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

of Healthy Subjects : Preliminary Study

Nuttakaan leelarugnrayub', Jittarat Tansen€e', 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

axercise increased significantly the ferrous oxidation in blood and urine at 20 minutes after stop exercise

immediately. Whereas lipid peroxidation slightly increased. In urine, the malondiatdehyde 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. Buu Chiong Mri Assoc Med Sci 2006;39: 2-9.

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

' Clinical Bioch€mistry and Movemont Scisnces Research Group. Departments of Physical Therapy and
- Clinical Chemistry, Faculty ot Associated Medical Scienc€s, Chiang Mai University.

Introduction

Nowadays, many reports show the exhaus-

live exercise-induced oxidalive stress'. The Dotential

sources offree 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 cell'?. Physical exercise

requires energy source as adenosine triphosphate

(ATP) which is primary produced by mitochondial

oxidative phosphorylation. Re-oxygenation or

reperfusion with orygenated blood results 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.9., superoxide (O,), hydroryt (OH'), atkoryl

(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

vilamin C1. Free radical induces many protein and

lipid oxidation products in the blood circulation. Some

reports showed the physical exercise lead to an

increass in lipid peroxidation.' Protein hydro-

peroxide (ProOH) is a stable and propagation of

radical reactions on other protein, lipid, and ONA5.

Thus, this study aimed to determine the response of

oxidative stress in sedentary subjects by evaluating

the lipid peroxidation and ferrous oxidation status in

Subjects

This study was approved by Ethic Committee

of Faculty of Associated Medical Sciences, Chiang

Mai University, Chiang Mai, Thailand. A total of 15

subjecls was studied in an exhaustive exercase by

modified Bruce orotocol with a Series 200 treadmill

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

Vol.39, No. I J.nulry 2006

blood and urine from exhaustive exercise.

Methods and Materials

Materisls, glass wares and chemicals

Glassware were cleaned with warm concen-

trated nitric acid and lhoroughly rinsed with double

distilled water before experiments. All other reagents

were at least of reagent grade. Xylenol orange

[ccresolsulfonphthalein-3, ]bis (sodium mshylimino

diacetate)I, Guanidine hydrochloride, Perchloric acid

(AR grade; 7o-72o/o), Thiobarbituric acid (TBA),

Malonaldehyde (bis) and ammonium ferrous sulfate

were purchased from Aldrich (USA).

The testing protocol composed of 10 steps

and 3 minutes in each steDs. The heart rate at 85%

of maximum heart rate or rate perceived exertion

(RPE) at 9 was a linal target for stop testing. Blood

at pre- and immediately post-exercise test from

vehous punclure (# 21) were collected in non-

heparinized tube. Serum was separaled by gentle
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centrifuga 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 collected and kept in

cool (4'c).

The Exercise Protocol

The exhauslive sxercise 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-

lineso.

Step I: 5 minutas for warm up with hip flexion/

extension, stretching the quadriceps, hamstrings, and

gastrocnemius under 35o/o of maximum heart rale,

and score of rate perceived exertion (RPE) less than

10.

Step U; Protocol testing by following steps and

each step performed for 3 minutes.

I velocity 1.7 mph with 0% slope

II velocity 1.7 mph with 5% slope

III velocity 1.7 mph with 10 7o slope

N velocity 2.5 mph with 12% slope

V velocity 3.4 mph with 14% slope

VI velocity 4.2 mph with 16% slope

VII velocity 5.0 mph with 18olo slope

VIII velocity 5.5 mph with 20% slope

Step III: 5 minutes for cool down with slow

walking on treadmill.

The target heart rate was at 85o/o of maximal

heart rate and RPE at 14-15. Any symptoms as leg

pain, muscle thigh, unwilling of subjects were crileria

to stop exercise.

Serum and urine malondialdyde analysis

Malondialdehyde (MDA), the lipid peroxidation

product was determined with modified Thiobarituric

acid reactive substance (TBARs)'. The 1OO p of

sample (urine or serum) was precipitated with '100%

fli r sfufi r xnlrnx 2s49

trichloroacetic acid {TCA) in 6 M HCI and mixed with

450 pl of normal saline solution (0.9% NSS), 200 tll
of (4%) thiobarbituric 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 malondiatdhyde

was calculated from the standard malondialdehvde

(Sigma).

Ferrous oxidation analysis

The activity of blood and urine on aclivalion

the fenous oxidation were evaluated by FOX method

from Gay's protocots. To perform modified FOX as-

say, 100 pl of serum was taken and precipitated the

protein with 500 p! 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 pl of 6 M

guanidine hydrochloride. The lipid was removed twice

by 100 plofabsolute chloroform containing 2%BHT.

The 700 pl of upper layer was mixed with 40 pl of

0.5 M PCA, 25 pl of 5 mM xylenol orange and 5 mM

ferrous solution. For urine melhod, 700 l-U of sample

was incubated directly with 0.5 M PCA, 5 mM xylenol

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 lbutyl hydroperoxide (1-10 LrM) (Sigma).

Statistical analysis

All data were presented as mean+standard

enoi 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 analfzed by a Wilcoxon
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Signed Rank Test or repeated mulliple variables test.

Results

This experiment was studied in 15 subjects

Vol.39, No. I Jsnuary 2006

with meantsD of age = 20.75+1.89, range = 19-24

y6ars, and BMI = 19.75+1.71 kg/m'?. The meantsD

of RPE and a percentage of heart rate compared

with maximal HR were '14.1312.45 and77.67!4.92.

forrous oxidation increased signiticantly (6.36+0.63

& 8.71+0.74 pM, p< 0.05).

14

12

10

I

6

4

0

Ths levels of serum MDA were increase

without significant difference: 5.3210.54 vs 6.0110.61

pM respectively before and after exercise. Whereas

=

(.)

Ferous oxidation Malondialdohyde

Figurc l. showed meanlsEM of serum malondiadehyde l6v€ls and forrous oxidation relatjve to tert-butyl hydrop€roxide levels

before and post-imm€diatoly oxercis€). Note; p valuo was calculated by related paired t-test.

I

=..i 5

B
E4

t3
o

2

I

0

(lmm€dlately) ( 20 minsl

Figure 2. Th€ l€vels of urine malondialdehyd€ and ferrous oxidation relatrve to tert-butyl hydroperoride at pro-€xercise, and

post-€xercise (immediately and at 20 min). Note; # rgpresented difier6nt statistics compar€d with pre-exercise p€riod

and p was calculated with repeated variabl€ mgasurement.
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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;

malondiaf dehyde w as 2.58+0.42, 3.77 !O.7 2, and

5.17+0.56 pM respectively, and fenous oxidation was

3.6610.85, 4.36+0.7, and 6.52+0.8 pM respectivety.

Both levels significantly by increased at 20 minutes

afier exercise termination compared with before

exercise, whereas immediately post exercise termi

nalion showed no any difference.

Discussion

Oxidative stress fiom exhaustive exercise from

flfi rq sllufi | lR:rnr 2s49

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 oxidatlon of lipid due to

peroxyl radicals, and hydrogen peroxide, or non-

radical species ero.This results was similar 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=

251" -

The activity of blood and urine on oxidation

the ferrous as determined by FOX method which is

ax evaluation a Fe3.-XO complex and detectable at

560 nm.

Fe".

Fe3.-XO complex (560 nm)

LO' + Fe3.

PrO' + Fe3*

Fe3'+H2O+'OH

Fe- +

Fe' +

Fe-

Fe-

Fe2'

Oxidant

XO

----------------

-------------*
Source of Ferrous Oxidation

+

+

LOOH

PIoOH

HO+H'22

----------------)

-}

---_------------

Various oxidant molecules that can motivate

this system in the body, for example; protein hydro-

peroxide (ProOH), lipid hydroperoixde (LOOH), H,O ,

or excessive ferrous ion (Fe'?-) in the fluid1'?.

In this study, the method presumed lhe fer-

rous oidation from protein hydroperoxide (ProOH)

only by extraction the lipid out and precipitate the

protein. Generally the activating protein (PrH) with

\arbus oxilants H-O- or'OH occurs in biological22
syslem. The carbon-cenlered free radical (Pr)

produced will be oxidized to form protein peroxyl

radlcal (ProO') and linally to protein hydroperoxide

(PTOOH) 1'.

Pr +HO
2

PrOO'

PrOO

PrOOH

PrOOH + Pr

PrH + HOfOH

Pf+O
PIOO' + e

PrOO' + H

PrOO' + PrH

_____*
---.------------}
________________+

->

____-_----''
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Interesting in the results represented the

oxidative stress in the urine. Normally, urine

contains with various substances, mainly urea and

many metabolites that possible give a false positive

result. However, the determination ofthese aldehydes

from measurements of thiobarbituric acid reactive

substance (TBARS) adducts clearly lacks specificity.

It may contaminale with proteins, oxidized lipids,

amino acids or sialic acid. As same as the ferrous

oxidation, this method is widely used to detect ths

hydroperoixde. But this stituation used this protocol

lo 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 resDonsive results after exhaustive

exercise with time dependent that reflects to lhe body

resoonse to exercise. lt means that detection the

lipid peroxidation and fenous 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 Kanwsttanasirikul*

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.

Resufts : A total of 956 cases were collected. lt was found that 151 cases (25.2o/o) had pleural effusion positive

for cancer and 88 cases (24.6%) had ascites effusion positive 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 lor

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 serosanguinous effusion in 153 cases (64.0%)

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

Corclusion : 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 Msi Assoc Med Sci 2006; 39: I0-lE.

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

'Oepartm€nt of Palhology, 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 level of alpha-fetoprotein (AFP) determined by Microparticle Enzyme

lmmunoassay (MEIA) and Electrochemiluminescence lmmunoassay (ECLIA) in 3Oo serum samples obtained

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

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

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

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

Key words : Alpha-fetoprotein (AFP), Microparticle Enzyme lmmunoassay (MEIA), Electrochemiluminescence

lmmunoassay (ECLIA)

'lmmunology Section, Pathology Department, National Cancor Institute, Bangkok
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Abstract: Cloning and Expression of Glyceraldeyhe-3-Phosphate Dehydrogenase
from Plasmodium Falciparum.

Panadda Dheprkson' , Anicha Luengchaichaweng', Pongwit Bualombai', Kruavon Balachandrar,

Pathom Sawanpunyalertl

Objective : Glyceraldehyde-3-phosphate dehydrogenase ot Plasmodium falciparum (pfGApDH) is the key

enzyme in glycolytic pathway. lts gene has 63.5% identity to human GAPDH but the immune serum against this

enzyme has no cross-reactivity with human eMhrocyte and also conserved among various isolates. This study

aims to clone the p'GAPDH gene for expression of pfGAPDH protein in Escherichia cotitot using as immuno-

gen to obtain monoclonal antibody.

Methods : Plasmid pfGAPDH-pET15b was construcled and transformed into E coli BL21(DE3) for expression of

pfGAPDH protein. The expressed His-pfGAPDH fusion protein was characterized by SDS-PAGE and weslern

blot analysis. Then the purilied 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 cor: The purified protein

was successfully used as immunogen. Further study will carry on characterization of the obtained monoclonal

antibody and applied for development of malarial diagnostic kit. Bull chiang Nrai Assoc M.d sci 2006; 39:22-35.

Keywords: Plasmodium falciparum, Glyceraldehyde- 3- phosphate dehydrogenase, Escherichia coli

expresston
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Introduction

The malaria situation is still endemic and

minor epidemic especially in the border line of

Thailand.l The prompt and accurate diagnosis is the

key of effective disease management in malaria

patients. The two diagnosis approaches are clinical

diagnosis and microscopic diagnosis, however these

do not allow satisfactory diagnosis of malaria."

