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Expression Patterns and Action Analysis of Genes
Associated with the Responses to Ischemia, Hypoxia
and Starvation during Rat Liver Regeneration

Cunshuan Xu', Fang Fang', Hongpeng Han', Xiaoguang Chen?

1. College of Life Science, Henan Normal University, Xinzxiang , Henan 453007, China
2. Key Laboratory for Cell Differentiation Regulation , Xinziang , Henan 453007, China

Abstract: Objective. The aim of this project was to study the responses to ischemia, hypoxia and starvation after
partial hepatectomy (PH) at transcriptional level. Methods. The genes associated with the responses to ischemia,
hypoxia and starvation were obtained by collecting the data of databases and referring to theses. Their expression
changes in regenerating liver were checked by the Rat Genome 230 2.0 Array. Results. It was found that 120, 65
and 23 genes respectively associated to the responses to ischemia, hypoxia, starvation were associated with liver re-
generation (LR). The initial and total expressing gene numbers occurring in initiation of LR (0.5 — 4 hours after
PH), transition from G0 to G1 (4 —6 hours after PH), cell proliferation (6 — 66 hours after PH), cell differentia-
tion and structure-function reorganization (66 — 168 hours after PH) were 54, 11, 34, 3 and 54, 49, 70, 49 re-
spectively, which illustrated that the genes were mainly triggered in the initial phase, and worked at different phas-
es. According to their expression similarity, these genes were classified into 5 types including 63 only up-, 26 pre-
dominantly up-, 63 only down-, 16 predominantly down-, and 8 up/down-regulated genes, and the total times of
their up- and down-regulated expression were 639 and 372, demonstrating that the expression of major genes was
enhanced during LR, while the minority attenuated. According to the time relevance, they were classified into 14
groups, demonstrating that the cellular physiological and biochemical activities were staggered during LR. Accord-
ing to gene expression patterns, they were classified into 24 types, showing that the activities mentioned above were
diverse and complicated during LR. Conclusion. The response to ischemia was mainly enhanced in the prophase,
and hypoxia enhanced almost during the LR, while the response to starvation was nearly no change during LR, in
which 176 genes associated with LR played an important role. [ Life Science Journal. 2006;3(4):1—11] (ISSN:
1097 — 8135).

Keywords: partial hepatectomy; Rat Genome 230 2.0 Array; responses to ischemia, hypoxia and starvation; liver
regeneration; gene

Abbreviations: GCOS: GeneChip operating software; LR: liver regeneration; NAP: normalization analysis pro-
gram; PH: partial hepatectomy; SO: sham operation; SP: stress protein

1 Introduction

When the living things are stimulated by

heat!!'?!| cold*®), osmotic pressure changel®!, wa-
ter deprivation’®’, drug'®, toxicant!”, oxida-
tion'®),  unfolded proteinzgj, pathogen infec-
tion'" " fear )| wounding!"’, paint™!, hy-
poxia™®!, ischemial'®, nutritional deficiency!!'”!,
hormonprivialm, starvation''?! and so on, the rele-

vant stress protein (SP) genes are activated to pro-
tect organisms against these harmful stimuli. The
stress response to one stimulus can usually increase
cell tolerance to another stimulus. It implies stress
proteins induced by different stimuli have functional
cross'?” . The remnant hepatocytes compensate the
hepatectomized liver tissue by proliferation and the
structure-function reconstruction after partial hepa-
tectomy (PH)™", which is called liver regenera-

tion (LR)!? %) According to the cellular physio-
logical activities, the process is usually categorized
into four stages!?* including initiation phase (0.5
—4 hours after PH), transition from GO to G1 (4
~ 6 hours after PH), cell proliferation (6 — 66
hours after PH), cell differentiation and reorgani-
zation of the structure-function (66 — 168 hours af-
ter PH)[241, According to time course, it is classi-
fied into four phases including forepart (0.5 — 4
hours after PH), prophase (6 — 12 hours after
PH), metaphase (16 — 66 hours after PH), and
anaphase (72 — 168 hours after PH)!2). In addi-
tion, PH can induce body’ s responses to hurtful
stimulus, such as ischemia, hypoxia and starva-
tion, in which involve nearly 350 genes. These
genes exist the interaction. It is almost impossible
to clarify the action of genes associated with is-
chemia, hypoxia and starvation at transcriptional
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level during LR unless high-throughput gene ex-
pression profiles™ 2! So we used the Rat
Genome 230 2.0 Arraym'zs] containing 207 genes
associated with the response to ischemia, 96 genes
to hypoxia and 38 genes to starvation to detect gene
expression changes in LR after PH. 176 genes were
found to be associated with LR'?®). And their ex-
pression characters, patterns and actions during LR
were [urther analyzed.

2 Materials and Methods

2.1 Regenerating liver preparation

Healthy Sprague-Dawley rats weighing 200 —
250 g were obtained from the Animal Center of
Henan Normal University. The rats were separated
into two groups randomly, hepatectomized group
and sham-operation (SO) group. Each group in-
cluded 6 rats (male: female =1:1). PH was per-
formed according to Higgins and Anderson'?!!, by
which the left and middle lobes of liver were re-
moved. Rats were killed by cervical vertebra dislo-
cation at 0.5, 1, 2, 4, 6, 8, 12, 24, 36, 54, 66,
72, 120, 144 and 168 hours after PH and the re-
generating livers were observed at corresponding
time point. The livers were rinsed three times in
PBS at 4 °C, then 100 — 200 mg livers from middle
parts of right lobe of each group (total 1 -2 g liv-
ers, 0.1—-0.2 g X 6 samples, per group) were
gathered and mixed together, then stored at
—80 T . The SO group was the same as hepatec-
tomized group except the liver lobes were unre-
moved. The laws of animal protection of China
were enforced strictly.
2.2 RNA isolation and purification

Total RNA was isolated from frozen livers ac-
cording to the manual of Trizol Reagent ( Invitro-
gen Corporation, Carlsbad, California, USA )
and then purified base on the guide of RNeasy mini
kit (Qiagen, Inc, Valencia, CA, USA)PY. Total
RNA samples were checked to exhibit a 2:1 ratio of
28S rRNA to 18S rRNA intensities by agarose elec-
trophoresis (180 V, 0.5 hour). Total RNA con-
centration and purity were estimated by optical
density measurements at 260/280 nm'**/.
2.3 cDNA, cRNA synthesis and purification

1 -8 pg total RNA as template was used for
cDNA synthesis. ¢DNA purification was based on
the way established by Affymetrix'?”'. ¢RNA la-
beled with biotin was synthesized using cDNA as
the template, and cDNA and cRNA were purified
according to the purification procedure of GeneChip
Analysis'?”'. Measurement of ¢cDNA, ¢RNA con-
centration and purity were the same as above.

2.4 cRNA fragmentation and microarray detec-
tion

15 pl (1 pg/pl) cRNA incubated with 5 X
fragmentation buffer at 94 °C for 35 minutes was
digested into 35 — 200 bp fragments. The hy-
bridization buffer was added to the prehybridized
Rat Genome 230 2.0 microarray produced by
Affymetrix, then hybridization was carried out at
45 C for 16 hours on a rotary mixer at 60 rpm.
The microarray was washed and stained by
GeneChip fluidics station 450 ( Affymetrix Inc.,
Santa Clara, CA , USA). The chips were scanned
by GeneChip Scan 3000 ( Affymetrix Inc., Santa
Clara, CA, USA), and the signal values of gene
expression were observed 28 .
2.5 Microarray data analysis

The normalized signal values, signal detections
(P, A, M) and experiment/control (Ri) were ob-
tained by quantifying and normalizing the signal
values using GCOS (GeneChip operating software)
1.2,
2.6 Normalization of the microarray data

To minimize error from the microarray analy-
sis, each analysis was performed three times. Re-
sults with a total ratio were maximal (R™) and that
the average of three housekeeping genes B-actin,
hexokinase and glyseraldehyde-3-phosphate dehy-
drogenase approached 1. 0 (R") were taken as a
reference. The modified data were generated by ap-
plying a correction factor (R™/R") multiplying the
ratio of every gene in R" at each time point. To re-
move spurious gene expression changes resulting
from errors in the microarray analysis, the gene ex-
pression profiles at 0 — 4 hours, 6 — 12 hours and 12
— 24 hours alter PH were reorganized by NAP
software (normalization analysis program) accord-
ing to the cell cycle progression of the regenerating
hepatocytes. Data statistics and cluster analysis
were done using GeneMath, GeneSpring, Mi-
crosoft Excel softwarel28: 33 341
2.7 Identification of genes associated with LR

Firstly, the nomenclature of three kinds of
physiological responses mentioned above was adopt-
ed from the GENEONTOLOGY database (www.
geneontology. org) , and inputted into the databases
at NCBI (www. ncbi. nlm. nih. gov) and RGD
(rgd. mew. edu) to identify the rat, mouse and hu-
man genes associated with the physiological re-
sponses. According to maps of biological pathways
embodied by GENMAPP (www. genmapp. org),
KEGG (www. genome. jp/kegg/pathway. html #
amino) and BIOCARTA (www. biocarta. com/
genes/index. asp), the genes associated with the
biological process were collated. The results of this
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analysis were codified, and compared with the re-
sults obtained for mouse and human searches in or-
der to identify human and mouse genes which are
different from those of rat. Comparing these genes
with the analysis output of the Rat Genome 230
2.0 Array, those genes which showed a greater
than twofold change in expression level observed as
meaningful expression changes-* I, were referred to
as rat homologous or rat specific genes associated
with the responses to ischemia, hypoxia and starva-
tion under evaluation. Genes, which displayed re-
producible results with three independent analyses
with the chip and which showed a greater than
twofold change in expression level in at least one
time point during LR with significant difference
(0.01==P<0.05) or extremely significant differ-
ence ( P==0.01) between PH and SO, were re-
ferred to as associated with LR.

3 Results

3.1 [Expression changes of the genes associated
with the response to ischemia, hypoxia and starva-
tion during LR

According to the data of databases at NCBI,
GENEMAP, KEGG BIOCARTA and RGD, the

responses to ischemia, hypoxia and starvation in-

volved 225, 117 and 41 genes respectively, in
which 207, 96 and 38 genes were contained in the
Rat Genome 230 2. 0 Array separately. Among
them, 176 genes revealed meaningful changes in
expression at least at one time point after PH,
showed significant or extremely significant differ-
ences in expression when comparing PH with SO,
and were repeatable in three detections by Rat
Genome 230 2.0 array. The results suggested that
the genes were associated with LR. Up-regulation
ranged from 2 to 257 times higher than the con-
trol, and down-regulation did 2 — 17 (Table 1).
The analysis indicated that 63 genes were up-regu-
lated, 63 genes down-, 50 genes up/down- during
LR. Total up- and down-regulated genes were 639
and 372, respectively (Figure 1A). At the initia-
tion stage of LR (0.5 — 4 hours after PH), 54
genes were up-regulated, 29 genes down-, 2 genes
up/down-; at the transition phase from GO to Gl
(4 — 6 hours after PH), 49 genes were up-, 13
genes down-; at cell proliferation period (6 — 66
hours after PH), 70 genes were up-, 93 genes
down-, 32 genes up/down-; at cell differentiation
and reorganization of the structure-function stage
(66 — 168 hours after PH), 49 genes were up-regu-
lation, 56 genes down-, 9 genes up/down- (Figure
1B).

Table 1. Expression abundance of 176 ischemia, hypoxia and starvation response-associated genes during rat LR

Gene Accosiated  Fold Gene Accosiated  Fold

1 Ischemia Hspel 0.2
Adm 2 8.0 [caml 2 3.0
Adora2a 0.5 Ikbkh 0.3
Ager 0.4 Ikbkg 0.4
AGT 5.0 b 0.4
Agtrla 0.4 116 03561
Agtr2 0.4 Kenk2 0.4
Aktl 2,3 4.0 Kenk4 0.1,2.0
Alox5 0.2,2.5 “Kdr 0.4,2.4
*Angl 0.4,58.2 Len2 0.5,257.2
Angptl 2 0.2,9.2 Lgals3 5uF,
Angptld 3 3.2 Mag 0.4,2.3
Apoe 0.1 Mapkl 2 2:7
“Ascll 0.1,2.2 Mapk8 0.5,19.7
Atm 2,3 0.3 Mapt 0.4
Bel2 253 0.3 Met 0.4,2.3
BCL2L1 2 0.4,2.1 Mmp9 2 0.5.9.5
Bdkrb2 0.4 Mitapla i
Bdnf 0.4,26 “Mtap2 0.4,3.6
Birc4 5.0 Mthfr 0.4,3.7
Camk2a 0.5 Nedd9 0.5
*Caspl 2 0.4,2.6 Nes 0.2,4.6
Cendl T Nfkbl 2 04,23
Chuk 0.3 Nos3 2 0.3,2.1
Cirbp 2 0.3 "Ntf3 0.1
*Clu 3.0 P2rx7 0.4.,2:5
Cnrl 0.1 Parg 4.8

Gene  Accosiated  Fold Gene  Accosiated  Fold
Abbr. to others difference Abbr. to others difference  Abbr.

to others difference  Abbr.  to others difference

*Tert 2 5.3,0.3 Mmp9 1 0.5,9.5
8 B 03 Mye 19.7
“Tglbl 2.3 4.0 Nfkbl 1 0.4,2.3
“Thhd 9.6 Nol3 2.6
TIr2 10.6 Nos3 1 03,2 =1
Tlrd 0.5 Npml 0.5,2.8
37 Nrda2 0.4,7.1
Tnfrsf10b 4.9 Pdlim1 055,32
Tp53 2 2.9 Peg3 0.4
Txnip 2.9 Plau 0.4,3.0
Ucp3 2.2,0.5 Plaur 13.9
Ung 0.4 Prkaal 3 75
Vegfa 2 4.5,0.1 “Psen2 1 0.2
2 2.0 Ptgsl 1 3.4
Zfpl62 0.5 Prgs2 1 0:1:2:1
2 Hypoxia Serpinel 1 16.7
0.5 Sesn2 4.3
Adm 1 8.0 Sle2al 0.2
Aktl 13 3.9 Slc2ad 0.1
Angptl 1 0.2:0.2 Sod2 1 5.6
App 6.4 StatSa 0.2
Ami2 6.8,0.4 Tert 1 0:3:5:3
Atm 13 0.3 Tgfbl 1,3 4.0
Atplbl 6.7 Th 0.4
Bel2 153 0.3 Tps3 1 2.9
Bel2l1 1 2.1,0.4 Trib3 4.9
Birc2 2:8 Vegfa 1 0:L;4.5

.3.
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Ctsl 2.0 “Pcna 10.6 Bnip3 0.4 Vhi 1 2.0
Cybb 2.5 Pla2g2a 11.3 Camk2d 2.1 3 Starvation

Dafl 0.2 Plat 0.4,4.9 Capn2 2.1 Acol 0.5
Ddit3 2 0:5;2:7 B 0.3 Caspl 3.0 Aktl 152 3.9
Diablo 2.6 “Ponl 0.4 Casp9 0.5 Angptl4 1 3.2
E2f1 212 Pon2 0.5 Ccl2 128.0  Atm 1,2 0.3
Ednl 2 0.4,2.6 Prkaa2 3 0.2,5.3 *Cirbp 1 0.3 Bel2 1,2 0.3
Eif2s1 2.4 “Prssl5 2.4 Crebl 0.5 Casp8 10.6
Endog 4.6 Psen2 2 0.2 Cypl9al 6.5,0.2 Cck 0.5
Epor 0.4 Pspn 0.3,2.1 Ddit3 1 2.7,0.5 Cenel 18.5
F2 0.3 Pten 0.5 Ddit4 3.0,0.2 Fadsl 0.1
F2rl2 0.2 Prgs2 2 0.1,2.1 Drd2 8.6 Ghrl 4.0
F5 0.5 Ptk2 8.9 Ednl 1 2.6,0.4 Impact 0.4
Fgi2 2 0.5,2.1 Rela 0.5 Ednra 0.5 Medr 0.1
Fos 2 28.4 Serpinel 2 16.7 Eglnl 4.4 Mell 4.3
Futd 0.5,2.2 Sgk 6.5 Egrl 18.6 Metsl 0.2
Fyn 0.5 Shel 0.5 Fef2 1 2.1,0.5 Ppara 0.3
Gfap 0.3,2.6 Shh 0.5,2.8 Fos 1 28.4  Ppargcla 0.2.2:5
Grasp 2.8 Sle23a2 0.2 Hif3a 0.3 Prkaal 2 4.5
Grin2a 2.4 Slebal 1 6.0 Hyoul 0.3 Prkaa2 1 0:2,5.3
Hdh 2.3 *SleBal 0.4,5.7 lcaml 1 3.0 Retn 0.2:2:7
Hgf 0.4 Sle8a3 0:2:2:2 Ioflx 0.4 Rpll1 6.5
Hrh3 0.2 Sod2 2 5.6 Itgbl 2.6 Sle38a3 5.3
Hspala 0.2 Sstr2 0.4,4.9 Jun 6.9 Tefbl 1:2 4.0
Hspalb 0.3,3.4 Stad 0.4,4.0 Map2kl 9.1 Trim24 0.1

_ Hspb8 4.7 Tacl 0.2 Mapk1 1 2.7

% Reported genes associated with LR; Associated to others: involved in other responses

10°

gz & =

Sample signal value

Control signal value

Gene expression levels
L=

TR T 168

Recovery time after partial hepatectomy (h)

Figure 1.Expression frequency, abundance and changes of 176 ischemia, hypoxia and starvation response-associated genes dur-
ing rat LR. Detection data of Rat Genome 230 2.0 Array were analyzed and graphed by Microsoft Excel. A. Gene expression
frequency. The dots above bias indicated the genes up-regulated more than two folds, and total times of up-regulation were
639; those under bias indicated the genes down-regulated more than two folds, and that of down-regulation were 372; and the
ones between biases no-sense alterative; B. Gene expression abundance and changes. 113 genes were 2 — 257 {olds up-regulat-

ed, and 113 genes 2 — 17 folds down-regulated.

3.2 [Initial expression time of the genes associat-
ed with the responses to ischemia, hypoxia and
starvation during LR

At each time point of LR, the numbers of ini-
tial up-, down-regulated and total up-, down-regu-
lated genes were in sequence both 21 and 7 at 0.5
hour; 13, 15 and 26, 19 at Ist hour; 12, 0 and
35, 3 at 2nd hour; 8, 7 and 42, 8 at 4th hour; 3,
3 and 37, 10 at 6th hour; 1, 2 and 35, 6 at 8th
hour; 0, 5 and 32, 9 at 12th hour; 8, 8 and 30,
16 at 16th hour; 8, 14 and 37, 34 at 18th hour;

2, 2 and 38, 26 at 24th hour; 7, 6 and 24, 23 at
30th hour; 0, 4 and 28, 24 at 36th hour; 1, 1 and
27, 9 at 42nd hour; 2, 4 and 41, 31 at 48th hour;
0, 2 and 27, 19 at 54th hour; 1, 1 and 31, 14 at
60th hour; 1, 0 and 26, 18 at 66th hour; 0, 2 and
22, 20 at 72nd hour; 1, 3 and 19, 15 at 96th
hour; 1, 1 and 27, 25 at 120th hour; 0, 0 and 20,
16 at 144th hour; 0, 0 and 16, 20 at 168th hour
(Figure 2). Wholly, gene expression changes oc-
curred during the whole LR, with the up- and
down-regulation times 639 and 372, respectively.

4 -
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The initially up-regulated genes were predominant-
ly expressed in the forepart, and the down- in the
prophase and metaphase, whereas there were only
few initial expressions in the anaphase.
3.3 Expression similarity and time relevance of
the genes associated with the responses to ischemi-
a, hypoxia and starvation during LR

176 genes mentioned above during LR could
be characterized based on their similarity in expres-
sion as following: only up-, predominantly up-,

80
70
80 e
50 L
40 - M
30 ;

20

Expressing gene numbers

L

only down-, predominantly down-, and up-/down-
regulated, involved in 63, 26, 63, 16 and 8 genes,
respectively (Figure 3). They could also be classi-
fied based on time relevance to 14 groups including
0. 5th hour and 168th hour, 1st and 2nd hour, 4th
hour, 6th and 8th hour, 12th and 16th hour, 18th
and 120th hour, 24th and 30th hour, 36th and
48th hour, 42nd hour, 54th hour, 60th and 66th
hour, 72nd and 96th hour, 144th hour, in which
the up- and down-regulated gene numbers were

1 2 4 6 8 12 16 18 24

30 36 42 48 54 60 66 72 96 120 144 168

Recovery time after partial hepatectomy (h)

Figure 2. The initial and total expression profiles of 176 genes associated with the responses to ischemia, hypoxia and starvation
at each time point of LR. Grey bars: Up-regulated genes; White bars: Down-regulated genes. Blank bars represent initially
expressed genes, in which up-regulation genes are predominant in the forepart, and the down- in the prophase and metaphase,
whereas only few in the anaphase. Dotted bars represent the totally expressed genes, in which some genes are up-regulation and

others down-regulation during LR.

Figure 3. Expression similarity and time relevance cluster of 176 genes associated with the responses to ischemia, hypoxia and
starvation during LR. Detection data of Rat Genome 230 2.0 Array were analyzed by H-clustering. Red represents up-regula-
tion genes mainly associated with energy metabolism, vascular repair and apoptosis-promoting; Green represents down- ones
mostly associated with anticoagulation; Black: No-sense in expression change. The upper and right trees respectively show ex-
pression similarity and time series cluster, by which the above genes were classified into 5 and 14 groups separately.

« 5 -
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respectively 50th and 26th, 35th and 3rd, 79th
and 18th, 35th and 6th hour, 32nd and 9th, 30th
and 16th, 75th and 60th, 51th and 32nd, 69th
and 55th, 58th and 33rd, 48th and 38th, 19th and
15th, 27th and 25th, 36th and 36th (Figure 3).
The up-regulation genes were mainly associated
with energy metabolism, vascular repair and apop-
tosis-promoting. The down- genes were mostly an-
ticoagulation-associated genes.
3.4 Expression patterns of the genes associated
with the responses to ischemia, hypoxia and star-
vation during LR

176 genes mentioned above during LR might
be categorized according to the changes in expres-
sion into 24 types of patterns: (1) 11 genes up-reg-
ulated at one time point, i. e. 2nd, 6th, 16th,
30th, 42nd, 48th, 60th, 66th, 96th, 120th hour
after PH (Figure 4A); (2) 9 genes up-regulated at
two time points, i.e. 16th and 42nd hour, 16tg
and 96th hour, 24th and 36th hour, 30th and 42nd
hour, 30th and 96th hour, 48th and 120th hour
(Figure 4B); (3) 2 genes up-regulated at three
time points (Figure 4B); (4) 3 genes up-regulated
at one phase, i.e. 1st—48th hour, 4th — 8th hour,
16th — 96th hour (Figure 4C); (5) 2 genes up-reg-
ulated at two phases (Figure 4C); (6) 3 genes up-
regulated at one time point/one phase ( Figure
4C); (7) 6 genes up-regulated at two time points/
one phase (Figure 4D); (8) 8 genes up-regulated
at one time point/two phases (Figure 4E); (9) 5
genes up-regulated at two time points/two phases
(Figure 4D); (10) 4 genes up-regulated at three
time points/two phases (Figure 4E); (11) 2 genes
up-regulated at one time point/three phases (Figure
4F); (12) 2 genes up at two time points/ three
phases (Figure 4F); (13) 3 genes up-regulated at
multiple time points/ multiple phases (Figure 4G) ;
(14) 24 genes down-regulated at one time point, i.
e. 4, 6, 8, 12, 18, 30, 360, 42, 48, 54, 60, 72,
06 hours (Figure 4H); (15) 11 genes down-regu-
lated at two points in time, i.e. 1 and 168 h, 1
and 72 h, 30 and 96 h, 16 and 30 h, 18 and 48 h,
30 and 48 h, 16 and 30 h, 18 and 54 h, 120 and
168 h, 36 and 48 hours , 48 and 60 hours (Figure
41); (16) 7 genes down-regulated at three time
points (Figure 4]); (17) 6 genes down-regulated
at four time points (Figure 4K); (18) 2 genes
down-regulated at one time point/one phase (Fig-
ure 4L); (19) 2 genes down-regulated at two time
points/one phase (Figure 41.); (20) 4 genes down-
regulated at two time points/two phases (Figure
4L); (21) 7 genes down at multiple time points/
multiple phases (Figure 4M); (22) 15 genes first
up-regulated and then down-regulated ( Figure
4N); (23) 8 genes first down-regulated and then
up-regulated (Figure 40); (24) 27 genes up/down

mixed (Figure 4P).
4 Discussion

The responses to ischemia, hypoxia and star-
vation are instinctive reaction of self-regulation and
adaptation of the organism. Lots of proteins are as-
sociated with them. In the response to ischemia,
three proteins including adrenomedullin (ADM) in-
hibit ischemial®’. Five proteins including icro-
tubule-associated protein 2 ( MTAP2) prevent or
repair ischemic damnification'®®’. Three proteins
including angiotensinogen serpin inhibitor clade A
member 8 (AGT) regulate blood pressure®”’. In-
terleukin 6 (IL6) relates to maintaining blood bal-
ance'*®!. Poly ADP-ribose glycohydrolase (PARG)
resists the inflammation caused by ischemia/reper-
fusion®*’. Uncoupling protein 3 (UCP3) enhances
the endurance of cells to local ischemia*!. Lectin
galactose binding soluble 3 (LGALS3) relates to
hematopoiesis and regulation of haematocyte num-
ber*!). Adrenergic receptor a 2a (ADRA2A) can

restrain noradrenalin excretion'?). Endothelin re-
ceptor type A (EDNRA) produces noradrenalin and
hypertension [I'**'. Eight proteins including pro-
tein tyrosine kinase 2 (PTK2) relate to maintaining
the normal function and development of blood ves-
sel . Paraoxonase 2 (PON2) can cause the dis-
ease of coronary artery through induction of athero-

(451 5, 10-methylenetetrahydrofolate reductase
46]

si8
(MTHFR ) inhibits coronary artery disease'
Adenosine monophosphate-activated protein kinase

o2 catalytic subunit (PRKAA2) can sustain the

supply and demand balance of the cell energy*"".

Tachykinin 1 (TAC1) inhibits the ischemic trans-
mission of nervous excitement'*®. 70 kDa heat
shock protein 1B (HSPAIB) participates in activi-
ties of cell resisting adversity!**). E2F transcription
factor 1 (E2F1) promotes cell growth by gene
transcription and regulating signal conduction path-
way-**).  Thrombomodulin ( THBD) resists is-
chemia'®. Lipocalin 2 (LCN2) restrains produc-
tion of red cell®. Three proteins including an-
giopoietin 1 (ANGPT1) promote coagulation™’.
Four proteins including proliferating cell nuclear
antigen (PCNA) protect the cell or tissue under is-
chemia'®®*). Three proteins including histamine re-
ceptor H3 (HRH3) can prick up damage!™* . Seven
proteins including diablo homolog (DIABLO) pro-
mote apoptosis > . Ataxia telangiectasia mutated
homolog (ATM) induce apoptosis'®® . Baculoviral
IAP repeat-containing 4 (BIRC4) and 70kDa heat
shock protein 1A ( HSPA1A) suppress apopto-
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sis7) . Serine or cysteine peptidase inhibitor clade

E member 1 (Serpine 1) restrains the function of
hepatocyte growth factor*®!. Five proteins includ-
ing FB] murine osteosarcoma viral oncogene ho-
molog (FOS) maintain nerve function'®®’. Three
proteins including intercellular adhesion molecule 1
(Teaml) accelerates inflammatory response!-ﬁ[”. So-
lute carrier family 8 member 1 (SLC8AL) hastens
transportation of Ca?*[®! Serum glucocorticoid
regulated kinase (SGK) modulates the balance of
Na® in vivo!®!. Phospholamban (PLN) depresses
the activity of Ca*" ATPasel®’. The meaningful
expression profiles of these genes are same or simi-
lar at some point while different at others, indicat-
ing that they may co-regulate response to ischemia.
Among them, fos was up- at 0. 5th — 30th, 42nd
—48th and 120th hour after PH, and reached a
peak at 0. 5th hour that was 28. 4 folds of control,
which was consistent with the results reported by

Kawaguchi K ez al'®'. adm nearly up- in all LR
phase, and reached a peak at 48th and 54th hour
that was 8 folds of control. agt was up- at Ist —
24th and 144th hour after PH, and reached a peak
at 8th hour that was 5 folds of control. ptk2 was
up- for many periods of time after PH, and reached
a peak at 66th hour that was 8.9 folds of control.
angptl was up- at 12th — 24th, 36th and 48th —
60th hour after PH, and reached a peak at 48th
hour that was 9.2 folds of control. lcn2 was nearly
up- for all the LR, and reached a peak at 24th hour
that is 257. 2 folds of control. e2f1 was up- at 18th
—30th, 34th—72nd and 120th hour after PH, and
reached a peak at 24th hour that was 21.2 folds of
control. serpinel was up- at 1st — 48th hour after
PH, and reached a peak at 6th hour that was 16.7
folds of control. It is speculated that the genes
mentioned above genes play crucial roles in ischemia
response during LR.
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Figure 4. T'wenty-five expression patterns of 176 genes associated with the responses to ischemia, hypoxia and starvation during
LR. Expression patterns were obtained by the analysis of detection data of Rat Genome 230 2. 0 array with Microsoft Excel. A
— Gt 63 up-regulation genes; H— M: 63 down-regulated genes; N— P: 50 up/down-regulated genes. X-axis represents recov-
ery time after PH (h); Y-axis shows logarithm ratio of the signal values of genes at each time point to control.
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Among the proteins associated with response
to hypoxia, four proteins including DNA-damage-
inducible transcript 4 (DDIT4) resist anoxic in-
jury!®) . EGL nine homolog 1 (EGLNL1) partici-
pates hypoxia stress'®) . Thymoma viral proto-
oncogene 1 (AKT1) can raise the activities of AMP
kinase to keep the heart’ s normal functions /.
Five proteins including tribbles homolog 3
(TRIB3) can accelerate apoptosis under hypoxi-
a'%7) . Aryl hydrocarbon receptor nuclear transloca-
tor 2 (ARNT2) takes part in the removal of dioxins
in vivo produced under l’lypoxia[f's]. Angiotensin |
converting enzyme 1 (ACE1) stimulates vasocon-

(091 ¢cAMP responsive element binding
[70]

striction
protein 1 (CREBI1) restrains nerve excitation
Dopamine receptor 2 (DRD2) relates to spirit anxi-
ety!”. Four proteins including amyloid beta pre-
cursor protein (APP) play the role in nerve protec-
tion!™!. Four proteins including myelocytomatosis
viral oncogene homolog avian (MYC) promote cell
proliferation' ™. Chemokine ligand 2 (CCL2) pre-
vents apoptosis. '+ . The meaningful expression pro-
files of these genes show the sameness or similarity
at some point while different at others, indicating
that they may co-regulate responses to hypoxia. A-
mong them, trib3 was up- at lst, 8th — 24th
hour, 48th and 66th — 72nd hour after PH, and
reached a peak at 48th hour that was 4.9 folds of
control. arnt2 was up- at 30th — 42nd, 60th,
72nd and 120th hour after PH, and reached a peak
at 30th hour that was 6.8 folds of control. drd?2
was up- at 0. 5th — 18th, 48th — 60th and 168th
hour after PH, and reached a peak at 2nd hour that
was 8. 6 folds of control. app was up- at
metaphase and anaphase after PH, and reached a
peak at 168th hour that was 6. 4 folds of control.
ccl2 was up- at 0. 5th — 1st, 12th — 24th, 36th,
48th — 72nd and 120th hour after PH, and reached
a peak at 48th hour that was 128 folds of control.
myc was nearly up- all the LR, and reached a peak
at 6th hour that was 19.7 folds of control. It is
presumed that they play key roles in hypoxia re-
sponse during LR.

