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Focus and scope

The Bulletin of Chiang Mai Associated Medical Sciences (Bull Chiang Mai Assoc Med Sci) is the official
peer-reviewed journal of the Faculty of Associated Medical Sciences, Chiang Mai University. Manuscripts
(original articles, general articles, short technical reports, notes, and letter to editor) in areas of Medical Technology,
Physical Therapy, Occupational Therapy, Radiologic Technology, and related fields are welcome. Bull Chiang
Mai Assoc Med Sci is published 3 times a year in January, May and September.

The goal of Bull Chiang Mai Assoc Med Sci is to provide a platform for scientists and academicians to promote,
share, and discuss various new issues and developments in different areas of Medical Technology, Physical
Therapy, Occupational Therapy, and Radiologic Technology.

The final decision on publication of a manuscript rests with the Editorial Board and ultimately with the Editor.
All papers, regardless of type, represent the opinion of the authors and not necessarily that of the Editor, the
Association of the Publisher.

Objectives

The Bulletin of Chiang Mai Associated Medical Sciences aims to publish integrating research papers in areas
of Medical Technology, Physical Therapy, Occupational Therapy, Radiologic Technology, and related under
peer-reviewed process by at least two internal or external reviewers.

Types of manuscript
Manuscripts may be submitted in the form of original articles, general articles, short technical reports, notes,
or letters to editor where, as an approximate guide to length:
= Review articles would not normally exceed 20 journal pages of printed text, inclusive of tables, figures,
and references.
= QOriginal articles would not normally exceed 15 journal pages, similarly all-inclusive.
= Short communications including technical reports, notes, and letter to editor would not normally
exceed 5 journal pages.

Peer review process
All manuscripts must be peer-reviewed by at least 2 internal or external reviewers in the areas of Medical
Technology, Physical Therapy, Occupational Therapy, Radiologic Technology, and related.
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Closed relationship of t-allele and high HbF associated cis-loci : Case studies
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Introduction: Previous statistical analyses have demonstrated linkage disequilibrium of BE-aIIeIe and surrounding

in-cis sequences.
Objective: To confirm the linkage disequilibrium of BE-aIIeIe and surrounding in-cis sequences.

Materials and Methods: Associations of the F-allele with the B-globin haplotype, (AT)XNZ(AT)y motif of BLCR-HS2,
Xmnl-*} polymorphism, pre-®} framework, (TG)n motif in IVSII of “}-globin gene and HBBP1 : rs2071348 polymorphism

were analyzed in three Thai HbE/p°-thalassemia families.

Results: The p“-allele was always in-cis with the p-globin haplotype I, pre G‘f-framework 2, Xmnl+, (TG)13 motif
within IVSII of *}- globin gene and “C” at HBBP1 : rs2071348 locus, all previously shown to be associated with high
HbF expression. Combination of the (AT)9N12(AT)10 motif of BLCR-HS2 and these cis-acting factors seemed to be

required for maximum HbF-expression.

Conclusion: This family study substantially confirmed the linkage between the BE allele and cis-acting loci associated
with high HbF phenotype. This study also highlighted the closed relationship between HbE and HbF as well as the
need of combination of the analyzed cis-acting sequences in activating HbF expression in human.

Bull Chiang Mai Assoc Med Sci 2015; 48(2): 88-99. Doi: 10.14456/jams.2015.14

Keywords: HbE/BO-thaIassemia, HbF, B-globin haplotype, B-globin mutations, cis-acting loci
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Introduction

HbE (OLZBEZ) is abnormal hemoglobin arising from
an assembly of mutated p* (A-G at codon 26 altering
glutamic to lysine) and normal a-globin chains. This
hemoglobin variant is common in Southeast Asia,
attaining a frequency of about 60% among the population
of Thailand, Laos and Cambodia."”* The B°-mRNA was
shown to be ineffectively synthesized owing to competitive
utilization of an alternative splice site at codon 25° and
the silencing effect of the (AT)QT5 motif in the B-globin
promoter.* The reduction of B°-mRNA leads to a reduced
BE-globin chain, which results in the B’-thalassemia
phenotype. Thus, compound heterozygote of the B=-globin
and B-thalassemia alleles leads to a syndrome referred to
as HbE/p-thalassemia.’

Phenotypically, HbE/B-thalassemia presents in
a broad range of clinical symptoms, ranging from trans-
fusion-dependent B-thalassemia major to a mild form of
B-thalassemia intermedia requiring only occasional blood
tra1.nsfusion.2’5 Several factors have been shown to be

responsible for this clinical heterogeniety, including

Bull Chiang Mai Assoc Med Sci

types of the counterpart B-thalassemia alleles,
co-existence of O-thalassemia and co-inheritance of
high HbF genetic variants.® The Xmnl-°; site, a *“T”

substitution for “C” at nucleotide -158 in €

‘{ promoter,
was shown to be a major cis-acting genetic factor
associated with increased HbF.*® Recent statistical
analyses in Thai HbE carriers, HbE homozygotes
and HbE/B-thalassemia revealed association of the
anI-G‘-,' site and other surrounding cis-acting loci with
pE-allele.®'*"

In this study, we attempted to confirm these
previous findings by conducting family studies to
determine associations of BF-allele and cis sequence
variations, including the an/—G‘-,' polymorphism, B-globin
haplotypes, (AT)XNZ(AT)y motif of PLCR-HS2, pre-®y
framework (PGyF), (TG)n motif in IVSII of A+1-globin
gene and HBBP1 : rs2071348 single nucleotide
polymorphism. The information obtained from this study
should confirm the previous linkage disequilibrium
analyses and provide evidence of the close relationship

between HbE and HbF.

Vol. 48 No. 2 May 2015 89



Materials and methods

Subjects

This study was approved by the research ethics
board of Faculty of Associated Medical Sciences, Chiang
Mai University (Approval notice 205/2012). Three northern
Thai families, each having one HbE/B°-thalassemia
member, were recruited. EDTA blood samples were collected.
Hb typing was performed by cation exchange HPLC (The
Primus Variant System 99, Kansas City, MO, USA). The
B-thalassemia mutations in the first and second families
were identified by multiplex allele-specific PCR' and that
in the third family by automated fluorescent nucleotide
sequencing.”® Based on the results of Hb typing and
B-globin genotyping, all volunteers were diagnosed. The

2T _thalassemia

first family had four members: HbE/ 8
proband, HbE-heterozygous father, B-thalassemia
heterozygous mother and HbE-heterozygous brother. The
second family had four members: HbE/ B """ -thalassemia
proband, HbE-heterozygous mother, HbE-heterozygous
brother and B-thalassemia heterozygous father. The third

VST (G _thalassemia

family had four members: HbE/
proband, HbE/B"V®"™ T _thalassemia sister, HbE

heterozygous father and B-thalassemia heterozygous mother.

Molecular analysis

Genomic DNA was prepared from leukocytes
by the direct Chelex extraction method."” The Xmnl-®y
polymorphism was determined by Xmnl digestion of
PCR products covering the position -158 on G‘-J-'—promoter,
following the procedure described previously.” Determi-
nation of A/C polymorphism of HBBP1 : rs2071348 was
performed by the tetra-primer ARMS-PCR, established
previously in our laboratory.” The RFLP haplotypes
(Hindll-&, Hindlll-%, Hindlly, Hindll-5"y, Hindll-3" g,
Avall-f and Hinfl-f) were generated following the procedure

described previously.""”

Sanger’s direct nucleotide
sequencing was employed to genotype the (AT)XNZ(AT)y
motif of BLCR-HS2, PGF, (TG)n motif in IVSII of A‘-J-’—globin

18-20
gene.

90 ’J’]iﬁ’]iLﬂﬂﬁﬂﬂ’]iLLWﬂETL‘EENI%SJ

Association of BS-allele and sequence variations on
B-globin gene cluster

Five B-globin haplotypes (Hindll-c, Hindlll-°y
, Hindll-*, Hindll-5’ v, Hindll-3'wf3, Avall-f and Hinfl-p)
were observed in these three families, including haplo-
types | (+ - ---++), l -+ -+ ++ ),V (+----+-),
VI(-++---+)and VIl (+ - - - - - +) (Table 1). pF-allele
was in-cis with only haplotype Ill.

Five (AT)xNz(AT)y motifs of BLCR-HS2 were
found. These included (AT) N (AT) . (AT) N _(AT) .
(AT), N_(AT) . (AT),N (AT) and (AT)N (AT)
(Figure 1 and Table 1). The BE allele was predominately
in-cis with the (AT) N_(AT) motif.

According to Pissard & Beuzard, the combination
of SNPs at positions -1450, -1280 and -1225 related to
¢/-globin gene cap site formed three pre-®; frameworks
(PG7F).(21) These included PG{F1 (TGA), PG{F2 (TAG)
and PG7F4 (TGG). Interestingly, combinations of SNPs at
positions -1067, -807, -369 and -309 formed two sub-PG’Fs
(TCCA and AACA) and were shown to be PG7F-specific.
The “TCCA” was specific to PG7F 2, whereas the “AACA”
was always in-cis to the PGYFs 1, 4. The B -allele was
in-cis with only PGF2 (Table 1).

The Xmnl+ and Xmnl- sites were equally
distributed in these three families. The p'/*™, p*"*TTeD
and p"Y*"""®D were in-cis with the Xmnl- site. The p*-allele
was in-cis with both the Xmnl/+ and Xmnl- sites. However,
the p=-allele was in-cis with only the Xmnl+ site (Table 1).

Two (TG)n motifs within 1IVS2 of A‘;-'-globin gene
were observed, including (TG)13 and (TG)Q(CG)S(TG)8
motifs (Figure 2). Combination of single nucleotide
polymorphisms (SNPs) loci rs 2187608, rs 28379094, rs
28440105 and rs 3841756 formed three sub-haplotypes
within this region, including “GGGA”, “CAGA” and “CAG
delA”. The (TG)13 motif was in-cis with only the “GGGA”
sub-haplotype. The (TG)Q(CG)S(TG)8 motif was in-cis with
either the “CAGA” or “CAG delA” sub-haplotypes. The
BE-aIIeIe was in-cis with only the (TG)13 motif within this

region (Figure 2 and Table 1).
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than wild type “A” allele. However, the B"-allele was in-cis

In cases of A-C polymorphism of the HBBP1: rs 2071348

with only the polymorphic “C” allele (Table 1).

locus, the polymorphic “C” allele was less frequent
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Figure 1 Electropherograms of the (AT)xNz(AT)y motif of ﬁLCR-HSZ. Boundery of (AT)x, Nz and (AT)y repeats are shown as the lines above

peaks within each electropherogram.
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Figure 1 Electropherograms of the (AT)xNz(AT)y motif of BLCR-HS2. Boundery of (AT)x, Nz and (AT)y repeats are shown as the lines above

peaks within each electropherogram. (continued)
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Figure 2 (TG)n motif within IVS2 of A‘-J-’-globin gene. A, B are the ( TG)13/(TG)13 and (TG)Q(CG)S(TG)H/( TG)g(CG)s( TG)B, respectively.

Table 1. B-globin haplotypes and sequence variations of B-globin cluster in three Thai HbE/BO-thaIassemia families.

B-LCR
G A
Hs2 2 Y ¥ wp o B
Do 1
— = gL T I — 11 .
v v v » v v v v
Hind - Hind Hind | .07 | Hind | Hind o | Ava | Hinf
AR | R || B || g E ""§ % § § § m I | mes | I i b i I
LI #1210 m p|TlCc|CclAl+| + -l + |+ BE | + | -
10-12-10 VI ~|l2|lT|C|C|Al|l+ + A - - B - +
I-II 10-12-10 VI +l1|Aajalclal-| - - A - - gl | +
91210 v +|1jAala|cla| -] - - A - - B + -
o-I* 10-12-10 VI +|1jAala|cla| -] - - A - - gl - +
#1210 m 2Tl clAal+| + -l + |+ BE | + | -
- 91210 v +|1jAala|cla| -] - - A - - B + -
10-12-10 VI ~l2lT|Cc|Cc|lAl+]| + + A - - B - +
Family I (TG)n rs2187608(C>G) | rs2B379094(G>A) | rs28440105(T>G) | rs3841756(delA)
II (TG)13 G G G A
" Te)13 G G G A
(TECCSTCS C A G A
I-IT
(TCICCISTCS C A G A
LI (TECCSTCS C A G A
(TG)13 G G G A
(TECCSTCS C A G A
-
(TG)13 G G G A

(AT)xNz(AT)y is the repeat motif of BLCR-HS2. -haplotypes are the RFLP-haplotypes of 3-thalassemia chromosome. PG'/F stands for G‘-I'

framework. rs2071348 is the SNP (C/A) in HBBP1 locus. Numbers preceded by the minus symbol indicate locations of SNPs in promoter

region of -globin gene. “-158” is the Xmn/-°} site. “ +

the restriction enzymes.
Bull Chiang Mai Assoc Med Sci
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Table 1. B-globin haplotypes and sequence variations of B-globin cluster in three Thai HbE/BO—thaIassemia families.

