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Abstract : Oxidative Stress Response to Exhaustive Exercise in Urine and Blood

of Healthy Subjects : Preliminary Study

Nuttakaan leelarugnrayub’, Jittarat Tansenee’, Prapas Pothongsunun’, Nantaya Chanarat™

This study aimed to determine the effects of exhaustive exercise in sedentary subjects on the activation
of the ferrous oxidation and lipid peroxidation in the blood and urine. Exhaustive exercise program was followed
by a modified Bruce protoco in 15 healthy subjects. Blood and urine were collected at pre and post exercise
immediately. Only urine was additionally collected at 20 minutes post exercise. Malondialdehyde and Ferrous
oxidation were determined by Ferrous oxidation xylenol-orange (FOX) and TBARs assays. Data wre statistically
analysed by using a Wilcoxon Signed Rank test and related paired t-test. The results showed that exhaustive
exercise increased significantly the ferrous oxidation in blood and urine at 20 minutes after stop exercise
immediately. Whereas lipid peroxidation slightly increased. In urine, the malondialdehyde increased significantly
at 20 minutes after stop exercise. Therefore, this study showed the evaluation of the oxidative stress from
exhaustive exercise would be analyzed from the blood and urine which could be applied to sport sciences

researches in the future. Bull Chiang Mai Assoc Med Sci 2006; 39: 2-9,

Key words: Exhaustive exercise, Oxidative Stress, Malondialdehye, Ferrous Oxidation.

Clinical Biochemistry and Movement Sciences Research Group. Departments of Physical Therapy and

" Clinical Chemistry, Faculty of Associaled Medical Sciences, Chiang Mai University,

Introduction

Nowadays, many reports show the exhaus-
tive exercise-induced oxidative stress’. The potential
sources of free radical generation in exercising muscle
are mainly from mitochondria, xanthine oxidase,
prostanoid metabolism, catecholamines, NAD(P)H
oxidase and secondary sources as phagocytosis or
calcium accumulation in the cel’. Physical exercise
requires energy source as adenosine triphosphate
(ATP) which is primary produced by mitochondial

oxidative phosphorylation. Re-oxygenation or

reperfusion with oxygenated blood resuits in local
and systemic effects which may cause more tissue
damage’. Free radicals are capable of independent
existence and produced in all living cells. Reactive
oxygen species (ROS) or reactive nitrogen species
(RNS), e.g., superoxide (O,), hydroxyl (OH"), alkoxyl
(RO®), peroxyl (ROO"), hydroperoxide (-OOH), and
peroxyl nitrite (NOO®) are capable of readily
oxidizing another biological molecules, including
carbohydrates, amino acids, fatty acids, and

nucleotides. Scavenging mechanism of all free
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radical produced in vivo by both enzyme- and
non-enzyme antioxidants are presented. Antioxidant
enzymes include superoxide dismutase, glutathione
peroxidase and catalase, The main non-enzymic
antioxidants include glutathione {GSH), vitamin E and
vitamin C'. Free radical induces many protein and
lipid oxidation products in the blood circulation. Some
reports showed the physical exercise lead to an
increase in lipid peroxidation.' Protein hydro-
peroxide (PrOOH) is a stable and propagation of
radical reactions on other protein, lipid, and DNA®.
Thus, this study aimed to determine the response of
oxidative stress in sedentary subjects by evaluating

the lipid peroxidation and ferrous oxidation status in

Yol. 39, No.1 January 2006

hlood and urine from exhaustive exercise.

Methods and Materials
Materials, glass wares and chemicals

Glassware were cleaned with warm concen-
trated nitric acid and thoroughly rinsed with double
distilled water before experiments. All other reagents
were at least of reagent grade. Xylenol orange
[o-cresolsulfonphthalein-3, 3-bis (sodium methylimino
diacetate)], Guanidine hydrochloride, Perchloric acid
(AR grade; 70-72%), Thiobarbituric acid (TBA),
Malonaldehyde (bis} and ammonium ferrous sulfate

were purchased from Aldrich (USA).

Subjects

This study was approved by Ethic Committee
of Faculty of Associated Medical Sciences, Chiang
Mai University, Chiang Mai, Thailand. A total of 15
subjects was studied in an exhaustive exercise by
modified Bruce protocol with a Series 200 treadmili

(Marquette medical systems, Inc. Milwaukee, USA).

The testing protocol composed of 10 steps
and 3 minutes in each steps. The heart rate at 85%
of maximum heart rate or rate perceived exertion
(RPE) at 9 was a final target for stop testing. Blood
at pre- and immediately post-exercise test from
vehous puncture (# 21) were coliected in non-

heparinized tube. Serum was separated by gentle
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centrifuge at 1000 rpm shortly and kept in cool {4*C)
for 2 hours. Urines at pre-, and post-exercise {(imme-
diately and 20 minutes) were cellected and kept in
coot (4°C).

The Exercise Protocol

The exhaustive exercise was followed from
the Modified Bruce protocol and target heart rate
(Target MHR) was performed from recommendation
of American College Sport Medicine (ACSM)'s guide-
lines®.

Step I: 5 minutes for warm up with hip flexion/
extension, stretching the quadriceps, hamstrings, and
gastrocnemius under 35% of maximurm heart rate,
and score of rate perceived exertion (RPE) less than
10.

Step I0; Protocol testing by foliowing steps and
each step performed for 3 minutes.

I velocity 1.7 mph with 0% slope

II  velocity 1.7 mph with 5% slope

m  velocity 1.7 mph with 10 % slope

velocity 2.5 mph with 12% slope

<

velocity 3.4 mph with 14% slope
velocity 4.2 mph with 16% slope

VII velocity 5.0 mph with 18% slope

VIII velocity 5.5 mph with 20% sfope

Step III: 5 minutes for coal down with slow
walking on treadmill.

The target heart rate was at 85% of maximal
heart rate and RPE at 14-15. Any symptoms as leg
pain, muscle thigh, unwilling of subjects were criteria

to stop exercise.

Serum and urine malondialdyde analysis
Malondialdehyde (MDA), the lipid peroxidation

product was determined with modified Thiobarituric

acid reactive substance (TBARs)'. The 100 pl of

sample (urine or serum) was precipitated with 100%

4 39 adui 1 unnaw 2549

trichloroacetic acid {TCA) in 8 M HCI and mixed with
450 L of normal saline solution (0.9% NSS), 200 p!
of (4%) thicbarbituric acid (TBA) reagent. The whole
mixture was incubated in 90°C water bath for 30
minutes then cooled in water. After centrifugation at
6,000 rpm for 5 minutes at 4°C, the absorbance was
read at 532 nm. The concentration of malondialdhyde
was calculated from the standard malondialdehyde

(Sigma).

Ferrous oxidation analysis

The activity of blood and urine on activation
the ferrous oxidation were evaluated by FOX method
from Gay's protocol’. To perform modified FOX as-
say, 100 pll of serum was taken and precipitated the
protein with 500 L of 0.2 M perchloric acid (PCA)
and centrifuged at 6500 rpm for 10 minutes (4°C).
The pellet protein was dissolved in 1,000 Ll of 6 M
guanidine hydrochloride. The lipid was removed twice
by 100 pl of absolute chloroform containing 2%BHT.
The 700 Wi of upper layer was mixed with 40 pl of
0.5 M PCA, 25 i of 5 mM xylenol orange and 5 mM
ferrous solution. For urine method, 700 u! of sample
was incubated directly with 0.5 M PCA, 5 mM xyleno
orange and 5 mM ferrous solution. After keeping at
room temperature in the dark for 30 min, the mixture
was centrifuged at 10,000 rpm for 3 min (4°C). The
oxidative activity in blood and urine was calculated
by compared with the absorbance at 560 nm of the
standard t-butyl hydroperoxide (1-10 tM) (Sigma).

Statistical analysis

All data were presented as mean+standard
error of mean (SEM). The levels of malondialdehyde
and ferrous oxidation in blood before and after
exercise were compared with paired t ~test, whereas
MDA and Ferrous oxidation in urine at various

periods were statistically analyzed by a Wiicoxon
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Signed Rank Test or repeated multiple variables test. with meantSD of age = 20.75+£1.89, range = 19-24
years, and BMI = 19.75%1.71 kg/m’. The meantSD
Results of RPE and a percentage of heart rate compared
This experiment was studied in 15 subjects with maximal HR were 14.13%2.45 and 77.6714.92.
14 - mEmE Pre-Exercise
Post-Exercise
12 l_ﬂLn.n.ﬂJj
§ 10 |
T
g 61
=4
Q
o 4
24
0

Ferrous oxidation Malondiatdehyde

Figure 1.  showed meantSEM of serum malondiadehyde levels and ferrous oxidation relative to tert-butyl hydroperoxide levels

before and post-immediately exercise). Note; p value was calculated by related paired t-test.

The levels of serum MDA were increase ferrous oxidation increased significantly (6.3610.63
without significant difference: 5.3240.54 vs 6.011£0.61 & 8.71+0.74 uM, p< 0.05).

UM respectively before and after exercise. Whereas

8.

