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Abstract r Effects ofAerosol Therapy and Chest Physical Therapy on Oxidative

Stress in Blood and Tracheal Aspirate Fluid (TAF) of Pediatric Patients with
Pneumonia

Leelarungrayub Nr, Rattanapanone V'1, Borisuthibpanditr, Kongtawelert p2, Chanarat N', Banjerdpongchai Rr

The aim of this study was to determine the effects of chest physical therapy which were to remove

secretaon and re-expand the collapsed lung, with and without aerosol humidity therapy on the oxidative stress in

the blood and tracheal aspirate fluid (TAF) in pediatric patients with lung infection. This study determined the

levels of malondialdehyde (MDA), hyaluronan (HA), sulfhydryt group of glutathione (csH), and alpha-tocopherol

(Vit E) concentrations in the blood and TAF of 40 pediatric patients who were suffering with lung infection. These

patients were put on tracheal intubation and consulted to physical therapy because of secretion accumulation

(n=25) and lung atelectasis (n=15). All patients were randomty divided into two groups (A and B). Group A

(n=20) comprised infants with a mean+SD of age was 5.3+0.62 (range 2-12 months), who were treated with

method 1 (regular chest physical therapy: postural drainage, percussion, vibration and suction). Group B (n=20)

comprised infants with a mean+SD of age was 5.4+0.63 months (ange 1-12 months) who were treated with

method 2 using aerosol therapy (0.9% normal saline solution) followed by the same therapy as in method 1.

Both groups received treatmenl for 6 days. The levels of GSH, MDA, HA, and Vit E in the blood and TAF were

determined by dinitrobenzoic acid (DTNB), thiobarbituric acid reactive subslance (TBARS), enzyme linked-

immunosorbance assay (ELISA), and high performance liquid chromatography (HPLC) methods on the first and

the sixth day of heatment. The clinical progression was analyzed from chest X-ray tilms, lung injury score, and

oxygenation index (PaOr/FiOr). The homology of variance in both groups was analyzed by a Kolmogorov-

Smirnov test and data compared between the first and sixth days by using Two-ways ANOVA and Bonferoni in

the SPSS program.
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After treatment with either method for 6 days, the level of malondialdehyde and hyaluronan was

decrease. While GSH and Vit E levels were increased in the blood and TAF. Treatment with method l, or

regular chest physical therapy, showed a significant increase in GSH level in TAF, and a significantly reduction

of HA level in the blood and TAF. The results also revealed a significant improvemenl lhe oxygenation index

(PaO/FiOr) as well as a decrease in lung injury score when compared with method 2. However, treatment with

method 2 was able to increase the GSH level slightly and reduce the HA level in the blood and TAF. Although

there was no difference in the effects shown between either method in this study, thechanges in the oxidative

status provide a preliminary evidence showing the advantage of regular chest physical therapy at the biochemi-

cal levsl. Bull Chiang Mai Assoc Med Sci 200s;38: 160-l?2.

Key words: Chest Physical Therapy, Oxidative stress, Pneumonia

1 Clinical Biochemistry and Movem€nt Scienc€s Resoarch Group. Dopartment of Physical Therapy, Faculty of Associat€d Medioal

Sciences, Chiang Mai University

2 Department of Biochemistry, Faculty of Medicine, Chiang Mai Univ€rsity

3 Oepartment of Pediahic, Faculty of llledicine, Chiang Mai University

4 Oepartm€nt of Clinical Chemistry, Faculty of Associated Medical Sciences, Chiang Mai Unive.sity, Chiang Mai

Introduction

Respiratory tract infection with virus or

bacteria in both the upper and lower airways,

stimulates macrophage activity by producing free and

non-free radicals such as superoxide, hydrogen

peroxide, nitric oxide, hypochlorus acid, nitrogen

species, and hydroxyl radicals, under which a signal

transduction process of nuclear lactor-kappa B

(NF-kB)1'3 can be performed. Free radicals and

various signal pathways can initiate target tissue

damags with lipid peroxidation, protein oxidalion,

carbonyl oxidation, and DNA damage. The activity of

myeloperoxidases from neutrophil in tracheal

aspirates can promote the lipid peroxidation in preterm

infants 4 Interestingly, the end products of lipid

paroxidation, which are detected in the serum and

bronchoalveolar lavage (BAL), are malondialdehyde

(MDA) and 4-hydroxynonenal (4-HNE)'c The innam-

matory signal pathway still stimulates the hyaluronan

(HA) degradation from the extra-cellular matrix.6-8

Therefore, this study measured the MDA and HA

levels in the serum and tracheal aspirate fluid that

reflected the level of lung injury severity (LlS).

Protection or inhibition of the free radical is a

function of two types of antioxidants. Bolh are a

co-reaction for reducing the toxicity in intracellular

and extracellular parts.g Enzyme can primarily

reduce free radicals and chemical substances in the

body such as alpha-tocopherol (Vitamin E), beta-

carotene, uric acid, ascorbic acid, or glutathione

(GSH). Both antioxidants are a co-reaction for the

toxicity ot intracellular and extracellular parts. GSH

is a tripeptide, which is widely distributed to the intra-

cellular and extracellular parts of various areas such

t62
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as blood, nasal lining fluid (NLF), and epithelial

lining fluid (ELF). The specific protector plays a

special role in eMhrocytes. Total reactive thiols of

normal human eMhrocyte comprise thiol-groups of

80 to 85 % hemoglobin, 10 to 15% GSH and 5 %

membrane protein. The alpha-tocopherol represents

the primary chain-breaking antioxidant in a hydro-

phobic environment, as a scavenger of peroxyl

radicals that may be generated from lung infection.l0

GSH may be involved in the regeneration of vitamin

E.11 This view is promoted by observation of the

protective effects of GSH against lipid peroxidation

in various in vitro systems. The key of glutathione

(GSH) should be mentioned, as it is responsible for

maintaining a reduced sulfhydryl intracellular redox

state from reduced free radicals.l2 This study deter-

mined the total non-protein sullhydryl (TS) group of

GSH and Vit E as well as MDA and HA. lt focused

on the antioxidant changes.

From previous details of the free radical and

antioxidant at biochemical level, it is very important

to follow the progress of the lung injury in the

physiology. LIS can be determined by the compo-

nents and individual values of the lung injury score.

The LIS is classified in three classes; none (<0.1),

mild to moderate (0.1-2.5) and severe levels (>2.5)

that have been modified lrom the protocol of Murry

and co-workers.13 The score is obtained by dividing

the aggregate sum by the component, which is

composed of fourcategories; chest roentagenogram,

positive end-expirated pressure (PEEP), respiratory

syslem compliance and oxygenation index(Pao2l

FiO2).14 A reduction in the score can predicl an

improvement in the lung injury.

The clinicaltreatment of pediatric patients with

lung infection or pneumonia is supported by ventila-

tion and oxygenation with a ventilator, as well as

depressing bacterium activity in the lung with
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antibiotic drugs. After lung infection, the defence

mechanism ofthe lung is represented in various ways,

especially in the inflammatory process. Other defence

mechanisms produce sticky mucus, in which there is

a great deal of substance that can kill bacteria or

inhibit their groMh with a mechanical trap. Adversely,

the mucus may cause a cough when secretion accu-

mulates and lung atelectasis occurs.15 For practical

treatment when atelectasis and secretion obstruc-

tion occur an patients, most doctors refer them to the

physical therapist for chest physical therapy (CPT) in

order to resolve the problem, prevent complications,

and, thus, improve the lung function.l6 After

physical examination, regular chest physical therapy

is generally performed with specific techniques, such

as postural drainage, percussion, and vibration. The

modified of chest physical therapy to loosen

thickening secretion is performed by co-treatment with

aerosal humidity (0.9% normal saline solution).

However, there has been controversy in discussions

regarding the effects of humidity and aerosol therapy

with a metered dose inhaler (MDl). Therefore, this

study was interested in the effects that differed

between regular chest physical therapy and regular

treatment, which had been pretreated with aerosol

humidity ftom a MDl. Especially, changes at biochemi-

cal levelthat were determined by the malondialdehyde

(MDA), total non-protien sulfhydryl group (TS) of

glutathione (GSH), alpha-tocopherol (Vit E), and

hyaluronan (HA) Ievels in the blood and tracheal

aspirate fluid (TAF) after six days.

Material and Methods

Subjects

The protocol of this study was approved by

the Research Ethics Committee, Faculty of Medicine,

Chiang Mai University. Participants were checked for

risks of severe anemia, low level of platelet count, or
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clinical status for the exclusion criteria. Before

carrying out chest physical therapy, physicians looked

for symptoms of secrelion accumulation (n=25) and

lung atelectasis (n=15). All patients were randomly

divided into two groups; with those in Group A (n=20)

having a mean age of +SD 5.3+0.62 months (ranged

2-12 months) and those in Group B (n=20) with a

mean oflsD 5.410.63 months (ranged 1-12 months).