(continued)
B-LCR
. G A 3
HS2 2 Y Y B o B
. 1
—_— ) {F .
LT e 11 r
v v v v v v v v
Hind N Hind Hind | 2y | Hind | Hind e | Ave | Hinf
Family Il | (ATINAT) | Bhaplotypes | oo E d § g8 g g - m | ss | o o A - .
II 11-12-10 VII + | 1]lAflA|lC|A]| - - - A - - g’ -
91211 1 +|(1]lAajla|cl|aAa|-| - _ A _ _ pA +
I 9.12-10 I _ 2|lT|lC|C|A|l+ _ c 4 ﬁ_-\ + B
91210 m - l2|T|Cc|c|a -l e |+ pE + -
oI 9.12-11 I + | 1]lA|A|C|A]| - - - A - - pt + +
912-10 m _l2lT)lec|lc|Aal+]| + _ c | + + BE + _
-1+ 11-12-10 VII +(1]lAaja)cl|aAa|-| - _ A _ _ pl” - +
9.12-10 m s jz2|T|c|lclAal+]| + -l |+ |+ pE + -
Family IT (TG)n rs2187608(C>G) | rs28379094(G>A) | rs28440105(T>G) | rs3841756(delA)
1 (TC)CC)STE)S [§ A G A
(TGCC)STE)S C A G A
LI (TE)13 G G G A
- (TE)3 G G G deld
LI (TC)(CCIETCIS C A G A
” (TE)L3 G G G deld
LIT* (TC)HCC)S(TC)S C A G A
- (TC)3 G G G delA
p-LCR
. G A 3
HS2 € Y ¥ wp o p
: [
— K H I} r
i ——ff—1IT —IT -
v v v v v v 'iv v
- Hond Hind Hind | .7 | Hind | Hind Ava | Hwnf
Family III S e |= Lelo mran
WIRSEADY | Bhaplotrpes | 1 § s § g = % g m II | 138 | II i L I I
11 §-12-11 I + |4 |A[A|C|A]| - - - A - - p-" + +
81211 I 2 T|C|ClAl+]| + -l + |+ gE +
LII 81211 VII + |1]|AlA|C|lA]|- - - A - - B -
91211 I +|1|Aajaflc|al-| - - A - - s 4
—— 81211 I _lz2|T|lc|lclal+]| + - c | + + pE + -
91211 I +|1lAajalc|al-| - - A - - s 4 +

Family Il | TG repeated | rs2187608(C->G) | rs28379094(G>A) | rs28440105(T>G) | rs3841756(delA)
. (TE)HCCIETCIE C A G A
) (TG)13 G G G A
LI (TE)HCCISTC)S C A G A
B (TE)ICCISTCIE C A G delA
G)13 G G G A
LI (TG).
(TC)HCCISTC)S C A G delA

(AT)xNz(AT)y is the repeat motif of BLCR-HS2. B-haplotypes are the RFLP-haplotypes of [-thalassemia chromosome. PG'/F stands for G‘-I-’
framework. rs2071348 is the SNP (C/A) in HBBP1 locus. Numbers preceded by the minus symbol indicate locations of SNPs in promoter
region of G‘-I-'-globin gene. “-158” is the anl—G‘-J-' site. “ + ” indicates presence of cutting sites and “ - ” indicates absence of cutting sites for

the restriction enzymes.
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Extended B-globin haplotypes and HbF synthesis in
Thai HbE/f°-thalassemia

Extended haplotypes of the B-globin gene cluster
in three HbE/B-thalassemia; two with Hbs EF and another
with Hb EE, were analyzed and compared. The first
patient (ll-l in family 1, as shown in Table 1 and A in
Figure 3), with 66.6% HbE and 20.9% HbF, was compound

H1142TTCT lleles. The second

heterozygous for B° and B
patient (II-1l in family 1l, as shown in Table 1 and B in
Figure 3), with 61.3% HbE, 22.1% HbF, was compound

heterozygote for B* and B'"*™. The third patient (II-Il in

family Ill, as shown in Table 1 and C in Figure 3), with
1.7% HbF and 89.4% HbE, was heterozygous for f* and
VS &1 (Figure 3). As shown in Figure 3, the pS-allele
in the two patients (“A” and “B”) with high HbF levels
was in-cis with the (AT)gNn(AT)m, haplotype Ill, PG}{F2,
(TG) “‘C”

and at the HBBP1: rs 2071348 locus. In
contrast, the BE-aIIeIe in the patient (“C”) with a lower HbF

13

level than patients “A”, “B” was also in-cis with haplo-
type lll, PGY{F2, (TG)13 and “C” at the HBBP1: rs 2071348
locus. However, the (AT)xNz(AT)y motif of the BLCR-HS2

in patient “C” was (AT)8N12(AT)11.

1 B2 A%
A HbE 66.6% B HDE b1.3:% ¢ "
HbF 20.9% HOF 22.1%
- HBF L7%
5wy C nse = = o = = ¥4
Py AA ¥, - h\] L X _:_ o )
B- B- HBBPI
alleles | (ATxNz(AT)y | haplo | PGyF | Xmnl-%y ¥ IVEL(TGm 071348
Al F 9.12-10 7] 2 (TG) 13 C
p 9.12-10 VII 1 T (TG)3(CG)s(TG)s A
B| [~ 91210 i} Z c (TG)1: C
I'a 11-12-10 VII 1 T (TG)3(CG)s(TG)s A
| & 51211 i} Z c (TG)1: C
Frsimd | 91211 I 1 T (TG)3(CG)s(TG)s A

Figure 3 Hb typing by HPLC (top panel) and cis-acting sequence variations (lower panel) in HbE/ﬁO-thaIassemia patients “A”, “B” and “C”

as mentioned in the text. B represents B"*7, B*"** represents BTV, BS™ represents %", B-haplo represents [3-haplotypes and

PG‘-{F represents pre-G‘[-' framework.
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Discussion

The pS-allele mutates from the normal B*-allele
by missense mutation of codon 26 of the B-globin gene,
altering the codon for glutamic acid to that for lysine.'
This mutation is common in Southeast Asia.**** This high
incidence was shown to be due to natural selection
against malaria, particularly Plasmodium falciparum.***

Recent pairwise LD analyses in Thai HbE/
B°-thalassemia by Ma et al* and in Thai homozygous
HbE (EE), heterozygous HbE (AE) and normal (AZA)
individuals by Ohashi et al"® indicated significant linkage
disequilibrium of the BS-allele and surrounding in-cis
sequence variations. These studies assumed that malarial
selection was involved. The family studies undertaken in
this study found that the B-allele was always in-cis with
the (AT)9N12(AT)10 motif, B-globin haplotype Ill, PGY{F 2,
(TG)13 motif within 1IVS2 of A‘-J-'-globin gene, Xmnl+ and “C”
allele of HBBP1 : rs2071348, confirming those previous
statistical assumptions. Interestingly, all of these in-cis
sequence variations have been shown to be associated

18212735 Hence, closed

with increased HbF expression.
relation between HbE and cis-acting genetic factors
associated with increased HbF expression observed in this
study was most likely a result of positive selection against
malaria, which is endemic in Thailand. Red blood cells
containing Hbs E and F retarded the growth of
P. falciparum, probably due to increased oxidative
stress.*®¥ Thus, individuals inheriting both HbE and
HbF-activating loci are likely to survive malarial infection.

Analysis in 3 HbE/B-thalassemia patients having
typical EF (“A”, “B” in Figure 3) and atypical EE (“C” in
Figure 3) phenotypes highlighted the importance of
combination of the (AT)9N12(AT)10 motif, -globin haplotype
Ill, PGTF 2, (TG),, motif within IVS2 of /-globin gene,
Xmnl+ and “C” allele of HBBP1 : rs2071348 in activating
HbF production. The B'"*™, p*"42(TTCN gng BTG
alleles in these three patients were in-cis to the B-globin
haplotype | & VII, PGYF I, (TG) (CG),(TG), motif within
IVS2 of *y-globin gene, Xmnl- and “A” allele of HBBP1 :
rs2071348 previously shown to be involved with low HbF

15,33,34

expression. Thus, HbF expression in these three

a € A '
96 ’J']Sﬁ’]iLﬂﬂuﬂﬂ’liLLW'ﬂUL“EUGI%&I

patients was likely the result of icreased expression of
the 7-globin gene on the B“-chromosome. However,
in patient “C” (Figure 3), the (AT)XNZ(AT)y motif in the
BF-chromosome was (AT)8N12(AT)H, which has been
previously shown to be involved in normal HbF
expression® and should be responsible for the atypically
low HbF in patient “C”. The (AT)XNZ(AT)y motif of
BLCR-HS2 has been shown to be a classical enhancer
for ®y-globin gene expression via opening chromosomal
domain, thus increasing accessibility of RNA polymerase.®
The (AT)8N12(AT)11 motif might have less impact on the chro-
mosome opening activity at -globin promoter, resulting
in minimal -globin gene expression. This study was,
however, the first to describe this unusual phenomenon.

In conclusion, this family study confirmed the
linkage of the B allele and cis-acting loci associated with
high HbF phenotype. The close relationship between HbE
and HbF as well as the need of combination of the
analyzed cis-acting sequences in activating HbF

expression was highlighted.
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Abstract

Background Preparative separation of hemoglobins is useful for preparing purified hemoglobins used as

standard and control materials, as antigen for immunization or for immunological tests for hemoglobins.

Objectives: This study was aimed to develop the fast procedures for preparative separation of hemoglobins in

hemolysate.

Methods: For fast preparative separation of Hbs A, Az, E (with Az) and F, three stepwise pH gradient liquid
chromatography was developed namely Protocol A, Protocol AZ/E and Protocol F using the medium pressure liquid
chromatography (MPLC) system and Tris-HCI-KCN (THK) buffer. The techniques of CAE with band elution was also
developed to quickly separate and purify Hb Bart’'s and Hb Portland 1.

Results: Compared to the conventional continuous pH gradient anion-exchange liquid chromatography run on the
MPLC system which lasted 240-340 minutes, this newly established protocols took considerably short separating
time. The Protocol A, ProtocoIAz/E and the Protocol F required only 50, 50 and 70 minutes, respectively, to complete
run. The outcomes of separation of conventional and the new methods were comparable. Hbs Bart's and Portland

were successfully separated within 15 minutes in CAE, followed by band elution.

Conclusion: The new stepwise pH gradient anion-exchange liquid chromatography protocols run in the MPLC
system and CAE with band elution techniques were successfully developed for fast preparative separation of
hemoglobins. These protocols should be useful in preparation of purified hemoglobins that might be used as
antigen, standard and control materials for hemoglobin study after specific types and separating patterns of purified

hemoglobins were correctly confirmed by other standard techniques.
Bull Chiang Mai Assoc Med Sci 2015; 48(2): 100-106. Doi: 10.14456/jams.2015.13
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Introduction

Hemoglobin (Hb) is the principal protein in red
blood cells (RBCs). Its main task is to transport OZ/CO2
and stabilize pH in the erythrocytes. More than one type
of hemoglobins are synthesized at each developmental
stage of human. In embryo, Hb Gower 1 (i_2EZ),
Gower 2 ((1252) and Portland | (i_z',nfz) are predominantly
produced. In fetus, HbF ((12}*2) predominates, following
by HbA ((12[32). In adult life, HbA is the major hemoglobin,
followed respectively by HbA2 (0L262) and HbF." Types
and quantities these hemoglobins thus determine status
of hemoglobin production in human at each developmental
stage, change of which indicates the syndrome of

thalassemia and hemoglobinopathies.

Bull Chiang Mai Assoc Med Sci

Separation and quantification of hemoglobins
in blood may be performed to make the diagnosis of
thalassemia and hemoglobinopathies. To date, several
techniques have been developed for this task, including
cation-exchange HPLC, cation-exchange LPLC, isoelectric
focusing (IEF) and capillary electrophoresis (CE).>*

Another objective of hemoglobin separation
is to prepare the purified hemoglobin for further use as
antigen, standard and control materials for hemoglobin
studies. To obtain the large quantity of the hemoglobin,
the so-called preparative separation is performed.
Conventionally, the preparative separation of hemoglobin
is performed by continuous gradient ion exchange column

liquid chromatography.* However, this technique is laborious
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and time-consuming taking almost 5 hours. Some
unstable hemoglobins might not remain intact at the end
of the chromatography. Thus, this study was aimed to
develop the fast and effective protocols for preparative
separation of Hbs A, Az. E, F, Bart's and Portland I. This
new protocol was anticipated to be useful for those working
in immunologic production of antibody to hemoglobins as
well as those involved in diagnosis of thalassemia by the

hemoglobin analysis techniques.

