 1 – 3 mA amplitude[3,4]. And more 
recently, a double effect hypothesis, implying both an ini-
hibition of pathological neural activity and the induction 
of a new rhythm by periodic electrical stimulation[5,6]. This 
experiments attempts to enhance understanding of HFS 
effect mechanisms in treating PD and to observe changes

in cellular function under stimulation more effectively, in 
particular Ca2+ as the second messenger which partakes 
widely in a large range of cellular functions such as cellu-
lar movement, secretion, metabolism and differentiation[7], 
as well as Ca2+ mediated cells also have significant tuning 
effects on responses to external stimulation[8]. This exper-
iment utilizes pheochromocytoma cells (PC12 cells) that 
are similar to neurons in cellular anatomy, physiology and 
biochemistry, and possess common attributes with neu-
rons and neurosecretory cells[9], when induced by nerve 
growth factor (NGF) in particular, the PC12 cell differ-
entiates toward sympathetic neurocytes[10,11]. We applied 
HFS on continuous sympathetic PC12 cells by currents 
acting on medium, and using a laser scanning microscope 
(LSM) observed changes in sympathetic PC12 intracel-
lular Ca2+ under the effect of HFS, and through the use 
of Nifedipine (NIF), prove that changes can be induced 
in sympathetic PC12 intracellular Ca2+ through HFS. We 
expect these results would benefit further exploration of 
possible effect mechanisms HFS has on the treatment of 
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PD, and provide more reliable theoretical support for the 
appropriate use of HFS in the clinical treatment of PD.
 

2  Materials and Methods

2.1 High frequency stimulation method
Cells were inoculated in a Poly-L-Lysine hydrobro-

mide (PLL) (Sigma, USA) coated 24-hole culture plate or 
a 3.5 cm culture dish and incubated for 24 hours in a 37 
ºC incubator with 5% CO2. Titanium wires were aligned 
parallel across adjacent holes in the 24 hole culture plate, 
two titanium wires were aligned parallel in the 3.5 cm 
culture dish, with ends respectively connected to positive 
and negative currents and stimulated with high frequency 
electrical currents. Square wave was generated by a stim-
ulus generator and run through the isolator to stimulate 
cell population. HFS parameters were: 130 Hz frequency, 
500 µA current, 60 µs pulse widths.

2.2 Incubation of sympathetic PC12 cells and cellular 
identification experiment

Undifferentiated PC12 cells were provided by the 
Nuclear Medicine Lab, College of Medicine, Shanghai 
Jiao Tong University. Incubation fluid contained 88% 
Dulbecco’s modified Eagle’s medium (DMEM) (GIBCO, 
USA), 10% fetal bovine serum (Zhejiang Hangzhou Si-
jiqing Biotech Co., China), 1% Penicillin streptomycin 
(GIBCO, USA) and 1% L-Glutamine (GIBCO, USA). 
PC12 cells were incubated in a 37˚C incubator with 5% 
CO2; Cells were inoculated in a 24-hole culture plate at a 
density of 0.5 × 104 units/cm2 or which were inoculated 
in a 3.5 cm culture dish at a density of 0.8 × 104 units 
/cm2. 72 hours before commencing the experiment, sym-
pathetic neurocytes obtained by inducing and differentiat-
ing PC12 cells through NGF (Promega, USA) were added 
at a final concentration of 50 ng/ml[11,12]. The cells were 
left overnight using 1 : 4000 TH-16 (Sigma, USA) at 4 ºC, 
with anti-mouse-HRP (Shanghai Changdao Biotech Co., 
China) incubation at 37 ºC for 1 hour to conduct immu-
nohistochemical staining. The positive results of tyrosine 
hydroxylase (TH) which secreted by PC12 sympathetic 
neurocytes were yellow-brown particles.

2.3 Instant high frequency stimulation

2.3.1 Changes in intracellular Ca2+ in PC12 cells. Cells 
were inoculated at a density of 0.8 × 104 units/cm2 in a 
PLL coated 3.5 cm culture dish containing 3 ml of fluid 
culture. NGF was added at a final concentration of 50 
ng/ml to induce differentiation in PC12 cells. After cells 
have adhered, 0.5 mM of Fluo-4/AM (Molecular Probes, 

USA) with a final concentration of 2.5 μM was added to 
monitor PC12 intracellular Ca2+. Cells were then incu-
bated for 30 minutes in an incubator with 5% CO2 at 37 
ºC. The culture dish was placed under scanning stage of 
laser scanning microscope (510) (Zeiss Co., German) at 
× 10 objective and excited by an argon ion laser with ex-
citation wavelength 488nm and emission wavelength BP 
500-550 nm. Images were recorded via photomultiplier 
and image resolution was 52 × 52 using imaging software 
Time Series v.4.0. Line scanning was conducted at 1.2 
ms – 1.25 ms intervals, with a total of 50000 scans over a 
total time of 60 seconds. HFS (parameters same as above) 
was conducted 14.4 seconds after commencing line scan 
and changing trends in intracellular Ca2+ fluorescence 
were dynamically recorded.

2.3.2 The effect of NIF on intracellular Ca2+ in PC12 
cells. Cells are differentiated using NGF and identified 
by the TH-16 immunohistochemical method, then inocu-
lated in a 3.5 cm culture dish at 0.8 × 104 units/cm2. PC12 
intracellular Ca2+ were measured with Fluo-4/AM and 
cells were incubated for 30 minutes in an incubator with 
5% CO2 at 37 ºC, then incubated with NIF (Calbiochem 
Co., USA) (final concentration 2 μM) for 5 minutes under 
the same conditions. Changes in intracellular Ca2+ fluo-
rescence upon commencing HFS were observed under a 
LSM using the same scanning parameters as above.

2.4 Three-day continuous high frequency stimulation 

2.4.1 Changes in intracellular Ca2+ in PC12 cells. Cells 
were differentiated through NGF and identified with the 
TH-16 immunohistochemical method, then inoculated in 
a 3.5 cm culture dish at 0.8 × 104 units/cm2. After cells 
have adhered, HFS was applied continuously for 3 hours 
at fixed times daily for three days. HFS (parameters same 
as above). 30 minutes before terminating the 3-day stimu-
lation period, PC12 intracellular calcium ions were mea-
sured with Fluo-4/AM and cells were incubated in an in-
cubator with 5% CO2 at 37 ºC, and scanned under a LSM 
at 1.2 ms – 1.25 ms intervals, with a total of 50000 scans 
over a total time of 60 seconds. HFS (parameters same 
as above) was conducted 14.4 seconds after commencing 
line scan and changing trends in intracellular Ca2+ fluores-
cence were dynamically recorded. 

2.4.2 The effect of NIF on intracellular Ca2+ in PC12 
cells. Cells were differentiated using NGF and identified 
by the TH-16 immunohistochemical method, then inocu-
lated in a 3.5 cm culture dish at 0.8 × 104 units/cm2. Af-
ter cells have adhered, HFS (parameters as above) was 
applied continuously for 3 hours at fixed times daily for 
three days. 30 minutes before terminating the 3 day stimu-
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lation period, PC12 intracellular Ca2+ were measured with 
Fluo-4/AM and cells were incubated for 30 minutes in an 
incubator with 5% CO2 at 37 ºC, then incubated with NIF 
(final concentration 2 μM) for 5 minutes in an incubator 
with 5% CO2 at 37 ºC, and scanned under a LSM (same 
scanning parameters as above) to observe effects of NIF 
on changes and trends in intracellular Ca2+ fluorescence 
values instantly after the 3-day HFS period was termi-
nated.

2.5 Statistical analysis
Data drawn from cell form and cellular identification 

were analyzed using imaging software RS IMAGE PRO 
V.4.5; Laser scanned images were analyzed using imaging 
software Time Series. Data drawn from the experiment, 
in-group differences before and after HFS in the instant 
stimulation group and termination of the 3-day continuous 
stimulation group were tested using the one-way ANO-
VA. Differences between the instant stimulation group 
and 3-day continuous stimulation group were tested us-
ing the independent t-test and analyzed using SPSS 11.0.

3  Results

3.1 PC12 sympathetic neuron cell identification re-
sults

PC12 cells are differentiated by NGF to become sym-
pathetic neurocytes. After HFS, the metabolic level of in-
tracellular tyrosine hydroxylase is tested using the TH-16 
immunohistochemical method. This method stains PC12 
sympathetic neurocytes yellow-brown and serves to iden-
tify PC12 sympathetic neurocytes after HFS (Figure 1). 

3.2 Changes in intracellular Ca2+ in PC12 cells after 
instant HFS

After Fluo-4/AM has been combined with free Ca2+ in 
PC12 sympathetic neurocytes, it could be observed us-
ing the LSM that intracellular fluorescence was evenly 
distributed. After commencing instant HFS, the strength 
of intracellular fluorescence weakened (Figure 2 A & B); 
it could be observed through line scanning that with the 
progression of stimulation time, intracellular Ca2+ fluores-
cence decreased sharply (Figure 3), with range of decline 
reaching 47.7% (Figure 4).

3.3 NIF on intracellular Ca2+ in PC12 cells after in-
stant HFS

After adding NIF (2 μM), cells were incubated for 5 
minutes before HFS. Change in intracellular fluorescence 
in the instant HFS group was not apparent before and after 
commencing HFS (Figure 5 A & B). It could be observed 

through line scanning method that intracellular fluores-
cence did not weaken significantly as stimulation time 
progressed (Figure 3), with range of only 4.8%, compared 
with groups without NIF (P < 0.01) (Figure 4). This indi-
cated NIF had suppressed Ca2+ outflow induced by HFS.

3.4 Changes in intracellular Ca2+ in PC12 cells after 
3-day continuous HFS

It could be observed that after HFS was terminated 
for the 3-day HFS group, there was a gradual increase in 
intracellular fluorescence (Figure 2 C & D). It could be 
observed through line scanning that after HFS was ter-
minated, intracellular Ca2+ fluorescence increased rapidly 
(Figure 6) at range of 60% (Figure 7). Despite the speed 
and short time between line scan intervals that may cause 
fluorescence annihilation, line scanning still showed the 
more significant increase in Ca2+ fluorescence. After HFS 
was terminated for the 3-day continuous HFS group, in-
tracellular Ca2+ fluorescence increased. This may have 
been caused by the inflow of extra-cellular Ca2+ or the re-
lease of intracellular calcium storage.

3.5 NIF on intracellular Ca2+ in PC12 cells after 3-day 
continuous HFS

After adding NIF (2 μM), cells of the 3-day HFS group 
were incubated for 5 minutes before HFS. Change in in-
tracellular fluorescence was not apparent after HFS was 
terminated (Figure 5 C & D). It could be observed through 
line scanning method that intracellular fluorescence did 
not weaken significantly (Figure 6), with range of only 
17.2% compared with the group without NIF (P < 0.01) 
(Figure 7). This indicated NIF had inhibited Ca2+ outflow 
induced by HFS in the 3-day HFS group, but from the data 
it is shown that NIF did not completely suppress changes 
that occurred in intracellular Ca2+.

Figure 1. TH in PC12 sympathetic neurocytes was stained yellow-
brown by TH-16 immunohistochemical method (DAB, × 400).
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Figure 2. The effect of high frequency stimulation on intracellular 
Ca2+ in sympathetic PC12 cells. A: Before commencing instant 
HFS. B: After commencing instant HFS. C: Before terminating 3-
day HFS. D: After terminating 3-day HFS.
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Figure 3. Line scanning of instant HFS. With commencing instant 
HFS, and without-NIF intracellular Ca2+ fluorescence decreased 
sharply; 2 μM-NIF intracellular Ca2+ fluorescence did not weaken 
significantly. †:Instant HFS was conducted 14.4 seconds.The Effect of NIF on Intracellular Ca2+ in PC12 Cells
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Figure 4. The effect of NIF on intracellular Ca2+ in PC12 cells after 
commencing instant HFS. With commencing instant HFS, and 
without-NIF intracellular Ca2+ fluorescence decreased sharply, with 
ranges of decline reaching 47.7% through line scanning;2μM-NIF 
intracellular fluorescence did not weaken significantly, with range 
of only 4.8%. **: P < 0.01 vs. the without-NIF group.