Among the proteins associated with response
to starvation, caspase 8 (CASP8) and myeloid cell
leukemia sequence 1 (MCL1) promote apopto-
sis' ! Cholecystokinin (CCK) and melanocortin 4
receptor (MC4R) stimulate digestion!”’ . Five pro-
teins including protein kinase AMP-activatedal
catalytic subunit ( PRKAAI ) participate in the
metabolism of carbohydrates and fats'””). Cyclin E
(CCNEL) stimulates transit from G1 into S phase.
Aconitase 1 ( ACOL1) relates to cholesterolemia

caused by excessive intake!”®!. Solute carrier family
38 member 3 (SLC38A3) participates in sodium-
dependent transportation of Glu, Asn and His! 7.
Peroxisome proliferative activated receptor gamma
coactivator la (PPARGCIA) can maintain temper-
ature and stabilize metabolism'®'. The meaningful
expression profiles of these genes are same or simi-
lar at some points, whereas different at others,
suggesting that they may co-regulate responses to
starvation. Among them, prkaal was up- at 0. 5th
—12th, 48th and 144th — 168th hour after PH,
and reached a peak at 4th hour that was 7.5 folds
of control, which was consistent with the results
reported by Dransfeld et al'®! . ccnel was up at
1st— 2nd, 8th — 72nd and 120th hour after PH,
and reached a peak at 24th hour that was 18.5
folds of control. casp8 was up at 1st, 18th —24th,
36th, 48th — 72nd and 120th — 168th hour after
PH, having a peak at 48th hour that was 10. 6
folds of control. It is assumed that the genes play
vital roles in starvation response during LR.

In conclusion, the high-throughput gene ex-
pression analysis technique was used to investigate
the expression changes of the genes associated with
the responses to ischemia, hypoxia and starvation
in long time range (0.5th hour — 7 days after PH)
and multiple time points (total 23). It was primar-
ily confirmed that PH can cause various physiologi-
cal responses, such as hypoxia, hypoxia and starva-
tion ete; that Rat Genome 230 2.0 Array was a
useful ool analyzing the above responses-associated
genes at transcriptional level. However, the pro-
cesses DNA— mRNA— protein were influenced by
many [actors including protein interaction, we’ 1l
{urther analyze the above-mentioned results by the
techniques, such as Northern blotting, protein
chip, RNA interference, protein-interaction etc.
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Effect of Thalidomide on Neuropathic Pain Induced
by Lumbar 5 Ventral Rhizotomy in Rats
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Abstract: Selective injury to motor fiber but keeping primary sensory neuron intact also induced behavioral signs of
neuropathic pain. The underlying mechanism, however, is still unclear. Accumulating evidence showed that TNF-
a plays an important role in the process of injured nerve degeneration and the production of abnormal pain behaviours
alter nerve injury. The present study was to examine the role of TNF-a in the development of neuropathic pain in-
duced by lumbar 5 ventral rhizotomy (L5 VR), a model of selective injury to motor fibre in sciatic nerve, with in-
traperitoneal injection of thalidomide, an inhibitor of TNF-a synthesis, started before and after the surgery. The re-
sults showed that L3 VR induced robust and long-lasting abnormal pain behaviours in bilateral hind paws of rats.
Compared with sham operated group and the pre-operated baseline, the significantly decrease of paw withdrawal
threshold and paw withdrawal latency started 1 day after the surgery and persisted more than 4 weeks. Intraperi-
toneal injection of thalidomide, started 2 hours before surgery and once per day thereafter, significantly reduced the
mechanical allodynia and thermal hyperalgesia in bilateral hind paws induced by L5 VR. Whereas, post-treatment
with thalidomide as above started at the 7th day after operation, the established neuropathic pain induced by L5 VR
was not affected. Taken together, the above data suggested that TNF-a might be playing an important role in the
initiation, rather than maintenance, of the neuropathic pain induced by 1.5 VT. [ Life Science Journal. 2006;3(4):

12-16] (ISSN: 1097 —8135).

Keywords: ventral rhizotomy; neuropathic pain; TNF-a; thalidomide

Abbreviations; CCI: chronic constraint injury; DRG: dorsal root ganglia; L5 VR: lumbar 5 ventral rhizotomy;

SIN: sciatic inflammatory neuropathy

1 Introduction

Peripheral nerve injury often results in neuro-
pathic pain associated with hyperalgesia and allody-
nia. Although vast studies have been performed in
the past decade, the underlying mechanisms are
still remained largely unknown''. In clinic, the
injured peripheral nerve, such as the lesion of sciat-
ic nerve by accident, often includes afferent and ef-
ferent fibers. Therefore, it is important that verily
the role of selective injury to efferent fiber in the
development of neuropathic pain. Recently, several
groups reported that selective injury to motor fiber
with primary sensory neuron intact by Lumbar 5
ventral rhizotomy (L5 VR) also induce abnormal
pain behaviors which last for several weeks after the
surgery' 23}, And the Wallerian degeneration of in-
jured motor fiber contributes to the production of
neuropathic pain after L5 VR %), Several lines of
evidence demonstrated that cytokines and nerve
growth factors play an important role in the process
of injured [ibre degeneration as well as the develop-

ment of neuropathic pain subsequently® 8. A-
mong them, TNF-« appears to play a key role for
the initiation of injured nerve degeneration after
sciatic nerve or spinal nerve injury!® '), Whereas,
whether the TNF-a plays a role in the neuropathic
pain induced by L5 VR is still unclear. So the pre-
sent study was to examine the role of TNF-« in the
induction and maintenance of the neuropathic pain
induced by L5 VR with intraperitoneal injection of
thalidomide, an inhibitor of TNF-a synthesis,
started 2 hours before and the 7th day after L5
VR, respectively.

2 Materials and Methods

2.1 Animals

Male Sprague-Dawley rats weighing 180 —250
g were used. The rats were housed in separated
cages with [ree access to food and water. The room
temperature was kept at 24 £ 1C under a 12:12
light-dark cycles. All animal experimental proce-
dures were approved by the local animal care com-
mittee and were carried out in accordance with the
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guideline of the National Institutes of Health on an-
imal care and the ethical guidelines for investigation
of experimental pain in conscious animal'2!.

2.2 Surgical procedures of L5 VR

All experimental procedures were done on rats
that were deeply anesthetized with sodium pento-
barbital (50 mg/kg body weight, i. p.). Special
care was paid to prevent infection and to minimize
the influence of inflammation. The L5 VR was
done following the procedures described by Li ez
al'?. Briefly, after a midline skin incision in the
L4 — Sl region, the left L5 vertebra was freed of its
muscular attachment. An L5 hemilaminectomy was
performed, and the dura matter and arachnoid
membrane were incised. The L5 ventral root was i-
dentified as it lays at the most lateral side of spinal
canal and just beneath the dorsal root. The ventral
root was gently pulled out and carefully transected
2 — 3 mm proximal to the dorsal root ganglia
(DRG). Great care was taken to avoid any damage
to the nearby L3 dorsal root and its DRG. In the
sham group, all procedures of operation were iden-
tical with the experimental group except that the
exposed ventral root was not transected. After
surgery, the wound was washed with saline and
closed in layers with 3 — 0 silk thread. At the end
of each study, animals in LS VR groups were
deeply anesthetized with intra-peritoneal 20% ure-
thane and were dissected to verify that the lesions
were done at the correct level. Animals that had a
lesion at wrong level were excluded from the study.
2.3 Behavioural tests and drug delivery

The rats were accommodated to the testing en-
vironment by exposed to the testing chambers for a
period of 15 = 20 minutes on three separate days
just prior to the pre-operative testing. Mechanical
sensitivity was assessed using von Frey hairs and
the up-down method following the procedure de-
scribed previously!®). Briefly, three rats were
placed under separate transparent Plexiglas cham-
bers positioned on a wire mesh floor. Five minutes
were allowed for habituation. Each stimulus con-
sisted of 2 — 3 seconds application of the von Frey
hair to the middle of the plantar surface of the foot
with 5 minutes interval between stimuli. Quick
withdrawal or licking of the paw in response to the
stimulus was considered a positive response.

Heat hypersensitivity was tested using the
plantar test (7370, UgoBasile, Comeria, Italy) ac-
cording to the method described by Hargreaves er
al'™ . Briefly, a radiant heat source beneath a
glass floor was aimed at the plantar surface of the

hind paw. Three measurement of latency were tak-
en for each hind paw in each test session. The hind
paw was tested alternately with greater than 5 min-
utes intervals between consecutive tests. The three
measurements of latency per side were averaged as
the result of per test. Two persons performed the
behavioral tests and only one knew the design of
the study.

To investigate the role of TNF-a in neuropath-
ic pain induced by L5 VR, drug delivery was per-
formed as follows. Thalidomide ( Sigma, St.
Louis, USA) was dissolved in dimethyl sulfoxide
(DMSO) and then diluted in saline to a final con-
centration of 20 mg/ml (the concentration of DM-
SO was 10% , v/v). In one group of rats thalido-
mide was injected (50 mg/kg) intraperitoneally
(i. p.) 2 hours belore surgery and once per day
thereafter until the 7th day after surgery. In anoth-
er group of rats the same dose of thalidomide as
above was injected at the 7th day after surgery, and
once per day thereafter for 7 days. The control
group received vehicle injection.

2.4 Statistical analysis

Differences in changes of values over time were
tested using Friedman ANOVA followed by
Wilcoxon matched pairs. The data between groups
on a given testing day were analyzed with Mann-
Whitney U test. Statistical test were performed
with SPSS 10. 0 (SPSS Inc, USA). All data are
expressed as mean = SE. P < 0. 05 was considered
significant.

3 Results

3.1 L5 VR induced mechanical and heat hypersensi-
tivity in bilateral hind paws of rats _

In consistence with a previous work2! | we
found that selective transection of L5 ventral root
produced robust and prolonged bilateral mechanical
allodynia and thermal hyperalgesia. After LS VR,
the paw withdrawal thresholds on the ipsilateral
side were significantly decreased compared with
pre-operative baseline (P <0.001) and with those
in sham operated group (P <0.001, Figure 1A).
The paw withdrawal thresholds of contralateral
hind paw were also significantly decreased after L5
VR. In the same group of rats paw withdrawal la-
tencies to radiant heat on both ipsi- and contralater-
al sides were significantly lower compared with
baseline (P <0.05, Figure 1B) and with those in
sham operated group (P <0.01, Figure 1B). The
behavioural signs of neuropathic pain persisted more
than 4 weeks after LS VR.
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Figure 1.1.5 VR induced pain-related behaviors in bilateral hind paws
A:Show the changes of paw withdrawal threshold in bilateral hind paws following L5 VR. B: Show the changes of paw with-
drawal latency in bilateral hind paws following L5 VR. The results revealed that both paw withdrawal threshold and paw with-
drawal latency exhibited a significantly decrease compared with pre-operative baseline as well as sham operated group starting on
day 1 and persistent for more than 4 weeks after L5 VR. 1 P<0.05, " P<0.01 wvs. the sham operated group, respective-

Iy,

3.2 The effects of pre-treatment with thalido-
mide intrapertoneal injection on L5 VR induced
neuropathic pain in rats

To evaluate the role of TNF-a in the neuro-
pathic pain induced by L5 VR, thalidomide, a spe-
cific inhibitor of TNF-a synthesis, was injected in-
traperitoneally (50 mg/kg) before L5 VR. In eight
rats treated with the drug, started at 2 hours before
L5 VR and once daily thereafter until 7 days after
surgery, the paw withdrawal thresholds of bilateral
hind paws displayed an initial decrease at the Ist
day and 3rd day aflter operation, but returned to
normal at the 7th day, and then maintained at the
level up to 13 days aflter operation (Figure 2A).
The paw withdrawal thresholds between thalido-
mide treated group and vehicle treated group were
not significantly different until the 5th day after
operation ( P > 0. 05, Figure 2A). In the same
group of rats the decrease of paw withdrawal laten-
cies to radiant heat was completely abolished. In
contrast, in vehicle treated group the paw with-
drawal latency dropped significantly after LS VR
(Figure 2B). The difference of bilateral paw with-
drawal latencies between thalidomide treated group
and vehicle treated group was significant from the
1st day to the 13th day after surgery (P <0.01,
Figure 2B).
3.3  The effects of post-treatment with thalidomide
on the established neuropathic pain following IS5 VR
in rats

To evaluate the effect of thalidomide on the estab-
lished neuropathic pain, administration of thalidomide
was designed at the 7th day after surgery. Although
the animals received injection of thalidomide once daily
for 7 days, the paw withdrawal threshold as well as
paw withdrawal latency between the thalidomide treat-

ed group and vehicle treated group was not different (P
>0.05, Figure 3A — B). These results suggest that
the abnormal pain behaviours can be abolished or allevi-
ated by inhibition of the TNF-a synthesis at the early
stage of the neuropathic pain rather than when it has
been established.

4 Discussion

In the present study, we found that L5 VR
induced long-lasting abnormal pain behaviours in
bilateral hind paws in rats. Intraperitoneal injection
of thalidomide started before surgery significantly
reduced the mechanical allodynia and completely
blocked the thermal hyperalgesia after L5 VR.
Whereas, post-treatment with thalidomide started
at the 7th day there is no effect on the established
neuropathic pain. It suggests that the TNF-a might
be playing an important role in the initiation, but
not maintenance, of the neuropathic pain induced
by LS VR.

4.1 L5 VR induced neuropathic pain in rats

As reported by several groups previously 23!,
L5 VR in the present study also induced abnormal
pain behaviours to a similar extent as in rats re-
ceived lumbar 5 spinal nerve ligation. Ventral root
consist of myelinated efferent fibers mainly, and
the unmyelinated afferent fibers less than 49%.
Furthermore, very recent study shows that selec-
tive transected L5 dorsal root failed induced pain-
related behaviors''S). Therefore, the motor fiber
injury produced by L5 VR induced the pain related
behaviors in the present study. It indicates that not
only primary sensory afferents but also motor fibre
injury responsible for the development of neuro-
pathic pain after peripheral nerve injury.
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Figure 2. Pre-treatment with thalidomide reduced the pain-related behaviors produced by L5 VR
A~ B: Intraperitoneal injection of thalidomide (50 mg/kg), applied 2 hours before L5 VRT and once daily thereafter until 7 days after
surgery, attenuated mechanical allodynia (A) and thermal hyperalgesia (B). " P<0.05; " "P<0.01; """ P<0.001 ws. vehicle group

( thalidomide treated group, n =8; vehicle treated group,n =6).
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Figure 3. Effect of thalidomide on the established neuropathic pain induced by L5 VR
Compared with vehicle treated group, thalidomide applied at the 7th days after operation and once daily thereafter has no effect on the es-

tablished mechanical allodynia (A) and thermal hyperalgesia (B).

4.2 The role of TNF-a in the development of
neuropathic pain induced by LS VR

Accumulating evidence shows that Wallerian
degeneration contributes to the development of neu-
ropathic pain after nerve injury. TNF-a is the pio-
neer cytokine, which released 4 to 6 hours after
nerve injury, and play a key role in the initiation of
the Wallerian degeneration of injured fibers and
neuropathic pain subsequcntly[s"ﬁ_ 18] L5 VR cre-
ated a selective injury to motor fiber but keeping
sensory neuron intact and induced neuropathic
pain. One possible explanation for the result is that
Wallerian degeneration of the injured fibers in the
peripheral nerve leads to changes in adjacent, unin-
jured primary afferents. Therefore, inhibited the
synthesis of TNF-a, may be delayed the process of
Wallerian degeneration of the injured motor fibers
and prevented the development of neuropathic
pain. Thalidomide reduces TNF-a production in
macrophages by reducing TNF-a mRNA half-
life'"). Previous studies showed that thalidomide

also exhibits a potent inhibition to the production of
TNF-a in injured nerve??!). In the present
study, pre-treatment with thalidomide intraperi-
toneal injection significantly reduced abnormal pain
behaviours following LS VR. However, thalido-
mide treatment started at 7 days after L3 VR there
is no any effect on the established neuropathic pain.
It indicates that TNF-a plays an important role in
the initiation of the neuropathic pain induced by the
selective motor fibre injury, and therefore our data
provides a therapeutic window for treatment the
patient of neuropathic pain with the blocker of
TNF-a in clinic.

Previous studies have demonstrated that acute
injection of zymosan around the sciatic nerve pro-
duces bilateral mechanical allodynia'?’ and that
spinal glia and proinflammatory cytokines, includ-
ing TNF-a, play important roles in the so-called
sciatic inflammatory neuropathy (SIN), since both
ipsilateral and mirror image allodynia can be attenu-
ated by a glial metabolic inhibitor or by blockage of
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the action of TNF-a!22*) Apparently, it is in a-
greement with our discovery in the present study.
[t has been shown that intrathecal administration of
low dose carbenoxolone, a gap junction decoupler,
reverses mirror image pain, while leaving ipsilateral
mechanical allodynia unaffected in SIN or chronic
constraiut injury (CCI) model® . Accordingly,
we speculate that the communications through gap
junctions between ipsi- and contralateral spinal dor-
sal horn may contribute to .5 VR induced mirror
image pain in contralateral hind paw.
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Abstract ;: Objective. To characterize the serum proteomic pattern and its relationship with surveillance and prognosis
in judgment of patients with invasive cervical cancer. Methods. A total of 166 serum samples, including group A of
49 patients with invasive cervical cancer and 71 age-matched healthy women; and group B of 49 invasive cervical
cancer patients, 24 invasive cervical patients with radical hysterectomy and pelvic lymphadenectomy and 22 review
patients at the 3rd month after surgery, were tested by SELDI-TOF-MS with IMAC-Cu. Group A was to build a
diagnosis model and detect the significant proteins that might be potentially as biomarkers. The significant proteins
from group A were compared with group B. Results. 47 proteins were detected with a significant level of P<<0.01
from group A. 6 proteins with m/z value of 8929.31,7930.52,9127.31,8141.01,7963.06 and 9280.63 had high
score( >95% ) in building a model of decision tree classification algorithm for invasive cervical cancer detection. The
accuracy, sensitivity and specificity of m/z value of 8929. 31 were 98.33%, 97.96% and 98.59% respectively.
The 6 proteins, which appeared to be down-regulated in patients with invasive cervical cancer, had gradually re-
trieved in a level of P<<0.01 after surgery, except m/z value of 9280.63, and continuously climbed in a level of P
<0.01 at the time of 3 months postoperation including 9280.63. Conclusions. The six proteins as a novel group of
biomarkers could potentially be used for the treatment surveillance and prognosis prediction of cervical cancer. [ Life

Science Journal. 2006;3(4):17-22] (ISSN: 1097 - 8135).

Keywords: SELDI-TOF-MS; cervical cancer; radical hysterectomy; pelvic lymphadenectomy; biomarker

Abbreviations: SELDI-TOF-MS: surface-enhanced laser desorption/ionization time-of-flight mass spectrometry

1 Introduction

Cervical cancer remains an important public
health problem, ranking second only to breast can-
cer as the most common malignancy among women
worldwide, especially in developing countries. Ac-
cording to Global Cancer Statistics published in
2005'"), the estimate annual number of new cases
of cervical cancer worldwide is 492,000 and the es-
timated number of deaths is 274,000 in the year of
2002. However, there are only 83,000 new cases,
40,000 deaths in developed countries while 409,
000 new cases and 234,000 deaths in developing
countries. In general terms, it is much more com-
mon in developing countries. Routine screening has
decreased the incidence of invasive cervical cancer,
but invasive cervical cancer is still more common in
women middle aged and older of poor socioeconomie
status, who are less likely to receive regular screen-
ing and early treatment!'’. The cause of cervical
cancer is not very clear. Infection with specific sub-
types of human papillomavirus has been strongly
implicated in cervical carcinogenesis but HPV infec-
tion alone is insufficient for malignant transforma-
tion'>3. The information regarding tumor type,

grade, extent of invasion and metastasis and com-
pleteness of excision, etc were histopathologically
provided. The treatment scheme and assessment of
prognosis at present are based on clinical "fea-
tures* 190 such as clinical stage, differentiation of
the cancer cells, the metastasis of pelvic lymph
nodes, surgical margin involved, deep stroma inva-
sion and parametrial extension. And the prognosis
of cervical cancer patients has improved in the past
decade as a result of improvements in screening pro-

grams and early detection!™ " 7151 advanced in
5111_'gery[4"6-', radiotherapy ~ and  chemothera-
py 7720 However, not all early stage patients

with cervical cancer are cured. Some cases may be
recurrent or even lead to death®". Cervical cancer
related biomarkers have not been well character-
ized. Protein expression in serum of patients with
invasive cervical cancer should contain information
about cancer development and progression. Utiliza-
tion of this information for discovering biomarkers
that could be used to monitor the treatment re-
sponse and to predict the prognosis of cervical can-
cer patients could be possible if a tool can be devel-
oped to rapidly analyze and display changes in pro-
tein expression. In fact, it appears that no single
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biomarker, or few specific tumor markers will be
effective in improving detection, treatment, and
prognosis in cervical cancer. Proteomic technolo-
gies, especially the surface-enhanced laser desorp-
tion/ionization time-of-flight mass spectrometry
(SELDI-TOF-MS) technology, are providing the
tools needed to discover a group of disease-associat-
ing biomarkers'?? 2*/. The SELDI-TOF-MS tech-
nology coupled with different protein chips facili-
tates protein profiling of complex biological mix-
tures. Therefore, the present study was undertak-
en to characterize the serum proteomic patterns in
cervical cancer and to correlate these molecules with
cervical cancer prognosis.

2 Materials and Methods

2.1 Serum samples

A total of 166 serum specimens were obtained
from the department of gynecology and medical ex-
amination center, the First Affiliated Hospital,
Zhengzhou University (Zhengzhou, China) from
June 1, 2005 to November 31, 2005. They were
divided into two groups: group A of 49 patients
with invasive cervical cancer and 71 age-matched
healthy women; group B of 49 invasive cervical
cancer patients, 24 patients with invasive cervical
cancer whose serum samples were collected on the
10th day after radical hysterectomy and pelvic lym-
phadenectomy and 22 review patients at the time of
3 months after operation. All consenting patients
with invasive cervical cancer were histopatholo-
gically diagnosed by biopsy and reconfirmed
histopathologically after operation. Serum samples
of patients with invasive cervical cancer were col-
lected from the patients without any treatment such
as chemotherapy, radiotherapy, etc. All blood
samples were taken after overnight fasting. The
medial age of patients with invasive cervical cancer
was 47 years old (25 — 75 years old) and the medial
age of the control group was 45 years old (22 — 73
years old). There was no statistically significant
difference in the ages between the patients and con-
trols (P>0.05). The clinical staging was accord-
ing to the criteria of Federation of International
Gynecologists and Obstetrician (FIGO). The clini-
cal characteristics of 49 patients with invasive cervi-
cal cancer were listed in Table 1.

Table 1. Patients characteristics (7 =49)
FIGO stage
Ib-1a 39(79.59% )
>1la 10(20.41%)
Histopathology
Squamous cell 45(91.84%)
Others 4(8.16%)

2.2  Preparation of serum samples for SELDI
analysis

3 ml blood sample was obtained and cen-
trifuged with 2, 000 rpm at 4 T for 10 minutes
within 30 minutes after collection. All serum sam-
ples were aliquoted into 100 pl and stored at — 80
C until use. Serum samples for SELDI-TOF anal-
ysis were prepared by vortexing 5 pl of serum with
10 pl (1:2) U9 (9 mol/L urea, 2% Chaps, 50
mmol/L Tris-HCI, pH 9.0) at 4 C for 30 min-
utes, and then diluted to 1:12 in binding PBS

“buffer (pH 7.0), vortexed at 4 C for 30 minutes.

Eight-spot immobilized metal alfinity capture array-
Cu (IMAC-Cu) chips (Ciphergen Biosystems, Fre-
mont, CA, USA) was put onto a bioprocessor, a
device that holds chips. The spots were activated
with 50 pl of 100 mmol/L. CuSO, and vortexed for
5 minutes, followed by a deionized water rinse,
then 50 pl of 100 mmol/L sodium acetate buffer
(pH 4.0) was added to each array and shaken for 5
minutes, followed by a deionized water rinse again.
The activated array surfaces were equilibrated with
150 ¢l of PBS (pH 7.0), agitated for 5 minutes,
twice. 50 pl of diluted sample were applied onto
the array surface and shaken at 4 C for 60 min-
utes. Then the chips were washed twice, with 150
pl of PBS for 5 minutes each wash cycle. The chips
were removed {rom the bioprocessor, air-dried. Be-
fore SELDI-TOF-MS analysis, 0.5 pl of a saturat-
ed EAM solution ( sinapinic acid in 50% aqueous
acetonitrile and 0.5% trifluoroacetic acid) was ap-
plied onto each spot twice and air-dried between
each EAM application.
2.3 SELDI-TOF-MS analysis

The chips were placed in the PBS-II mass
spectrometer reader (Ciphergen Biosystems, Fre-
mont, CA, USA). Time-of-flight mass spectra
were generated by averaging 90 laser shots at a
laser intensity of 180 and a detector sensitivity of
9. The spectra were calibrated by using the All-in-
1 protein molecular mass standard ( Ciphergen
Biosystems, Fremont, CA, USA). The repro-
ducibility of the SELDI-TOF system was deter-
mined using two representative serum samples: one
from the healthy controls and the other from the
cervical invasive cancer patients, according to the
manufacturer’s instructions.
2.4 Statistical analysis of SELDI-TOF-MS spec-
tra

All spectra were compiled, and the peak inten-
sities were normalized to the total ion current of
mass to charge (m/z) values from 1, 500 Da to
15,000 Da using ProteinChip Software 3.2.0 (Ci-
phergen Biosystems, Fremont, CA, USA). The
cluster data was analyzed by using Biomarker Pat-
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tern Software 4. 0.1 and Biomarker Wizard Soft-
ware ( Ciphergen Biosystems, Fremont, CA,
USA). The construction of the decision tree classi-
fication algorithm with ten fold cross validation
were accomplished. It creates tree-like structured
decision diagrams by splitting the original dataset
( parent node) into two nodes (child nodes) of
highest possible purity, in which splitting decision
was defined as the intensity levels of one peak.
Each child node then becomes a parent node at the
time of creation and can be the origin of a new
split. The splitting process continued till terminal
nodes. The classification of terminal nodes was de-
termined by the group of samples (i. e. invasive
cervical cancer or control) representing the majority
of samples in the corresponding node. Variable im-
portance scores reflect the contribution of each vari-
able to classification. The variable used to split the
root node was ranked as the most important. The
variable received a zero score, indicating that it did
not play any role in the analysis as either primary
splitters or surrogates. Sensitivity was calculated as
the ratio of the number of correctly classified cancer
samples to the total number of cancer samples while
specificity was calculated as the ratio of the number
of non-cancer samples correctly classified to the to-
tal number of non-cancer samples. ¢ test and One-
Way ANOVA (SPSS Software 11.0) were used for

comparison the mass peaks of group B.
3 Results

47 qualified mass peaks-were identified with a
significant level of P<0.01 (Figure 1). 6 mass
peaks of them with the m/z value of 8929. 31,
7930.52,9127.31,8141.01,7963.06 and 9280.63
were of importance as decision tree classification al-
gorithm ( classification score > 95% ), which ap-
peared to be down regulated in patients with inva-
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Figure 1

sive cervical cancer. The score in classification, in-
tensity of split and the mean intensity were shown
in Table 2. The decision tree model with m/z value
of 8929. 31 had automatically built with the.least
nodes and lowest ratio of mis-judged wrong classifi-
cation (Figure 2). And the judgment of cancer or
healthy control was made according to the rules of
the model tree. This model has correct classifica-
tion ratio of 98. 33%, sensitivity of 97. 96%,
specificity of 98. 59% . The mass spectrum and
pseudogel view of m/z value of 8929. 31 were
shown in Figure 3. The intensity of this 6 mass
peaks, had gradually retrieved in a level of P <
0.01 after operation, except m/z value of 9280.63
(a little lower than preoperation 0.6307 £ 0.5789/
0.4339+0.2940), and continuously climbed in a
level of P<<0.01 at the time of 3 months postoper-
ation including 9280.63. Comparison of intensities
of this 6 mass peaks within group B was listed in
Table 3. Results of ¢ test for the 6 mass peaks of
every variable in group B were shown in Tables 4
and 5.

4 Discussion

Proteins carry out most of the cellular func-
tions. Therefore, the direct measurement of pro-
tein levels and activity within the cell is the best de-
terminant of overall cellular function. However, as
the range of protein expression and modification is
dynamic, it is a clear need for high-throughput as-
says in proteomics. Here, the novel proteomic ana-
Iytical technique referred to as SELDI technology
becomes a valuable tool in determining the presence
of protein within a sample. This high throughput,
array-based technology can bring us closer to a bet-
ter understanding of cellular functions at the protein
level. It produces spectra based on the m/z of com-
plex proteins and on their binding affinity to the
chip surface!? 23

Node1

{reervical cancer |- M8929 31

ocontrol

N=120

Terminal Terminal
Node 1 Node 2

N=49 N=71
Figure 2

10000 11000 12000

Figure 1.Serum proteomic mass peaks from 47 invasive cervical cancer patients and control group. Y axis represents the relative
intensity of protein, X axis is the ratio of mass to charge of protein. Red circle represents cervical cancer patients, and blue

square means the healthy women.

figure 2. The decision tree model with m/z value of 8929.31. A case goes left if the intensity of 8929.31=1. 864 otherwise it

goes right.

.19.




Life Science Journal , 3(4), 2006, Guo,et al , Serum Proteomic Analysis on Invasive Cervical Cancer

o

g

8750 3000 5250 3500

~

Figure 3. The mass spectra and gel view of M8929.31. Y axis is the relative intensity of proteins; X, the ratio of mass to
charge.

Table 2. The score and split intensity in value of classification algorithm, mean intensity and standard deviation(x * s) of the
six significant proteins in the sera of invasive cervical cancer patients and control group

m/z Score Split Control(z + 5) Cervical cancer(x * 5) P
8929.310 100 1.864 19.88393 +13.34943 0.407668 +0.307375 0.0000
7930.527 98.25 1.427 4.541067 £ 2.145074 0.325958 £0.198719 0. 0000
9127.317 98.25 0.746 4.884198 + 2. 960881 0.137516 £0. 112587 0. 0000
8141.019 98.12 1.506 5.043384 £ 1.486190 0.483423+0.317135 0. 0000
7963. 060 97.35 1.406 3.343155+1.106128 0.340217 £ 0. 263501 0. 0000
9280.430 97.00 2.650 7.370173 +2.190772 0.630661 +£0.578872 0.0000
Table 3. Mean intensity and standard deviation(x * s) of the six mass peaks within group B (One-Way ANOVA)

- m/z Cervical cancer Postoperation ~ 3-month review F P

8929.31 0.4077+0.2074 0.7062 +0.2409 1.6468 +0.6334 74.391 0.000
7930.53 0.3256 £0. 1987 0.8375+£0.4328 2.5177+1.0523 113.575 0.000
9127.32 0.1357+0.1106 0.3419+0.2036 0.5446 +0.2654 40.516 0. 000
8141.02 0.4834+0.3171 1.1481 +£0.8371 2.0022+0.6673 55.530 0.000
7963.06 0.3402 £0.2635 0.6518+0.3728 1.6923 +£0.4796 113.506 0.000
9280.43 0.6307 £0.5789 0.4339 +0.2940 1.3837+0.6642 19.410 0.000

Table 4. Changes of the six mass peaks between invasive Table 5. Comparison intensities of the six mass peaks be-
cervical cancer and postoperation (¢ test) tween postoperation and review (¢ test)
m/z Cervical cancer Postoperation m/z Postoperation Review
8929. 31 8929.31
rts 0.4077+0.2074 0.7062 +0.2409 Ftx 0.7062+0.2409 1.6468 +0.6333563
t 4.0285 t 6.5111
P 0. 0001 P 0.0000
7930.52 7930.52
L E 0.3256 +0. 1987 0.8375+0.4328 Tty 0.8375+0.4328 2.5177£1.0523
t 5.2984 P 6.9259
P 0.0000 t 0.0000
9127.31 9127.31
7 in o 0.1357+0.1106 0.3419+0.2036 xts 0.3419+0.2036 0.5446 £ 0.2654
t 4.4613 12 2.8431
P 0.0001 t 0.0069
8141.01 8141.01
rts 0.4834 +0.3171 1.1481 +0.8371 zs 1.1481 £0.8371 2.0022+£0.6673
t 3.6098 P 3.7421
P 0.0014 t 0.0005
7963. 06 7963.06
xts 0.3402 +0.2635 0.6518 +0.3728 xts 0.6518+0.3728 1.6923+0.4796
t 4.0342 ! 8.0343
P 0.0001 t 0.0000
9280.43 9280.43
xts 0.6307 £0.5789 0.4339 +0.2940 it 0.4339+0.2940 1.3837£0.6642
t 1.8964 t 6.1332
P 0.0621 P 0.0000
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Comparisons of the protein peak patterns ob-
tained from samples representing different status
are expected to provide detailed diagnostic patterns
classifying cellular or pathological status. It needs
low amounts of complex biological specimens, no
protein tagging and can be run automatically. Only
the mass values detected both reproducibly and reli-
ably are required to make a correct classification or
diagnosis without necessary to know the identities
of the masses only for the purpose of dilferential di-
agnosis. SELDI-TOF-MS technology provides a
better and easier tool to identify the complex serum
protein profiling. This technology has been success-
fully applied for analyzing protein expression in sev-
[26]

i

eral kinds of cancer, such as breast cancer

271 i -
prostate cancer 2] , cancer of digestive sys-
tem! 28300 gynecologic cancer™®' "3 etc. Most of

those studies demonstrated the diagnostic ability of
SELDI for protein profiles and its potential utility
for cancer detection and diagnosis.