7 —@— Ferrous Oxidation #{p=0.027)
—(— Malondiaidehyde {(MDA)

°1

Concentration {,M)
F-9

3
2 |
1 |
Pre-Exercise Post-Exercise Post-Exercise
(immediatety) { 20 mins)

Figure 2. The levels of urine malondialdehyde and ferrous oxidation relative to tert-butyl hydroperoxide at pre-exercise, and
post-exercise (immediately and at 20 min}. Note; # represented different statistics compared with pre-exercise period

and p was calculated with repeated variable measurement.
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Urinary malondialdehyde and ferrous
oxidation levels before and, immediately and at 20
minutes after stop exercise were shown in figure 2.
The results showed increased tendency with time
response in both MDA and ferrous oxidation:
malondialdehyde was 2.5810.42, 3.77+0.72, and
5.1710.56 UM respectively, and ferrous oxidation was
3.661+0.85, 4.3610.7, and 6.5210.8 UM respectively.
Both levels significantly by increased at 20 minutes
after exercise termination compared with before
exercise, whereas immediately post exercise termi-

nation showed no any difference.

Discussion

Oxidative stress from exhaustive exercise from

Fe* + Oxidant

Fe* + XO

Source of Ferrous Oxidation
Fe” + LOOH

Fe* + PrOOH

Fe? + HO+H’

Various oxidant molecules that can motivate
this system in the body, for example; protein hydro-
peroxide (PrOOH), lipid hydroperoixde (LOOH), H202,
or excessive ferrous ion (Fe”) in the fluid™.

In this study, the method presumed the fer-
rous oxidation from protein hydroperoxide (PrOOH)

only by extraction the lipid out and precipitate the

PtH + HO/OH
2 2

—_—
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this study showed that two biochemical parameters
MDA and ferrous oxidation product were increased.
The malondialdehye is the end product of lipid
oxidation is formed after oxidation of lipid due to
peroxyl radicals, and hydrogen peroxide, or non-
radical species *'°.This results was simitar to the
previous reports that represented higher lipid
peroxidation on low density lipoprotein (LDL) and very
low density lipoprotein (VLDL) fraction in plasma of
marathon runner 42 kilometers (male=21, female=
25",

The activity of blood and urine on oxidation
the ferrous as determined by FOX method which is
ax evaluation a Fe*-XO complex and detectable at

560 nm.

— » Fe*
—————————p  Fe*-XO complex (560 nm)

————» LO* +Fe”
——¥» Pro"+ Fe*
— % Fe*+H20+*OH

protein. Generally the activating protein (PrH) with
varbus oxtdants HZO2 or *OH occurs in biclogical
system. The carbon-centered free radical (Pr)
produced will be oxidized to form protein peroxyl
radical (PrOO") and finally to protein hydroperoxide
(PrOOH) 2,

Pr +HO

Pr + O, e ProQ-
PrOO* + ¢  — Proo

PrOO + H —_— PrOCH
Pro0*+ PrH EEE— PrOOH + Pr
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Interesting in the results represented the
oxidative stress in the urine. Normally, urine
contains with varicus substances, mainly urea and
many metabolites that possible give a false positive
result. However, the determination of these aldehydes
from measurements of thiobarbituric acid reactive
substance (TBARS) adducts clearly lacks specificity.
It may contaminate with proteins, oxidized lipids,
amino acids or sialic acid. As same as the ferrous
oxidation, this method is widely used to detect the
hydroperoixde, But this stituation used this protocol
to detect the oxidative stress situation whether,
hydroperoixde, hydrogen peroxide, ferrous or ferric
ions, although there may be any molecules that gives
the positive results in this test. Nevertheless, we
found the responsive results after exhaustive
exercise with time dependent that reflects to the body
response to exercise. It means that detection the
lipid peroxidation and ferrous oxidation products in
urine can be applied to investigate the oxidative stress
in sport researches in the future, especially to
evaluate the body injury from some special training

program, nutrition supplement, or medical treatment.
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Abstract : The Cytologic Diagnosis of Malignant Neoplasm in Pleural and Ascites
effusion of Maharaj Nakorn Chiang Mai Hospital during 1997 — 1998.

Tanin Kanwattanasirikul*

Objective : To investigate the average age of positive or negative for cancer in pleural and ascites effusions and

the relation between serosanguinous effusion with positive cancer in pleural and ascites effusions.,

Materials and Methods : Pleural and ascites effusions were sent from Maharaj Nakorn Chiang Mai Hospital to
. Department of Pathology, Faculty of Medicine, Chiang Mai University during 1997 — 1998. On arrival, the

smears were prepared on clean glass slides by cytology laboratory method.

Results : A total of 956 cases were collected. It was found that 151 cases {25.2%) had pleural effusion positive

for cancer and 88 cases (24.6%) had ascites effusion pesitive for cancer. Incidence of finding cancer cells was

highest in cases aged 51 — 70 years old. Average age of cases "positive” in pleural effusion was 60.5 years for

males and 54.8 years for females and that “positive” in ascites effusion was 57.7 years for males and 50.4 years

for females. In this study, cytologic diagnosis was positive for serosanguincus effusion in 153 cases (64.0%)

which suggested that serosanguinous effusion was associated with cancer cells finding.

Conclusion : Average age of positive for cancer in pleural and ascites effusion was 60.5 and 57.7 years for males

and 54.8 and 50.4 years for females, respectively. Serosanguinous effusion was associated with cancer cells

finding. Bull Chiang Mai Assoc Med Sci 2006; 39: 10-18.

Key words : Cancer cell, Pleural effusion, Ascites effusion, Cytology.

*Department of Pathology, Faculty of Medicine, Chiang Mai University.
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Abstract : Comparison in Determination of Alpha-fetoprotein by Microparticle

Enzyme Immunoassay (MEIA) and Electrochemiluminescence Immunoassay

(ECLIA)

Aree Prasitthipayong*, Phongphan Romhirun *, Sommart Jantorn*

In this study we compared serum leve! of alpha-fetoprotein (AFP) determined by Microparticle Enzyme

tmmunoassay (MEIA} and Electrochemiluminescence Immunoassay (ECLIA) in 300 serum samples obtained

from routine check up and other clinics at the Nationai Cancer Institute, Bangkok. Our fingings showed no

statistically significant difference between these two methods (p > 0.05, r = 0.996). Therefore, either MEIA or

ECLIA could be used for determination of serum AFP level in routine laboratory since they provided similar

results. Bull Chiang Mai Assoc Med Sci 2006; 39: 19-26.

Key words :  Alpha-fetoprotein (AFP}, Microparticle Enzyme Immunoassay (MEIA), Electrachemiluminescence

Immunocassay (ECLIA)

*Immunology Section, Pathoiogy Department, National Cancer Institute, Bangkok
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Abstract: Cloning and Expression of Glyceraldeyhe-3-Phosphate Dehydrogenase
from Plasmodium Falciparum.

Panadda Dhepakson' , Anicha Luengchaichaweng', Pongwit Bualombai’, Kruavon Balachandra],

Pathom Sawanpunyalert'

Objective : Glyceraldehyde-3-phosphate dehydrogenase of Plasmodium falciparum (pIGAPDH) is the key
enzyme in glycolytic pathway. Its gene has 63.5% identity to human GAPDH but the immune serum against this
enzyme has no cross-reactivity with human erythrocyte and also conserved among various isolates. This study
aims to clone the pfGAPDH gene for expression of pfGAPDH protein in Escherichia coli for using as immuno-
gen to obtain monoclonal antibody.

Methods : Plasmid pfGAPDH-pET 15b was constructed and transformed into E. coli BL21(DE3) for expression of
pfGAPDH protein. The expressed His-pfGAPDH fusion protein was characterized by SDS-PAGE and western
blot analysis. Then the purified protein was obtained by affinity chromatography.

Results : The pfGAPDH protein was expressed in E. coli at high level .By SDS-PAGE and western blot analysis,
the protein band of 36.6 kDa was detected. Furthermore, the high purity protein was obtained and used as
immunogen for immunization in BALB/c mice.

Conclusion : The pfGAPDH gene was cloned and expressed protein at high level in E. coli. The purified protein
was successfully used as immunogen. Further study will carry on characterization of the obtained monoclonai

antibody and applied for development of malarial diagnostic kit. Bull Chiang Mai Assoc Med Sci 2006; 39: 27-35.

Key words : Plasmodium falciparum, Glyceraldehyde- 3- phosphate dehydrogenase, Escherichia coli

expression
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Introduction diagnosis and microscopic diagnosis, however these
The malaria situation is still endemic and do not allow satisfactory diagnosis of malaria.”*

minor epidemic especially in the border line of Using microscopic examination for routine malaria
_ Thailand.! The prompt and accurate diagnosis is the diagnosis has many practical problems since it is
key of effective disease management in malaria labor-intensive and requires skilled operators.*
patients. The two diagnosis approaches are clinical Recently, rapid immunochromategraphy format is the
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most prominent alternatives. However, its sensitivity
stitt varies in the field study.>” The other parasitic
enzyme based antigen detection has been mentioned
to supplement the available dipstick.

The glycolytic pathway is regarded as
particularly important for the blood stage malaria para-
site to grow and multiply. Utilization of glucose by
parasitized red blood cells was reported to be
increased 50 to 100 times mwore than that by
non-parasitized ones.’ Almost the increasing in
utilization is the result of glycolytic enzymes
expressed at high level by the parasite in anaerobic
Embden-Meyerhoff-Pamas (EMP) pathway.’

Glyceraldehyde-3-phosphate dehydrogenase of
Plasmodium falciparum (pfGAPDHY} is a key enzyme
in glycolysis and catalyzes the oxidative phosphory-
lation of glyceraldehydes 3 phosphate into 1,3
bisphosphoglycerate in the presence of NAD+ and
inorganic phosphate. Its gene has 63.5% identity to
human GAPDH but the immune serum against this
enzyme has no cross-reactivity with human erythro-
cyte and also conserve among various isolates.”® By
the way, the detection of pfGAPDH for malarial diag-
nosis has not yet been conducted. Therefore, this
study aims to clone pfGAPDH gene for expression
of pfGAPDH protein from Escherichia coli for using
as immunogen to obtain monoclonal antibody by
hybridoma technology. Furthermore, it was demon-
strated that the obtained monoclonal antibody could
react with blood stage parasite by western blot analy-
sis and immunofluorescence staining. The success-
ful production of antigen and monoclonal antibody
lead to the new developed test for mataria diagno-

sis.