Materials and Methods

Preparation of hemolysate

Hemolysate was prepared from cord blood
(for Hbs F, Portland | and Bart’s) and peripheral blood
(for Hbs A, AZ, E) by the standard carbon tetrachloride
(CCl4) extraction.® Briefly, 3.0 mL of EDTA blood was
washed for 3 times with normal saline solution (NSS) to
yield packed red cell (PRC). Two volume of distilled water
was then mixed with the PRC to lyse the red blood cells.
The red cell debris was thereafter removed by extracting
against one volume of carbon tetrachloride (CCI4). Finally,
the clear hemolysate at the top layer was collected which
contians approximately 8-10 g/dL hemoglobin. The thesis
was ethnically approved by the Research Ethic Commit-
tee, Faculty of Associated Medical Sciences, Chiang Mai

University (Approved notice number 103/2556)

Conventional preparative separation of Hbs A, Az, E,F
by continuous gradient medium pressure liquid
chromatography (MPLC)

Separation of Hbs A, F, A2, E (with Az) was
performed in MPLC Fraction Collector (EKTA™ Prime,
GE Healthcare Bioscience, Upsala, Sweden) using
DEAE-Sepharose beads packed in C10/10 column
(GE Healthcare Bioscience, Upsala, Sweden). 0.5 mL
hemolysate mixed with 3 mL Tris-HCI-KCN (THK) buffer pH
9.0 was loaded into the column. Separation of hemoglobins
was performed by the continuous pH gradient of
Tris-HCI-KCN (THK) buffer from 9.0 to 6.5. In case of
separating HbA from HbF, proportion of THK buffer pH
6.5 was increased from 25% to 100% at the increasing
rate of 1% /6 min. In case of separating HbA from HbA2
or HbA from HbE (with HbAz), the proportion of the THK
buffer pH 6.5 was increased form 15% to 100% at the

a € '
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rate of 1%/5 min. Flow rate was set at 1 mL/min for both

protocols.

Fast preparative separation of Hbs A, Az, E, F by stepwise
gradient medium pressure liquid chromatography
(MPLC)

Separation of Hbs A, F, A2, E (with A2) was
performed in MPLC Fraction Collector (EKTA™ Prime,
GE Healthcare Bioscience, Upsala, Sweden) using
DEAE-Sepharose beads packed in C10/10 column
(GE Healthcare Bioscience, Upsala, Sweden). 0.5 mL
hemolysate mixed with 3 mL Tris-HCI-KCN (THK) buffer
pH 9.0 was applied into the column. Elution of hemoglobin
fractions was accomplished under the stepwise pH
gradient of Tris-HCI-KCN (THK) buffer from 9.0 to 6.5.
Three stepwise pH gradient protocols so-called Protocol A,
Protocol AZ/E and Protocol F were developed to specifically
and quickly separate HbA, HbAz/E and HbF, respectively. In
the Protocol A, a separating process comprised initial
increase of THK buffer pH 6.5, at 2-mL/min flow rate, form
0% to 40% in 6 min and held at 40% for 15 min before
increasing to 60% in 5 min and held at this proportion for
20 min to completely elute the HbA. At the end, proportion
of THK buffer pH 6.5 was immediately increased to 100%
and stayed at this proportion for 20 min to elute the
remaining Hbs. In the Protocol Az/E, the process consisted
of initial increase of THK buffer pH 6.5 from 0%-40% in 6
min at the rate of 1 mL/min. This proportion was held for
25 min to completely elute HbAZ/E before increasing to
100% in 5 min to completely elute the remaining Hbs in
25 min. In the Protocol F, the process was composed of
an initial increase of THK buffer pH 6.5 from 0% to 50%
in 6 min at 1 mL/min flow rate and held at this proportion
for 5 min before increasing to 65% and stayed at this

proportion for 40 min to completely elute HbF (Figure 1C).

Preparative separation of Hbs Bart’s and Portland |
by cellulose acetate electrophoresis (CAE) with band
elution

Purification of Hbs Portland | and Bart’s was
performed using cellulose acetate electrophoresis (CAE)
at alkaline condition followed by band elution as described
previously.® Briefly, the hemolysate was prepared from
cord blood of Hb Bart’s hydrops fetalis babies and

subjected to CAE. After Hb Bart's and Hb Portland were
7 48 a1Ufi 2 womnnau 2558



clearly separated in CAE, the bands of these two
hemoglobins were manually cut apart by using a clean
scissors, soaked overnight at 4°C in 5 mL of phosphate
buffered saline (PBS) pH 7.2 to elute Hb Bart’s and Hb

Portland form the cellulose acetate plate.

Concentrating and quantifying the purified hemoglobins

The pooled fractions of purified hemoglobins from
MPLC and pooled bands of purified Hb from CAE were
concentrated by using ultrafiltration (VIVASpin™, Sartorius
AG, Goettingen, Germany). The concentration of the purified
hemoglobins was finally measured by the modified
cyanmethemoglobin method.” Practically, 20 uL of
hemolysate was mixed with 4 mL of VKZ-Drabkin’s solution
(0.61 mM K3FeCN6, 0.77 mM KCN, 1.03 mM KH2P04,
0.05% (v/v) sterox SE in DW) and incubated at RT for 10
minutes. After measuring the optical density at 540-nm
wavelength, the concentration of hemoglobin in g/L was
directly calculated from the equation : [Hb in g/dL = (OD540
X 64458 x 201)/( 44 x d x 1000)], where “d” was the light

path in centrimeter.

The new stepwise MPLC separation of hemoglobins A,
AZIE and F

Three stepwise MPLC protocols arbitrarily named
Protocol A, Protocol AZ/E and Protocol F were successfully
established (Figures 1A, 1B, 1C). As compared to the
conventional continuous pH gradient which lasted
approximately 240 min for AZ/E and A (Figure 2A) and
approximately 340 min for F (Figure 2B), this newly
established protocols drastically reduced the separation
duration. The Protocol A and the Protocol AZ/E required
only 50-minutes to prepare 31.6 mg HbA, 3.0 HbAz,
15.4 HbE (with AZ), whereas the Protocol F took only
70 minutes to prepare 33.8 mg HbF from 0.5 mL loaded
hemolysate. These amount of hemoglobins were
comparable to those obtained from the conventional
anion-exchange continuous gradient liquid chromatography
(54.3 mg HbA, 2.6 mg HbA , 17.1 mg HbE (with A )
and 23.6 mg HbF). The separated hemoglobin peaks
obtained from each new protocol were correctly confirmed

by the CAE as shown in Figure 1D.
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Figure 1 Stepwise MPLC hemoglobin chromatograms of Protocols A (A), Protocols A2/E (B) and Protocols F (C). (D) CAE patterns of
hemoglobins obtained from Protocol A (Lanes A, A2 or E) , Protocol AZ/E (Lanes A, A2 or E) and Protocol F (Lanes A, F). Note that HbA2 and

HbE have the same retention times.
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Figure 2 Hemoglobin chromatograms generated by continuous pH gradient of anion-exchange (DEAE-Sepharose) MPLC (EKTA Prime ™). (A)
Hb chromatogram of A2A under an increase proportion of THK buffer pH 6.5 from 15-100% in 425 min at 1% per 5 min increasing rate. (B) Hb

chromatogram of AF under an increase proportion of THK buffer pH 6.5 from 25-100% in 450 min at 1% per 6 min increasing rate.

Purification of hemoglobin Bart’s and Portland | respectively, were yielded. The purified Hbs Bart's and

After CAE for 15 minutes, Hb Bart's and Hb Portalnd | were correctly confirmed by the CAE as shown

Portland | were clearly separated as shown in Figure 3A in Figure 3B.

and 6.0 mg as well as 2 mg Hb Bart’s and Hb Portand,

12 3
12345678 L .

Hb Bart’s «— [ss Anode (+)
Anode (+)
. I-P]E' le.n‘s 1—“ Hb Portland<— i
R 6 13 44 o I s |
y - bA,/E
HbA,/E<— E
SNEMEG) Cathode (-)

Figure 3 Separation of Hb Bart's and Hb Portalnd | (Hb Portland in picture) by cellulose acetate electrophoresis (CAE) at alkaline condition.

(A) Hb separating pattern after 15-20 min electrophoresis (B) Checking the purity of Hb Bart’s and Hb Portand | by the CAE at alkaline

condition. Note that single Hb Bart's and Hb Portland | bands are seen indicating the high purity of these hemoglobins.
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Purified hemoglobins are useful in immunological
and hematological studies of hemoglobins. Preparation
of purified hemoglobins relies on the amphoteric property
of hemoglobin in that its molecular net charge changes
when pH of the medium changes, i.e. net charge becomes
negative in the medium having pH greater than pl of the
hemoglobins.8 Based on this fact, anion-exchange liquid
chromatography was established to prepare the purified
hemoglobins from human blood.’ Conventionally, continuous
pH or salt gradient is performed to separate hemoglobins
in blood lysate. Under this platform, pH gradually drops or
salt concentration gradually raises leading to separation of
hemoglobins along the length of column. However, this
technique require a long separation time and degradation
of unstable hemoglobins such as HbH and HbE is likely
to occur. Moreover, as Hb Bart's (‘_-'4) and Hb Portand |
(;2‘_-'2) have very low pl (6.63 and 6.37, respectively)
compare to HbA (OL2[52) (pl 6.98), these two
hemoglobins take very time to be eluted out of the

" Hb Portland | constitutes smaller amount than

column.
Hb Bart’s (22.5% vs 77.5%) in blood of Hb Bart’s hydrops
fetalis which is usually used as a source of these two
hemoglobins."" Thus, clear separation of Hb Bart’s
and Hb Portland | by the continuous gradient liquid
chromatography is difficult to achieve.

The protocols for preparative separation of
hemoglobins developed in this study were shown to be
effective, less time consuming in preparation of purified
Hbs A, Az, E (with A2), F, Bart’s and Portland I. In the
step-wise gradient liquid chromatography, change in
proportion of mobile phases was set in order to obtain
pH specifically to elute required hemoglobin. After the
required hemoglobin was eluted, the proportion of mobile
phases was suddenly changed in a way that the remaining
hemoglobins were washed out of the column. By doing
this, the hemoglobin of interest was obtained in a short
separating time compared to the continuous gradient style
as demonstrated in this study. However, we could not
established the optimal stepwise gradient protocol for
clearly separating Hb Bart's and Hb Portland I. This might

be due to the low pl that requires more acidic medium to

be eluted. The acidic medium might cause degradation

Bull Chiang Mai Assoc Med Sci

of these hemoglobin and, hence, resulting in poor
separation.

Cellulose acetate electrophoresis (CAE) at
alkaline condition has been in routinely employed for
hemoglobin separation.” This technique requires less
than 20 minutes to completely separate all types of
hemoglobin in blood. Although this technique is designed
for the diagnostic purpose, not for preparative goal, we
successfully modified the CAE for preparative separation
of Hb Bart’s and Hb Portland | by applying hemolysate
of Hb Bart’s hydrops fetalis in all 8 lanes, followed by
eluting the cut bands of Hb Bart’s and Hb Portland | in PBS.
This techniques was proven to be effective and obviously
less time consuming.

Although the concentrated fractions were shown,
by the CAE, to move at the same speed as the known
hemoglobins, confirmation, e.g. by amino acid sequencing,
was still required to ascertain if these fractions were of
the corresponding hemoglobin types. In addition, for Hbs
A, Az, F, these purified hemoglobins should be used as
antigen in immunological studies such as for immunization
or as the standard for the immunological tests. However,
care must be taken when HbE is utilized since the HbE
fraction contains HbAZ. Thus, the HbE fractions obtained
from this reported protocol should not be used for immu-
nological methodologies, but could rather be utilized as
the standard or control material for HbE study.

As these hemoglobin fractions were found to
move at the same bands as the known hemoglobins, we
thus postulated their uses as the standards and control
materials for hemoglobins studies. However, several
advanced hemoglobin analysis methodologies are
performed presently such as the weak-cation exchange
HPLC, the weak-cation exchange LPLC and the capillary
zone electrophoresis (CZE). Thus, these purified
hemoglobin fractions should be tested against these
advanced techniques prior to making their uses in this
particular application.

In conclusion, we successfully developed the
new fast stepwise pH gradient anion exchange liquid
chromatography protocol run in the MPLC system for
preparative separation of Hbs A, Az, E (with Az), F. We

also successfully established the quick and easy cellulose
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acetate electrophoresis for preparing a large quantities
of Hb Bart's and Hb Portland I. These two techniques
could be useful for those working in immunological and

hematological studies of hemoglobins.
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Reliability study of outcome measures in subjects with knee osteoarthritis
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Objective: The purpose of this study was to examine the reliability of the Western Ontario and McMaster
Universities Osteoarthritis (WOMAC), visual analog scale (VAS), pressure pain threshold (PPT), Timed Up

and Go test (TUG) and Quadriceps & Hamstrings strength in patients with knee osteoarthritis.

Materials and Methods: Test-retest reliability of measurements with 1 day interval between session was
determined by an Intraclass-correlation coefficient (ICC), Standard error of measurements (SEMs) and
Coefficient of variation (CV) in 20 patients with knee osteoarthritis (age 63.5+9.9 years, weight 62.2+10.11 kg.,
height 156.6+8.58 cm.)