Information about their previous history, medica

evaluation, and treatment were recorded. The venti-

lation setting and arterial blood gas analysis such as

Fl02, Tidal volume, ventilator pressure, positive end

expiratory pressure (PEEP), PaO2, and PaCO2 were

recorded within six days of treatment. The laboratory

data such as chemical and hematology parameters

were evaluated.

Chest Physical Therapy

The chest physical therapy treatment followed

the guidelines of the American Physical Therapy

Association (APTA).19 M"thod 1 was a regularchest

physical therapy that comprised postural drainage,

percussion, vibration, and suction. Method 2 was

regular chest physical therapy, but pretreated with

aerosol therapy (0.9% normal saline solution) using

NIDI for 5-10 min. Both groups were treated three

times per day for approximately half an hour each

time for six days continuously.

Srmple preparation

Blood ('1.5 ml) was collected by using acid

citrate dextrose (ACD) for analysis of the plasma

a lpha-tocophero I and total and non-protein

sulfhydryl (TS) compound in the red blood cells and

it was preserved at -2OoC. Another '1.5 ml of clotted

blood was collected and serum was separated for

analyze of MDA concentration and hyaluronan.

Standardized procedure of tracheal aspirate fluid
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(TAF) was performed by collecting it from routine

suction with '100 mmH2O of negative pressure. TAF

was aspirated and preserved in a sterile specimen

trap, mucus extractor#6 (Endomed company limited)

with 0.9% sodium chloride solution. TA samples were

kept at -20oC and analyzed for the TS, l\,lDA, Vit E,

and HA within a week.

Mequsrement of MDA the thiobafiituic acid reaction

subslance (TBAR|) sssa!

The technique, TBARS assay, was modified

from the method s1 5616 (20). In brief, 0.45 mt of

normal saline solution (NSS), 0.2 ml of Thiobarbituric

acid (TBA) (Sigma; St.Louis, MO) reagent and 1.0

ml of '100% Trichloroacetic acid (TCA) (Sigma;

St.Louis, MO) were mixed with 0.1 ml of serum or

TAF. The mixed solution was incubated for 30 min in

a water bath at 95 "C. After cooling, 2.0 ml of dis-

tilled water was added before centrifugation (3,0009,

'10 min). The pink color of the mixture was measured

with a spectrophotometer at 532 nm. Readings were

converted into g.M using Malonaldehyde bis-

(dimethyl acetyl) 99% as standard. (Aldrich Chemi-

cal Co. Inc. USA) (5-50 ftM).

Measurement oftotal sullhydryl (TS) group by DTNB

reagent

The non-protein total sulfhydryl group in whole

blood and TAF were determined by the modified

method of Beutler-21 A mixture of 0.4 ml of whole

blood and 1.6 ml of distilled water was added to 3.0

ml of precipitating reagent (0.02 M glacial metaphos-

phoric acid, 0.68 mM EDTA-sodium and 0.51 M

NaCl). After the mixture was incubated and filtrated

through a No.1 Whatman filter paper, 1.0 ml of

supernatant was added with 4.0 ml of phosphate

buffer (pH 8.0). After adding 0.5 ml of

Dithionitrobenzoic acid (DTNB) and shortly mixed,
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the yellow color was read with a spectrophotometer

al412nm- The quantity of total sulthydryl compound

was read from standard GSH (Sigma; St.Louis, MO)

curve ('10- 40 pg/ml).

Measurement of hyaluronan by ELISA-based

techniques

The HA in serum and TAF were measured

using ELISA-based technique22. Briefly,0.175 ml of

sample or standard competitor (Haelon) (range 3.9-

1,000 ng/ml) was added with an equal volume of

biothylated hyaluronan binding protein (B-HABP)

(1:200) and incubated for 60 minutes at room

temperature. The samples or standard HA in rhe

microtiter plates (Maxisorp NUNC@, Denmark) were

pretreated by coating with umbilical cord HA (Sigma;

St.Louis, MO) (100 pg/ml) in coating buffer and

blocked with a 150 pllwell of 1% BSA in pBS pH

7.4. The plate was then washed with 150 pt of PBS-

Tween buffer. Peroxidase-mou se monoclonal

anti-biotin (Zymed Laboratories, INC.CA) (100,"r|/well:

1: 2000) was added to each well and incubated for

60 min at 25 'C. After washing the plates three limes

with PBS-Tween buffer, peroxidase substrate,

o-phenylebdiamine (OPD) (12 mg/ 10 ml of phos-

phate buffer pH 5.5 with 5 P of H2O) was added

(100 fLl/ml) and incubated at 37 'C in order to

develop color. Stop reaction was achieved by the

addition of a 50 pl/well of 4 M H2SO4. The absor-

bance ratio at 4921690 nm was measured usjng a

microtiter plate reader ( M ultiskan@M CC/340,

Northland). The absorbance and concentration were

used to construct a standard curve using Deltasoft

soflware on Macinlosh.

Measurement of Alpha-tocopherol by HPLC method

Alpha-tocopherol concentration was deter
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mined by the method of Shearer23, by using the

Reverse phase-HPLC C-'18 (spherisorb ODS-2,5 pm,

4.6 X 250 mm column) (Wate0. The o,-tocopherol in

0.1 ml of plasma or TAF was extracted into

n-hexane solution with internal standard o{ocopherol

acetate (10 mg/L) (Sigma, St,Louis, MO). After

mixing and shaking the mixed solution for 10 min

and centrifuging for 5 min, the upper hexane layer

was separated and evaporated at room temperature.

lmmediately before the HPLC processing the lipid

residue was dissolved in 200 pl of absolute ethanol

and filtrated through 0.45 pm pre-cut membrane

Nylon PTFE using syringe, and then 50 lrl of the

filtrate was injected into the HPLC column. The

mobile phase was 7yo (vN) dichoromethane (Lab

scan, lsland) with a flow rate of 1.0 ml/min making

the pressure in the column between 2,400-2,600 psi

and the retention time of alpha-tocopherol was

between 3.75-3.90 minutes. The absorbence of

alpha-tocopherol al292 nm was detected by Conta

N.4eric LDL Analyzer. Standard alpha-tocopherol at

10 mg/L was run along with the samples for calcula-

tion.

Statistical Analysis

Normal data distribution of both groups

before treatment on the first day comprised ages,

sodium, chloride, potassium, lymphocytes, neutro-

phils, white blood cells, lung injury score, PaO2lFiO2

ratio, TS, Vit E, MDA and HA were checked using

the Kolmogorov-Smirnov test. The GSH, MDA, Vit E,

HA levels, lung injury score and PaO2lFiO2 'atio ot

the 1"'and 6'" day in both groups were analyzed by

Two-ways ANOVA and Bonferoni in the stalistic

programs for the social sciences (SPSS) for

Windows program. A p value of less than 0.05 was

considered statistically signifi cant.
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Rcsulls

Forty pediatric patients were randomly divided

into two groups. Group A (n=20) with a mean age of

lSD 5.310.62 months (ranged 2-12 months); and

Group B (n=20) with a mean age of 1SD 5.4:0.63

months (ranged 1-12 months). They were treated in

the acute care unit of Maharaj Nakhorn Chiang Mai

Hospital, Chiangmai University, and included in this

study from July,2000 until June, 2001. All 40

palients were referred to a chest physical therapist

with symptoms of secretion accumulation (n=25) and

lung ateleclasis (n=15). The underlining diseases of

the patients were pneumonia (n=10), bronchopulmo-

nary dysplasia (BPD) with pneumonia (n=12), heart

disease with pneumonia (n=7), respiratory distress

syndrome (RDS) with pneumonia (n=2), sepsis with

pneumonia (n=3), and miscellaneous conditions with

pneumonia (n=6). The medical diagnosis was formed

by investigating all patients with exacerbating chronic

lung disease. Pretrealment, from lhe sputum culture

in group A patients, showed mostly contaminant with

mixed organism (n=9), K/ebse/a pneumonia (n=3),

Pseudomonas aerogenosa (n=5), Streptococcus

pneumonia (n=1), Kepsella pneumonla plus mixed

organism (n=1), and plus Kebsella pneumonia (n--1).
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Whereas, those in group B showed contaminant wilh

mixed organism (n=6), K/ebse/a pneumonia (n=3),

Pseudomonas aerogenosa (n=5), mixed organism

plus Pseudomonas aeroginosa (n=2),Slreptococcus

pneumonia plus Kebsella pneumonia (n=1), Kebse a

pneumonia plus mixed organism (n=2), and

Pseudomonas pneumonla plus K./ebsella pneumonia

(n=1). The age of the patients matched, MOA, HA

and GSH in the blood; IVDA, Vit E and HA in TAF;

and the sodium, chloride, potassium, lymphocles,

neutrophils, or white blood cells of both groups at

the 1" day were not difference statistical analysis.