To our best knowledge, cervical cancer has not
been found potential biomarkers, which can be
used for detection, diagnosis, treatment surveil-
lance and prognosis prediction. Treatment surveil-
lance and prognosis prediction has played a pivotal
role in a complete treatment scheme of patients
with cervical cancer. It could not only rely on the
experiences ol gynecologists and oncologists but also
on some objective signs such as biomarkers. In this
study, 6 peaks were identified as the potential
biomarkers with a significant level of P<<0.01 and
a significant score in a decision tree classification al-
gorithm with high sensitivity and specificity. The 6
mass peaks, down regulated in patients with inva-
sive cervical cancer, were slowly retrieved after op-
eration except m/z value of 9280.43, a little lower
than preoperation (P > 0. 05). Afterwards they
were continuously climbed in a level of P <0. 01
including m/z of 9280. 43 until 3-month review af-
ter operation. However, they were still more less
than in healthy women even at the time of 3-month
review. So they would be thought as a group of
protective [actors or tumor-suppressor, proteins or
peptides. They are of importance in the initiation,
progression of cervical cancer. Therefore it would
be possible that the 6 mass peaks could be used as
novel potential biomarkers for monitoring and as-
sessing the treatment effect, predicting the progno-
sis of invasive cervical cancer. If one or more of
them is declined or keeps same level after treat-
ment, the treatment scheme for patients with cer-
vical cancer would not be ideal or the remaining
cancer cells would be proliferating. Based on this,
we may proceed with further studies using this

» 121

SELDI-TOF-MS technology in a large population,
particularly in review patients with formal treat-
ment for invasive cervical cancer, at least up to the
S-year survival year. And the further efforts would
be invested in purifying, identifying and character-
izing these proteins or peptides for better under-
standing what biological role these proteins or pep-
tides may play in the carcinogenesis of cervical can-
cer. So their exact identities will be possible to find
a more simple way to test them for clinical uses.
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Expressions of P33ING1 and P53 Protein in
Human Lung Cancer Tissues

Haiyan Dong, Yongjun Wu, Yiming Wu

College of Public Health , Zhengzhou University, Zhengzhou , Henan 450052 , China

Abstract: Aim. The inhibitor of growth 1 (ING1) gene is a novel candidate tumor suppressor gene and involve in
the regulation of the cell cycle, senescence, and apoptosis. This study aims to evaluate the expression of P33ING1
protein, the product of ING1, with P33 protein in the same human lung cancer tissues. Methods. Human lung tis-
sues were collected and classified into three groups, 31 cases of tumor tissues (A), 21 and 12 cases of tumor-adja-
cent lung tissues which were 3 cubic em (B) and 5 cubic em (C) by volume, respectively. 21 cases from group A
were paired with those from group B (A-B); 12 cases from A-B were paired with those from group C (A-B-C).
Immunoblotting was employed to detect P33ING1 expression in both tumor and tumor-adjacent lung tissues to as-
certain the co-occurrence of P33INGI with P53 protein. Results. The expression level of P53 was elevated of tis-
sues in group A (12 of 21,57.1% ). In contrast, the expression level of P33ING1 decreased (14 of 21,66.7% ) of
the tissues from the same group. There was not significant linear relationship between P53 and P33INGI protein
expression (P >0.05) by correlation analysis and McNemar' s Test. Conclusions. This study first demonstrated
that P33ING1 protein was down-regulated in lung cancer tissues, implying that it might play a role in carcinogene-
sis of lung cancer. In contrast to previous reports, this study didn’t find the correlation between P33ING1 and P53
protein expression. Further studies will be conducted on gene polymorphism by larger volume of tissue samples.

[ Life Science Journal. 2006;3(4):23—26] (ISSN: 1097 — 8135).

Keywords: Lung cancer; P33INGI1; P53

Abbreviations: INGI: inhibitor of growth 1

1 Introduction

Recently, studies on genes and their functional
products have become hot in life science research.
Exploration of interactions among diverse gene
products is a critical issue in the field of pro-
teomics. ING1 (inhibitor of growth 1), a new
candidate tumor suppressor gene, was identified in
the subtelomeric region of human chromosome
13q*® 3*. Suppression of ING1 expression is asso-
ciated with increased proliferation and immortaliza-
tion. This growth inhibitor participates in cell cycle
regulation. Overexpression of ING1 from trans-
fected DNA constructs efficiently decreases S-phase
fraction through blocking the entry of cell into S-
phase, further leading to inhibition of normal cell
growth. The repression of ING1 expression fre-
quently occurs with tumor development of breast
cancer, stomach cancer, lymphoma, and so on. It
has been reported that the growth inhibitory effect
of P33INGI1 directly cooperates with P53 protein
in vivo. However, the expression of ING1 gene
has not been determined yet in lung carcinoma tis-
sue. P53 protein plays a critical role in the regula-
tion of cell proliferation, apoptosis and cellular ag-
ing, and is associated with tumor development.
The mutation of p53 gene is an early event in the

pathogenesis of lung cancer''!, so p53 could be ap-
plied for early lung cancer forecast. However, there
are about 50% cases of lung cancer without p53
gene mutation. It is shown that p53 suppressing
effect on tumor growth is regulated and modulated
by other genes or proteins. So far, it is very ob-
scure about the network for P53 protein regulation.
Any efforts on uncovering one of those links will
shed light on understanding of the development of
lung cancer. So Western blot was used to detect
protein expression of P33ING1 in tumor and tu-
mor-adjacent tissues to unveil the correlation be-

tween P33INGI1 and P53 protein.
2 Materials and Methods

2.1 Subjects

The fresh tissues including tumour tissues
(A), 3 cubic em (B) and 5 cubic em (C) by vol-
ume, were harvested from the same patient and
frozen in liquid nitrogen immediately after surgery
and then stored at — 80 C until the extraction of
protein. Three groups, 31 cases in group A, 21

“cases in group B and 12 cases in group C, were har-

vested from 22 cases with lung squamous cell carci-
noma, 7 cases with lung adenocarcinoma, 1 case
with small cell lung cancer, and 1 case of large cell
lung cancer. 21 cases from group A were pair-
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matched with those from group B (A-B); 12 cases
from A-B were pair-matched with those from group
C (A-B-C).

2.2 Western blot

Protein isolation was conducted according to
the published procedure in Molecular Cloning : A
Laboratory Manual . Specifically, 0.1 g—0.5 g
lung tissue was washed with ice-cold PBS buffer,
then homogenized immediately in lysis buffer at 0
T (100 pg/mL PMSF, 1 pg/mL aprotinin, 0.001
mol/L EDTA(pH 8.0),0.01 mol/L Tris- HCI(pH
7.6),0.1 mol/L. NaCl). The lysates were further
sonicated to shear DNA prior to centrifugation with
10,000 rpm for 10 minutes at room temperature.
The supernatants were collected and stored at — 20
T . Protein contents were measured before use.

The supernatant was mixed with an equal vol-
ume of 2 X SDS sample buffer (100 mmol/L. Tris*
HCI, (pH 6. 8),200 mmol/L dithiothreitol, 4%
SDS, 20% glycerin) and boiled for 10 minutes.
After normalization for protein content, cell ex-
tracts were subjected to 12% SDS-PAGE. Proteins
were then electroblotted onto nitrocellulose.

The membrane was blocked with 20% fetal
bovine serum in PBS, then washed and incubated
with goat anti-ING1 antibody (sc-7566) at room
temperature for 1 hour. After wash, the blots were
incubated with a horseradish peroxidase-conjugated
secondary antibody and counterstained with 3’3 di-
aminobenzidine (DAB). The images were taken
with Bio-Imaging System. The horseradish peroxi-
dase-conjugated secondary antibody and Kalerdo-
scope Prestained standards were purchased from
Santa Cruz Biotechnology. DAB was obtained from
Sigma.

2.3 Statistic analysis

Experiment data was processed using SAS
software(6. 12) . Normal distribution was first test-
ed. The data of Normal distribution was denomi-
nated by ¥ * 5, and the data of abnormal distribu-
tion was denominated by 50% Med. Difference a-
mong three independent groups were determined by
analysis of variance (ANOVA ) and least significant
difference ¢ test. Differences between independent
ratios were determined by Chi-square test. Signifi-
cance was set at P<0.05.

3 Results

3.1 Expression of P53 protein

The expression level of P53 was increased in
57.1% (12 of 21) of tissues from group A, which
was consistent with the previous reports (50% —

60% ); in A-B-C, there was no significant differ-
ence in P53 expression between group A and the
combined group B (P >0.05) (Tables 1 — 3).
However, the differences of P53 expression of
group A ws. group C, group B wvs. C were signifi-
cant (P<0.05), respectively(Table 3).

Table 1.  The different expression of P53 in different
groups
Group n P33(x +5)
A 31 33380.1+11841.3"
B 21 33704.6 + 12984.9
C 12 25000.1+£11961.7

* ps. group C, P<0.05; group A ws. group B, group A
vs. group C, P>0.05

Table 2. The different expression of P53 in A-B
Group n P33(x +5)
A 21 31139.8 £13233.0
B 21 33704.6 +12984.9

t=-0.8325 P=0.4149

Table 3. The different expression of P33 in A-B-C
Group n P53(x +5)

A 12 3313().52.?11572,8

B 12 32254.8+9703.9

& 12 25000.1+11961.7"

* ps. group A, group B, P<0.05; group B vs. group A,
P>0.05.

From Table 3, it was shown that compared
with adjacent tissues which were 5 cubic em from
the cancer tissue, the expression level of P53 in tu-
mor tissues and tissues which were 3 cubic ecm from
the cancer tissue were increased significantly.

3.2 Expression of P33ING1 protein

The expression level of P33ING1 was de-
creased in 66. 7% (14 of 21) of the tissues from
group A. In A, B, C and A-B-C, compared with
group C, the expression level of P33INGI in group
A was decreased significantly (P<0.05) (Tables 4
—6). However, the differences in P33ING1 ex-
pression between the group A and group B, group
B and group C were not significant (P >0.05),
respectively (Table 4).

Table 4. The different expression level of P33INGI in dif-
ferent groups

Group n P33ING1(x = 5)
A 31 22156.8 £4654.2"
B 21 23983.5+5586.2
C 12 26021.9+5079.8

* wus. group C, P<0.05; group A ws. group B, group B
vs. group C, P>0.05.
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Table 5.  The different expression of P33ING1 in A-B
Giciip Y P33INGI Signif icance
(509% Med) M(sign) P
A 21 20654 s =
B 21 23412 10.5 0.001
Table 6. The different expression of P33INGI in A-B-C
Group n P33INGI(x £ 5)
A 12 22528.4+3716.4
B 12 25812.8+5278.3
C 12 26021.9 +5079. 8

Group A ws. group B, group A ws. group C, P<0.05;
group B wvs. group C, P>0.05

From Table 6, these results showed that com-
pared with tissues which were 3 cubic em and 5 cu-
bic em from the cancer tissues, the expression level
of P33INGI in tumor tissues were decreased signif-
icantly.

3.3 Correlation between P53 and P33ING1 ex-
pression

66.7% cancer tissues that expressed less
P33ING1, P53 protein was expressed at a higher
level. Meanwhile, 55. 6% tissues with decreased
P33INGI levels did not exhibit an elevated expres-
sion of P53. However, there was no significant lin-
ear relationship between P53 and P33INGI1 protein
by correlation analysis and MeNemar’s Test (P >
0.05) (Tables 7 and 8).

Table 7. The different expression level of P53 and
P33INGI1 in A-B
P33ING1 e
B3 Decreased Increased Total
Decreased 6 3 9
Increased 8 4 12
Total | 14 7 21
¥=2.273,P=0.132
Table 8. Linecar correlation analysis
Group n r P
A 31 0.0358 0. 8482
B 21 0.2646 0.2464
© 12 0.2723 0.3920

4 Discussion

The normal expression of P33 protein can in-
duce growth suppression and apoptosis. Vicious cy-
cle of abnormal cell proliferation, immortalization,
and malignant tumor may take place if P53 loses its
function or is mutated. Up to now, it has been ac-
cepted that there exists a close relationship between

p33 mutation and human tumor development. Pre-
vious studies have shown that 50% — 60% of 5,
000 cases of tumor derived from 43 kinds of tissues
produced with mutated p53 gene'?'. This study
demonstrated an abnormal expression of P33
(57.1% ), which was consistent with previous re-
ports. There was no significant difference in P53
expression between lung cancer tissues and the can-
cer-adjacent tissues. The explanation for these phe-
nomena may lie on two aspects. First, due to the
irregular infiltration of malignant tumor, abnormal
differentiation cell or cancer cell may exist in can-
cer-adjacent tissues, which may express mutated
P353; second, wild type P53 protein might be com-
bined with other molecular chaperones ( such as
MDM-2)131 | thus caused elongation of its half life,
which may interfere the detection of mutated P53
protein. Further studies on gene expression need to
be conducted to confirm these explanations.

The data demonstrated that the expression of
P53 in lung cancer tissues (A) was significantly
higher than that in the tissues which were 5 em
(C) from cancer tissues and the same was true of
A-B-C of 12 patients. These are consistent with
previous reports. In addition, an expression of P53
increased in lung cancer. And also the expression of
P53 in the 3 cubic em tissues from the cancer tissue
was statistically higher than that in 5 cubic em tis-
sues away in A-B-C. However, analysis on groups
A, B and C that were not paired, there were no
signilicant differences in P53 expression between
tissues that were 3 cubic em and 5 cubic em from
the cancer tissue. These might be caused by un-
paired groups A, B and C, since the result of analy-
sis of variance in A-B-C showed that match factors
could interfere the expression level of P33 protein
(P<0.05), and would confound the results while
taking the comparison in unpaired groups A, B and
C.

ING1 gene is located in the subtelomeric re-
gion of human chromosome 13q™ **. Previous
studies showed!* 8! that P33ING1 protein was the
product of ING1 gene, located in nuclear, and par-
ticipated in cell cycle regulation and its suppression
was associated with increased cell proliferation and
formation of neoplasm. Recently, it has been dis-
covered that ING1 gene products had interaction
with P53, and P53 protein took part in the regula-
tion of cell proliferation, apoptosis and cellular ag-
ingm.

Some investigations reported that the expres-
sion of ING1 gene was decreased in stomach can-
cert®], breast cancer!!®! | and others, which implied
that ING1 gene was relevant to the occurrence and
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development of carcinoma. P33INGI1 expression
was determined in this study, which showed an in-
crease in its expression in tumor tissues(A), tissues
which were 3 cubic em(B) and 5 cubic em(C) from
cancer tissue, respectively. It was assumed that the
decreased expression of P33ING1 could be one of
the mechanisms of abnormal cell growth, and
played an important role in the procession of the oc-
currence and development of pulmonary carcinoma.

It has been reported that the expression of
P33ING1 was correlated with P53 protein in stom-
ach cancer, breast cancer, and so on; however,
analysis on the correlation between P33ING1 and
P53 in the study revealed that in 66.7% of the tis-
sues that down-regulated P33INGI1 the level of P53
protein was up-regulated. In addition, 55.6% of
the tissues with decreased P33ING1 expression did
not show altered P53 protein expression. There
was no significant linear relationship between P53
and P33ING1 protein by correlation analysis and
McNemar’s Test (P >0.05). Further study needs
to be carried out to confirm this observation based
on the following reasons: ING1 gene encodes alter-
native transcripts of P47INGI1, P33ING1 and
P24INGI in human cell, three of them exert dif-
ferent function through different channel.

In summary, the decreased expression of
P33INGI1 was determined in lung cancer tissues in
the study; this suggested that it might play a role
in the occurrence and development of lung cancer.
This study provided a new clue for further study of
pathogenesis and diagnosis of lung cancer, also gave
a new idea and direction to gene therapy. But we
did not find the correlation between P33ING1 and
P53. Future studies on the gene polymorphism will
be conducted. However, the exertion of tumor
suppressor P53 function is regulated by multiple
factors; most of them occur in different temporal
and spatial segments of cell proliferation and inter-
act with each other through expression modulation.
Therefore, it is difficult to figure out their interac-
tions by analyzing a single or few factors. Never-
theless, elucidation of certain events may be helpful
in understanding carcinogenesis.
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High-level Expression of Human a-1,2-fucosyltransferase
Gene in Transgenic Mice Enhances Heart Function in
ex vivo Model of Xenograft Rejection
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Abstract : Background. Hyperacute rejection (HAR) of discordant xenotransplantation is the consequence of binding
of natural antibodies to galactose-a-1, 3-galactose (Gal) of vascular endothelium of the xenograft that activates com-
plement system. Expression of human a-1,2-fucosyltransferase (HT) eliminating a-Gal antigen in donor organs has
proven to be a promising approach to dealing with HAR. The aim of the paper was to investigate the effect of ex-
pressing human HT gene in wiwo on o-Gal antigen and the role of human HT in overcoming HAR. Methods.
Transgenic mice were produced by microinjection of gene construct for the enzyme human HT. PCR and Southern
blot were used to screen the positive transgenic mice. Real-time PCR analysis was used to detect the level of human
HT mRNA expression in transgenic mice. Expressions of H antigen and a-Gal antigen on peripheral blood mononu-
clear cells (PBMCs) of transgenic mice were detected by Flow Cytometry (FCM). In addition, the hearts of trans-
genic mice were perfused ex vito with 12% human plasma by using a modified Langendoff apparatus, and the ef-
fect on cardiac function was determined. Results. 1176 injected and surviving zygotes were implanted into the
oviducts of pseudopregnant foster mothers. Integration rate of human HT gene was 10.2% (14/137). Expression
of human HT mRNA was detected in the heart, liver, kidney and muscle of transgenic mice, and expression rate
was 78.6% (11/14). FCM analysis showed high-level expression of H antigen and with reduction of a-Gal antigen
on PBMCs in transgenic mice. When perfused er wivo with 12% human plasma, hearts from transgenic mice
showed prolongation in survival time, compared to normal controls. Conclusion. A transgenic mice model with
overexpression of human HT was successfully established. The transgene was integrated and transmitted into chro-
mosome of transgenic mice. The present study suggests that the expression of human HT gene can reduce expres-
sion of the a-Gal antigen, and be effective in prolonging survival of xenograft and overcoming HAR. [Life Science
Journal. 2006;3(4):27—32] (ISSN: 1097 - 8135).

Keywords: xenotransplantation; a-1,2-fucosyltransferase; hyperacute rejection; transgene

Abbreviations: o-Gal: galactose-o-1,3-galatose; HAR: hyperacute rejection; HT:a-1,2-fucosyltransferase; FCM:
flow cytometry; PBMCs: peripheral blood mononuclear cells; XNAs: xenoreactive natural antibodies

1 Introduction

Notable improvements in the success of organ
transplantation have created a severe imbalance be-
tween organ supply and demand. Xenotransplan-
tation using porcine organs is currently viewed as a
possible solution to overcome the worldwide short-
age of donor organs for transplantation' '), How-
ever, hyperacute rejection (HAR) must be over-
come before organs can be transplanted between
disxordant spccicsm. HAR is primarily mediated
by the binding of xenoreactive natural antibodies
(XNAs) to the galactose-a-1,3-galatose (a-Gal) on

vascular endothlium of the xenograft followed by
complement activation, and is initiated within min-
utes of reperfusion’® . Therefore, elimination of
this interaction will be highly beneficial to overcom-
ing HAR. The a-Gal antigen is synthesized by the
enzyme ao-1, 3-galactosyltransferase (-1, 3-GT).
Human a-1,2- fucosyltransferase (HT) was shown
to efficiently compete with a-1,3-GT for the same
substrate, N-acetyl lactosamine, impeding the
transfer of the temrminal galactose residue that
gives rise to the a-Gal antigen'*'. Furthermore,
HT generates fucosylated residues that are univer-
sally tolerated®’. So we can utilize the expression
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of HT to down-regulate a-Gal antigen expression.

This study was designed, with a transgenic
mice model, to investigate the effects of expressing
the human HT on «-Gal antigen. In addition,
function of human HT expression was studied by
using an ex wvivo heart perfusion model.

2 Materials and Methods

2.1 Animals

Kunming mice were purchased from Institute
ol Genetics and Development Biology, Chinese A-
cademy of Sciences.
2.2 Chemicals and reagents

Restriction endonucleases Notl and Poul, Tri-
zol, and RT-PCR kit were purchased from Invitro-
gen Inc. (USA). DIG-High Prime DNA labeling
and detection starter kit | and nylon membranes
were purchased from Roche (Switzerland). PCR
kit was purchased from TaKaRa (Japan). Fluores-
cein isothiocyanate (FITC) -conjugated UEA [ and
GS-IB4 were purchased from Sigma (USA). Red
blood cell lysate was purchased from BD Company
(USA). Proteinase K was purchased from Merck
(Germany) .
2.3 Plasmid

The pRe-CMV plasmid containing full-length
sequences of human HT cDNA was offered by Dr.
Hiroshi Kimura (Department of Forensic Medicine
and Human Genetics, Kurume, Japan). The
pCMV-MCS plasmid was purchased [rom Merck
(Germany) .
2.4 Production of transgenic mice

Gene construct used to generate transgenic
mice has been described previously'®’. The pCMV-
MCS-HT recombinent plasmid was indetified by
enzyme digests. It consists of CMV promoter, (-
globin intron, AHT ¢DNA and hGH polyadeny-
lation signal (Figure 1). Transgenic mice were
generated as described by Gordon'”. Transgene
construct was microinjected into pronuclei of one-
cell embryos with dosage of 5 pg/ml. The injected
and surviving zygotes were reimplanted into the
oviduets of pseudopregnant female mice and allowed
to develop to term.

HT cDNA

CMV - globin intron

[

Figure 1. Schematic diagram of the target transgene construct
2.5 PCR

Genomic DNA of mice was extracted from the

8,9]

tail 8%, and were screened for integration of hu-

man HT gene by PCR with the following primers:
up-stream: 5-AAC GTG CTG GTC TGT GTG
CG-3"; down-stream: 5-CTC CGA TGT GGC
ACC TTT CA-3". PCR cycling parameters were:
initial denaturation at 95 C for 10 minutes, 30 cy-
cles (denaturation at 95 T for 40 seconds, anneal
at 60 T for 40 seconds, extension at 72 C for 50
seconds), and a final extension at 72 C for 10
minutes. Positive PCR reaction using the primer
generate a 915 bp fragment. For Southern blot
analysis, mouse genomic DNA was digested with
restriction enzyme EcoRI/BamHI, product was
subjected to electrophoresis in a 1. 0% agarose gel
and transferred to nylon membrane according to the
manufacturer’s instruction. Hybridization was per-
formed with a DIG labeled human HT cDNA probe
under stringent condition according to the protocol
of DIG DNA labeling and detection kit.
2.6 RT-PCR

Total RNA was isolated by using -Trizol
Reagent as described by the manufacturer. Expres-
sion of human HT mRNA was evaluated by RT-
PCR from total mRNA samples of heart, liver,
kidney and spleen. First strand ¢DNA was pre-
pared by reverse transcription using AMV reverse
transcriptase and used for PCR. The primers de-
signed according to the sequence of ¢cDNA of human
HT gene: up-stream: 5-GAC TTT CTT CCA
CCA TCT CC-3"; down-stream: 5 -TAA TGC
CCA CCC ACT CG-3". The expected PCR prod-
ucts is 544 bp. The B-actin primers: up-stream:5’-
CCA ACT GGG ACG ACA TGG AG-3'; down-
stream: 5 -AGG TCC AGA CGC AGG ATG GC-
3’. The products is 300 bp. Reaction condition:
denaturation at 96 C for 2 minutes; then for 30
cyeles (denaturation at 94 C for 30 seconds, an-
nealing at 65 T for 60 seconds), extension at
72 C for 60 seconds;and a final extension at 72 C
for 7 minutes.
2.7 Flow cytometry analysis of a-Gal and H
antigen

Mice blood was collected by orbital eye-bleed
and erythrocytes lysed by incubation in red blood
cell lysate. Peripheral blood leukocytes were col-
lected by centrifugation and washed 3 times in
phosphate-buffered saline, containing 2% heat-in-
activated febovine serum and NaN;, and then incu-
bated with FITC-conjugated lectins GS-1B4 and
UEALI for expression of a-Gal and H antigen respec-
tively on ice for 30 minutes, washed twice in Han-
ks’ balanced salt solution. The expression on pe-
ripheral blood mononuclear cells (PBMCs) was an-
alyzed by Flow cytometry (FCM) as described ' .
2.8 Ex vivo isolated perfused heart model

Mouse hearts were perfused on a Landendorff
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apparatus essentially as reported!!!’. Mice were
anethetized with pentobarbitone sodium, and the
hearts were removed and immersed 20 ml of ice-
cold modified heparin-containing Krebs-Henseleit
buffer to arrest cardiac activity. Hearts were then
attached to a 21-gauge cannula via the aortic root,
connected to the perfusion apparatus and perfused
in a retrograde manner. Heart rate and force of
contraction were monitored using Powerlab 4. 0
software at 5 minutes intervals, and heart work
was calculated as the product of heart rate multiply
force of contraction. After a 20-minute period of
stabilization perfused with K-H buffer, pooled hu-
man plasma was added at 5 minutes intervals to fi-
nal concentration of 12% .
2.9 Statistical analysis

All data were expressed as mean * standard de-
viation and analyzed by SPSS 11.0 software, sta-
tistical significance was determined by Student’ s
test, significance was defined as a P value<<0.05.

3 Results

3.1 Identification of human HT transgene con-
struct

The length of the resulting construct pCMV-
MCS-HT plasmid was about 5. 6 kb containing
1.85 kb human HT cDNA. The electrophoresis
assay showed: 1.1 kb and 4.5 kb in the EcoRl/
BamHI digest, and 2 fragments containing 2. 85
kb and 2. 75 kb in the Norl digest, and 3 frag-
ments containing 2.85 kb, 1.4 kb and 1.35 kb in
the Povul/ Not| digest (Figure 2), indicating that
human HT c¢DNA was correctly inserted and
linked.
3.2 Sequence data

Sequence data showed that the sequenced frag-
ment was the same as human HT in the Genebank,
and no ATG was present in the 60 bp vector frag-
ment between CMV promoter and human HT cD-
NA on the recombinment plasmid.
3.3 Screening of transgenic mice

Tail genomic DNA from Gy mice was screened
by PCR, which amplify a 915 bp fragment f[rom
transgenic mice but not from non-transgenic mice
littermates (Figure 3). Southern blot revealed the
same results of PCR (Figure 4).
3.4 Transgenic efficiency of transgenic mice

To create transgenic mice, a total 1,300 fertil-
ized embryos was microinjected with purified hu-
man HT transgene construct. 1,176 surviving in-
jected embryos were reimplanted into 55 pseudo-
pregnant foster mice, and 43 of whom gave birth to
137 mice. Pregnancy rate was 78.2% (43/55),
and birthrate was 11. 6% (137/1176). Among

137 Gy mice, transgene integration was confirmed
by PCR and Southern blot in 11 mice. Integration
efficiency was 8.0% (11/137).
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Figure 2. Identification of recombinant pCMV-MCS-HT
plasmid by enzyme digestion

Lane 1: DL2000 Marker; Lane 2: Plasmid digested with
EcoRl/BamHI(1.1 kb and 4.5 kb); Lane 3: Plasmid di-
gested with Notl (2.85 kb and 2.75 kb); Lane 4: Plasmid
digested with Pou [ / Not 1 (2.85 kb, 1.4 kb and 1.35
kb); Lane 5: A-Hind [l Marker
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Figure 3. Identification of transgenic mice by PCR
Lane 1: DL2000 Marker; Lane 2; pCMV-MCS-HT plasmid
as positive control; Lane 4,5,6: positive mice; Lane 3,7:
negative mice; Lane 8: normal mice as negative control

3.5 Expression of human HT mRNA in trans-
genic mice

RT-PCR anslysis was used to determine hHT
RNA expression in various tissues derived from
control and transgenic mice. Total RNA was isolat-
ed from heart, liver, kidney and spleen. Human
HT mRNA expression was detected in 8 mice a-
mong 11 Gy transgenic mice, and expression was
positive in organs of transgenic mice including
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heart, liver, kidney and spleen, no specific PCR
products were observed in any of the non-transgenic
littermate. Endogenously-expressed [-actin  was
used as a control to confirm the integrity of all sam-

ples tested by PCR (Figure 5).

1 2

Figure 4. Identification of transgenic mice by Southern blot
Lane 1: pCMV-MCS-HT plasmid; Lane 3 and Lane 4: posi-
tive mice; Lane 2 and Lane 5: negative mice; Lane 6: nor-
mal mice as negative control

3

bp
2000

1000
750
500

250

100

Figure 5. The expression of human HT gene in transgenic
mice detected by RT-PCR
Lane 1: DL2000 Marker; Lane 2: positive control; Lane 3:
heart; Lane 4: liver; Lane 5: kidney; Lane 6: muscle;
Lane 7: negative control
3.6 FCM analysis
H antigen and a-Gal antigen expression was e-
valuated by FCM on PBMCs. Control mice cells
showed only background staining for H antigen,
but cells from transgenic mice expressed high levels
of this antigen. Staining with GS-1B4 for o-Gal re-
vealed a fourfold reduction in mean fluorescence in-
tensity of transgenic mice cells relative to controls
(Figure 6).
3.7 Ex vivo heart perfusion

Six hearts from control and transgenic mice
were removed quickly respectively. The hearts were
attached to a modified Langendorff perfusion appa-
ratus, then perfused with 12% human plasma ),
Heart work from control mice dropped sharply to
below 20% of maximum within 20 minutes of plas-
ma addition. In contrast, hearts from transgenic
mice were still functioning at 30% of maximum af-
ter 60 minutes perfusion. 100% work is defined as
heart work measured immediately before time 0
(Figure 7).
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Figure 6. Expression of various levels of H and Gal antigen.
A: Gal of normal mice; B: H of normal mice: C: Gal of hu-
man; D: H of human; E: Gal of transgenic mice; F: H of
transgenic mice
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Figure 7. Function of mice hearts perfused ex vivo with hu-
man plasma

4 Discussion

Rapid improvement in the success of organ
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transplantation have created an obvious imbalance
between organ supply and demand. The serious
shortage of human organs available for allotrans-
plantation has stimulated people to look at the pos-
sibility of using animals as donors. Xenotransplan-
tation using pig organs is currently regarded as a
feasible approach to solving the problem, but the
immediate barrier to the transplantation of vascu-
larized pig organ to primates is HAR!2:13!