Results: Intra tester reliability of outcome measures were good to excellent with intraclass correlation coefficient
(ICC) of greater than 0.86, Standard error of measurements (SEMs) of less than 0.61% and Coefficient of
variation (CV) of less than 9.38%, except the WOMAC (subpart: function) that exceeded 15%.

Conclusion: These measurement outcomes were reliability and could be useful for detecting changes in
management of knee osteoarthritis (OA). However, the WOMAC (sub part: function) seemed to be less reliable
due to its variation. Therefore, other potential functional outcome measures should be considered to add in
for detecting change in the part of function outcome.

Bull Chiang Mai Assoc Med Sci 2015; 48(2): 107-114. Doi: 10.14456/jams.2015.8

Keywords: Reliability, knee joint, osteoarthritis, outcome measurement
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13191 1 Intra-class correlation coefficients (ICC), coefficient of variation (CV) and standard error of measurements (SEMs)

VAS (cm.) 0.99 1.86 0.07 (0.53%)
WOMAC-pain (cm.) 0.93 9.38 1.09 (0.11%)
WOMAC-stiffness (cm.) 0.86 2.02 0.81 (0.05%)
WOMAC-function (cm.) 0.98 20.2 7.03 (0.05%)
PPT- patellar tendon (Kg/cm?) 0.95 5.73 0.36 (0.17%)
PPT- medial joint line (Kg/cm?) 0.89 7.65 0.3 (0.13%)
PPT-poplitius tendon (Kg/cm?) 0.99 3.38 0.16 (0.3%)
Strength-knee extension (kg.) 0.99 3.73 0.6 (0.27%)
Strength-knee flexion (kg.) 0.99 2.72 0.23 (0.37%)
TUG (s) 0.99 1.65 0.17 (0.61%)

VAS = Visual analog scale, WOMAC = Western Ontario and McMaster Universities Osteoarthritis,

PPT = Pressure pain threshold, TUG = Timed up and go test, s = Second, Kg = kilogram, cm” = Square centimeters, cm = centimeters
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High plasma levels of soluble tumor necrosis factor receptor type Il (sTNFRII)

but low plasma levels of soluble FasL (sFasL) in patients with

severe pandemic H1N1 2009 influenza infection
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Abstract

Background: Inflammatory mediators play an important role in immune responses to viral infections. Data on the
plasma levels of inflammatory mediators in pandemic H1N1 2009 influenza virus-infected Thai patients with severe

diseases remain very limited.

Objective: To assess plasma levels of interleukin-1p (IL-1B), IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13,
IL-17, granulocyte-colony stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF),
monocyte chemoattractant protein-1 (MCP-1), macrophage inflammatory protein (MIP)-1p, interferon-gamma (IFN-7),
tumor necrosis factor-0. (TNF-a), sTNFRII, sFasL and soluble RAGE (sRAGE) in patients with pandemic H1N1 2009

influenza infection.

Methods: Forty-two patients with pandemic H1N1 2009 influenza infection characterized as mild disease (n=21) or
severe disease (n=21) were enrolled in this study. The study protocol was approved by the Ethical Committee of
the Institute for the Development of Human Research Protection (IHRP), Ministry of Public Health. The study was
carried out in Nakhon Ratchasima province during August 2009 to November 2010. Plasma levels of IL-1p, IL-2,
IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13, IL-17, G-CSF, GM-CSF, MCP-1, MIP-1B, IFN-7 and TNF-0. were
measured using Bio-Plex Pro™ Human Cytokine 17-plex Assay (Bio-Rad). Plasma levels of sTNFRII, sFasL and

sRAGE were determined by sandwiched enzyme-linked immunosorbent assay (R&D).

Bull Chiang Mai Assoc Med Sci Vol. 48 No. 2 May 2015 115



Result: Plasma levels of sTNFRII in pandemic H1N1 2009 influenza-infected patients with severe diseases (median
(IQR) (pg/mL); 7,525 (6,470-9,630); n=11) were significantly higher than those with mild diseases (median (IQR)
(pg/mL); 3,692 (2,655-4,128); n=21) (p=0.004). In addition, plasma levels of sFasL in pandemic H1N1 2009
influenza virus-infected patients with severe disease (median (IQR) (pg/mL); 39 (10-78); n=21) were significantly
lower than those with mild disease (median (IQR) (pg/mL); 10 (10-25); n=11) (p=0.003). However, the plasma levels
of IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12 (p70), IL-13, IL-17, G-CSF, GM-CSF, MCP-1, MIP-1, IFN-7,
TNF-a, and sRAGE did not show any significant difference between the severe pandemic H1N1 2009 influenza

virus infection and mild pandemic H1N1 2009 influenza virus infection.

Conclusion: The finding showed that higher plasma sTNFRII and lower plasma sFasL levels in patients with severe
pandemic 2009 influenza virus infection might determine dysregulation of host immune response and could be used
as prognostic markers of disease severity.
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Introduction

The pandemic H1N1 2009 (pdmH1N1 2009)
influenza A virus has emerged from North America since
March 2009. Subsequently, it has rapidly spread to over
214 countries worldwide. Globally over 414,000 cases of
the pdmH1N1 2009 virus infections were confirmed in 2010
resulting in at least 18,114 deaths.” In Thailand during
2009-2010, the pdmH1N1 2009 virus was responsible
for 47,411 laboratory-confirmed cases and 347 deaths.?
Most of pdmH1N1 2009 virus infections cause mild and
self-limited diseases. However, some patients with
pdmH1N1 2009 virus infection may develop severe
respiratory tract complications and deaths. Previous
pathogenesis studies on pdmH1N1 2009 virus infection®
revealed that virological factors, cytokine storms, and
pathological changes contributed to the pathogenesis of
pdmH1N1 2009 virus infection.*

Cytokines have been shown to play role in both
immunoprotection and immunopathology in several viral

5" Influenza A virus

infections including influenza A.
infection can induce robust cytokine production
(hypercytokinemia or cytokine storm). This results in
hyperactivation of innate immune responses during early
stage of infection, and lung tissue damage. In vitro
experiments demonstrated that influenza A infection
excessively stimulated TLR/cytokine signaling, and
up-regulated suppressor of cytokine signaling (SOCS)-1
in BEAS-2B human pulmonary epithelial cells.® Seasonal
influenza A H1N1 (sH1N1) significantly increased gene
expression of TLR3, TLR9, IL-6, TNF-a and IFN-f in
human pharyngeal epithelial cell line (Hep-2).* H5N1 virus
induced the expression of CXCL10, IL-6, CCL2, and
CCL5 in human lung A549 epithelial cells.” Studies in
mice models demonstrated pulmonary viral replication,
pulmonary pathological lesion, and overwhelmed
inflammatory innate immune responses in pdmH1N1
2009 virus-infected susceptible mice.*”” In human, Th1
and Th17 hypercytokinemia during early stage of infection
were associated with severe disease of influenza

infection.”"”

The elevated plasma levels of IL-17 were
observed in influenza A-infected patients with acute lung
injury (ALl) and acute respiratory distress syndrome

(ARDS)14 whereas the increased plasma levels of IL-1p,

Bull Chiang Mai Assoc Med Sci

IL-6, IL-12 and IFN-} were observed in influenza A-infected

patients with pneumonia.'®"

IL-9, IL-17, IL-6, TNF-qa, IL-15 and IL-12p70 were also

The plasma levels of IL-8,

significantly increased in patients with severe pandemic
influenza infection.”

Recent studies demonstrated that TNF and
TNF receptor family were not only involved in the
immunopathogenesis but also in the control of influenza
A infection. TNF had an effect on enhanced recruitment
of inflammatory cells and induction of tissue damage in
the lungs. These lead to severe respiratory complications
such as pneumonia, acute lung injury and acute respiratory
distress syndrome. Administration of anti-TNF antibody in
mice was shown to decrease pulmonary infiltration, and
lung injury. It also prolonged survival of mice with lung

disease caused by influenza virus.*'

Mice genetically
deficient in TNFR | with influenza A virus infection were
demonstrated to have the reduction in pulmonary viral

2228 pravious clinical

infiltration and disease mortality.
studies showed the increased plasma levels of TNF-o
and soluble TNFRI (sTNFRI) in patients with severe and

fatal influenza A infection."®*

However, little is known
about the role of sTNFRII in clinical outcome of pdmH1N1
2009 virus infections.

Receptor for advanced glycation end-products
(RAGE), a multi-ligand cell-surface protein and NF-kappa
B activator, is involved in inflammatory responses of acute
and chronic diseases. The engagement of RAGE with their
ligands (such as advanced glycation end products (AGEs),
toxic AGEs (TAGE), High-mobility group box-1 (HMGB1),
damage-associated molecular patterns (DAMPs)) induces
inflammatory responses, resulting in devastating of the
diseases. Soluble RAGE (sRAGE) derived from receptor
ectodomain shedding, and endogenous secretory (es)
RAGE act as decoy receptors to counteract RAGE-mediated
pathogenesis. Several studies demonstrated that the
decreased level of sSRAGE is related with hyperactivation
of ligand-AGE axis. The increased HMGB1, and attenuated
lung pathology from Staphylococcus aureus infection were
demonstrated in mice genetically deficient in RAGE.*
Patients with lung infection had elevated levels of alveolar
sRAGE. However, patients with severe lung dysfunction

had elevated levels of both plasma and alveolar SsRAGE.”
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The elevated levels of serum sRAGE were also observed
in children with severe bronchiolitis.”’ Patients with septic
shock showed a positive statistically significant correlation
between sRAGE with IL-10a, IL-6, IL-8, IL-10 and
interferon-gamma-induced-protein 10 (IP-10), while patients
with severe sepsis and septic shock showed positive
correlation between plasma sRAGE with IFN-7.%

FasL, belongs to TNF and TNF receptor family,
plays a crucial role in participating the Fas-mediated
(extrinsic) apoptosis pathway of virus infected cells.?
Soluble FasL (sFasL), which shed from the membrane-bound
molecules by metalloproteinase, acts as a functional
regulator of membrane-bound FasL.* Evidence for the
role of Fas-mediated apoptotic mechanisms in influenza A

132 animal

infection come from the cell culture experiments,
models,” and human studies.** Influenza A-infected
HelLa cells expressed both Fas and FasL on the cell
surfaces and induced apoptosis.*’ While A549-infected
with pandemic influenza A (H1N1) virus upregulated FasL
expression and modulate Fas signaling pathway, thereby
enhancing viral replication.® Mice infected with the 1918
pandemic H1N1 influenza A virus revealed the expression
of FasL/Fas associated genes in the lung is related with
the mortality of the infected mammalian host.* Inhibition
of Fas and FasL signaling also decreased the mortality of
mice lethally infected with influenza A virus.*’

Despite the 2009 H1N1 influenza outbreak in
Thailand during 2009-2010 with high disease burden,
less is known about the immunopathogenesis of severe
pdmH1N1 2009 influenza diseases in this setting. In this
study, we investigated the plasma levels of inflammatory

markers in patients with pdmH1N1 2009 influenza infection.

Materials and Methods

Study site

The study subjects were recruited from individuals
infected with the pdmH1N1 2009 virus in Nakhon
Ratchasima province during August 2009 to November 2010.

Study subjects
Forty two patients diagnosed pdmH1N1 2009
virus infection (age range 21-85 years) with mild (n=21)

and severe disease (n=21) were enrolled in this study

a € '
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during September 2010 to October 2010 from the outpatient
department and critical care units, Maharaj Hospital,
Nakhon Ratsima province, Thailand. Inclusion criteria for
the severe influenza group were = 18 years old, both
genders, infected with pdmH1N1 2009 influenza virus
confirmed by real-time RT-PCR and having pneumonia
or acute respiratory distress syndromes. Inclusion criteria
for the mild influenza group included = 18 years old, both
genders and infected with pdmH1N1 2009 influenza virus
confirmed by real-time RT-PCR, having no respiratory
insufficiency. Exclusion criteria were < 18 years old, not
documented as pdmH1N1 2009 influenza virus infection
by real-time RT-PCR, receiving immunosuppressive drugs
and refusing to sign the informed consent or cooperate
with the specimen collection. The demographic data and
clinical characteristics, including age, gender, underlying
diseases, symptoms, days since onset, length of stay,
death, were recorded. The study protocol was approved
by the Ethical Committee of the Institute for the
Development of Human Research Protection (IHRP),
Ministry of Public Health.

Specimen collection

Throat swabs from patients with pdm H1N1 2009
influenza were collected for diagnosis pdm H1N1 2009
influenza virus infection at the day of enrollment. Blood
samples were collected and sera/plasma samples were

stored at -20 °C until used.