Materials and methods
Parasites

Plasmodium falciparum strain K1 were main-

29

U939 atfuft 1 unsina 2549
tained in vitro in RPMI 1640 medium to which was
added human type O red blood cell and 10%
heat-inactivated human serum. All cultures were
placed in a humidified incubator at 37°C with gas
controlled environment of 5% 02. 5%002. and 90%

N, and fed according to the established procedures. "

Detection of parasites

Parasites was determined by light microscopy
using Giemsa-stained thin smears and with fluores-
cent microscopy using immunostaining with mono-

clonat antibody.

Cloning of pGAPDH gene into plasmid E. coli

Total RNA was isolated from mixed stage sapo-
nin (0.1%) lysed F. falciparum (K1 strain) infected
erythrocytes. The pfGAPDH gene was amplified from
cDNA of P. falciparum that reverse transcriped from
total RNA using specific primers of ORF of pfGAPDH
containing Nde 1 and Xho | sites. The amplification
was achieved by incubating the reaction mixture (50
LWl for & mins at 95 C, 30 cycles of 1 min at 95 C,
1 min at 55 oC, and 1 min at 72 DC and a final
extension for 10 mins at 72 0C. The PCR products
had a single deoxyadenosine (A} of the 3' end that
were ligated with pCR 2.1 vector of TA Cloning Kit
{Invitrogen) and fransformed into E. coli (TOP 10 F').
The transformed colonies were selected by colony
PCR. The ptasmid of positive colony were extracted
by QlAprep® spin miniprep kit (QIAGEN) and doubie
digested with Xho | and Nde |, gel purification and
cloned inframe into the bacterial expression vector
pET 15b {Novagen). The transformants were pick up

and selected by colony PCR.

Expression and Characterization of pGAPDH
The recombinant pfGAPDH was expressed in
E. coli BL21 ({DE3) with six histidine residues at the
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N-terminal portion. The cells were cultured in 3 ml of
LB broth containing 100 pig/ml of ampicillin at 30 C,
2 hours. The expression was induced by the addi-
tion of 1 mM isopropyl thiogalactoside (IPTG) (Sigma)
and cultured for additional 4 hours. The pellet was
collected and lysed in SDS-PAGE sample buffer then
lysate and debris were separated and applied to SDS-
polyacrylamide gel elctrophoresis using 10% gels then
stained with coomassie blue R-250, and

immunoblotting using anti-His antibody.

Western blot analysis

Total cell lysates were run onto 10% gels. As
molecular weight marker (Prestained SDS-PAGE
standards, broad Range Bic-Rad) was used. Sepa-
rated proteins were transfered electroelectically to
nitrocellulose filter (Schleicher & Schuell). Blots were
blocked and then incubated with anti-His antibody
{1:500) (QIAGEN). After several washing steps, blots
were incubate with 1:1000 dilution of a rabbit anti-
mouse [gG Horseradish peroxidase conjugated IgG
{DAKQ) for 30 min, blots were developed using 3,

3-Diaminobenzidine (Sigma) to visualize bands.

Purification of pPGAPDH from recombinant E.
coli

Large scale culture of pfGAPDH expressed
clones in E.coli BL21 {DE3) and induced with IPTG
was prepared. Then crude extract was produced by
sanication peltet of cultured E.colf in lysis buffer (50
mM NaHzPO‘, 300 mM NaCl and 2.5 mM imidazole,
pH 8.0). After centrifugation at 10,000xg, the super-
nate (containing soluble protein of interest) was loaded
onto Ni-NTA resin (QIAGEN) and washed three times
with wash buffer {50 mM NaHZPOA. 300 mM NacCl
and 20 mM imidazole, pH 8.0). The recombinant

protein was recovered by using elution buffer (50
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mM NaHEPO‘, 300 mM NaCl and 250 mM imida-
zole, pH 8.0). After analysis by SDS-PAGE the puri-
fied protein was pooled and store at —20 C. Protein

concentration was determined using BSA standard.

Generation of monoclonal antibodies

Monoclonal antibodies against pfGAPDH was
establish by Pongwit et al. Briefly, BALB/c mice were
immunized and boosted with purified pfGAPDH pro-
tein. Then splenocytes were fused to the myeloma
cells and selected in hypoxanthin aminopterin
thymidine(HAT) media. Antibody from secreting cell
line were screen for their activity by ELISA. Clones
secreting anti-pfGAPDH mAb were expanded and
cloned by limiting dilutions. Ascetic fluids with high
antibody titers were then accumulated by injecting
cloned hybrid cells intraperitoneally into mice treated
with Pristane (Sigma) and purified according to pub-

lished procedures.

Results

Cloning, Expression and Characterization of
pIGAPDH

The ORF of pfGAPDH gene was amplify from
cDNA of K1 strain. The PCR product of 1,013 bps
was maintained in cloning vector pCR 2.1 and then
subcloned into pET 15b expression vector to pro-
duce plasmid pfGAPDH-pET 15b. The plasmid was
transformed into E.cofi BL21 (DE3) host cell for
expression. The positive clones were checked by PCR
and double digestion (Fig. 1A and 1B). The recombi-
nant pfGAPDH protein was expressed in E. coli
BL21(DE3) with molecular weight of 36.6 kDa and
no specific band was observed from lysates of E.
coli alone and E. cofi with plasmid pET-15b

contained no insert (Fig. 2).
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Figure 1.

Figure 2.

}:: R 4 P 1. HS bps

A B

Agarose gel electrophoresis analysis of transformants that contained plasmid pfGAPDH —pET 15b.
(A) By PCR ( lane M: marker, lane 1-4 : positive clones). (B) The positives clones were confirmed
by double digestion with restriction enzymes Nde! and Xhof (lane M1, M2 . marker, lanei-4 :

positive clones, lane 5 ; uncut).

Lysate C1
Lysate C2
Lysate C3
BL-21
BL-21+
pET 15b

MW (KDa)

1200 ., .
90.0

51.7

341 » 366 kDa

28.0

20.0

SDS-PAGE analysis of pfGAPDH expression. The lysate of E. coli BL21{DE3} transformed with
plasmid pf{GAPDH-pET15b clone 1-3(LysateC1-C3}, lysate of E. cofi BL21 ( DE3) (BL-21) and
lysate of E. coli BL21(DE3) transformed with pET-15b (BL-21+pET 15b) were applied to 10%
SDS-PAGE then stained with coomassie blue R-250.
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Purificatien of pfGAPDH protein

In order to use pfGAPDH protein as immuno-
gen and screening for monoctones moneclones that
secret monoclonal antibodies against pfGAPDH.,
large scale culture and purification of the protein was
conducted. The GxHis tagged at N-terminus of
vector pET-15b was advantage for purification of

fusion protein by affinity chromatography using

MW (KDa} M 1 2 3 4

120.0 gy
0.0

517

wr =P

|0 -~

200 -

e 4D
A

Figure 3.
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Ni-NTA resin. As shown in Fig 3A. the obtained
protein had high purity of about 80% and yield of 5
mg per one litre of culture medium, as judged by
SDS-PAGE analysis. The purified protein was also
analyzed by western blot analysis using anti-His
antibody. Fig. 3B shows that the anti-His antibody

recognized specific band of 36.6 kDa protein.

1 2

P s » 3.6 kDa

B

SDS-PAGE and western blot analysis of purified pfGAPDH protein. {A) SDS-PAGE to determine

the purity and concentration of purified pfGAPDH protein compared with BSA standard protein.

(M : protein marker, lane 1: purified pfGAPDH, lane 2-4 : BSA standard at concentration Smg/m,

10mg/ml and 15mg/ml respectively). (B) Western biot analysis of purified pfGAPDH protein eluted

from Ni-NTA resin using anti-His antibody { lane M : protein marker, lane 1-2: purified protein from

first elution and second elution, respectively).

Detection of pfGAPDH in parasites using
anti-pfGAPDH mAb

In order to characterize the activity of the mAb
against pfGAPDH (anti- pfGAPDH mAb), an
immunoblotting and IFA were performed using the
mAb. As shown in Fig. 4A, by westernblot analysis,
the anti- pfGAPDH mAb could recognize pfGAPDH

protein in both the cultured parasites and recombi-
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nant protein from E. coli specifically. Furthermore,
after purification of ascetic fluid, the mAb could
recognize pfGAPDH of P. falciparum from clinical
samples with no specific band was observed from
human red blood cell (Fig. 4B). By IFA pfGAPDH
was also detected at very high levels in cytoso! of
parasites in parasitized red blood cells as shown in
Fig. 5A and 5B.
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Figure 4.  Determination of anti-pfGAPDH mAb activity. (A) Western blot analysis using ascetic fluid (1:5000)
(M : protein marker, lane1-2: lysate of human red blood cells, lane 3-4: lysate of P. falciparum
parasitized RBC in sample, lane 5-6: lysate of P. falciparum parasitized RBC in culture, lane 7-8:
lysate of E. coli BL21(DE3), lane 9 : recombinant pfGAPDH protein). (B) Western blot analysis
using purified mAb (1:5000)( lane 1 : lysate of E. coli BL21{DE3), lane?2 : lysate of P. falciparum
parasitized RBC in sample, lane 3 : lysate of human red blood cells, lane 4 : lysate of P. falciparum
parasitized RBC in culture, lane 5 : recombinant pfGAPDH protein, ). The arrows indicated protein

bands of about 36.6 kDa that was recognized by anti-pfGAPDH mAb.