Figure 5. The effect of L-voltage sensitive Ca2+ channel blocker NIF 
on intracellular Ca2+ in PC12 sympathetic neurocytes after HFS. A: 
Before commencing instant HFS; B: After commencing instant HFS; 
C: Before terminating 3-day HFS; D: After terminating 3-day HFS.
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Figure 6. Line scanning of instant 3-day HFS.With terminating 3-
day HFS, and without-NIF intracellular Ca2+ fluorescence increased 
rapidly;2μM-NIF intracellular Ca2+  fluorescence did not weaken 
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Figure 7. The effect of NIF on intracellular Ca2+ in PC12 cells after 
terminationg 3-day HFS. With terminating 3-day HFS, and without-
NIF intracellular Ca2+ fluorescence increased rapidly at range of 
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4  Discussion

Since TH is a rate-limiting enzyme organically com-
posed by catecholamines as well as a key enzyme in the 
formation of such substances as dioxyphenylalanine and 
adnephrin, an important role in the organic synthetic tun-
ing of substances such as dioxyphenylalanine. A range of 
abnormal changes generally occur in the genetic expres-
sion, apoenzyme levels and enzymatic activity of animal 
PD models and PD sufferers[13,14], and it was also found 
that TH levels increase significantly in PC12 cells that 
have been NGF differentiated[15]. The high frequency 
electrical currents act on cells’ body by cells’ medium[16]. 
Based on this, this experiment tests the metabolic level of 
intracellular TH using the TH-16 immunohistochemical 
method, which serves to determine whether NGF differ-
entiated PC12 cells are sympathetic neurocytes and pro-
vides basis for successive experiments. The changes in 
intracellular Ca2+ fluorescence before and after commenc-
ing/terminating HFS was observed.

Intracellular Ca2+ plays the role of the second mes-
senger; its temporary changes are determined by extra-
cellular Ca2+ density and unpolarized cellular membrane 
level[17,18,19]. This experiment shows that there is a close 
relationship between HFS and intracellular Ca2+ fluores-
cence. Significant changes could be observed in intracel-
lular Ca2+ fluorescence at the instant of commencing or 
terminating HFS. Upon commencing HFS, Ca2+ fluores-
cence increased significantly and decreased sharply after 
HFS was terminated. It is speculated that under stimu-
lated conditions, the Ca2+ channel located on the PC12 
cellular membrane is activated by the intra/extra-cellular 
voltage difference generated by instant HFS. This could 
cause the Ca2+ channel located on the PC12 cellular mem-
brane to open, resulting in the rapid outflow of cytoplasm 
Ca2+. Related research lends proof to the fact that electri-
cal stimulation can cause changes in single calcium chan-
nel dynamics[20]. 

Through line scanning, this experiment showed that 
there is a regressive time-strength relationship between 
HFS and intracellular Ca2+ fluorescence. The decline rate 
of Ca2+ fluorescence which is caused by line scan is 47.7%. 
It is shown that instant HFS induces a stronger intracel-
lular Ca2+ outflow for a short time after it commences, 
which subsides as time progresses. Upon termination of 
stimulation repeated daily at fixed times and frequencies 
for 3 days, Ca2+ located outside and in the cell organ may 
both be motivated to enter the cytoplasm. Not only extra-
cellular free Ca2+ inflow but also the release of intracel-
lular calcium storage cause localized calcium signals in 
Ca2+ in the cytoplasm to strengthen. Similarly, observa-

tions from line scanning techniques, it was shown that the 
increase rate of Ca2+ fluorescence caused by line scan is 
60%. It can be seen that HFS also caused more obvious 
Ca2+ fluorescence signal in a short time and Ca2+ inflow 
subsides as time progresses after HFS has been terminat-
ed. Meanwhile, this effect is closely tied to the L-voltage 
sensitive Ca2+ channel, despite the fact that this channel 
plays a secondary role in the release of neurotransmit-
ters[21]. The results of this experiment lend experimental 
evidence to the release of HFS induced intracellular Ca2+ 
via the L-voltage sensitive Ca2+ channel. When the chan-
nel inhibitor NIF is used in conjunction with HFS[22], it 
brings about significant changes in intracellular Ca2+ fluo-
rescence, in which no apparent changes occurred at the in-
stant commencing HFS and 3-day continuous terminating 
HFS. It is speculated that the Ca2+channel inhibitor altered 
cell response toward different mediate signals. Howev-
er, further research is needed to determine whether the 
increase and decrease of intracellular Ca2+ fluorescence 
upon commencing/terminating HFS are caused entirely 
by the opening of L-voltage sensitive calcium channels, 
and whether the strength of this effect is tied to NIF con-
centration.

5  Conclusion

This experiment shows that there is a close relationship 
between HFS and intracellular Ca2+ volume in PC12 cells. 
Significant changes in intracellular Ca2+ fluorescence in-
tensity could be observed at the instant of commencing 
or terminating HFS. Upon commencing HFS, Ca2+ fluo-
rescence intensity increased significantly while decreased 
sharply after HFS was terminated. And the NIF can par-
tially counteract the inhibitory effect of HFS on PC12 
cells, instead of complete blockage.

Acknowledgment

We thank Jinjia Hu, Hao Zhu and Wenjin Wang for 
their technical assistance. This study was supported in 
part by the Department of Nuclear Medicine from Shang-
hai Jiao Tong University.

References
Soulas T, Gurruchaga JM, Palfi S. Attempted and completed suicides 
after subthalamic nucleus stimulation for Parkinson’s disease.Neurol 
Neurosurg Psychiatry 2008; 79(8): 952 – 4.
Voges J, Koulousakis A, Sturm V. Deep brain stimulation for Parkin-
son’s disease. Acta Neurochir Suppl 2007; 97(Pt 2): 171 – 84. 
Garcia L, Alessandro DG, Fernagut PO. Impact of high-frequency stim-

1.

2.

3.

∙  69  ∙



 Life Science Journal, Vol 6, No 2, 2009                                                                                                                                http://lsj.zzu.edu.cn

ulation parameters on the pattern of discharge of subthalamic neurons.
Neurophysiol 2005; 94(6): 3662 – 9.
Moro E, Esselink RJ, Xie J. The impact on Parkinson’s disease of elec-
trical parameter settings in STN stimulation. Neurology 2002; 59(5): 
706 – 13. 
Garcia L, Allessandro DG, Bioulac B. High frequency stimulation in 
Parkinson’s disease: More or less? Trends Neurosci 2005; 28(4): 209 
– 16.
Galati S, Scarnati E, Mazzone P. Deep brain stimulation promotes ex-
citation and inhibition in subthalamic nucleus in Parkinson’s disease.
Neuroreport 2008; 19(6): 661 – 6.
Teruel MN, Chen W, Persechini A. Differential codes for free Ca2+-
calmodulin signals in nucleus and cytosol. Curr Biol 2000; 10(2): 86 
– 94.
Katz E, Verbitaky M, Rothlin C. High calcium permeability and calci-
um block of the alpha9 nicotinic acetylcholine receptor. Hear Res 2000; 
141(1–2): 117 – 28.
Das PC, McElroy WK, Cooper RL. Potential  mechanisms  responsible 
for chlorotriazine-induced alterations in catecholamines in pheochro-
mocytoma (PC12) cells. Life Sci 2003; 73(24): 3123 – 38.
Zachor DA, Moore JF, Brezausek C. Cocaine inhibits NGF-induced 
PC12 cells differentiation through D1-type dopamine receptor. Brain 
Res 2000; 869(1–2): 85 – 97.
Greene LA, Tischler AS. Establishment of a noradrenergic clonal line 
of rat adrenal pheochromocytoma cells which respond to nerve growth 
factor. Proc Natl Acad Sci USA 1976; 73(7): 2424 – 8.
Vaudry D, Stork PJ, Lazarovici P. Signaling pathways for PC12 cell dif-
ferentiation: making the right connections. Science 2002; 296(5573): 
1648 – 9.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Shiman R, Akino M. Solubilization and partial purification of tyrosine 
hydroxylase from bovine adrenal medulla. Biol Chem 1971; 246(5): 
1330 – 40.
Czyzyk Krzeska MF, Paulding W, Toska K. Tyrosine hydroxylase and 
Parkinson’s disease. Neurobiol 1998; 16(3): 285 – 309.
Edel T, Kavanagh, John P. Functionality of NGF-protected PC12 cells 
following exposure to 6-hydroxydopamine. Biochemical and Biophysi-
cal Res 2006; 351(4): 890 – 5.
Xia R, Berger F, Piallat B. Alteration of hormone and neurotransmitter 
production in cultured cells by high and low frequency electrical stimu-
lation. Acta Neurochir (Wien) 2007; 149(1): 67 – 73.
Birch BD, Eng DL, Kocsis JD. Intranuclear Ca2+ transients duringneu-
rite regeneration of an adult mammalian neuron. Proc Natl Acad Sci 
USA 1992; 89(17): 7978 – 82.
Berridge MJ, Bootman MD. Calcium signaling: dynamics, homeostasis 
and remodeling. Nat Rev Mol Cell Biol 2003; 4(7): 517 – 29.
Friel DD, Chiel HJ. Calcium dynamics: analyzing the Ca2+ regulatory 
network in intact cells. Trends Neurosci 2008; 31(1): 8 – 19.
Marchionni I, Paffi A, Pellegrino M. Comparison between low-level 
50 Hz and 900 MHz electromagnetic stimulation on single channel 
ionic currents and on firing frequency in dorsal root ganglion isolated 
neurons. Biochim Biophys Acta 2006; 1758(5): 597 – 605.
Pancrazio JJ, Viglione MP, Kim YI. Effects of Bay K 8644 on spontane-
ous and evoked transmitter release at the mouse neuromuscular junc-
tion. Neuroscience 1989; 30(1): 215 – 21.
Green KN, Taylor SC, Smithand IF. Differential coupling of voltage-
gated Ca2+ channels to catecholamine secretion from separate PC12 cell 
batches. Neuroscience Lett 2001; 301(1): 13 – 6.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

∙  70  ∙



Zhang, et al, Study on phylogenetic relationship of freshwater planarians in nine Chinese localities using RAPD method

Study on phylogenetic relationship of freshwater planarians
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Abstract
Objective. China is rich in freshwater planarian resource. In order to investigate phylogenetic relationships, Random 

Amplified Polymorphic DNA (RAPD) technique was applied to analyze RAPD pattern variations in planarians collect-
ed from nine Chinese localities, which belong to Dugesia japonica and Seidlia sinensis, respectively. Methods. Among 
60 arbitrary primers (10 bp) under predetermined optimum reaction conditions, 27 primers were informative and yield-
ed a total number of 314 clear and reproducible bands. The patterns show polymorphic variations among and within 
species. RAPD data were used to calculate Nei and Li similarity coefficient and genetic distance. Molecular systematic 
evolution tree was reconstructed by Nearest-Neighbor method via program SPSS 10.0. Results. The results showed that 
samples of D. japonica collected from eight localities clustered first, and then clustered with S. sinensis. In the clade of D. 
japonica, three branches are further divided. Conclusion. This clustering pattern coincides with the results drawn from 
the cytogenetical study, and also relates to their geographic distribution. [Life Science Journal. 2009; 6(2): 71 – 75] 
(ISSN: 1097 – 8135).

Keywords: freshwater planarian; RAPD; phylogenetic relationship; China

1  Introduction

Planarians are the earliest free-living platyhelminthes 
with triploblast and bilateral-symmetry, and also the 
important animal group which transits from water-inhab-
itation to land. Therefore, they play an important role in 
studying the systematic evolution of animals. Moreover, 
because of their powerful regenerative abilities, they are 
the ideal materials for studying the molecular mechanism 
of cell differentiation and redifferentiation. Researches 
on planarian have already been carried out to molecular 
level in Europe and the United States recently. For exam- 

ple, the molecular phylogenetics on the higher level were 
studied[1,2]. And the origin and evolution of planarian  
brain have been studied[3] and some genes about regen-
eration, such as Hox gene, Pax-6 gene have been cloned 
and expressed[4,5]. Though planarians distribute widely in 
China and the resources are rich, it is a pity that the study 
is weak in our country and few scientists are working in 
this field. Till now, we have just made some progress in 
Paludicola (Tricladida) and reported 14 species belong-
ing to five genera, three families[6].
     As a method for DNA fingerprinting based on the 
Polymerase Chain Reaction (PCR), the Random Ampli-
fied Polymorphic DNA (RAPD), which developed by 
Williams et al[7], Welsh & McClelland[8], and Welsh et 
al[9], is currently receiving particular attention. Because 
of its simplicity, it has been extensively used as a pow-
erful tool for gene-mapping, population and pedigree 
analysis, phylogenetic study and bacterial strain identifi-
cation[10–12]. The basic strategy involves the PCR amplifi-
cation of random fragments of genomic DNA with single 

Supported by the National Natural Sciences Foundation of China (Nos. 
30670247, 30170119, 30870368), the Doctor Point Foundation for Univer-
sities of Education Ministry (No. 200804760003), the Outstanding Young 
Scientists Foundation of Henan Province (No. 0312001100), Universities 
Innovation Talent Foundation of Henan Province (No. 2005126) and the 
Foundation of Doctor Scientific Research Startup of Henan Normal Uni-
versity (No. 0713).
*Corresponding author.  Email: chengw0183@sina.com
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or multiple primers of arbitrary sequence. Polymorphism 
between individuals (or strains) is detected as differences 
between the patterns of DNA fragments amplified from 
the different DNAs using a given primer.