Determination of cytokines

Plasma levels of IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, IL-10, IL-12(p70), IL-13, IL-17, MCP-1, MIP-18,
G-CSF, GM-CSF, IFN-{, TNF-0. were determined using
the Bio-Plex Pro™ Human Cytokine 17-plex Assay
(Bio-Rad) according to the manufacturer’'s protocol. Plasma
levels of sTNFRII, sFasL, sRAGE were determined by
using sandwiched enzyme-linked immunosorbent assay

(R&D).

Statistical analyses

Statistical analyses were performed using GraphPad
Prism v. 5.0 (GraphPad Softwre, Inc., Sandiego, CA).
Differences among patient groups were tested by

Chi-square test and/or Mann-Whitney U test.
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The demographical and clinical characteristics of the

study subjects

The demographical and clinical characteristics

of the patients are shown (Table 1).

Forty two patients

cough (95.24%), fever (57.14%), headache (57.14%),
myalgia (54.76%), and sore throat (50%). The symptoms
that were significantly present in the severe group were
dyspnea (66.67%). The most common complications
seen in the severe influenza group included acute

respiratory failure (76.19%), pneumonia (71.43%), acute

with pdm H1N1 2009 influenza virus infection, who
developed mild disease (n=21) or severe disease (n=21),
were enrolled in this study. The median ages were 33 (range
20 to 85 years) for the mild disease group and 58 (range
16 to 77 years) for the severe disease group. The most
common underlying diseases and significantly increased in
the severe disease group were type 2 diabetes(33.33%) and
chronic obstructive pulmonary disease (COPD) (23.81%).

The most common manifestations in both groups were

Table 1 Demographic and clinical characteristics of patients

group, mortality of 33.3% (7 deaths) was observed.

respiratory distress syndrome (52.38%), acute renal
failure (28.57%) and death (33.33%). In the severe group,
the median of duration of symptom onset and hospital
admission were 6 (ranged 2 to 37 days) and the median
of length of hospital stay of the severe influenza group

were 10.5 days (ranged 4 to 106 days). In the severe

Characteristics All patients with Patients with pdm H1N1 2009 influenza p-value
pdm H1N1 2009 infection
influenza infection Mild Influenza Severe influenza
(n=42) (n=21) (n=21)

Age (years) 40(16 - 85) 33 (20 - 85) 58 (16 - 77) 0.007
Gender ratio (M/F) 22/20 8/13 14/7 0.0638
Underlying diseases
COPD 5/42 0/21 5/21 0.0172
Type 2 Diabetes 8/42 1/21 7121 0.0184
Hypertension 9/42 2/21 7/21 0.0601
Chronic lung disease 2/42 0/21 2/21 0.1473
Presenting symptoms
Fever > 38°C 24/42 10/21 16/21 0.0566
Rhinorrhea 22/42 17/21 5/21 0.0002
Sore throat 21/42 17/21 4/21 < 0.0001
Cough 40/42 21/21 19/21 0.1473
Dyspnea 17/42 3/21 14/21 0.0005
Myalgia 23/42 19/21 4/21 < 0.0001
Headache 24/42 19/21 5/21 < 0.0001

Statistical significance was determined by Chi-square test (p<0.05)
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Table 1 Demographic and clinical characteristics of patients. (continued)

Characteristics All patients with Patients with pdm H1N1 2009 influenza p-value
pdm H1N1 2009 infection
influenza infection Mild Influenza Severe influenza
(n=42) (n=21) (n=21)

Complications
Bronchitis 3/42 3/21 0/21 0.0794
Acute respiratory failure 15/42 0/21 16/21 < 0.0001
Pneumonia 17/42 2/21 15/21 < 0.0001
ARDS 11/42 0/21 11/21 0.0001
Acute renal failure 6/42 0/21 6/21 0.0082
Days since onset (day); 2 (2-38) 4 (0-5) 6 (2-37) 0.0016
median (range)
Length of stay (day); 7 (0-106) 0 (0-6) 10.5 (4-106) < 0.0001
median (range)

Statistical significance was determined by Chi-square test (p<0.05)

Plasma cytokines/chemokines and inflammatory
mediators in patients with pdm H1N1 2009 influenza
virus infection

In order to determine the plasma cytokines/
chemokines and inflammatory mediators in severe and
mild patients with pdm H1N1 2009 influenza virus infection,
plasma levels of sTNFRII in patients with severe
pandemic H1N1 2009 influenza (median (IQR) (pg/mL);
7,525 (6,470-9,630); n=11) were significantly higher than
those with mild disease (median (IQR) (pg/mL); 3,692

(2,655-4,128); n=21) (p=0.0049) (Table 2, Figure 1).
While, plasma levels of sFasL in patients with mild
pdmH1N1 2009 influenza (median (IQR) (pg/mL);
39(10-78); n=21) were significantly higher than those
with severe disease (median (IQR) (pg/mL); 10(10-25);
n=11) (p=0.0035) (Table 2, Figure 1). However, levels of
IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p70),
IL-13, IL-17, G-CSF, GM-CSF, IFN-y, MCP-1, MIP-18,
TNF-a. and sRAGE did not show any significant difference

among these patients.

Table 2. Plasma levels of IFN-7, TNF-a., IL-17, IL-6, SRAGE, sFasL and sTNFRII at the day of enroliment of patients with

pandemic H1N1 2009 influenza

Cytokine Patients with pandemic 2009 H1N1 influenza p-value
Mild disease Severe disease
IFN-7
Median (pg/mL) 369.5 350
(IQR) (175.1 - 561.4) (232 - 507.7) 0.8785
Sample size 21 7

Statistical significance was determined by The Mann-Whitney U test (p<0.05). IQR, interquartile range
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Table 2. Plasma levels of IFN-7, TNF-a, IL-17, IL-6, SRAGE, sFasL and sTNFRII at the day of enrollment of patients with

pandemic H1N1 2009 influenza. (continued)

Cytokine Patients with pandemic 2009 H1N1 influenza p-value
Mild disease Severe disease
TNF-a.
Median (pg/mL) 79.09 45.99
(IQR) (33.43 - 128.3) (30.51 - 67.97) 0.3359
Sample size 21 6
IL-17
Median (pg/mL) 23.72 21.19
(IQR) (9.69-50.54) (7.18-26.37) 0.4825
Sample size 20 6
IL-6
Median (pg/mL) 14.93 33.13
(IQR) (7.11-33.49) (9.24-14.3) 0.1392
Sample size 21 11
sRAGE
Median (pg/mL) 922 1,436
(IQR) (614.3-1406) (447-9,519) 0.4633
Sample size 21 11
sFasL
Median (pg/mL) 39 10
(IQR) (10-17) (10-25) 0.0035
Sample size 21 11
sTNFRII
Median (pg/mL) 3,692 7,525
(IQR) (2,655-4,128) (6,470-9,630) 0.0049
Sample size 21 1

Statistical significance was determined by The Mann-Whitney U test (p<0.05). IQR, interquartile range
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Figure 1 Plasma levels of IFN-{, TNF-O., sSTNFRII and sFasL at the day of enroliment in patients with mild and severe pandemic H1N1 2009
influenza. The Mann-Whitney U test was used to compare the levels: (A) IFN-7, (B) TNF-OL, (C) sTNFRII, (D) sFasL. Data presented as median,

interquartile range (IQR). Mild, Mild pandemic H1N1 2009 influenza; Severe, Severe pandemic H1N1 2009 influenza.
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In this study, we presented the cytokine, chemokine
and plasma sTNFRIl and sFasL responses of patients
with pdmH1N1 2009 virus infection. The result demonstrated
that significantly higher plasma levels of sTNFRIl were
found in patients with severe pdmH1N1 2009 influenza
compared to those in patients with mild disease. The
finding was consistent with the previous study showing
that signaling via TNF receptor enhanced influenza
disease severity”® and human studies in HIV,* adenovirus,*
RSV,39 coronavirus®® and dengue*' infections that
demonstrated elevated serum levels of sTNFRIlI were
associated with severe clinical outcomes, supporting the
important role of receptors and ligands of the TNF family in
determining influenza disease severity. In addition, in this
study, significantly decreased in plasma levels of sFasL
were observed in patients with severe disease compared
to those of mild disease. Comparable to previous in vitro
study in the influenza-infected HelLa cells® and
influenza-infected human mononuclear cells** that
upregulation of Fas (CD95), FasL (CD95L) and apoptosis
were observed during influenza infection. The mechanism
underlying the contribution of elevated plasma sFasL in
mild influenza clinical outcomes could be possibly involved
with manipulation of Fas-mediated apoptosis signaling by
high amount of plasma sFasL antagonizing the effect of
membrane-bound Fas during acute influenza infection***
and then protect the apoptosis. Moreover, in this study,
there were high percentages of patients aged =50 years
in the severe group. However, stratified analysis according
to age group could not be performed due to the small
sample size of patients aged =50 years. It is likely that
elderly patients with severe influenza may have an
increase in apoptosis and impair immune responses to
influenza virus infection, leading to disease severity.45

Soluble RAGE, a decoy receptor for several
ligands including advanced glycation end products (AGEs),
toxic AGEs (TAGE), High-mobility group box-1 (HMGB1),
damage-associated molecular patterns (DAMPs), has
been reported as a severity predictor of community
acquired pneumonia46. In this study, there was no
significant difference of sRAGE in patients with severe

influenza compared to those of mild influenza.

Bull Chiang Mai Assoc Med Sci

Hypercytokinemia has been reported in immun-
phathogenesis of severe influenza. Previous studies
reported an elevated T-helper 17 (IL-8, IL-9, IL-17, IL-B)
and T-helper 1 (TNF-a.,, IL-15, IL-12p70)" and immuno-
suppressory cytokines (IL-10 and IL-1ra)*’ in adults with
severe pdmH1N1 2009 influenza. Anotherr group in
Taiwan demonstrated increased plasma levels of IL-1p,
IL-6, IL-12, and IFN-7 in pediatric patients with influenza
A H1N1 virus infection with pulmonary complications.” In
this study, no significant differences of plasma levels of
IL-1B, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IL-12(p70), IL-13,
IL-17, G-CSF, GM-CSF, IFN-7, TNF-0. were observed
between the mild and severe disease groups. The
results were inconsistent with the previous studies in
younger adults from Spain' and in children from China'*"®,
Taiwan', Japan® that demonstrated Th1 and Th17
hypercytokinemia in patients with severe influenza. A
possible underlying cause of this controversy may be
related to the age-related decrease in immune response

following influenza infection.*

Other possibilities may
be due to the transient, temporal and spatial nature of
cytokine production and the short plasma half-life of the
cytokine/chemokine. In addition, the difference of study
design and study subjects, mixed phenotypes of severe
influenza, patients with variable symptom onset, the small
number of patients with severe disease, the course of
disease at the sample collection and the pharmaceutical/
non-pharmaceutical interventions may be the limitation
and confounding factors in this study. Further investigation
in larger and well-defined cohort is recommended to
explore the role of cytokine/chemokine, inflammatory
mediators in influenza patients with severe respiratory

complications.

Conclusion

The present results revealed that increased
plasma levels of sTNFRII and decreased sFasL in
patients with severe 2009 pandemic influenza might
determine dysregulation of immune responses, such as
an excessive activation of the role receptors and ligands
of the TNF family, modulation of Fas/FasL, and could
predict the clinical outcomes and disease severity.

Further studies in cellular, molecular and genetic basis
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underlying the dysregulation of cytokine pathway and
related processes during influenza infection may provide
insight into the development of novel therapeutics

strategies against severe influenza.
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The effects of using a guidance activities package to develop life skills for coping with emotion and

stress of orphan in the Care Corner Orphanage Foundation, Chiang Mai Province
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Objective: The objectives of this research were (1) to compare life skills for coping with emotion and stress of the
experimental group of orphans before and after using a guidance activities package; (2) to compare the post-outcomes
between the experimental and control group of orphans; and (3) to study the satisfaction of the experimental group

of orphans after using the guidance.

Materials and methods: The research samples consisted of 16 purposively selected orphans living in the Care
Corner Orphanage Foundation, San Patong District, Chiang Mai Province. The experimental and the control group
of orphans were randomly divided (eight orphans per group). The experimental group used a guidance activities
package-life skills for coping with emotion and stress. Whereas the control group orphans received traditional
guidance activities. The experiment covered 10 sessions each of which lasted for 60 minutes. A life skills assessment
scale (emotional and stress coping) was employed tested with reliability coefficient of 0.67. The other materials
included the guidance activities package-life skills for coping with emotion and stress; the traditional guidance activities;
and the satisfaction questionnaires for the guidance activities package. Statistical analysis was conducted including

percentage, mean, Wilcoxon Matched Pairs Signed Ranks Test, and Mann-Whitney U Test.

Results: The findings revealed that (1) The post-scores of the life skills for coping with emotion and stress significantly
increased (p<0.05) in the experimental group; (2) The post- scores of life skills for coping with emotion and stress
were higher in the experimental group than the others; and (3) The experimental group were satisfied with the

guidance activities package.