A B

Figure 5.  Detection of pfGAPDH in the parasite by immunofluorescent staining. (A) The thin film of blood
stage P. falciparum was fixed and permeabilized and incubated in anti-pfGAPDH mAb followed by
incubate in FITC-conjugated goat anti-mouse IgG and visualized by fluorescent microscopy.

(B) The same area was visualized in bright field to positioned the parasites in red blocd cells.
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Discussion

Recently, rapid test or dipstick based on the
detection of antigen(s) reieased from parasitized red
bleod cells for malarial diagnosis have been
developed.”" In the case of P. falciparum, rapid test
based on detection of P. falciparum histidine-rich
protein 2 (HRP-2)"* or Plasmodium-specific lactate
dehydrogenase {(pLDH)""* have been conducted and
the sensitivity, specificity of these tests have been
assessed compared with microscopy examina-

t'on 71316

Although the specificity for detection are
high (>90%), the sensitivity falls off at low levels of
parasitemia. Therefore, further development appears
hecessary to improve the performance of the test.
The gene coding for glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH; EC 1.2.1.12) was
first isolated from Pfasmodium falciparum by
Daubenberger et /. in 2000. Study in subcellular
fractionation demonstrated that pfGAPDH was found
in both the membrane-containing pellet and the
supernatant fraction of parasite lysates."The
pfGAPDH could appropriately be antigen for detec-
tion in immunodiagnosis of malaria by establishment
of monaclonal antibody for development of dipstick.
Using protein from in vitro culture, purified pfGAPDH
antigen was obtained very low yield and highly time
consume for continuous culture parasites and
process in purification. The large amount of pfGAPDH
was also needed to screen the monoclones that
secret monoclonal antibodies against pfGAPDH. More
practical and easier way to obtain in amount and
stable quality of pfGAPDH in each lot was producing
recombinant pfGAPDH from E. coli. Our results
demonstrated that the recombinant protein could be
produced in E. coli employed pET 15b vector
system, the expressed protein was recovered in the
soluble fraction of the total extract then purified in

native form and successfuily used for immunization

Vol. 3%, No. 1 January 2006

in BALB/c mice to produce monoclonal antibody. The
obtained mAb could recognize parasite GAPDH
protein at specific band of 36.6 kDa by western blot
analysis. By IFA, the protein was stained specifically
and localized in cytosol of parasites, note that this
mAb has no cross-reactivity to human red blood cells
that correlated well with previous report using rabbit
polyclonal antibody.” This study suggested that it is
a high potential for using this obtained anti-pfGAPDH
mAD for further development of dipstick to improve

capacity of detection.
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Abstract: The Prolonged Effects of 12 Minute Walk Test Exercise Program on

Physical Fitness in Overweight Women

Korakot Hensangvilai*, Sainatee Pratanaphon*

Objective: To assess the prolonged effects of 12 Minute walk test (12-MWT) exercise program on physica!

fitness in overweight women.

Methods: Thirty sedentary women (age 20-40 years) being classified as overweight (BM! = 25 kg/m® and WHR

> 0.8) were participated in this study. Subjects were asked to walk continuously through the plain ground and

speed up as much as they could for 12 minutes. This exercise program was done twice a day, five days a week

for 8-weeks. Weight control via diet was recommended throughout the experiment. Walking distances, walking

speed, body weight (BW), body mass index (BMI), waist to hip ratio (WHR), resting heart rate {RHR) and blood

pressure (BP}) were measured at baseline and after 8 weeks of the intervention. Comparisons in those param-

eters between pre- and post-intervention were determined using paired t-test.

Results: The intervention was associated with a significant improvement in walking distances, walking speed,

BW, WHR, RHR, and BP except BMI.

Conclusion: In overweight women, eight weeks of 12-MWT exercise program could enhance physical fitness,

except BML. Bult Chiang Mai Assoc Med Sci 2006; 39: 36-41.

Key words: 12 MWT, walking speed, BMI, RHR, overweight

* Department of Physical Therapy, Faculty of Associated Medical Sciences, Chiang Mai University, 50200 Thailand.
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Abstract ;: Genetic Variants of Plasma Cholinesterase Enzyme in the Northern

Thai Population

Warunee Jitaree*, Tipawan Prapamontol*, Sukrapee Inzeearj*

Background Cholinesterase enzyme activities are mostly used for pesticide exposure monitoring and they are
influenced to individual health, age, sex, anti-cholinesterase inhibitors and genetic variants of cholinesterase
enzyme.

Objective This study assessed the relationship between BChE level and in Chiang Mai strawberry farmers.
Method A cross-sectional study was conducted Chiang Mai population. Collected blood samples were deter-
mined for BChE activities and BChE genetic variants by using Efman’s and Genest&Kalow spectrophotometric
method, respectively. Correlation between BChE level and BChE genetic variants were analyzed by regression
analysis.

Results In all 133 farmers {male = 76, female = 57), the mean (£SD) level of BChE were 5.201+/-2.226 U/ml.
Four genetic variants were found as UU (67.6%), UA (17.3%), AF (14.3%) and UF (0.75%) and found statistic
significant between enzyme activity and genetic variants at p<0.05.

Conclusion Therefore, the evaluation of pesticide intoxication cases by using cholinesterase tevel should be also

concemned with BChE genetic variants. Bull Chiang Mai Assoc Med Sci 2006; 39: 42-51.

Key words: Cholinesterase enzyme, pesticide

* Research Institute of Health Sciences
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Abstract: The Incidence of Atypical Pneumonia Infection in Patients of Nakornping

Hospital

Jiaranai Khantipongse*, Veerayut Khositsakulchai**

Objective: To study the incidence of atypical pneumonia infection detected for Influenza A Virus / Influenza B
Virus, Mycoplasma pneumoniae, Resp. Syncytial Virus (RSV) and to develop technology of the method in
laboratories.

Material and method: Sputum of 31 symtomatic patients with pneumonia were detected for atypical pneuntonia
infection by ELISA antigen method.

Result: The incidence of atypical pneumonia infection in 31 symtomatic patients with pneumonia of Nakornping
Hospital detected by ELISA antigen during April 2003 — March 2004, was 6 cases (19.3%). We found that the
infection rate from Influenza A Virus , Mycoplasma preumoniae, Resp. Syncytial Virus (RSV) were 2 cases
(6.4%) . | case (3.2%) , 3 cases (9.6%) respectively and Influenza B Virus was not found. The detection of
sputum by ELISA antigen was easy, used no long time and not expensive so it's probably to use this method in
laboratories.

Conclusion: Atypical pneumonia is pneumonia that infected from microorganism which not like common pneu-
monia. So we cannot use the same experience or treatment that we use for cure common pneumonia. The
clinical of atypical pneumonia in patients is not severe but sometimes it's become to mortility. The development
of technology and method for detect atypical pneumonia in laboratories is very important and help for the way

to decide of treatment. Bull Chiang Mai Assoc Sci 2006; 39: 52-59.

Key words: Atypical pneumonia, Influenza A Virus / Influenza B Virus, Mycoplasma pneumoniae, Resp.

Syncytial Virus (RSV), develop technology of the method in laboratories

*  Department of prevent and control disease region 10

*  Nakornping Hospital, Maerim, Chiangmai
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5. n1791uKNA (Evaluation SERION ELISA
antigen)
E(NC): wunafls daiinaas negative control

Vol. 39, Ne. 1 January 2006

Positive result

Influenza A Virus / Influenza B Virus

Mycoplasma pneumoniae

Resp. Syncytial Virus

measured value of the specimens:

> E(NC) + 0.25

> E(NC) + 0.4

Borderline result

Influenza A Virus / Influenza B Virus

Mycoplasma pneumoniae

Resp. Syncytial Virus

measured value of the specimens:

from E (NC) + 0.15 to E(NC) + 0.25

from E (NC) + 0.25 to E(NC) + 0.4

Negative result

Influenza A Virus / Influenza B Virus

Mycoplasma pneumoniae

Resp. Syncytial Virus

measured value of the specimens:

< E (NC) + 0.15

< E (NC) + 0.25

6. nmsudanR (Interpretation of results) posi-
tive test results waaainl protein concentration 2849
specific pathogen > 6 ng / ml UAXLIB R N7z acute
infections. NMudanafllfeztsznay g Ly
AN¥ME0INITNIIAEAN negative test results
aralunaansn stage of infection Uz sample,
mitesoy, mMadu sample wd lildnanetonisaa