The MDA, GSH, Vit E, and HA concentra-

tions in the blood and TAF were shown in Figures

14. On the 6' day of chest physical therapy, some

parameters were changed. MDA levels on the blood

and TAF were slightly reduced when compared with

MDA levels in both group in the 1"'day (Fig. 1). The

HA levels in the blood of both groups wero no

different on the 6t day from that on the 1" day. The

results showed that HA concentrations were signifi-

cantly decreased in both groups, while HA levels in

TAF showed a signilicant decrease only in group B.

(Fis. 2).

;,.
!r

|.6.f.6.
Group^ Gioup B

Flg l. The concentrationE of malondiald6hyde (MDA) in serum and in tracheal aspirate lluid (TAF) using TBARS assay on lho li
and 6" day b€twe€n Group A and B. Oata .epresent mean+SE. The horizontal line bar r€presgflts lhe first day of koatment.

The vettical ling bar rep.esents the sixth day of treatrnont. MDA levels wilhin groups & days and bot$,€en days in each g.oup

wore analfzed using the two ways ANOVA.
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FIg.2. The concentrations of hyaluronan (HA) in serum and in tracheal aspirate fluid (TAF) using the ELISA based-assay on me

1" and 6" day between Group A and B. Data represenl mean + SE and the horizontal line bar represents the first day of

taeatment. The vgrtical line bar repr€sents the sixth day of treatment. HA levels within groups & days and between days in

each group were analfzed using lhe lwo ways ANOVA.

After regular treatment in chest physical

therapy with or without aerosol therapy, the total

sullhydryl group of GSH concentration on the 6" day

showed a slight increase in the blood of both groups.

Whereas, the GSH level in TAF were increased

signilicantly in both group after treatment (Fig. 3).
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Crol|p A

Another antioxidant, alphalocopherol in the blood

and TAF showed a slight increase in both group on

the 6b day, compared with the level on the 1"'day.

However, this study did not find a statistical

difference between group A and group B (Fig. a).

t"' c' t' 6^
G.oup A Group BGroup B

Fi8. 3. Th€ concentrations of GSH in th€ orythrocyte and Tracheal aspirate fluid (TAF) using the DTNB-method on the 1d and 6'
day betwoon GrouP A and B. Data r€present mean + SE and the horizontal line bar represents the first day of troatment.

The vertic€l line bar represonts the sixth day of treatment. GSH levels within groups & days, and between days in each

group were analyzed by ihe two ways ANOVA_

Serum

0.025
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,.1
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Group A Group B Group A Group B

Fig,l. The concentrations of alpha-tocopherol in plasma and Tracheal aspirate fluid (TAF) using tho HPLCmethodonthe lnand

6'^ day between Group A and B. Data represent mean + SE and the horizontal line bar represents the first day of treatment.

The vertjcal line bar represents tho sixth day of treatment. Vit E levels within groups & days, and between days in each

group were analyzed using tho two ways ANOVA.

For the investigation of clinical progression,

the reduction of lung injury score (LlS) and improve-

ment of oxygenation index (PaO2lFi02 ratio)

appeared to change significantly on the 6h day only

in group A compared with the levels on the 1"'day.

r^l

From observing the values on the 6h day, group B

showed a slight reduction in lung injury score, but an

increase in oxygenation index, which was the same

as in the group A treatment ( Fig.5).

220
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E roo
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.: 1oo
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l' 6''

Iig.s The lung injury scoro (A) and oxyg€nataon indox (PaO2lFiO2 ratio) (B) from the arterial blood analyzer and medical

ventilator setting on the 1d and 6" day between Group A and B. Data represent mean l SE and the horizontal line bar

reprosents the first day of treatrnent. The vertic€l line bar represents the sixth day of treatrnent. Lung iniury score and Paorl

FiO. within groups & days, and between days in each group were analyzed using the two ways ANOVA.
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Discussion

The results obtained form this study showed

the oxidative stress status of all 40 pediatric patients

investigated, which was representation the high level

of MDA and HA concentrations and low level of Vit E

ANd GSH.

The NIDA level on the 1"'day in Group A and

B was a high bolh in serum (21.58+1.3 Fmol/L and

21.4310.9 FmoUL) and TAF (34.913.7 and 31.6a3.2

Fmol/L) (Fig.'l). Normal value of serum l/DA level in

healthy non-Thai pediatrics under 1 year has been

reported to less than lO Fmol/1.24 The mean value

of serum MDA in this study was higher than those in

the previous study carried out in 32 patients with

lower airway infection (3.511.4 pmol/L).25 A

possible reason that could explain this is chronic lung

disease plus exacerbated infection that could

promote oxidative stress. The TAF contained a very

high MDA level directty reflected the vigorous

damage of the lipid compartment of lung tissue.

Some experiments revealed that an increase

of HA concentration was caused by oxygen-induced

stimulation from inflammatory mediatorsS, or oxygen

free radicals.26 HA is used as a marker in rheuma-

toid arthritis (RA) and osteoarthritis (OA). From a

previous study, the levels of HA in the serum of RA

and OA patients were reported to be 130.1182.5

ng/ml and 1601135.66 ng/ml, respectively 22 The

investigation in pediatric patients ofthis study showed

very high HA level values in serum on the 1" day of

3,545.01733.3 ng/ml and 3,402.11720.9 ng/ml in

group A and B, respectively. Interestingly, the HA

level in TAF in both groups was as high as the MDA

level in TAF. The HA concentration in TAF was

78O.O+25o.4 xl02 ng/ml and 640.41164.6 x102 ng/

ml in group A and B respectively. These higher

values had not been reported in the past. lt has been

proposed that HA and heparin constituents of the
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matrix provided significant extracellular antioxidant

protection, but the mechanism was unclear. 28

Level of glutathione (GSH) in red blood cells

is one of the parameter used for antioxidants for the

evaluation of oxidative slress in various diseases.

GSH can be both an extracellular and intracellular

antioxidant. In lung disease, GSH within ELF is most

likely involved in the protection of local functional

constituents such as surfactant. 28-29 16s lssrils

from this study suggested that the very low concen-

tration of GSH in the blood of group A and B (66.510.3

mg/dl RBC and 52.9!2.7 mg/dl RBC, respectively)

might reflect the low antioxidant capacity of lung

tissues. The level ofGSH observed in this study was

almost as low as those found in healthy newborns

with low antioxidant in a study by Metscvasht et a/.

30 Furthermore, a low amount ofGSH could be found

in an early postnatal life ot 24 daya in newborn

babies (range 12.5 - 66.4 mg/dl RBC), which was

significant difference from healthy adults. Although

the mean of age +SD in this study were 5.310.62

months and 5.4+0.63 months in group A and group

B respectively which was older than that in the

previous report, the GSH level was still as low.

Especially, GSH level in TAF, which had not been

reported previously, the levels were very low in both

groups indicating low anlioxidanl capacity in lung

directly.

Vitamin E is located in the membrane bilayer

ot the cells and its distribution depends on the

presence of extra-cellular lipids such as surfactant or

lipoproteins. Vit E is secreted by alveolar tyPe ll cells

together with a surfactant lipid.31 This vilamin can

inhibit lipid oxidation by trapping the chain-carrying

LOO'(lipid peroxyl radical) and changing its struc-

ture to nonreactive alpha{ocopheroxyl radicals

(c[-TO').32 From the values of Vit E on the 1"' day in

this study, group A and B showed lower concentra-
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tions in the plasma (6.311.1 and 2.4f0.7 mg/L,

respectively), compared to the previous report of

normal healthy infants aged under one year (more

than I mg/L) 5 However, the importance of vitamin E

in human respiratory disease is less clear, especially

when found in ELF or TAF. This study also found a

higher concentration of Vit E in TAF than those in

Dlasma.

Th€ effects ofchest physical therapy

The two protocols ot chest physical therapy

performed in six days has never been studied

before. The values of MOA, HA, GSH, and Vit E

levels obtained from Group A and B patients showed

no statistical difference. Both Methods of physical

therapy could reduce MDA level lightly in blood and

TAF (Figure 1). The HA concenlration in blood was

reduced signilicantly in both groups after treatment,

whereas HA in TAF was reduce significantly only in

group B. (Figure 2). lt is believed that HA can diffuse

through the membrane and dissolve in water. There-

fore, the possible explanation for the reduction of HA

in TAF of group B may due to the effect of normal

saline solution from aerosol humidity that help

removing secretion. This means that regular chest

physicaltherapy with or without aerosol humidity has

no difference in effect.

Surpdsingly, the GSH level in patients received

either method the chest physical therapy was signifi-

cantly increased in TAF, but not the blood (Figure 3).

A previous study reported that GSH is mainly as

antioxidant with a higher protection potential in ELF

than in blood. Normally, the level of GSH in ELF

should be more than that in blood by approximately

100 times. However, this study found a very low level

of GSH in TAF indicating the high oxidative stress jn

lung. Clinical improvement examined by lung injury

score, and tho oxygenation index was significanl
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observed only in group A. Although Vit E level in

patients after CPT with or without aerosol humidity

therapy was not significantly different ftom each other,

a slight improvement in the levels of Vit E in both

blood and TAF in both group was observed after the

treatment.