Using microscopic examination for routine malaria

diagnosis has many practical problems since it is

labor-intensive and requires skilled operators.a

Recently, rapid immunochromatography format is the
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most prominent alternatives. However, its sensitivity

still varies in the tield study.'7 The olher parasilic

enzyme based antigen detection has been mentioned

to supplement the available dipstick.

The glycolytic pathway is regarded as

particulady importantfor the blood stage malaria para-

sile to grow and multiply. Utilization of glucose by

parasitized red blood cells was reported to be

increased 50 to 100 times more than that by

non-parasitized ones.3 Almost lhe increasing in

utilization is the result of glycolytic enzymes

expressed at high level by the parasite in anaerobic

Embden-Meyerhoff-Parnas (EMP) pathway.e

Glyceraldehyde-3-phosphate dehydrogenase of

Plasmodium falciparum (pfGAPDH) 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. lts gene has 63.5% identity to

human GAPDH but the immune serum against this

enzyme has no cross-reactivity with human eMhro-

cyte and also conserve among various isolates.r0 By

the way, the detection of pfGAPDH for malarial diag-

nosis has not yel been conducted. Therefore, this

study aims to clone pfGAPDH gene for expression

of pfGAPDH prolein from Escherichla 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 parasile by western blot analy-

sis and immunofluorescence staining. The success-

ful production of antigen and monoclonal antibody

lead to the new developed test for malaria diagno-

sis.

Materials and methods

Psrasites

Plasmodium falciparum strain Kl were main-

iJfi:s ofufi l rn:rRrr 2549

lained in vitto 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 57o Or, S%COr, and 90%

N2and fed according to the established procedures."

Detection of parasites

Parasiles was determined by light microscopy

using Giemsa-stained thin smears and with fluores-

cent microscopy using immunostaining with mono-

clonal antibody.

Cloning of pCAPDH gene into plasmid f. cori

Total RNA was isolated from mixed stage sapo-

nin (0.1olo) lysed P. falciparum (K1 strain) infected

erythrocytes. The pfGAPDH gene was amplified from

CONA ol P. falciparum that reverse transcriped from

total RNA using specific primers of ORF of pfGAPDH

containing Nde I and Xho I sites. The amplilication

was achieved by incubating the reaction mixture (50

pl) for 5 mins at 95 C, 30 cycles of 1 min at 95 C,

1 min at 55 'c, and 1 min at 72 c and a final

extension fo|lo mins al72 C. The PcR products

had a single deoxyadenosine (A) of the 3' end that

were ligated with pCR 2.1 vector of TA Cloning Kit

(tnvitrogen) and iransformed into E coli (TOP '10 F').

The transformed colonies were selected by colony

PCR. The plasmid of positive colony were extracted

by QlAprep@ spin miniprep kit (QIAGEN) and double

digested with Xho I and Nde I, 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

?.s
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N-terminal porlion. The cells were cultured in 3 ml of

LB broth containing 1OO pg/ml of ampicillin at 30 C,

2 hours. The expression was induced by the addi-

Uon of 'l mM isopropyl thiogalactoside (IPTG) (Sigma)

and cultured for additional 4 houls. The Dellet was

collected and lysed in SDS-PAGE sample bufier then

lysate and debris were separated and applied to SDS-

polyacrylamide gel elctrophoresis using 107o 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 Bio-Rad) was used. Sepa-

rated proteins were transfered electroelectically to

nitrocellulose filter (Schleicher & Schuell). Blots were

blocked and then incubated with antiHis antibody

(1:50O) (OIAGEN). After several washing steps, blots

were incubate with '1:1000 dilution of a rabbit anti-

mouse lgc Horseradish peroxidase conjugated lgc

(DAKO) for 30 min, blots were developed using 3,

3-Diaminobenzidine (Sigma) to visualize bands.

Purificatlon of pGAPDH from recombinallt E

coli

Large scale cullure of pfGAPDH expressed

clones in E coll BL21 (DE3) and induced with IPTG

was prepared. Then crude extract was produced by

sonication pellet of cultured E coli in lysis buffer (50

mM NaHrPO., 300 mM NaCl and 2.5 mM imidazole,

pH 8.0). Afler centrifugation at 10,000x9, the super-

nate (containing soluble prolein of interest)was loaded

onto N|-NTA resin (QIAGEN) and washed three times

with wash buffer (50 mM NaHrPO., 300 mM NaCl

and 20 mM imidazole, pH 8.0). The recombinant

protein was recovered by using elution buffer (50

Vol,39, No. I Jsnusry 2006

mM NaHrPO., 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.

Generstion of monoclonal antibodies

Monoclonal antibodies against pfGAPDH was

establish by Pongwit et a/. Briefly, BALB/C mice were

immunized and boosted with purified pfcAPOH 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 micetreated

with Pristane (Sigma) and purified according to pub-

lished procedures.

Results

Cloning, Expression and Characterization of

pfGAPDH

The ORF of pfcAPDH 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 ptasmid was

transformed inlo E.coli 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 specilic band was observed from lysates of E.

coli alone and E. coli with plasmid pET-15b

contained no insert (Fig. 2).
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Figure l. Agarose gel electrophoresis analysis of transformants that contained plasmid pfGAPDH -pET 15b.

(A) By PCR (lane M: marker, lane 14 : positive clones). (B) The positives clones were conlirmed

by double digestion with restriclion enzymes Ndel and Xhol (lane M1, M2 : marker, lanel-4 ;

positive clones, lane 5 ; uncut).

r,fw (KDE)

mo hr

A

! ! - :rt S '! 1r'-i 5 d dg,.5
':

120.0

90.0
rlt

51.7 rl

u1

28.O

20.o

, 36.6 kDa

Figure 2. SDS-PAGE analysis of pfGAPDH expression. The lysate ol E. coliBL2|(DE3) transformed with

plasmid pfGAPDH-pET15b clone l-3(Lysatec l -C3), lysate of E coli BL21 ( DE3) (BL-21) and

lysate of E coli BL2l(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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Purification of pfCAPDH protein

In order to use pfGAPDH protein as immuno-

gen and screening for monoclones monoclones that

secret monoclonal antibodies against pfGAPDH.,

large scale culture and purification ofthe protein was

conducted. The 6xHis tagged at N-terminus of

vector pET-1sb was advantage for purification of

fusion protein by affinity chromatography using

rrw (KD.) rl
l2O0-*
tao I

51.7 3

34. t

2&0
-;

n10o

r.a

Detection of pfGAPDH in psrasites using

anti-pfCAPDH mAb

In order to characterize the activity ofthe mAb

againsi pfGAPDH (anti- pfGAPDH mAb), an

immunoblotting and IFA were performed using the

mAb. As shown in Fig. 44, by western blot analysis,

the anti- pfGAPDH mAb could recognize pfGAPDH

protein in both the cultured parasites and recombi-
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Ni-NTA resin. As shown in Fig 34. the obtained

protein had high purity of about 90o/o 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. 38 shows that the anti-His antibody

recognized specific band of 36.6 kDa protein.
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nant protein frcm E. coli specifically. Furthermore,

after purification of ascelic fluid, the mAb could

recognize pfGAPDH ot 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 cytosol of

parasites in parasitized red blood cells as shown in

Fig. 5A and 58.

Figure 3. SDS-PAGE and weslern blot analysis of purified pfGAPDH protein. (A) SDS-PAGE to determine

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

(M : protein marker, Iane 1: purilied pfGAPDH, lane 24 : BSA standard at concentration smg/ml,

1omg/ml and 1smg/ml respectively). (B) Western blot analysis of purified pfcAPDH protein eluted

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

tirst elution and second elution, respectively).
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Figure 4, Determination of anti-pfGAPDH mAb activity. (A) Western blot analysis using ascetic fluid ( 1:5000)

(M : protein marker, lanel-2: lysate of human red blood cells, lane 34: lysate of P. falciparum

parasitized RBC in sample, lane 5-6: lysate oI P. fatciparum parasitized RBC in cullure, lane 7-8:

lysate of E co, BL21(DE3), lane I : recombinant pfGAPDH protein). (B) western blol analysis

using purified mAb (1:sooox |ane 1 : |ysate ot E. coli BL2,|(DE3), |ane2 : |ysate 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-pIGAPDH mAb'

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 F|TC-conjugated goal anti-mouse lgc and visualized by fluorescent microscopy

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

Recendy, rapid test or dipstick based on the

detection of antigen(s) released from parasitized red

blood cells for malarial diagnosis have been

developed.'2-13 ln the case ol P. falciparurn, rapid test

bas6d on detection of P. falciparum histidine-rich

protein 2 (HRP-2)1' or Plasmodium-specific lactate

dehydrogenaso (pLDH)ri5 have been conducted and

the ssnsitivity, speciftcity of these tests have been

assessed compared with microscopy examina-

tion."3ru Allhough the specificity for detection are

high (>90%), the sensitivity falls off at low levels of

parasitemia. Therefore, fu rther development appears

necessary to improve the performance of the test.

The gene coding for glyceraldehyde-3-phos-

phate dehydrogenase (GAPDH; EC 1.2.1.12) was

first isofated trom Plasmodium fatciparum by

Daubenberger el a/. in 2OOO. Study in subcellular

fiactjonation demonsbated that pfGApDH was found

in both the membrane-containing pellet and the

supernatant fraction of parasite lysates.iTThe

pfGAPDH muld appropriately be antigen lor detec-

tion in immunodiagnosis of malaria by establishment

of monoclonal antibody for development of dipstjck.

Using prolein from ln yfro culture, purified pfGApDH

antigen was obtained very low yield and highly time

consume for continuous culture parasiles and

process in purification. The large amount of pfGApDH

was also needed to screen the monoclones that

secrat monoclonal antibodies against preApDH. More

practical and easier way to obtain in amount and

stable quality of pfGAPDH in each lot was producing

recombinant pfGAPDH trom E. ali- Our results

demonslrated that the recombinant protein could be

produced in E. coli employed pET isb veclor

system, the expressed protein was recovered in the

soluble fraclion of the total extract then purified in

native form and successfully used for immunization

Vol.39, No. I January 2006

in BALB/o mice to produce monoclonal antjbody. The

obtained mAb could recognize parasite GAPOH

protein at specific band of 36.6 kDa by western blot

analysis. By lFA, the protein was stained specitically

and localized in cytosol of parasites, note that this

mAb has no cross-reactivity to human red blood cells

that conelated woll with previous report using rabbit

potyctonal antibody.ro This study suggested that it is

a high potential for using this obtained anti-pfcApDH

mAb 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 Pratsnaphon*

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

fitness in oveMeighl women.

Methods: Thirty sedentary women (age 2O4O years) being classified as overweight (BMl 2 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 (BMl), waist to hip ratio (WHR), resting heart rate (RHR) and blood

pressure (BP) were measured at baseline and after B 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 BMl.

Conclusion: ln oveMeight women, eight weeks of 12-N,|WT exercise program could enhance physical fitness,

exoept BMl. Butl Chiang Mai Assoc Nted Sci 2006; 39r 36-41.

Key words: 12 MWT, walking speed, BMl, RHR, overueight

' 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 Jitrreer, Tiprwrn Prrpsmontol*, Sukrapee lnzeearj*

Brckground cholinesterase enzyme activities are mostly used for pesticide exposure monitoring and they are

inlluenced 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 Ellman's and Genest&Kalow spectrophotometric

method, respectively. conelation between BChE level and BchE genetic variants were analyzed by regression

analysis.