It is now clear that the binding of XNAs to a-
Gal on vascular endothelium of xenograft is key me-
diator of HAR''*! | therefore elimination of this in-
teraction will be highly beneficial to overcoming
HAR. The strategies could be classified as recipi-
ents or donors directed. The disadvantages of the
former are that their effect is transient, and impose
an additional burden on the recipient. Therefore
genetic engineering of the donor organ has greater
potential for effectively inhibiting xenograft reject-
ing with reduced risk to recipient. Transgenic ex-
pression of human complement regulation proteins
(CRPs) in donor organs has significantly prolonged
the survival of xenografts!'S!. However, expression
of CRPs without eliminating xenogeneic natural an-
tibody reactivity may not provide sufficient protec-
tion for clinical application.

a-Gal is a major antigen involved in HAR of
xenotransplantation that is synthesized by the en-
zyme o-1,3-galactosyltransferase. Removal of a-Gal
antigen from pigs would prevent HAR, and prolong
survival of xenograft:*'®/. The production of GT-
KO mice and pigs has been reported recently, these
GT-KO animals would, by definition, be deficient
in a-Gal antigen, theoretically leaving no target for
human natural antibodies. Some investigators sug-
gest, however, that eliminating the o-Gal antigen
would expose underlying “cryptic” oligosaccharide
determinanta against which human may also have
preformed antibody''”'. So, an alternative trans-
genic approach was developed that based on the
competition between a-1,3-GT and human HT for
a common substrate — N-acetyllactosamine, trans-
genic expression of human HT is currently viewed
as the feasible strategy to reduce a-Gal expression in
pigs 18], The strategy has been to significantly re-
duce Gal expression on a variety of cells in trans-
genic mice and pigs. However its ability at pro-
loging xenograft survival is yet to be demonstrated.

Thus, we obtained transgenic mice by mi-
croinjection of human HT transgene construct, and
to investigate the effect of expressing human HT in
vivo on a-Gal antigen and the role in overcoming
HAR. a-Gal was expressed in all tissues and organs
of normal mice, so we chosed CMV promoter to
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achieve ubiquitous expression of human HT. The
result suggested that human HT mRNA was ex-
pressed in most organs of transgenic mice including
heart, liver, kidney and spleen. According to ex-

pression of H antigen and a-Gal on PBMCs was the
19]

same as on vacular endothelium''”', we evaluted
expression of them on PBMCs. FCM analysis
showed that overexpression of human HT could
greatly reduce the amount of «-Gal antigen on
PBMCs.

In the study, we tested the ability of human
HT expressed in transgenic mice to protect organs
against HAR when perfused ex wvivo with human
plasma. As expected, the cardiac function of hearts
from control mice perfused with 12% human plas-
ma dropped sharply to 20% of maximum work
within 20 mintutes from plasma addition and
stopped beating at the 35th minute. In constrast,
the function of human HT transgenic hearts was
only reduced by 50% —65% after 20 minutes, and
was maintained approximately 35% after 60 min-
utes. Therefore, as far as HAR concerned, the re-
sults would suggest that the human HT expression
is effective in protecting against XNAs and comple-
ment mediated HAR.

However, FCM analysis showed that there
was still a-Gal expression on PBMCs of transgenic
mice. It is suggested that overexpression of human
HT gene would be unlikely to totally eradicate a-
Gal. Whether transgenic expression of human HT
is sufficient to avoid HAR and whether residual o-
Gal is related to subsequent acute vascular rejection
(AVR) of xenotransplantation is not clear and is
under examination. And xenotransplantation is re-
lated to many factors’®), so a combination of hu-
man HT transgene approach, together with the
transgenic expression of human complement in-
hibitory proteins, may lead to murine heart entirely
resistant to HAR. The present study provide a
helpful technique for the further research of trans-

genic pigs.
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Abstract: Administration of fluoroquinolone antibiotics in human has proven to induce prolongation of QT interval,
which is mainly assumed the blockade of some kind of potassium channel(s). This study is to examine the effect of
sparfloxacin on delayed rectifier potassium current of ventricular myocyte in guinea pig. Single ventricular cells were
dissociated from guinea pig heart and continuously superfused with sparfloxacin solution of different concentrations.
Delayed rectifier potassium current (Ix) was recorded with whole-cell patch clamp technique. Results showed that
sparfloxacin decreased the current amplitude of Ik in a concentration dependent manner. When the concentration
was from 0.1 pM to 1,000 M, the inhibitory capacity of drug on Ik peak current gradually enhanced; and de-
pressed rates of the tail currents increased too. Sparfloxacin displayed an ICs; value of 14.89 uM. These results in-
dicate that sparfloxacine inhibits I concentration-dependently to the ventricular myocyte. [ Life Science Journal.

2006;3(4):33—36] (ISSN: 1097 —-8135).

Keywords: sparfloxacin; ventricular myocyte; delayed rectifier potassium current; whole-cell patch-clamp

Abbreviations. ICsy: 50% inhibitory concentration; lik: delayed rectifier potassium current

1 Introduction

There is considerable interest in ventricular re-
polarization, since prolonged repolarization is asso-
ciated largely with ventricular tachyarrhythmia,
syncope and sudden death, known as long-QT syn-
drome. It is the delayed rectifier potassium current
(Ik) that plays a critical role in cardiac repolariza-
tion. Therefore any congenial or environmental
variation that interferes with Ix might underlie long
QT syndrome. Recently, it has been suggested
that some antibiotics, such as fluoroquinolone an-
tibacterial drugs, are a hint to the occurrence of
long QT syndrome'"?'. Sparfloxacin belongs to
fluoroquinolone class and has been widely pre-
scribed in clinic since 1993 for the treatment of in-
fection. The present study was designed to examine
in vitro the effects of sparfloxacine on Ik of isolated
ventricular myocyte, in order to explore the phar-
macological mechanism of cardiac inhibition, and to
provide support for clinical drug application.

2 Materials and Methods

2.1 Cardiomyocyte isolation
Adult guinea-pigs (300 + 50 g) were adopted.

The operation followed previous reports with slight
3]

modification* In brief, animals were sacrificed
by blunt trauma to the head. Hearts were rapidly
excised, rinsed and mounted on a Langendorff sys-
tem. Hearts were perfused for 10 minutes with
Ca’" -free Tyrode solution containing: NaCl 140
mM, KCl 5.4 mM, MgCl, 1 mM, HEPES 10
mM, and glucose 10 mM(pH 7.4). Then the per-
fusion was switched to normal Tyrode solution (25
¢M CaCly) complemented with 0.36 g/L collage-
nase (type B, Roche) and 0.26 g/L protease (type
XIV, Sigma). When the flow-out appeared viscous
and the heart was obviously dilated, digestion pro-
cess was ceased by perfusing solution consisting of :
Glutaminc acid 120 mM, KOH 80 mM, KCI 20
mM, MgCl; 1 mM, EGTA 0.3 mM, HEPES 10
mM, and glucose 10 mM(pH 7.4 +£0.5). Ventric-
ular free walls were removed, cut into pieces, gen-
tly agitated in Ca®" -free Tyrode solution and fil-
trated through 200 pm nylon sieve. Harvested my-
ocytes were placed at room temperature (18 —
227C) in Ca®* -free Tyrode solution.
2.2 Whole-cell patch clamp recording
Microelectrodes ( hard, thin-wall glass capil-
laries with inner diameter of 1.5 mm) were pulled
with the micropipette puller ( Narishige PP-83,
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Japan). Resistance when filled with inner solution
was 2 — 3 MQ. Inner solution of the pipette con-
tained: KCl 140 mM, Mg-ATP 4 mM, MgCl, 1
mM, HEPES 10 mM, and EGTA 5(pH 7. 3).
Isolated cells were bathed and continuously per-
fused with oxygen-saturated Tyrode solution con-
taining: NaCl 140 mM, KCl 5.4 mM, MgCl 1
mM, CaCl, 0.025 mM, HEPES 10 mM, and glu-

cose 10 mM(pH 7.4). Rod-shaped ventricular cells )
with smooth edge and clear striates were selected

for recording.

Ig was recorded using conventional whole cell
clamp protocol at room temperature. Whole-cell
current records were performed with an amplifier
(2300E, Axon Instruments, America), filtered at
1 kHz and sampled at 0. 25 kHz. After reaching
“sealing”, series resistance and capacitive resistance
were compensated to minimize the resistance impact
and to ensure the recording stability. Both voltage
pulses delivering and current signals collecting were
processed automatically by pClamp 5. 51 software
(Axon Instruments, America). Step-voltage depo-
lariztions were fired from — 10 mV to + 80 mV
with + 10 mV step, maintaining 5 seconds each.
Before recording, 0.3 mM CdCl, was added to ex-
ternal solution to block L-type Ca®" channels. A
pre-stimulating pulse of — 40 mV was applied to
ensure inactivation of Na® channel and T-type
Ca** channels.

2.3 Group and data analysis

Ik recorded in normal Tyrode solution were the
control group. Five test groups included Ik record-
ed when the cells were for 20 minutes each im-

mersed in drug of different concentrations from 0. 1
¢M to 1,000 pM. Data were noted as current den-
sity (pA/pF) (that is, current on each unit of
membrane surface, Ix/C,). Ik value came from re-
al measurement using pClamp 6.0 Software (Axon
Instrument); and C,,, the capacitance of cellular
membrane which represents the superficial area,
was calculated from formula C,, =t X [/V, among
which I(pA) stands for the amplitude of the capaci-
ty current, t(ms) is for the attenuation constant of
uncompensated capacitance current, and V(mV)is
for a constant of 10 mV depolarization. In this ex-
periment the mean membrane capacitance obtained
was 61.12 pF+2.64 pF(n =30), which is consis-
tent with the published datal*.

All data were presented as mean = SD. Differ-
ence significance was statistically determined by
Student’s ¢ test(a=0.05). Statistical analysis was
performed using Origin 6.0 Software.

3 Results

Sparfloxacine reduced the current amplitude of
Ix. As shown in Figure 1, the comparison of cur-
rent amplitudes before and after drug administra-
tion indicated that sparfloxacine had inhibitory ef-
fect on Ix(both peak current and tail current). The
inhibition occurred steadily after the cells were ex-
posed to drug superfusion more than 20 minutes.
In the span of testing voltages the inhibitory capaci-
ty increased with the voltage steps, which can be
observed from the I-V ( current-voltage) curves
(Figure 2). The compounds couldn’ t be easily
washed-out.

Control

. Tine (ns)

lﬂ

5000 7500

Figure 1. Inhibitory effect of sparfloxacine on Ix. Whole-cell I were elicited by a 5-second depolarizing pulse to+ 50 mV from
a holding potential of —80 mV. Then potential was returned to —40 mV to generate a large outward tail current. The effect
of 100 pM sparfloxacine was displayed to reduce the Ik significantly (P<0.05).
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Figure 2. [-V curves of Ik

Cells were held at — 80 mV and depolarized for 5 seconds to
potentials ranging from — 10 mV to + 80 mV with + 10 mV
increments, and then returned to — 40 mV to generate out-
ward tail currents. Currents influenced with and without 100
pM sparfloxacine were measured and pictured. It showed
that the inhibitory capacity increased with the voltage steps
(P<0.05).

At + 50 mV, Ik reduction (depressed rate)
was calculated by dividing the depressed current
value with the current amplitude of the control
group. As listed in Table 1, in the concentration of
0.1 pM, the depressed rate of sparfloxacine on Ik
peak current was (12.94 +3.09)%, and that of
tail current was (7.66 £2.72) % . While the con-
centration increased to 10* times, depressed rates of
Ix peak and tail currents reached to (38. 40 +
5.13)% and (60.64 +6.53)% separately, which
were obviously different with those in low dose.

So concentration/response relationship = was
calculated by a non-linear squares fit of equation: [’
=1/(1 + (x/ICs)™) to the data (Figure 3).

Sparfloxacine inhibited Ix with an IG5 of

14.89 pM.

Table 1. Depressed rates of Ix impacted by different doses

of sparfloxacine solutions( % ) (n =25)

0Concentration (M) Ik, step( %) I, il (%)

0.1 12.94+3.09 7.66+2.72
1 16.26+2.21 10.03+1.48
10 24.70+2.78 17.78%£3.21
100 32.23+3.19  32.90%£3.91
1000 38.40+5.13 60.64+£6.53

4 Discussion

The results indicated that sparfloxacine did in-
hibit ionic current of Ik in even a relatively low con-
centration. Ik is a current conducted by two types

of potassium channels-one is rapid activating chan-
nel; the other slow activating channel. In this
study, two kinds of potassium channels had not
been further identified, but surely one or both of
them might be blocked by sparfloxacine, which led
directly to abatement of Ix. Furthermore,
sparfloxacine blocked Ix in a dose (concentration)
lependent manner. The inhibitory impact occurred
slightly in lower dose; with the raise of concentra-
tion, depressed effect could be greatly enhanced.

The QT interval is an electrocardiographic
measurement of the period between ventricular de-
polarization and the completion of repolarization.
The acquired form of the long QT interval syn-
dromes is caused by various agents that reduce the
magnitude of outward repolarizing K currents,
enhance inward depolarizing Na* or Ca** currents,
thereby triggering the arrhythmia. The electro-
physiological action of Ik blockade observed in this
study, may translate into prolongation of the QT
interval and then may predispose to development of
torsades de pointes in clinic. According to the avail-
able reports, the fluoroquinolones in the market
present a low risk of drug-induced QT prolonga-
tion, with a frequency approximately 0.2 —2.7 per
million prescriptions®’. The safest member of the
class appears to be ciprofloxacin'®. Sparfloxacine
represents comparably less secure one.
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Figure 3. Concentration-response relationship of sparfloxacine
response of peak currents at + 50 mV was used to generate
the concentration-response curve. The points represented the
rates of remained currents to non-pressed ones. The slopes of
the curves ranged from 87.06% for 0.1 pM to 61.60% for
1,000 M.

Fortunately, judged from the relationship be-
tween drug concentration and inhibition response,
the ICsy value of sparfloxacine was 14. 89 pM,
which fell far above the therapeutic peak concentra-
tion in patient blood (1.8 ‘uM)[?] . So sparfloxacine
is still reliable in clinical treatment of infection, ex-
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cept that extra attention should be paid to the mon-
itoring of electrocardiograph, especially when heavy
dose is applied or excessive accumulation happens
because of liver or kidney damage.
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A Survey of Human Myocarditis Cases Diagnosed Using

Alexa Immunofluorescence Dyes and Confocal Microscopy

George E Sandusky, Jennifer C Offen, Michael A Clark

Department of Pathology and Laboratory Medicine , Indiana University School of Medicine
Indianapolis, Indiana , USA

Abstract: Sudden death as a result of viral myocarditis is a rare but distressing event because’it usually occurs in
young healthy individuals. Myocarditis is a relatively common complication of viral infections. Specifically, en-
teroviruses, influenza viruses and adenoviruses have been associated with this disease. In many cases the etiology re-
mains unknown when routine methods are used for diagnosis. With the advent of new molecular techniques such as
RT-PCR, stronger amplification techniques such as Alexa dyes for immunofluorescence, and confocal micrascopy for
reduction of background staining, some of these viruses can be identified. The incidence, clinical history, grosses
and microscopic pathology were examined in 22 myocarditis cases that died suddenly. Viral identification was per-
formed on sections from all 22 hearts by Alexa immunofluorescence with confocal microscopy. Influenza A, Cox-
sackie 3, and Coxsackie 5 were evaluated on all 22 hearts. Cell culture controls transfected with the virus were used
as positive controls. One of 22 patients was positive for Influenza A. Six cases were positive for Coxsackie BS, two
of which were also positive for Coxsackie B3. Fifteen cases were negative for all antibodies examined. [ Life Science

Journal. 2006;3(4):37—41] (ISSN: 1097 - 8135).

Keywords: myocarditis; viral; sudden death

1 Introduction

For the past two centuries, myocarditis has
been classified as an inflammatory disease of the
myocardium ( Carthy, 1997; Feldman, 2000;
Bergler-Klein, 2001; Calabrese, 2003). The natu-
ral history and pathogenesis is largely still unknown
( Hyypia, 1993; Feldman, 2000; Noutsias,

2003). The disease is often fatal and diagnosed on”

post mortem autopsy ( Waller, 1992; Lopes,
2001; Mounts, 2001; Weissel, 2001). The com-
mon etiologies are idiopathic, autoimmune and in-
fectious (Furukawa, 2001; Hill, 2001; Leonard,
2004 ; Pauschinger, 2004; Whitton, 2004). Viral
agents, especially the Coxsackie B viruses, are
commonly associated with fatal myocarditis (Hyyp-
ia, 1993; Carthy, 1997; Feldman, 2000). Other
viruses less commonly associated with fatal my-
ocarditis have been Parvovirus (Murry, 2001), In-
fluenza A (Nolte, 2000) and B (Engblom, 1983),
Hepatitis C ( Matsumori, 2001), HIV, Mumps
virus, Cytomegalovirus, Adenovirus ( Lozinski,
1994 ), Echovirus, Poliovirus, and Infectious
mononucleosis ( Fournier, 2001; Weissel, 2001;
Leonard, 2004). In most of the reported studies,
only about 20% to 37% of the cases have a defini-
tive viral diagnosis.

Myocarditis has been viewed as the acute stage
in the progression of disease leading to heart failure
and cardiomyopathy (D’ Ambrosio, 2001; Fu-

rukawa, 2001; Calabrese, 2003; Mason, 2003;
Noutsias, 2003; Whitton, 2004). Generally, my-
ocarditis is viewed histologically as sparse, focal, or
diffuse inflammation of the heart associated with
focal to multifocal cardiac myocyte necrosis. In end-
stage idiopathic cardiomyopathy, the histologic pat-
tern is focal to diffuse myocyte hypertrophy and
multifocal to diffuse interstitial fibrosis (Vasiljevic,

.2001). In one study using PCR techniques, Hep-
atitis C was found in a few cases of idiopathic car-

diomyopathy (Pauschinger, 2004 ).

In this study, we report the immunofluo-
rescence analysis using Alexa immunofluorescence
amplification of 22 individual cases of fatal my-
ocarditis over a period of 1985 to 2001. As with
previous studies, we found a deflinitive viral etiolo-
gy in 31% of the cases examined.

2 Materials and Methods

2.1 Tissue specimens

All tissue specimens were retrieved from the
Tissue Bank of Indiana University Medical Center
Department of Forensic Pathology. All heart speci-
mens were collected from autopsy cases obtained
during the period extending from 1985 to 2001.
Nine of these cases were collected in the winter of
1997 — 1998. Three normal cases were used as neg-
ative control samples. The samples were selected
based on the presence of inflammation after a re-
view by two pathologists using Hematoxylin and
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Eosin stained slides. For each of the hearts, two to
three histological sections of the left ventricle were
examined and at least one section involved a left
ventricular papillary muscle.
2.2 Antibodies

The following antibodies were used for im-
munohistochemistry :
Coxsackie B5 (Chemicon Temecula, Ca)
Coxsackie B3 (Chemicon Temecula, Ca)
Influenza A monoclonal ( Chemicon, Temecula,
Ca)
2.3 Tissue preparation

Tissues were fixed overnight in 10% neutral
buffered formalin and then transferred to 70%
ethanol prior to processing through paraffin. Five-
micron sections were microtomed, and the sections
were placed on positive charged slides. The slides
were then baked overnight at 60 C in an oven.
2.4 Immunostaining

The slides were then deparaffinized in xylene
and rehydrated through graded alcohols to water.
Antigen retrieval was performed by immersing the
slides in target retrieval solution (Dako) for 20
minutes at 90 C in a water bath, cooling at room
temperature for 10 minutes, washing in water and
then proceeding with immunostaining. All subse-
quent staining steps were performed on the Dako
immunostainer. Incubations were done at room
temperature. Tris buffered saline plus 0. 05%
Tween 20, pH 7.4 (TBS - Dako Corp. ) was used
for all washes and diluents. Thorough washing was
performed after each incubation. Slides were
blocked with protein blocking solution (Dako) for
45 minutes. After washing, 5 pg/ml of the prima-
ry antibodies were added to the slides, and then in-
cubated overnight at room temperature. The sec-
ondary antibody, Alexa anti-mouse or anti-rabbit
fluorescent dye (Molecular Probes, Eugene OR)
was added for 1 hour (Panchuk-Voloshina, 1999).
The slides were washed, coverslipped and exam-
ined.
2.5 Confocal microscopy

A Bio-Rad MRC-1024ES confocal microscope
equipped with a krypton/argon laser and a 60 X 1.4
numerical aperture objective was used to examine
the hearts and obtain images. For each heart, the
negative control was used to establish a pixel inten-
sity that eliminated 99% of the background signal.
Background fluorescence was then subtracted by
applying this threshold to all images, and the per-
cent pixels with the remaining signal and average

signal intensity were recorded for each image.
2.6 Slide evaluation

Two investigators using a fluorescence micro-
scope to evaluate the intensity and localization of
the staining reviewed the slides. Staining was de-
fined as negative (total absence of staining), 1+
(weak staining), 2+ (moderate), or 3+ (strong,
intense staining) .

3 Results

Histologic examination showed the inflamma-
tory infiltrate to consist of macrophages and plasma
cells without neutrophils. No acute inflammation
was observed in any case. The inflammatory lesions
were focal in the majority of cases and multifocal to
diffuse in a few cases. Some cases were severe and
diffuse, going transmural from the endocardium to
the epicardial surface such as case number 18 (Fig-
ure 1). In this case all multiple histologic sections
of the left ventricular myocardium were involved
(six sections from different LV areas), and there
was severe myodegeneration and myocytolysis.
Most cases showed evidence of myofiber degenera-
tion. See Table 1 for histologic scoring of the le-
sions.

Immunofluorescence revealed strong staining
with Coxsackie B5S antibody in 6 of the 22 cases,
two of which also stained with the Coxsackie B3
antibody. One case out of the 22 stained with the
Influenza A antibody. Table 2 summarizes the im-
munofluorescence in the myocarditis cases with the
three antibodies examined. The cell culture speci-
mens used as positive controls were positive with
the specific antibodies and did not cross-react to dif-
ferent antibodies against other viruses. The normal
human myocardial cases did not stain with any of
the viral antibodies.

The immunolocalization of the Coxsackie anti-
bodies were generally confined to degenerating my-
ocardial cells from sections in the left ventricle
(Figure 2). There was no antibody staining with
any of the antibodies in normal human heart tis-
sues. Degenerating myocardial cell cytoplasm was
distinctly stained with the three antibodies in the
myocarditis cases. Occasionally the nucleus was
stained with some of the antibodies.

In the one influenza myocarditis case, there
was staining of lymphocytes and monocytes in the
blood vessels within the myocardium in addition to
the degenerating myocytes (Figure 3).
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Table 1. Histological assessment of myocardium
Case # Tissue ln?r?;;lﬁf:sry I:l/[e);c:-c(;tf Fibrosis Diagnosis
1 "Heat 2 - 0 Myocarditis
Z Heart 3 1 Acute viral myocarditis
3 Heart 3 0 Viral myocarditis
4 Heart 1 0 Myocarditis
5 Heart 0 2 Myocarditis
6 Heart 1 1 2 Mpyocarditis
7 Heart 3 2 0 Acute myocarditis
8 Heart 2 1 0 Acute myocarditis
9 Heart 3 1 Viral myocarditis (childe sexual abuse)
10 Heart 2 0 Viral myocarditis
11 Heart 0 1 Viral myocarditis
12 Heart 0 0 Myocarditis
13 Heart 3 2 Mpyocarditis (lymphocytic, plasmacytic)
14 Heart 1 1 Myocarditis
15 Heart 1 0 Viral myocarditis and viral encephalitis
16 Heart 1 0 Resolving viral myocarditis
17 Heart 1 1.5 Eonsinophilic myocarditis
18 Heart 4 4 0 Myocarditis
19 Heart 1 0 Myocarditis
20 Heart 2 0 0 Acute myocarditis
21 Heart 3F 0 3F Giant cell myocarditis
22 Heart 2 0 Myocarditis
Table 2. Immunofluorescence of viral antigens in heart
Case # Tissue  CoxsackieB3 ~ CoxsackieB5 Influenza A mono
1 Heart Negative 2+ myocytes Negative
2 Heart Negative Negative Negative
3 Heart Negative 2+ myocytes Negative
4 Heart Negative Negative Negative
3 Heart Negative Negative Negative
6 Heart Negative Negative endothelial
7 Heart 1+ myocytes 1 + myocytes endothelial
8 Heart Negative Negative Negative
9 Heart Negative 3+ myocytes Negative
10 Heart 1+ myocytes 2+ myocytes 1.5+ lymphocytes
11 Heart Negative 2+ myocytes Negative
12 Heart Negative Negative Negative
13 Heart Negative Negative 2+ endothelial /macrophage
14 Heart Negative Negative Negative
15 Heart Negative Negative Negative
16 Heart Negative Negative Negative
17 Heart Negative Negative Negative
18 Heart Negative Negative 2+ myocytes
19 Heart Negative Negative Negative
20 Heart Negative Negative Negative
21 Heart Negative Negative Negative
22 Heart Negative 1+ endothelial 1.5+ macrophage
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Figure 2. Coxsackie B5 antibody on case 9 (right). Negative control without antilody on case 9 (lelt).

Figure 3. Influenza A antibody on casc 18 (right). Negative control without antibody on case 18 (left).

Generally, the surrounding connective tissue  cells, and associated inflammatory cells in and
stroma, blood vessel smooth muscle, endothelial — around the areas of active myocarditis lesions were
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not stained with any of the antibodies examined.
However, staining was seen in elastic tissue in
small arteriole muscular arteries within the my-
ocardium in most cases.

4 Discussion

In this survey we found that about 31% of the
cases were positive for viral etiology. This is similar
to previous review studies and studies involving col-
lections of human viral myocarditis cases (Hyypia,
1993; Feldman, 2000). Just a few case reports on
Influenza A have been reported (Engblom, 1983;
Nolte, 2000). This acute case in our survey was
very severe, with a severe transmural myocyte de-
generation, necrosis, and inflammation.

In this study we used confocal microscopy to
evaluate the myocarditis with the new Alexa dyes.
These antibodies required long antigen retrieval
pretreatment with the Dako antigen retrieval solu-
tion in a 90-degree water bath for 25 minutes to ob-
tain reasonable immunofluorescence staining.

The procedure involved long overnight incuba-
tion with the Alexa amplification technique to be
able to visualize any staining. The confocal micro-
scope allowed us to remove any background scatter
fluorescence to see a strong positive signal.

In summary, this survey was similar to previ-
ous studies reported in the literatures. This is the
first report using confocal microscopy to evaluate
human cases of myocarditis.
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Abstract: Objective. To clone the adhesion gene hpaA of Helicobacter pylori strain MEL-Hp27 isolated from a pa-
tient in Zhengzhou City, and analyze the hpaA gene nucleotide and putative amino acid sequences. Methods. hpaA
gene of the Helicobacter pylori MEL-Hp27 was amplified by PCR. After purified, the target fragment was cloned
into plasmid pBluescriptb Il and subject to nucleotide sequenced. The homologies of the nucleotide and putative
amino acid sequences of hpaA were respectively analyzed. Results. hipaA gene of 783 bp, encoding the polypeptides
of 260 amino acids, was obtained from the Helicobacter pylori strain MEL-HP27 genomic DNA. The homologies
of the nucleotide and putative amino acid sequences compared with the published hpaA gene sequences were
04.76% —97. 19% and 95.38% — 98. 46% , respectively. Conclusions. The recombined plasmid carring hpaA
gene has been successfully constructed, and sequence analysis indicates that hpaA is a highly conserved prokaryotic
gene and might be a potential candidate for Helicobacter pylori vaccine development. [ Life Science Journal. 2006;3

(4):42—48] (ISSN: 1097 —8135).

Keywords: Helicobacter pylori; hpaA gene; cloning; sequence analysis

Abbreviations: HpaA: Helicobacter pylori adhesion; MALT: mucosa associated lymphoid tissue

1 Introduction

Helicobacter pylori is one of the common
gram-negative bacteria causing chronic infection,
which infects more than 50% of the human popula-
tion. Infection of the gastric mucosa with Heli-
cobacter pylori results in a number of disease out-
comes including gastritis, which precedes the de-
velopment of peptic ulcer disease, gastric cancer
and lymphomas of the mucosa associated lymphoid
tissue( MALT)'"2) . Although significant progress
has been made in treating Helicobacter pylori in-
fection with current triple or quadruple therapy
based on antibiotics, given in conjunction with bis-
muth compounds and proton pump inhibitor, the
limitations of pharmacological therapy such as side
effects, poor compliance, high cost, and most im-
portantly, rapid emergence of antibiotic resistance
have set the stage for the development of less costly
and more efficient means to prevent and control
Helicobacter pylori infections'>*'. Immunization
against the bacterium represents a cost-effective

strategy to prevent Helicobacter pylori infection,
the selection of antigenic targets is critical in the
design of Helicobacter pylori vaccine'® . Helicobac-
ter pylori adhesion(HpaA) is a flagellar sheath pro-
tein with approximately 29 kDa located in the bac-
terial outer membrane'®’. So in this study, the re-
combinant plasmid inserted with hpaA of Heli-
cobacter pylori was constructed and the homologies
of the nucleotide and putative amino acid sequences
were respectively analyzed, which will be helpful
for determining whether the HpaA becomes one of
the good candidates as an antigen in Helicobacter
pylori vaccine.

2 Materials and Methods

2.1 Materials

The strain MEL-HP27 of Helicobacter pylori
and cloning pBluescripth [| were preserved by our
laboratory, E. coli strains JM109 were purchased
from New England Biolabs (Beijing) LTD (Beijing
China). Pyrobest DNA polymerase, restriction en-
donuclease enzymes ( BamHI, Hind [l ), T4 DNA
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ligase, DNA gel extraction kit and 100 bp DNA
marker were provided by TaKaRa Company
(Dalian, China).

2.2 Bacterial culture and preparation of DNA
template

Helicobacter pylori MEL-HP27 strains were
grown on solid Columbia agar with 100 ml/L
frozen-melting sheep blood, 50 ml/L fetal bovine
serum, and antibiotic supplement ( vancomycin 10
mg/L., polymyxin B 0.33 mg/L, amphotericin A 5
mg/L, trimethoprim 5 mg/L) in a microaerophilic
atmosphere for 3 days to 4 days at 37 °C.

The Helicobacter pylori strains were harvested
and suspended in 1 ml sterile normal saline and pel-
leted by centrifugation at 10,000 g for 5 minutes.
The precipitate was resuspended in lysis buffer (10
mM Tris-HCI, pH 8.0, 0.1 M EDTA, pH 8.0,
0.5 % (w/v) SDS, 20 pg/ml RNase), and then,
protease K was added in to a final concentration of
100 pg/ml, the lysate was incubated in a water
bath at 42 °C for 2 hours. The solution was cooled
to room temperature, and mixed with an equal vol-
ume of phenol equilibrated. The two phases were
separated by centrifugation at 10,000 g for 10 min-
utes at room temperature, and the aqueous phase
was extracted with phenol twice again. After-
wards, 0.1 volume of 2. 5 M ammonium acetate
and 2 volume of ethanol were added to the aqueous
phase. The precipitate was collected by centrifuga-
tion at 10,000 g for 2 minutes, washed twice with
70% ethanol, and dissolved in an appropriate vol-
ume of TE buffer (pH 8.0)!7#). The DNA con-
centration was measured by ultraviolet spectropho-
tometry.