The taxonomic standard of planarian is mainly based 
on the morphology of copulatory organs[13]. This study 
used RAPD technique with enough random primers, and 
the evidence of genome level for the phylogenetic and 
taxonomic research of freshwater planarians in nine Chi-
nese localities was obtained.

2  Materials and Methods

2.1  Experimenal animals 
The experimental planarians are collected from nine 

localities in China, which belong to Dugesia japonica (D. 
joponica) and Seidlia sinensis (S. sinensis), respectively 
(Figure 1 and Table 1).

Figure 1. The geographic distribution of samples.

2.2  Reagents
The reagents include Genomic DNA Minipreps kit, 

10 bp random primers, TaqDNA polymerase, 10 × PCR 
buffer, 25 mmol/L MgCl2, dNTP Mix, RNase A and Pro-
teinase K. RNase A was from Beijing DingGuo Biotech. 
Co. Ltd. (Beijing, China). Proteinase K was from Qia-
gen. Other reagents were all from Shanghai Sangon Bio-
logical Engineering Technology and Services Co., Ltd. 
(Shanghai, China). 

2.3  Preparation of DNA template
Genomic DNA was extracted with the genomic DNA 

Minipreps kit (Shanghai, China). Then DNA was resus-
pended in TE solution after being dried in air, keeping 
storage in 4 ºC for use.

Table 1. List of localities of samples
Locality Code Species

Yingtaogou, Beijing City D-1 Dugesia japonica
Luanchuan County, Henan D-2 Dugesia japonica
Hangzhou City, Zhejiang D-3 Dugesia japonica

Stone-man Mountain, Henan S-4 Seidlia sinensis
Lushan County, Henan D-5 Dugesia japonica
Xiuwu County, Henan D-6 Dugesia japonica

Yangcheng County, Shanxi D-7 Dugesia japonica
Jiyuan City, Henan D-8 Dugesia japonica
Xin County, Henan D-9 Dugesia japonica

2.4  Amplification conditions
According to the pre-experiments, the optimum con-

ditions are as follows: amplification reactions were per-
formed in a total volumes of 25 μl, containing 1 × PCR 
buffer, 2.0 mmol/L MgCl2, 0.2 μmol/L primer, 0.2 mmol/
L dNTPs, 20 ng of DNA template and 1.0 U of Taq DNA 
polymerase. Samples were subjected to PCR in a Little 
Genious Thermal Cycler (Guangzhou Fangtong Biotech. 
Co. Ltd. Guangzhou) using 40 cycles of 1 min at 94 ºC, 
1 min at 37 ºC, 2 min at 72 ºC with pre-denaturation at 
94 ºC for 5 min before the first cycle and final extention 
at 72 ºC for 5 min after the last cycle[14].

2.5  Agarose gel electrophoresis
Amplification products were analyzed on a 1.5% aga-

rose gel containing EB (ethidium bromide) with 1 × TAE 
buffer for 2.5 h under the condition of 5 v/cm and room 
temperature. Then the electropherograms photographed 
under GIS-1000 Gel Auto-phtotograph System.

2.6  Statistical analysis
Presence and absence of a given fragment that ampli-

fied from genomic DNA were represented by “1” and “0” 
characters, respectively. Clear or weak and reproducible 
bands were recorded as “1”. No or weak and non-repro-
ducible bands were recorded as “0”. Thus a matrix of 
characters was obtained for phylogenetic analysis as ini-
tial data. According to the formula S = 2Nxy/(Nx+Ny)[15], 
the similarity coefficients were calculated, where Nxy 
is the number of similar bands between two samples. 
The coefficient allows a value of the similarity between 
any two samples. This analysis provided data about the 
genomic distances between different samples. The coef-
ficient was used because it is recommended for routine 
computation of genetic similarities using RAPD data[16]. 
The coefficients gave similarity values in the range 0 to 1 
and were converted to genetic distance (D) as D = 1 – S. 
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Cluster analysis was made for these nine samples and the 
molecular systematic tree was reconstructed by Nearest 
Neighbor method via SPSS 10.0. 

3  Results  

3.1  RAPD results
Nine samples were screened using 60 10-mer prim-

ers, 27 of them generated clear and reproducible finger-
printings interest. See Table 2 for sequences of these 27 
primers and numbers of RAPD bands.

The total number of bands amplified with 27 primers 
is 314, and the average number of each primer is 11.6. 
Primers S10, S90 amplified the most bands, both are 15. 
Primers S13, S66 and S77 all amplified the fewest bands 

with the number of eight. Therefore, there is notable dif-
ference in amplification products among different prim-
ers. Figure 2 shows profiles obtained with primers S10 
and S82, respectively.

3.2  Genetic distance and cluster analysis
To show genetic affinity, the genetic distances among 

these nine samples were calculated via the formula D 
= 1 – S, and the distance matrix was shown in Table 3. 
Figure 3 shows the dendrogram reconstructed by Nearest 
Neighbor method via SPSS 10.0.

4  Discussion 

Researches on the molecular systematics of planarians 
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Table 2. List of 27 primer sequences and numbers of RAPD bands amplified with each primer for nine samples
Primer sequence D-1 D-2 D-3 S-4 D-5 D-6 D-7 D-8 D-9 Total

S5 (5'-TGCGCCCTTC-3') 0 3 4 2 3 2 1 2 6 10
S8 (5'-GTCCACACGG-3') 2 3 5 4 6 2 1 3 5 12
S10 (5'-CTGCTGGGAC-3') 2 5 7 5 6 8 5 4 5 15
S13 (5'-TTCCCCCGCT-3') 0 3 3 2 5 1 2 1 2 8
S15 (5'-GGAGGGTGTT-3') 3 1 3 3 3 4 4 3 4 12
S16 (5'-TTTGCCCGGA-3') 1 2 2 3 3 1 2 2 5 10
S17(5'- GGGAACGAG-3') 4 2 4 1 4 5 4 4 6 10
S18 (5'-CCACAGCAGT-3') 4 8 6 5 3 7 6 5 3 12
S20 (5'-GGACCCTTAC-3') 1 3 7 5 3 8 5 6 2 11
S62 (5'-GTGAGGCGTC-3') 3 4 3 2 3 5 2 5 2 11
S64 (5'-CCGCATCTAC-3') 3 4 4 2 4 6 4 5 3 11
S65 (5'-GATGACCGCC-3') 4 3 5 5 3 8 10 8 2 14
S66 (5'-GAACGGACTC-3') 2 2 2 3 3 4 4 2 3 8
S70 (5'-TGTCTGGGTG-3') 4 4 6 4 4 5 3 4 5 11
S71(5'-AAAGCTGCGG-3') 2 1 3 2 2 3 3 3 1 8
S75 (5'-GACGGATCAG-3') 5 3 4 8 5 5 2 4 2 13
S78 (5'-TGAGTGGGTG-3') 3 2 6 5 3 3 4 4 3 12
S79 (5'-GTTGCCAGCC-3') 3 1 3 5 4 3 3 3 5 11
S80 (5'-ACTTCGCCAC-3') 4 4 3 3 3 4 5 2 5 12
S82(5'-GGCACTGAGG-3') 2 5 5 6 7 3 5 6 3 13
S83 (5'-GAGCCCTCCA-3') 3 1 7 5 5 5 4 5 2 12
S84 (5'-AGCGTGTCTG-3') 4 6 6 5 6 7 5 5 3 12
S85(5'-CTGAGACGGA-3') 3 0 4 5 5 6 5 6 5 13
S88 (5'-TCACGTCCAC-3') 4 5 3 4 6 4 5 4 3 12
S89 (5'-TGCCCAGCCT-3') 4 5 8 5 4 4 7 8 5 14
S90 (5'-AGGGCCGTCT-3') 3 4 3 5 3 7 8 6 3 15
S93 (5'-CTCTCCGCCA-3') 7 7 7 3 7 6 6 6 8 12

Total 80 91 123 105 115 126 115 116 101 314



 Life Science Journal, Vol 6, No 2, 2009                                                                                                                               http://lsj.zzu.edu.cn

using RAPD method have not been reported in China 
yet. In this paper, we studied the phylogenetic relation-
ship among nine samples belonging to D. japonica and S. 
sinensis, respectively, using RAPD technique.

There are two clades in the dendrogram. The first 
clade can be divided into three branches. In branch I, D-6 

(from Xiuwu County, Henan Province) and D-7 (from 
Yangcheng County, Shanxi Province) clustered first, 
and then clustered with D-8 (from Jiyuan City, Henan 
Province). In branch II, D-2 (from Luanchuan County, 
Henan Province) clustered with D-5 (from Lushan 
County, Henan Province) and D-9 ( from Xin County, 
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Figure 2. Electrophoresis patterns of RAPD products of freshwater planarian from nine localities in China (primer S10, S82, respectively).  
M: Molecular size marker, Gene RulerTM 100 bp DNA Ladder Plus.

Table 3. Genetic distance between freshwater planarians from nine localities in China
D-1 D-2 D-3 S-4 D-5 D-6 D-7 D-8 D-9

D-1 0
D-2 0.4791 0
D-3 0.6355 0.5607 0
S-4 0.6865 0.6429 0.6228 0
D-5 0.6615 0.4369 0.6303 0.7545 0
D-6 0.6602 0.5853 0.5422 0.5844 0.6515 0
D-7 0.6821 0.5340 0.5798 0.6182 0.6087 0.2863 0
D-8 0.5816 0.5362 0.5732 0.6199 0.6450 0.3471 0.3247 0
D-9 0.6133 0.5000 0.6429 0.7184 0.4074 0.6476 0.6296 0.6959 0

Figure 3. Dendrogram reconstructed for freshwater planarians from nine localities in China via SPSS 10.0.
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Henan Province) after the latter two clustering together, 
then they three clustered with D-1(from Beijing City). 
At last, branch I and II clustered with branch III (D-3 
from Hangzhou City, Zhejiang Province), forming the 
first clade of D. japonica. Then the first clade clustered 
with the second clade of S. sinensis (from the Stone-man 
Mountain, Henan Province). Populations of the same 
species are closer in relationship than those belonging to 
different genera, which indicate indirectly that the taxo-
nomic positions of these samples are correct at least at 
genus level.

The clustering pattern within D. japonica also coin-
cides with their geographic distribution. Xiuwu County, 
Yangcheng County and Jiyuan City are close in latitude, 
belonging to Taihang Mountain Area. As all of them 
belong to Palearctic realm in fauna, they are similar to 
a great extent and planarians from these three localities 
are close in relationship. Lushan County, Luanchuan 
County and Xin County belong to Funiu Mountain Area 
and Dabie Mountain Area, respectively. They are close 
in latitude, and lower than the former three. They belong 
to the transitional area of Palearctic region to Oriental re-
gion, so the planarians in these three areas are close. Bei-
jing City belongs to Palearctic region, higher in latitude. 
Hangzhou City belongs to subtropical zone, Oriental 
region in the fauna, lower in latitude. So the populations 
from these two cities are remotest in relationship than to 
the other six populations.

Furthermore, the results from cytogenetics also sup-
port this RAPD analysis. In branch II, D. japonica from 
Lushan County, Xin County and Luanchuan County are 
all triploid, having 24 chromosomes. And D. japonica 
with the karyotype formula of 2n = 2x = 16 = 16m form-
ing branch III. In branch I, the cluster results also coin-
cide with cytogenetical results, but there is a little dis-
agreement. The karyotype formulae of planarians from 
Xiuwu County are 2n = 2x = 16 = 16m and 2n = 3x = 24 
= 24m, while that of planarians from Yangcheng County 
is 2n = 3x = 24 = 3m + 15sm + 3st + 3T. Those from 
Jiyuan City are 2n = 3x = 24 = 3m + 18sm + 3st (more), 
and 2n = 2x = 16 (fewer)[17]. While S. sinensis possesses 
42 chromosomes which differentiate greatly from those 
of D. japonica in quantity and shape, constructing the 
second clade of the dendrogram.