Results fn alf 133 farmers (male = 76' female = 57)' the mean (*sD) levet of BchE were 5 201+l-2'226 ulml'

Four genetic variants were found as UU (67.60l"), UA (17.3olo), AF (14.3yo' 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 cholineslerase level should be also

concemed with BChE genetic variants Bull chisng Mri Assoc M€d sci 2006; 39: 42-51'

Key words: Cholinesterase enzyme, pesticide

* Rosearch Instituts of Health Sciencos
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qffi nr:ainr:6orrdolu:ruunrqrGunrulo (Arypicat pneumonia)

lu{rJauI:.:uurilraun:fi sr{ 6'.:fi iorfi aslfi ri

r6u:rYs t-v6r,r.rd * 
, i:qrr l*fioraqofia **

un6'otio

u I a Aa . ^ Zrlnq :va*i rffa6nrr a:r3nr:ninr:6oria'tu::::rrnr.rr6ufir ulo (Atypicar pneumonia; lornr:o:rolrrdo
lnfluenza A virus / lnfluenza B virus, Mycoptasma pneumoniae, Resp. syncytial y,rus (Rsv) unryiruur
lrnlulairhr:"lnr:o:rlifi ofarrlfa,rrJ$:tGnr:hirrlr: eit

icqualiin-r: o:roifiofunr:6ordalu::unrrr6u'nr alo lAtypicar pneumonia) luraln:{p6ufin-a16on
Iosurr rjl:i srllrouorfi.rri'jrrilu pneumonia fl:n6ordalu:::Jurr.:r6qur ulo r':al:n aouur.rnn.r6udot
nrlria,rrJfr:ifinr:ri'laii ELtsA antigen ,iruru 31 :ra
nanr:iinu mnnr:orroifiofinrrfa.: fruGnr:Iorn.t"tror',dul,.,ruu:qirui6 eLtsA antigenluf, ru,iruru
gt flsornri ruiiurinr: ru l'rusr:?ofirar+ nei lruaru:n::r.J 1l:avrrrr6uur ulo1 l:orarlrnun:filfi
diu"nsrurarn.ttlrrn6finrisdirfinr:6or{a1u::rr:nr*6urra1o lpneumoniay lurill16aurrurru 2s46 - iurnu
zslznu'irinr:ao rdo Influenza A virus dlu1u 2 ra (6.4ok') Mycoprasma pneumoniae 1 fa $.2%\
Resp.syncytiat yirus 3 :'ru (9.6%) si?u lnfluenza B yrrus kiHnrflu negative resutt :rlrilduir.irhl ntypi"ur

pneumonia6trua'lnrithugttlu(19.3olo)nr:o:rorsrL:airuiiELtsAantigenlijui6nr:fi{rlo"jrulf,lror#u

In!r'rr]1nn 6l rogdrrrrldlunr:c:rorr':riar:jfri6nr:r'rtJto- ra r:i rrirq:lonr:riJureu:filqiornnr:
loaanmrrn oo un;in'nuru pururent [orhin?:rfirrslr:'lriururfiun'jr za d'rlll or:rfiuh"tugi,riunralu
s iuria fi o runnfi -20'c n1 neio.tnl:rfi ::tiurun.irriu
cTJ etypicat pneumonia riJulrn aolrlfilfioornnr:6ordafih.itqiyr:r au"t rrfiau:Jaolun'rl hjnur:n
lfiinr:riarl::grnr:nilunr:inrr uul:n oor-rrlr::lorurldloi i arnr:I:n:J aolrr:dhi:uu:ou.n
ueifinrm:nriiurrrlor?a.:nr:qnuornl:olairrfiaun'u nr:vizuurlrnIuIofi u n c nr:o:r oi fir du r r .lria,: rJ fil'6 nr:
finlr dr rir-r arrr:ndr ulunr:sr'oRuhlunr:il frh al{in r*rlul:,rr urrr n un:nr:16 o nlfur:Jfiiru:d
Ll,l :RlJ 2r:Eulnninnt:uxnririu.tlrJx 2549: 39: 52-59.

rirtirfiq: nr:6ordo1u::llzrr{r6urr!10, Lda hfluenza A virus / tnftuenza B virus, Mycoptasma pneumonae,

Resp. Syncytiat v i rus (RSV), n1: ifl u,t ryrnluTn inr:qr:royrrwialrJfr :i6nr:

' *ninlruila,:riunrunr:1:nd to riri,rlflri

" T:.ryrmurnun:fi rri o.rrlSl o.rirrluri
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Abstract: The Incidence ofAtypical Pneumonia Infection in Patients ofNakornping

Hospital

Jirrrnai Khantipongser, veerryut Khositsrkulchai**

Objective: To study the incidence of atypical pneumonia infection detected lor lnfluenza A Virus / lnfluenza B

virus, Mycoplasma pneumoniae, Resp. syncylial y/rus (RSV) and to develop technology of the method in

laboratories.

Material rnd method: sputum of 3'1 symtomatic patients with pneumonia were detected for atypical pneudonia

infection by ELISA antigen method,

Result: The incidence of atypical pneumonia infection in 31 symtomatic patients with pneumonia ol Nakornping

Hospitat detected by ELISA antigen during April 2oo3 - March 2004, was 6 cases (19.3oi6). We found that the

infection rate from lnfluenza A virus , Mycoplasma pneumoniae, Resp. Syncytial y,rus (RSV) were 2 cases

(6.4010) , I case (3.2%) , 3 cases (9.670) respectively and lnfluenza I y,rus was nol 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.

Keywords:Atypicalpneumonia,lnfluenzaAVirus/lnfluenzaBVirus,Mycoplasmapneumoniae'Resp'

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

D€oartment of pr€vent and control diseaso region l0

Nakomping Hospital, Maerim, Chiangmai

ultli1
. Js j,

n'r:LLY{il;u'to1antxa L'r-nr!ueJ1n! 0'lnrff tld:
I'i!

r1i't 6i:! ! ! r't't { !ou1 'tu L0 t!uflnYln ?llo u a'l u'ln
. tr,t-- : , ad ^, e ;
ts%'truytl'l Ldtlj[x0n1u u']nfl TlsJtlllR nugl'1

,T
o:srlr:ntilul:n'loiir guntuviirfr asiond 16urfiu

ruarfidudatl6n rriu ffiorda Htv rirl':uurntru t6n

fararu rdol:ofi rilusttt'tqrtaitl:t!tlrltG ur01o

fi ra nr utfi orhulr,r r! mrn:nrrtlar nr-o'::J$:lhnrrrirtrJ

fi rflurda:r uaruuofi6Il rrsifii rdalfiodur?iu

in r6qr rd u (Rickettsiae) fi ri ahirfi on { r:I:n tvpnus,
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bronchiolitis, croup, pharyngitis rdorriird6oqialai
L

vT{ou6iou ioriciou (Zoonosis) Lrfl: a'1fl-ut'{1r,trr )n

r r:"o rrr 1: n5o 
X 

n ioi Orrirlr,r-rrnqi anr:n.rror
t - Jr

ilatniu Pneumonia 1l:n6orialu:;r:lvrrrrdulrru1o
vrial:n oouuornnlr6or{o) rfl ul:nfi fi nruiho-q
I:nrd,:rrrr:'jrrilul:ofi ulqirjo s i ar nr:d *r n'q 6 a

riJuhi 1o firulodr!'rn 11a! xud'nr*u: aodnrrr
yiafidnuru:tol Respiratory Distress Syndrome

iuiurrJaofi orJn6 (rdu cracktes, bronchial breath

sound) n5ofi nonspecitic symptoms rriu ijaullrfilj

rorioundr lda nduli:J:oria.r ua: :oaiul
<t- - 1-, !.., u

r.ul,[nu q\t'l ?u ! 01t uoa,0 atn-rtr-oa1n1:[flon

nrlrnnalnl: ir l nir inrr I fiorJn6l alnrr^ri.ri
yrr'ri o n i fi a'n :r ! rrirlqin-ll:n :l a o r u fi rfi odulu il
rd o firh ulaiiu n r::h nrihirr rrc srr aro rfioI:o
lryrrndouoaoqnu6lriuiiolailufl r.fl . 2s3o fi nl:
nurn:n{;ofl :Jru.!a,:I:ndoq!rrir:o,i :srrslyruli
rYiirill 182:'tuoio fialn: 1o0,0oo nu

qe;-i
lur]o oliufi n"ol o rfi l rGlfr rir aulo Io r ronr;

fi rd urria,r fi 'r rda fi rfl un-r Lfl o 6 o inlrlnldolr.r l lo-uri
t
$a Chlanydia (C, pneumoniae, lnfluenza A Virus I
lnfluenza B Virus, Mycoplasma pneumoniae, Resp.

syncytial virus (RSv; luR.:dlat:.1or.i ru r,r::!u
vnlrdunrulorn;rdafi rilue'rtllor16luqinn':.t r!fl urlyrl.r

rfi rlrndulu:looriulrnnr:da rrdrfi ararrndu 6a

Streptococcus (5, pneumoniae'[o"fi nr:ir.:uuur,l
nr:inurl:n:loouudu drt#n r r l dr 6'rX sj a nr: ul.r

d:h s a an rijundloil.r cj q1rtfl ?1 rur!:.Jl a{Irn rfi a

rir ulum:qr"o-eulnlunrrir {il.r o'liin urlul:.n r m rr a
a .j 

" 
3-[a:n1t[n a n tguluna?u:?] tl4r.l't: fllt uano,lnuunl^:J

e\ Ad ^o t A I aHuluyltjn',tl zuO nolja{n Ft nur eJluLuu5:Lylfl [nu

6,:izunlr'ru'rj:srfi onr:6ordafi rJ ao rfi ol:ni oolrr
rrndr irlrinr:in ul ra:'fllr riud.r !vr orir'loiiir I r n

fl m n'l:ni?oil:nlui,rtufi nrnrrfl oqauuufi i
ol'6nr:nlnr:60 rdalu::urrrr rduur tLloornrda

lnfluenza A Virus / lnfluenza B Virus, Mycoptasma

pneumoniae, Resp. Syncytial ylrus (RSV) ti.clj1fr

Vol.39, No. I January 2006

puriara nrlr: nr:ifi odrLvnlrda,rrJfr i6 nr:niu"rfi hrrrn

:Ja o riu rn olul o i eir u I mm u no I o gy toinia urdulr n

6giro:fii6nr:fi aur:nrirrr ::unoildn:rora:.llri
lrnlrr iir ciol o.: iirfnlrufl a.:funrln l:nfi 1O

6.c rir o:rlio ur un:rl:: u n oiardnrr ruidlo ui'lalfi an-:t

Ir.:n arrr nun:fi .:r{oir rfl unr:oi o'lu

ior qrJ: v a.r ritol.: lri o-u

t. rfi o6nsr a l-6 nr:ninr:6o rdalu::r:r
rnri16ur4rula (Atypicat pneumonia; Iounr:or:rolr
uda hfluenza A Virus / lnfluenza B Virus, Mqplasma
pneumoniae, Resp. Syncytial Vrrus (RSV) oiai6

ELISA antigen

z. nia ur rnnluln fl rir r.r:-! nr:qr:roifioq'u
?r1.0$ a,r:l,ufl n'tt |'14rx .t:fl u

ri:clutddo;1d'Yu

1. yr:'r L flni un.r:nilln:r"a r ndugrulri ald
:J::Iurrilunr:ll uruuorlorLfl a.rnid:o

z. riotl"rfi onluillfi o::urrwull.:ru
e. riilr u l rir-! nr:?fio d'r uol nr:in r*rfi

onsio,l

a. :l :: u n oio.r rinlr r.:iu n : lyr nTuI a dlay

[1j\ 1; fl

:ctuuuttr?o8

fi'rodrrnoaou
.e. l-- X, -Ln! LfllJlt!01nH!? u !a n B$!!,tt?.t n1i

- 2.,Ooltol SlUlyt'tnrq UtU[0 (Atypical pneumoniae)

ornfrirsfir":J:rinr: ru .rruo::tfirfiB n6i l1u
alurn5flJ 1I:nnr.:rdurrlloy I:,:narlrnun:fi lqi

a.uriSl o.riurluri r".rulo,irlnu gt or-ra dr.l n.llu
qrdLrfi !rs r.rcrfi utuoiriu lta:d.ifiiniiurufuso:
nnr,: rd anr:i ardufl'r!n I:n iirn-n.r-ruflo.:n'u

o1!n lrofi to r6r.:1yri a.rfio,r o.rdarlrri nrulu
r 6-24 rtrll,:
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if;nr: 3. nlrlsr:u qqnofla!