In conclusion, the results from this study

showed the changes ot oxidative status in pediatric

patients with pneumonia both receiving regular CPT

or CPT with aerosol therapy, although there was not

statistically different. However, the preliminary

evidence indicated the effect ofchest physical therapy

at biochemistry level. This work should be continued

in the future because there are still many questions

to be answered, such as those related to the changes

in untreated pediatric patients or interference from

drugs another medical treatment that may not be

fully controlled.
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Abstract : Quality System Development of Medical Laboratory in Upper-north

Region of Thailand following to The Thailand Medical Technology Standard

Salakchit chutipongvivat€,* Boonrat vongchompoo*

l\.4edical laboratory in hospitals of the Ministry of Public Health (MOPH) tasks are to provide information

for the diagnosis, prevention and treatment in assessment of the health. The laboratory information must be

accurate and reliable. Quality system is important and necessary for the purpose of National or International

Standard. National Standard of the Association of Medical Technology Thailand (AMTT) version 2001 was

implemented for medical laboratory of hospital in region 1. Twenty medical laboratories from Chiang Mai,

Chiang Rai, Phayoa, Lumphun, Lumpang, Nan, Prare and Maehongson provinces participated in this pilot

project. Check list of the AMTT were used to evaluate level of development into 3 levels. lt was found that

1 regional hospital, 7 general hospitals and '13 community hospitals increased their developed level of quality

system. They can upgrade their level 60% and no medical laboratory was in level 1. The percentage of devel-

oped laboratory from level 2 and 3 to higher level were 25 and 75. Two of 15 (13.3olo) hospitals can pass

laboratory accreditation. Seven of 15 (46.7%) hospitals were in the process of laboratory accreditation. lt was

shown that medical laboratory of hospital in region t had potency and efliciency to run quality system by

themselves. MOPH should expand the project in all hospitals. Medical laboratory which could not implement any

requirement must continue to analyze and implement strategy to develop quality system. Bu chiang Mai Assoc

Med Sci 2005;38: 173-17E.

Key words: quality system, laboratory accreditation
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Abstract : The study of anti-herpes simplex virus activity of green algae,

Chlorella sp,

Tragoolpua, Y.* alld Satafang, C*,

Objective: To study anti-herpes simplex virus (HSV) activity of green algae, Chlorella sp.

Materials Nnd methods: Green algae, Chlorel/a sp. filtrate was tested for cytotoxicity on Vero cell. Then, the algal

filtrate at nontoxic concentrations was further determined for inhibition of herpes simplex virus type 1 and type

2 infection, and also viral replication.

Resufls: CDso of Chlorella sp. tiltrate on Vero cell was 338 mg/ml. Antiviral activities were observed when the

viruses were treated with algal filtrate at the same time of viral adsorption. Inhibition of HSV-1 and HSV-2 was

50.8 7o and 45.8 % respectively after treatment with 97.6 mg/ml ol Chlore a sp. filtrate. However, the inhibition

of viral infection was not found when the algal filtrate was applied after viral adsorption, and inhibition of viral

replication was not observed since the log of virus titer after treatment was not different from control virus.

Concfusion: Herpes simplex virus infection was inhibited by Green algae, Chlorella sp. Anti-HSV activities of the

algae were observed at adsorption step and the activity against HSV-1 was higher than HSV-2. Bu chisng Mai

Assoc Med Sci 2005:38r 179-lM.

Key words: antivirus, herpes simplex virus, green algae, Chlore a sp.

' Microbiology Section, Departm€nt of Biology, Faculty of Scionce, Chiang [.4ai University

Introduction

Herpes simplex viruses are divided into

2 types. Both types can cause primary and recur-

rent infections. Treatment of herpes simplex virus

infection has been performed using several antiviral

agents. Acyclovir is nucleoside analogues, which is

selectively incorporated into herpes simplex virus DNA

and inhibited viral DNA polymerase and virus repli-

cation. lt has proved effective against acute infec-

tion such as cold sores, eye infection and genital

infection. However, it has no activity on latent infec-

tion and resistant mutants arise during long term treat-

ment.'

Attempts to search for antiviral activity from

algae were performed in several studies. Anti-

herpes simplex virus activities have been reported

from blue green algae", brown algaea5 and red

algae.6 
73 Unicellular green algae, Chlore a sp. is a

treshwater algae. lt contains a very high amount of

chlorophyll, which is essential for photosynthesis

process. Several species of chlorella such as

Chlorella vulgaris and Chlorella pyrenoidosa arc

commonly used in nutritional supplements.

Moreover, chlorella has been shown to have

activities on cancer treatmente and immune enhance-

ment'0. However, studies on antlviral activities have

not been performed. Therefore, anti-HSV activity of

Chlorella sp. was investigated in this study.
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Material and methods

Viruses, cell lines. green algae and antiviral agent

Herpes simplex virus type 1 and 2 (local

isolates) were obtained from Assist. Prof. Dr. Wasna

Sirirungsi, Department of Clinical Microbiology,

Faculty of Associated Medical Sciences, Chiang Mai

University.

The viruses were propagated on Vero cell line,

originating from African green monkey (Cerco-

pithecus aethiopes) kidney, which was grown as a

monolayer in Dulbeco's Modified Eagle lvledium

(D-MEM; GIBCO BRL) plus 10% heat inactivated fetal

calf serum (Starrate), 10mM HEPES buffer

(AN,4RESCO), 100 pg/ml Streptomycin, 100 units/ml

Penicillin and 1 pg/ml Fungizone (Squibb Industria

Farmaceutica S.A).

Green algae, Chlorella sp. was commercially

available and was kindly provided by Assoc. Prof.

Dr. Yuwadee Peerapompisal, Department o{ Biology,

Faculty of Sciences, Chiang N4ai University. The tablet

of dry powder ol Chlorella sp. was suspended in

D-MEM and Chlore a sp. filtrate was obtained after

filtration through 0.45 pm membrane.

Antiviral agent, acyclovir (ACV, Virogon) was

purchased as tablets and was suspended in distilled

water before use.

Cytotoxicity test of Crlorclla sg. filtr^te

The algal filtrate was tested for cytotoxicity on

Vero cells. The filtrate at concentration of 25 mg/ml

was two-lold serial diluted and '100 pl of each dilu-

tion was added into quadruplicate wells on 96-well

tissue culture plate. Then, 1xlo6 cells/ml of Vero

cell suspension was added into each well. Aft€r in-

cubation at 37oC for 34 days, the cells were stained

with 0.1% crystal violet in 1olo ethanol for 5-10 min-

utes. The 50% cytotoxic dose (CD.o), which is the

flfi:a an'ufi r tYutlrtru 254E

concenlration of the algal filtrate that can induce cell

detachment for 50% comparing to cell control was

determined.

Plaque inhibition assay

Viruses (100 plaques/'100 pl)were added into

each well ol 24-well tissue culture plate containing

Vero cell monolayer. After serial tyvo-fold dilution of

Chlorela sp. filtrate, 250 lrl of the flltrate at non-toxic

concentrations was added into duplicate test wells at

the same time of viral adsorption. The algal filtrate

was also added after I hour viral adsorption at room

temperature and viral inoculums were washed out

whereas, acyclovir at concentration that inhibited vi-

ral infection for 100% was added into drug control

wells. Then, mixture of 2% sodium carboxymethyl

cellulose and '10% Dutbeco's Modified Eagle Media

were prepared, and it was applied to each well as

overlay medium. The plate was further incubated at

37oc for 3-4 days, and infected cells were stained

with 0.1% crystal violet in 'l% ethanol for 5-10

minutes. Plaques were visualized and counted

comparing to control.

lnhibition of viral replication assay

1x1Oo PFU/ml of viruses was adsorbed into

25 cm'?tissue culture flask containing Vero cell mono-

layer for t hour at room temperature. Then, infected

cells were washed once with phosphate buffered

saline and Chlore a sp. ltlltale wa s add ed into du pli-

cate flasks, whereas media was added into control

flasks. At 6, 12, 24 and 30 hours after incubation at

37oC, infected cells were collected and frozen at -

7ooc. Viruses in supematant were collected at -7ooc

after infected cells were frozen and thawed twice.

Titer of viruses at different time was investigated by

plaque titration assay.
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Results

Antiviral activity of Chlorella sp. was deter-

mined in this study. Cytotoxicity ol Chlorella sp.

Iiltrale was determined on Vero cells and CD5o was

shown at 338 pgiml. Therefore, algal filtrate at

non-toxic concentrations was tested against herpes

simplex virus type 1 and type 2 comparing to 31.25

pg/ml of ACV.