From above, it is confirmed that the relationships of 
different populations of D. japonica are closer than those 
between Dugesia and Seidlia. Our research, at genome 
level, supports the results drawn from morphology and 
cytogenetics. Meanwhile, it also indicates that RAPD 
technique holds considerable promise for the population 

genetic, systematic evolution and classification of fresh-
water planarians.
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Abstract
Background. Rats fed “high-fructose diet” (60 g/100 g diet) (FRU) were used as a model of insulin resistance in 

this context. Objective. The aim of this study was to evaluate the modulator effect of L-carnitine (CAR) on oxidative 
stress, lipid profile, inflammatory (sialic acid) and apoptotic (soluble Fas) markers in blood of rats fed “high-fructose 
diet”. Materials. Male Wistar rats of body weight 120 – 160 g were divided into 5 groups of 6 rats each. Groups 1 and 
2 animals received starch as control diet, while groups 3, 4 and 5 rats were fed a “high-fructose diet”. Groups 2, 4 and 5 
animals additionally received intraperitoneal CAR (300 mg/kg body weight) for 30 days. Group 4 rats received CAR on 
first day of the experiment (to study the prophylactic effect), while group 5 rats received CAR on after 15th day of the 
experiment (to study the therapeutic effect of CAR). Methods. At the end of the experimental period, levels of glucose, 
insulin, lipid profile, sialic acid and sFas in serum and glycosylated Hb (HbA1c) in whole blood were determined, in 
addition total antioxidant capacity (TAC) and malondialdehyde (MDA) were assayed. Results. Fructose feeding to rats 
caused significant elevations in the serum levels of glucose, insulin, triacylglycerol, HDL-c, sialic acid, sFas and MDA, 
while the level of serum TAC was significantly reduced as compared to controls. Intraperitonial administration of CAR 
to fructose-fed rats, alleviated the effect of fructose and these rats showed near normal levels of the parameters studied. 
Conclusion. Exogenous CAR to fructose-fed rats improves insulin resistance, reduces lipo- and glucotoxicity and at-
tenuates oxidative stress, inflammatory and apoptotic markers. These effects suggest that CAR supplementation may 
have some benefits in patients suffering from insulin resistance. [Life Science Journal. 2009; 6(2): 76 – 82] (ISSN: 1097 
– 8135).

Keywords: L-carnitine (CAR); fructose-fed rats; insulin resistance; sialic acid; soluble Fas

1  Introduction

Rats consuming a “high-fructose diet” induces insulin 
resistance accompanied by deleterious metabolic conse-
quences including hyperinsulinemia, hyperglycemia, glu-
cose intolerance, hypertriglyceridemia and hypertension 
in rats and these metabolic effects are similar to those 
observed in the human multimetabolic syndrome X and 
in which a cluster of disorders are described[1,2]. Studies

have reported that hyperglycemia and insulin resistance 
could also promote inflammation by increased oxidative 
stress[3,4] and alteration in lipid metabolism in rat tis-
sues[5]. 

Furthermore, the serum sialic acid (N-acetyl neur-
aminic acid) concentration is one of the markers for 
acute-phase response[6] and an inflammatory marker and 
predictor of microvascular complications in type 2 dia-
betic patients[7]. 

Inflammatory and resident cells (endothelial and vas-
cular smooth muscle cells) release different proteins (sFas 
and sFas L) that can generate a chronic inflammatory re-*Corresponding author. Tel: 002-106868481; Email: mhesham5@yahoo.

com
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sponse and to play an important role in apoptotic signal-
ing[8]. Oxidative stress in a critical part of the apoptoting 
agent, antioxidants can inhibit or delay oxidative stress 
induced apoptosis[9]. 

L-carnitine (CAR, β-hydroxy-γ-trimethyl amino bu-
tyrate), has been described as a conditionally essential 
nutrient for humans. It is formed by biosynthesis from 
lysine and methionine in the body. CAR may acts as 
antioxidant either having a primary antioxidant activity 
(inhibiting free radical generation, scavenging the initiat-
ing free radicals, and terminating the radical propagation 
reactions) or more likely, functioning as a secondary 
antioxidant (repairing oxidized polyunsaturated fatty 
acids estrified in membrane phospholipids[10]. CAR func-
tions to transport long-chain fatty acids across the inner 
mitochondrial membrane into the matrix for β-oxidation 
and has effects on oxidative metabolism of glucose in 
tissues[11]. Considering all these, the present study was to 
evaluate the therapeutic effect of CAR on oxidant-anti-
oxidant balance, lipid profile, inflammatory (sialic acid) 
and apoptotic (sFas) markers in blood of rats fed “high-
fructose diet”.

2  Materials and Methods

2.1  Chemicals and drugs
CAR, other chemicals and solvents were of analytical 

grade and were purchased from Sigma Chemical Com-
pany.

Animals and treatment: Adult male Wistar rats of 
body weight ranging from 120 – 160 g were used in this 
study. They were purchased from the breeding unit of the 
Egyptian Organization for Biological Products and Vac-
cines (Helwan, Egypt). They were housed 2/cage under 
controlled condition 12 h light/12 h dark cycle. All ani-
mals received standard pellet diet for one week and water 
ad libitum. Approval had been taken from the research 
ethics committee of General Organization of teaching 
Hospitals & Institutes, Cairo, Egypt.

Insulin resistance was induced by feeding high-fruc-
tose diet (60 g/100 g). After acclimatization, the animals 
were divided into 5 groups consisting of 6 rats each and 
were maintained as follows:

Group 1: CON/control animals received the control 
diet containing corn starch (60%) as a sole source of car-
bohydrate and tape water ad libitum.

Group 2: (CON + CAR)/control animals received the 
control diet and intraperitonial CAR (300 mg/kg body wt 
/day).

Group 3: FRU/fructose-fed animals received the fruc-
tose enriched diet (60%) and tap water ad libitum.

Group 4: (FRU + CAR on 1st day)/fructose-fed ani-
mals received the fructose-diet and intraperitonial CAR 
(300 mg/kg body wt/day) on 1st day of experimental                       
period (prophylactic or prevention effect).

Group 5: (FRU + CAR on 16th day)/fructose-fed ani-
mals received the fructose-diet and intraperitonial CAR 
(300 mg/kg body wt/day) on 16th day of experimental                     
period (therapeutic effect).

The diet composition was given in Table 1. The ani-
mals were maintained in their respective groups for 30 
days and body weight changes were measured weekly.

Table 1. Composition of diet (g/100 g)[5]

Ingredients Control diet High-fructose diet
Corn starch 60 –

Fructose – 60
Casein (fat free) 20 20

Methionine 0.7 0.7
Groundnut oil 5 5

Wheat bran 10.6 10.6
Salt mixture* 3.5 3.5

Vitamin mixture** 0.2 0.2
*: The composition of mineral mix (g/kg) contained 30.5 g 
MgSO4·7H2O, 65.2 g NaCl, 105.7 g KCl, 200.2 g KH2PO4, 3.65 g 
MgCO3, 38.8 g Mg(OH)2·3H2O, 40.0 g FeC6H5O7·5H2O, 512.4 g 
CaCO3, 0.8 g KI, 0.9 g NaF, 1.4 g CuSO4·5H2O, 0.4 g MnSO4 and 
0.05 g CONH3. **: One kilogram of vitamin mix contained 3.0 g 
thiamine mononitrate, 3.0 g riboflavin, 3.5 g pyridoxine HCl, 15 
g nicotinamide, 8.0 g d-calcium pantothenat, 1.0 g folic acid, 0.1 
g d-biotin, 5 mg cyanocobalamin, 0.6 g vitamin A acetate, 25 g 
α-tocopherol acetate and 10 g choline chloride.

 

 2.2  Blood sampling and processing
On day 29th, rats were fasted overnight, about 4 ml 

of blood was drawn from the animal retina under ether 
anesthesia. A part of blood sample was taken on EDTA 
as whole blood sample for determination of glycosylated 
hemoglobin (HbA1c) using Chromatographic-Spectro-
photometric methods[12]. Another part of blood collected 
was taken on a plain tube without anticoagulant for sepa-
ration of serum by centrifugation at 3000 rpm for 10 min. 
Serum glucose was assayed by glucose oxidase meth-
od[13], total cholestrol was determined by the enzymatic 
method[14], triacylglycerol was assayed by peroxidase-
coupled method[15] and HDL-c by the enzymatic method 
after precipitation of other lipoproteins with MgCl2 and 
dextran sulphate[16]. LDL-c was calculated by the Fried-
wald formula[17]. Atherogenic index was calculated from 
ratio of total cholesterol/HDL-c[18]. The remaining part 
of serum was stored at – 80 °C until analysis of insulin, 
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malondialdehyde (MDA), sialic acid, total antioxidant 
capacity (TAC) and sFas. Levels of serum insulin was as-
sayed by monoclonal immunoradiometric assay using kit 
supplied by Diagnostic Products Corporation (DPC)[19]. 
Lipid peroxidation product, MDA concentration was de-
termined fluorometrically with excitation at 515 nm and 
emission at 550 nm after isobutyl  alcohol extraction[20].  
Serum sialic acid was measured by a spectrophotometric 
assay[21]. Total antioxidant capacity was determined ac-
cording to the method of Koracevic et al[22]. Plasma sFas 
concentration was assessed using the enzyme-linked 
immunosorbent assay (ELISA) kit (Research & Diag-
nostic Systems, Minneapolis, U.S.A.) according to the 
manufacturer's instructions. Model Assessment (HOMA) 
correlates positively with insulin-resistance, and was cal-
culated according to Matthews et al[23]. 

2.3  Statistical analysis
All results were expressed as the mean ± SD. Statisti-

cal analysis was performed with Statistical Package for  
the Social Science for Windows (SPSS, version 11.0, 
Chicago, IL, USA). The data were analyzed by one-way 
analysis of variance (ANOVA). To compare the differ-
ence among the groups, post hoc testing was performed 
by the Bonferroni test. Pearson’s correlation analysis was 
used to determine the correlation among the parameters 
assessed. The P-value less than 0.05 was considered sta-
tistically significant[24]. 

3  Results  

The body weights of the animals increased progres-
sively during the experimental period. The percentage 
change in the body weight gain in rats of studied groups 
did not vary significantly as compared to controls.

The levels of serum glucose, insulin, HOMA index 
and glycosylated hemoglobin are shown in Table 2. 
There were significant elevations in glucose, insulin lev-
els and HOMA index after 30 days of fructose-fed rats 
(FRU group) (P < 0.0001 for each) compared to control 

animals.
CAR supplementation to fructose-fed rats (group 5) 

caused a significant reduction in the levels of glucose, 
insulin and HOMA index (P < 0.0001 for each) as com-
pared to fructose diet fed rats, while administration of 
CAR from the first day of the experiment (group 4) has 
no statistically effect on insulin level but it induced pro-
nounced decrease in serum glucose level (P < 0.003) and 
HOMA index (P < 0.0001) compared to FRU-group. 
Rats fed control diet, CAR administration had no marked 
effects on the studied parameters.

Table 3 demonstrates that high-fructose diet (FRU) in-
duced marked elevation in serum level of triacylglycerol 
which amounted (161.0 ± 1.5, P < 0.0001) as compared 
to control diet fed rats. Whereas the levels of choles-
terol, low density lipoprotein cholesterol (LDL-c) and 
atherogenic index did not show any significant alteration 
in FRU group compared to control rats. Significantly 
decreases in triacylglycerol and atherogenic index (P < 
0.003, 0.005 respectively) and marked increase in HDL-c 
level (P < 0.005) were observed in group 5 as com-
pared to group 3. The level of triacylglycerol in group 
4 showed slight significant decrease (P < 0.01) as com-
pared to group 3. For animals fed control diet, exogenous 
CAR caused a significant reduction in atherogenic index 
only (P < 0.003) as compared to control group.

Fed high-fructose diet to rats induced significant in-
creases in serum levels of sialic acid (1.75 ± 0.51), sFas 
( 27.6 ± 1.9 ) and MDA (15.33 ± 2.4 ) (P < 0.0001 for 
each), while TAC level represent a marked reduction 
(0.53 ± 0.22, P < 0.0001) as compared to rats fed control 
diet (Table 4). In fructose-fed rats the serum sialic acid 
levels positively correlated with serum triacylglycerol 
(r = 0.048), and serum insulin (r = 0.342), while nega-
tive correlation was observed between sialic acid and not 
only glucose (r = – 0.386), but also sFas (r = – 0.468). 
Good correlation was observed between sialic acid and 
HDL-c (r = 0.939,  P = 0.005)  in high fructose fed rats 
(Figure 1). The significant negative correlation was ob-
served between sFas and triacylglycerol in FRU group (r 
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Table 2. Serum levels of glucose, insulin, HOMA index and HbA1c in control and experimental animals  (Means ± SD)

Parameters
Experimental groups

1 2 3 4 5
F. Glucose (mg/dl) 83.8 ± 19.0 66.3 ± 17.6 134.2 ± 17.4a 92.8 ± 12.7b 66.0 ± 15.2c

Insulin (μIU/ml) 16.0 ± 2.3 14.2 ± 1.9 35.8 ± 4.4a 32.5 ± 4.3 21.3 ± 3.3c

HOMA index 3.23 ± 0.76 2.26 ± 0.40 11.82 ± 2.75a 7.64 ± 0.92c 3.38 ± 0.68c

HbA1c (%) 4.2 ± 0.12 4.1 ± 0.12 4.3 ± 0.1 4.2 ± 0.24 4.2 ± 0.098
 a: P < 0.0001 vs. CON (1),  b: P < 0.003 vs. FRU (3),  c: P < 0.0001 vs. FRU (3).
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= – 0.832,  P = 0.04) (Figure 2). Intraperitoneal injection 
of CAR to fructose-fed rats improved these parameters 
toward the control levels after 2 weeks of treatment. In 
fructose-fed rats treated with CAR on 16th day, there was 
negative correlation between sialic acid and triacylglyc-
erol (r = – 0.583), glucose (r = – 0.106) and insulin (r 
= – 0.72), while sFas level correlated with serum sialic 
acid (r = 0.435), fasting glucose (r = 0.200) and negative 
correlation with HDL-c (r = – 0.98), also there was a sig-
nificant positive correlation between serum insulin and 
HDL-c level (r = 0.928, P = 0.008) (Figure 3).