1. nr:q:rofiaodrfio'r,atrdo - controles a:arasi':otirno'u 1 ml trfl!

rh?.:eirq:ro rlirnlTo oafiaduflllda lnflu- specimen buffer l ml

enza A Virus / Influenza I Virus, Mycoplasma - Conjugate t6OOfleirO conjugate buffer

pneumoniae, Resp. Syncytial Virus (RSV) oi'l uii 1u5'qfl6iru l:so

ELlsAantigen-Tl\ilBsubstratesolution,readytouse
- washing solution t6 a or I oil rL rir n 6'u1u

2. nt:rn':u iieilq:ro o'or:rriru 'l:20

rhtsrun:lrt6oornrilu specimen buffer

lua'qlrrairu t :t mix bilrirriu incuOate dqrunnfiria.r 4. nr:q:rlrrLda Influenza A Virus / Influ-

overnight rirlilr]u surfi rfi alrion o:n aufr dr 1 enza B Virus, Mycoplasma pneumoniae' Resp'

supernatant r:rlddr uil ne:or:rocie uii eLtSn SyncytialVirus (RSV) fYlUi; ELISA (SERION ELISA

antig"n druru 150 ul antigen)

rh to r o aol a o n or n {r fi u'i obiq ur 4 fi rvir n"l q nrlr4 fi ria I

pipette samples (supernaiant) and controls (150 ul) n':lu14aljll4'1 microtest strips

INCUBATION 60 Min /37 C moist chamber

WASH

U

t6r: diluted conjugate solution (100 ul) n{YtnfiatJ unliu substrate blank

INCUBATION 30 Min./37 C moist chamber

u
WASH

t6l ttr,tB - substrate solution (100u1 )Ylnnn

tl

INCUBATION 20 Min./18-25 C lu7l o

t6t stopping solution (100 ul) 11nfld

ailufil oPTIcAL DENSITY fi 4so nm

OD
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5. nl:.jluRfl (Evaluation SERION ELISA

antigen)

E(NC): fl rufii cirloiuzol negative control

Vol.39, No. I Janurry 2006

Positlve result measured value of the soecimens.

InfluenzaAVirus/lnfluenza B Virus > E (NC) + 0.25

Mycoplasma pneumoniae

Resp. Syncytial Virus > E (NC) + 0.4

Borderline result measured value of the specimens:

Influenza A Virus / Influenza B Virus from E (NC) + O.1S to E(NC) + O.2S

Mycoplasma pneumoniae

Resp. Syncytial Virus from E (NC) + 0.25 to E(NC) + 0.4

Negatlve result measured value of the speclmens:

Influenza A Virus / Influenza B Virus < E (NC) + 0.15

N4ycoplasma pneumoniae

Resp. Syncytial Virus < E (NC) + 0.25

6. n1:!r de.Jn (lnterpretation of results) posj- ,jonttfing]
tive test results uRo':i'ri protein concentration 1lo,r rd arirnr:n'q 16 ond:h ufirri:.rlinr: or rrr.l
specific pathogen > 6 ng / mt rra;ri.:dfil rtl! acute o;?ofirflE n riuo-,ura ur"nrru 1l:nlrrr6uuruhl
infections. nrrurjoHndloio;rj::nor ortlrit n-r I:llrururouq:firridloifrnr:if,oa'rirrilu
inrr*:otnt:vnrn6fin negative test resurts pneumonia ,iruluntrdr+ st ou $frfirnr:rfilrerur:
arotfluruarrorn stage of infection rLru;#rfir sample, ri:l ?u srtJLLei16 oufinur ru oudl16aufurror 2b46

nr:ro5uru, nr:rfil sampte usi'l hir,r rud,:nr:ql"o rir&,lii,:qr:rofiloiri.:rurrfir:rlrrrl#niirlru
tll?: acute infection aanl t*l,]egt:narj ihlinlruflalriuorlnruI:nfi tO riu.:hrj;-

on{finfi - zo'c lfi a:orhnr:o:roifiodlnrrfo.r

:..Jfi :j6oir ri6 er-rsn antigen ci allJl*nr:n"uroor"od
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nlrlid ! ttflo,tRan]:roda! vttda lnftuenza A virus / lnfluenza B Virus, Mycoplasma pneumoniae,

Resp. syncytial v ius ri?ui; ELIsA antigen

fl't oll

fi:-hll

r1{fl

a1u lnfluenza A

Virus

lnfluenza B

Virus

Mycoplasma

pneumoniae

Resp.Syncytial

Virus

fl n:JIUC A',r n1l

vt't\tnRun/

nltluaa0

1ru

2A
3t

4ru

a

61

7r!

5

8ru

9n
10 .u

11 rU

12a

13 T

14l'

15 n

16 r!
17a
18 r
19 .u

20 rU

21 u
22q
23 r!
24a

25 rU

26 .u

27q

28 rU

29 r!
30 r!
31 !

21

29

64

24

82

90

39

70

69

74

40

80

77

74

76

24

55

47

90

29

74

64

27

23

Negativo result

Negative result

N€ative result

Negatrve result

Negative result

Negative result

Positivo result

Negative result

Positive result

Negative result

Negative result

Negativo result

Negative result

Negative rosult

Negative result

Negative rosult

Nogative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negativg result

Negative result

Negatjve result

N€atrve result

Negative result

Negative result

Negative result

Negative result

Nogative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negativ€ result

Negative result

Negative result

Negative result

Negativ€ result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Nogative result

Negative result

Negative result

Negalive rosult

Negative result

Negative result

Negative result

Negative result

Negative result

Nogative result

Negative result

Negalive result

Negative result

Negative rosult

Negative result

Positrve result

Negativ€ result

Negative resull

Negative result

N€gative result

Negative result

Negative result

Negative result

Negative result

Negative result

Nogative result

Negative rosult

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negalive resull

Negative .esult

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negativ€ result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negativ€ result

Negativo result

Negativo rosult

Positive result

Negative result

Positive result

Negative result

Negative result

Negative result

Negative result

Positive result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

Negative result

pneumonia 
I

I

r0 rlju r1r . I

1ofiaurufiau,t-ttv I

I

positive/pneumonia 
I

1l1U Intlll.tou 
IrloltcoPD 
Il'rlUtntfiuoufiau 
]

llj la /pneumonra 
]

11 ta u'ru rn l
il

tllu0ultoll
tllfln ta 1,11u tntruou
/pn€lmonia LLL

fi1U[At U0UtiUon

/COPD, pneumonia

1o/pneumonia

!nqoU/RML pneumonia

la nrdnudoul
COPD, pneumonia

1o r,rrslouarrrdor I
COPD, pneumonia

hi norrrdou/pneu-
monta

1a r6uriron
rfidou/ Bronchitis

1o uou/ Pneumonia

L1l lA r"ttln tn!{ou/

pneumonia
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Abstract : The cytotoxic effect of curcumin, demethoxycurcumin and bisde-

methoxycurcumin purified from Turmeric powder on leukemic cell lines

$ongyot Anuchapreedr', Wlttrwat Srdjapong', Chadarst Duangratb, and pornngarm Limtrakul.

Curcuminoids, major active components of the food flavor turmeric (Curcuma /onga Linn.); consist of

curcumin, demethoxycurcumin and bisdemethoxycurcumin that exhibit anticarcinogenic properties in vivo. Fhis

study was aimed to investigate the effect of curcuminoids on the cytotoxicity of lhe leukemic cells, HL60 (human

promyeloid leukemia), U937 (human monocytic leukemia) and K562 (human erythroid leukemia). In this

experimenl, three major nalural curcuminoids, pure curcumin, demethorycurcumin and bisdemethoxycurcumtn,

isolated from turmeric powder, were compared for cytotoxicity on leukemic cell lines by MTT assay and trypan

blue exclusion method. The result showed that all three curcuminoids exhibited an excellent cytotoxic activity on

leukemic cell lines with the inhibitory concentration at 507o (lC5o) approximately 7 pg/mL in HL60 and U937 and

20 pg/mL in K562 cell line. Demethorycurcumin 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. Bu[ chirng Msi Assoc Med sci 2006;39:60-71.

Key words: Curcumin; Demethorycurcumin; Bisdemethoxycurcumin; Leukemic cell lines
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1. Introduction

Cancer is one of lhe major health concerns in

the world today. An estimated 6 million new cases

are diagnosed each year worldwide.r Cancer is a

main cause of death in Thailand.'? Almost 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 biologicalactivities, 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 oroliferation of tumor cells and have a potential

to be used as anticancer agents, is a group of

flfi:c rliuii r rR:nr 254e

turmeric curcuminoids.

Curcumin (diteruloyl methane), a phenolic

compound believed to be the main pharmacological

agent in turmeric, possesses antioxidant activity in

yrlro, 3-6 and is used in lipid peroxidation tests.t-e

Curcumin is effective in preventing and ameliorating

gastric lesion. lt also possesses anti-inflamatory,10r'

antibacterial,l'?la anti-fungal and anti-yeast,15

antihypocholesterolemic,u'7 anticancer [18-23]'

antimutagen,2"5 antiparasilic [26], antitumor-

promoting" antiproliferative,'?s MDR modulator

effecl,*'"'etc.

Curcuminoids are composed of three major

compounds: curcumin, demethorycurcumin (curcumin

ll) and bisdemethoxycurcumin (curcumin lll) These

3 major pigments can absorb lhe visible light at the

wave length between 420-425 nm

The structures ofthe 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% bisdemethoxycurcumln.

,tft:Fr*HcocHpocH=cH{".l\'- 
curcumin

*{F"-*HcocHrcocH=cH-d
Demethorycurcumitr

xo-Q-*rcHcoc'poc H--cf O*.
BisdemethoxYcurcumin

Fig. I Chemlcal structures of curcumin, dem€thoxycurcumin and bisdemethoxycurcumln
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The safety ot Curcuma longa and its deriva-

tives has been studied in various animal models.3'? lt

is clear that turmeric is not toxic to animals even at

high doses A single feeding of a 30 percenl lurmeric

dietto 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 rale when compared to the

respective controls. A go-day feeding of turmeric

extract resulted in no significant weight gain.$

Studies of the effect of curcumin,

demethorycurcumin and bisdemethoxycurcumin and

tetrahydrocurcumin on TPA induced tumor promo-

lion have found that pure curcumtn and

demethoxycurcumin had an equally potent inhibitory

efiect on TPA induced increases in tumor promotion

in OMBA-initiated mouse skin. Bisdemethorycurcumin

and tetrahydrocurcumin were less active.s

The cytotoxicity of curcumin was examined in

cancer csll lines; Hep-2 (human larynx), pc-g and

PC-14 (human lung cancers), Hep-l (mouse

hepatoma) and F-25 (mutate H-ras transfected NtH

mouse fibroblast) by MTT assay. lt was found that

curcumin is a potent antiproliferative agent for

several cancer cell lines.$

Cytotoxicity evaluation ,n y,tro 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 cell

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-dimethylthiazot-2-yt)2,

Vol.39, No. I Jonuary 2006

5-diphenyl tetrazolium bromidel) 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

evaluate cytotoxicity in a quantitative way in contrasl

with cell morphology evaluation by inverted light

microscopy which is qualitative and more subiective.