2.3 Synthetic primers and PCR

Oligonucleotide primers were designed to am-
plify hpaA gene from Helicobacter pylori strain
MEL-HP27 based on the published corresponding
genome sequence of 26695 and J99. The sequence
of sense primer with a restriction endonuclease site
of Bam HI was: 5'-CGGGATCCATGAAAGCAA
ATAATC-3". The sequence of antisense primer
with a restriction endonuclease site of Hind [ll was:
5-CGCAAGCTTTTATCGGTTTCT-3". PCR was
performed in a 50 pl reaction mixture in 0.6 ml
tube in an automatic thermal cycler. The PCR
mixture contained 5 pl of 10 X PCR buffer, 2.5 pl
of sample DNA, 4 pl of 2.5 mmol/L deoxynucleo-
side triphoshpate, 2 pl of 0.25 pmol/L oligonu-
cleotide primers, 0.5 pl Pyrbest DNA polymerase
(1.25 U), 34 pl of MilliQ H,O. The parameters
for PCR were as follows: 95 °C for 5 minutes, 1
cycle; 94 °C for 60 seconds, 45 °C for 50 seconds,
72 °C for 50 seconds, 30 cycles; 72 °C for 10 min-
utes, 1 cycle. The amplified products (3 pl) were

observed by electrophoresis on 10 g/1. agarose gel
containing 0. 1 pg of ethidium bromide per ml in
TBE buffer. The PCR product was visualized un-
der UV light and photographed.
2.4 Construction of recombinant plasmids

PCR products were digested by restriction en-
donucleases BamHI and Hind [ll, meanwhile
pBluescriptb I plasmid was digested by BamHI
and Hind [l , too. The target fragments of hpaA
and pBluescriptb [ were recovered by DNA gel ex-
traction kit,and then these two fragments were lig-
ated by using T4 DNA ligase at a molar ratio of 6:
1 at 16 °C for 12 hours. The recombinant plasmid
was transformed into E. coli JM109. The E. coli
JM109 containing the recombinant plasmid was
amplified in LB solid medium containing ampicillin
(100 mg/L.). Clones were picked out randomly
through blue/white screening and cultivated in 4 ml
LB medium containing 100 mg/L of ampicillin, at
200 r/min at 37 °C overnight. Finally the recombi-
nant plasmids were extracted by Sambrook’ s
method and identified by PCR and restriction endo-
muclease enzyme digestion.
2.5 Sequence determination and homology analy-
sis

The sequence determination of hpaA gene of
recombinant plasmid was carried out by Shanghai
DNA Biotechnologies Company ( China), in the
meantime, the sequence of hpaA gene and amino
acid were analyzed by software Omiga. 2. 0 and
DNAmen, and compared the homology based on
the GenBank (No. NC000915, strain 26695; No.
NC000921, strain J99; No. X92502, strain
11637; No. AF479028, strain CH-TX1; No.
U35455, strain CCUG 17874; No. X61574,
strain 8826; No. DQI115385, strain K51; No.
AY714223,strain Y00).

3 Results

3.1
quence

The hpaA of MEL-HP27 strain was amplified
by PCR from the above primers. The PCR product
was electrophoresed and visualized by 10 g/L a-
garose gel (Figure 1). It revealed that the size of
hpaA DNA fragment amplified by PCR was 783
bp, and was compatible with the expectant size.
3.2 Construction and identification of recombi-
nant plasmids _

Recombinant plasmid pBluescriptb [l -hpaA
was digested with BamHI and Hind [l and con-
firmed by PCR, then digestive product and PCR
product were visualized on 10 g/ agarose gel (Fig-
ure 2). It demonstrated that recombinant plasmid
was digested to 3,000 bp and 783 bp DNA frag-

ment, which contained the objective gene, and

PCR amplification of hpaA encoding se-
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hpaA gene was amplified from the recombinant
plasmid by PCR.
3.3 Sequence analysis

Sequencing results showed that the ApaA gene
consists of 783 base pairs and encodes the polypep-
tides of 260 amino acids. The sequencing results of

hpaA from strain MEB-HP27 are published in the

1 Z 3
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Figure 1. The result of hpaA gene amplification using PCR
Lane 1:100 bp DNA ladder; Lane 2 and Lane 3: PCR prod-
uct of hpaA gene.

GenBank, the accession number is DQ353891. The
homologies of the nucleotide and putative amino
acid sequences compared with eight published
hpaA gene sequences were 94.76% —97.19% and
95.38% — 98. 46 % , respectively ( Figures 3, 4).
The strain MEL-HP27 was quite identical to
NCTCI11637 than the others with nucleotide ho-
mologies of 97.19% , and the amino acid identity
was 97. 31% against NCTC11637. There are only
22 base pairs different between MEL-HP27 and
NCTC11637, at 62nd site codon AAG/N—~AGG/
R, at 100th site codon AAT/N—-AGC/S, at 112th
site codon GCG/A—TCG/S, at 124th site codon
AGT/S—AAT/N at 137th site codon ACA/T—
ATA/I, at 164th site codon ATC/I—=GCT/V, at
256th site codon AAC/N—GGC/G ( codon/amnio
acid) . These analysis indicated that the ApaA gene
sequence and the putative amino acid sequence were
quite conservative and might be a potential antigen
candidate for Helicobacter pylori vaccine develop-
ment.

4 Discussion

Helicobacter pylori adhesion is a flagellar
sheath potein located in the bacterial outer membrane.

The outer membrane is a continuous structure on
the surface of gram-negative bacteria, which have
bilateral particular significance as a potential target
for  protective  immunity and bacterial
pathogens-?"'% . In other studies, outer membrane
vaccines have been used with considerable success
to induce protection against a number of organ-
isms"*"". The hpaA gene is located in genome
DNA of Helicobacter pylori and considerably con-
servative for its nucleotide and amino acid se-
quences. HpaA is one of the major structural outer
membrane proteins of Helicobacter pylori and plays

an important role in adhesion of the microbel'>:13J.

 Furthermore, antibody against HpaA almost could

be found in all Helicobacter pylori infected patients
sera, which will be an ideal antigen candidate for
Helicobacter pylori vaccine. In this study, the
hpaA gene was cloned from strain MEL-HP27,
which consists of 783 base pairs and encodes the
polypeptides of 260 amino acids. The homologies of
the nucleotide and putative amino acid sequences of
hpaA gene from Helicobacter pylori strain MEL-
HP27 compared with the 8 published ApaA gene
sequences were as high as 94.25% — 97.32% and
95.38% —98.46% , respectively. These data indi-
cate that the mutation level of the hpaA gene of
Helicobacter pylori strain MEL-HP27 is within the
range reported by GenBank, and suggest that
HpaA is an excellent and ideal antigen for develop-
ing Helicobacter pylori vaccine.

1 2 3 4 o

15000 —
5000 —
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1000 —
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Figure 2. Identification of recombinant plasmid pBluescript-
hpaA by restriction enzyme digestion

Lane 1: 15000bp DNA ladder; Lane 2: pBluescriptb [I di-
gested by BamHI and Hind |l ; Lane 3: pBluescript-hpaA
digested by Hind Il ; Lane 4: pBluescript-hpaA digested by
BamHI and Hind lll ; Lane 5: hpaA gene amplified by PCR
from recombinant plasmid pBluescript-hpaA.
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Figure 3. Homology comparison of ApaA gene nucleotide sequences
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Figure 4. Homology comparison of the putative amino acid sequences of hpaA gene
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Expression of Recombinant Human MT1G Gene
with C Terminal of His-tag in EC9706 Cells
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Abstract: Objective. To construct a recombinant eukaryotic expression plasmid of MT1G and express it in human
esophageal cancer cell line EC9706. Methods. The target sequence was amplified by PCR from pACT2-MTI10
plasmid containing human MT1G ¢DNA and cloned into eukaryotic expression vector pcDNA3. 1/Mye-His( — )
with C terminal of myc epitope and 6 X His-tag. After restriction endonuclease digestion and DNA sequencing con-
firmation, the recombinant plasmid was tranfected into EC9706 cell by lipofectamine 2000. The positive monoclone
was screened by G418. RT-PCR and Western blotting were used to detect the expression of mRNA and [usion pro-
tein of MT1( gene respectively. Results. The eukaryotic expression vector pcDNA3. 1/Mye-His( — )-MTI1G was
successfully constructed and MTIG fused protein with His-tag was expressed in tranfected EC9706 cell. Conclu-
sion. The human MT1G recombinant plasmid and the EC9706 cell sirain stably expressing MT1G fused protein
with His-tag were obtained, which provide the basis for further study on biology functions of MT1G. [ Life Science

Journal. 2006;3(4):49 — 53] (ISSN: 1097 - 8135).

Keywords: metallothionein 1G; esophageal cancer; eukaryotic expression

Abbreviations: MTs: Metallothioneins

1 Introduction

Metallothioneins (MTs) are a cystein-rich,
low molecular weight proteins, which can bind to
heavy metals such as zinc and copper and is in-
volved in their intracellular homeostasis!''. In hu-
mans, MTs are encoded by a family of genes con-
sisting of 10 functional MTs isoforms and the en-
coded proteins are conventionally subdivided into
four groups viz, MT-1, MT-2, MT-3 and MT-4
proteins2 . While a single MT-2A gene encodes
MT-2 protein, MT-1 protein comprises many sub-
types encoded by a set of MT-1 genes (MT-1A,
MT-1B, MT-1E, MT-1F, MT-1G, MT-1H and
MT-1X) accounting for the microheterogeneity of
the MT-1 protein'®. Although MTs have been
linked with tumorigenesis and progression, there is
not much information available in the literature on
the functional roles of the different MT isoforms.
To investigate the biological roles of MT1G in hu-
man esophageal cancer cell line, we constructed the
recombinant eukaryotic expression vector pcDNA3.
1/Myc-His (-)-MT1G and expressed it in EC9706

cells.
2 Materials and Methods

2.1 Materials

Esophageal cancer cell EC9706, cukaryotic ex-
pression vector pcDNA3. 1/ Mye-His(-), E. coli.
strain DH5a and strain DHS5a containing pACT2-
MT1G were from department of Etiology and Car-
cinogenesis, Cancer Institute , Chinese Academy of
Medical Sciences. Taq DNA polymerase, T4 DNA
ligase, Xbal and DBamHI restriction enzyme, 100
bp Ladder marker, RT-PCR kit were Takara.
Lipofectamine™ 2000, TRIZOL reagents were In-
vitrogen. Rabbit polyclonal His antibody, peroxi-
dase-conjugated secondary antibody were purchased
from Beijing Zhongshan Biotechnology Company.
2.2 Methods
2.2.1 Design of primers and amplication of target
gene

According to MT1G gene sequences published
in GenBank, the primers were designed to amplify
the full length of the human MT1G cDNA with an
enzyme digest site of Xbal added to the 5" end of
the forward primer and an enzyme digest site of the
BamHI added to the 5" end of the reverse primer.
The forward primer was 5'-TAG TCT AGA ATG
GAC CCC AAC TGC TCC -3 and the reverse
primer was 5-TAT GGA TCC GGC GCA GCA
GCT GCA CT -3". MTI1G cDNA was amplified us-
ing plasmid pACT2-MT1G as template. PCR con-
ditions were as follows: 1 cycle at 94 T for 2 min-
utes, 35 cycles with 30 seconds at 94 C for denat-
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uration, 45 seconds at 56 T for annealing, 1
minute at 72 C for extension and a final extension
at 72 C for 10 minutes. PCR products were identi-
fied with 1.5% agarose gel electrophoresis.
2.2.2 Construction and identification of recombi-
nant eukaryotic expression vector pcDNA3. 1( — )-
MTI1G ;

PCR products were purified by PCR purifica-
tion kit and digested by Xbal and BamHI. At the
same time the plasmid pcDNA3.1( — ) was also di-

Xbal

Nyc epitope

pcDHAZ.1/Myc-His(-) B

Amp
5520bp

Neomycin

Xbal

BamHI

gested by Xbal and BamHI. Later, the digested
products of the 2 above mentioned were ligated by
T4 DNA ligase for overnight at 16 C . The ligation
products were transferred into competent cells of
E. coli DH5a. Amp-resistant clones were selected
and positive clones were verified by PCR. The pos-
itive clone containing MT1G cDNA fragment was
named pcDNA3. 1( — )-MT1G. The construction
procedure of recombinant vector is shown in Figure
1.

pACT2-NT1G
PCRY 1R

v
MT1G <DNA
Xbal+BamHI

Xbal -

BamHI

|T4d DNA Ligase

Amp
5520bp

Mycepitope

peDNA3.L/Myc-His (-] B

Neomycin

Figure 1. The construction procedure of recombinant vector pcDNA3. 1( — ) /Myc-His-MT1G

2.2.3 Cell tranfection and positive clone screen-
mng

According to the protocol of Lipofectamine™
2000, plasmids pcDNA3.1( — )-MT1G were trans-
fected into esophageal cancer cell EC9706. And
pcDNA3. 1( — ) also was transfected transfected in-
to EC9706 cells as negative control. Two groups
cells were screened in the medium containing ge-
neticin (G418) of 400 mg/ mL for 48 hours. After
two weeks’ selection, positive clones were isolated
and further expanded which were named EC9706-

MT1G and EC9706-null cells respectively.
2.2.4 Identification of transfection

RT-PCR: Total RNA were extracted with
TRIZOL reagent according to the manufacturer’ s
instructions. Concentration and purity of RNA
were measured by ultraviolet spectrophotometer.
0.5 pg RNA was used to synthesize cDNA , and
PCR was performed as follows: 94 C for 2 min-
utes;35 cycles of 94 T for 30 seconds, 54 T for
30 seconds, 72 C for 1 minute; 72 C for 5 min-
utes. The primers for MT1G were : 5-TCG CTT
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GGG AAC TCT AGT CTC-3" (forward), and 5'-
GCA AAG GGG TCA AGA TTG TAG -3’ (re-
verse), amplification fragment lengths were 309
bp. B-actin primers were 5'-CAT CCT GCG TCT
GGA CCT-3" (forward), and 5'-TCA GGA GGA
GCA ATG ATC TTG-3" (reverse), amplification
fragment lengths were 480 bp. RT-PCR products
were visualized by ethidium bromide-stained 1.5%
agarose gel.

Westem blot: Cells were washed for 3 times
with PBS and lysed in RIPA lysis buffer. Protein
concentration in each lysate was detected by Brad-
ford method. The protein were mixed with 5 X
loading buffer and boiled for 5 minutes. Protein
samples were resolved by SDS-PAGE by the same
volume and transferred to 0.2 pm PVDF mem-
brane. After blocking with 5% skim milk, proteins
were incubated with rabbit anti-human His anti-
body for overnight at 4 C and then with peroxi-
dase-conjugaated secondary antibody for 1 hour.

After washed for 5 times with PBST, the mem-

S00bp
200bp

brane was then stained using DAB kit.
3 Results

3.1 Identification of recombinant plasmid pcD-
NA3.1( - )-MTIG

Target gene fragment was obtained by PCR
amplification from plasmid pACT2-MT1G contain-
ing human MT1G ¢DNA and inserted into peD-
NA3.1( — ) eukaryotic expression vector to con-
struct pcDNA3. 1 ( — )-MT1G recombinant plas-
mid. After digesting with double restriction en-
donuclease Xbal and BamHI, around 5.4 kb and
192 bp fragments were obtained. The former is

.plasmid fragment digested and the latter was target

gene fragment digested (Figure 2). Recombinant
plasmid was sequenced, and the result was the
same as MTI1G cDNA sequence published in
Genebank (Figure 3). This confirmed that eukary-
otic expression vector pcDNA3. 1( — )-MTI1G was
constructed successfully.

Figure 2. RCR analysis of recombinant plasmid pcDNA3. 1( — )-MT1G
Lane 1: 100 bp ladder marker; Lane 2: pcDNA3. 1( — )-MT1G; Lane 3: pcDNA3. 1( — ) -MTI1G digested by Xbal and
BamHI; Lane 4: pcDNA3.1( — ); Lane 5: pcDNA3. 1( — ) digested by Xbal and BamHI; Lane 6: PCR product of MT1G

Lane 7: ADNA/Hind lll + EcoRI marker

3.2 Expression of MT1G mRNA

RT-PCR products of the cell EC9706-MT1G
yielded two expected fragments of 480 bp and 309
bp, corresponding to RT-PCR products of B-action
and MT1G respectively. While RT-PCR products
of the cell EC9706-null only yielded one fragment
of 480 bp B-action and no target gene fragment of
309 bp(Figure 4).
3.3 Expression of MT1G fusion protein with his-
tag

MT1G {fusion protein with his-tag was detect-
ed in the cells EC9706-MT1G and not in cells
EC9706-null( Figure 5). This showed stable trans-
fection of MT1G gene in EC9706 cells was suc-

cessful.
4 Discussion
At first, MTs were recognized to involved

metal ion homeostasis and detoxification, protec-
tion against DNA damage, oxidative stressl”). In
the postgenomic era, it is becoming increasingly
clear that MT fulfils different functions'®. In re-
cent years, more and more data have showed that
MTs are associated with tumour cell proliferation
and apoptosis, resistance to radiation or chemother-
apy, patient survival and prognosis[g'm]. Although
metallothionein expression has been implicated in
carcinogenic evolution, current knowledge on the
potential biological roles of its different isoforms in
the various human cancers remains unclear. So far,
researchers only found that different MT isoforms
in humans possibly play different functional roles
during development or under various physiological
conditions' ', Individual isoforms have unique
functions!'?!. Therefore, detailed studies focused
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Figure 3. Recombinant eukaryotic expression vector pcDNA3. 1( — )-MTI1G sequence

1 2 3

500bp
300bp
200bp
100bp

Figure 4. Expression of MT1G mRNA detected by RT-PCR
Lane 1: 100 bp ladder marker; Lane 2: EC9706-null; Lane
3: EC9706-MT1G

Figure 5. Expression of MT1G [usion protein with His-tag
deteced by Western blot. Lane 1: EC9706-null; Lane 2:
EC9706-MT1G

on the functional roles of different metallothionein
isoforms could elucidate the role of this group of
proteins in the carcinogenic process, delineating its

possible clinical significance for the management of
patients. In this study, we constructed the eukary-
otic expression vector of MT1G and expressd it in
human esophageal cancer cell EC9706 first.

Due to the high sequence homology of the MT
isoforms, the generation of isoform-specific anti-
bodies for MT was hindered''?'. The commercially
available E9 antibody, which is used routinely for
MT immunohistochemical studies, cannot distin-
guish different MT isoforms ', So, the eukaryotic
expression plasmid pcDNA3. l/Myc-His( — ) was
chosen to encode two tag gene of myc and 6 X His.
The full MT1G cDNA was inserted into the multi
clone site of the eukaryotic expression plasmid pcD-
NA3. 1/Myc-His( — ) and located closely at the up-
stream of two tag gene of myc and 6 X Poly-his-
tidines so as to construct recombinant eukaryotic
expression vector of MT1G gene: pcDNA3. 1/Mye-
His( — )-MT1G. Recombinant plasmid was tran-
fected in esophageal cancer cell EC9706. Then ex-
pression of the MT1G fusion protein with 6 X His
tag was detected with specific anti-6 X His anti-
body which could reflect expression level of MT1G
protein indirectly. Although fusion protein was ob-
tained, 6 X His tag was very small and stable in
physiological pH, folded structure and chemical
properties of recombinant protein were not changed
and the tag often has little effect on the function of
the protein. In addition, pcDNA3.1/Myc-His( —)
contains CMV promoter and SV40 ori reproduce
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— —_—

component and provides efficient, high-level ex-
pression in a wide range of mammalian cells.
Neomycin resistance gene was used to selection of
stable transfectants in mammalian cells.

In this study, eukaryotic expression plasmid of
MTI1G gene was constructed and transfected into
human esophageal cancer cells EC9706 successful-
ly. This layed a foundation for further study on the
function and mechanism of MT1G in tumorenesis.

Correspondence to:

Qingxia Fan

Department of Oncology

The First Affiliated Hospital
Zhengzhou University

Zhengzhou, Henan 450052, China
Email : {gx2243(@sohu. com

References
1. Coyle P, Philcox JC, Carey LC, et al. Metallothionein:
the multipurpose protein. Cell Mol Life Sci 2002; 59:

627 —47.

2. Palmiter RD, Findley SD, Whitmore TE, et al. MT-
Il , a brain specific member of the metallothionein gene
family. Proc Natl Acad Sci USA 1992; 89. 6333 - 7.

3. Stennard FA, Holloway AF, Hamilton J, et al. Charac-
terization of six additional human metallothionein genes.
Biochim Biophys Acta 1994; 218:357 — 65.

10.

1

o

12.

+ 53 -

. Quaife CJ, Findley SD, Erickson JC, et al. Induction of

a new metallothionein isoform (MT-IV) occurs during
differentiation of stratified squamous epithelia. Biochem-
istry 1994; 33: 7250 —9.

. Mididoddi S, McGuirt JP, Sens MA, et al. Isoform-spe-

cific expression of metallothionein mRNA in the develop-
ing and adult human kidney. Toxicol Lett 1996; 685: 17
=27

. Karin M, Eddy RL, Henry WM, et a/. Human metal-

lothionein genes are clustered on chromosome 16. Proc
Natl Acad Sci USA 1984; 81: 5494 — 8.

. Hamer DH. Metallothionein. Annu Rev Biochem 1986;

55:913 - 51.

. Vasak M. Advances in metallothionein structure and

functions. ] Trace Elem Med Biol 2005;19:13 —7.
Cherian MG, Jayasurya A, Bay BH. Metallothioneins in
human tumors and potential roles in carcinogenesis. Mu-
tat Res 2003; 533:201 9.

Jasani B, Schmid KW. Significance of metallothionein
overexpression in human tumours. Histopathology 1997,
31:211—4.

. Kagi JHR, Schaffer A. Biochemistry of metallothionein.

Biochemistry 1988; 27:8509 — 15
Bylander JE, Li SL, Sens MA, et al. Exposure of hu-
man proximal tubule cells to cytotoxic levels of CAC12 in-

duces the additional expression of metallothionein 1A
mRNA. Toxicol Lett 1995; 76: 209 - 17.

. Jasani B, Elmes ME. Immunohistochemnical detection of

metallothionein. Methods Enzymol 1991; 205:95 — 107.

Received August 5, 2006




Life Science Journal , 3(4), 2006, Yu,et al , Msp I Polymorphism of the Coagulation Factor W Gene

Msp I Polymorphism of the Coagulation Factor V| Gene

in Patients with Ischemic Cerebrovascular Disease

in Han Population of Henan, China
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Abstract: Objective. To determine whether there is any relationship between polymorphisms in gene of coagulation
factor VI and ischemic cerebrovascular disease in Han population of Henan in China. Methods. Coagulation factor
VI (R353Q) genotypes were screened in 512 patients with ischemic cerebrovascular disease by PCR and restriction
fragment length polymorphisms (PCR-RFLP) assay. Results. The R353Q genotypes of factor V[ distribution was
in accordance with Hardy-Weinberg equilibrium. The distribution of allele and genotype in R353Q had significant
difference between the control group and CVD group. Conclusion. The Q allele of the R353Q polymorphism of the
factor VI gene may be a protective genetic factor against ischemic cerebrovascular disease in Han population of

Henan, China. [Life Science Journal. 2006;3(4):54 —56] (ISSN: 1097 — 8135).

Keywords: coagulation factor V[ 5 ischemic cerebrovascular disease; polymorphism; R353Q

Abbreviations: CAD: coronary artery disease; ICVD: ischemic cerebrovascular disease; IHD: ischemic heart dis-

ease; FVI : coagulation factor VI

1 Introduction

Coagulation factor VI (FVI) is the initial fac-
tor in the extrinsic pathway of the coagulation cas-
cade and FV[ levels in plasma are usually related to
ischemic heart disease (IHD). The updated result
of the NPH study showed that FVl ¢ was strongly
related to fatal events of ischemic heart diseasel!l.
In two Japanese reports, FV[c was also proposed to
be the independent risk factor for coronary artery
disease(CAD) 23! . Ischemic cerebrovascular disease
(ICVD) shares many risk factors related to IHD.
ICVD has a complex etiology and pathophysiology
generated by the combined effects of genes and the
environment. Genetic variation played an important
role in the determination of plasma FV[ levels. In
the previous study, the polymorphism at exon 8 of
the FVI gene (designated R353Q polymorphism )
was consistently reported to have a genotype effect
on plasma F V[ ¢ levels. Our main purpose was to
determine whether there is any relationship be-
tween R353Q polymorphism in gene of coagulation
FVI and ischemic cerebrovascular disease in Han
population of Henan, China.

2 Materials and Methods

2.1 Subjects
A total of 512 patients with ischemic cere-

brovascular disease were admitted to the First Affil-
iated Hospital of Zhengzhou University. There
were two groups in the study (1)CVD group: 512
subjects (310 males and 202 females, aged 60 +
10.2 years); (2)control group: 560 subjects (294
males and 266 females, aged 56 + 9. 8 years). The
control group were healthy subjects clinically free of
vascular disease. All of them were unrelated, and
were the Chinese Han population.
2.2 Gene polymorphism

Genomic DNA were extracted from peripheral-
blood lymphocytes by the standard phenol-chloro-
form method. Primers for PCR amplification were
made according to the sequence reported by Green
et al', and the conditions of the PCR reaction
were 94 C for 5 minutes, followed by 35 cycles of
1 minute at 94 C ,1 minute at 56 T, 1 minute at
72 C, and the final cycle was at 72 C for 5 min-
utes. PCR reaction mixture of 25 pl contains 100
ng genomic DNA, 10 pmol of the primer, 1.5
mol/L MgCl,, 50 mol/L KCl, 10 mol/L Tris-HCI
(PH 8.3), 0.2 mol/L of dNTP each and 2.0 U
DNA polymerase. Following amplification, a re-
striction digestion was performed to detect the F V[
sequence polymorphism with the enzyme Mspl at
37 C for 12 hours. These products and PCR prod-
ucts were separated using electrophoresis through
2% agarose gel and stained with ethidium bromide
and visualized under UV light.
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2.3 Statistical analysis

The frequencies of the alleles and genotypes
were counted and compared by the Chi-square test.
Odds Ratios(OR) and their 95% confidence inter-
vals (95%CI) were used to estimate the risk asso-
ciation to the genotype. All statistical procedures
were performed with SPSS 10. 0 software package.
P<0.05 was set statistically significant.

3 Results

Three genotypes of R353Q(RR, RQ and QQ)
were found in our study (Figure 1). The genotype

distribution for both males and females was in ac-
cordance with Hardy-Weinberg equilibrium by Chi-
square test (P >0.05). Due to low number of the
subjects homozygous for the Q allele, we concen-
trated our analysis on the combined group(RQ +
QQ). The frequencies of the Q allele and (RQ +
QQ) genotype were significantly higher in control
group than those in CVD group (P =0.025, Odds
ratios=0. 657, 95%CI, 0.454 —0.951 for the Q
allele and P = 0. 016, Odds ratios = 0. 625, 95%
CI, 0.426-0.917). This group of Q carriers had
a 35% reduction of the risk of CVD as compared
with carrier of R allele (Table 1).

5

6

M

300bp

200bp

100bp

Figure 1. PCR products from amplification of the polymerphic region of the R353Q) gene
Lane M: 100 bp DNA Marker; Lanes 1 and 5: RR homozygote with a fragment of 205 bp; Lanes 2 and 4:RQ heterzygote
with a fragment of 205 bp and 272 bp; Lane 3: QQ homozygote with fragments of 272 bp; Lane 6: PCR product.

Table 1. Distribution frequency of R353Q genotype and allele in patients with CVD and controls

Genotype CVD(n =512) Control( n = 3560) P value OR(95%CI)

RR 465(90.8) 482(86.4) 1.00

RQ 46(9.0) 76(13.2) 0.018 0.627(0.426—-0.924)

QQ 1(0.2) 2(0.4)
RQ+QQ 47(9.2) 78(13.6) 0.016 0.625(0.426—-0.917)

Alleles
R 976(95.3) 1042(93.0) 1.00
Q 48(4.7) 78(7.0) 0.025 0.657(0.454—-0.951)

4 Discussion

FVI is a vitamine K-dependent protease and it
is the initial factor in the extrinsic pathway of the
coagulation cascade. The prospective Northwick
Park Heart Study (NPHS) found that raised F VI
coagulant activity (FV[¢) was an independent risk

factor for CAD'". Epidemiological evidence sug-

gested that ICVD shared many risk factors with
IHD, such as age, hypertension, and smoking,
etc. It is also possible that the features of the
hemostastic system may influence the development
of ICVD, as has heen suggested for IHD. Genetic
variations play a role in the determination of plasma
FVI levels. In the previous study, the polymor-
phism at exon 8 of the FVI gene (designated R353Q
polymorphism) was consistently reported to have a
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genotype effect on plasma FVlc levels. These poly-
morphisms arised from a basic substitution of A to
G in the second position of the codon 353, leading
to substitution of arginine with glutamine (alleles
were designated as R and Q, respectively ).
Green'* first reported that heterozygous European
subjects were 22% lower on FVl[¢ levels than those
in group mean. In some of these studies, the Q al-
lele was also found to be associated with lower FV[c
levelst> ). Girelli!”! reported that Q allele had a
protective effect against MI. Differences in allelic
frequencies had been reported in different ethnic
groups. In our study, the frequency of Q allele was
7.0% . The Q allele frequency of the R353Q poly-
morphism in Chinese was significantly lower than
that of the Dravidian Indians (0.29).

It was also lower than frequencies of the Euro-
peans(0. 14 — 0. 28)146) | but higher than that of
the Japanese(0.034) 5] and it was similar to that of
Korean(0.060)"8 , which suggested that the preva-
lences of gene mutation of R353Q vary with differ-
ent ethnic groups or geographic regions. The mech-
anism of R353Q’ s effect on plasma F V[ levels is
unknown, and several possible explanations have
been discussed. Lower plasma levels of the F VI
protein seen with the Q allele might be due to a
conformational change produced by the Arg—Gln
substitution that affected the processing of FVI in
the hepatocytes, resulting in reduced secretion of
the protein[g]‘ In line with this hypothesis, the Q
variant was shown in vitro to be associated with
reduced secretion of FVI compared with the R vari-
ant, thus accounting for the reduction on plasma
FVI levels!'®). Our result was similar to the results
reported by Girelli”!. Our study has shown that Q
allele of the R353Q polymorphism in the FV[ gene
may play a protective role against ICVD in Han
population of Henan, China.
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Abstract: Objective. To study the prevalence of dental fluorosis in children and its possible relationship with fluoride
intake by drinking water. Methods. 198 children aged 8 — 12 years old were allocated into 2 groups (A and B) ac-
cording to the water fluoride levels. Dental fluorosis was examined by Dean’s method and CFI was calculated. The
children’s urinary samples were collected. Ion-selective electrode method was used to determine the fluoride concen-
tration in drinking water and urinary samples. Results. The significant differences were found between two groups
in children urinary fluoride levels (0. 62 mg/L and 1.49 mg/L) and the prevalent incidence of dental fluorosis
(13.51% and 43.68% ) (P<0.01). There were significant correlations between dental fluorosis and fluoride level
in drinking water, dental fluorosis and fluoride level in urine respectively (y* =21.73,P<0.005). Conclusion.
For the fluoride level of 1.22 mg/L in drinking water, dental fluorosis should be closely monitored. The urinary
fluoride level of children may be an effective index. [ Life Science Journal. 200653(4):57 —60] (ISSN: 1097 -

8133).

Keywords: water fluoride; urinary fluoride; dental fluorosis

Abbreviations: CFI: community [luorosis index

1 Introduction

Over fluoride intake during the formative years
of a child’ s enamel development can cause dental
fluorosis which is often a condition marked by per-
manent staining of adult teeth. The discoloration
induced by dental fluorosis, particularly in its ad-
vanced forms, can cause significant embarrassment
and stress to the impacted child, resulting in ad-
verse effects on esteem, emotional health, and ca-
reer success. In drinking-water type of fluorosis-en-
demic areas, drinking water is a main exposure
pathway contributing to endemic fluorosis. Al-
though the engineer of altering water sources to
lower fluoride in drinking water prevents endemic
fluorosis effectively, especially for skeletal fluoro-
sis, the fluctuations in the fluoride concentration in
the drinking water and its effect on dental fluorosis
are still worth concerning!!” 2. Even with the low
fluoride concentration in drinking water of 0.872
mg/L, cases of mild dental fluorosis in 12-year-old
children were observed®). In present study, two
villages were chosen from Neihuang town in Henan
province, a fluorosis-endemic area caused by high
fluoride concentration in ground water, to investi-
gate the prevalence of dental fluorosis in children
and its possible associations with the fluoride con-

centrations in drinking water and children’ s uri-
nary.