Figure 1. Correlation between serum sialic acid and HDL-c in 
fructose-fed rats. 

Figure 2.  Correlat ion between serum sFas and serum 
triacylglycerol in fructose- fed rats.

Figure 3. Correlation between serum insulin and HDL-c in 
fructose-fed rats treated with CAR.

Table 3. Serum lipid profile in control and experimental animals ( Means ± SD)

Parameters
Experimental groups

1 2 3 4 5
Cholesterol (mg/dl) 70.7 ± 7.2 62.0 ± 7.4 81.5 ± 10.8 75.2 ± 9.7 70.7 ± 10.4

Triacylglycerol (mg/dl) 69.2 ± 7.1 90.2 ± 13.1 161.6 ± 60.5a 104.7 ± 25.5b 98.0 ± 14.2c

HDL-c (mg/dl) 31.2 ± 1.2 34.2 ± 1.7 37.2 ± 1.5d 38.3 ± 3.6 43.0 ± 3.9e

LDL-c (mg/dl) 25.8 ± 1.3 24.0 ± 0.63 26.7 ± 1.9 25.2 ± 2.4 26.2 ± 2.0
T. cholesterol/HDL-c 2.3 ± 0.23 1.8 ± 0.18d 2.18 ± 0.29 1.97 ± 0.14 1.65 ± 0.27e

a: P < 0.0001 vs. CON (1), b: P < 0.01 vs. FRU (3), c: P < 0.003 vs. FRU (3), d: P < 0.003 vs. CON (1), e: P < 0.005 vs. FRU (3).

Table 4. Serum levels of sialic acid, sFas, TAC and MDA in control and experimental animals (Means ± SD)

Parameters
Experimental groups

1 2 3 4 5
Sialic acid (mmol/L) 0.32 ± 0.067 0.25 ± 0.055 1.75 ± 0.51a 0.76 ± 0.31 0.35 ± 0.06b

sFas (ng/ml) 19.1 ± 1.1 16.2 ± 1.8 27.6  ± 1.9a 23.8 ± 2.1 17.2 ± 3.5b,e

TAC (mM/L) 0.82 ± 0.068 0.69 ± 0.085 0.53 ± 0.22a 0.69 ± 0.071 0.75 ± 0.095c

MDA (nmol/ml) 7.56 ± 1.57 8.32 ± 2.68 15.33 ± 2.4a 10.8 ± 2.97d 5.85 ± 1.62b

a: P < 0.0001 vs. CON (1), b: P < 0.0001 vs. FRU (3), c: P < 0.024 vs. FRU (3), d: P < 0.008 vs. FRU (3), e: P < 0.008 vs. FRU + CAR on 1st 
day (4).
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4  Discussion 

The development of insulin resistance in high fructose   
fed rats is well documented in the literature[2], and has 
been established in the present study. The degree of insu-
lin resistance was higher in fructose-fed rats (FUR group) 
as indicated by significant elevation of serum glucose, 
insulin levels and higher value of HOMA index as com-
pared with control fed rats. Insulin resistance has been 
attributed to how level of insulin-stimulated glucose oxi-
dation due to modifications in the post-receptor cascade 
of insulin action[25]. Several metabolic hypotheses has 
been advanced to explain insulin resistance in fructose-
fed rats. It has been shown that chronic fructose feeding 
alters the activity of several enzymes regulating hepatic 
carbohydrate metabolism, including decreasing the activ-
ity of glucokinase and increasing glucose-6-phosphatase 
activity leading to hepatic insulin resistance[26].

The present study demonstrated non significant chang-
es in HbA1c in the studied groups, this may be due to 
insufficient of time duration of the experiment. Rajasekar 
et al[27] illustrate that rats fed high-fructose diet for six 
weeks showed significant alterations in the RBC mem-
brane composition, which membrane-bound ATPases 
were significantly lower while MDA and lipid hydroper-
oxide  were significantly higher in high fructose fed rats 
than those of control rats. Consequently, this explain the 
unaffected HbA1c level in FRU group. High fructose 
fed rats reduced the adverse effects of fructose load on 
glucose and insulin levels, where glucose and HOMA 
were improved. CAR reduces intramitochondrial acyl-
COA/COA ratio, promotes oxidative glucose utilization, 
lowers intracellular glucose levels, and improves insulin 
sensitivity[5].

Varying the type of dietary carbohydrate has a pro-
found influence on insulin action[28] and could cause 
changes in the metabolism of lipids[29]. Fructose when 
fed as the sole source of dietary carbohydrate induces 
dyslipidaemia which observed in the present study. The 
results revealed significant elevation of serum levels 
of triacylglycerol and HDL-c. These results may be at-
tributed to the induction of various lipogenic enzymes 
by feeding fructose and can be associated with impaired 
insulin action. In this study, there were no significant 
alterations in total cholesterol and LDL-c concentration 
in fructose-fed rats compared to control diet fed animals. 
These findings are consistent with those of Dai and Mc-
Neill[30] who found no significant alteration in serum 
cholesterol in fructose-fed rats. These results agree with 
those of Nandhini et al[29]. On the contrary, Hallfrisch et 
al[31] demonstrated higher plasma cholesterol and LDL-c 

levels in rats fed fructose for 4 weeks. Nandhini et al[29] 

reported that hypertriglyceridemia may be due to reduc-
tion of lipoprotein lipase activity which is an important 
enzyme responsible for hydrolysis of triglyceride, this 
leads to hypertriglyceridemia.

In the present study, there was impairment of the an-
tioxidant defense system in rats fed high-fructose diet. 
This indicated by pronounced decrease in serum total 
antioxidant capacity (TAC), while lipid peroxidation as 
MDA was statistically increased compared to control 
rats. These findings are in agreement with the suggestion 
of Ceriello et al[32] who found that acute hyperglycemia 
provokes oxidative capacity. It is well known that fruc-
tose itself can create oxidative stress by its metabolism[5]. 
They reported also that in fructose-fed rats, free radical 
production can be enhanced during hyperinsulinemia 
and hyperglycemia by mechanisms such as autoxidation 
of glucose, enhanced glycation, and altered polyol path-
way[33]. These free radicals can catalyzed lipid peroxi-
dation. Other potential mechanisms of oxidative stress 
include the reduction of antioxidant defense, MDA is one 
of the well-known secondary products of lipid peroxida-
tion after exposure to reactive oxygen species and free 
radicals, it may be used to evaluate oxidative damage[34].

The dyslipidemia and production of free radicals re-
sulting from fructose- fed rats was attenuated by CAR 
supplementation in the present study. The intraperitonial  
injection of CAR to fructose-fed rats improved the anti-
oxidant defense system by increasing the total antioxi-
dant capacity and decreased the MDA levels toward the 
normal values. This improvement is more pronounced in 
the group 5 than the values of group 4 of the experimen-
tal period.

Reduction of MDA may be due to the enhancement 
of the fatty acid transport by CAR into mitochondria for 
energy production, thereby lowering the availability of 
lipids for peroxidation. The modulatory effect of CAR 
on dyslipidemia was indicated by decreased the triacylg-
lycerol level and increased the HDL-c level significantly 
compared with FUR group. The rise in serum HDL-c 
concentration by CAR treated rats after two weeks of 
fructose feeding (group 5) (therapeutic effect) may be 
due to delayed clearance and increased synthesis of HDL 
constituents, stimulation of lipoprotein lipase levels to 
rise in HDL production and reduction of VLDL con-
stituents[29]. In fructose-fed rats treated with CAR (group 
5), serum insulin significantly positive correlated with 
HDL-c level (Figure 3).

Rajasekar and Anuradha[5] reported that exogenous 
CAR improves insulin sensitivity, reduces both lipo- and 
gluco-toxicity and attenuated oxidative stress in skeletal 
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muscle. The benefits could be attributed to its effect on 
glucose disposal, antioxidative mechanisms, lipid profile 
and oxidative stress after two weeks of fructose- fed rats. 
As mention above, under certain conditions increased 
generation of ROS and/or reduction of the antioxidative 
capacity leads to enhanced ROS activity and oxidative 
stress which cause cellular injury and tissue damage by 
promoting several cellular reactions (e.g. lipid peroxida-
tion, DNA damage)[35,36].

The present results revealed that feeding high-fructose 
diet to rats induced significant elevations in the levels 
of both inflammatory (sialic acid) and apoptotic (sFas) 
markers compared to those fed control diet. With regard 
to the result of sFas, its increasing level may be associat-
ed with hypertension which induced by chronic fructose 
feeding; this result was in agreement of reports of Park 
et al[3] who reported that rats fed high-fructose diet repre-
sent an animal model for insulin resistance and hyperten-
sion. Ceriello et al[37] reported that high serum glucose 
may produce myocardial damage and cardiac cell apop-
tosis through a formation of nitrotyrosine, which leads to 
increase the Fas/Fas-ligand system in uncontrolled apop-
tosis.

It has been reported that sFas concentration are in-
creased and sFas-L are decreased in subjects of high 
cardiovascular risk compared with healthy subjects and 
also demonstrated that sFas and sFas-L concentrations 
are related to different cardiovascular risk factors such as 
diabetes, metabolic syndrome or hypertension, suggest-
ing that these proteins may be novel markers of vascular 
injury[38,39]. The significant negative correlation was ob-
served between sFas and triacylglycerol in fructose-fed 
rats (Figure 2).

With respect to the inflammatory marker, the present 
research indicates that there was a significant increase 
in serum sialic acid concentration in rats fed high fruc-
tose compare to control diet fed rats. Sialic acid is a 
component of cell membranes[1] and elevated levels may 
indicate excessive cell membrane damage but more spe-
cifically to the cells of vascular tissue. Sialic acid can be 
used as a measurement of acute phase response because 
many of the proteins of the immune response are actu-
ally glycoproteins which have sialic acid as the terminal 
sugar of their oligosaccharide chain[40]. In high fructose 
feeding rats, good correlation was observed between si-
alic acid and important cardiovascular risk factors such 
as HDL-c. Several research studies have shown that the 
concentration of sialic acid in serum is elevated in patho-
logical states when there is damage to tissue, tissue pro-
liferation and inflammations[41].

5  Conclusion 

It is concluded that intraperitoneal administration of 
CAR to fructose-fed rats alleviated the oxidative stress, 
lipid profile, inflammatory (sialic acid), apoptotic (sFas) 
markers and may be helpful in overcoming of these ab-
normalities as therapeutic effect.
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Abstract
Background. Thoracotomy is one of the hardest surgical incisions to deal with and easy leading to atelectasis or 

pneumonia. Investigation of minimally invasive techniques has been the major concern for surgeons. To explore the 
feasibility of local anesthesia in thoracotomy including minithoracotomy and Video-Assistant Thoracic Surgery (VATS) 
for diagnosis and treatment of Pleura-pulmonary diseases is demonstrated in this article. Methods. Forty patients under 
local anesthesia in surgery were divided into performing thoracotomy and non-thoracotomy as two major groups. Tho-
racotomy group contains two sub-group including minithoracotomy and VATS, where minithoracotomy  was performed 
on both open and closed pneumothorax for diagnosis and treatment of pleura-pulmonary diseases. In the meantime, per-
forming non-thoracotomy was only for local wrapped pleura diseases and chest wall diseases. Results. In minithoracot-
omy group, biopsy of pleura for thirteen patients were performed. Ten of them were diagnosed as metastasis, one was 
amyloidosis and two were proliferation of pleura. Biopsy of three of patients of diffuse pulmonary diseases resulted two 
cases of interstitial fibrosis and one pulmonary tuberculosis II. In the VATS group, except one patient had serious pleu-
ral adhesion with performing minithoracotomy under general anesthesia, all other cases were performed biopsy bullar-
ectomy for recurrent pneumothorax and pleurodesis for intractable pleuaral effusion under local anesthesia. Performing 
diagnostic thoracoscope under local anesthesia revealed four cases of pleural effusion and one case of liver-related pleu-
ral effusion. Meanwhile, ten patients under remedial thoracoscope revealed eight cases of malignant pleural effusion 
with undergoing pleurodesis and two cases of recurrent pneumothorax with undergoing bullarectomy and pleurodesis as 
well. In the non-thoracotomy group, five cases of thoracic tuberculosis were investigated, three cases of local wrapped 
empyema and two cases of benign tumor of rib were found. None of severe complications and death were seen. Con-
clusion. Minithoracotomy and VATS under local anesthesia can be performed safely for pleural-plumonary disease and 
chest wall lesions, which is  less cost procedure for clinical applications. [Life Science Journal. 2009; 6(2): 83 – 87] 
(ISSN: 1097 – 8135).