2. Materials and methods

2.1 Chemicals

Silica gel 60 and petroleum ether was

purchased from Merck. An MTT (3-[4,5-

dimethylthiazol-2-yll-2,tuiphenyt-tetrazolium bromide)

and trypan blue dye were purchased from Sigma-

Aldrich (St Louis, MO, USA). RPI\,I| 1640, penicifiin-

Streptomycin, Fetal bovine serum and L-glutamine

were purchased from InvitrogenTM Life Technology

(Carlsbad, CA, USA).

2.2 Ertraction and isolation of curcuminoids

Chiang Mai turmeric powder (1 Kg) was

successively extracted with hexane (2.S L) and 95%

ethanol (7.5 L) at room temperature. Turmeric

curcuminoids were then precipitated with petrolium

ether yielding 50 g crude curcuminoid mixtures (787o

curcumin, 16% demethoxycu rcumin and 5%

bisdemthoxycurcumin). The crude curcuminoids

(3 g) were further fractionationed by Silica gel 60

column chromatogtaphy (44 X 1.6 cm) using first

CHCI3 and followed by CHCI3/MeOH with increasing

polarity. Fractions containing curcumin (1.1 1 g) were

eluted with 100% CHCL3 (0.6 L). Fractions

containing demethoxycurcumin (200 mg) and
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bisdemethorycurcumin (40 mg) were further eluted

with CHCI3/MeOH (98:2, 0.8 L) and CHCI3/MeOH

(95:5, 1 t), respectively.s 3r The purity of curcumin,

demethoxycurcumin and bisdemethoxycurcumin by

HPLC analysis was 'l00o/o. 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 Heallh Sciences, Chiang Mai, Thailand).

Human promyeloid leukemia (HL60) was a gener-

ous gift from 0r. Rattana 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 lmmunology, Faculty of

Associaled Medical Science). These leukemic cell

lines were cultured in RPMI 1640 medium supple-

mented with I mM L-glutamine, '100 units/ml peni-

cillin and 'lOO 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 95% air

and 5% cO, at 37"c.

2.4 Determination of cell viability

Cell viability was determined by MTT test

method and conlirmed by trypan blue exclusion test

[36]. MTT (5 mg/mL) was dissolved in PBS. The so-

lution is filtered through a 0.2 Ltm 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 to( 24

hrs. After 24 hrs, the cullured medium was added

with 100 pL fresh medium containing various con-

flfi rq ol"ufi | nirnr 2549

centrations of curcuminoids (curcu min,

demethorycurcumin and bisdemethorycurcumin), 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 $(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

FL/ 1OO 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 pL'

was added to each well, mixed thoroughly to dis-

solve the dye crystals and the absorbance was mea-

sured using an ELTSA plate reader (Biotek EL 311)

at 570 nm with a reference wavelength of 630 nm.

High opticat 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:

% Cell survival = Moan 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

intacl 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.3TThis microscopic assay for cell death was

carried out by assessing the ability of live cells to

exclude trypan blue dye. A 50 pL aliquot of the cells,

after curcuminoid treatment as described by MTT

assay, was stained with 50 pL of 0.2% trypan blue

and cells were monitored under a light microscope

(4OX magnification). Stained cells were considered

to be no longerviable.
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2. 5. Statistic al an alysis

Data were the meanlstandard deviation of

mean from triplicate samples of three independent

experimenls. 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-

Vol.39, No. I Jsnuary 2006

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, 8.11b and 9.275

min corresponding to curcumin, demethorycurcumin

and bisdemethoxycurcumin, respectively. This \,vas

verified by subjecting purilied curcuminoids to HpLC

analysis and curcumin, demethoxycurcumin and

bisdemethoxycurcumin eluted al 7.072, gj2g and

9.258, respectivety. The purity of each curcuminoid

was 100% (Fig. 2).

(a) 7.08?

6810
Retention time (min)

Fig.2 The HPLC elution profile of pure curcumin, demethoxycurcumin and bisdemethoxycurcumin. Tho HpLc histogram of
standard curcuminoids (sigma-Aldrich), pure cuicumin, demethoxycurcumin and bisdemethoxycurcumin as depicted in
panels (a), (b), (c) and (d), .ospectively.

(b)

E

alt
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9
[ (c)

q)

(d)
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(Sigllr- ldrlch)
t.rr!

-yr

I\ 
';'

""^"'" 
/\

64



2',I1.n:tnnfi Rnlrl|'rn?tliun'lxri

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 HL60 cell line for

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

fli:c oriufi | rtn:rn! 2s49

curcuminoids are capable of inhibiting cell groMh of

HL60. The lCoo ot demethoxycurcumin, bisdemethe

xycurcumin and curcumin were 9.811.30 pg/mL,

10.3+1.73 pS/mL and 1 1.211.23 pg/mL, respectively

(Fig.3a and 3c). Three curcuminoids did not show

different inhibitory effect. These results were sup-

ported by using trypan blue exclusion method which

has shown that the lcso of demethoxycurcumin,

bisdemethoxycurcumin and curcumin werc 3 2!0.12

pg/mL, 3.5+0.52 FS/mL and 4.210.5 lrg/ml, respec-

tively (Fig. 3b and 3c).

120

100

980

>60
9-

=
?""'i
d10
s

a

I

I MTT |,!ry

g Trypan Uuc crclutlotr
n.ahod

o

Fig. 3 Efiect of curcumin, domethoxycurcumin and bisdemethoxycurcumin on HL6O cell line Cells w€ro grown in the presence of

various concenkations of curcumin, demethoxycurcumin and bisdem€thoxycurcumin. Tho number of viable cells was

detormined by MTT assay (a) in hiplicate, trypan blue exclusion mehod (b). lc5o valu€s in lhr6€ indep€ndent experiment of

MTT assay and trypan blue €xclusion method vrere plot tor the compafison (c).
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The cytotoxic effect of curcuminoids on U937

cell line by MTT assay demonstrated that the lcso of

demethoxycurcumin, bisdemethoxycurcumin and

curcumin were 7.011.34 pg/mL, 8.610.70 p€/ml and

8.710.97 l.tg/ml, respectively (Fig.4a and 4c). In

this case, three curcuminoids did not show

0l..traJt15ts!o
Corc. ndo! og,rDl,)

The concenlration ofcurcuminoids that caused

the cytotoxic efiect 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 lcso of

demethoxycurcumin was 21.7!2.1 4 WmL, followed

by curcumin and bisdemethoxycurcumin at 25.918.67

pg/mL and 27.4+5.8 pSImL, respectively (Fig. 5a

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

Vol.39, No, I Jsnusry 2006

difierent significanl cytotoxic efiect. These results were

supportod by using trypan blue exclusion method

which the lCjo of demethoxycurcumin,

bisdemethorycurcumin and curcumin were 5.511.41

pg/mL, 6.7+0.24 pg/mL and 8.2+0.48 pS/mL,

respectively (Fig. 4b and 4c).

0].t(2rt5!59
Coo.tltnlio! (ptlEL)

l0

I

€rr!al
a2z
!;, 1

aa

Fig' 4 E ioct of cu.cumin, demethoxycurcumin and bisdemethoxycurcumin on U937 cell line. Cells we.e grown in th€ presence of

various conc€nbaions of curcumin, demethoxycurcumin and bisd6methoxycurcumin. Tho numbor of viable cells was

determined by lllTT assay (a) in triplicate, lrypan blue exclusion mothod (b). lcso values in three independent experiment of

MTT assay and bypan blug exclusion method wefe plot tor the comparison (c).

different cytotoxic effect. However, the lc5o for cell

cytotoxicity by trypan blue exclusion msthod were

'14.110.63 
!"rg/mL, 23.4+0.81 pg/mL and 27.3+1.13

pg/ml for demelhoxycurcumin, curcumin and

bisdemethoxycurcumin, respectively (Fig 5b and 5c).

By trypan blue exclusion method, demethorycurcumin

significantly inhibited in groMh of K562 cell line as

compared to curcumin and bisdemethoxycurcumin

by 40olo and 48olo, respectively (P<0.05) (Fig. 5c).

--a-D...O.rt..!..i.
-l-tin,..rllry.rRrrl.

--a-D.m..hortod!nl.
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However, the overview of the cytotoxic effect

result showed that all three ingredients of

curcuminoids exhibited an excellent cytotoxic

4. Discussion

Our previous study indicated that curcumin

(Sigma-Aldrich), a natural plant phenolic compound,

exhibited anti-carcinogenic activities in vitro [35] and

in vivo 1181. Since curcuminoids aro non-toxic' non-

mutagenic and non'carcinogenic, fraction of these

compounds that can inhibit the proliferation of tumor

cells havo polential as anticancer agents. In the

flfi:s ru"!fi I untrnlr 2s49

activity on leukemic cell lines with the inhibitory

concentration at 50% (lC*) approximately 7 pg/mL

in HL60 and U937 and 20 pg/mL in K562 cell line.

t?o

t00

iE Eo

.: 60

Q

l0

.:-35Eai"
c)1.*

'E!Eai

OTryF. !u..t.lotiot

Fig, 5 Effect of curcumin, demelhoxycurcumin and bisdemethoxycurcumin on K562 coll lino. celis were grown in the pr€sencs of

various con@ntrations of curcumin, domethoxycurcumin and bisdemethoxycuacumin. Th9 number of viablo o€lls was

detorminedbyMTTassay(a)intrip|icat€,trypanb|ueexc|usionm€thod(b).|c5.va|uesinlh.g6independentexp€rimentof

MTTassayandtrypanb|ueexc|usionmethodwerep|otlorthecomparison(c).Key:(.)signific€nt|ydiffefontftomcu.cumin

and bisdemethoxycurcumin (P<0 05).

Dresent studies we demonstrated the cytotoxic effect

of curcuminoids against leukemic cell lines, HL60,

U937 and K562. The cytotoxic effect was monitored

by MTT assay and trypan blue 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 tormazan crysial product. The

-l-D.|n.liotycurt!nln
-l-BL&n.lboryccnunln
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formazan product was solubilized by an organic

solvent, and the violel 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-

sicaland the most widely accepted method and used

for differentiating living and dead cells in culture. The

intact membrane of viable cell oxcludes the trypan

blue dye. These methods can be used for both

proliferation and comptement-medialed 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 cytotoxjcity of curcuminoid

mixture (the commercial curcuminoid mixture 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 llnes. All curcuminoids showed

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

blue assay showed similar degree of cell cytotoxicity

after curcuminoids treatment. The trypan blue tesl is

reliable and correlates wetl with the MTT assay.

Nevertheless, ths lc5o values of both methods were

not absolutely the same, which may due to the fact

that different parts of the cell were examined. MTT

Vot.39, No. I January 2006

assay is used to investigate tumor cell viability. This

assay involves mitochondria 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 lC50 values than trypan blue exclusion method.

It was possible that some dead cells 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-Aldrich) on celt groMh

and proliferation. The groMh inhibitory effect of

curcumin against several cancer cell lines; breast

tumor cell line [38], Hep-2, pc-g, pC-14, Hep-1 and

F-25 [35] were reported. lt 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 c2lM phase [39], the

proliferation of cell cycle progression of human

umbilical vein endothelial celt [40] and the prolifera_

tion of human promyelocytic teukemia HL6O cells [41].