Conclusions: This study demonstrated the benefit of using the guidance activities package to improve life skills for
coping with emotion and stress in the orphans at The Care Corner Orphanage Foundation, Chiang Mai

Bull Chiang Mai Assoc Med Sci 2015; 48(2): 127-135. Doi: 10.14456/jams.2015.7

Keywords: Guidance activities, life skills, orphan
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A19199 1 Comparison of the difference score for coping with emotions and stress among the experimental group orphans

and control group orphans before using a guidance activities package.

Sample n Median Q.D. The Mann-Whitney p-value
U Test
Experiment group 8 3.29 0.54 0.00 1.00
Control group 8 3.25 0.34
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A197190 2 Comparison of the difference score for coping with emotions and stress of the experimental group orphans

before and after using a guidance activities package.

Experiment group n Median Q.D. The Wilcoxon matched p-value
Pairs signed ranks test
Before 8 3.29 0.54 -2.52 0.01*
After 8 3.77 0.71
*n< 0.05
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A1919% 3 Comparison of the difference score for life skills for coping with emotion and stress among the experimental

group orphans and the control group orphans after using a guidance activity package.

Sample n Median Q.D. The Mann-Whitney p-value
U Test
Experiment group 8 3.77 0.71 -2.32 0.02 *
Control group 8 3.21 0.21
*n< 0.05
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polymerase chain reaction-sequence specific primer (PCR-SSP)

Detection of FY*A, FY*B and FY*X genotypes in Duffy blood group system by polymerase chain

reaction-sequence specific primer (PCR-SSP)
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Research problems: Serology method is the most commonly used for Duffy blood group phenotyping. This
method is simple, convenient and inexpensive. However, mutation of FY* gene at position C265T can cause a weak
expression of Fy” antigen and may not be detected by anti-Fy® which lead to false negative by serology testing.
The objective of this study is to detect FY*A, FY*B and FY*X genotypes in Duffy blood group system by polymerase

chain reaction-sequence specific primer (PCR-SSP).

Materials and methods: Ninety seven samples were tused for phenotyping of Fy* and Fy” by serology method and
the DNA was extracted for detect FY*A and FY*B genotype by PCR-SSP.

Results: Phenotyping of 97 samples showed that 78 samples (80.41%) were Fy(a+b-) and 19 samples (19.59%)
were Fy(a+b). Seventy-eight DNA samples of Fy(a+b-) were then detected for FY*X genotype at position C265T by
PCR-SSP. The results showed no C265T mutation in all tested samples. The comparison results between serology

and PCR-SSP methods were concordant.

Conclusions: PCR-SSP can be as alternative method to detect FY*A, FY*B and FY*X genotype in Duffy blood
group system for selecting suitable blood to the patient who has anti-Fy® and/or anti-Fy® in order to prevent adverse
effects of transfusion reaction and investigate for the cause of hemolytic disease of the newborn.

Bull Chiang Mai Assoc Med Sci 2015; 48(2): 136-143. Doi: 10.14456/jams.2015.11

Keywords: Genotype, FY*A, FY*B, FY*X, Duffy, PCR-SSP
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fianzasTywidse: nanamillurivdues Fy* usz Fy® lungifeaszuy Duffy Aonl$iEndlelad Jed Aa
o gzann wasdsensa wawndluriptidn Fyax %@Lﬁ@mnﬂmanmﬂw”mfmaaﬁu Duffy Aidunts C265T vl
mMIuaadaanatisauadLanian Fy® anaasa linulasnsld anti-Fy° msasiansdlsladenanuanuussvad
RSl udunssuld swisuiiiagusasdidaasianilurivlues Fy A, FY'B uss Fy™x lunyidoan
320U Duffy @833 polymerase chain reaction-sequence specific primer (PCR-SSP)

o a o % i ® o & a (% a
FEAUALITNT: Wdned1aien $uan 97 e anavamAlunbdvesueudian Fy* uaz Fy* aaw3tdlslad
L s 1 v a . .
amamidluiviluas FY*A, FY'B uaz FY*X luwyjiiaaszuy Duffy 62833 polymerase chain reaction-sequence

specific primer (PCR-SSP)

WNANISANEI: WU Fy(a+b-) 3142% 78 318 (80.41%) WAz Fy(a+b+) 31%3% 19 318 (19.59%) ana DNA 911
fhathaden e ldamamisluiotuas FY*A uay FY*B #2858 PCR-SSP wuinmsanamilluituauandian
Fy* uae Fy® dme3sdlsladlinasanadasiunisasian3lurivioss FY*A uaz FY*B i1 DNA Adfllusioy Fy(a+b-)
Anass lurioiuas Fy*x "l,&iwumsﬂm9w°u§maa%'1uﬁaﬂﬁﬁ%mﬂaﬁ

o & A o A o
asdwan1sd@nun: a91uI% PCR-SSP gun ML dumatiannislunisasianidlunodves FY*A, FY*B uaz FY*X
lungideaszuy Duffy uazfidszloztlunistasiRenifeaninanzaulinugiend anti-Fy* uaz/mia anti-Fy’ 1ie
Yasnunaifiad fisenlidsdszasdnainnldivifen uaztiomaunguasnzdaifeauasuanluanusnasanle

Ava: Alunsy, FY*A, FY*B, FY*X, Duffy, PCR-SSP
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wau@law Fy* uaz Fy* vadniiaaszuy Duffy 4
MIEENIANWNUTNITULUL co-dominant §1XNTD @329
WU phenotypes 16 4 wuw fe Fy(a-b+), Fy(a+b-), Fy(a-b-)
Wae Fy(atb+) mmﬁ“uaa phenotype ’Lu%y}ﬁam:uu
Duffy wanensnisluludszmnsudastszma ludszmnsineg
WU Fy(a+b-) mﬂﬁq@ 099N Fy(a+b+) &% Fy(a-b+)
WUhae wae Fy(a-b-) Wwukasuin™®

weudlanyenyiiaaszuy Duffy 1w glycoprotein
i mdudasy (receptor) va9lBaanatsy wia
Plasmodium vivax waz Plasmodium knowlesi laglhau@Lat
Duffy Fmsdudrulustuiameunisaduode
’me:ﬁaﬁmﬁmﬁamm fa 920z merozoite TUsduiile
lunsdainnziSunin merozoite ligand USLIsEInUaNe
289178 13801 apical end ﬂi:ﬂauﬁ’mmuﬁéﬁﬂ”@ 2 8%
#a microneme ua rhoptry NfaMUS UM ZAEMITASURL
glycoprotein FRHAGA 6]7 ﬂ”dtfuﬂuﬁﬁ phenotype i
Fy(a-b-) Salifuouditan Duffy 39linumsdaiie Ussanns
Tuwersmeazfuansulniiu Fyab ) wmmidadeauastis
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LLauﬁmeangﬁa@ Duffy 11 treat é28 proteolytic
enzyme WU11 receptor 184 Fy® Uaz Fy° %Qﬂﬁ’m”@l
san Wl ldsunsaddjisenuuanduedla”?
ﬁuﬁﬁmu@mm%’mLLauaLaumangLﬁ'aﬂ
32uU Duffy & 4 alleles agus exon 7 2 voslaslulow
1 (1922-923) B3 FY*A usz FY*B ffanalenduansnorii

'
a o

Nd1und 125G>A uazfinsaazdluuandlany Ao
Gly42Asp lag FY*A f1uuan1igsisuaudian Fy?
(Fy(a+)) uaz FY*B Munan1T&Iguanaian Fy® (Fy(b+))
fnsu FYFY Sihndlelnduandranufidunie -33T>C
# GATA-1 binding motif 84 FY*A uaz FY*B RPN
FY*fFy lamansoansuandiam Fy® uaz Fy® (Fy(a-b-))
g FY* imafsuudasiinnalendfidumie 265C>T
waedmaasuusswensae=dluin ArggoCys fu FY*
gsuondian Fy? lauSunmton Watidaauasnuid
Slurithdu FY* wviUfASentn Anti-Fy? azliny
UfaTemsiunguuasdaifeauas "

waudvadvaInyiieaszuy Duffy tdusiia

immune type (IgG) mmmﬁwﬂﬁﬁ%miﬁﬁqm%nﬁ 37 °C
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A A 1214 = ° A o &
fiumjiiaaszuy Duffy'™™ uazlimsihinatiemsauwusmans
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ﬁa@lqﬂizaaﬁLﬁa@iaa}ﬂﬁIuﬂﬂﬂmad FY*A, FY*B Way

FY*X sl,u%y;l,ﬁamzuu Duffy lag3% polymerase chain

reaction-sequence specific primers (PCR-SSP)
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1. A28819LRan

Wuaagaien USunas 2.5 mL lasld EDTA
WuaInwRaaudss1uIn 97 518 NAUNANWIRIVIITN
meafianisunng 5ulf 3 uaz 4 amznafiianisuwng
YW InenaTealnd Tuiafeungaimew w.a. 2555 69
\PRUNUNIWUT W.¢1. 2556 waspitletiuwmsRansann
ﬂmﬂsﬁun’m’%slﬁﬁumﬁﬁi"ﬂuwwﬁmaamuzmﬂﬁﬂmsuwwsf
wrInegnaudoslng auenasiaui 078E/55
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2. nmyaswiluneiluas Fy uaz Fy° laglan54lslad
Ww3sualatafoadu 5% red cell suspension
#eq anti-Fy® WA anti-Fy° (Bio-Rad, Dreieich, Germany)
261982 1 WoA adlwLARZRAEANAREY YUIA 12x75 mm
ﬁ]’mﬁ?u%ﬂ@] 5% red cell suspension Ya3daatndfanadln
#a0A anti-Fy* LLaz anti-Fy* K808z 1 REa LUENRIUNRUDDS
wraskazdsu i Aua m%ﬁﬂ’?ﬁqm%nﬂﬁﬁaamu 5 w1l
Tusunauazinfinus mnifuﬁﬂﬂejuﬁqmwgﬁ 37 °C
Wik 30 Wil Tusmnanasiuiinus dudsdsdunie
0.85 % $Wam 3 A319 8z 45 Twf 71 3,500 rpm inunda
sanlnuauaL@ningn anti-human globulins 1 #ga
(National Blood Centre, Thai Red Cross Society, Thailand)
i umariug win i fisnnsdunguniesdiaifanuas
IWBudunalangmeldndasaansiet uszdufinus naae
Admunad fAsondunaaulwifia IgG-sensitized red cells
1 woa wanldidniu il e unauaziuiinus
Ufnsenmesungunuvadidaifonuas

3. M3&n@ DNA naeesian
ihemasgnsdenliud 3,500 pm wiw 5 widt 14
transfer pipette a1 1 mL gmﬁumu buffy coat l&lu
WROANANDITWIA 12x75 mm LGN RBC-lysing reagent
$1uam 3 mL wanliig w3 Wt wdalu 3,500 rpm
win 5 w7l ingaulafsaniunaulagls vortex mixer 1ita
o pellet N3¢ ﬁ’lsfiy’l an 2 ﬂ%\‘l ﬁ]'mﬁ?ulﬁll RBC-lysing
reagent 31%3% 1 mL wanld pellet qszmwéﬁ
g]@ﬂ,d microcentrifuge tube TW1@ 1.5 mL inlihiud 5,000 rpm
Wit 2 uit 92ld pellet MdauaUszum 25 pl Léw
proteinase K 12 pL, ddHZO 300 pL, 10% SDS 105 pL,
\fi 7.5 M guanidine HCI 105 uL wawlsiduiiiowdionni
LL&T’JQ%I% dry block heater ‘ﬁlqm%n‘]ﬁ 70 °C w1 10 w17l
Nawlﬁl,ﬂmf:mﬁmﬁ'uamﬁﬂﬁl,ﬁﬂIWaa ﬁ']vl,ﬂejuﬁﬂmed
amnnd 70 °C W 5 wift i ldud 10,000 rpm Wt
10 W Q@a’mﬁﬂm‘i’lmu 500 pL lavaaanaaedawa
12x75 mm L@y absolute ethanol 9113% 1 mL gasIw
DNA &l’lﬂ,ﬁi microcentrifuge tube VW9 1.5 mLI1WIK 800 pL
w'ludl 10,000 rpm wn 5 whe ingautinlafis i 80%
ethanol I1WI% 5QO pL nalAnnwlasls vortex mixer
sl 1 wifl U@l 10,000 rpm Wi 5 widt nsula

(2 o
a a

714 3nuuLdan1 microcentrifuge tube LLé“aﬁ'lvl,ﬂajuﬁ
amnndl 70 °C Wik 1 w1N azany DNA @8 ddH O

q U

o

§113% 100 pL incubate NMWANH 70 °C w1t 5 Wl Waral
Tidhnuusanin DNA ldasamaugminin @ 1% agarose
gel electrophoresis gavnaiauasAmmaNULTNTULAZ
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a AE 4
ANUVIFNDVDY DNA lasia3as UV spectrophotometer
AU DNA AlatAuldf -20 °C vWasaniInasey
Juaanda b