2 Materials and Methods

2.1 Villages investigated

The geographical condition, climatic condi-
tion, economic development, population, variety of
crop and custom are similar in two chosen villages
marked as group A and group B, respectively.
There is no industrial pollution of fluoride in both
villages where ground water is the only source of
drinking water.
2.2 Fluoride level in water and children’s urine

Five water samples from the east, west,
south, north, and middle locations of each village
were collected representing the water quality of the
whole village. Stratified sampling method was used
in collecting the spot urine samples of school going
children aged 8 — 12 vears old. The urine samples
were collected in nonreactive plastic containers and
brought to the laboratory within 4 hours. A total of
10 water samples and 100 urine samples from two
villages were collected and analyzed by iron-selec-
tive electrode method. Total ionic strength adjust-
ment buffer made from sodium citrate, acetic acid
and sodium chloride, was added to the standard
fluoride solutions as well as the samples before mea-
surement of fluoride. The instrument was calibrat-
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ed with two standard solutions so that the concen-
tration of one was 10 times of the other and also
that the concentration of the unknown falls be-
tween those two standards. Then, the concentra-
tion of the unknown was directly read from the dig-
ital display of the meter.
2.3 Assessment of dental fluorosis

All the children in the two villages were as-
sessed for dental [luorosis according to Dean’s clas-
sification. All the examiners were trained. Normal
is the station that the enamel represents the usual
translucent semivitriform type of structure. The
surface is smooth, glossy, and usually pale creamy
white color. Questionable means that the enamel
discloses slight aberrations from the translucency of
normal enamel, ranging {rom a few white flecks to
occasional white spots. This classification is utilized
in those instances where a definite diagnosis of the
mildest form of fluorosis is not warranted and a
classification of “normal” is not justified. Very
mild is small opaque, paper white areas scattered
irregularly over the tooth but not involving as much
as 25% of the tooth surface. Frequently included in
this classification are teeth showing no more than
about 1 —2 mm of white opacity at the tip of the
summit of the cusps of the bicuspids or second mo-
lars. Mild is the station that the white opaque areas
in the enamel of the teeth are more extensive but do
not involve as much as 50% of the tooth. Moderate
means that all enamel surfaces of the teeth are af-
fected, and the surfaces subject to attrition show
wear. Brown stain is frequently a disfiguring fea-
ture. Severe includes teeth formerly classified as
“moderately severe and severe.” All enamel sur-
faces are affected and hypoplasia is so marked that
the general form of the tooth may be affected. The
major diagnostic sign of this classification is discrete
or confluent pitting. Brown stains are widespread
and teeth often present a corroded-like appearance.

The prevalence of dental [luorosis and commu-
nity fluorosis index (CFI) were calculated. CFI
was calculated based on the symptoms classifica-
tions of dental fluorosis, viz., normal, question-
able, very mild, mild, moderate, moderately se-
vere and severe. The number of children in each
category was multiplied by the corresponding nu-
merical weight, the products thus obtained for the
various categories were added up and the total sum
was divided by the total number of people sur-
veyed, giving the community fluorosis index.
2.4 Statistical analysis

The statistical analysis was performed by #-test

and Chi-square tests with a 5% significance level.
3 Rusults
3.1 Level of fluoride in water samples

In the village A, the fluoride distribution of
water samples ranged from 0. 15 mg/L to 0. 13
mg/L.. The mean value of fluoride was 0. 14 mg/L.
and the standard deviation was (.01 mg/L. While
in the village B, the fluoride concentration in water
samples ranged from 1. 81 mg/L to 0. 66 mg/L.
The mean value of fluoride and the standard devia-
tion were 1.22 mg/L and 0.56 mg/L., respective-
ly.
3.2 Level of fluoride in urine samples

The data on fluoride distribution in urine sam-
ples in children have been given in Table 1. The
significant difference was found between the two
villages children’ s urinary fluoride levels ( P <
0.01).

Table 1. The level of fluoride in urine of children (mg/1.)
Group Cases (n) Fluoride (x+s)
A 50 0.62+0.54
B 50 1.49+0.79

t-test,z = —6.45, P<0.005

3.3 Dental fluorosis

The results of percentage incidence of dental
fluorosis and CFI obtained for both groups were
given in Table 2. There was significant difference
in prevalence of dental fluorosis between two vil-
lages’ children (P<0.01). The predominant cate-
gory of dental fluorosis in group A and group B was
very mild (12.6% and 32.2% ), followed by ques-
tionable (12.6% and 16.1%), mild (0.9% and
8.0%), moderate (0% and 2.3%), and severe
(0% and 1.5% ) (Table 3).

Table 2.
children

Percentage of dental fluorosis and Dean’s Index in

Prevalence( %) CFI
1351 0.22
43.68 0.68

Group Cases(n) Positive cases(n)
A 111 15
B 87 38
Chi-square test ,7(2 =22.46,P<0.005.

3.4 Correlations of dental fluorosis, fluoride
level in drinking water and in urine

Significant correlation was found between
stages ol dental [luorosis and fluoride levels in
drinking water. There was also a significant corre-
lations between dental fluorosis and fluoride level in
urine (Table 3).
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Table 3. Correlations between dental fluorosis and fluoride in water, fluoride in urine
Fluoride in Fluoride in Stage of dental fluorosis ()
Group water urine . ) )
(mg/L) (mg/L) normal questionable  very mild  mild moderate severe
A 0.14 0.62 82 14 14 | 0 0
B 1.22 1.49 35 14 28 7 2 1

Stage of dental fluorosis vs. fluoride level in water, ¥*=21.73, P<0.005
Stage of dental fluorosis ws. fluoride level in urine, ¥2=21.73, P<0.005

4 Discussion

High amounts of fluorides in drinking water is
the common reason resulting in dental fluorosis.
Positive correlation was found between [luoride
concentrations in groundwater and occurrence of
dental fluorosis in several studies'*>'. On the other
hand, there are many people in the world such as in
US receiving drinking water from municipalities
that add fluoride to their water systems to prevent
dental carries. Some researches have shown carries
reduction of up to 40% after fluoridation'®7!. Al-
though the efficacy of drinking-water fluoridation is
well accepted by the policy makers, the benefits are
not without consequence. Children from a [luori-
dated community in Republic of Ireland showed a
prevalence of 36% with dental fluorosis™® . People
have paid more attention on the low fluoride level in
drinking water with low caries but prevalence of
dental {luorosis in children'®.

Both of the two villages investigated are from
endemic fluorosis area where altering water sources
to lower the fluoride level has been taken to control
the endemic fluorosis for more than 10 years. How-
ever, the prevalence of dental fluorosis can be af-
fected by the low fluoride concentration less than 1
meg/L in the drinking water''”'. As shown in Table
2, the prevalence of dental fluorosis was signifi-
cantly lower in the group of children drinking water
with 0. 14 mg/L flugride as compared to the group
of children drinking water with 1.22 mg/L fluo-
ride. For the more, the stages of children’s dental
fluorosis tended to become more severe with the ris-
ing of fluoride concentration in drinking water
(Table 3).

When the CFI value is higher than 0.6, fluo-
rosis is considered to be a public health problem in
that area. Although the CFI in both groups were
lower than 1.0 (medium public health significance
of fluorosis) , there were still 13.5% dental fluoro-
sis (mostly very mild to mild) caused by the drink-
ing water with fluoride level of 0. 14 mg/L.. As for
the drinking water with fluoride level of
1.22 mg/L., slightly above optimum levels ol expo-
sure recommended by WHO (1.0 mg/L), the

prevalence of dental fluorosis was 43.68% and se-
vere case was observed (Table 3). Therefore, it
would be necessary to keep close monitoring of the
fluoride concentration in drinking water and dental
fluorosis in the children of right age in this area.

Besides fluoride in drinking water, there are
other sources of fluoride that contribute to overall
fluoride intake and therefore may contribute to den-
tal fluorosis, such as fluoride toothpaste, food
grown in soil containing fluoride or other uncertain
source' ", When assessing the levels of {luoride in-
gestion, it’s difficult to determine the fluoride in-
take from all potential sources. As urine is the main
excretion route for ingested fluoride, and when
persons have taken fluoride for a long time and have
reached a steady state of balance, they ultimately
excrete via urine every day an amount of [luoride
essentially equivalent to the amount consumed, so
fluoride concentration in urine has a direct relation
with intake of [luoride iron and can be an index of
total exposure. 24-hour urinary fluoride excretion
and the fractional urinary fluoride excretion were
used to estimate the total {luoride intake in some
studies''?* ). The 24-hour urinary fluoride excre-
tion and the fractional urinary fluoride excretion are
more reliable than spot sample. Although large
variations were observed in the individual urinary
fluoride levels, which may be the result of different
age, eating and drinking habit, urine pH, urine
flow rate, kidney status, and other factors, analy-
sis of spot fluoride concentration in urine is a useful
way to estimate the overall {luoride intake of popu-
lation''*!. In this study, it’s reported that as the
degree of dental fluorosis increased from normal to
severe, the level of spot urinary fluoride excretion
was increased. It s suggested that spot sample of
urinary fluoride excretion can be used as an indica-
tor for monitoring the dental fluorosis risk when it
is not feasible to obtain reliable 24-hour urinary
samples.
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Abstract: This study investigated the composition of the Erythrophleum suaveolens seed and oil, as well as the an-
tifimgal activity of the oil extracted on some dermatophytic fungi were analyzed. The moisture content of the
healthy E. suawveolens seeds was 7.50+0.61% ; while the oil yield (quantity of oil) was 36.00+0.34%; 17.50
+1.28% protein and 27.37+0.86% crude fiber. The oil extracted from the E. suaveolens seed (quality of oil)
was edible and non-rancid with free fatty acid value of 2. 17 +0.34% ; peroxide value of 2. 57 + 0. 89 meq/kg; io-
dine value 3. 14+ 0. 68% ; unsaponsifiable matter of 16.54 +0.40 g/kg and refractive index of the oil at 40 "C was
1.52+0.32. The oil showed significant antifungal activity against the dematophytes tested Aspergillus flavus,
A. niger, A./uvanity, Candida albicans and ( Microsporum gyseum ), above the 10 mm recommended standard
for a good inhibition. The antifungal activity of the orthodox antibiotic, Nystatin, was significantly higher than
that of oil on the fungi tested. [ Life Science Journal. 2006;3(4):61 — 64] (ISSN: 1097 —8135).

Keywords: antifungal activity; Erythrophleum suaveolens; seeds; oil quality; heavy metals

Abbreviations: AAS: atom absorption spectrometer; FFA: free fatty acid; SDA: saboraud dextrose agar

1 Introduction

The tropical rainforest in Africa is endowed
with yet fully exploited economic trees. One of
such trees is Erythrophleum suaveolens Guill and
Perr. in the family lequninosae, commonly called
sasswood or red water wood. It is called “Ingi” or
“orachi” in Igho and “Emin” or “Obo” in Yoru-
bal'l. In Nigeria, E. suavelons is cultivated in the
southeastern states and eaten mainly by Igbos. The
seeds of E. suaveolens are used as a soup thickener
for various dishes. The seed of E. suaveolens are
relatively cheap to purchase thus used by natives to
replace melon “egusi” seeds in preparing the staple
vegetable soup in the southeastern Nigeria. In U-
ganda, the fruit is a favorite food of elephants and
they are reported to be responsible for dispersing
the seeds'?. The bark of E. suaveolens tree is
used as an arrow poison. In large does, the bark
extracts occasions a progressive loss or mental re-
flexes, when applied to animal, that later leads to
muscular relaxation, paralysis of the heart and
eventual death. Analysis of the bark extracts yields
an alkaloid called erytrophleine®’. E. suaveolens
bark extracts was claimed to be used in the treat-
ment of heart disease traditionally in Nigeria,
though not adopted in modern medicine, but it is
said to be of use in the treatment of spasmodic asth-

r
I'I'lEi'Z:I 2

Seeds are usually one of the sources of the
propagation of plants as well as source of food® .
During harvesting and storage, fungi, bacteria, in-
sects etc attack seeds. Some workers have studied
the nutritive value of seeds, which include ground-
nutstS), maize'® , palm kernels'”’, cocoa beans®’,
and melon seeds'®). These workers have helped e-
valuate the nutritive value of the seed and seed oil
quality. To confirm the identity of most oils and
fats, it is normally considered sufficient to deter-
mine the iodine value, saponification value, un-
saponifiable matter, free fatty acid (FFA) value
and peroxide value coupled with qualitative tests for
appropriate adulterants'”’ . The rancidity of the oil
will also indicate the quality of the oil and affect its
uses for soap, cream production and edibility.

The FFA and peroxide value can be used to
measure rancidity of the oill'""'2). The composition
of the seed, and oil extracted from the seed of E.
suaveolens , as well as the antifungal activity of the
extracted oil have not been reported in literature.

As a continuation of studies in this laboratory
on the composition of indigenous African seed
plants food, the composition of the E. suaveolens
seed and its oil is presented here. Also reported are
some of the biochemical properties (Saponification
value, unsaponifiable matter, peroxide, FFA value
and lodine value), and antifungal properties of the
oil extracted from the E. suawvelons seed. This is
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to help access and document the quality of some
African foods with respect to E. suaveolens seeds.

2  Materials and Methods

2.1 Source of plant materials
The seeds of E. suaveolens (1,000 g) were
collected from Oyingbo market in Lagos State,
Nigeria. The seeds were packed in polythene bags
and stored in a refrigerator prior to use. The per-
centage moisture content of the seeds was deter-
mined at 103 °C for 17 hours as described by A-
grawal *)|
2.2 Composition of E. suaveolens seed

The percentage carbohydrate content of the
E. suaveolens seed was determined using the

141 The methods of Lowry

et al'™) was used to determine the percentage pro-
tein content of E. suaveolens seed, while the crude

fiber content of the seed was determined using Dia-
[16]

methods of Egan et al'
15]

mond and Denman methods
2.3 Extraction of oil

The method of extraction of oil is E. suave-
olens seed was adopted from the oil extraction
methods of Egan et al''*'. The seeds were ground
using a ceramic pestle and mortar before blending in
an electric blender. An amount of 20 g of the
ground seed was packed into the extraction thimble
before covering with a small ball of cotton wool.
The thimble was inserted in a quick fit plain body
soxhlet extractor. Petroleum either in the quantity
of 200 ml (60 — 80 °C) was poured in a 250 ml
round-bottom flask of known weight, which was
connected to the extractor, and refluxed on an elec-
tric thermal heater for 5 hours. The ether was then
collected in the plain body extractor and then sepa-
rated from the flask that contained ocil. The flask
containing the oil was then heated in an oven at
103 °C for 30 minutes. It was cooled and weighed
to get the final weight. The percentage oil content
of the sample was calculated using the ratio of the
amount of oil produced to the weight of sample used
expressed as a percentage. The procedure was re-
peated until at least 250 ml of essential oil was ex-
tracted from the seeds.
2.4 Biochemical properties of the E. suaveolens
seed oil

The quantity of oil extracted from the seed
was determined as a percentage of the oil extracted,
expressed over the weight of the seed used as de-

seribed by Diamond and Denman''®’. The method

of Anonymous''”! was used to determine the quality

of oil extracted from the seeds, the saponification
value, unsaponifiable matter, peroxide value and

iodine value. The FFA value was determined ac-
cording to the method of Egan ez al''*.
2.5 Heavy metal determination

The method of Solomon''®! was used in the
heavy metal determination. An amount of 4.4413
g of the ground seed was weighed into an already
made carbon that was charging. This was then put
into flurothen furnace at 580 °C for one hour at ash
the seed. The ash was dissolved with 10 ml-dis-
tilled water in a 100 ml volumetric flask, and 1 ml
of HCL was added and gently shaken for proper ho-
mogenization. The volume of the solution was
made up to 100 ml mark of the flask using distilled
water. The solution was then placed in an atom ab-
sorption spectrometer ( AAS) to aspirate for the
presence of elemental metal. Aspiration was done
by putting hallow cathode lamp for each metal and
the concentration of each heavy metal was measured
against a standardized grade'"’.
2.6 Antifungal activity of the oil extracted from
E . saveolens , seeds

A modification of the paper disc diffusion
method of ITrobi and Daramola ) was used. Spore
or conidia suspension of 10° — 107 cells were counted
using haemocytometer. About 10 ml Saboraud dex-
trose agar (SDA) were poured into Petri dishes and
allowed to solidify. A micro-pipette was used to in-
troduce 0. I ml of the spore or conidia suspensions
onto the agar plate; spreading was done with a
spreading rod under sterile conditions. The fungi,
Aspergillus  flavus, Aspergillus niger, As-
pergillus wentii Candida albicans and Microspo-
rum gyseum were obtained from infected skin of a
patient at the College of Medicine, University of
Lagos, Nigeria. Sterilized paper dises (6 mm,
Whatman No, AA 201 7006) were soaked in E.
suaveolens seed oil for 6 hours. Four of these
soaked discs were spread on a [ungal inoculum seed-
ed plate with the help of sterile forceps. There
were two controls, the first contained the SDA and
Fungal inoculum but the discs were soaked in the
antibiotics, Nystatin (100 mg/ml). Three repli-
cates were produced for each Fungus per treat-
ment. All the plates containing the discs were then
incubated at 28 — 30 °C. The zone of inhibition was
measured after 48 — 72 hours of incubation. The
experiment was repeated; the results were statisti-

cally analyzed to determine the standard errors'2!!.

3 Results

The moisture content of E. suaveolens seeds
used in this study was 7.50 + 0.61%, while the
mean oil content (quantity of oil) of the seeds was
36.00 + 0. 34%. The FFA content of the E.
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suaveolens seed oil was 2. 17 + 0. 14% ; peroxide
value was 2. 57 +0.8% meq/kg; iodine value was
3.14+0.68% ; saponiflcation value was 904. 81 +
19.18 mg/kg; unsaponiflable matter was 16. 54 +
0.40 g/kg and refractive index of the oil at 40 °C
was 1.52+0.23. Health E. suaveolens seeds con-
tain 9.30 +0.25% carbohydrate and 17.50+ 1 —
28% protein.

The summary of the heavy metal composition
of E. suaveolens seed is shown in Table 1. The
crude fiber content of the seed is 27.37+0.86% .
The oil extracted from E. suaveolens seed showed
antifungal activity against the dermatophytes test-
ed, and the zone of inhibition was above 10 mm.

The antibiotic, Nystatin, had zone of inhibitions
higher than the oil (Table 2).

Table 1. Percentage heavy metal content of E. suaveolens
seeds

_ Parameter  Percentage heavy metal content of seeds(%)
Zine (Zn) 0.003

Iron (Fe) 0.060

Lead (Pb) N.D*

Copper (Cu) N.D

Nickel (Ni) N.D

Sodium (Na) N.D

Potassium (K) 0.250

“N.D means not detected

Antifungal activity of the oil extracted from E. suaveolens seeds

Table 2.
Sample = — -
Ceatiol 0.00+0.00a" 0.00+0.00a
Nystatin 26.69+0.246  26.89+0.31b
Ol extracted from. 1, 4o 0.80¢ 10.06:0.104

E. suaveolens

Zone of Inhibition (mean + JS.E mm) Fungi

Aspergillus flavus — Aspergillus niger Aspergillus/ventii Candida albicans Microsporum gyseum

0.00+0.00a  0.00+0.00a  0.00+0.00a
26.38+0.72b  28.00+0.55c  27.89+0.346c
14.00+0.37¢

C7% 11.00£0.18d  14.05£0.08e

* Zone of inhibition with similar letters show no significant difference at P =10.01
Zone of inhibitions with different letters show significant difference at P=0.01

4 Discussion

This investigations showed that the oil ex-
tracted from E. suaveolens seed is edible, because
the qualitative properties of the oil fits the descrip-
tion of edible oil by Kirk!'!! and International Seed
Testing Association'2). E. suaveolens seed has a
good oil yield of 36.00% and comparable to the oil
vield of Arachis of 38. 50% and Glycine soja of
36.40%"1% . The peroxide value of E. suaveolens
is 2.57 meq/kg. Perl and Krestchemer'®! ex-
plained that peroxide value below 10 meq/kg
showed that the oil involved is a non-rancid oil.
The FFA content of the E. suaveolens seed oil is
2.17% and below the 5.00% FFA content recom-
mended for non-rancid oil'2*? | implying that the
oil of E. suawveolens seed is non-rancid. The high
saponification value of the oil indicates that it could
be used as a base for soap manufacture. Ekundayo
and 1dzi'®®) explained that saponification value has
an inverse relationship with the chain length of the
fatty acid in the oil, that is the higher the seed oil
saponification value the lower the chain length and
vice versa .

The oil from E. suaveolens seed probably has

a broad-spectrum antifungal activity. The zone of
inhibition is above the 10 mm mark recommended
by Zygadlo and Grosso'?”). Even though the anti-
fungal activity of the E. suaveolens seed oil is low-
er than that of the check antibiotic, Nystatin, it is
of significance that the oil has antifungal proper-
ties, which provide an indication that probably soup
made from E. suaveolens seed could be medicinal.
The fact that the seed oil was not purified might be
responsible for its lower antifungal activity to the
nystatin. If the seed’s oil active ingredient is isolat-
ed and used, it might be more potent than the nys-
tatin at the same concentration.

The heavy metal composition of the seed sam-
ple used, had very low heavy metal component be-
low the 0.95% heavy metal value, which is re-
garded as safe food for human consumption'®). In
some cases a few elements were not detected during
the analysis.

These results indicate that the oil E. suave-
olens seed is edible and non-rancid. It also shows
that the oil is non-toxic (does not contain heavy
metal) for human consumption, which can also be
used as a base for body or hair cream production.
Results here suggest that the E. suaveolens seed
oil is fungi toxic and probably have a broad-spec-
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trum antifungal property. The study also provides
some evidence that the E. suaveolens seed oil is of
high nutritional value, a justification for its con-
sumption by the African natives.
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Orthodontic Treatment of 41 Patients
with Tooth Size Discrepancy

Aixia Li

Department of Orthodontics, The First Affiliated Hospital of Zhengzhou University,
Zhengzhou , Henan 450052, China

Abstract : Objective. To retrospectively study the better orthodontic method for individuals with tooth-size discrepan-
cy through analyzing changes between pre-and post-treatment. Methods. 41 orthodontic patients with tooth-size
discrepancy were selected. The mesiodistal diameters of teeth were measured with a pair of dividers (accurate to
0.1mm) and Bolton's indices were calculated. The patients were treated with straight wire appliance by extracting
teeth, restoring correlated tooth and stripping of enamel, etc. Results. After treatment, the patients had normal
overjet and overbite in anterior teeth and class I relationship inter-arch. Conclusions. It is necessary to be the proper
Bolton ratio between inter-arch tooth sizes for the good occlusal relationship. The results suggested that dentists
should always keep in mind the general Bolton ratios analysis between maxillary and mandible tooth size during the
practice for each patient. [ Life Science Journal. 2006;3(4):65—67] (ISSN: 1097 —8135).

Keywords: tooth-size discrepancy; Bolton ratios; occlusal relationship

Abbreviations: BR: Bolton ratios; OC: occlusal relationship; TSD: tooth-size discrepancy

1 Introduction

In order to obtain excellent and stable occlusal
relationship(OR), it is necessary to be the appro-
priate Bolton ratios(BR) between upper and lower
dentitions. If the tooth-size ratios intermaxillary is
disharmony, it is needed to select tooth extraction
or decrease the width of related tooth or change the
axial inclination degree of anterior tooth, etc.

2 Materials and Methods

2.1 Subjects

41 patients with tooth-size discrepancy(TSD)
were selected from those who applied for orthodon-
tic treatment in the First Affiliated Hospital of
Zhengzhou University. There were 18 females and
23 males, whose age ranged from 12.5 years old to
21 vears old. All were in the permanent dentition
stage, with no evidence of attrition or interproxi-
mal caries and restorations. Alginate impressions of
the dentitions were taken from each subject, and
stone casts were prepared. Cephalometric analysis
shows that 41 cases were all mild or moderate
crowding, class I of bone and average growth direc-
tion.
2.2 Measurement of dental models

A pair of dividers with fine tips was used to
measure the maximum mesio-distal widths of the
teeth on dental casts of pre-post treatment. Using

the dividers, the measurements of each dental arch
were recorded by punching along a straight line on
a card''). When punching adjacent measurements,
one leg of the dividers was inserted into the previ-
ous pinhole so as to reduce the measurement error
to a minimum. Anterior arch lengths (canine to ca-
nine) and total arch lengths (first molar to first
molar ) were then measured using a millimetre
ruler. Then calculate the Bolton index and crowd-
ing. All the work was carried out by the author.

The Bolton anterior ratio (the ratio of the
mesio-distal widths of six anterior teeth between
upper and lower dentition) and the Bolton overall
ratio (the ratio of the mesio-distal widths of the 12
teeth between upper and lower dentition) were cal-
culated™®!.
2.3 Classification

All cases included 13 microdontia of upper lat-
eral incisor which showed smaller mesio-distal
width of lateral incisor and the larger sizes of the
lower anterior teeth, 19 smaller Bolton anterior ra-
tios which showed that the size of lower anterior
teeth was smaller than normal(except for deformed
crown and congenital loss) , 6 larger Bolton anterior
ratios which showed the size of lower anterior teeth
was more than normality ( except for deformed
crown and congenital loss), 2 normal anterior
Bolton ratios other than disharmony posterior ra-
tios, 1 congenital absence of lower incisor leading to
smaller size of lower anterior teeth.
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2.4 Orthodontic treatment

Straight wire appliance was used to align and
level dentition, then harmonize the relationship in-
termaxillary. After the fixed appliance was re-
moved, Hawley retainer was worn.

For mild lateral incisor of microdontia, and
mild crowding( < 2mm) in lower dentition, strip-
ping of enamel of lower incisors was applied to ob-
tain harmony tooth-size. On the contrary, if lower
dentition crowding was severe, one lower incisor
was extracted. For severe lateral incisor of micro-
tooth and severe or moderate crowding, 4 premo-
lars were extracted, and the deformed tooth was
restored after orthodontic treatment. For 13 cases,
one lower incisor was extracted from each 6 pa-
tients, 4 premolars were extracted from each 4 cas-
es and restored deformed tooth after treatment sand
stripping of enamel was used for 3 cases. _

In order to obtain harmonious tooth size and
excellent OR between upper and lower arch, for
mild crowding, stripping of enamel and changing of
axial inclination were used. For severe crowding,
after extracting 4 premolars and leveling dentition,
calculated Bolton index and selected stripping of
enamel and changing of axial inclination.

After orthodontic treatment, the incisor was
restored for 1 patient with congenital loss of lower
incisor in order to obtain normal overjet, overbite
and excellent posterior relationship. For disharmo-
ny posterior ratio, stripping of enamel was used to
obtain good occlusion.

3 Results

There were normal overbite and overjet in an-
terion teeth and neutral occlusal relationship in pos-
terior teeth. X-ray cephalometrics showed that the
SNA, SNB angle and the anterior tooth protrusion
degree were normal.

Typical case: Male, 14 years old, Han nation-
ality. The relationship between upper and lower
molars was distal cusp to cusp; 2.5 mm upper den-
tition crowding degree, 7 mm lower crowding, [l
degree deep overbite, [l degree deep overjet. Up-
per tooth size was lower because of microdontia of
lateral incisor. X-ray cephalometrics showed that
(1) average growth pattern, (2) mandible bone
retrusion, (3) normal protrusion of upper and low-
er incisors. Treatment process: lower central in-
cisor was extracted and straight wire appliance was
used. See Figure 1 for before and after treatment.

4 Discussion

In 1960s, BR was indicated that appropriate
ratio is very important for good occlusion. TSD is
the factor of dentition crowding and space, dishar-
mony of inter-arch and other complicated malocclu-
sion. Studies have reported from 20% to 30% of
people with significant tooth-size anterior discrep-
ancies and 5% — 14% for overall TSDI*!. A high
prevalence of tooth size discrepancies in an or-
thodontic patient population and the statistically
significant correlation of some of these with some
dental characteristics suggest that the measurement
of inter-arch tooth size ratios might be clinically
beneficial for treatment outcomes® . For these pa-
tients, it is necessary to measure and analyze Bolton
anterior and overall ratio. Then the dentist will se-
lect relevant methods according to the degree of ra-
tio disharmony.

In this article, 5 kinds of discrepancy were de-
scribed for they were common in clinical practice.
According to cast models analysis, cephalometric
analysis and trial of aligning teeth, it wasn’t diffi-
cult to make treatment planning.

In some cases, the finishing phase is very dif-
ficult, requiring the production of complicated
biomechanical forces to reach a satisfactory or-
thodontic solution. A high percentage of these fin-
ishing-phase difficulties arise because of tooth size
imbalances that could have been detected and con-
sidered during initial diagnosis and treatment
plan®’. The correlation between anterior TSD and
Angle’s Class I, II, and [l malocclusions, as
well as their prevalence are as follows: (1) Individ-
uals with Angle Class | and Class [l malocclusions
show significantly greater prevalence of TSD than
do individuals with Class [l malocclusions; and (2)
Mean anterior TSD for Angle Class [l subjects was
significantly greater than for Class | and Class [l
subjects!®’. '

In typical case, upper lateral incisor was not
restored because of acceptable shape. After treat-
ment, lower central incisor was consistent to facial
midline. If the lateral incisor were restored after 4
second premolars extracted, the restoring process
would be complicated and long. The patient and
parents wouldn’ t accept this situation, so previous-
ly mentioned method was adopted.

In conclusion, it is necessary to analyze the BR
before and during orthodontic treatment.
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Left: before treatment Right: after treatment
Figure 1. Intra-oral photographs before and after treatment
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Water Quality Assessment of Behta River
Using Benthic Macroinvertebrates

Mahendra Pal Sharma, Shailendra Sharma, Vivek Goel, Praveen Sharma, Arun Kumar

Alternate Hydro Energy Centre, Indian Institute of Technology, Roorkee 247667 , Uttaranchal

Abstract: Aquatic macroinvertebrates play significant role in responding to a variety of environmental conditions of
rivers and streams and therefore may be used as bio-indicators for water quality assessment. In the past, biological
communities like plankton, periphyton, microphytobenthos, macrozoobenthos, aquatic macrophytes, fishes etc.
have been used for the assessment of water quality of rivers and streams, but now the use of benthic macroinverte-
brates as bio-indicators is gaining importance as these can be easily caught and seen with naked eyes and the method
is less costlier and less time consuming compared to other methods given above. Behta River of Paonta Sahib in Hi-
machal Pradesh was chosen to assess the suitability of river water for drinking purposes. The present study involved
sampling, pre-identification and identification of macroinvertebrates and computing the percent of occurrence of
families of various taxonomic groups and conducting physico-chemical analysis of samples from selected location.
Macroinvertebrates chosen were identified up to family level, and bio-assessment at various locations has been done
using NEPBIOS score system. It was found that out of total 30 genus belonging to 10 families of taxonomical group
like Ephemeroptera, Trichoptera, Plecoptera, Coleoptera, Heteroptera, Odonata, Diptera Mollusca ,
Oligochaetes etc. have been found in different composition inhabiting the river. The results further show that all
the locations assessed for quality using macroinvertebrates and physico-chemical analysis are in the range of water
quality class [l (Moderately Polluted) and the water can not be used for drinking purposes. The measures to reduce
point and non-point sources of pollution have been suggested to get the quality suitable for drinking purposes. | Life
Science Journal. 2006;3(4):68 —74] (ISSN: 1097 - 8135).

Keywords: benthic macroinvertebrates; indicators; NEPBIOS; NSF water quality index

Abbreviations: NSF: National Sanitation Foundation; NEPBIOS: Nepalese Biotic Score; WQI: water quality in-
dex; APHA: American Public Health Association; ASPT: average score per taxon; BOD: biochemical oxygen de-

mand; DO: dissolved oxygen; NTU: nephelometric turbidity unit; U/S: upstream; D/S: downstream

1 Introduction

Aquatic macroinvertebrates play significant
role in responding to a variety of environmental
conditions of rivers and streams and therefore may
be used as bio-indicators for water quality assess-
ment. Benthic macroinvertebrates are the animals
that lack a back-bone and generally are visible with
the naked eyes. They live in the lower areas of the
streams under rocks. They include larval forms of
many common insects such as Dragon flies, Damsel
flies and Crane flies. Common features of these are
as follows:

# Live in water for all or most of their life.
Often live for more than one year.

# Stay in the area suitable for their survival.

* Differ in their tolerance to amount and
types of pollution.

% Are easy to identify in the laboratory.

* Have limited mobility.

Macro-invertebrate community responses to
environmental changes are useful in assessing the

impact of municipal, industrial and agricultural
waste and impacts from other land uses on surface
water. The macroinvertebrates are highly popular
as pollution indicators'" .