But curcumin showed no significant effect on

inhibiting proliferation or inducing apoptosis on

human PBMC [42j. Thus curcuminoid treatment may

provide a guideline for molecular study and clinical

treatment in leukemic patients in future.
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uflufin q u

nr:6sudo Vibrio parahaemotyticus 1u6'lninrjru
(1 qarnil r{.fl. 2540 - 30 ffusrsu fl.fl.2548)

rql ou:fir{ri'r.rd * 'lngad nriulra * roun rirdr.r * yre.:ud 6srsr:.rdrYud "

nnoso

nr:6nl9rnrl6qtda vibrio parahaemolyticus tufirh air:rirnr:inr*rfiI:.on rlrlrariru o'.lrr-oriruua:
Ir.nrarrrnrrurulufruioir.rr"oriru ::r'irr iufi i on'rfrrJ y{.fl.2540 6{ 30 n-uuruu n.fl. zsae ornqiradrr
aoorrlarair-hul:orio.riryiruru za,o25 r'lrJ ?rnn1:o:lorrlirinr:6ordournfi6s,iruru t,+gz ,,.'s dufinu

Aa
rurnfrro6o v. parahaemolyticus d1u'lu 709 nu (49.5%) d,ruijunr:o:roruldaloirrnoiluai16 aurl:grtun'u6ou
qarn! nrtfietdaa':noadlut6oun:ngrnr nriror ufi6ordaurnfiaorilurirr ara 314s il !'luu,rffr'r u 355 r.lu
r cl'\ri'r g54 11u flr:rqdauo?r hciaursiruoo6r nyirrdafiorrutrsroiour Norftoxacin iauat too
fio,),lllrsiour Co-trimoxazone, Chloramphenicol, Tetracycline r!o! centamicin iauas 99.1, 98.8. 97.4 tra: 97.3

ouiiro-u uojrdoordaoiarr nmpiciIin rflucirulnry r r:cr:rnnfinnr:u'mtiriudrri zsll; :c, rz-rr.

rirtn-a: nr:6olda V. parahaemolyticus, arqr:rilufis, aoottcdri, ulLtuzuuntrrLhtolarsiruonir r
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Abstract: Vibrio Parahaemolyticus Infection in Nan Province. (October l,1997
to September 30, 2005)

Dech Amornthipayawong * Paiboon Tanunchri *, Anek Khumfun *, Pongmanee Jittrwongpun *

Retrospective study of Vibrio parahaemollicus 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 agenls were found to be V-

parahaemolyticus in 709 cases (49.5 o/o). 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 resistanl. Bull chiang Iuai Assoc Med sci 2006; 39: 72-81.

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

'Clinical Laboratory Pathology Soction, Nan Hospital.
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Vibrio parahaemolyticus lll1.[la a tttl flYll: u:lJ

rurirlri,r uiauvi.lo:l rodoufitoiadr.::rorir Ioaarstl

r^lntoaiirfi adq:r arsrfi o?un: au{eodluqr::no

vibrionaceae tfl utdafi ei'a,:nr:rn6alq16aroa a'l:dlu

nr:roiq r6rler lu'rJ5 fi-:ur oxidase tiluH alrn6':i

ureirr::ltr6lurirnrr0 lrfl ! rirnio u riJusrrrn

rio.: iT .r rd u r n o'ufi rh 6'q1u:J :t rn aeir r "1 r'rl o nlo r

rir or n ri n r tr 6 unir qn oil6 r.r rh nirlurl:: rr alvr a

6r:fi :r u.rru nr:r'{! rdB riluni{ rt:nluil yl.s. 2s t 3(' )

nr:rirtrirfi ol:n lfi oorniri::rruour:vr:rnii rdo

' * ' '-rraudrururdalJ1{t!auau loutq T:1,{?n!fll L n

oiar fi :lial rum nn a 6 o vrtr uqi t ou dl l o' eir qi aniar

6.r o : sr r:r :n rirh{t fi q r r r s ar ur: til ufi uloi nr:
il:J::rruour:m*a arirrlqadr'rv\i.:fililqn6 rriu

:Jdl rorarn arnr:rio':ilrr.t-no;tff orn".:nr:fiu 12 -

rorn: :crrsfriu :r11ua1rit1r:ldt'fioqn 1 6:.1 i 24 g'rll':('") lr.::r u ototfi o t5rnirdlo urrn rilu
a z i., .r

ilrnun:"ru:n1u ::r.no{rlulounrrfu ::mui:le
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roria.rrinnrn:lrlt:atnt:riau n"nar rounfi o
ornl:oofirrd'nia l:ndu 1 un: iarnr:orr6audru

$a'r6,:rir u otorr! rilu;'lilurhrsrnirjurda ooar:::ir.r

a1nfirfluemJ1,{ rfia.lornfi rfio16 ao llol a anrro'10

dturuaoot:: uoia:ni,:o;rrntuan-rgafi rrdlti i
tir,rlurirqiar:raoor::aror 6uurilun"nr*nsieLnrjurdoo

lai rda,rornrdanrrrfi ,: drtfr1rd6.:n o'r 01u shigelo-
. .1,-! a !|q !n A-, A ^sts ta0u0'r0tlll f,nt!llflls ao !o h-M]:l? ullrilufrnt

{rJf d'r (compromised host; rriul:nor"uui.l I:nroo{
tiuoYu l: fi or nr:r u"n fil6i qr1o" I:naoor::ixrfiod
lfroa']n heat stable hemolysin arnr:vialjr16lrilu
lrt.ttt invasive diarrheoa Ioud cytotoxin lrnttrnfi6u
riluql-r r1ffi ar nr: Jn rnufi elir rir1d uonorndu-r

srrr:nrfi oirln"urilu:lx enterotoxin lrici?sJr?i t6ur

riun"r rdan {r shigetta, Satmonela
-tqoiriu:lruurl:n aoor:yh.:5,: u"s rfl urJryurfi fi riry

rtr nr :unl riun, nitfl 'r f ,ri fliJ.tt o,rrJ:: rvr alyr u

rda.:ornrhtirJ:: lnoqia{ rf,u lur}:rJr ol iru.rulrnrfia
lfl ,un r ::"n rr u a : i a.r n"ul:n d u a n o r n dri,: i H a oi a

arnrnourritra.:ri r uun: re:ugfiol alrrfiqir a

rirrfu6.: rfl ury n er ond,rdrhtJ einr:fi n rr ai6nr:nil ar

I:nria.:ixfi rfi oornrda V. parahaemolyticus durfi o

riluuurnr.:lunrril alriuua:inur qi a1:l

-rdqrny?trRr:

r. d.rci.rn:ro

oi'r adrl aoor'::orndtjr uusorolnrtaoor::i.r,r

dHiriunrrinurd'rlul:{yr sr!r odrr !rn:I:.rr ur:.lr n

tuuluo"lllioriru :rn'ir,:iufi 1 orarn fl.fi. 2540

6r go riuuruu }t.fi. 2o4B d't ?u 28,625 o"tadrn

nr:rfi u i.: d.r o:ro rirloi z ii 6 a rfi u a o or* u-:rr ud i
a i rrree.ae, I

ln 16 aolo ul,ilririurh6fi rJrrcor n 16 aih u r fi rldorur :
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rhriuluri,r fr6tn'jr carry blair trcnsport medium

rio nr:rfil Recrat swab {') dLi1ru-n-s#ridrjrrsorn

rdaeaqnirrr.Jrl:nrin t-z d? yr u 2-3 ra:J 6,t

aanlrliilrou:ro Cary blair transport medium
I !t eq . d i .f Z I
tvl utJltlt8-la[tautua1l'DtRg{tta loufinnl d?urRu

oan ilqr.lrllilrriu udrrir iilria.:rJfr r!6nr:onirirur
z. iinr:nrrcrio
rum: rdo rdarsiuci? u orur:rdu.: rdafi i o ruar:.1-G

u-u ri,r nr :m-:ryr a,r urL n fi 6u :;dr fi ulun rnr,6 u liu
fi iil r nir nr:ro3r-u a r *r nfi 6 u d ri al:n o-r u 6 o Tc Bs

agar (Thiosulfate-citrate-bile-sucrose) ttn: Alkaline

peptone (o u)

z.t ?inr:ulnrdonlnoon.r::

rnilr lortirniuih 6fi uria lluarnr:rdl,r rdair u

a{uro'r?\'r: (TcBS agar) rdrldq:l ltoopl lirda srear

ornoofr iharfi a1r1eilnlofli alurnfi 6rfi rrrl n o anor nniu

ornfurharnr:rarslrdaltlardqnu4fi 35 - 37 aifl.r

rrnr6ua uru I s-z+ i"?h.,r druhiniud-rirfulilu
Alkatine peptone media alli aa f.:Il,r riaurhlr
,",.rdrorr. fces 5nnfiudl

,z.z n.t:llflnuiuolla{Lx0
. r r aia- -2.2.1 u't tn Lf,uy|llf,!.ljultu1o 2-3

inir q: nort uru fio''nuru:lnir? u alt,t.r: TcBs
!.1. I . t,t,)urtyn![ua1$1tfrti4'u oflouof*fl to?l0ittoqiol fr

6a tSt lfripte sugar iron agar), t\flL (Motite Indole

Lysine),3olo NaCl,77o NaCl [tn! 9olo NaCl

2.2.2 nllno fl aun nral:i6lrl
t

!'?tfl tJxa,c[70 V.parahaemolyticus (0 7)

a .!;
rii a ria fr ut nlcr-'uso.:n nrslffirr,:6.lrofio",r

or:rlfi uso,:d o:u:lazunirldariuia v.parahae-

molyticus

TSI MIL Oxidase NaCl

Slant butt gas HS
2

Motility Indole lysine 3o/o 70/" 9o/o

K A + + + + + + +
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3. nunaaoun2ruhro. iotioureil lai
nlrnoda!o?1 lx1o r tdo sia en:qirro n fitllo u

ii Disc diffusion method (Kirby-Bauer method) 
(3sro r1)

-:Loulr?trnTtll'lIB:u]JdHnoiu

s.t iinr:Ylr Disc diffusron

rlrtda v. parahaemolyticus 4-5 Inlnflatara

lu Tripticase soy broth ouinllurjutalrda:J:vlrru

1.5 x 10s cfu/ml. (McFaland tto 0.5) ornrfuldtirTiu
t, c tA

dr6rJ:T arrn16a{ra,:lurnooriofr rJilnxlrlduu{?

r qulilniurh 6 riutir lr o a o ld olridr 6 I rr o "1 ir uu
firlrir Mueller-Hinton agar plate 61 adr'ta:jrtslavt"l

,.rrtn',rlda il.odu#rn-u e o:'l Io u rreiaroio" urro'tr.

orur:ri'r r: u t6 sl'rl orn t6 ru 60 a'rsr rd ahi'rllofi 6 u

n::orurrirtsua?irfi r$rirorrr:tdulrda ilor]roru

,r,r.rd.uurt'od.li g-s urfi rfi oldfi mrirarr'tr:tda.:

rdarfi rioulraroirulnilt hinr:qtldihururfi u

r s urfi ua'rlfi li:J:rsornlda6luEiutrltlrrllu

fi ':urirrarorur:In;nq!u[[niuutrlr i rdalri

uurafin nr:lrln ulrn':::rlhivirlriu r;rLrru 3

ts$6t o't un:r4r.lot nr ol oruo1l'\11 T! 10{ 15

rsu6wo: ua-.:ornrr,: *riuartrirfiu ts urfr lri3u
I

fr oruorrr:tfiulueirrar: ri a q nnn i gs -sz
oiarrgnl6ualua-nuru:oijroruorlr:tilulxnl 1 6-'l I
t'rl .r rd a rr l uciuur oir u1 ait r rra'r tri o r:tn d a utir a

.)
ttriuur rua'tornfl']tql1u0 dtv{uln Rlua:{uBa1r'l:
tt-
rauittaIn?