Nz acute infection aan'lu
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M1 I.Lﬁmwﬁlﬂ’l‘m@lﬁauﬂmif: 8 Influenza A Virus / Influenza B Virus, Mycoplasma pneumoniae,
Resp. Syncytial Virus #207% ELISA antigen
f19u 81¢ Influenza A Influenza B Mycoplasma | Resp.Syncytial ANHUZAINTT
;Eﬂ'ml Virus Virus pneumoniae Virus INEWN/
LW MRy
19 21 Negative resuit Negative result Negative result Negative result | pneumonia
2% 57 Negative result Negative result Negative result Negative result 1o Wy
31 29 Negative result Negative result Negative result Negative result '|.Bﬁﬂum‘iar_l.H|V
positive/pneumonia
40 64 Negative result Negative result Negative result Negative result mrﬂamﬁau
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119 12 /pneumonia
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L“.«".lii]E.IHEIU
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9% 66 Positive result Negative result Negative result Negative result 1aipneumonia
109 39 Negative result Negative result Negative result Negative result
1y 70 Negative result Negative result Negative result Negative result LﬁﬁaUIRML pneumonia
129 69 Negative result Negative result Negative result Negative result 10 wwla mflow
COPD, pneumonia
139 74 Negative result Negative result Negative result Negative result 18 mdwaumﬁaﬂ /
COPD, pneumonia
141 40 Negative result Negative result Negative result Negative resuit 1 'na‘nmfiaulpneu—
monia
154 80 Negative result Negative result Negative result Negative result la Fuwihan
m‘ﬁ‘;ﬂul Bronchitis
16 1 77 Negative result Negative result Negative result Negative result
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pneumania
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CA lung, pneumonia
2119 47 Negative resuit Negative result Negative result Negative result wnlad pneumonia
22 g 90 Negative result Negative result Negative result Negative result |31 B/pneumonia
230y 29 Negative result Negative result Negative result Negative result
24 % 74 Negative result Negative result Negative result Positive resuit Guwa 1 waw
RLL pneumocnia
25 1) 64 Negative result Negative result Negative result Negalive result
26 1y 27 Negative result Negative result Negative resutt Negative result 1 1e
27 gy 76 Negative result Negative result Negative result Negative result 1o ms‘iﬂul pneumonia
28 1 23 Negative result Negative result Negative result Negative result
20 1y 53 Negative result Negative result Negative result Negative result %whmﬁﬂﬂ 1arcorp
30wy Negative result Negative result Negative result Negative result
3 Negative result Negative result Negative resuit Negative result
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Abstract : The cytotoxic effect of curcumin, demethoxycurcumin and bisde-

methoxycurcumin purified from Turmeric powder on leukemic cell lines

Songyot Anuchapreeda’, Wittawat Sadjapong’, Chadarat Duangrat’, and Pornngarm Limtrakul®

Curcuminoids, major active components of the food flavor turmeric (Curcuma longa Linn.); consist of
curcumin, demethoxycurcumin and bisdemethoxycurcumin that exhibit anticarcinogenic properties in vivo. This
study was aimed to investigate the effect of curcuminoids on the cytotoxicity of the leukemic cells, HL60 (human
promyeloid leukemia), U937 (human monocytic leukemia) and K562 (human erythroid leukemia). In this
experiment, three major natural curcuminoids, pure curcumin, demethoxycurcumin and bisdemethoxycurcumin,
isolated from turmeric powder, were compared for cytotoxicity on leukemic cell lines by MTT assay and trypan
blue exclusion method. The resuit showed that all three curcuminocids exhibited an excellent cytotoxic activity on
leukemic cell lines with the inhibitory concentration at 50% (ICSO) approximately 7 plg/mL in HL60 and U937 and
20 pg/mL in K562 cell line. Demethoxycurcumin seem to be the most effective in all leukemic cell lines. The
inhibitory effect of three forms of curcuminoids was not statistically different in each leukemic cell line. These
results indicate that three major forms of curcuminoids affect the cell viability in all leukemic cell lines by MTT
assay and Trypan blue exclusion method. Thus curcuminoid treatment may provide a guideline for molecular

study and clinical treatment in leukemic patients in future. Bull Chiang Mai Assoc Med Sci 2006; 39: 60-71.

Key words: Curcumin; Demethoxycurcumin; Bisdemethoxycurcumin; Leukemic cell lines

* Department of Clinical Microscopy, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai, Thailand,
® Department of Pharmaceutical Sciences, Faculty of Pharmacy, Chiang Mai University, Chiang Mai, Thailand,
° Department of Biochemistry, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
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1. Introduction

Cancer is one of the major health concerns in
the world today. An estimated 6 million new cases
are diagnosed each year worldwide." Cancer is a
main cause of death in Thailand.? Aimost half of the
new cases of cancer are diagnosed early enough to
be treated with surgery or radiotherapy. In the
remaining cases, however, the cancer has metasta-
sized and must be treated with chemotherapy.
Chemotherapy can effectively cure several cancers,
such as leukemia, lymphomas, choriocarcinoma, and
testicular cancers. Chemotherapy can improve the
long-term survival for patients with breast cancer, the
most common malignancy in women.

Herbs were used as drugs, spices, and a few
types were used for food element in daily life: for
example, turmeric, ginger and pepper. These herbs
show various biological activities, such as anti-inflam-
matory, anti-mutagen, strong antioxidant, anti-
thromobotic action, antimicrobial action, antiparasitic
action and oncogene expression inhibitor. One of
the pharmacologically safe compounds that inhibit
the proliferation of tumor cells and have a potential

to be used as anticancer agents, is a group of

CH30

Uhize aun 1 waswnu 2549

turmeric curcuminoids.

Curcumin (diferuloyl methane), a phenolic
compound believed to be the main pharmacological
agent in turmeric, possesses antioxidant activity in
vitro, *® and is used in lipid peroxidation tests.”*
Curcumin is effective in preventing and ameliorating
gastric lesion. It also possesses anti-inflamatory,®"'
antibacterial,’>'"* anti-fungal and anti-yeast,”
antihypocholesterolemic,5' " anticancer [18-23],
antimutagen,® ** antiparasitic [26], antitumor-
promoting? antiproliferative,” MDR modulator
effect, ™ etc.

Curcuminoids are composed of three major
compounds: curcumin, demethoxycurcumin {curcurmin
1} and bisdemethoxycurcumin (curcumin [Il). These
3 major pigments can absorb the visible light at the
wave length between 420-425 nm.

The structures of the three main curcuminoids
isolated from turmeric powder are shown in
Figure 1. Commercial grade curcuminoids (such as
Sigma-Aldrich) when isolated from the powdered dry
rhizome of Curcuma longa Linn contains approxi-

mately 77% curcumin, 17% demethoxycurcumin and

3% bisdemethoxycurcumin.

OCH,

Ho—@-cuwnoocuzcocnq:u—@ou

Curcumin

QOCHs

no—@—cmucocu,oocuqn-@—ou

Demethoxycurcumin

Ho—@—cFCHCOCHzCOGFCH‘@—M

Bisdemethoxycurcumin

Fig. 1 Chemical structures of curcumin, demethoxycurcumin and bisdemethoxycurcumin
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The safety of Curcuma longa and its deriva-
tives has been studied in various animal models.” it
is clear that turmeric is not toxic to animals even at
high doses A single feeding of a 30 percent turmeric
diet to rats did not produce any toxic effects. In a 24
h acute toxicity study, mice were fed turmeric extract
at daily dosages of 0.5, 1.0 and 3.0 g/kg. There was
no increase in mortality rate when compared to the
respective controls. A 90-day feeding of turmeric
extract resulted in no significant weight gain.®

Studies of the effect of curcumin,
demethoxycurcumin and bisdemethoxycurcumin and
tetrahydrocurcumin on TPA induced tumor promo-
tion have found that pure curcumin and
demethoxycurcumin had an equally potent inhibitory
effect on TPA induced increases in tumor promotion
in DMBA-initiated mouse skin. Bisdemethoxycurcumin
and tetrahydrocurcumin were less active.™

The cytotoxicity of curcumin was examined in
cancer cell lines; Hep-2 (human larynx}, PC-9 and
PC-14 (human lung cancers), Hep-1 (mouse
hepatoma) and F-25 (mutate H-ras transfected NIH
mouse fibroblast) by MTT assay. It was found that
curcumin is a potent antiproliferative agent for
several cancer cell lines.*

Cytotoxicity evaluation in vitro is usually made
by using cell viability assays, such as the uptake of a
dye by dead cells after breakdown of the cellular
permeability barrier (ex. Trypan blue, eosin Y, etc.)
or mitochondrial function (ex. MTT or XTT assay),
but other parameters, such as changes in call
morphology under microscopic examination, have
also been used as indicators of compound toxicity.
In this experiment, we determine the cytotoxicity of
curcuminoids by MTT assay and trypan blue exclu-
sion method. This study showed which curcuminoids
exhibited the most effect in leukemic cell lines. The

reduction of MTT ([3-(4,5-dimethyithiazol-2-y1)2,
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5-diphenyl tetrazolium bromide]) in the cell assesses
the functional intactness of mitochondria based on
the enzymatic reduction of the tetrazolium salt by the
mitochondrial dehydrogenase in viable cells. MTT is
probably the most commonly used colorimetric
indicator of cell viability and it has been used to
evaiuate cytotoxicity in a quantitative way in contrast
with cell morphology evaluation by inverted light

microscopy which is qualitative and more subjective.

2. Materials and methods

2.1 Chemicals

Silica gel 60 and petroleum ether was

An MTT (3-[4,5-
dimethyithiazol-2-yl}-2,5-diphenyi-tetrazolium bromide)

purchased from Merck.

and trypan blue dye were purchased from Sigma-
Aldrich (8t Louis, MO, USA), RPMI 1640, Penigillin-
Streptornycin, Fetal bovine serum and L-glutamine

were purchased from In\.ritrogenTM Life Technology

{Carlshad, CA, USA).