Benthic organisms are of great significance be-
cause they form the food of fishes and their produc-
tivity play an important link in the food chain.
Benthic organisms are distrivores and form an im-
portant link in the food chain, an account of their
ability to convert low quality and low energy detri-
tus into better quality food for higher organisms in
the food web with the unfolding of the importance
of benthos in food chain, benthic productivity has
been correlated with fish resources. The qualitative
and quantitative changes in the benthic population
have also been used as pollution indices ™ *.

Benthic macroinvertebrates are aquatic macro-
fauna inhibiting the bottom substrate for at least a
part of their life cycle. The reason of selecting
macroinvertebrates as bio-indicators is that they are
visible to unaided eyes and retained on the sieve
with a mesh sized of 0.6 mm diameter. They have
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sedentary and long life span and sensitive communi-
ty response to organic loading, thermal impacts,
substrate alteration and toxic pollution. Inhabiting
the different substratum of river, stream, lake and
other water bodies, developed taxonomy and inte-
grated of pollution etc. justifies the reason of select-
ing them as bio-indicators.

The primary objective of this study was to e-
valuate the water quality of river Behta for drinking
purposes using macroinvertebrates. The other ob-
jectives were to describe the importance of using
macroinvertebrates as pollution indicator and the
bioassessment result validation by physico-chemical
analysis using National Sanitation Foundation

HIMACHAL
PRADESH

Rivcghm
HAR‘MNAf

Samplin Sites

UTTAR PRADESH

(NSF) water quality index(WQI). The occurrence
of benthic macroinvertebrates community along
with the distribution of taxa-group of the river has
also been discussed.

2 Materials and Methods

2.1 About Behta River

The Behta River is an important tributary of
river Yammuna. It originates in the boulders below
the Nahan ridge in the South-Western corner of Hi-
machal Pradesh as the Jalmusa-Ka-Khala ( Figure
1). Behta River of Paonta Sahib in Himachal
Pradesh was chosen to assess the suitability of river
water for drinking purposes.

"y

UTTARANCHAL

Figure 1. Location map of Himachal Pradesh showing the Behta River

Physico-chemical and biological parameters for
two sites on the river Behta at Paonta Sahib were
analyzed, and the results revealed that the water
quality at the site upstream (U/S) to slaughter
house was good which belongs to water quality class
[l , and the water quality at the site downstream
(D/S) to slaughter house was modetate which be-
longs to water quality class [ll. The conclusion of
the results is that the water at the D/S to the
slaughter house can not be used for the drinking
purposes.

This river is mainly fed by the rain water that
is cycled as underground water before finally com-
ing up on the surface as a spring. The river flows
below the surface for a part of its length in its upper
reaches, thereafter the water flows on the surface.

There were two sampling sites selected by us
in Paonta Sahib:

i) River Behta at Pownta Sahib U/S to
slaughter house (Station-01) at longitude 77. 55,
lattitude 30. 47 and altitude (m) 380. 0 (Figure

2)-

ii) River Behta at Pownta Sahib 500 m D/S to
slaughter house (Station-02) at longitude 77. 57,
lattitude 30. 44 and altitude (m) 369. 0 (Figure
2).

The sampling sites are situated within a land-
scape characterized by cropland, clear cutting, ur-
ban sites and industrial activities. 500 m above the
sampling site there is a chicken farm. The riverbed
is built by meso- and microlithal 60% and 40% ,
respectively. Filamentous algae and algae tufts are
occurring frequently. The average stream width is
up to 35 m, mean depth is 40 cm and mean current
velocity is 25 em/s. The water carries foam and is
turbid. Mud and stones show reduction phenomena
both in lentic and lotic areas.

2.2 Methods

A sample consists of collection of 20 sub-sam-
ples each of 0.25%0.25 m’ taken from all micro-
habitat types. This procedure (Figure 3) results in
sampling of approximately 1.25 m? stream bottom
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area. Net of mesh size 500 pm is used for collecting
the macroinvertebrates. Every large boulder or cob-
ble in the area is picked up if it could be lifted and
organisms vigorously washed by hand into the net.
Finally, the substrate with smaller boulders should
be disturbed by kicking systematically across the
area 3 — 4 times such that the invertebrates wash
D/S into the net. The organisms are then carefully
picked from the net surface and preserved immedi-
ately in 80% ethanol or 4% formaldehyde. These
samples are returned to the laboratory for process-
ing. Specimen collected are sorted and identified to
operational taxonomic unit (at least to family level
with the help of regional keys) in the laboratory
under a dissecting microscope for identifying the

fauna, standard literature was consulted"> 8],

Samples for microbiological examination were
collected in non-reactive borosilicate glass bottles
that have been cleansed and rinsed carefully, given
a final rinse with the distilled water and sterilized in
autoclave.

Water samples were collected in plastic con-
tainer for different physical-chemical parameters.
The chemical characteristics were determined by
the standard methods suggested of American Public
Health Association (APHA)!™) (The results of the
analysis are reported in Table 1).

The schematic flow chart of the steps involved
in the methodology is given as below (Figure 3).

Catehment Behta River
Toposheet No. 53 F
Catchment Area 299.01 Sgkm

Sampling Sites

Figure 2. Catchment area of river Behta at Paonta Sahib

l Methodology ]

v

Select of pressures &
impacts

Sampling desisn'

Pre-selection & pre  -classification of

Behta River

v

Physico-chemicalMrobiologi 'Malyniai | Multihabitat Sampling | | Site protocol

v

| Presorting of macroinvertebrates J

&

| Sample labeling, preservation & transportation |

B

l Complete sorting of macroinvertebrates |

'. ]

of taxa 1 I

v

Ll 8

in HKH data input program |‘,..__.—

Figure 3. Flow chart of methodology
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3 Results and Discussion

3.1 Physical-chemical parameters
Following parameters were analyzed ( Table

1).

Table 1.
samples

Physicochemical and biological analysis of water

Site name Station-01  Station-02

Pre-classification class 2 3
Estimated discharge [1/5] 510.6 511
Temperature (water) “C 26.5 26.5
Temperature (air) “C 37.0 37
pH 7.84 8.2
Conductivity [ (2S/cm ] 280.0 366
Turbidity NTU 0.84 1.42
Oxygen content [ mg/1] 9.54 9.09
% saturation of oxygen 109. 4 108.3
Alkalinity [ COy? ﬁ’ [ mmol/ 126.0 141
1I:l()l-al hardness [ mmol/1] 197.0 201
Chloride [ mg/1] 12.2 13.4
Ammonium [mgfl] 0 0
Nitrite [ mg/1] 0.001 0.004
Nitrate [ mg/1] 0.28 0.3
Ortho-phosphate [ pg/1] 98.0 110
Total phosphate [ pg/1] 701.0 940()
BOD [mg1] 2 3
E. coli [n/100 ml] 500 1600
TDS [ ppt] 0.16 0.22
l'}slilnaloq class using I i
NSEF WQI

NSF index value 75 69
Water quality index legend 71-90 5070

On the basis of these chemical parameters the
water quality can be determined using NSF WQI.

NSF WQI: NSF International, founded in
1944 as the NSF, is known for the development of
standards, product testing and certification services
in the areas of public health, safety and protection
of the environment. The index is basically a mathe-
matical means of calculating a single value from
multiple test results. The index result represents
the level of water quality in a given water basin,
such as a lake, river, or stream.

The WQI uses a scale of score from 0 — 100
to rate the quality of the water, with 100 being the
highest possible score(Table 2). Once the overall
WQI score is known, it can be compared against
the following scale to determine how healthy the
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water is on a given day.

Table 2. WQI quality scale

91 - 100 Excellent water quality

7190 Good water quality

51-70 Medium or average water quality
2650 Fair water quality

0-25 Poor water quality

Water supplies with ratings falling in the good
or excellent range would able to support a high di-
versity of aquatic life. In addition, the water would
also be suitable for all forms of recreation, including
those involving direct contact with the water. Wa-
ter supplies achieving only an average rating gener-
ally have less diversity of aquatic organisms and fre-
quently have increased algae growth.

Water supplies falling into the fair range are
only able to support a low diversity of aquatic life
and are probably experiencing problems with pollu-
tion. Water supplies that fall into the poor category
may only be able to support a limited number of
aquatic life forms, and it is expected that these wa-
ters have abundant quality problems. A water sup-
ply with a poor quality rating would not normally
be considered acceptable for activities involving di-
rect contact with the water, such as swimming.

The range using NSF WQI for the site is 75,
which is indicative of good water quality ( class
).

The range using NSF WQI for the site is 69,
which is indicative of moderate water quality (class
.

3.2 Biological parameters

The common and dominant families of
macroinvertebrates of each group encountered are as
follows (Table 3).

The calculation of water quality on the basis of
macroinvertebrates families was done on the basis of
Nepalese Biotic Score( NEPBIOS) using pre-classi-
fication sheet.

NEPBIOS biotic index: A suitable biological
method based on indices or score system is possible
only when local reference communities are properly
scored. Taking this fact into consideration the
Nepalese taxa were scored, the average score per
taxon ( ASPT) calculated and a different biotic
score method for Nepal developed with the NEP-
BIOS (Table 4). The calculation of the water quali-
ty on the basis of the presence of the macroinverte-
brates families is done on the basis of NEPBIOS us-
ing the pre-classification sheet.
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Table 3.  Occurrence of benthic macroinvertebrates community
Behta at Paonta Sahib 10 m U/S  Behta at Paonta Sahib 500 m D/S
Taxonomic group Family to slaughter house(Station-01) to slaughter house( Station-02)
No. of individual % of abundance No. of individual. % ol abundance
1 Thiaridae 431 25.11 1951 67.67
2 Planorbidae : = 4 0.13
Mollusca 3 Lymnaeidae 2 0.11 4 0.13
4 Pisidium = - i 0.03
5 Viviparidae 4 0.23 - =
1 Neoephemeridae 13 0.75 1 0.03
2 Baetidae 617 35.95 324 123
3 Ephemerilidae 31 1.80 2 0.06
Epheneroptera 4 Heptageniidae 52 3.03 10 0.34
3 Ephemeridae 23 1.34 - -
6 Leptophlebiidae 12 0.69 3 0.10
T Caenidae 17 0.91 1 0.03
Odasnata 1 Gom phidae 11 0.64 76 2.63
2 Libellutidae 3 0:17 1 2.67
1 Elmidae 21 1.22 1 0.03
Colleptera 2 Hydroptillidae 8 0.46 3 0.10
3 Diropidae 29 1.68 =
4 Psepheniidae 59 3.43 i 0.24
1 Hywdropsychidae 53 3.08 110 3.81
2 Glossosomatidae 63 3.6 6 0.20
3 Lepidostomatiodae 12 0.69 - =
4 Polyeentropodiae 19 1.10 9 0.31
Trichopiins S Hydroptillidae 32 1.86 4 0.13
6 Wenoidae 17 0.99 = =
7 Leptoceredae 3 0.17 0.03
8  Rhyacophillidae 13 0.75 = =
9 Philopotamidae 17 0.99 2 0.06
10 Goeridae 34 1.98 e =
1 Tabanidae 3 0.17 13 0.45
2 Chironomidae 11 0.64 55 1.90
Diptera 3 Tipulidae - - 9 0.31
4 Ephydridae 3 0.17 13 0.45
5 Simulidae 19 1.10 2 0.06
6 Ceratopogonidae = 1 0.03
Hemiptera 1 orividae 22 1.28 3 0.10
Placoptera 1 Perlidae 36 2.01 - -
Crustacea | Palaemonidae 23 1.24 176 6.10
Annelida 1 Oligochaetes 3 0.17 89 3.08

Three procedures were followed in scoring the

laxa.

(1) Numerical procedure: This procedure fol-

lows the following formula. Guide Score = S [/
STot X 10 + ST — [ /STot X 8.57 + S/
STot X 7.14 + SII — MM /STot X 5.71 + SM/

STat % 4,28 + Sl =N #5Tat % 2.85 < SN#

- 72 .

STot x1.43

Where,

SL.S1 =80, SIL=M, sil, slL—
IV, SIV are the total number of sites representing
the pollutional classes I, I — 11, I, 1T -1,
M, m-N, V.

STot= SI +SI — 11 +SII +SI — I +SII
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1.43 is the score interval with 10 as maxi-
mum.

(2) Professional judgments:

Step- | : Based on the reference made to the
scores that has previously been assigned by different
authors in their respective country of origin, and
the range of pollution class represented by each tax-
on in the rivers of Nepal.

Step- I : Based on the distribution pattern of

each taxon (family level) in response to pollution
level, the comparison of family (taxon) distribution
with the observed water quality classes was carried
out to find out if any families with the same ecolog-
ical distribution were differently scored. I so,
whether or not the reasons are matching.

Once NEPBIOS/ASPT is calculated, refer-
ence should be made to the below Table 5 for inter-
pretation of the water quality of the particular in-
vestigated site.

Table 4. NEPBIOS assigned to the macroinvertebrates
S. No. Macroinvertebrates Score

1 Capniidae, Ephemerellidae ( Drunella sp.), Epiophlebiidae, Helicopsychidae, Helodidae ( Scir- 10
tidae) , Heptageniidae ( Epeorus rhithralis ), Heptageniidae ( Rhithrogena nepalensis ), Leuctri-
dae, Peltoperlidae, Perlidae ( Acroneuria spp.), Perlidae ( Calicnewria spp.), Siphlonuridae,
Taeniopterygidae, Uenoidae.

2. Athericidae, Chloroperlidae, Goeridae, Leptophlebiidae ( Habrophlebiodes sp. ), Limnocentropo- 9
didae, Neoephemeridae, Perlodidae, Polycentropodidae.

3. Baetidae ( Centroptilumsp. ), Brachycentridae, Chironomidae (Diamesinae), Elmidae, Euphaei- 8
dae, Glossosomatidae, Heptageniidae ( Epeorus bispinosus ), Heptageniidae ( Iron psi), Hepta-
geniidac ( Rhithrogena spp. ), Hydrobicsidae, Lepidostomatidae, Limnephilidae, Nemouridae,
Perlidae, Philopotamidae, Psephenidae, Rhyacophilidae, Stenopsychidae.

4. Aphelocheiridae, Baetidae ( Cloedodes sp. ), Baetidae ( Baetiella spp. ), Baetidae ( Baetis spp. ), 7
Bactidae ( Baetiella ausobskyi ), Baetidac ( Baetis sp. 1), Corydalidae, Ephemerellidae,
Ephemerellidae ( Cincticostella sp.), Ephemeridae, Gammaridae, Gyrinidae, Heptageniidae,
Heptageniidae ( Cinygmina sp. ), Heptageniidae ( Notacanthurus eristatus ), Hydraenidae, Lep-
tophlebiidac, Limoniidae, Pleuroceridae, Psychomyiidae, Salifidae ( Barbronia sp. ), Simuliidae,
Tipulidae.

55 Aeshnidae, Baetidae ( Baetis sp.5), Baetidae ( Baetis sp.4), Caenidae, Ceratopogonidae, Ecno- i}
midae, Ephemerellidae ( Torleya nepalica), Heptageniidae ( Electrogena sp.), Hydrometridae,
Hydropsychidae, Hydroptilidae, Potamidae, Scirtidae, Viviparidae.

6. Baetidae ( Baetis sp.2), Baetidae ( Baetis sp.3), Bithyniidae, Chlorocyphidae, Coenagrionidae, 5
Corduliidae, Dryopidae, Hydrophilidae, Leptophlebiidae ( Euthraulus spp.), Lymnaeidae,
Odontoceridae, Protoneuridae, Sphaeriidae, Unionidae.

7. Calopterygidae, Chironomidae ( Microtendipes sp. ), Chironomidae ( Polypedilum sp.), Corbi- 4
culidae, Dytiscidae, Gerridae, Glossiphoniidae, Micronectidae, Naucoridae, Nepidae, Palae-
monidae, Planorbidae, Ranatridae, Salifidae ( Barbronia weberi ), Thiaridae.

8. Corixidae, Libellulidae, Lumbricidae, Noteridae, Notonectidae, Salifidae 3

9. Culicidae, Physidae, Tubificidae ' 2

10. Chironomidae [ Chironomus group riparius ( = thummi) and group plumosus] 1

On the basis of the NEPBIOS score system,
the species present in the samples of the site at Be-
hta River 10 m U/S to the slaughter house shows
that water quality of the river belongs to class- I .

On the basis of the NEPBIOS score system,
the species present in the samples of the site at Be-
hta River 500 m D/S to the slaughter house shows
that water quality of the river belongs to class-Il .

During the investigation at Station-01, it was
found that water quality was good with the pH of
7.84 and turbidity of 0.84 Nephelometric Turbidi-
ty Unit (NTU). The Biological Oxygen Demand
(BOD) is 2. 1. Total 34 families of macroinverte-
brates belonging to groups Ephemeroptera ,
Coleoptera, Trichoptera, Diptera, Plecoptera,
Hemiptera, Crustacea, Annelida, Mollusca,

.'}]“3.
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Odonata were encountered. The insect population
represented 72.98 % of total fauna and belonging to
orders Trichoptera , Ephemeroptera, Coleoptera ,
Diptera, Odonata and Hemiptera. The order
Ephemeroptera, Trichoptera, Coleoptera and
Placoptera are dominating in numbers. The results
further show that all the locations assessed for qual-
ity using macroinvertebrates and physico-chemical
analysis are in the range of water quality class I
(Good) and the water can be used for drinking pur-
poses.

Table 5. Water quality scores based on NEPBIOS
NEPBIOS/ASPT Water quality
8.00—10.00 1
7.00-7.99 I -1
5.50-6.99 I
4.00—-5.49 -1
2.50-3.99 1l
1.01-2.49 m-n
1 I\

During the investigation at Station-02, it was
found that river water was a little alkaline with pH
of 8.2 and moderately polluted with turbidity. The
study of fresh water macroinvertebrates shows that
30 families belonging to groups Mollusca , Odona-
ta, Ephemeroptera, Coleoptera, Trichoptera,
Diptera , Plecoptera, Hemiptera, Crustacea and
Annelida occurred in the river.

The insect population represented 22.53% of
total fauna of Behta River and was belonging to the
order Odonata, Ephemeroptera, Coeloptera,
Trichoptera, Diptera, Placoptera, Hemiptera .
Insect have the capability to adapt to varied aquatic
habitats due to their extra ordinary structural orga-
nization'*37). The benthic population of aquatic
insects was dominated by Trichoptera comprising 8
families and diptera comprising 6 families. Most of
these families to be tolerant to varied aquatic envi-
ronment[x’ IU] .

The Mollusca fauna of Behta River was repre-
sented by 4 families out of which Thiaridae family
dominated the population. Covers 67.82% of the
total population of aquatic fauna. This group has
significant positive correlation with the total hard-
ness (201. 0 mmol/L ), alkalinity (141. 0
mmol/L), phosphate (0.94 mg/L) and chloride
(13.4 mg/L). The rest of the aquatic invertebrate
fauna of Behta River of one family of Crustacea,
and a Annilida.

4 Conclusion

Benthic macroinvertebrates community as a
whole in the river has been found to have signifi-

cant positive correlation with the total hardness,
total alkalinity, chloride, phosphate and trans-
parency.

The results show that all the locations assessed
for quality using macroinvertebrates and physico-
chemical analysis are in the range of water quality
class Il (Moderately Polluted) at the Station 02
and the water can not be used for drinking purpos-
es. The measures to reduce point and non-point
sources of pollution have been suggested to get the
quality suitable for drinking purposes.
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Assessment of Salmonella Contamination of Feed Raw
Materials and Their Anti-microbial Resistance
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Abstract: This study was conducted to determine the frequency of isolation of salmonella and their microbial resis-
tance profiles, across selected feed raw materials sold in Imo State, Nigeria. Three hundred and sixty (360) bulk
samples were collected across different feed raw materials which include animal proteins-foreign fish meal (FFM)
and local fish meal (LFM), plant proteins-groundnut cake (GNC) and soybean meal (SBM), fiber sources-palm
kernel cake (PKC) and wheat offal (WO), energy grain-maize (MZ) and Minerals-bone meal (BM). The
salmonella isolated were tested against 14 anti-microbial agent using disc diffusion method. Bacterial load enumera-
tion of the samples indicated a range of >300 to overgrowth of colony forming unit (CFU) at 4 serial dilution. One
hundred and twenty (120) samples (33.33% ) were positive for salmonella isolates with fiber sources and animal
protein recording 56. 00% and 50. 91% prevalence, respectively. Across the individual raw material types, it
recorded LEM (90.0% ), WO (60.0% ), PKC (50.0% ), SBM (40.0% ) and GNC (28.67% ) prevalence while
non were isolated from maize and bone meal. Salmonella isolates showed a high rate of resistance to ampicillin
(100% ), tetracycline and nitrofurantoin (78. 6% ) and cotrimoxazole (50% ), and moderate rate of 42. 6%,
35.7%, and 21.4% against cephalexin, streptomycin and ceftriazole, and ciprofloxacin respectively, while low
rates of 7. 1% were recorded for amoxyeillin elavulanate and pefloxacin and 14.39% for oxlloxacin, nalidixic acid
and chloramphenicol. The present study showed that feed ingredients sold in Owerri form important vehicles for the
introduction of multi-drug resistant salmonella organisms into poultry feeds. It is therefore, recommended that feed
raw materials should be hygienically processed before inclusion in livestock feeds. [ Life Science Journal. 2006;3(4)

75807 (ISSN: 1097 —8135).
Keywords: salmonella ; feed materials; livestocks antibiotics; drug resistance; Nigeria
Abbreviations: AP; animal protein; BM: bone meal; CFU: colony forming unit; FB: fiber sources; FFM: foreign

fish meal; GNC: groundnut cake; ISEPA: Imo State Environment Protection Agencys LEM: local fish meal;
MZ: maize; PKC: palm kernel cake; PP: plant protein; SBM: soybean meal; WO: wheat offal

Kan'3!, for example stated that feeds and feed in-

Introduction

There is a close relationship between the quali-
ty of livestock feed and that of animal products of-
fered for human consumption. This quality is pri-
marily nutritional, but it is also technological,
organoleptic and sanitary. Although feed con-
tributes to animal health by preventing dietary defi-
ciencies and optimizing physiological functions, it
can also lead to dysfunctions and negatively influ-
ence the sanitary quality of animal products when
not properly processed[l]. Feeds can serve as im-
portant source of food borne diseases in animal food
products and has therefore remained an important
public health threat worldwide'?). However, many
factors are involved in this public health threat.

gredients are possible materials since residues of
organochlorine pesticides in poultry and eggs are
due to their presence in feedstuffs. Similarly, there
is evidence that poultry feeds are important sources

of many microbial contaminants  including
salmonella in poultry™ 7). Prominent among
these microbial contaminants are salmonella

strains, which have been showed to be of critical
importance in the Nigerian poultry industry ®°1. Tt
has been shown that infection in poultry can result
from one salmonella organism per grams of feed "’
and even one organism per 15 grams of feed M.
Strict hygienic measures should therefore be
applied to the production, processing and distribu-
tion of raw materials used as feedstuffs so as to pre-
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vent contamination with pathogenic microbes and
other undesirables”®'. Hygienic production of ani-
mal feeds however involves the processing of feeds
under a health hazard free condition''?!. This usu-
ally starts from the harvesting, milling, process-
ing, packaging, transportation and eventual mark-
ing of the bagged products at the various sales out-
lets from where the farmer collects to feed his ani-
mals 13

Intensive feeding of poultry in the tropics in-
volves the use of unconventional blending of feed
components such as industrial wastes, cereal by-
products, poultry waste, animal blood and others
containing microbial genera of questionable quantity
and quality!'®'. Bains and Mackenzie!'>' correlated
high mortality in infected broiler flocks with in-
creased incidence of salmonella in the grain con-
stituents of broiler ration. Vaughn et al''®! also
found 27% of protein feed ingredient meals collect-
ed at mills to carry one or more serotypes of
salmonella .

A recent study by Okoli et a
that 22. 20% of commercial poultry feed samples
analyzed in Owerri, Nigeria contained salmonella
isolates. It is however necessary to understand the
major contaminating feed components that of fin-
ished feeds in the area in order to restrict sanitiza-
tion treatment on them. Such information is impor-
tant a developing economy like Nigeria where it
may not be economically feasible to effect whole
feed treatment.

The antibiotic resistance among bacterial gen-

1"17] determined

eral is a global problem'>’. The rate at which resis-
tance arise among bacterial populations has been re-
ported to be contingent on the extent of use of a
particular antibiotics in a particular environ-
ment' '8’ Thus salmonella and other organisms
contributed by the different raw materials used in
compounding commercial feeds may harbor resis-
tance factors reflecting antibiotic use in their areas
of origin''®!. There is however scarcity of published
information about anti-microbial resistance of bacte-
rial isolates form farm animals and farm environ-
ments in southeastern Nigerial-lg_zﬂ. Further-
more, the fact that avian salmonellosis is a disease
ol major economic and public health importance de-
mands that its prevalence and anti-microbial resis-
tance profile in different feedstuffs should be under-
stood at any given time in an animal production
area.

This study was designed to investigate the
prevalence of salmonella organism in [eed raw ma-
terials and their microbial resistance profile in Ow-

erri, Imo State, Nigeria.
2 Materials and Methods

2.1 Study area

The study was carried out in Imo State, Nige-
ria. The agro-climatic characteristics as well as
poultry production systems in the area have been
described®). The study was carried out during the
rainy season months of July to September of 2004.
A preliminary field survey was carried out to identi-
fy reputable commercial poultry feed sellers in Ow-
erri. These sellers were informed of the nature and
purpose of the research and based on the prelimi-
nary survey, a list of 8 feed raw materials sold at
the outlets which included animal protein-foreign
fish meal (FFM) and local fish meal (LFM), min-
erals-bone meal (BM), fiber sources-wheat offal
(WO) and palm kernel cake (PKC), plant protein-
soybean meal (SBM) and groundnut cake (GNC)
and energy grains-maize (MZ) were purposively se-
lected for the study. The materials were sampled at
random across the three months using method de-
scribed by Okoli™.
2.2 Sample collection

A total of 360 bulked samples were collected
from chosen feed raw materials selling outlets.
Each selected sites was visited 3 times correspond-
ing to once every month for sample collection. Dur-
ing the visits, samples were collected as shown in

Table 1.

Table 1. Distribution of feed raw material sample types col-
lected for isolation of salmonella in lmo State, Nigeria®

Visits FFM LFM BM WO PKCSBM GNC MZ Total
July 20 20 10 10 10 20 40 20 160
August 20 20 20 10 20 10 10 10 100
September 10 20 20 10 10 10 20 10 100
Total 50 60 50 30 20 40 70 40 360

Each of the feed raw materials were sampled
by carefully opening 3 randomly selected bags that
contained the same feedstuff type and collecting
about 3 g from each with the aid of sterile universal
bottles. These were homogenized to obtain a repre-
sentative bulk sample of about 12 g of the sample
types for analysis. The samples were taken to the
laboratory for analysis within two hours of their
collection.

2.3 Bacterial load enumeration

These were carried out at Imo State Environ-
ment Protection Agency (ISEPA) Microbiology
Laboratory. Four-fold serial dilution of the homog-
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enized samples as described by Ogbulie and Okpok-
wasilil®!, was prepared for each sample and in-
volved adding 5 g of the sample in 45 ml of sterile
deionized water and mixing thoroughly. There-
after, 0.1 ml of the appropriate dilution was drawn
and inoculated onto nutrient agar. After overnight
incubation, the bacterial load was enumerated using
the colony counter (Suntex’) to count the colony
forming units (CFU).

2.4 Bacterial isolation

Aliquots of the serially diluted samples were
enriched in peptone water after overnight incuba-
tion at 37 C. These were cultured onto then sub
selenite broth for selective growth according to
method of Cheesbrough'?®!. They were subse-
quently subculture onto MacConkey agar and incu-
bated overnight at 37 C. Non-lactose fermenting
colonies suggestive of salmonella organism were
subjected to biochemical test, which included Sim-
mon citrate, indole and urease tests among others
to confirm salmonella isolation'?”".

2.5 Susceptibility testing

The confirmed salmonella isolates were
screened for anti-microbial resistance profile using
the disc diffusion method 2! according to the meth-
ods recommended by the National Committee for
Clinical Laboratory Standards Guidelines'®'. This
was done by streaking the surface of nutrient agar
plates uniformly with the organisms. Thereafter,
the plates were inverted and left to dry on the
bench for 30 minutes before discs (Optun Lab.®)
impregnated with known concentrations of anti-mi-
crobial substances were placed on the surface with
sterile forceps. The plates were then allowed to
stand for a pre-diffusion period of about 1 hour be-
fore being incubated at 37 T overnight with the lid
uppermost. The disc diffusion method is widely
recognized to work well with rapidly growing facul-
tatively anaerobic and aerobic organisms such as
Enterbacteriaceae!?" .

Fourteen anti-microbial drugs were tested a-
gainst the salmonella isolates. They included chlo-
ramphenicol (30 pg, CR), ceftriazole (30 pg,
CF), nitrofurantoin (200 pg, NI), cotrimoxazole
(30 pg, CO), oxfloxacin (10 pg, OF), gen-
tamycin (10 pg, GN), amoxycillin clavulanate (30
ug, AU ), nalidixic acid (10 pg, NA),
ciprofloxacin (10 pg, CP), streptomycin (10 pg,
ST), pefloxacin (10 pg, PF), ampicillin (30 pg,
AM), tetracycline (25 pg, TE) and cephalexin
(15 pg, CE).

2.6 Statistical analysis

The susceptibility data were recorded qualita-

tively as resistant or sensitive. The isolates resistant

to individual drugs and anti-microbial pattern were
computed. The data collected was analyzed using
simple descriptive statistics such as percentage and
histograms.

3 Results

Results of bacterial load enumeration showed
that all of the samples yielded overgrowth or >300
cfu at 4 serial dilution.

3.1 Salmonella prevalence

Table 2 showed that 120 (33.33%) of the
360 bulked samples had salmonella isolates. Across
the feed raw materials groups, fiber sources and an-
imal protein recorded 56.00% and 50.91% preva-
lence, respectively and was followed by the
32.73% rate obtained in plant proteins, while
salmonella organism were not isolated from energy
grains and mineral groups. Across the individual
feed raw materials ( Table 3), LFM recorded
90.00% prevalence and was followed by the
60.00% , 50.00% and 40.00% recorded for WO,
PKC and SBM, respectively.

Table 2. Frequency of isolation of salmonella from the dif-
ferent feed raw material types

Feed type  No. of samples No. isolated Percentage
Animal protein 110 56.0 50.91
Plant protein 110 36.0 32.73
Energy grain 40 0.0 0.00
Fiber source 50 28.0 56.00
Mineral 50 0.0 0.00

Total 360 120 33.33
Table 3.  Frequency of salmonella isolation from various
feed raw materials components

Materials  No. of samples bc.lhmp,mua % Prevalence
isolation _

FFM 50 2 4.00

LFM 60 54 90.00

SBM 40 16 40.00

WO 30 18 60.00

GNC 70 20 28.57

BM 50 0.0 0.00
MZ 40 0.0 0.00
PKC 20 10 50.00
Total 360 120 33.33

3.2 Anti-microbial resistance

Figure 1 showed that the salmonella isolates
recorded high rate of resistance (51 — 100% ) to
ampicillin, nitrofurantoin and tetracycline, while
moderate rate (31 — 50% ) were recorded against
cotrimoxazole, cephalexin and streptomycin. The
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organisms were however lowly resistant to the oth-
er antibiotics, with augumentine and pefloxacin
recording 7.1% and oxfloxacin, gentamycin,
nalidixic acid and  chloramphenicol,  while
ciprofloxacin and ceftriazole returned 21. 4%, re-
spectively.