3.2 nr:eiruuat u:l n !-l nn1:roda!rl'1'l

hoiourciruan6n

rirorual,tr:tyn:tdofi 'noaolorutruriotfr*
rirqurinnr.t!-:rrnrdh:irdadu (lnhibition zone)

Io uio rilufi ai w or:rrn'rrlrltj r il l rfi al ni:iorfl 
't 
u n

,in rots'tuxa':NCcLs ('''"''t) d':asrr:loHnrilulr

dam (s; susceptiblel, haiaurirunar': (l; interme-

flfi tp sliufi l xn:rnx 2s49
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Vibrio parahaemolyticus
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""" -"a"" ^..."" "J ."""'
Oo\ " lo- Oo-
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Trimethoprim/Sulfamethoxazole

Tetracycline

Chloramphenicol
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Clinical Guideline: Postural Drainage Therapy (pDT)

q6r,r: irvxrdrri

nr: fi :r-6rrunr u at nrir u-olrIo"tu:;l:.r

dlnnfi ndrrneirhnr#nur'[o-ors-uuurrlilhrn,:nRfi r nr:ollo:rr.rr.rlrrr16ulrrlo:rJuruoir.: 1 leirrri

{oyirrfi a::lrrrarx! n1:o"oyi.r Lrnlnrrr{Angi,t lrfl ;
zu ",lrlni.l cl''ooir ir t nil nl :rnrsrj ao r, n:hia nr: du ao

ryrofi nnr:'lanianr:rlrhiri arr,: 16urr lloliil
u-l riluo r ri:l:: n ar *r rirylunr:in ur rfi a o-o fir:::jr u

e ".-rsu:rfiarir'lriraru:iouloijr u 1r -01 rioun{,:fi eos-

tural Drainage Therapy rir n rl ri1:.1n":j nr:in nrgi? rJ

nl:y.lUalAon aU (aerosol therapy) Ltn:n1to!tn:3 jJ

rrr16ulrulo::Jul,uoirr 1

(7-'t2)

- ntgntuftu"oyt:rron

- nr:o'orir rfi a:! u1u [ flr1{: [!d; n1:rn1!
:Jao uo;

- nr:#u ao

PDT 2.0 r,itfiulill rirrirfrooru
Posturat Drainage Therapy (pOT) Lilunl#nt9t

rfi arirulunr:iau::1J,r u rdrjyli (2,4,5,8-i o,13-1B)

uo;rhly" ventilation Ra: perfusion auonriu 1ts-zs;
uo:rira'l,nhr functional residuat capacity (FRC) (17,

z+-so1 rdrririrrJn6 To sJ ora"sJH ajr oru:rlrilrirr
la. onua:u:,rolnrrruandrfi oornnr:n::rhra,rfi a

qiar:'r.ran :rrfi.rnr:nfi nq"rldo:;rrurfl&l3 n1ln,l!
nr:du oo no:nr:la

2.t nr:ninn-:

nr:nh n oir riJunr:yrr.tur alir,: nru:a::unu
rrur u o urd a rir lril fi o n r :1 u r u er-r1 o.r I a o, (1 g,22)

n r,: 16 ufi r !10 n",: n : ri ei:J r u fi ril u 16 n u o : dlr r! a'r u
sia,:nr:nrrlirnfl lfqiqfuloorhrqrnoiolunr:Jfr :tSeito

n'lrr:aInauornrinim6t1unr:h.inr:ouoinBr
.tA
lilu:r uuon rfi olfrfi orl::Rr-rnrnlunrr:-n ur u.r nd qo

2trn1:$u,:yiunuurt lritunrrinrrniua d;roni',orr',oi..

o ufr r rl o o:tiuir I nil ln o ffo nr::"n r*r 6 u 160 "nr:{o

Ylll a:::JTtra u!(Postural Drainage Therapy: pDT)"

(clinical g u id e tin e 1r.: r rie u n"ulun r:! fr ri6l r ul o u

lturrudrrfiunr:birilul lufi alartr6urn"uua'r Hn6

ri a rfi o uri frjr u riJua zir l rur n ua n or n dnr::-n ur oi? u

nt:o"orir ilr.L n"u nr:o uo::uur.l 16ur r ulo::J rru:.1d r-l

rdu nr:rqx nrrla rflueri ri,:riJucirur.rdjfidr uao
I a ; --um111 n't:rnqn1131.[? ttJ LUU luqt!1 Utuou nfn!.1

o"r a zilul:ru ar lr o ururi a n: ri#loiir nr:oryi arir u

r sln'loirflu a dr,16 rfralornuurrJfr:tGnr:inErct"r a
:., d n -Jnlmoyr'u a:3u'turff1,fi !nrnn1u1'Lyluotrj[noolo

Rt'llJll'roln RESPIRATORY CARE (Respir Care

1991 ;36:141 8-1420; fi rdaurfi o:16uo:ouoo!
rrlrlurinr:r.1fr :rG unrnro.jrrir'l fi dloGsl6sr
l{rfl unrl*rln uhirin nr tntrrir rioleiila nr arir uld
a rirrnn gio.r un;trltl gt:

PDr 1.0 ?;nrr
nr:inl*trirunr:o"orirrfi a:rur arall: (pos-

tural Drainage Therapy: PDT) riludrund.:ro.snr:

ouninusznrr:u3rrr*lnaornl ao :Jtnalcirunr:
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?r:.nfl nianrrx nfiiui ri

r!nrn1:d.c tilua anBLoulura ao t6 oquoi6dil (19-

2't,3i ) n1:n A n o-2 o tjt.: sri r tsl altl ni n qt: un.: T': a

rinoir nur:n:Jiu4rLla':t6ul1o"orln?.lrlYlu?l'ru

rtarfirhuucia:nu aroair anr:h{n':h urir Eir louto'l

i rnia.ri o r':ainurir rrirlli ( 21,22,33-95)

z,z nr:dnrirtfio:sultlld fis (Postural drain-

age)

Postural drainage tilunt::;ur stltlt4:Iou

ardurnr alu:rlfurirlrt ollon6l lcutrsal n !!111.:

rl ood oia.: m:}J{vio s l n or I u{rnnlitto anoir an'r:10

nSon nlnnr:dr fn1 2,4,5,1 1,1 3,1 5-18,26,29,36,37\

usi o : ir rl :: n a r cir a nt :o'q r t l st-r r a': utl ul a o

fr sl'ornr:"iau::uru rnr:l:hia d rvrfi oqi all{ LLUn carina

Io uriilirlr ucialrituru ::lru g fil ts urfiria

flfi rs sfufi r rn:rnr 2s49

PDT 3.0 nr:6'on1t
.l, " i ., 6rtee a

Guideline us1lr'r:nrl1 Lllljt!qnq tt ton!lon

iiloduuo: {1u qllei ufirqrru :nGa:ldn"rtr:n

16nrfi nun;16nIErfi orrr: 6l1d poT lunr:inrrleiorjrr
\

nir.rmrlorrlfi oir'r 1'teiuri

a.t uriru":Jruinqfi
g.z vrir u firJr uriuur{iu (ln-patient acute

care)

3.3 nr:o unqio tdal u a: n r:t tiotul vt"n u; r r ':

n1:v{ u']]J1 fl
)t

3.4 n1:lfln1TO$Ar!1r-l

3.5 n1:grrdu:J1rt' rruan lrJ-nfr.r

s.o farrJ fr :-r"fi nr:rfi onr:ifilfu

ror n.o dori.ri
l.t nr:nhnsYr

4.1.1 riil?udtriflrlr:nt 6luu o':
Ite te -r-lrufiloiilnr:

Yi'rYt1':qr?u9tuton [q to $n H'

Rrrn':atdrurrslo fiI:o ylr ':::tl utl:: ml uo:

n{rilrdo ldiuurifi Hnfi rhiulurro;neiaull:':o't

+.t.2 aqilurirfifinr:rnnt duuoonirou

hi6 rriu fil:nr3rr ru:rja qdr llorir'r nd':

+.t.e fiIanrsrfiont::Jaoulh latelecta-

sis) lri (24,26,30)

+.t.a lffi nr:nrrianr.tr6urrllooirl ";

4.2 Postural Dr&inrge

+.2.t i a r nr:d ril I a n'i r fi'r fi I sr r:
ril qir 

': a eiui a:lrr I o a ntqiur n

4.2.1.1 ::u't u t( u;aanlqiurn

a ri ufa :ldir u'rl"r rel u : ud'l

4.2.1.2 i) a1n1'titril I a n'ir s"l fi

rauur n'r rYr.: o dlS tr rxviavrr 
': 
rGulr ofinrti

4.2.2 i!r'11i atelectasis Iosia'rrlEarn

nt:rnrrdradtlnuru$uto'ltuol an (mucus plug-

arourun'irdluur'ttqr,n:n:ri (4,6,'l3,16,18,20,29,

3e+of o udoorllror:grurirnrlrt alnr:n'orirrfi a

::lnsrE:J$:fiiaaroeia':rJfu rrl6uutloruo?TuYl1111'11{

ro.tf ruusia::'lu

23 u:qnt:r4rotnnrsugndn:"tirluvt:llon

2.3.1 n1:!n13 (Percussion)

nr:rnr:rr:tufi ':nt:viafi a3:Jrira nllollrla

fi rirrr:rurda ::trnritdt'{a''tlruonfornior4rlr'irfi o

nT :rndauturlSrrrulri':r:rlanun; oo Iolnr:
, .)en:;yl I at5oa!nf oirql 0{n'l:tfl 1;fl Rfl n:.J?lt?'t0n

a drltfl uo"':rr: uat ri r tfuth3lt nlrl ult J o ofi ciol nr:

ingr (+,t9,+tla)

z.g.z n'ttfiu Uibration)
i-.t

nl:frul un1fll'EUno lanl:lnounn:u1nl'talr

o dr 't 
n: t6 u o oir u nrrlffi a no a.lr-ru6In:l uSrr ru

aosiruficiornr::!1ll uGftJ11! rlufr srvrr.r rd s r n"l

fi n::ondln:r ua: rda rd a ei aul-:rrrxm:rlon tfi onr:

rnd audtur r*rrr uh a on u"':hjfinr:n1 Hnao't

!:r?n.rnrn i'rnr: rSan'lrrrfilun'rrtdrrnfind

(2,4,1 3,27,28,3O,36,38,39,45.47 )

E3

ging) (24,26,29,30,54)
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4.2.3 inl?tcystic fibrosis (i,5,6,13-

15,18,36,55) bronchiectasis (4,5,14) nia cavitating

lung disease

q.z.+ ie,t urj on aatlurr.:16q r!1o
(5ds8)

l.s nr:lil'on:;rirsiom:lron

+.s.t n:dfi fi rarrr:1urj3rurorlr nria
fio{sia,r nr:dr ull'rn rciaurr nduair r unnfin

nr:rnr;tia fu:Jaolo rrhirlril posrurat drainage

PDT s. {or{lil
n r:qr-n Aulolfnr:in ur oY: a pot oia.rrirnr:

or:ro :rriuua;lfnr:inurorrlnrrlrurrur a.i

d:Jrulu::r:rrarfit urulfiunrr u'ir ril* fi

14 llJOnU

5.t nlti'ndt positioning

5.1.t frlrir postural drainage ylnyi,l

1un:d

5. 1.1.1 infac.anial pressure (lCp)

1nni1 20 u. :an 1SS,OO1

5.1.1.2 uro16uuSrr ru6:u: unl
o a oun:lyr".:1d6i.l nr: :!na{[o'? (A)