Keywords: Local anesthesia; Video-Assistant Thoracoscopic Surgery

1  Introduction

Open thoracic biopsy must be considered for diagno-
sis of pleural-plumonary diseases, pulmonary sarcoidosis 
and primary plerual thickening. However, this operation 
is usually with general anesthesia in high risk for patie-

nts. In Clinical, a novel method with less traumatic and 
lower cost diagnosis and treatment is demonstrated in 
this article.

2  Patients and Methods

2.1  Patients
40 patients aged between 30 and 77 years old were *Corresponding author. Email: yanzhengsong@163.com 
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studied, 26 of male, 14 female. Patients were divided into 
two groups, one for thoracotomy which includes minitho-
racotomy and Video-Assistanted thoracic surgery group 
respectively, and another one non-thoracotomy group. 
In thoracotomy group, 16 cases of the minithoracotomy 
group, three of them was found diffuse pulmonary dis-
eases underwent biopsy at local anesthesia, 2 cases of 
interstitial fibrosis, one case of pulmonary tuberculosis. 
13 patients with Biopsy of pleura under local anesthesia 
revealed different degrees of pleural thickening by chest 
X-ray, 10 cases were diffused and 3 cases were local-
ized uneven. All cases occurred unilaterally with 7 left 
and 6 right. All 13 patients had performed B-ultrasound-
guided or CT-guided biopsy of pleura check in one year, 
no positive results were obtained with pleural effusion 
pathological examination; Video-Assistanted Thoracic 
Surgery was performed on 14 cases in thoracotomy 
group, 4 cases was diagnosed as malignant pleural effu-
sion by diagnostic thoracoscope, 1 was found liver-relat-
ed pleural effusion. Meanwhile, 10 cases was performed 
by remedial thoracoscope with 8 cases maligant pleural 
effusion being done for pleurodesis, 2 cases of recurrent 
pneumothorax for bullarectomy and pleurodesis. There 
are 10 cases in the non-thoracotomy group including 5 
cases of thoracic tuberculosis, 3 cases of local wrapped 
empyema, 2 cases of benign tumor of rib. Diagnosis and 
treatment of the above cases were performed all under 
Local anesthesia.

2.2  Methods 
2.2.1 Thoracotomy group
2.2.1.1 Minithoracotomy group. In order to understand 
the location of pleura lesion and determine the coverage 
of pleural thickening, the fluoroscopy, X-ray and B-ul-
trasonography of chest were in examination routinely 
before operation. 5% double diluted Lidocaine (stock 
solution was not exceed 20 ml) was injected into the rib 
periosteum and its surroundings as infiltration anesthesia 
after routine sterilization and bespreading on skin of dis-
eased region.

Biopsy of pleura: About 3 cm long incision was made 
firstly, the skin, subcutanceous tissues were cut in turn, 
the direction of the rib with felt and based on that the 
muscles of chest wall were cut until to the rib perios-
teum, ribs were adequately exposed and inflitration an-
esthesia was performed there, then the periosteum was 
stripped about 2 cm and the exposed rib was cut (Figure 
1).

Abnormal pleural located under the cut ribs, compared 
with the normal pleural which was felt soft and pink in 
color, it was felt a little hard, and was in dark color, After 

the diseased region was confirmed, infiltration anesthesia 
was performed on the pleura to be removed, meanwhile 
the aspiration was tried to observe if there was any liquid 
or gas, a few anesthetic drugs was injected into thoracic 
cavity to lessen the response of pleural to gas after chest 
open, the depth of cut was also estimated.

Figure 1. Biopsy of pleura.

Open pneumothorax formed after a piece of full-thick-
ening pleural was cut. The leak was blocked interrupt-
edly with fingers, and patients were asked to hold breath 
after deep inspiration, and the changes were observed to 
decide tube intubation.The patients who had pleural fluid 
was aspirated slowly with aspirator.

Biopsy of diffused pulmonary diseases: the incision 
was chosen according to chest CT examination, the 
length of incision was about 5cm,the skin, subcutane-
ous tissue,muscle of chest wall were cut in turn along 
intercostal direction, the thoracic cavity was open after 
middle intercostal muscles were cut,the bleeding was 
stopped and intercostal muscles were sutured without 
knot.A small-sized army navy retractor was used to open 
thoracic cavity, lung was pulled out with ring forceps, the 
biopsy site was found and resected about 2 cm × 2 cm 
× 1 cm, then the incompleted lung surface was sutured 
and intercostal muscles were ligated with the last knot 
completed at the time of long inflation, no chest tube was 
placed. Antiphlogistic,analgesic and antibiotics were ad-
ministered after operation.
2.2.1.2 Video-assistanted thoracoscope group. The 
patients were asked to fast for 4 h, empty bladder before 
operation. They were performed on continuous electro-
cardiogram and oxygen saturation monitoring, 50 mg 
dolantin, 25 mg diprozin and 10 mg codeine were in-
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tramuscular injected. After then the patients were let lie 
on the operating table at lateral position on healthy side,  
ventilated with oxygen, sterilized and bespreaded as rou-
tine.

5% double diluted Lidocaine was injected into the 
seventh intercostal space between middle and posterior 
axillary line of the diseased side for local infiltration 
anesthesia, about 1cm incision was made, a channel into 
the cavitas pleuralis was made with straight blood vessel 
forcep, following with a canula (diameter was 105 mm) 
insertion, after that the inner core of which was pulled 
out and the opening was blocked by a cotton pad.

Ensuring the saturation of blood oxygen did not de-
crease obviously, cotton pad was open interruptedly, let-
ting gas enter into thoracic cavity slowly, kept diseased 
lung collapse. The finger part of latex glove with a small 
opening at the end was used to cover canula, and Video-
Assistanted thoracoscope was inserted to observe around 
the canula. Another 2 incisions were made according to 
the diseased region under the monitoring and guide of 
thoracoscope. The canulas were inserted with the same 
anesthesia, and were covered with latex gloves. Pleura 
adhesion was treated as follows: if it was a small streak 
adhesion,it could be fulgurized and cut by endoscopic 
scissor; if it was a small membranous puff adhesion, it 
could be bluntly dissected by thoracoscopic grasper; if 
the area of adhension was large and difficult to separate, 
it was converted to general anesthesia.

Diagnostic thoracoscope: the chest fluid of those pa-
tients who had pleural effusion should be aspirated com-
pletely, then the pleura, diaphragm, cervical pleura were 
observed, but pericardium was hard to observe. If nod-
ules were found in the pleura, local infiltration anesthesia 
was applied and the nodule was cut for biopsy.

Remedial thoracoscope: the patients who were diag-
nosed definitely with malignant pleural effusion or recur-
rent pneumothorax could take pleurodesis induced by 
talc, if the lung expand was ascertained preoperatively.  
The method was the same as pleurodesis under general 
anesthesia.When no active bleeding was proved, a tho-
ratic drainage tube was placed with thoracoscope.

The patients were asked to cough or were given oxy-
gen with mask, letting lung expand gradually.During the 
operation,the saturation of blood oxygen should be cared, 
when it was low the operation sould be stopped and ask 
patients to cough, or supply oxgen with mask, reoperated 
until it was back to normal.
2.2.2 Non-thoracotomy group. Preoperative preparation 
has shown that location was the most important concern, 
especially those patients with multiple localized encap-
sulated pleural effusion, such as tuberculoma or nodular 

of pleura,pleural endotheliomas, etc. CT examination 
was performed before the operation to fix the lesion area 
of the patient roughly, then B-Ultrasonic localization was 
used to mark the incision. The incision we adopted is 
open and close on diseased chest wall so that the move-
ment of upper extremities could influence the location of 
incision mark. The best choice for patient’s body posi-
tion in operation may keep similar as that in B-Ultrasonic 
examination. 2 – 3 incisions were designed according 
to different diseased regions found by B-Ultrasonic ex-
amination. It’s easy to locate the thoracic tuberculosis 
so did other chest wall masses. It’s easier to locate fluid 
lesion than soft-tissue masses like tuberculosis granula-
tion tissue. Sufficient anaesthesia was performed on the 
superior, inferior margin and internal, external surface of 
ribs during the operation to relieve patients’ painful feel-
ing. The operation in localized encapsulated pleural effu-
sion was the same to routine surgery. Pleura should not 
be injured to cause pneumothorax and infection, notably 
the cut of ribs and whether changed to localiz thoracic 
surgery relying on the size of lesions. The thoracic tuber-
culosis was treated as conventional operation.

3  Results

In thoracotomy group, three patients of diffuse pul-
monary diseases were done for minithoracotomy, two of 
them had interstitial fibrosis, one had pulmonary tuber-
culosis II. Biopsy of pleura were performed on thirteen 
patients, ten of them had pleural metastasis, one had 
amyloidosisas and two had proliferation of pleura. No 
complications and death were seen.  The removed pleura 
lesion was about from 0.5 cm × 0.5 cm × 0.3 cm to 1.5 
cm × 1 cm × 0.5 cm, the thickest of which was 1.5 cm. 
Little effect of open pneumothorax on patients’ respira-
tion was found in 10 cases of diffused pleural thickening 
after thoracotomy, another 3 cases of localized partial 
pleural thickening were found with slight cough after 
thoracotomy.

One patient was misdiagnosed as tuberculosis of 
pleura for not performing full pleurotomy, exploratory 
surgery was done again to confirm the pleural metastasis 
of the lung cancer. Intrathoracic drain tube and the open 
pneumothorax should not be detained more than 5 days 
and 2 – 5 min respectively. In VATS group, except one 
patient was converted to general anesthesia due to seri-
ous pleural adhesion, other patients were performed un-
der local anesthesia.

Pleural metastatic nodules were found in 4 cases of 
malignant pleural effusion by diagnostic thoracoscope, 

∙  85  ∙



 Life Science Journal, Vol 6, No 2, 2009                                                                                                                               http://lsj.zzu.edu.cn

the final diagnosis was made after biopsy. 1 case of liver-
related pleural effusion were found with diffuse pleura 
edema by video-assistanted thoracoscope, but with no 
pleural nodule,it was diagnosed as liver-related pleural 
effusion considering the patient history. 3 cases of malig-
nant pleural effusion by remedial thoracoscope were con-
firmed by pathological examination after thoracentesis.

7 patients of malignant pleural effusion and 1 patient 
of liver-related pleural effusion in VATS group were 
given pleurodesis induced by talc under local anesthesia.
In 2 patients who had recurrent pneumothorax, one had 
pneumoconiosis complicated with pneumothorax,another 
had simple lung bullae. Their bullarectomy were dis-
sected by disposable slit and stitching instrument, and 
received pleurodesis induced by talc.

In non-thoracotomy group, the patients with thoracic 
tuberculosis achieved the same effects as general anes-
thesia operation, with no surgery-related complications. 
The inward depressed shadow was found in the chest 
X-ray film of those the patients had localized encapsu-
lated pleural effusion, however, the patients felt all right 
like chest distress, the shadow fade away after operation. 
All the patients in this group got out of bed on the 1st 
day postoperatively, and recovered quickly compared 
with the patients treated with trachea-cathetered general 
anesthesia. In 10 patients, one case of rib benign tumor 
complained the pain, but finished the course of operation. 
During the operation, blood pressure, pulse and satura-
tion of blood oxygen of patients in both groups were all 
at normal range, one patient was administered anesthetic 
sedative, others were administered with antiphlogistic 
and analgesic to relieve pain after operation. No com-
plication and death was seen in perioperative period. No 
long-term complications were found following up in one 
to six months.

4  Discussion

In our study, thoracic operation in artificial pneumo-
thorax (open and closed pneumothorax) under local anes-
thesia can be performed for completing the diagnosis and 
treatment of pleural-pulmonary diseases if the stability 
of mediastinm being kept. Because the lung keeps blood 
oxygen saturation at normal range through its  functional 
self-regulation of hypoxic pulmonary vasoconstriction, 
the safety coefficient increases patient’s operation in 
open pneumothorax and closed pneumothorax. No sig-
nificant influence on heart, lung and mediastinum when 
patients closed pneumothorax without pleural thickening. 
Same condition can be seen in patients open pneumotho-

rax with pleural thickening specially with partial pleural 
thickening. Moreover, using VATS to remove peripheral 
pulmonary nodules is also an alternate method in clinical 
practice with advantages in comparison with routine tho-
racotomy[1–5]. The medical cost for treating with wedge 
resection of lung by VATS is about one fifth less than 
general anesthesia. 