4. msasandlwniailuas FY*4, FY*B uaz FY*X 1w
waiiianszuy Duffy Tna35 PCR-SSP

¥ DNA $1mau 97 drasheanasamslurivl
283 FY*A uaz FY*B lag¥in PCR 2 waaasia DNA 1 318
waoain 1 lFlwsinas FYA-FW uaz FYAB-RV fisnmne
dasluribtues FY*A saumasad 2 1lwiiuad FYB-FW
Waz FYAB-RV fsuwizdaslurivtues FY*B udaznaaa
18 HGH5580F was HGH5967R (human growth hormone
gene) 1% internal control primers uazld FY*A uas FY*B
1% positive control L&z negative control muﬁ’]@v‘i_lmuﬂ
vlﬂ@i”salnﬂﬂ%

fnsunsasrannsluipuas FY*X 1ih DNA
$12m 78 18 Asraaneaadeadiiilurivy Fy(atb+)
117 PCR 1 waaada DNA 1 18 lagltinsiuas FYB-FW
Laz FYX-RV dnwrzdasluvodaes Fyox lagld
HGH5580F waz HGH5967R Lilw internal control primers
lasfl Fysx positive control LRz negative control ﬂ’JﬁJ@;v[‘iJﬁ’Jtl

L@?Uumuwawadﬁwm@hm lun1svin PCR
13u1a3 10 pL Usznavuas DNA template 200 ng, dNTPs
0.2 mM (Invitrogen, Brazil), MgCI2 1.5 mM (Invitrogen,
Brazil), 1X buffer (Invitrogen, Brazil), Taq polymerase
0.25 U (Invitrogen, Brazil), Inswwasfisumzaaiu FY*A,
FY*B 38 FY*X 25 ng (Bio Basic Inc., Bangkok, Thailand)
wae Inswasiisnimedadn human growth hormone 12.5 ng
(Bio Basic Inc., Bangkok, Thailand) (mﬂ\‘l‘ﬁl 1) ﬁ]’mﬁfu
nawldigniuuazin I ldluin3as Thermal cycler (Gene
Amp PCR System 9600, Roche Diagnostic systems,
Connecticut, USA)

Table 1. Primers

Primer name Primer sequence (5 -3')
FYA-FW CCTTCCCAGATGGAGACTATGG
FYB-FW CCTTCCCAGATGGAGACTATGA
FYX-RV CAGGGCAGAGCTGCCAGCA
FYAB-RV TAGCTTCCCAACCATCTTA
HGH5580F | TGCCTTCCCAACCATTCCCTTA
HGH5967R | CCACTCACGGATTTCTGTTGTGTTTC
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an2zlunisin PCR aa9msasranislusivd
Yad FY*A uae FY*B Usznaueiy denature ﬁqmmﬁ 95 °C,
1 W9 971%3% 1 381 denature ﬁqnmnﬁ 95 °C, 30 Aw7i
annealing "ﬁlqm%ﬂ“ﬁ 66.2 °C, 30 3171 extension 7
amnni 72 °C, 45 U9 1I% 30 IBU WA extension
ﬁqmwgﬁ 72 °C, 30 AW 1w 1 39U RIURAIE
lysmnsvin PCR 2iasmaamavniluienives FYsX vt
anLiu Tuaan annealing 1°1‘i"aqm1muﬁ 67 °C 9Nt PCR
product ldanaraudiy 1.2% agarose gel electrophoresis
wenrusonszua LI 100 volts Wit 40 17 31N
HouuN® gel @28 ethidium bromide %1% 5 w11 LA
a7z PCR product @T’J&lm‘iﬂla\‘i UV transluminator lag
\WSauiiey PCR product 711674 DNA marker 2w1@ 100 bp
DNA ladder (Fermentas, Utah, USA)

1. wan1sasewllunziluas Fy® uas Fy* lungidon
szuu Duffy lagi 34 1slad

MnNaMIaTIIA lurives Fy* uaz Fy® lu
V\yjl,ﬁam:uu Duffy 41%2% 97 318 @32aWU Fy(a+b-)
U 78 T8 (Fouaz 80.41) uaT Fy(a+tb+) 4142 19 Ta
(3088 19.59)

2. wansasavndluneiluas FYA uaz Fy'B Tung
1Raaszuy Duffy lnad5 PCR-SSP
Tunisasramdlurivduas FY*4 uaz FY*8 lu
Mijﬁa@‘i:‘uu Duffy ¢83d PCR product 284 internal
control Aufidhuniis 434 bp N3 Famnusontanale
uaﬂﬁ]’m‘f: PCR product 183 #aaa FY*A LLaz FY*B positive
control Gia4dl specific PCR product 1416 216 bp Waz PCR
product UJ Waaa FY*A Waz FY*B negative control @84
1340 specific PCR product 2#1@ 216 bp 33snu13auLana
yoasmaen9 DNA fildnasayle ﬂ”ul,l,amsl,ugﬂﬁ 1 PINKNA
N170373 DNA 289@288191800 31%2% 97 318 WU
$Turivd wuy FY*AFYB 1w 78 T (fawas 18.41)
URZLUY FY*A/FY*B 3142% 19 T8 (30882 19.59)

Vol. 48 No. 2 May 2015 139



500 bp
400 bp
300 bp
200 bp

100 bp

Figure 1. Gel electrophoresis of FY*A and FY*B genotyping by PCR-SSP.
Lane M: 100 bp DNA ladder marker, Lane 1-2: FY*A/FY*B genotype,
Lane 3-4: FY*A/FY*A genotype, Lane 5-6: FYB/FY*B genotype

o 6 o 6
3. wanmslSeunsunisasreniNluwnei wazdluwneil
2DITTUUNNLROA Duffy
| o (4
> U ad A =l
WaSougunamInsanlunoldruasslslad
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Effects of folk wisdom boiled Herb extract, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.)

Skeels, and pandanus amaryllifolius on neutrophil, red blood cell, and platelet functions
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Introduction: Hematopoietic cells consist of red blood cells, white blood cells and platelets. Blood cells play the
major roles in oxygen transportation, immune system, and hemostasis, respectively. An imbalance of cell function
may lead to many diseases such as hemolytic anemia, immunodeficiency, and thrombosis. Folk wisdom boiled
herbs, the traditional medicine from Ban Tontakean, Maejai District, Phayao Province, Thailand, have been used
for nourishment and hypertension treatments to study the effect on the hematologic system for pharmacological

properties.

Objectives: To study the effects of folk wisdom boiled herb, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.)

Skeels, and Pandanus amaryllifolius on neutrophil, red blood cell, and platelet functions.

Materials and methods: Boiled herb extracts of Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.) Skeels,
and Pandanus amaryllifolius was used at the final concentrations of 100, 200 and 400 pg/mL. The oxidative
stress levels in red blood cells, phagocytic function of neutrophils and platelet function were determined using

malondialdehyde assay, phagocytic assay, and platelet aggregation assay, respectively.

Results: All concentrations of boiled herb extracts could significantly inhibited collagen-activated platelet aggregation
at p<0.05 when compared to the control. The boiled herb extract (200 and 400 pg/mL) showed significantly
increased phagocytic function (p<0.05). However, level of oxidative stress slightly decrease (not significant when

compared to the control) after boiled herb extract treatment.

Conclusions: Folk wisdom boiled herb extract, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.) Skeels,

and Pandanus amaryllifolius extract could enhance phagocytic cell function and inhibit platelet aggregation.
Bull Chiang Mai Assoc Med Sci 2015; 48(2): 144-153. Doi: 10.14456/jams.2015.10

Keywords: Folk wisdom boiled herb, hematopoietic cells, oxidative stress, phagocytosis, platelet aggregation
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GaLe9 45 a9 wluna 30 wiit mmvmmaa \fansu
nmﬂ@mu’l,amuuumﬂuwmmm 300xg Lﬂunm 5 Wi
mmu’l,amuuum UEIRGAN NH,CI At 0.83%
Usinas 1 mL mmvhwam%ﬂmaa Lﬂunm 10 w19l 9N
Smldramaddan PBS $1uam 2 ad1 duaadfiesule
luiuswmesaslagld trypan blue exclusion ANNLTNTY
0.2% WAZANWITKTBEAZVBININTIA (% cell viability) Wa
Usudwuzasioasia lasfaliivinny 5x10° cells/mL
3.3 nSL@sLaNaaLAan
zReANAEFENAT LEadbRINURaauTITHe
sodium citrate fanudutu 3.2% lusadin 9:1 Hidea
lutufianuss 140xg iwasn 10 wift ﬁ'qmﬁn‘lﬁ 22 °C
\Augmuudad platelet rich plasma (PRP) Wa391N1ib
Usuanuidnduindaideadis  PBS Tildanududu
LWL 2x10° platelets/mL uaziwidaad 1,500xg twan
10 w17 Lﬁmﬁumuumﬂu platelet poor plasma (PPP)

@ A Y
4, msﬂﬂaaumwLﬂuwwaamsanmmnmwﬁaasguvlws
1 fa a
AN LY Az8 UAZIAWDA ABLTARRILATHE
WL WNNINARALINRIIENA LLARZANNITUTY
y-1 a 1 (=) o = o 6
lafanuduiudaaamilasfla vinmdnwlagsinsag
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WRIPINBUAINIININNY trypan blue ANULTNTH 0.2%
luaasain 1:1 duuazwimsasazaasmsidia (% cell
viability) UaLTaa i lasia
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5. paadSuimuaaianalalasdina (Lactase
dehydrogenase; LDH)

Wardunisnageuinssananinumageule
waazaNnNuTulidnalunsinaroindaiiea lagin
inaaLian 2x10° platelets/mL U311@3 500 pL vy isen
AusIaERanaMuTNTW 100, 200 U8z 400 pg/ml Usines
250 pL ﬂuﬁqm%nﬂﬁﬁauﬂunm 10 Wit waziinluin
anAznanfinusa 1,500xg Wuwasn 10 wift usula
anunllanaiasinmuananilalassug daoinIas
=i onlul@ Cobas 6000 lagldans triton X-100 Naw
Aunaatiaaidn positive control

6. m‘mmaanNawaamsaﬁmmnmﬁﬁaasgulws
ANlaly uzaa LAzIALWAN GEN1IINADRNADHITVDY
A LIALEaALAIAI8IS malondialdehyde®

inidadaauasmasonld Usinas 2 mL wauny
FSENATIANATT 100, 200 WAz 400 pg/mL US31@3 100 uL
ﬂuﬁ'qmﬁnﬂﬁ 37 °C Jwae 30 wif iansuamriims
Tunsnwangan finnusasen 1,500xg Wunan 15 wift
IWaRIN USaNes 250 pL NRNAL butylatedhydroxytoluene
AMULTUTY 0.2% UTN193 25 pl uas H,PO, AMULT T
044 M 3@ 750 pL m%ﬁaﬁiﬁqmwgﬁﬁauﬂunm
10 w7 9N thiobarbituric acid AMATNTH 0.6%
USuas 250 L LLﬁaﬁwvlﬂLLﬁ’Lui{ﬁauqm%Qﬁ 90 °C 1iu
1287 30 Wl Lﬁamul,'smﬁ'lvlﬂl,l,ﬂuﬁ’]Lﬁuﬁ'qmwgﬁﬁaa
Lﬂunaj 10 w17 naufiaziéia n-butanol U5u1@3 2 mL uas
inluud 1,500xg t0wiIa1 10 Wil IR aLENUA=NT U DS
n-butanol "Lﬂa”@mmsg@ﬂﬁmmﬁmmm’mé"u 532 nm
AFNANUTNT UV IR Lo ad bad lastiununI N
AT

7. MINAFOUHAVDIFIIANAINY NN D AN NS
anlaly azas wazagWnes Aan1IIRVBITAS
WadanuEkanilasila a2e75 phagocytic function’

Wwasilasia 5x10° cells/mL USanas 100 pL
AaFaURUEIERaNaNUTITY 100, 200 Waz 400 pg/miL
1307103 100 pL guﬁQM%nﬂﬁ 37 °C \lwan 30 Wit Wle
asuan inlddufianusa 12,000xg twaa 2 wid
Q@ﬁhula@‘ﬁuuwﬁa \Fuida E. coli ifiwanadia pTrEx-4-GFP
(@uitvuanisad1sllsen GFP) USwnms 10 MOI uaz
ﬂuﬁ'qmﬁgﬁ 37 °C fluan 20 wift 3ntiusin il
fa2u157 12,000xg tnaan 2 WA LLa:Q@mqua
ﬁ"muu‘ﬁdﬁﬂﬂ%\‘l L@a bovine serum albumin (BSA)
U313 50 pL weToumiissuazinldasaquaadniole
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ﬂﬁaawg}aanmmuﬁ ﬁwmmﬁayaz"uaaLﬁnaﬁﬁlﬁammmﬂ

MIUAWTa E. coli (% phagocytosis index) a9%

% Phagocytosis index = st lasiafisaaussnnmMsunwga £. coix 100
Lraaialasfa 200 Loag