After treatmeni of HSV with 48.8 and 97.6

pglml ot Chlore a sp. filtrate at the same time of

Vol. 38, No.3 Sept€mber 2005

viral adsorption, inhibition of HSV-1 was 30.2 % and

50.8 % whereas inhibition of HSV-2 was '16.7 o/o and

45.8 % respectively comparing to 10070 inhibition

when using ACV. The inhibition of HSV-1 intection

was decreased to 3.5 o/o when the virus was treated

with 97.6 mg/ml of the algal filtrate after viral adsorp-

tion and viral inoculums were washed out whereas

inhibition of HSV-2 infection was not observed

(Table 'l ).

after infection, log of HSV-I titers after treatment with

algal flltrate was 4.3 and 5.3 comparing to 4.4 and

5.7 of control viruses (Table 2). Log of HSV-2 titers

after treatment with algal filtrate at 12, 24 and 30

hours was 2, 4.5 and 5.5 comparing to 2.3, 4-5 and

5.5 of conlrol viruses (Table 2). Therefore, titers of

HSV-1 and HSV-2 after trsatmenl with the algal

filtrate at 24 and 30 hours were not different from

control viruses.

Table I Inhibition of HSV when tested with Chlorella sp. and antiviral drug, scyclovir

' Results are averaged from 2 experiments

Inhibition of HSV replication assay was per-

formed aner featment with a highest non-toxic con-

centration at 195.2 pg/ml Chlorella sp. filtrate. Virus

titers after treatmenl were determined and results

showed that log of HSV-1 titer when treatment with

algal filtrate at 12 hours after viral infection was 1.

Titer of control HSV-'I was higher than algal treated

virus at 12 hours after viral infection since log of

virus liter was 3.6. However, at 24 and 30 hours

Treatment

lnhibition (%)'

HSV.l HSV-2

during viral

adsorption

after viral

adsorption

during viral

adsorption

after viral

adsorplion

Chlorela sp. (mg/ml)

48.8

97.6

30.2

50.8

o

3.5

16.7

45.8

0

0

Acyclovir (Fg/ml)

31.25

100 100 100 100
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Table 2 Log of HSV titer st 12, 24 and 30 hours after virsl infection when treatment with Crrlarerro sp. comparing

to control

Time after viral

infection

(hrs)

Log of virus titers

Control

Treatment with

Chlorella sp.

HSV-1 HSV-2 HSV.1 HSV-2

12 3.6 2.3 1.0 2.0

24 4.4 4_3 4.5

30 5.7 5.5 5.3 5.5

Discussion

Study of Chlorela sp. was performed on

several asDects. lmmune enhancement of bacterial

infected mice was observed as the bacteria were

destroyed and infected mice still survived after treat-

ment the mice with Chtorella vulgarls.tott Extract of

Chlorella vulgaris inhibited murine cytomegalovirus

infection by stimulation of interferon production" and

also exhibited antitumor effect in mice."

AnIFHSV activities ot Chlorella sp. filtrate on

Vero cell were shown in this study. The inhibition of

virus after lreatment with algal liltrate at the same

time of viral adsorption was higher than treatment

after viral adsorption and the antiviral effect of the

algal filtrate against HSV-I was higher than HSV-2.

Activities against virus replication were also deter-

mined at different time ooint when the viruses were

treated after adsorption. lt showed that log of HSV

tilers were not reduced after lreatment with the algal

filtrate. Therefore, the results indicated that the

viruses were inhibited at adsorption step.

Other algae such as Spiru/,na p/atensls, which

is blue green algae, has been shown to have

anti-HSV-'1 activity'?and calcium spirulan was found

as an active principle in S. plalersis.' Fucoidan

isolated lrom brown algae, Leathesia diffomt:s showed

aclivilies against HSV and human cytomegalovirus.'

Diterpenes from two brcwn algae , Dictyota dichotoma

and Dictyota lhearis showed antiviral activity after

evaluation against HSV-1 and poliovirus5. Moreover,

Cryptopleura ramosa, Porphyidium sp., Gymnogon'

grus griffithsiae and Cryptonemia crenulata rcd

algae were found to inhibit HSV-I and HSV-2 infec-

tion on Vero cells.6 
tt Sulfated galactan isolated from

red algae were observed to contain anti-HSV activi-

ties by interfering with the interaction of HSV with

heparan sulfate receptor molecules during viral ad-

sorptions. Sulfate polysaccharide also showed activi-

ties against HIV and other enveloped viruses, and

lhe presence of sulfate group in the molecule was

ossential for the antiviral properties.toru

Although, antiHSV of Chlorel/a sp. liltrate was

observed at adsorption step in this study. Further

study should be carried on to clarify the interforing

mechanism involved the binding of virus to receptor

molecule and isolation of the compound from

Chlorella sp., which possess anti-HSV activity.
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Abstract : Production of anti-complement antibody for development of

anti-human globulin serum for blood banking use

Preeyanat Vongchan* and Kedsarin Chsnt&n*

The anliglobulin test is commonly used in serological laboratory, especially blood bank. Direct antiglobu-

fin test is used to investigate the in vivo coating of red cells including hemolytic disease of the newborn (HDN),

autoimmune hemolytic anemia and transfusion reactions. In another aspect, indirect antiglobulin test is used to

detect alloantibodies in patient sera ,n yltro. Both direct and indirect antiglobulin tests are then linally observed

by anti-human globulin (AHG) polyspecific reagent which contains anti-human globulin and anti-complement.

Anti-complement can be used not only in antiglobulin test but a variety ot immunological assays. As facilities in

production of in-house antibodies are available in our laboratory, we therefore produced rabbit polyclonal

antibodies specific to human complement(s) using zymozan as an inducer of complement activation pathway of

AB serum from normal human. Hemagglutination of complement coated red blood cells was used to assay

anti-complement in rabbit sera. We present polyclonal antibodies specific to complement C3b, C3d, C4b and

C4d from our study. lt was also shown that the obtained antibodies has an inhibition effecl on complement

induced sensitized red blood cell hemolysis. The anti-complement will be further on combine with anti human

globulin to produce the working AHG reagenl. Moreover, it can be used as a tool in many immunological

assays. Bull Chi.ng Msi Assoc Med Sci 2005; 3Er lE5-192.

K€y words: anti-complement, anti-human globulin polyspecific, antiglobulin test, zymozan
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unnouo

Antigtobutin test rflui'Dnrrdldriun"rtJluria,:rJ!l"6nr:nin-rfiuim rrlo urq r:lu.trururnr:16oo

rdoar:rol'ruou6lodddr uauGnu:rufir lga dluirrnruloui'r oirect antiotobutin test riao:rourttauG ad

1l6irfid'luau6roulufirtqadluuaaoroaaolo ui6 indirect antigtobutin test rfiadruiiad'unrl! hemotytic

disease of the newborn (HON) autoimmune hemolytic anemia ua:ififiiurfirfioornnr:irtF ao iinr:nt:ra,r
sia,r or a-llir ur anti human globulin (AHG) polyspecific dr:J:rnarjoirr anti human gtobutin $n: anti compte-

ment 6.:rirmur:nrirlltf:l::Iulflunr:o:roirnlr:rd,lruqirr-lrririlnirivrsn6u "r '[d6nqi':u rfia.rnrnnrurriar

la.:ria.: iubnr:t n1:,rao[0t46! a61flf,:rulrirar io"u5l'l6iH6nr!au6r a6'ir u,ir:aionarnirrudllrn::drr
r a ,' 

^ 
- : d., ;

lO lJll0O u.:1,1lJl Ul alolUuU1U1 AHG polyspecalc tUUn'llnOn'lTfl,l.!aU1U'l uA;UnUl Itl lllj:: lUIBlUnltflnU1
. ,'"1. a r.-ql'ruou Lo nrrfinurura zvmosan lunltnr;oiu complement activation lu6irnu:lnfil,trir6ootai ::riuun:

-- - rt v ) an?1 0't tyt't!?l a,t Iauou 007t notoTtof01Jtouttfiann1t1l1tfitnonlTtn]:nn:.i1aJt!otaao7ltnn0lJo?ti
.tfta 0 uJll0t fl? 110t'1.: ! n1nnl:flnD1fl!11 fft!1tn nq ttauon aty{ n tljugr losrl1l?q o!t!fl,tn uan0lnu

ruou6ra6dru6olqirirfiorusr:rbu-uri,rnr:ronrlo.rriqrdaorro.:firufiur{rcirunorn6rruuci"[o"6no-ra lruio:drrfiu
siat:J6oloisu AHG polyspecific sirr:"'ulfvro raloiruii antiglobulin test rrn:lrflfinffi{lriuin urdu 1
A - a q -' ta e d , a e, i * -Yralflunar aL!uo Llr::ulr i'ru?0u 0n!? g doa nrlnT: (m tfluftT !ao'l u lun't:qt0!la nna Rttun(1nt!
ldlruloifl uatjrl6 l:lr:rnninnr:urndriuirri :vs; :r, rrs-nz.