2.2 Extraction and isolation of curcuminoids

Chiang Mai turmeric powder (1 Kg) was
successively extracted with hexane (2.5 L) and 95%
ethanol (7.5 L) at room temperature. Turmeric
curcuminoids were then precipitated with petrotium
sther yielding 50 g crude curcuminoid mixtures (78%
curcumin, 16% demethoxycurcumin and 5%
bisdemthoxycurcumin), The crude curcuminoids
(3 g} were further fractionationed by Silica gel 60
column chromatography (44 X 1.6 cm) using first
CHCIsand followed by CHCIGIMeOH with increasing
polarity. Fractions containing curcumin (1.11 g) were
eluted with 100% CHCL3 (0.6 L). Fractions

containing demethoxycurcumin (200 mg) and
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bisdemethoxycurcumin {40 mg) were further eluted
with CHCI/MeOH (98:2, 0.8 L) and CHCI /MeCH
{95:5, 1 L), respective1y.3°‘ ' The purity of curcumin,
demethoxycurcumin and bisdemethoxycurcumin by
HPLC analysis was 100%. These curcuminoids were

used in the experiments described here.
2.3. Cell culture conditions

The erythroid leukemic cell line (K562) was a
generous gift from Dr. Chaisuree Supawilai (Research
Institute for Health Sciences, Chiang Mai, Thailand}.
Human promyeloid leukemia (HLE0) was a gener-
ous gift from Dr. Raftana Bunjertpongchai (Depart-
ment of Biochemistry, Faculty of Medicine, Chiang
Mai University) and human monocytic leukemia
(U937) was a generous gift from Dr. Watchara
Kasinrek (Department of Immunology, Faculty of
Associated Medical Science). These leukemic cell
lines were cuitured in RPMI 1640 medium supple-
mented with 1 mM L-glutamine, 100 units/mL peni-
cillin and 100 pg/mL streptomycin, 10% inactivated
FCS, and adjusted to pH 7.2 by the addition of 15
mM HEPES. All cell lines were maintained in a hu-
midified incubator with an atmosphere of 256% air

and 5% CO, at 37°C.
2.4 Determination of cell viability

Cell viability was determined by MTT test
method and confirmed by trypan blue exclusion test
[36]. MTT (5 mg/mL) was dissolved in PBS. The so-
lution Is filtered through a 0.2 [m filter and stored at
2-8°C for frequent use. Cells were cultured in 96-
well plates (3.0 x 10%well) containing 100 pL me-
dium, before curcuminoid treatment at 37°C for 24
hrs. After 24 hrs, the cultured medium was added

with 100 pL fresh medium containing various con-
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centrations of curcuminoids (curcumin,
demethoxycurcumin and bisdemethoxycurcumin), and
incubated for another 24 hrs. Diluted curcuminoid
solutions were freshly prepared in DMSO prior to
each experiment. The metabolic activity of each well
was determined by the 3-(4,5 dimethylthiazol-2-yl)-
2.5 diphenyltetrazolium bromide (MTT) assay and
compared with those in untreated cells. After removal
of 100 pL medium, MTT dye solution was added (15
pL/ 100 pL medium) and the plates were incubated
at 37 C for 4 hours in humidified 5% CO, atmo-
sphere. After 4 hours, the solvent (DMSO), 100 L,
was added to each well, mixed thoroughly to dis-
solve the dye crystals and the absorbance was mea-
sured using an ELISA plate reader (Biotek EL 311)
at 570 nm with a reference wavelength of 630 nm.
High optical density readings correspond to a high
intensity of dye color, i.e., to a high number of viable
cells able to metabolize MTT salts. The fractional
absorbance was calculated by the following formula:

9 Cell survival = Mean absorbance in test wells X 100

Mean absorbance in control wells

Trypan blue exclusion method [36] is a
typical method to measure the cell viability. The
intact membrane of viable cells excludes the trypan
blue dye. Trypan blue enters dead cells whose mem-
brane becomes permeable. Trypan blue assay was
used to evaluate cell viability as described
previously.“This microscopic assay for cell death was
carried out by assessing the ability of live cells to
exclude trypan blue dye. A 50 jiL aliquot of the cells,
after curcuminoid treatment as described by MTT
assay, was stained with 50 piL of 0.2% trypan biue
and cells were monitored under a light microscope
(40X magnification). Stained cells were considered

to be no longer viable.
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2.5. Statistical analysis

Data were the meantstandard deviation of
mean from tripiicate samples of three independent
experiments. Differences between the means were
analyzed by one-way ANOVA analysis of variance.

Statistical significance was considered when P<0.05,
3. Results

The crude curcuminoids were separated Into

three components by silica gel 60 column chroma-

(at
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tography. In order to further confirm the purity of
curcuminoids, HPLC was employed. The standard
curcuminoids {Sigma-Aldrich) showed three peaks,
with the retention time of 7.087, 8.115 and 9.275
min corresponding to curcumin, demethoxycurcumin
and bisdemethoxycurcumin, respectively. This was
verified by subjecting purified curcuminoids to HPLC
analysis and curcumin, demethoexycurcumin and
bisdemethoxycurcumin eluted at 7.072, 8.128 and
9.258, respectively. The purity of each curcuminoid
was 100% (Fig. 2).

Standard curcuminoids

(Sigma-Aldrich)
8.11%

9275

8.128

(b)
—
B
= Curcemin
>
ol
I
@
g
g
o=
[
g Demethoxycurcamin
<
(d)

v

I 1
4 6

Retention time (min)

Fig.2 The HPLC elution profile of pure curcumin, demethoxycurcumin and bisdemethoxycurcumin. The HPLGC histogram of

standard curcuminoids (Sigma-Aidrich), pure curcumin, demethoxycurcumin and bisdemethoxycurcumin as depicted in

panels (a), (b), {c) and (d), respectively.
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Curcuminoids have been reported to contain
anti-carcinogen against human cancer cells. The
activity has usually been reported on the basis of
curcuminoid mixture (curcumin, demethoxycurcumin
and bisdemethoxycurcumin). Thus, previous results
did not show which forms of curcuminoids caused
the maximum activity in cancer cells, especially in
leukemic cell lines. The cytotoxic effects of curcumin,
demethoxycurcumin and bisdemethoxycurcumin at
various concentrations (0-50%) on HLEO cell line for

24 h by MTT assay was shown in Fig. 1. All

U 39 atfufi 1 unseu 2549

curcumineids are capable of inhibiting cell growth of
HLB0. The IC50 of demethoxycurcumin, bisdemetho-
xycurcumin and curcumin were 9.811.30 pg/mL,
10.31£1.73 pg/mL and 11.2%1.23 pg/mt., respectively
{Fig. 3a and 3c). Three curcuminoids did not show
different inhibitory effect. These results were sup-
poried by using trypan blue exclusion method which
has shown that the leo of demethoxycurcumin,
bisdemethoxycurcumin and curcumin were 3.240.12
pg/ml, 3.5£0.62 pug/mb and 4.210.5 pg/mL, respec-
tively (Fig. 3b and 3c).

a)
120 ( 100 (b}
—@— Curcumin
100 wfil— Demethoxycurcumin

80 1 - Bisdemethoxycurcumin
&
;E 80 4 =
i i 60 -
> E >
= 60 2
9 S 401
£ 4 L

—&— Curcomin
20 1
20 | —m— Demethoxycurcumin
—hk— Bisdemethoxycurcumin 0
0 T T T 1 T 1 ¥ T
a 1.6 31 62 125 25§ 50 0 31 6.2 12.5 25 548
Concentration (pg/mL) Concentration (ug/mL)
{c)
M MTIT assay

ICso (pg/mL)

Curcumin

0 Trypan blue exclusion
method

Demethoxycurcnmin
Bisdemethoxycurcamin

Fig. 3 Effect of curcumin, demathoxycurcumin and bisdemethoxycurcumin on HLEO cell lina. Cells were grown ir: the presence of
various concentrations of curcumin, demethoxycurcumin and hisdemethoxycurcumin. The number of viable cells was
determined by MTT assay (a) in triplicate, trypan blue exclusion method (b). 1Cm values in three independent experiment of

MTT assay and irypan blue exclusion method were plot for the comparison {c).
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The cytotoxic effect of curcuminoids on U937
cell line by MTT assay demonstrated that the IC!50 of
demethoxycurcumin, bisdemethoxycurcumin and
curcumin were 7.011.34 pg/mL, 8.640.70 pug/mL and
B.710.97 nug/mL, respectively (Fig. 4a and 4c). In

this case, three curcuminoids did not show

{2
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different significant cytotoxic effect. These results were

supported by using trypan blue exclusion method

which the 1IC
50

bisdemethoxycurcumin and curcumin were 5.5+1.41
po/mL, 6.710.24 pg/mL and 8.2+0.48 pg/mlL,

of demethoxycurcumin,

respectively (Fig. 4b and 4c).

(b
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L ] kS
3 =
k v 4
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_ 8
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gl £} Trypsn Mue excurion
8 method
= a2
0
£ -]
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Fig.4  Effect of curcumin, demethoxycurcumin and bisdemethoxycurcumin on U937 cell line. Cells wera grown in the presence of

various concentrations of curcumin, demethoxycurcumin and hisdemethoxycurcumin. The number of viable cells was

determined by MTT assay (a} in friplicate, trypan blue exclusion method (b). ICW values in three independent experiment of

MTT assay and trypan blue exclusion method were plot for the comparisen (c).