5.1.1.3 !6oolxni?lrir:i nemooy-

namic instability (A)

s. t.t.+ rfi llsi:"1nr: air qio n:: o n

frl,rn-.: rriu taminectomy lianr:lror6lbfiuufri
rio nr:o n rii-ru a",r rdst.lr'{ fu

s.1.t.s nr:lror6,u'hauna"rr.ria

n::oniurn"rrdu! iu uiafi nr:tarfl uriao

5.1.1.6 empyema

5.1.1.7 bronchopleural fistula

5.1. 1.8 pulmonary edema iuniU
i congestive heart failure

5.1.1.9 pleural effusions 1u1o

Vol. 39, No. I January 2006

5.1.1.'t2

Lifi nait cnest irruriro

5.1. t.13

rfilrir tcp

r-{'rootflutdao

si rrorrlriulnfiars.:
A'

unnl]lfrrJ tr.r to

5.1.2.4 fa,l ai

s.1.2.5 16ir"u n1rriro"ou o ao

a'ln1:

s.r.z.o rfililarilur6aofi orofi
zu n o r n u ri.r a odrlar'i:r nr:iir sio ili okiiri.rfiin r*r
(5s)

s.i.2.7 riil? u {i'lil s1rr1:nn?uo lr
yn,i!d xiItln'Ldd rdu nr:nreruolr,rr: liorfi,r
rw , -J I )'loirualnlrriaun{1fr 

rff o,:trnrfi u,rsionr:rho"nlEiiru

s.t.s rir ru do 7ir fi-r n.r lu " rsnrtJriu
r - I a r.2
tn$od'rn'ra l6i:!u'ttnl''lfi nag[d aoori

s.z nr:'l{n'on:crirsion:xon uan rrfi a

--,1n1n nn1? T,u1,istuud? u{fll lunt
5.2.1 subcutaneous emphysema

-^^ F ! e!
b.z.z tyi{ tot! nT to lt ul ffnult:aoo u.t

nhl a-r.r ue,rnrr?h.rlu1r a.m:uurj:: alnrin rutJfr rr a',t

J.z.J l \r toTUn1t9.1't0to!0 nnT u?.t?1lu.:

u-: a nr:u nilo fi:rrir:.rirr rur:l.l o n

s.z.+ n'rJ.lrtrlhf ririouorn fi uHnrilo
- -- t -un: ?ll nootta!:t?Iu14:?ian

s.z.s rd.:leiilnr:ld tansvenous pace.

maker fiia subcutaneous pacemaker

5. 1.1. 1 1 {g,:a1u r"r'ilrufi iirnu ilio
iarnn',rradrLisnm:nruynusianrn duur n,:rirrn,:

n:ton{ tnl\t$n01nu$:a

alA
lJ lL 0 ru19tO 1|: A tUa rs a

dr n"r a dlurir r alr uo"'r

s.t.z rirar{ovirfirdr lun:ni
5. 1 .2.1 intracraniat pressure (tcp)

> 20 mm Hg(59,60)
AAEJ.1.Z.Z AlJ1U?,A1:n n n tA g,tnl5

ar wvtnu HU?uY| [n:! nl:H't9to f,ll a{n1t

,.t'to9r0t1

5.1.2.3

lur!

5.1.1.10 pulmonary embolism
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r1:dr:mf,fiflnrtt| nrtliu.r] ri

(pulmonary tuberculosis)

5.2.7 lung contusion

5.2.8 bronchospasm
ir

5.2.9 osteomyelitis 1a{n:!ons Lrl:n

5.2.1 0 n1?!n:lonq (osteoporosis)

5.2.1 1 coagulopathy

5.2.12 eiLl1 ttfi iluti:.r:lrolSrr nrHril

Yrt?,t an

rlrriurro A nurufi .: hi,ir liluqia'rriluriarirI

ruo1rifi crirrdalrnrairul:larirstrlr:sl

PDT 6.0 6'lrnlru/ Rllvunlndou
6,1 Hypoxemia

drdnr: rirniofi nrurfl uhjldlunr:rirfrufi t

lrrnfr.rrnsrr,{uriairrurlrilo:tfi onrr: hypoxemia

hirfi r nrr l rrilriul al o onGtoudu tir{rJrurfio

nrr:dr nr:binr::"nur a d ldrfilaonirourilu t oo"/"

r q oLin r :in ur riufi rrl d u uYi r Yn r d 6'01{o qilrifl u

rirrin 16r rr fi oun"r ri aulfnrt'nnr ttncil 6o oi a *rvr ti

oia r urila'h {rh uteiilt venti lation ar n R{ ttrq da

'[qinorfiurrirrlulorrriu nr:rd n 16 a.: nr:tff o
AA

Hypoxemia lu{ rofrn unilateral lung disease

lurr*:o-o postural drainage srlr:n{ohirJoo6nfi fi

ilrgrrlf a { oir ur uuruoirueir.: (2o,22,48-50)

6.2 Increased lntracranisl Pressure

drdnr:rirnioiinarrlfl utlld'lunr:rirfi'rrfi 
'

rqobinr:inur r:ldruvirvnrdi'o'[{a{hiriluvirr"n

16rrriaun"rriouLinr:innr un:il6 o eia uyi vrf

63 Acute Hypotension durilg Procedure

drfi n,llrilriofi nrrlrfl u}J161unr:rirfi'ufi ,

r q ohinr:in r*r rrld uuvirrr li o"olia dhiril uvili'n

rGlrliauriurioulu'nr:inl*r ua:316ooiarrnnd

6.4 Pulmonary H€morrhage

d'rdnr:rirviofi n: rurfl uuldlunr:rirtiufi t

rqohinrrinr*r rrld uuviur':fr o-olia qibiriJunrr{n

flfi rc qu"ufi t ltntrnrr2s49

16 l rri aunl-r ri aulrdnr#ntr ualil 6 o si a rtyrn Iir-ufr

b-a {fi 
'rn':J':ulo llr'a an6tou:ooun'iro;lffi nr::linsr

i^tlllltoll

6.5 Psin or Iniury to Muscles, Ribs, or Spine

d{doa:f rrl5ofi narurfl uuldlunr:rirfi'r'rii,

vr u ohinr:in r*rdr nr o iro: riluririfi H olo uo:.tsio
z a - iau'lurlfrirjrua1n1tll a{Ntl1tl'!f*;!{u !l4aa{te

rvirdo:rirlqi rra:6oc\arlSnurunrti

6.6 Vomiting rnd Aspirrtion

dsdnr:tirfl iofi n:rrrfl u}Jldlunr:rirrYufi ,

ruo1dnr:inBr rir ulfn r I r 6 uvrr 81oI ii 
'r 

qir u nr:

oorarworrnlrdrrilu biaanirau rlrhinrll6u

urBtoIiir rriduurirnrIfi o'qlia{lniiluilrrintdI

lu,rfi aurYrri o ubinrrin ur n;6o ei o inur utlvr Iin"ufr

6.7 Bronchospasm

drfi natri,lriofi narrufl ul ldlunr:rirfi'uii,

u uolrinr:inrlr lrlduuvirnrlfi dqlia{hi'rilurirvr"n

r 6 er rr fi a urir ri o uhin r::"n r*r tr{a qi rir 1'il r ulo u1f

aon6mu:aouniro;lqiir.lnr:rjinrrrfi It6ltfr Irn":l

n1itli bronchodilators.

6.8 Dysrhythmias

d'rdor : ri r n?oii nr r u rfl uu'l61u n r:rirtYufi t

v aolfnr:inr*r 1116luimrrfi o-oliaq]hirfl urirvin

rG ru ru i aun"r ri au1fi'nr:in sr ua :51 6o oi a un vr Iifufi

h{a {nirl{rh uloilria an6tou:aoqn'jro:td3!rna6nur
t-

tv{ [otJ

pnr z.o dsqirn'o:

7.1 nrrinuroirl por arirlilJ::frn?nrnltu

{intnoia':rJ:: qnfl riur nt:xlrit.l:r urtuvtrlnr:ulir f
1ufitir sucia:nu d': orohiaur:ntfnr:inr*rlei'lu

Y e\e rr
nn1u00 r Lol!! L?

z.z nr:vlrtftrrlt6urrulold.lorolilLfi rrdlil

85

n:fifirhrfihirur:ntaleiodr.rirJ::fuGnT rT



Bull Chiang Mal Assoc Med Sci

7.3 n1ri'o yi'r yn.t rd o nr:iou::ur u rar:r:
hmurrnrirloiyrnyirfi qia,:nr:ri o ri r u o uluenm:Lh u

n:a?nqouln

PDT 8.0 fl 2rr.rri1tfl ulunrrnreorJ:crfi u:
nr:rirnr:o:ro ::riuo"reialildrdafi or:rur

nrruirrfl uhnr:inurcirarlnfin postural drainage

8.1 rrrr: rn'niarias

a.z lo fi r.l::-sninrnrS atri

105:: nr:in ur o"r s por u {'l fi ar nr :6du loiuri nm r
bronchieclasis, cystic librosis, lung abscess

8.4 !eu{ breath sounds ion{ lta cracktes

x;a rhonchi rlrlu'uriloloiir lr-lfirslr: a d

^- 4 'j 'd.5 nltt:iaul,|uUn\tnli tul tyl
e.6 nrnrir a r r.r i,r f;yr:r Jo nriru on6lnrrr

fio nd r:iu atetectasis, mucus plugging, uiainfiltrates

8.7 fi't arterial blood gas ll":a orygen satura-

tion Bon,rn'j'r16rJ

PDT 9.0 HOt O{Rrrn:?o rslii :

Hnra,:nr:qr:lo :aiuoiotldrfl urfi u.lcr-rlty]u

:r"o nluir'rjru:rurJnnofi fi ornr:6dumnn1r:-nur

u siLilfYu u r u :r ri #i o u u r'i d,i,l r u r. o snr r :'ldu ri

a"filaiiu nr:nr rni a.r d? u rr ulo or nhilqiH o nr:in ur
oi,rdor'lrflrurrpli r,riu ffi orrniar.riruuruloarori.r

R,rirsruu;lrnnir 30 mUiu fi ouuoiiaronr:inur

du j 6du r,riu breath sounds fr,:ld-lrnriu nrnrirl
nrr:"rf,6du raiai comptiance aoturuqir rndu
uor u:,: qirunr:rr uh ria u a,l

s.l flanrl 6sun arGrrouarw
riril u'ir r.irjr udldifu rir a ri.r,r r 6ld u n'r uai n r:

inBro"ru pDT sr rL r: n ri: rig":J r nl l: o o n lr lel'lu

:Jir:rruiriotnir zs muiu ririrnr:rir por u-1lili

rJ::Rrinrlrrfi ulno (3,5,7,9,1 1,12,38,40,46,51 -53)

ridrda,rornui.jr orililn 6{ti2 rrdldldt!n.rffi rrrrir g

e.s ::i6firfru?1ialn"l:lq.n.lal oo6lrot s,z nt:ld6rruda{ breath sounds u:'r:otdoo

Vol.39, No. I January 2006

PDT fis'M:nn-ulsrrwaanlrira.t 1b to 30 mUiu

rSaarorrnfil 70 or too mUiu drnrrint r0i?u pDT

Ljsrrr:nrfi rnr:lilrsulaanlailrnn.ir 30 mu

iurilrilud'rriodirlitqirualunr:inur rnrr:enl n6
Lez-
uulsrl:l;nnz=:laonmlo-lrnriuriluHnrJtnTnt!:lu
' - '-- :

oi'r{ g o-a{'laii!{1 1nrilu nr::"nureirui6 por

6,: n r :Lir i a ir l n r u fi :-l r u lo"ir.r rir r r n n o oir r
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