In 1997, Nezu[8] completed 34 cases of pulmonary 
bulla marginal resection for spontaneous pneumotho-
rax with special apparatus of VATS by straight slit and 
stitching instrument under local anesthesia and sedative 
were reported in Japan. Hemodynamics was stable in op-
eration and post operation. Blood-gas analysis revealed 
normal. Three cases of them had slight complication of 
air leak, the cure rate was 91%. Also, less complications, 
shorter hospitalization time compared with general anes-
thesia were reported.

In 1998, Mukaida[9] treated 4 patients who had high-
risk complicated spontaneous pneumothorax under local 
anesthesia and epidural anesthesia. The ages of these 4 
patients were 67, 72, 76 and 77 years old respectively, 
blood oxygen saturation before operation were 64.3 
mmHg, 74.6 mmHg, 52.0 mmHg and 47.5 mmHg re-
spectively, and the preoperative diagnosis of them were 
bullous emphysema and bilateral bullae of lung respec-
tively. No significant change of PaO2 was found after 
operation, which suggested that it was feasible to do tho-
racotomy under local anesthesia[6,7].

Keeping the mediastinum stabilizing in surgery is 
necessitated in our study. The minithoracotomy thoracic 
surgery was performed on the patients who had diffused 
pulmonary diseases and incrassated pleural disease. No 
mediastinal oscillation during thoracotomy was found. 
But for biopsy of the patients with localized pleural 
thickening and diffuse pulmonary diseases, mediastinal 
oscillation in the condition of open pneumothorax was 
observed. Our method is to interruptedly open and close 
thoracic cavity in surgery, let patients gradually adapted, 
then rapidly cutting pleura and lung lesions, close tho-
racic cavity at the time of lung inflation through mask 
ventilation. In diagnostic and remedial thoracoscope, we 
adopted to put colatus gas into thoracic cavity slowly, 
seal incision and prevent gas out, forming closed pneu-
mothorax to operate in a stable mediastinal state. Under 
the illumination of video-assisted thoracoscope in closed 
pneumothorax, those canous nodus protruded to the 
surface of pleuras have high diagnostic positive ratio. 
Accurate location before surgery is more important for 
localized pleural biopsy in open pneumothorax. Tradi-
tional B ultrasound localization has some advantages 
and can visually prove the coverage of pleural lesions 
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and provide marks even more accurate than CT localiza-
tion, especially in those patient with localized pleural 
thickening. 15 patients out of 16 with thickening pleural 
disease and diffuse pulmonary diseases got the definite 
diagnosis, the accurate rate was 94%, if the full-thickness 
pleural lesions could be obtained in one misdiagnosed 
case, the accurate rate reached 100%. In comparison with 
open lung biopsy under general anesthesia, the accurate 
ratio is much higher. According to our statistical analysis 
in 2004, 500 patients received percutaneous puncture 
biopsy of lung, 30 patients received biopsy of pleura, 
the positive ratio were 90% and 85% respectively, which 
were far less than pleural biopsy under local anesthesia 
(94%). For diffused pulmonary diseases, percutaneous 
puncture biopsy of lung has higher risk and complica-
tion, lower positive ratio. Our experience is that those 
thickening pleural disease and diffuse pulmonary diseas-
es having no positive results with percutaneous puncture 
biopsy of lung and pleura are the better indications for 
thoracotomy under local anesthesia.

No report on the removal and biopsy of local wraped 
pleura diseases such as localized encapsulated effusion 
and tuberculosis under local anesthesia without thoracot-
omy can be found so far. Actually, the surgery we made 
was kind of localized extrapleural modified thoracic 
surgery, which was under local anesthesia. The patients 
who had tuberculous pleuritis or tuberculoma of pleura 
received in 1 year regular treatment were always found 
effusion by ultrasonography exploration and then, need 
to undergp punture and administration of corticosteriods 
and urokinase repeatedly. However, drugs could not be 
absorbed easily and increased the mental burden of pa-
tients. The common operation weakened patients, so it’
s necessary to treat the disease of pleura like pleural en-
dotheliomas removing the foci at more safe and microin-

vasive surgery. In our study, such surgery was performed 
on 10 patients, the effects of which were found similar 
as routine surgery but with lower cost (80RMB for local 
anesthesia, 1000RMB for general anesthesia according 
to the health care charge standards in Henan province). 
Therefore, the surgery was welcomed by our patients and 
was consisted with ecnomic condition of our country. In 
short, the biopsy of lung and pleura under local anesthe-
sia is economic and microinvasive, having low anesthe-
sia requirement but high positive rate, therefore can be 
wildly applied in clinic.
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Abstract
Along with a tendency towards the combination of wireless network and digital life, there has never been a better 

time to develop the application of wireless sensor network based on ZigBee. This paper would demonstrate the design 
of ZigBee application for a home care assistant system. ZigBee technology is based on the IEEE 802.15.4 standard and 
is extended with a network layer and an application layer to constitute a wireless network enabling architecture. During 
the formation of ZigBee application system, a system designer can build from a lower protocol stack, then a complex 
operating system, to a higher application program. In contrast with the brick-and-mud mode, it is more efficient to 
utilize an application framework for developing a particular application system. The work of this paper is to design a 
feasible home care assistant system with the application framework published by the Texas Instrument. With wireless 
features and automation capability built in ZigBee, the designated home care assistant system is not too hard to code 
during the design phase, is convenient to deploy the sensing devices, provides with operation security and low require-
ment for maintenance. It also relieves the burden of home care nurse and enhances the quality of caring. [Life Science 
Journal. 2009; 6(2): 88 – 93] (ISSN: 1097 – 8135).

Keywords: home care; IEEE 802.15.4; wireless sensor network; ZigBee; TI Z-Stacke

1  Introduction

Recently, because of the rapid development of the 
technology of micro sensor and micro electro-mechanical 
systems, the advancement of wireless communications, 
and the integration with computers, it is the exact chance 
for industry and academic to invest in wireless sensor 
network (WSN). 

WSN can apply to the application domain of home 
care, home control, security, and position tracking[1–4]. 
The features of WSN[5] are low cost, low power con-
sumption, low volume, easy deployment, programmable, 
dynamic construct, and low maintenance after installa-
tion in great scale[6].

ZigBee technology[7,8] is one of the best solutions for 
WSN. ZigBee is based on IEEE 802.15.4 and is extended 
with network and application upper layers for simplify-

ing the design effort of a WSN application. With proper 
integration of sensors, actuators, and ZigBee, it would be 
efficient to develop and build a wireless real-time moni-
tor and control system.

The work of this paper attempts to utilize ZigBee inte-
grated with bio-medical sensors to develop a home care 
assistant system (HCAS). Next section introduced the 
IEEE 802.15.4 standard which is used as the lower layers 
of ZigBee. ZigBee specification was presented in section 
3, including the upper layers of application layer (APL), 
application support sub-layer (APS), and network layer 
(NWK), ZigBee device profile (ZDP) and application 
profile. TI Z-Stack, containing operating system abstrac-
tion layer application programming interface (OSAL 
API), ZigBee device object (ZDO) API, ZDP API, ap-
plication framework (AF) API, APS API, NWK API, and 
hardware abstraction layer (HAL) API, was described in 
section 4. Section 5 explained the functions and applica-
tion design of HCAS. Conclusions and future enhance-
ment were given in section 6.*Corresponding author. Email: cyliu@csu.edu.tw
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2  EEE 802.15.4 standard

The IEEE 802.15.4 standard is specified for a personal 
area network (PAN)[9]. It contains physical layer (PHY) 
and media access control layer (MAC). 

2.1  PHY
The PHY of IEEE 802.15.4 defines three industrial, 

sciential, and medical (ISM) bands located at 868 MHz, 
902 MHz, and 2405 MHz, respectively. Where, the ISM 
band at 868 MHz provides one channel with 20 kbps 
bandwidth. The ISM band at 902 MHz contains 10 chan-
nels each with 40 kbps bandwidth. The ISM band at 
2405 MHz consists of 16 channels each with 250 kbps 
bandwidth. The ISM bands at 868 MHz and 902 MHz 
are locally suitable in Europe and northern America. 
Whereas, the ISM band at 2405 MHz is globally appli-
cable. Therefore, it is the common selection of PHY at 
2405 MHz. Figure 1 is the ISM bands and channels of 
IEEE 802.15.4 PHY.

868MHz/915MHz
PHY

2.4 GHz

868.3 MHz

Channel 0 Channel 1~10 2 MHz

902 MHz 928 MHz

Channel 11~26
2.4 GHz
PHY

5 MHz

2.4835 GHz

Figure 1. Bands and channels of IEEE 802.15.4 PHY.

The functions of PHY specify radio transceiver open-
ing and closing, channel selection, clear channel assess-
ment (CCA) evaluation, LQI inspection, channel energy 
detection, and frame signals transmission and reception, 
etc. The frame of PHY is named PHY protocol data unit 
(PPDU). There are 4 types of PPDU, including beacon 
frame, data frame, acknowledgement frame, and MAC 
command frame.

In Figure 2, the PPDU is composed of synchronous 
header (SHR), PHY header (PHR), and PSDU. SHR is 
consisted of preamble bits and start of frame delimiter 
(SFD). The length of preamble is 32 bits and the contents 
of it are all zero. The length of SFD is 8 bits and the con-
tents of it are fixed as 11100101. The length of PHR is 
8 bits. The first bit of PHR is 0 and the remainder 7 bits 
denote the length of the PSDU. PSDU contains the MAC 
data frame. The length of PSDU is limited within 127 

bytes.

PSDU

4 bytes 1 bytes 1 byte 0~127 bytes

Preamble SFD Length

SHR PHR

Figure 2. PPDU frame format.

2.2  MAC
The MAC Layer is divided into two sub-layers: logic 

link control (LLC) and MAC sub-layers. LLC is com-
monly adopted in all series of the IEEE 802 standards. 
Whereas MAC is vary for different PHY. The MAC of 
IEEE 802.15.4 provides data service and management 
service to the upper layer. It is in charge of beacon man-
agement, channel access control, guaranteed time slot 
(GTS) management, frame inspection, frame transmis-
sion and response, and device association and de-associ-
ation. Since the functions of MAC are not too complex 
to choose a high speed CPU, thus a low-power consump-
tion and low-cost micro-controller can be adopted for the 
realization of the MAC protocol.

Figure 3 depicts MAC frame format. It is composed of 
MAC header (MHR), MAC service data unit (MSDU), 
and MAC footer (MFR). MHR is consisted of 2 bytes 
control field, 1 byte sequence number, and at most 20 
bytes address information. Control field denotes the 
frame type, the format of address information field, 
and the acknowledge mode for the frame transmission. 
The data sequence number is used as the frame identi-
fier during frame communications. The replied frame 
should contain the same sequence number to indicate its 
acknowledgement to the previously transmitted frame. 
Thus, a reliable transmission could be achieved. The ad-
dress field could contain a 64 bits IEEE address or a 16 
bits network address. MFR is the frame check sequence 
(FCS) for inspecting whether the reception is successful 
or not. The MAC of IEEE 802.15.4 utilizes the carrier 
sense multiple access/collision avoidance (CSMA/CA) 
mechanism to control the access to wireless channel to 
solve the contention problem.

2 bytes     2 bytes  

MFR

Frame 
Control

Data 
Sequence 
Number

Address 
Information Data payload FCS

MHR MSDU

1 byte    4~20 bytes     

Figure 3. MAC frame format.
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3  ZigBee specification

The draft of ZigBee specification was initiated by 
Honeywell, Invensys, Mitsubishi Electric, Motorola, and 
Philips in 2003[11]. The latest specification was released 
on December 2006. ZigBee adopts IEEE 802.15.4 as its 
MAC and PHY. In addition, NWK, APS, APL, ZDO, 
and security service are added over the MAC and PHY. 
Therefore, ZigBee has already become a complete net-
work protocol for wireless application. The protocol 
stack of ZigBee is illustrated in Figure 4.
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Figure 4. ZigBee stack.

Each layer in ZigBee stack is consisted of two enti-
ties: data entity (DE) and management entity (ME). DE 
provides data services, i.e. data packet transmission and 
reception. ME provides management services. Normally, 
the lower layer is the service provider and provides its 
services through the interface of service assess point 
(SAP) for the upper layer. Each SAP would implement a 
certain functionality to support its particular service.