dt:tYa: anti-complement, anti-human globulin polyspecific, antiglobulin test, zymozan

' ntoimrnninnr:unrlri r:uri n ur n"u ris.:1r ri

ulrg l

Antigtobulin test r! {ril 2 ulu 6a Direct
-' f

antrglobulin test uul! tutuRl$5:l nlto:?0l,i flnq
A^

RnltsYtIauotir|lJlltuotn00uo{nn0uoau$0uouao

dr n rr: usi ri.rLirfi qnr:unnsnr aliarfi ar nr:rnr:neir.L'

nr r:nriruifioqunrrBnnrrcirl.;'toiuri Hemotytic

disease of the new born (HDN), Drug-induced

hernolytic anemia, Autoimmune hemolytic anemia L!a:

Transfusion reaction hemolytic anemia Lrfl! Indirect

antiglobulin test q.tt!unltot?01,r1tt01{nuaqn!r}l't:
) ,c au e" Aoaua otnu1JuluQ t0 ao llon7l au Lll{tlltttlt u Ly{a

o:rorr un:fi pdzfi on an!ra A:Jo6 (antibodies iden-

tification) Cross-match nia compatibility test nltslt?i
tfioraruau6rou:ru!fio!6ao!!on (red cell typing)

n1:Omn1ll'l &'111tnrJA,t delayed transtusion hemolytic

reaction uo:lflunr:f,nurfirardu1 rdu Antigtobu-

lin consumplion test, Mixed agglutination reactions,

Leukocyte and platelet antibody tests rilunlu

Antiglobulin serum filflu.:rrlrurnr:16an

rYrtrJrirulrqjrflutfio potyspecitic antigtobutin

reagent 6r ::naut si? u Anti-human globulins
A^
6ruau6raGrri16oodruluqjo:r.iJurio tgG 16iuri

lgcl r!R: lgc3 udiljrinrdfiflLlilu tgc2 !!sr tgc4

a dr.:t:fi orllonrafi a:nr-rirriJu immunogtobutin

sfio6ufi ilciuf'ira;fl !riourlu rriurfl uuau6ua6

rfio tgM uo: tgn oi.:riun'nl6r rilulrnsoiarirur
or qia l:J:l n aufYr u Anti-human lgG rilul n'n uoioro ol
i Anti-human lgM !rd:/nis Anti-human lgA uB:
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2r:fl rrlnf, fi Rft'l:nrndri0.rlfi ri

x1 n r!auAua6rfioriurilurfi qiifi Anti-ti9ht chain

activity a dri? u lrdi fi arrLr:oo:toru human immu-

nogtobutins kinnrfio iiru ::nalrfioiaal6a nnti
human comptement3 6,:l:riJuuau6!odsis c3b, c3d.

c4b uos c4d 6ldrulrdo:rilu Anri-c3d' !da,lo.rn

1q6i,.lnu n6a;i comptement rdald1un1: inactive

rra;rlrn"ofilrr:.Jon:loaloanornirlnru nr:n::qiu
complement fioirrilu tertiary reaclion lunrtlfio
rJfr ffi urxwir.:uaudraurns$auGua6loldo16 ao*o.r

sorir u rlli!fionr:rhnr u.u o.:rior6 aouo.ldu yrn

nrrnt:cYu comptement r.fuei r rfiutJ o u6 r.riuq a u

flo?i1u lreixln comptement fi rrirlrr4rilfi ffi urkiil
nr:n::riuuoilu::u:u:n 3 uoihiraSodunru:nio:
-! -. i,v A
1r'r !L comptement ylt.I't 't11T ,n:u1tn1t9tolJ1{
I 4 . t r er . at otnoouo,llylluu louu,: uJtnonl:uonlJont ot6 ao

,sInn complement ryr 6i1fio ! f,'t Nt rn ot1nl,{ !Io u1f,
1.,

Antiglobulin reagent frriluullr.r potyspecific 60fi Anti

- human complement r?!adqi?u uano,ndu".li

uaudra6lorrrj16oolr.:::u:tuiu Lewis, Kidd, Duffy

rt03 P n 3q:']i l,i urJ $ fi 
-:u'rlei.i'o 

ro uduxl nfi Anti-

comptement lurir ur6nri: au

eL - I t.n it
o.tultrlnsnuTtn anulrruuLxta{llnun1'fr\:{a

/*.x,rfllr!:Jno{nu'ur!rJ'r$!!a:R'r !?o'1u o:rhlris'r:lr:n
rj::r u"o rirtdrir ulrirtrn un : ur n i nr:yriru $'lo n.l

ua:loiilnr:il:a.rnrnfln1:.liunru o nri? u Id?
Y-n!mrn:nH00 u1r1u!fi11u?un1$r,rn1ntnIn3rantu

*rhtid'a.: f,:darir u'nlfl run{ riJunr:oo nr:rir nir

nr:io"o rd a nr:Hi q dar lr: n rir loir o {lur rir u,:ru

rdaloinir.nolulni qBaonua nrniniarua:
rfi u.:fl a rJ:;lut{filoiir6nrl::nr:ud,rianr:6ru
nr:sou nr:ilnrinf, nBlr1fi fi ur6l,rir;suinr:rh.rru

un:nr:uriilqurlu.rruid'rl nr:l {iflIu'r ryrnlul n d ua:

n1:f 1i n"u fi fi fl r*n1 r,i uo: fi H n Hh or5 n oi'l u

iaquo:?inr:

r. nr:.oiaxxo Arouiil#lunr:6nnr:{u
n::dlu lcomplement corted Zymosan)

flfi ss o"ufir o uruu 2548

l.l nlllnSU& Zymosan A (S. cereyiriae cell

watt) iir iun:cairu 6 6'r

T',: Zymosan A 9OO mg n:orulu 30

ml dilute barbital buffer (dbb) }nudftsJlnr 30 u1fi

ornrturJuuo:oorir4 rilaiii.r 16rurir ln6a go mr

{11:J eiil lfr6aoulu 30 urfi fi'rlflriiuuuo:rlu
: a:

oou"ltnnann l!a:rst3J dbb !t!19l1 30 ml trytu

H allflrir riuurj,r rfir.Lrilufir:rqr:rin j luciriu

1.2 nttlgtiu fr€sh AB serum

ror:riaqnu n 6 asJV:niui{ nr,rdi
lrrilafio ne dluiu 3 :1u rlsa! 10 mt di11ir6oo

d e; ^ z L
$i,rsri?fra rnfi 37'c olnriu u[unrfll6r"l:rlriu
uo:u ilflurl-:rlro:rfin .; uriui,:lifi0 nrnni -70'c

1.3 nt:tn;gu Zymosan A coated rith
complem€nt

li''l zymosan A n'tn?ia t.t urlllaiyaoo

noaar 3lrn: '1.2 mt !!a; 0.4 ml adl.ro: 1 flnao

:Jua'rr g oiofi r,ooo 9 u1u to ulfi ri? u dbb
L -, ,.: aornfugol* rr4oifi.l r6aor.l AB serum o"l u dbb

lua'orriiru t,zo ornriurfir diluteo ee serum ilro:
12 ml (10 ryirla.rLl3lro: zymozan) a,rlunaaofifi

zymozan 't.2 mt dturaaoirriar6! dbb 4 mt (10

tyirtolfi rq: zymozan, iiula aovre.lsa uejr.lrir

ar*rnfi 37 'c ul$ 1 r"rlur n:lr?nrJquo:oo

rirlu,loidr ornulr:Judr.:5n 6 ors{6i1u dbb flor'1u

g o rir4 rr,,Ja5ii'rlrir lo rG trir rn6 arl-:r'rnr 12 ml

arlunaaofifi zymozan 1.2 ml dlriJu complement

coated zymozan A rhu:-uurjldon::sir0dtu'ru 5 o"r

eirur n aofi rri ar a-rrludrlrG lrir rni a q mt dl riJu

zymozan A control d1r;!6qn:;siratoRllnn
t.l nr:6orn::riun:;oiru

uri,rn::sirrrilq 2 !o aoB:ndlu?q 5 ot"2

dooiru complement coated zymozan A oi':o: 2 ml

rofisordruru t eir6ooi'r u zymozan n Iooiriuoau
.;

$at?Dn1:ooon$gon I o']l,]nr 1
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Day Information Number of booster and bleod

0 bleed i.v &immunize 1"

4.8,12, 16,20 Booster i.v z -o
30 Bleed 2'

Rest for 6 weeks for antibody screening

Booster i.m

76, 80 Booster i.v .' -Y

Rest for '10 days

90 Bleed

Eull Chians Mai Assoc lued Sci

it
9r'rr1.t1t I 1t{9l0 ttar2tn1f oon:;9Juf llrnlu

2. nrlrodolJuouFlo6isionolyr6rluoilu

6i n:;sirudruii uemagglutinstion

z.t nr:tnitlx cat coated red blood cells

ror: 16 aorl-:rrq: a mt Iozrld nco

riluar:riuriaoui.: :Jlurunr^rnrflrl1tla:r.rad drlrqod

rirurirrnia g nf'r oorirrn6ofi".: t6 aorlyr nr srrqir u

rirrn6a t,so uo:rirvr nrnrrd 16oorr rrfidr-Fr:ro:

2 ml LAriB{lu washed packed red cells orntiut6r:

sensilizing diluent for C3b coating cells 1tIuun;nru

0dqoaor?s1) 3lro:39.6 ml ua:t6l o.4M Mgcl2

J3r:rq: 0.2 ml altrlviufr rururiuru magnetic plate

iiqrrrn4ff o'c uru 30 urfi ri an:rrroriuo'r.:rtnd

a n:loir urir rn6 a :liunrr r trirriutil u 2olo oir lrir rn6 a

riaurhl ldnoso:rnir-r6ir:n::oiru

Z.l nr:tnitll CIO coated red blood cells

tol"ftl Working trypsin/HCl (1 : l o

trypsin/Hcl, Iqunl:t6aor.: 1 %w/v trypsin/o.osM Hcl

rl3rrn: 1 ml niu 0.'lM phosphate buffer ilro: I
ml) olnfu d! packed C3b coated RBc (1ia 2.'l)

rf:lro: o.a ml n"! working trypsin/Hcl rlSlro: t.o

mr ilrt:Jriuludr.rrir anrnni 3z'c uru 30 urfi

o:rrrort]udr': a ofi iun l l rril:'riurilu z*
cir arir rn6 a ri a url, ltjldn o s a r n"u 6il n :r sir sr

z.l nr:tgtigl Clb coated red blood cells

ror:16ao:-l3r:rn: a ml Iouli nco

Vol. 38. No.3 S.otember 2005

riJua-r:n"ur6 o o uil rirrdao 3r:ro:2 mtHdsJn"u 1o%

sucrose ilro: 20 mt ?rfl lftdl riuuo: ciulu

eirlrirqrur4fi 37 "c u'r-{ go urfi nrlrror:Jun'rr +

oi,: irorr r rl-lriurilu zv" oi':urirln6a rioufr

l:Jldvro aaun"!6i n:cqir u

2.1 nr:tfl3u Cla coated red blood cells

tqr;uxJ Working trypsin/Hcl (1 :10

trypsin/Hcl, Iounr:16 aorl 1%w/v trypsin/o.osM HCI

:l3rretr 1 ml ti:l o.1M phosohate buffer 1fT 'ln:9

ml) olnfuhfl packed C3b coated RBC (da 2.3)

irLrq: 0.4 ml rittworking trypsin/Hcl rlSrLro: 1.6

mt d-rl:J qu1u6j1.r1i1q rur4fi sz "c ulu 30 rfi
n:ulrarrlua'r': a oio ir.l o.',u,rirriurilu zy"

qirurir rn6 a riaurlrl ldrosauril6:"r:nr:oir u

z.s iGrgr:-u uncoated red blood cell

lor:r6aoGlro: q mt lould eco

rilurr:riutioalufi .: tlu$un?rilRlr!ra!tqn{ drlrqod

n oti ui. u Nss i:lrilu 2% cell suspension

ri ourirt ro aor n"u6il n:: oir u

2,6 nl:totSul ttyprin treated red blood cell

ro:u Working trypsin/Hcl (1:10

trypsin/Hcl,lo un'r:t6an1l 1olo v trypsin/O.OsM HCI

3 rq: 1 ml n"! O.'lM phosphate buffer i 'tn: I
ml) ornfu fr packed red blood cell ]fr lo: 0.4 ml
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?'Hfl t:rnninfl r:[nndliui]xri

eir.:rirarxuni 37'c ulu 30 urfi n:tlrrnrr]ua'r.J a

n :tl rJ ir n ru rriruriuriJu z "2" eir u dr l n 6 a ri o urlrLl
lfyrq n o ! ri! 6irl n:: cir u

2,7 nl:flottoU AntFcomplement'hiilt

n:yqirg

16 a orr6ir n::oir a rir o rir rn6 anuu

serial ten-fotd ditution rlr6itfi 16oor,:o-.:neimddruru

2 rro ruarrir rior6 aouo,rfifi uro:t finarnduLuoi

lniarodlua"n:rru:oirr g ornrio z.t-2.6 ,i.r1.[1u 1 viuo

fiirli s urfiii o zurn firia r or nriur]ueiruzu n nr:
tnr c n 6irJ,r ol tfio 16 o o uo.l oir g serofuge ?i fi nlt
rnr:neill allio16 oolu aooroeartounolirfi
rau6l a6'ir ulr:oio n olnd rarusirfioriu 1 ludil
n::sir u

3. nrr odountt!ar&rlr|to.: rrov6uodsio

n0tJ|lat|xrvn tunl:fJUU{nl5Unn10.tltlnlaootlo.i

3.1 nl:nodouflln:r rriu{ firfi&rcaxr

{o sd i iirfi iuri rl#rin nr: un nt o qrio ra'oo uo,r

rorl16aonu nGrri16ao A, B un: o
--t.a r < - ilrn n Lyt rrll.to? Lrf,:U14!!un{rr.i la fl?uuJotRaqi,ron

rsrStt rflu g% rirtrhrn6o riru6:-lr6 oorllilu serial
-:two-fold ditution ar''rurhrnFarriuniu rir 6:-u Z

umrirrJfr ff:urn"lrfi o16oofi fi uauGrouo:tn-luauGla6

lu6ildru':u t nur fi'llifiurulnir'oluru s urfi
rludrunnr:rfi orJfi ffi urlou16anrq r;rofilr-zuoliiu

nr:uo nz o.r rio rd ao uo.r rr:.ll sr:r:ni (comptete

hemolysis)

3.2 n rr fl fl cro ! rl or oru ri6 tr'r tr-l n r: rio n r:
ttnnto{triqt6oo[[nin o,: Anti-complenentluiYu

R:car'rsi

15 oarr6irn::dr ud inactivate rir l
anruni so "C u'tu 30 u1ililu seriat two- fotd dilu-

tion r.{ n! 6ir:'ir ur u z I o o ril 6il n ufi fi n rr I rrilliu
rrrr:*l lornl"a 3.1) d,tu?u 2 xuo !4 3% cetl

suspension fii *oud roBfiq:.liuuauGr a61u6r-lr

dru:u 1 lrao fi'lt{fiaruynfir.iarqru s urfi iu.iru

flfi rr qr;ufi: fiuurou zsag

ronr:rfr o':J!fi3ur urnrfi onr:rnr;ndlusol'jr
ruauGr.lo6oianalnirludlu6iln::oirrarm:nfut'.:

nrrrlrrur a.roorur,i6rrusilu6iualou rtrbitrirfi o

nr:uonsar ul a.:rfi o16aouo,r

flanlt oao.:

n:lsirufitcii!nr:don:coYueiru comptement

coated cetls nir s o-r arlr:n airlla*6uo6aio
noui6rruoi4n componenls toi Iosu.jrsur:n
11'l l$lnOnltln"l;nn 1A{ complement coated cells

nn j tfiofiroiautoi Ioui:coi!o?1 ui.trlon

uauG l a6 oia component oirl"l uonairlniutJ

nrr uao{ nr:yro souro r nxqir sudllur.irsl-r Ino,r1u
,i r_ x:lJll 1 Loul tnotJln:u'tn! trypsinized cell control

u3o uncoated cett controt usqllfrfiu.irfinr:nfi.t
uau6r o6qi anarn6 r usilun::sir uf{ s o-.: uanar nd
nrrdnsrlu6il n:;siruzooruo d.rdon::Eiuoirr

zymozan nlirle.irirhirfr onr:rnrtniia.rnirl compte-

ment coated cells sfiooirl 
"1 

oir u lorr:rlfi 2; uro.li-r

ntttnt:nri3.J1a.1 complement coated cells lfl uantn

u a u6 u a 6 oi a n a r r r i r r uai'ryir riu 1 lo-rfi o or n ru o

aoluou6ra6oio zymozan odrll:fi orlfi 21lJltrntl o\:

ruaufir a6 qi a component oirl 1 LJ rrirn"u 1o lru,jr
ruou6rodqiariru c3b [[at c3d finruu:.rlrnnir
uoufi:.loddartru c4b un: c4d

nliro fl o lJ Flt'r r.i fl'r rr:nr a.:uou6uo6lunr:

rir rilnr:uon,rarrfi o16 oouo.rfi rfi oornnr:rrfi rr:ir
cir uo a rulr6 rrud' rr:.L ir uou6 r a 61u6t"l n::eir u r n qir

ei 1:n rir.r g'i nr:ttqrnttol rio 16 a e rro{lei nr:loran
l o,: n:; oir rrdrlufr q-? uso,:1uqr:r.:d s loud
n::sir ugofl uor.r6.l6on::n'uairu rymoran hji
q ruar:lG o"r n eirr 1or:rrfi a; nr:yrosordrdanr4r

r+nr: rir.rto rrn dua :6ilL fi *r :J fr ffi rr riuuo'rlfr^r a nr:
uornrorrfio16aouor a r n n r:fi n ur yi l,ir n r: sir.r

a.;
ttauoil ao $ an all]^I ouluslo;l: r,iL Lov\ Rn nfl o nl;qtu

r.['ru 30 ;u un;r]')'tuu:l1J altrou6! a6u'in,:adlaiuru
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Titer