The concentration of curcuminoids that caused
the cytotoxic effect in K562 cell line was higher than
that in HL60 and U937 (0-100 pg/mL). After
curcuminoid treatment for 24 hrs and determined by
MTT assay, it was found that the IC50 of
demethoxycurcumin was 21.7+2.14 pgfmL, followed
by curcumin and bisdemethoxycurcumin at 25.918.67
HaimL and 27.415.8 pg/mL, respectively (Fig. 5a

and 5c). These three curcuminoids did not show any

different cytotoxic effect. However, the IC50 for cell
cytotoxicity by trypan blue exclusion method were
14.110.63 pg/imL, 23.4+0.81 pg/ml and 27.3+1.13
pg/ml for demethoxycurcumin, curcumin and
bisdemethoxycurcumin, respectively (Fig 5b and 5¢).
By trypan blue exclusion method, demethoxycurcumin
significantly inhibited in growth of K562 cell line as
compared to curcumin and bisdemethoxycurcumin

by 40% and 48%, respectively (P<0.05) (Fig. 5¢c).
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However, the overview of the cytotoxic effect
result showed that all three ingredients of

curcuminoids exhibited an excellent cytotoxic
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activity on leukemic cell lines with the inhibitory
concentration at 50% (1C50) approximately 7 plg/mL
in HL60 and U937 and 20 pg/ml in K562 cell line.
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100 100
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¢ 3 6z L5 28 N 10 0 31 62 125 15 S0 100
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]
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Fig.5 Effect of curcumin, demethoxycurcumin and bisdemethoxycurcumin on K562 cell line. Cells were grown in the presence of

various concentrations of curcumin, demethoxycurcumin and bisdemethoxycurcumin. The number of viable cells was
determined by MTT assay (a) in triplicate, trypan blue exclusion method (b). IC_ values in three independent experiment of

MTT assay and trypan blue exclusion method were plot for the comparison (c). Key: (*) significantly different from curcumin

and bisdemethoxycurcumin (P<0.05).

4. Discussion

Our previous study indicated that curcumin
(Sigma-Aldrich}, a naturai plant phenolic compound,
exhibited anti-carcinogenic activities in vitro [35] and
in vivo [t8]. Sinc;a curcuminoids are non-toxic, non-
mutagenic and non-carcinogenic, fraction of these
compounds that can inhibit the proliferation of tumor

cells have potential as anticancer agents. In the
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present studies we demonstrated the cytotoxic effect
of curcuminoids against leukemic cell lines, HLGEO,
U937 and K562. The cytotoxic effect was monitored
by MTT assay and trypan biue exclusion method.
The principle of the MTT assay is to measure
mitrochondria enzyme activities of viable cells. The
viable cells convert the tetrazolium component of the

dye solution into a formazan crystal product. The
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formazan product was solubilized by an organic
solvent, and the violet color solution was determined
by the absorbance at 570 nm. The 570 nm absor-
bance reading is directly proportional to number of
viable cells.

The trypan blue exclusion method is the clas-
sical and the most widely accepted method and used
for differentiating living and dead cells in culture, The
intact membrane of viable cell excludes the trypan
blue dye. These methods can be used for both
proliferation and complement-mediated cytotoxicity
assays. Cell viable test by trypan blue dye exclusion
method is more suitable to cells grown in suspen-
sion than the monolayers because dead cells can
detach from monolayers and therefore be lost from
the assay,

Although the cytotaxicity of curcuminoid
mixture (the commercial curcuminoid mixturs which
is usually sold as “curcumin” is a mixture of the three
curcuminoids) has been previously reported, the
cytotoxic effect of the individual compound had not
been investigated. The results obtained from this
study have show that curcuminoids exhibited the most
effect in leukemic cell lines. All curcuminoids showad
cytotoxic effect on all leukemic cell lines, with
demethoxycurcumin appeared to be the most cyto-
toxic fraction. However, the effect of demethoxy-
curcumin on K562, which was determined by trypan
blue assay, showed the significant difference from
curcumin and bisdemethoxycurcumin.

The results obtained from MTT and trypan
biue assay showed similar degree of cell cytotoxicity
after curcuminoids treatment. The trypan blue test is
refiable and correlates well with the MTT assay.
Nevertheless, the ICsu values of both methods were
not absolutely the same, which may due to the fact

that different parts of the cell were examined. MTT
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assay is used to investigate tumor cell viability. This
assay involves mitochendria succinate dehydroge-
nase enzyme found in metabolically active cell. On
the other hand, trypan blue involves the intact mem-
brane of viable cell. This study, MTT assay exhibited
higher IC50 values than trypan blue exclusion method.
It was possible that some dead celis still contained
the mitochondria enzyme inside but the cell perme-
ability was lost.

The results of the present study are in agree-
ment with other reports on the inhibitory action of
commercial curcumin (Sigma-Aidrich) on cell growth
and proliferation. The growth inhibitory effect of
curcumin against several cancer cell lines: breast
tumor celt line [38], Hep-2, PC-9, PC-14, Hep-1 and
F-25 [35] were reported. It has been reported that
curcumin reduced the proliferation rate of HT-29 and
HCT-15 human colon cancer cell lines in vitro mainly
by accumulating cells in the G2/M phase 39], the
proliferation of ceil cycle progression of human
umbilical vein endothelial cell [40] and the prolifera-
tion of human promyelocytic ieukemia HLGO cells [41].
But curcumin showed no significant effect on
inhibiting proliferation or inducing apoptosis on
human PBMC [42]. Thus curcuminoid treatment may
provide a guideline for molecular study and clinical

treatment in leukemic patients in future.
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Abstract: Vibrio Parahaemolyticus Infection in Nan Province. (October 1, 1997
to September 30, 2005)

Dech Amornthipayawong * Paiboon Tanunchai *, Anek Khumfun *, Pongmanee Jittawongpun *

Retrospective study of Vibrio parahaemolyticus infection among patients attending Nan Hospital and
Community Hospital, Nan province was performed during October 1, 1997 to September 30, 2005. A total of
28,625 specimens from patients showing acute diarrhea were investigated. The result showed that 1,432
specimens were considered bacterial infection positive. The majority of infectious agents were found to be V.
parahaemolyticus in 709 cases {49.5 %). The higher number of infection appeared from April to October with a
peak in July. The highest rate of infection was found in patients aged 31-45 years V. parahaemolyticus infection
was found in 355 males and 354 females. Results of antimicrobial susceptibility testing were shown that all V.
parahaemolyticus isolates were susceptible to Norfloxacin whereas 99.1, 98.8, 97 4 and 97.3 percent of isolates
were susceptible to Co-trimoxazone, Chloramphenicol, Tetracycline and Gentamicin, respectively. However,

most of V. parahaemolyticus isolates were Ampicillin resistant. Bull Chiang Mai Assec Med Sci 2006; 39: 72-81.

Key words: V. parahaemolyticus, Food poisoning, Diarthea, Antibiotic susceptibility testing

*Clinical Laboratory Pathology Section, Nan Hospital.
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Clinical Guideline: Postural Drainage Therapy (PDT)

qaws Fazvndind

msdfidnuwnieawdideniediuszuy
‘mqLﬁumulaﬁanirﬁgﬂwﬁﬂmﬁn uazlngidau
dosnmmsResidaiulatagndassy fidde
arusaunauninImnlunisliniseuatnm
Lﬂuﬂuqﬂmﬁ'ﬂlﬁLﬁﬂﬂwﬁﬂ“ﬁmwlumﬁnmmnﬁ‘qﬂ
Fmamisiidsioulflumsineivetpan s
whstleiuisiumaiiemasneniu 9 fe “M3IM
ﬁﬁtﬁaﬁmmaunz(Postural Drainage Therapy: PDT)"
"fiomﬂﬁﬂi{mncj’ﬁqms%’nm'lﬁmﬁ'uumﬂﬁu‘ﬁmaﬂﬁﬁn
(clinical guideline)antreniulunisufudnulas
wenpudniunsiiwliufiemadoanuedn aad
deuieaungithaduogann uanmnﬁmﬁnmﬁgu
mﬁmhiwﬁ'umsgLm‘s:ummLﬁumuhgﬂuyuﬁu
i nmanz mle Wuew Sullusunitsiiginan
Uymimafanizsilaislsgdsfiuauininm
deglulsmennauunions@tlésunsavieran
witlelaifuaned asnnuwatiianssnenday
msdariRessEmzmann ingativiinasla
f734819°N RESPIRATORY CARE (Respir Care
1991;36:1418-1426) iilan1fiazifuasaunay
wanzunnsljud wezmeidsliddladeudes
BidumwInolwinmeawigaléilamatianls
B ONADINATINANEF

PDT 1.0 35m3

mansdsmsIaYRe TN mane (Pos-
tural Drainage Therapy: PDT) (Husunitsvasny
quasnwgunUTMvaaaaulas Usnaudions
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JaviRaTzinaEmRe MIsaYin LazmMINANG wae
vRidasnwtunnazlan uszmlamstulen

wafianislevdam s lvamadumelals
dudlussisznavimdnlumsinsuiiosarinszinn
wmziRah Idiaumesanlding (1-6) Liaun 597 Pos-
tural Drainage Therapy Yinanus lUriumsinwsn
mMynuazagla (aerosol therapy) LAZMIQUATZLY
ndumplagduoueng g

mIguaszuumMadumslaziuuudn 9 ldun
(7-12)

- mumwingansean
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PDT 2.0 fHen mdvpam

Postural Drainage Therapy (PDT) 1un135n1#1
Wataslunsfouszinoiaune (2,4,5,8-10,13-18)
wazvi W ventilation waz perfusion auganu (19-23)
uazgIlWen functional residual capacity (FRC) (17,
24-30) 1hdand laserdunanasusalikuciog
vaslanuazussnnmeuaniiannmsnssyinvasdio
danT9en TWEIMINANGLRe L BEUTE MsLAne

mMssuwlea uasnisla

2.1 MINANAY
mw‘énﬁ’mﬂummgwaw’wmmauunu

Py v o a
wwanawRabitian1stensdvealaa (19,22)
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21,31) nIWaneatEinEusTINENATUAIVTE
wana mm-mﬂs”uqmam.ﬁm'lﬁmumwnumu
vasgilnudnzau anadns Wi einduamas
findnaile wiadiaudanvilv (21,22,33-35)