° a a X o A ¥ .
LLazmmmamwmitwwumaamaﬂumsaunm%a E. coli
(increasing ratio) a9t

Increasing ratio = % Phagocytosis index YpIMIBHINAFAY

% Phagocytosis index 183 vehicle control

8. MwasauNAzaIEENnINEMsalng anlaly
NZUN UAZLOYRDN danﬂstn1zn§:&|waaLn§ﬂL§aﬂ el
95 microplate assay®

HunaaLiaa 2x10° platelets/mL U3anas 200 pL
NENNUESRNANAMUTHTY 100, 200 uaz 400 pg/mL
U511as 100 pL lasldouealnsy (Edwards; England)
ANULTNTU 81 mg/mL 1w positive control @lgdﬁdvl’fﬁ
panpiviaaduiim 10 wifl \ansum gaLnaaLian
AvhufAsoudnisines 75 pL @aaslwlulenwan @x
mInduniaiiansianaaniau (Helena laboratories;
USA) @213t uT% 20 pug/mL Ud3u1a3 10 pL 1adn
ms@@nﬁmm@hULﬂéaaa'vauIﬂivL@L@ai‘Lwaﬂ (PerkinElmer;
USA) finnagnanan 600 nm luwiiil 0 uaz 20 dwans

%“aﬂazﬂﬁl,mzmjwuauﬂﬁ@l,ﬁa@ Atk

% Aggregation = OD (plt0) — OD (plt20) x 100
OD (vehicle0) — OD (PPP)

a [
ms’amsﬁmmaﬂa

1°ﬁﬂﬁiﬁtﬂiwzﬁwaﬂ75ﬂ@aaaﬁagﬂugﬂ%aUaz

Neuandn meantSD wazymsAlaTzRaIMIan A
Mann-Whitney Test lasllisunsniienzdadiddnsagy
SPSS version 14.0 LiJ'%fmJLﬁﬂuﬁagaﬁ'un@jumuquﬁvlaivlﬁ
nansanaadly Nszauanuidasiu 95% (p<0.05)

Nan1SANE

[ A o
1. HANINAADUANNLWNBVBIFNTENANYINND
dawlns anlaly wzea uazingwas dawaanllaila
€A a AdAda
NANIINAFOUNULTAE R LAINaNAIN1TTTI @
¥1nnINTasas 80 LﬁawﬁmLsﬁaﬁﬁumiaﬁmlunmzﬁu
AMNLTNTH (100, 200 WAz 400 pg/ml) WARSWLINIDUARE
nmsdifiavenmasialasfalunguaiuguuasngunasey
liflenauanensmuasnelnisshanmesia (0>0.05) (TN 1)
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Table 1. The percentage of neutrophil viability after boiled herb extract treatment

Test Concentration % cell viablity

(ug/mL) (mean+SD)

Cell control - 92.87+4.34

Boil herb extract 100 89.75+3.42

200 88.09+3.12

400 88.31+6.14
2. wanInagauaNNdwiBYasaITanAINLAsID AnuuandnuealimAYN9eia (p>0.05) F9aTLl
daulng anldly azan uazinanaa AatnanLian Tdanududuaasssanafiiumaseuitlidgns

NMINARBUNLINYSUIMLAALaNG balaTTiua apindaiden (@137 2)

1umjumuqu LLa:ﬂq'u“n@aaulunﬂm'}mﬁ’wﬁu (Y

Table 2. Effects of folk wisdom boiled herb extract on platelets by lactase dehydrogenase release assay

Test Concentration Lactase dehydrogenase (U/L)
(mg/mL) (mean+SD)
Vehicle control - 58.0+2.0
Positive control - 315.0+10.0
Boil herb extract 100 55.5+7.5
200 55.0+7.0
400 53.5+5.5

3. WA2DIRIENAINEMADENWINT anlaly azen  2.03£0.64, 2.110.67 Uaz 2.14£0.62 uM anuday LT

UALAZWEN AENITNINBYAADHTEUDITANNAADALAT Yasnaawlaaad laa lwdsadumliunanas  WanSuuiiey
PMNHNAMTANHIUTIN UVBINIROW LABAG LT L1 nuNguAILAN (2.20:0.64 pM) wdidumiaaasatnalad
WALR LA aNENNURIIENANANLITNTY 100, 200 WO NIEDaA (p>0.05) (1397 3)

WAL 400 pg/mL WUINHTzAUNRERlABaG aRLH1InL

Table 3. Effects of folk wisdom boiled herb extract, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.) Skeels, and
Pandanus amaryllifolius on hematopoietic cells are demonstrated by malondialdehyde level, the percent of phagocytosis

index, and platelet aggregation.

Sample Concentration Malondialdehyde level (uM)  The percentage of phagocytosis  The percentage of platelet
(Mg/mL) (mean+SD)* index aggregation
(mean+SD)* (mean+SD)*
Vehicle control 0 2.20+0.64 29.9+7.4 27.13+5.85
Boil herb extract 100 2.03+0.64 36.7+17.5 14.89+8.99
200 2.20+0.67 42.8+14.2 16.12+9.87
400 2.14+0.62 42.2+14.7 16.98+9.15

* Samples were tested in triplicate and 3 time-independent experiments.
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4. WaRIEENAIINEMAadAKINT anlaly azaw
1 o ® a
HAZLAYWRDN AONITNIIRYDILBARNALADAVIITHA
Aalasia
WINETENaI NI INnNTRNN IR N9
€A o %3 (;:'w A A
LrRaRlaINe v lIasasvasmasnaunuFILlanlsaw
Ada & LA A X A
lunififiaisa E. coli SanAngsdn (UM 1) MnwaniImasay
WU ®1IRNANANNLTNTY 100, 200 LAz 400 pg/mL
SauazvadmaanlIunwRInlanlasurinny 36.7217.5,

40X

42.8+14.2 WAy 42.2+14.7 NA1OU I@]ﬂﬂajumuquﬁ@h
e w - . "
WNNUSB8a: 29.947.4 Wazlaf It DuaaTNNTIAN Y
2YDILTAR WM IILAWT E. coli (increasing ratio) wuindian
. @ o o A
WinAL 1.22+0.58, 1.43+0.47 ez 1.41+0.49 aUE1AL T4
o A v o & & A
fIRNANANUTUTY 200 Waz 400 pg/mL Wis pangNILA
o o A €a v a a
nsvrinNvasrasi lasfalunissuindisdantaaw
v 1 s o s Qﬁdl ﬁl =i = Qs
leadadivpdanniegian p<0.05 lalSouifAsuny

NENAILQ (TN 3 LAz 317 2)

\l\. .

Figure 1 Determination of phagocytic function of neutrophil using fluorescence microscope (A) Neutrophil in bright field microscope, (B) E.coli

in fluorescence microscope, (C) and (D) the phagocytic function of neutrophil in bright field microscope and fluorescence microscope (40X),

respectively.
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Figure 2 Effects of folk wisdom boiled herb extract, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.) Skeels, and Pandanus

amaryllifolius on phagocytic function of neutrophil. Data are shown as mean+SD (n=10). Asterisks (*) denote value that were significantly different

from the vehicle control (p<0.05).

5. nazasEIsANAINEIwNaaNwlnNT anlaly azan
nazlagnow eianszmun’mmznéumaomgmLﬁam
HavhmMIngunaaLR oA UEIERANANTNTY
100, 200 uRx 400 pg/mL wui'ﬁaua:mﬂmzmiumaamé‘mﬁa@
FAYNNU 14.89+8.99, 16.12+9.87 Uaz 16.98+9.15
AL ssEnaYnA NI NG umsﬂ'uiﬁmilmzmju

35

30 -

Aggregation (%)

[T

Vehicle control Positive control

sasindaiionldainifinddyneaian p<0.05 1ia
Lﬂ'%'ﬂfuLﬁﬂun"umjumqufoﬁﬁ”aﬂa:mﬂ,m:mjwm
\ndaLfaaLYiNAY 27.13£5.85 uazwuitaanann
ANMNLTUTH ﬁﬂ'ﬂﬂﬁﬂ'ﬂEﬁmwsmw:nﬁumaamﬁmﬁaﬂﬁmn
PRI GAR e %GLﬂu positive control (%’af_laz 19.8816.70)
(@nswa'ﬁ' 3 uay gﬂﬁ' 3)

#*
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o1

Folk wisdom boiled herb extract (ug/mL)

Figure 3 Effects of folk wisdom boiled herb extract, Phyllanthus amarus Schum&Thorn, Phyllanthus acidus (L.) Skeels, and Pandanus

amaryllifolius on platelet aggregation. Data are shown as mean+SD (n=10). Asterisks (*) denote value that were significantly different from the

vehicle control (p<0.05).
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Abstract

The Wheelchair Skills Program (WSP) version 3.2 has been used worldwide due to its comprehensive
instructions on the setting, training, and the evidence of its efficacy from the literatures. However, the WSP v.3.2
program including 18 skill trainings, occupies a relatively large space which could disturb patients who undertakes
other rehabilitation interventions. Therefore, the idea of designing the WSP training circuit that situated in the garden
was emerged. This wheelchair skill training circuit has been taken place in the garden for coziness and relaxation.
The aim was to design the wheelchair training circuit that meets the standard requirements, user-friendly, and safe.
Inexpensive and durable local materials such as cement concrete with wire mate was used. Besides, this circuit can
also be used for walking training so that it could help promote functional mobility of other disabled patients returning

to the community.
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Figure 1 Figure frame of wheelchair skill training circuit.

Table 1. Skills and characteristics of occupied areas of wheelchair skill training circuit

Skill names Occupied Areas Characteristics of occupied areas

Applies brake A Level surface area of at least 12x12 meters.

Moves armrests away and back

Moves footrests away and back

Propels the wheelchair B Level surface area of 1.2 meters wide and 10 meters long, with the additional length of
at least 1.5 meters at the starting and finishing ends, the observed lines are set at the
0, 5, 10 meters.

Turns in narrow space C Level surface area in a circle diameters of 1.5 meters.

Turns 90° D Level surface area of 1.2 meters wide, containing the length of 0.5 meters for
a straight direction, 90° turning point, and then 0.5 meters for a straight direction.
The additional distance of at least 1.5 meters are set at the starting and finishing
ends.

Maneuvers sideways E The obstacle is set to the side of the pathway, with two lines parallel to the
obstacle. The starting line is 2 meters long and at 30 centimeters away from
the obstacle. The finishing line is 2 meters long and at 10 centimeters away
from the obstacle.

Reaches high object F Reach high object skill is set by the concrete table with 90 centimeters high and

Picks object up from floor 45 centimeters wide. The reaching object size is 2.5 diameters and is set at 1.5
meters high from the table. The object size of 5x10x10 centimeters, weighs 200 is
set for pick up object from floor skill.

Transfers to and from bench G Bench size of 1 meter long, 0.5 meter wide and 0.47 meter high. Level surface area

of at least 1.2x1.2 meters.
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Table 1. Skills and characteristics of occupied areas of wheelchair skill training circuit (continued)

Skill names

Occupied Areas

Characteristics of occupied areas

Folds and unfolds wheelchair H Bench size 1 meter long, 0.5 meter wide and 0.47 meter high. Level surface area
of at least 1.2x1.2 meters.

Rolls across obstacles Level surface area of 1.2 meters wide, with two obstacles of each 2 and 13
centimeters high, 10 centimeters wide and 1 meter long. Distance before rolling
across each obstacles is at least 50 centimeters.

Rolls across side-slope J Right and left side-slope of 5° occupied area of 1.2 meters wide and 4 meters
long. Roll across side-slope training must be in a straight direction and must not
exceed the 10-centmeter-wided line. The additional distance of at least 1.5 meters
are set at the starting and finishing ends.

Rolls on uneven surface K Two areas laid with artificial grass and pebble stones. Each area is 1.2 meters
wide and 2 meters long, with the additional distance of at least 1.5 meters at the
starting and finishing ends.

Gets over gap L Level surface area of 1.2 meters wide, and two gaps of each 15 and 30 centimeters
wide and 5.1 centimeters deep. The additional distance of at least 1.5 meters are
set at the starting and finishing ends.

Ascends and descends 5° incline M Two inclines surface areas are 5° incline with 2.5 meters long and 7.5° with
1 meter long. Both inclines are 1.2 meters wide.

Gets over threshold N Two different surface level of each 5 and 15 centimeters high and 1.2 meters
wide, with the additional distance of at least 1.5 meters at the starting and
finishing ends.

Performs stationary wheelie in (0] Level surface area in a circle diameters of 1.5 meters.

narrow space

Turns 90° in place in wheelie P Level surface area of 1.2 meters wide, containing the length of 0.5 meters for

a straight direction, 90° turning point, and then 0.5 meters for a straight direction.
The additional distance of at least 1.5 meters are set at the starting and finishing

ends.
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Figure 2 Wheelchair skill training circuit.

Vol. 48 No. 2 May 2015 157



Figure 4 Get over gap skill training.
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