Figure 2 showed a comparison of the anti-mi-
crobial resistance of salmonella isolates from differ-
ent poultry feed raw materials groups namely plant
protein (PP ), animal protein (AP) and fiber

100

80 |
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40

% RESISTANCE
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sources (FB). AP and FB
recorded 100% resistance against ampicillin, while
PP also singly recorded 100% resistance against ni-
trofurantoin. Similarly, isolates from AP returned
83.3% resistance to tetracycline and nitrofuran-
toin, while FB resistance levels were generally low
with 0. 0% resistance being recorded against
oxfloxacin, gentamycin, augumentine and chlo-
ramphenicol.
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Figure 1. Histogram showing the rate of occurance of antimerobial resistance patterns of salmonalla isolated [rom poultry feed raw mate-

rials in Owerri, Imo State, Nigeria
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4 Disscusion

The high microbial contamination observed in
LFM, GNC and PKC is in consonance with""’
which regarded these protein raw materials as
“high risk ingredient” readily contaminated by mi-
crobes. These high densities of bacterial growth
may be due to post-processing handling state of
these ingredients. This is in consonance with the
report of Butcher and Miles®!, which indicated
that high temperatures in ground grains and oil
meals encourage moisture migration and condensa-
tion inside the storage containers thus promoting
bacterial as well as fungal growths. Reports by
Bastianelli and Le Bas'!’ and Cheesbrough'?®! have
also shown that tropical countries such as Nigeria
are more prone to microbial and fungal contamina-
tions of poultry feed raw materials.

The overall 33.33% prevalence of salmonella
organism recorded in this study is of economic and
public health importance' >, Vaughn et al!'¢’,
Wilson'?*) and MAFF-3! had earlier reported that
in UK, 27% of protein feed ingredients carry one
or more serotypes of salmonella. According to
Dupree and Hurner'®!, Ogbulie!™*’ and Nduji-
he'3%), salmonella in commercial feeds may have o-
riginated from some of the raw materials used in
compounding them. Prevalence rates across the dif-
ferent raw material groups and types were unevenly
distributed with local fish meal, recording 90% ,
while bone meal and maize had none. The observed
difference in the prevalence rate of foreign and local
fish meals may be attributed to the high level of hy-
giene employed in processing and handling of the
former. The different weather condition experi-
enced during the different seasons in the tropics as
well as pre-harvest, harvest and post harvest prac-
tices and the bionomics of the organisms are also
known to influence pathogenic contamination of lo-
cal feedstuff'®). Furthermore, there are program
such as those of National Marine fisheries Services
(NMFES) that monitors the quality of fish ingredi-
ents produced for export3!,

Similarly, considering the level of heat em-
ployed the processing of WO and PKC, the high
degree of isolation may suggest handling and post-
production sources of contamination?’). The zero
prevalence rate observed in BM could be attributed
to high temperatures necessary for the ashing tech-
niques employed in preparing the ingredients. The
very low moisture content of the finished products
may also not be able to support the growth of
salmonella. While these organisms were not iden-

tified to genera level, unpublished field data by
Anyanwu-*%! and Okoli®?’ suggest that S. enteri-
tidis, S. typhimurium and S. montevideo are
involved in poultry contamination in this study
area.

The present result of anti-microbial resistance
of salmonella isolated from feed raw materials
highlight again the already established multi-drug
resistance of bacteria of the Enterbacteriaceae fami-
ly in Imo Statel3211923]  The 36. 7% resistance
recorded for streptomycin and 21. 4% against
ciprofloxacin are again of public health interest
since aminoglycosides and fluoroquinolones are cur-
rently the drugs of choice in the treatment of both
human and animal salmonellosis in the study area.
This work again highlighted the high resistance
profiles of salmonella organism in Imo State a-
gainst the cheap, readily available first line anti-mi-
crobial drugs such as cotrimoxazole, tetracycline,
nitrofurantoin and ampicillin among others.

5 Conclusion

The result of the study confirms that feed in-
gredients are important vehicles for introduction of
salmonella organisms in finished poultry feeds in
Imo state. The high prevalence rate of salmonella
isolates in this study highlights the need for the in-
stitution of salmonella monitoring measures pro-
grams in the Nigerian feed industry. LFM and
fiber sources should be carefully sourced and sani-
tized before inclusion in animal feeds.
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Petal Secretory Stucture of Osmanthus fragrans Lour.

Meifang Dong, Wangjun Yuan, Yunfeng Ma, Fude Shang

College of Life Science, Henan University, Kaifeng, Henan 475001 , China

Abstract: To reveal the features of secretory structure of Osmanthus fragrans Lour. , the petals of O. fragrans
were studied thoroughly by paraffin sectioning and electronic scanning microscope. The petal of O. fragrans is
comprised of epidermis, fundamental tissues and vascular bundles. The petal epidermis consists of one layer of cells
with obvious and regular tubercles, plentiful brush-shaped hairs and a small amount of stomas. The fundamental tis-
sue includes many layers of parenchyma cells which contain much prolific cil substances and arrange irregularly. The
secretory structure of O. fragrans can be named as Osmophores. The aromatic substances are produced, accumu-
lated and stored temporarily in the petal fundamental tissues, and then secreted outside from the petal epidermis.
[ Life Science Journal. 2006;3(4):81 —84] (ISSN; 1097 — 8135).

Keywords : Osmanthus fragrans; petal; secretory structure; Osmophores

1 Introduction

Osmanthus fragrans Lour. , Oleaceae, is a
kind of traditional and famous flower in China. The
Chinese people favour it because of its strong per-
fume, especial culture, and widely used in food,
spice and gardens''?). There are many studies on
aroma ingredients of O. fragrans?® % . The au-
thors also studied secretory structure of other plant
species'® " 13). Some papers on the differentiation of
flower bud of O. fragrans have been pub-
lished ™ 16! However, there are no reports on the
morphology and anatomy of petal and the features
of secretory structures of Q. fragrans. This paper
filled these studying gaps, and defined the type of
secretory structure of O. fragrans firstly.

2 Materials and Methods

2.1 Materials

Petals was from O. fragrans “Huangchuan-
jingui” cultivated in Henan University in October,
2002.
2.2 Methods

Each part of fresh petals of O. fragrans and
its secretory structure of free-hand sectioning and
paraffin sectioning were observed under dissecting
microscope. Free-hand section was dyed by Sudan
Ill, Sudan Black, dimethyl diaminophenazine chlo-
ride and KI-I, solution. Paraffin sectioning, which
are 10 — 15 pm thick, were made through FAA fix-
ing petals, then dyed by safranine-fast green, and
iron vitriol-hematoxylin, lastly cuffed by Canada
gums. Free-hand sectioning and paraffin sectioning
were observed and taken photos under an Olympus
BH-2.

The petal samples were made as follows:

buffer solution flushing fresh petal, air drying, fix-
ation on board, vacuum drying, gold metallic-
membrane plating. The samples were observed and
taken photos under HITACHI-450 electronic scan-

ning microscope.
3  Results and Analysis

3.1 External shapes of petals

The petals of O. fragrans have often four
pieces, seldom three, five or even six( variation).
The petals were separated from style, stamina and
pistils. The bottoms of petals coalesce to a corolla
tube that is about 1 mm long. Only petals are scent
(stamina lies on the corolla tube). The surfaces of
petals are slightly rough and have white spotted tu-
bercles of longitudinal range observed under dissect-
ing microscope (Figure 1). The petals are full and
fleshy, which have relation with secretory func-
tion. Under electronic scanning microscope were
observed large number of protrudent and tidy ridges
of longitudinal range on surface of petals(Figure 2)
and stomas distribute in it randomly. These stomas
can not close and the shapes of guard cells isn’ t
typical( Figure 3). There are pollen grains on the
surface of petals(Figure 2).

Figure 1. Spotted state tubercles of petal( X 30)
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Figure 2. Regular tubercles of longitudinal range on surface
of petals( % 550)

Figure 3. Guard cells of stomas in epiderm( * 2000)

3.2 Anatomic structures of petals

Under optical microscope, the petal consists of
epidermis, fundamental tissues and vascular bun-
dles. There have plenty of one-layer-cell epidermis
and less of two-layer-cell epidermis. The ectotheca
of epidermal cell is thin and has rich epidermal tri-
chome, which has no cuticle layer or only has thin
cuticle layer. Those trichomes, which are brush-
shaped and orgin from the ectotheca of epidermis
cell, have the similarity with root hairs, but are
straighter. They are denser than root hairs. Epi-
dermal cells are alive and have obvious nucleus and
cytoplasm ( Figures 4 and 5). Most of epidermal
cells own excretion. After dyed by Sudan [l , cells
contain yellow substances(Figure 5) ; after dyed by
Sudan Black, epidermal trichomes are black-grey
( Figure 6 ); after dyed by dimethyl di-
aminophenazine chloride, cells are brick-red, and
the drips in cells are obvious(Figure 4) ; after dyed
by KI-I,, cells are orange, and the color of drips in
cells are deeper(Figure 5).

Fundamental tissues of petals locating under
epidermis, are loose parenchyma cells, and have
obvious gaps of internal cells. Most of cells are
claviform irregularly. The long axis of parenchyma
cell is vertical to epidermis ( Figures 7,8 and 9).
There is prolific lipid in cells, which was dyed or-
ange by Sudan [l (Figure 9), and can’t be dyed by
hematine. Vascular bundles which are simple in
structure distribute in fundamental tissues ( Figure
7). After stained by KI-1, solution, the fundamen-

tal tissues didn’ t become blue(Figures 7 and 8),
which illustrated that no starch exists in them.
Cells became brick-red after stained by dimethyl di-
aminophenazine chloride, which was consistent
with epidermis.

Figure 4. Obvious nucleus and cytoplasm of epidermal cells
( X 400)

Figure 5. Epidermal cells and the excretion after dyed by KI-
L( < 600)

Figure 6. Epidermal cells and the excretion after dyed by Su-
dan Black( x 400)

4 Discussion

According to the opinion of Ding'¥, O. fra-
grans “Latifolius Group” has the most fragrant fla-
vor and is the best cultivar group. O. fragrans
“Thunbergii Group” has the soft and sweet scent
and is the better one. O. fragrans “Aurantiacus
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Figure 8. Parenchyma cells of fundamendal tissue of petals
which arrange irregularly( < 600)

Figure 9. Parenchyma cells of fundamendal tissue of petals
and excretion after dyed by Sudan [l ( < 800)

Group” has the light scent and is the inferior one.
O. fragrans “Fragrans Group” is the most inferi-
or one. O. fragrans “Huangchuan jingui”, one
cultivar of O. fragrans “Thunbergii Group”, was
studied by author. The features of secretory struc-
ture of O. fragrans were found. Scent of O. fra-
grans concentrates in petals, and epidermis of petal
has obvious and regular tubercles observed under
scanning electronic microscope. Brush structure, a-
mong which is overflowed by secretory substance
was observed {rom the cross section of petals, and

can be dyed black-grey by Sudan black. Parenchy-
ma cells filled with lipid form fundamental tissue of
petals. Vogel''”) held the opinion that scent of
some plants came from a kind of special gland
named Osmophores, which can be found in Ascle-
piadanceae, Araceae, Aristolochiaceae and Burman-
niaceae. The flowers of those plants can be differ-
entiated according to Osmophores, which can de-
velop to cilium, valve or brush of kernel. For ex-
ample, spadix of Acreae and some structures induc-
ing insects in plants of Orchidaceae belong to Os-
mophores, which can be identified through the
method of dimethyl diaminophenazine chloride col-
oration. The gland usually has secretory tissue only
comprised of several cells thick, which arrays tight-
ly or loosely. Volatile oil produced by the gland can
be given off quickly, however, or stored temporari-
ly in cells, which was studied by Fahn'®'. The au-
thor held the views that secretory structure of petal
of O. fragrans can be named as Osmophores, be-
cause it possesses the features of Osmophores. So
we can draw the conclusion that total petals of O.

~ fragrans are a big Osmophores. Lipid is in epider-

mis not in fundamental tissues through the dyed
Free-hand sectioning of fading petals. Results
showed fundamental tissues of petal could produce
and temporarily store lipid, then give off through
epidermis and its brush-hairs. That can be proved
by the fact that the total petal becomes brick-red
after dyed by dimethyl diaminophenazine choride.
The author firstly answered the reason why O.
fragrans has strong and enjoyable fragrance.

There are plenty of stomas distributing in
petal. A definite conclusion hasn’t been drawn on
whether those stomas have association with release
of aromatic substances.
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Abstract: Sonodynamic therapy (SDT) is an effective method to cure tumors, but the mechanism is not clear up to
now. In this work, the mechanism of SDT was analyzed by studying the reactions of gallium-porphyrin analogue
(ATX-70). Results showed that the ATX-70 might play two roles in SDT. One was that the high temperature
produced in the bubbles at collapse promoted ATX-70 into excitated states, and reacted with the dissolved oxygen in
liquid and produced oxygen free radicals, which was thought as an effective killer for cancer cells. The other was
that ATX-70 played a role as surfactant in the process of cavitations and eased the cavitations, leading to produce
more high-energy hydroxide radicals. [Life Science Journal. 2006;3(4):85-89] (ISSN: 1097 —8135).

Keywords: sonodynamic therapy; ultrasound; ATX-70; cavitations

Abbreviations: ATX-70: gallium-porphyrin analogue; CL: chemiluminescence; DMSO: dimethylsulfoxide; IC-
CD: intensified charge coupled device; FCLA: luuoresceinyl cypridina luminescent analog; PDT: photodynamic
therapy; SDT: sonodynamic therapy; SL: sonoluminesenece

1 Introduction

Sonodynamic therapy (SDT) is a new method
to cure tumorst' 3!, This method, compared to
the photodynamic therapy (PDT), has two virtues
for clinical application. One is that ultrasound has a
deeper penetrability, and the other is that it
needn’t avoid light in the whole process of treat-
ment. The gallium-porphyrin analogue (ATX-70)
is a widely used sonosensitive in SDT . It can se-
lectively gather in the tumors and enhance the ef-
fect of therapy. However, the mechanism was un-
known!*!.

There are different opinions on the mechanism
of SDT. Umemura firstly thought the sonolumines-
cence (SL) excitated the ATX-70 to produce 'O,
which can kill the tumor cells, the same mechanism
as PDTY!. The study of Kessel et al pointed that
the sonosensitive function of ATX-70 was relative
to the cavitation'®’. Miyoshi-*' studied the mecha-
nism thoroughly and found that the oxygen content
in the gas bubble was important to the cavitation.
20% O, was necessary for sonosensitive process,
and the ATX-70 maybe acted as surface activator to
strengthen the cavitations. He further indicated
that the sonosensitive reaction did not cause from
the SL excitated by the sonosensitiver, but has its

own mechanism. There are always different view-
points on whether the 0, takes part in the sonosen-
sitive process. The research of Sakusabe et all”
suggested that the sonosensitiver can kill tumor
cells by enhancing the yield of 'O, and other active
oxygen in the process of cavitation. Yumita et al
also thought that the active oxygen produced in the
sonosensitive process was crucial in SDT> I, How-
ever, in sonosensitive experiment, Miyoshi'®’ et al
did not find 'O, by EPR. In addition, it’s not sure
whether the ATX-70 can be used repeatedly in
SDT. At present, there are no detailed reports
about these problems.

In this paper, mechanism of the SDT was
studied by optical method. In the experiments, the
selective probe of active oxygen named fluoresceinyl
cypridina luminescent analog (FCLA) and un-selec-
tive chemiluminescence (CL) probe named luminal
were to detect whether the active oxygen produced
in the sonosensitive process timely and directly.

2 Materials and Methods

2.1 Reagent preparation

FCLA ( Sigma, USA ) was diluted to
50 pmol/L by distilled water. It has been known
that FCLA only reacts with 'O, and O, [14.15] e

minol (Sigma, USA) which can react with many
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sorts of free radicals and emit photons'!®!, was di-
luted to 50 pmol/L by distilled water. ATX-70
(Toyohakka Kogyo, Japan), which was thought as
the best sonosensitizer'> , was also diluted to 50
pmol/L by distilled water. SOD (Sigma, USA) se-
lectively consuming 5 , was diluted to 10 pmol/L
by distilledwater. NaNs, a sort of medicament to
reacting with 'O, selectively, was prepared with 10
mmol /117 , and DMSO, reacting with *OH selec-
tively, was prepared with 10 mmol/L.

When the experiment began, injected some
distilled water in the glass firstly, and then added
the needed reagents, made the whole volume 2 ml
and the concentration of FCLA, luminol, ATX-
70, DMSO, SOD and NaN; was 1 pmol/L, 1
pmol/L, 2 pmol/L, 2 mmol/L, 1 pmol/L and 2
mmol/L, respectively.

2.2 Apparatus and methods

The experiment setup was shown in Figure 1.
The SL or CLL was detected by: intensified charge
coupled device (ICCD) image system(Princeton In-
struments, [CCD-576-S/1, —40 C). The ST-130
controller( Princeton Instruments, USA) controlled
the ICCD and put the optical signal into computer.
The luminescence intensity could be caught by the
software of WINVIEW. The ultrasound field made
the reagents mixed equably and quickly.

The signal function ( AFG320, SONY,
Japan) brought sine signal with 500 kHz and fed
the signal to power amplifier (ENI CO. Ltd,
2100L, 50-dB). The 50 W signal from the amplifi-
er was used to driver the transducer (diameter; 5
cm, Mingzhu, Guangzhou, China) to emit ultra-
sound. To avoid the influence of idle photons, the
black ink was used as the transmit media of ultra-
sound, and the temperature was kept 25+1 T.

The absorb spectrum of ATX-70 was collected by
absorb spectrum system with the split of 10 nm, which
usually was used to highly sensitive detection.

o]

i |
Dark room
” ST-130 controler
Samgle ¢ —‘
m ‘_’Tmmchmr
Bladk ink rd
B
Power applier | 4 Function
. Computer

Figure 1. The setup for CL detection

3 Results and Discussion

Figure 2 is the detected curve of CL intensity
in different solutions, with the power of ultrasound
50 W, the frequency 500 kHz, and the total time
50 seconds. In the first five seconds, the back-
ground intensity of ICCD is about 50 cps, and
when the FCLA was added (the second five sec-
onds), the intensity increased to about 450 cps. It
can be taken as the experiment background. After
that, when the ultrasound began to act on the solu-
tion, the CL intensity increased to about
15,000 cps. When ATX-70 was added in, the in-
tensity increased to about 45,000 cps immediately.-
However, with the SOD was added in, the intensi-
ty decreased to about 21,000 cps, and it would de-
crease ulteriorly to about 2,600 cps when NaN; was
added in. The experiment was repeated three
times, and the standard deviation at each time
point was lower than 9% .

ATXH-T0

50D

S0

GL Intensity(x1000cps)

Ll
1

Tim e(s)

Figure 2. The CL intensity of saturated air liquid in 50 sec-
onds. The data was means = S.D. (7 =23)

As we know, FCLA can react with active oxy-
gen selectively and emit photons. When the ultra-
sound appeared, added the ATX-70 to the FCLA
solution, and the CL intensity increased obviously.
It was believed that it was ATX-70 that accelerates
the production of active oxygen radicals. When the
SOD was added in the solution, the CL decreased
but not disappeared, which indicated that not only
O, but also other active oxygen radicals were pro-
duced in the process, for the SOD only react with
0, and decrease the CL. The CL intensity continu-
ously decreased when the NaN; was added in,
which further proved that the 'O, radicals were
produced in the ATX-70 solution. The final inten-
sity was 2, 600 cps not 450 cps, which indicated
that the ATX-70 not only participated in the pro-
duce of active oxygen but also promoted the produc-
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tion of sonoluminescence directly.

Figure 3 showed the dependence of CL inten-
sity on the gas component in liquid. The left
showed the CL intensity under saturated air condi-
tion and the right under saturated N, condition.
The (=) and (™) represent the CL intensity of
FCLA and FCLA + ATX-70 solutions, respective-
ly. As shown in Figure 3, the CL intensity of
FCLA + ATX-70 solution under N, saturated condi-
tion was only about 1,000 cps, much lower than
that in the air saturated solution, which was
reached to about 50,000 cps. It is because that in
the air saturated solution, ATX-70 reacted with the
dissolved O, and produced 'O, and O, ~ . However,
in the N, saturated solution, the ATX-70 can’t re-
act with O,, and no active oxygen could be pro-
duced. It indicated that, in the cavitations, ATX-
70 can’ t produce the active oxygen free radicals
solely, without the dissolved oxygen. Thereby the
content of oxygen would affect the CL intensity.

60 [
] FCLA

B ATX-T0+FCLA

CL Intensity (x1000 cps)
g8 8 858 8

[
=]

=]

Hitrogen
Gases

Figure 3. The CL intensities of 1 pM FCLA(") and FCLA
+ ATX-70 (=) solutions which were detected in the air
saturated (left) and nitrogen saturated conditions (right) re-
spectively. The data was means+ S.D. (n=3)

Figure 4 showed the absorb spectrums of
ATX-70. Curve A represents the spectrum which
was detected before the ultrasound and curve B rep-
resents the spectrum 20 seconds after the ultra-
sound. Before and after the ultrasound, the two
absorb spectrums of ATX-70 were similar. The
peak values of the both spectrums are about 400
nm, and the subordinate values are about 600 nm.
The result showed that, in spite of the ATX-70 ac-
celerated the active oxygen produced in cavitations,
however, its molecular structure was not de-
stroyed. In Figure 4, the intensity of curve B de-
creased more slightly than curve A at 400 nm. The
reason is that ultrasound makes the ATX-70 redis-
tribute in the solution and leads the scan light of
spectrum system not to irradiate them completely.

From the above experiments, it can be con-
cluded that, with the dissolved oxygen, ATX-70
promotes the production of active oxygen radicals in
the process of cavitations. To describe how the
ATX-70 acts in cavitations, luminal (mainly reacts
with *+ OH) was added in the following experi-
ments. The sequence of the reagents was shown in
Figure 5.
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Figure 4. The absorb spectrums of ATX-70 before and after
ultrasound act. curve A: spectrum of ATX-70 before ultra-
sound act; curve B: spectrum of ATX-70 after ultrasound act
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Figure 5. The change of CL intensity in luminal solution for
prove the production in cavitation. The data was means *

S.D.(n=3)

-When the luminal was added in the water,
with the ultrasound, the CL intensity increased ob-
viously. However, when DMSO was added in, the
CL intensity decreased quickly, just above the
background. Then, adding the SOD and NaNj in
order, the CL intensity did not almost change. It
indicated that it was + OH that was mainly pro-
duced in the process of cavitations, but the yields of
10, and O, ™ were very low. When adding ATX-70
into the luminal solution, as shown in Figure 6
(the experiment was repeated three times), the CL
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intensity decreased from about 51,000 cps to about
42,000 cps. Adding FCLA into the mixed solu-
tion, however, the CL intensity increased again. It
indicated that the ATX-70 can react with the *OH
radicals and decrease the concentration of the * OH
in the cavitation, leading the CL intensity to de-
crease and more active oxygen to produce.

Based on the above results, the main reaction

could be as follows:
cattation

2H,0 —>2+-OH+ 2H+ photons (1)
OH + ATX-70—-OH+ ATX-70 (2)
ATX-70+20,—~10,+0,” + ATX-70 (3)

In the experiments, another phenomenon was
also found. It is the ATX-70 that can reduce the
threshold  of  sonoluminescence.  Experiments
showed that when the power was 35 W, sonolumi-
nescence began to appear in the liquid without
ATX-70. However, the power decreased to about
28 W when ATX-70 was added. So ATX-70 makes
the cavitations become easier. The ATX-70 maybe
act as some sort of surface activator to strengthen
the cavitations, just like described by Miyoshil?!.

Lumz

a0 ATK-70 FCLA
W
50
a ' TM‘HT&
& 10 4 1
=
.
g Utrasonic
E ]
3 S
“J.
10 wl'“ A
R T T T T T
0 0 20 30 w0 50
Time (s)

Figure 6. The change of CL intensity for prove the produc-
tion of active oxygen. The data was means+S.D. (n=3)

4 Conclusion

In this paper, the main work is to discuss the
role of ATX-70 in the process of cavitations. The

results showed that the active oxygen, which was

used to kill the tumor cells in SDT, was mainly
produced by the chemical reaction in the process of
cavitations instead of coming from cavitations di-
rectly. The main function of ATX-70 in cavitations
is to transfer the energy of * OH to the dissolved
oxygen in the liquid, and turn the oxygen into 'O,
and O; . Though ATX-70 increases the yield of ac-
tive oxygen, its molecular structure does not

change, just like some sort of catalyze. The result
also showed that ATX-70 is a highly efficient

sonosensitizer in SDT.
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Abstract: This article demonstrates “a new variable step size LMS adaptive filtering algorithm” to eliminate 50 Hz
power line interference. This approach can provide faster convergence rate and smaller mean square error (MSE).
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Keywords: adaptive filter; LMS algorithm; 50 Hz power line interference

Abbreviations: ECG: electrocardiogram; LMS: least mean square; MSE: mean square error; SNR: signal to noise
ratio; NLMS: normalized least mean square; SVSLMS: S-function variable step least mean square

1 Introduction

ECG signal is always interrupted by mixed in-
terferences, such as 50 Hz power line interference,
respiratory and muscle electric interference etc.
Specifically, since signal to noise ratio (SNR) of
electrocardiogram (ECG) signal is very low, the
interfering frequency at 50 Hz may overwhelm the
source signal. Methodologically, elimination of 50
Hz interference has been discussed a lot'2), Ma-
jority of the approaches suppose the 50 Hz power
line interference frequency not to fluctuate. In this
short report, we use a variable step size least mean
square (LMS) adaptive filtering algorithm to elimi-
nate the 50 Hz power line interference whose fre-
quency has small fluctuation from ECG signal. The
LMS algorithm and stochastic gradient algo-
rithm®*), introduced by Widrow and Hoff in

ry(:&)sz(:’I)"'Jt(in)
OP ={e(n)=d(n)—y(n)

lwn)=wln—-1)+2*uxe(n)*z(n)

where u is the step-size control parameter.

The adaptation parameter, step size u select-
ed, must be small enough to ensure that the algo-
rithm converges to the optimum point. However,
this small step size causes slow convergence. As a
matter of fact, the convergence condition can be

1
STHRT
Where Tr [ R ] denotes the trace of R and R is the

satisfied by choosing the range 0<< u

1960, is widely used in practice because of its sim-
plicity, computational efficiency, and good perfor-
mance under a variety of operating conditions.
LMS algorithm is based on mathematical method of
the steepest decline, which is to define a perfor-
mance function along the vector in the direction to-
ward negative gradient of the steepest value to get
itself recovery. Figure 1 shows the basic of LMS
algorithm. The LMS algorithm can be summarized
as

L
y(n)=§w,-_r(n—1)= wix (1)
where X(&) =[x(%k), x(k—1),,xz(k—L+
1)]T and filtering coefficient W is defined as
W (k) :['U.J(](k), wl(k)!"'!wf_,—l(k)]rrv L iS
the number of filtering order; W; is the filtering co-

efficient. The optimization can be determined by
using LMS algorithm as OP procedures:

(Filtering)
(Error formation)

( Confficient updation)

auto-correlation of X. The convergence rate is pro-
portional to the variation of parameter «'5). If
increases, the y will converge faster but increases
mean square error (MSE) and decreases the stabili-
ty margin. In order to resolve this contradiction,
we proposed a new algorithm to modify the variable
step size LMS adaptive algorithms.
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Figure 1. The structure of LMS algorithm

instead of using numbers, normalized least
mean square (NLMS) algorithm'® modify « by
defining variables @ and 3

a a

=gy T, T8 () @

where r(n) = zlz, is defined as the interior prod-
uct of the input vector z(n).

The value of u(n) has to be put small value to
avoid the decreasing stability, therefore, a must be
positive number in 0 < a«<1 and = 0. 0001.
NLMS algorithm can effectively reduce amplifying
gradient noise in the process of convergence, and
keep the good convergence rate eventually.

In order to improve the performance of the fil-
ter, Tan et al'”’ proposed a new variable step size
LLMS adaptive algorithm, S-function variable step
least mean square ( SVSLMS) algorithm, which
define u(#n) as a Sigmoid function of e(n),

1
u(n)zﬁ(l—+ E(-a '|'|mjx'(';)”—)—0‘5) (3)

The advantage of this algorithm is that the
step size is bigger in preliminary stage of unknown

(a)

Figure 2. (a)The graph of u(n) and || e(n) || (SVSLMS algorithm)

posed algorithm)

system, so having faster convergence rate. When
the algorithm has already converged, no matter
how big the input interference was, it can keep
very small step size to obtain very small MSE.

2 Experiment and Method

To overcome the imperfection of SVSLMS al-
gorithm'®!, we use a new variable step size LMS
adaptive filtering algorithm.

u(n)=ﬁ(1_e( !|e(n)r(n)||“)) (4)

Figure 2 (a) shows the result of using
SVSLMS algorithm for analysis. The error func-
tion e(n) alternated near zero where the algorithm
has steadied or will steady. But u (n) changes too
fast. The step size of SVSLMS algorithm varies in
phase at adaptive steady state. This is our major
concern. When £ is in the rang of 0< 8<2/A,.\,
in contrary, the proposed algorithm controls the
shape of the function, further more >0 controls
the value range of the function of u (n) if a >0.
Obviously, we should conclude 0 < pe < 1/A,,, and

DEBL L s

As3g=05

=i gl B

gl g2

(b)

(b)The graph of u(n) and [| e(n)z(n) || (pro-
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3 Result and Discussion

In equation (1), || e(n)X(n) | is very big
and g (n )= f initially as well as obtained the
biggest convergence rate. Being close to steady
state, || e(n)X(n) | will reduce. When it reach-
es the steady state, both || e (n) X (n) || and
u(n) becomes very small, and the MSE is also

lell

Ligure 3.

Figure 3 is the result of examining the conver-
gence performance of algorithms through the com-
puter simulation. It shows the performance of
SVSLMS and LMS as well as NLMS. Comparing
with the SVSLMS, the convergence rate of the
proposed algorithm is faster, and makes the MSE
smaller enough.

This report presents new variable step size
LMS adaptive filtering algorithm to eliminate the

S

very small. When the input signal is non-stationary
random signals, the instantaneous change of input
signal causes || e (
much. It causes the algorithm automatically in fast
convergence condition. The relational graph of «
(n) and | e(n)X(n) || is shown in Figure 2
(b). From the Figure 2, in order to accelerate con-
vergence rate, a and 2 should be big. In contrary,
make the MSE smaller, a and 3 should be smaller.

The convergence rate

50 Hz interference from the ECG. The block dia-
gram is shown in Figure 1. Performance of the
noise cancellation was tested by using stationary in-
put signal ECG with 50 Hz sine wave added but
frequency is undulating between 50 + 1 Hz and 50
— 1 Hz that models the input of main channel. Sine
wave whose frequency fluctuates between 50 — 1 Hz
and 50+ 1 Hz models the input of reference chan-
nel. The result of simulation is shown in Figure 4.

'{-\'""\]ﬂll__,

O

-0.5 I L 1

T

_’__d__)'n '\______,H,__-"*‘_‘__AJ ‘____,."{"\______________J; a

a 1000 2000 3000 4000

1

sS000 &000

L s s
7000 8000 9S000 10000

-0.5
u] 1 m:I 2CIDD SOEI:I 4DCIEI SDDO EUDD ?DEID BEIDCI BCIDEI 10000
1 T T v T T
05} ‘!l .
o ._._-.-.--—"“\._.JI J'..,—-»—-" . \___.__--_-—-——-—-"'\_-_,‘IKL_P_H_.-*‘“‘\ e - C
-0.5 i 1 1 I 1 i s 1 1
o a 1000 2000 3000 4000 S000 6000 7000 ©S000 9000 10000

Figure 4. The result of simulation
(a) : The ECG signal; (b):The ECG signal with 50 Hz interference; (¢) The result of proposed elimination processing
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Figure 5. The real ECG signal
(a) : The real ECG signal with 50 Hz interference; (b):The result of processing

In practice, we choose the reference channel
which contains the 50 Hz interference and its har-
monic. The common-mode signal recorded at the
right leg reference electrode!® which is truly corre-
lated with the noise in ECG recording. The result
of processing is shown in Figure 5. We see that 50
Hz interference to ECG is violent before processing
and restrained after processing.

4 Conclusion

The approach proposed improves the conver-
gence rate to enhance the calculation speed, cause
the algorithms being more advantageous to apply in
the real-time processing and reduce the MSE so as
to improve the quality of eliminating interference.
The result obtained by theory and simulation shows
that this algorithm, compared with traditional
LMS algorithm and other improved LMS algo-
rithm, is much more effective to eliminate the 50
Hz interference from ECG signal.
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