The kernel of ZigBee Stack is NWK. NWK takes care 
of joining into or leaving network, finding route, and data 
packet transmission or reception for a ZigBee device.

The major functions of APS in APL include the Zig-
Bee network formation and binding, data transmission 
management, and network security. The function of 
application object (APO) in APL is to implement the 
processing logic for the ZigBee application. In the other 
words, APO is the basic unit of application program. 
APO can communication with a remote APO through 
ZigBee network to realize specific application, e.g. to 
turn on a remote switch for lighting. Each APO should 
allocate only one endpoint (EP). An EP is identified by 

an EP ID ranged from 1 – 240. EP ID 0 denotes ZDO. EP 
ID 241 – 255 is reserved.

ZDP describes the behavior and properties of a Zig-
Bee device and is mandatorily defined by the ZigBee Al-
liance. ZigBee application profile describes the functions 
and parameters for a particular application and is manda-
torily defined by the ZigBee Alliance, too. Each ZigBee 
application profile has a unique Profile ID. Manufactur-
ers should obey the ZDP and ZigBee application profile 
to design their ZigBee products. This is to assert the in-
teroperability between different vendors. User can define 
a private application profile to be used in users’ private 
application domain if the interoperation is not required. 
In ZigBee specification, each APO implements only one 
application profile. A unique EP ID should be allocated 
to an APO.

There are two types of ZigBee devices: full function 
device (FFD) and reduced function device (RFD). FFD 
can act as a coordinator or router, can communicate with 
all types of devices, and can support any type of net-
work topologies. RFD can act only end device and can 
communicate only with a coordinator. There is only one 
coordinator in a ZigBee network, but it allows multiple 
routers and end devices.

ZigBee network specifies two network topologies: 
central controlled star network and peer-to-peer mesh 
network. Start topology was shown in Figure 5(A). In 
star network, there are multiple devices surround a cen-
tral coordinator. The central coordinator responses for 
the network formation and maintenance, time slot plan-
ning and allocation, channel access control, GTS man-
agement, etc. The surrounding devices follow the policy, 
obtained from broadcasting beacon transferred by the 
coordinator, to access the channel. Figure 5(B) depicts 
a peer-t-peer mesh network. In the network, devices are 
not necessary to communicate with the coordinator. But 
RFD is only able to communicate via FFD.

Coordinator

FFD

RFD

(A) S tar Network (B ) P eer-to-P eer Mesh Network

Figure 5. ZigBee Network Topology. 

The operation manners of ZigBee network are clas-
sified into beacon-enabled network and non beacon-
enabled network. In beacon-enable network, the beacon 

∙  90  ∙



Liu, The design of home care assistant system by the ZigBee technology

is transmitted from a coordinator. The purpose of the 
beacon is to inform all devices the time synchronization 
information, PAN ID for devices to join, and super-frame 
structure. Super-frame with GTS and without GTS was 
shown in Figure 6 and 7, respectively. Within GTS, all 
time slots could only be used by certain preserved devic-
es. The duration between beacon and GTS is named CAP 
and is accessed with CSMA/CA arbitration mechanism. 
In non beacon-enabled network, all devices merely ac-
cess the channel with CSMA/CA arbitration mechanism 
in asynchronous way.

Frame Beacons

Contention
Access Period

Contention
Free Period

Figure 6. Super-frame with GTS.

Frame Beacons

Contention
Access Period

Figure 7. Super-frame without GTS.

4  TI Z-stack

First of all to develop a ZigBee application system 
is to implement the ZigBee protocol stack. This is a 
great challenge to a developing team. Currently, some 
companies have developed their own ZigBee Stack as a 
package, e.g. Texas Instrument Z-stack[12]. The project 
developing time could be obviously shortened by using 
TI Z-Stack to develop a ZigBee application system[13].

There are some categories of API in the TI Z-Stack, 
including OSAL API, ZDO API, ZDP API, AF API, APS 
API, NWK API, and HAL API. An application program 
can call these API to accomplish its communication and 
control requirements.

4.1  OSAL API
Through calling OSAL API[14], the program coding of 

APO can be independent with operating system, kernel 
modules, and system main control loop or hardware in-
terrupts. This is because OSAL provides the following 
functions in hardware independent manner.

1) Task registration, initialization, and startup; 2) Mes-

sages delivery between tasks; 3) Synchronous mecha-
nism between tasks; 4) Interrupt handling mechanism; 5) 
Timers control; 6) Dynamic memory management.

4.2  ZDO API 
ZDO provides the management functions to a ZigBee 

device. An APO/EP can manage a coordinator, router, 
or end device through calling ZDO API[12]. The manage-
ment functions contain network formation, device dis-
covery, joining network, binding to other APO/EP, and 
security management.

ZDP defines the functionalities a ZigBee device 
should implement. ZDP specifies a device descriptor for 
the device and defines separate cluster by a cluster ID 
and a pair of EP ID and a command message. Through 
the command message, ZDP provides the following  
functions to ZDO and APO/EP.

1) Start device network; 2) Device discovery; 3) Bind-
ing end devices, device association and disassociation; 4) 
Network management.

The binding table is only stored at a coordinator. 
Therefore, only a coordinator can receive the binding 
request command and normally acts as a reflector to for-
ward the messages between the binding end devices.

4.3  AF API
AF is the interface between AP and APS. APO/EP 

calls AF API[12] to perform wireless communication 
through APS and NWK. AF is also a receiving multi-
plexer for multiple APO/EP. AF provides the following 
functions to application.

1) APO/EP management; 2) Data packet transmission 
and reception.

4.4  APS API
APS API[12] provides the following management func-

tions to the upper application program.
1) Management for binding table; 2) Management for 

group table; 3) Quick address search.
Besides the above mentioned functions, APS also pro-

vides data packet services. However, an application pro-
gram could only use these data services via the interface 
of AF.

The binding table of APS is created in the static RAM. 
The capacity of binding table (maximum entry numbers 
and maximum cluster numbers per entry) can be speci-
fied by device configuration properties. Cluster denotes 
the relationship of a particular application for all related 
APO on various devices in ZigBee network. Each cluster 
has 8 bits cluster ID. When a message transferred with 
a particular cluster ID but not a destination network ad-
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dress, it denotes to send this message to all APO on re-
lated devices. The cluster message is sending through a 
coordinator (reflector). Reflector forwards the message in 
uni-cast format to each APO on related devices by look-
ing at the entries of its binding table.

4.5  NWK API
NWK API[12] provides the following functions to the 

upper layers.
1) Network management; 2) Address management; 3) 

Network status and utility functions.
In addition to the management function, NWK also 

provides data services. However, an application layer 
could not directly access data service in NWK. Instead, 
an application layer should call the  function of AF to 
send data message.

4.6  HAL API
Application program can access hardware resources 

through HAL API[15]. These resources include timer, 
GPIO, UART, and ADC register. Basically, HAL API is 
classified into three types.

1) Initialization function calls: these functions are 
called to initiate certain services or to set some param-
eters related to hardware platform. Normally, these func-
tions are called during initialization phase after power 
on; 2) Service access function Calls: they are also named 
as service functions. These functions can access directly 
to the content of hardware register (such as ADC regis-
ter)[16,17] or can control the action of a hardware compo-
nent (such as LED on/off); 3) Callback function calls: 
they are also named as event handler. The content of 
these functions should be implemented by the application 
programmer. These functions will be called and the sta-
tus and message will be passed back to upper application 
task when a related hardware event occurred (such as in-
terrupt, counting event, time-out event, or message pack-
et arrival, etc.). Note that CPU-intensive computation or 
critical section should be avoided in the implementation 
of these functions to maintain the handling efficiency and 
response speed.

Generally, HAL driver provides timer, GPIO, LED, 
key, USRT, and ADC services to upper application. How-
ever, not all platforms provide all services to an applica-
tion. Besides, devices can configure different hardware 
service features during the startup phase.

5  HCAS design

The configuration of the HCAS is consisted of a per-
sonal computer, a ZigBee coordinator, and multiple Zig-

Bee end devices.
Figure 8 showed the man-machine interface performed 

in the main control PC. In Figure 8, PC is connected to a 
coordinator through USB cable. Via the coordinator, PC 
transmits a sensor’s data request to end devices, saves 
the received data into database, and displays the sensor’s 
data by graphic user interface. Then, it sends control in-
structions to end devices according to pre-defined rules.

The sensing data measured by HCAS include body 
temperature, heart beat rate, and the temperature of en-
vironment. These sensors were installed on separate end 
devices. Firstly, PC sends a data request command to end 
devices to collect sensor’s data. Then, the collected data 
are written into database. If the body temperature and the 
heart beat rate are over a preset threshold, HCAS would 
generate an alarm to a caring nurse and would send a 
control instruction to the corresponding end devices to 
turn on the ventilation equipment. After suitable treat-
ment by the caring nurse and the cared person becomes 
normal, HCAS will sends a control instruction to turn 
off the ventilation equipment. To maintain a comfort-
able environment, the indoor temperature is monitored 
by HCAS. HCAS operates and reacts to the indoor tem-
perature in similar manner of body temperature except to 
inform the caring nurse by an alarm.

Figure 8. HCAS Man-machine Interface.

The TI Z-Stack was adopted in the design of HCAS. 
To use TI Z-Stack, one must follow its application design 
framework. When an application program executed in 
operating system, it is an application task of OSAL. The 
design procedure of HCAS is explained as follows.

OSAL_HCAS_App.c module is the startup module 
of HCAS. In OSAL_HCAS_App.c, the application 
should call osalTaskAdd() function to add and register 
system tasks and application task into operating system. 
The system tasks include Hal_Init() to start and initiate 
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HAL driver task, macTaskInit() to start and initiate IEEE 
802.15.4 protocol stack, nwk_init() to start and initiate 
ZigBee stack, APS_Init() to start and initiate APS service 
and mamagement task, ZDApp_Init() to start and initiate 
ZDO task. Finally, the application should call osalTas-
kAdd() to add and register HCAS_App_Init() to start and 
initiate application object with application profile and ap-
plication specific functions.

Basically, the former system tasks are declared within 
TI Z-Stack. Application programmer is not required 
to modify theses functions. As for the last step to add 
HCAS_App_Init(), it is related to the specific applica-
tion and is needed to be implemented by the application 
designer. HCAS_App.c is the main application module 
of HCAS. Within this module, some functions need to be 
instantiated, including the HCAS_App_Init() to initiate 
the device, and HCAS_App_ProcessEvent() to handle 
system event for the application. 

HCAS_App_Init() setups and startups the device and 
network with pre-defined system and device configura-
tion properties. Next, it registers APO to the operat-
ing system. Then it registers application task events 
to the operating system. HCAS_App_ProcessEvent() 
is the main event processing function of the applica-
tion. Within this function, many previously registered 
events passed back from system will be inspected and 
distributed to the corresponding handling functions, 
such as the receiving event from other devices would 
call the callback function HCAS_App_MsgCB() to 
handle the required response, or the interrupt event from 
hardware keys or switch would call the callback func-
tion HCAS_App_HandleKeys() to handle the required 
action, or the time-out event from timer would call the 
function HCAS_App_HandleTmr() to handle the nec-
essary procedure and then setups the timer by calling 
osal_start_timerEx() for the next periodic event.

In event handling functions, if the device needs to 
send a data message to other device, it should call the 
AF_DataRequest() function in AF API for that sending 
request. If the device wants to read the sensor’s data on 
other device, it should call the HalAdcRead() function in 
HAL API. If the device needs to send data via RS232 to 
PC or other device, it should call the HalUARTWrite() 
function in HAL API. If the device wants to turn its LED 
on, it should call the HalLedSet() function in HAL API. 
Other action requirements can refer to[12–15,18].

6  Conclusion 

First challenge during the phase of the design and im-
plementation for the HCAS is to study all related specifi-

cations, and the definitions and calling methods of all re-
lated API. This paper described our experience about the 
application framework of TI Z-Stack which was adopted 
for the development of HCAS. 

The purpose of the pilot project of HCAS is to survey 
a feasible development platform based on ZigBee and to 
implement the pilot system to build up the required ex-
periences upon the platform. Thus, the function of pilot 
HCAS is designed with ordinary scenario and uncompli-
cated system configuration.

Next stage, HCAS will be enhanced with practical 
scenario and advanced control facilities. For instance, the 
ventilation equipment could be replaced with air condi-
tioner driven by continuous-speed inverter. In this case, 
not only the temperature can be controlled, but also the 
humility. The monitored bio-medical signals could be 
added by oxi-meter, breath-meter, blood-pressure meter, 
glucose meter, position tracking, and tilt-plus-gyro meter 
to detect fall down status. In addition, HCAS MMI could 
be redesigned from PC GUI to web-based GUI. Thus, 
medical experts can diagnose the cared person remotely, 
or the relatives can understand the healthy situation of 
the cared person.
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