2.2 n1danIessINEIENYE (Postural drain-
age)

Postural drainage HumIstnsaunclag
aforauasusIliutlasalandasunsainuau
ﬂaaﬁﬁmmﬂﬂzﬁﬁaﬂunma LLﬁagniuaanﬁvunﬁs1a
wianalan1s&dn(2.4,5,11,13,15-18,26,29,36,37)
LAazvlIznaudIn1IIR A IaILTuItea
Figamriowmnummeifaginiladanauon carina
Tagvluvudasviunudszanm 3 fis 15 wifivse
ananunIiueNIznIt (4.6,13,16,18,20,29,
38-40)'[@1uﬁﬂmummgmﬁﬁmwaqmsé’mﬁ'\uﬁa
snasmewiaadanuapnluamaramumu

maagﬂfn pUAnz T

2.3 wramsonMEuenfinsTIWIIEN -
2.3.1 maene (Percussion)
maaznneiansveiagliie neudis
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Snwn (4,18,41-44)
2.3.2 VIR (Vibration)
msti'iu,i‘]umiﬂs:qn@ﬂ'ﬁ’mﬂﬁmﬂﬁr‘i‘%mmié}’u
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'F'im:gmfﬂﬂsoua:ti{mﬁaa'auu'%nmm'mamﬁﬂms
wiauilusmzwinlanan delaifinssgunaves
YszEnimw 35015 wieanwdlumslinaiiail
(24,1 3,27,28,30,36,38,39,45-47)
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PDT 3.0 N50AN3

Guideline ﬁmminﬁﬂﬂﬂszu‘n@ﬂﬂé’ﬁmﬁn
ﬁimﬁuua:gﬂmﬂﬁ’ walraudsnaszldiunin
andnuandnlafiony 4919 PD‘ Tumsinwldatneg
nharmeemafiens g leun

3.1 wihedihoinnd

3.2 wigthodounau (In-patient acute
care)

33 msg]u,av'imﬁaum:nwﬁmmﬁnuzma
MINLILIS

3.4 n’rs'lﬁ'n'\‘a'gl.l.aﬁﬁm

3.5 nsguakuugiaouen u-nsv

3.6 ¥ealianmiensifedy
PDT 4.0 Yoris%

4.1 MINANA?

411 n:’ﬂ'wﬁhi aursoasuulas
vrnnadrnautadld ldud Qﬂquﬁiﬁ%‘unw
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4.1.3 flamafianzdaauwy (atelecta-
sis) 1o/ (24,26,30)

4.1.4 \@umremamaidumgladn g

4.2 Postural Drainage
421 fansfvsuanindafianne
ﬁuﬁ'ﬂqagw"saszmﬁaanvlﬁ BN
4211 szuipiRuvzaanlasn
ausfarlédTuediumamsus’
4212 fleanisfiveuanindad
Lﬂumﬁ"aﬁ"nagﬁn mviamadumslefianly
422 §inz atelectasis lagfieungan
mMamzdagrawminsaaiiadian (mucus plug-

ging) (24,26,29,30,54)
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423 {innazcystic fibrosis (1,5,8,13-
15,18,36,55) bronchiectasis (4,5,14) wia cavitating
lung disease

424 ffwudantsenlumaduniets
(56-58)

4.3 nml¥ilenIzinensagen
431 nydinfieynziudIunasuanuia
o A d ¥ L3 1 J L5 -
genddaam st ldlrunsiauu InIneuinaiina

muazwiasutaalasdiiuny postural drainage
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PDT 5. 1911y
msaaaulalinissnwdae PDT fa9viirs
aralrzdineaslinisineaunramun w8 g
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fUavlusroziiatfiliviuifinaausnin §
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51 m3dam Positioning
5.1.1 ¥avin postural drainage N1

lunsdi

5.1.1.1 intracranial pressure (ICP)
1NN 20 WY, Usan (59,60)

51.1.2 valduuimMdsssuay
Aaauns i IiuNTUszRaIud (A)

51.1.3 §aalwasuiull hemody-
namic instability (A)

5.1.1.4 Lﬁa'le'f%‘umﬂhﬁ'ﬂm:gn
FUMAY LU laminectomy Wiamsuralduludunds
wWianszandundaduundn

5115 msvadulvfungiwie
nizgniundAdsunan wialimsladwiae

5.1.1.6 empyema

5.1.1.7 bronchopleural fistula

5.1.1.8 pulmonary edema $2unu
& congestive heart failure

5.1.1.9 pleural effusions WU
Ing)

5.1.1.10 pulmonary embolism
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5.1.1.11 fgvany Qﬂmﬁé’um %38
Jentnadslimunsonumusenarulasing

5.1.1.12 m:gn‘ﬂmaﬁ'ﬂawﬁﬂ?a
13 flail chest Taudy

5.1.1.13 Junarrdaniafiaide
idagludrmnuda

512 Wwsariwad lunsd

5.1.2.1 intracranial pressure (ICP)
> 20 mm Hg(59,60)
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LANT ICP 11w g1 uf lesuM I FRmu0INTS
ramuRan Hidaen

5123 fUavanudulaiag
fi Tanunalale

51.2.4 viaglas

5125 1dfunisHdanaaa
8T

5126 Reillaviludanfioned
nanuzFalaadaldTumsrindanie lesusiEinwn
(59)

5.1.2.7 sjﬁwﬁ'l.ajmmsnmuqu
natdiuminlaldd By msmmgemns wlauke
Iewnaumhil iilssnndosdanmsiantang

513 vnudariiagsludileaauau
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52 misl¥lenszviimeninien wannila

Pnfinsrantheduuds Sevialunsd

5.2.1 subcutaneous emphysema

522 W ldSumsaugnssuniadam
whlsudimshermuesrunsammanaludins

5.2.3 tﬁa‘lﬁ'%'un'mhﬁaﬂgnmuﬁ'mﬁa
wiamssnUafmlaSiumnyisan

5.2.4 flwlwlng drdousan funaidle
uwasfawiidadauiionyaeen

525 \R11éFunsld transvenous pace-
maker %38 subcutaneous pacemaker

526 gihafimdrioaduwinlsmlea
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(pulmonary tuberculosis)

5.2.7 lung contusion

5.2.8 bronchospasm

5.2.9 osteomyelitis YaanszaNalase

5.2.10 AMnITQnA {osteoporosis)

5.2.11 coagulopathy

5212 1 gt IudrauSiianta
nyHaN

winome A wuote Widudeaiutavu

wiliereYadlalameuldeamanzan

PDT 6.0 Sun11e/ AITUNINABY

6.1 Hypoxemia

safarsvimIedlaadh AN umsiii:
pnFananurIatuwiliaaziian1iz hypoxemia
IWAnamduduyateanBrauiu dieiia
n’n:ﬁmm:'lﬁ'mﬁnmag; TiRusandiawmiu 100%
wyalinsinwnmud Lﬂﬁ'uuﬁwwﬁﬁ'ﬂ’iﬂglmﬂu
il auiunauldmsinm usriudedaunnd
eTaoLLﬂ'lﬁrhq{lw'L@T%'u ventilation 3NFIMIATO
Tawarfinedrolumedu nsnanidnansifia
Hypoxemia 1uﬂ'ﬁ’mﬁﬁ unilateral lung disease
uveuzda postural drainage mnsasalWleadniis

Tymliagimuuuunudiuans (20,22,48-50)

6.2 Increased Intracranial Pressure

Fanmnimsetanuinlfldlumsiniud:

a - = . e W v Ve
wqﬂl‘nms‘mm 1,1!auummmaﬂ'lnag'lmﬂumwn

Gurdlantuisuldniyinm wasufadaunnd

6.3 Acute Hypotension during Procedure
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v a = y dAe e 8w Y
ﬂqﬂlwnﬂssnuﬁ wianwimafidalfaglilwinvin

dunilautursulnissne ussTudadaunwnd

6.4 Pulmonary Hemorrhage
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Fanasvimseinmnndul 1A lumsviwiun:
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6.5 Pain or Injury to Muscles, Ribs, or Spine
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6.6 Vomiting and Aspiration
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6.7 Bronchospasm
ganasvimsetnnnd i ldlumsiniudi:
mq@l‘lﬁmﬁ’nm Lﬂﬁﬂuﬁmwﬁiﬂﬁaﬂﬁtﬂuﬁwﬁn
-9 =% ar ] s s L v LT »
WunianiunauldnTIng lwagnugﬂmiﬂ ol¥
aansausasunnazlaiumsinsnAuduiaiy

77 bronchodilators.

6.8 Dysrhythmias
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PDT 8.0 anudndulumiasiodszdiu:

avnsaralsfiudse lWilifaRnTen
anudidulumsihwdioinaiie postural drainage

8.1 LRuNzNINYIBNOY

8.2 lafilszfmBmwniali

8.3 aiafAntaauiiyweslaeduns
léunsshmndie PDT udafienmsdam Taun nas
bronchiectasis, cystic fibrosis, lung abscess

8.4 L&Y breath sounds a9 W38 crackles
w3a rhonchi ﬁw‘lﬁ'uﬁ'l%'lﬁ"hﬂ'aﬁmumag

8.5 fmaulamuutlassndyonmin

8.6 NIWHEMIITIENTIIENHVUANTIAINY
ARUN® 15w atelectasis, mucus plugging, wWiainfiltrates

8.7 @1 arterial blood gas #3a oxygen satura-
tion sARINT LA
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84 §Uu 11U breath sounds Waldwntu mwene
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PDT Amansntuiauncoaniaias 15 to 30 mLAu
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