1280

6,40

320

160

BO

40
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Nl c3b

I C3d

6 C4b

d c4d

I Tqpsin treabd
R8CI uncoated RBC

Day

1Jfi t ::n'uuauhuo6rianolyrfi wud1u6:"r:n::eirr n luiuoi-r.l I un"rion::q'u

fl]tr{ii2 rinnr:yroso:J6t"xn:i9i1u p riauun:lo,tnr:6on:tdu ri:.t complement coated cells

Dilution/conditio

n

c3d c4b c4d trypsin treated uncoated

Preimmunized s6rum

Undiluted 4+ 4+ 4+ 4+ 4+ 4+

'l:10 3+ 3+ 3+ 3+ 3+ Ji

1:2O 2+ 2+ 2+ 2+ 2+

1:40 Neg 1+ Ne9 Ne( 2+ Neg

1:80 Neg Neg Neg Neg Neg Neg

1: 160 Neg Neg Neg Neg Neg Neg

Day 30 afrer immunization

Undiluted 4+ 4+ 4+ 4+ 4+ 4+

'l:10 3+ 3.r 3+ 3+ 3+ 3+

1'.20 2+ 2+ 2+ 2+

1:4O Neg Neg Neg Neg

1 :80 Neg Neg Neg Neg Neg Neg

1;160 Neg Neg Neg Neg Neg Neg
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Dilution-Day 0 30 90 '135 ,i o5 321

cell B vs Serum O

undilute PH 4+ 4+ 4+ 4+ 4+

'l:2 PH 4+ 4+ 4+ 4+ 4+

1:4 PH PH PH PH PH PH

Cell A vs Serum O

Undiluted PH 4+ 4+ 4+ 4+ 4+

1:2 PH 4+ 4+ 4+ 4+ 4+

1:4 PH PH PH PH 4+ PH

1:8 PH PH PH PH PH PH

:r:sr:rnnianrrunndriudnri flfi oriufir o'uoruu z54o

nrtr{d 3 $auAuo6oian aln6rr:tailudiln::eir u A dlrilnr:uernla.lrfiori aouol
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Abstract : Prevalence of thalassemia, G-6-PD deficiency, and iron deficiency

among pregnant women at the Chiang-Mai Health Promoting Hospital

Ksnyakrn Sukunthrmrla', Sruwaluck Khamhse", Watcharachai Chaichana', Sakorn Pornprasert"

Thalassemia and hemoglobinopathies, G-6-PD deliciency, and iron deliciency are frequent public heallh

burdens in Thailand. These conditions could lead to the serious complications in pregnancy. Two hundred and

four pregnant women at the Chiang-Mai Health Promoting Hospital were recruited for the survey for these

conditions. The overall Drevalence of thalassemia trait was 21 .08% including: 8.82% hemoglobin E trait, 5.88%

B-thalassemia trail, 4.41o/o a-thalassemia 1 trait (SEA type), 0.98% double heterozygous for o.-thalassemia 1

and p-thalassemia, and 0.49% each of homozygous hemoglobin E, and double heterozygous for o-thalassemia

'I and hemoglobin E. Partial deticiency of G$-PD was found to be 1.47o/o compared with 8.8270 complete

deficiency. Moreover, 25.49% showed a serum iron (Sl) level less than 50 pg/dl and 8.82o/o had a total iron

binding capacity (TIBC) value higher than 380 pg/dl. Using transferrin saturation level of less than 16% as an

index for iron deficiency, we found that 19.60% of pregnant women fell into this particular condition. Bullchiang

Mri Asso. Mcd Sci 2005i 38: 193-202.

Kcy words: Thalassemia, G-6-PD deficiency, lron deficiency, Pregnant women

Heatth Rornoting Hospital Chia.g-Mai, Chiang-Mai, 50100

Division ot Clinical Microscopy, Ooparirnent ot Medical Technology, Faculty of Associated Medical Soienc€s, Chiang-Mai

University, Chiang-Mai, 50200
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i^r!fl,:r lnloutJrnlo'rorrrfio:ln6rardl nniu itlnilr::sirrrfsdtfiu 'iruru 2 51u (ioua; 0.98)

yrionru:rrdadri u,i'ru1u 43 rru (iouds 21.08) rru:6IlInofiu5tfioIaIlt"ufi'a uutn',trr"o

d.:,iruunriJunrr:5l nafiu6 'iruru ta trs (faud: rro ar{rmaa6rfi o-1 irlrilSlruInofiu6 (cr{halas-

8.82) ru:rroirrro'c6lfiu druru 12 t'r u (iaun; semia/HbE) lfioa;rvirriufiadru?u 1llu (iasar

5.881 rnu:uaar4rorn"'*6ris-r (sEA type) ii, uxu 9 o.as; lorr:r':fi t 1

:ru JiotJo: 4.411 
^. 

rrr"o uu ar4r nr i"s6rfi o- t

nrrrrfi l aifi nr:niaa.:rra's6tfi u*n:nrruft ein6ro.JEI Inniu

flur€,lgi.rn:rri,i1u?u 3 r1u liarnr t.+21 deficiency) unrdruru 18:rr lfaun:8.82) riJunl:

inr::niarrdulgf e-o-po rfiurur.rdru (partial rialltltrtto (complete deficiency) (ar1:'1lfi 2)

grr:xfi z o 6nr:nllarnr'::nia{t5ulqri o-o-po

Methemoglobin reduction test Frequencies

(cases)

Prevalence

("/")

Normal 183 89.70

Partial deficiency 3 1.47

Deficiency 18 8.82

Total 204 100.00

Types Frequencies

(cases)

Prevalence

("t"1

1. Normal '16'1 78.92

2. Heterozygosity for thalassemia or hemoglobinopathy 43 21.08

2.1 Hemoglobin E trait 't8 8.82

2.2 Beta thalassemia trait 12 5.88

2.3 Alpha thalassemia-1 trait (SEA type) 9 4.41

2.4 Double heterozygous for alpha thalassemia-1 SEA type and

beta thalassemia trait

2 0.98

2.5 Homozygous Hemoglobin E '1 0.49

2.6 Double heterozygous for alpha thalassemia-1 SEA type and

hemoglobin E trait

1 0.49

Total 204 100.00
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Gestation Age (Weeks)

1-12
(n = 83)

> 12 -24
(n = 25)

>24

(n = 96)

Mean age t SD (years)

Range (years)

25.46 + 5.40

13 - 39

22.16 + 3.93

14-28

25.09 + 5.82

15-39
Mean Hematocrit I SD (%)

Range (%)

39.66 + 2.93

31 -46

3'1.36 + 2.36

30-42

38.21 + 2.47

32-45
Mean Sl t SD (Fg/dL)

Range (pg/dL)

p value

80.25 + 29.56

'18.50 - '167.20

68.84 + 27.30

30.13 - 143.68

(0.080-)

68.20 + 34.68

0.00 - 171.10

(0.013", 0.922"')
Mean TIBC + SD (pS/dL)

Range (pg/dL)

p value

243.10 + 77 .92

53.73 - 572.73

237 .85 + 76.82

10299 - 410.75

(0.767')

295.59 + 84.56

13.43 - 494.30

(0.000*, 0.002*1
Mean Transferrin saturation (o/o)

Range (%)

p varue

36.40 + 16.99

5.27 - 95.60

31 .47 + 13.28

8.38 - 66.85

(0.135-)

27 .46 + 24.34

0 - 203.40

(0.005*, 0.274*)

arun:rrilulo: rnu:n'iruru 4 11u (iouf,r 4.02)
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Abstract : Patient' satisfaction toward the services of Division of Therapeutic

Radiology and Oncology at Maharaj Nakorn Chiang Mai Hospital

Wilailak Psnphae *

objective; The aim of this study was to survey the satisfaction of patients toward the services of Oivision of

Therapeutic Radiology and Oncology at Maharaj Nakorn chiang lvlai hospital in 2004.

Samples: The samples were 303 patients who had used services at least 2 weeks by sampling at Division of

Therapeutic Radiology and Oncology at Maharaj Nakorn Chiang Mai every month in 2004.

Materials and Methods: The data were collected by satisfaction questionnaire. They were analyzed by descrip-

tive statistics.

Resuttt The satisfaction of the patients toward personnel were very good level. For the time services showed

good level. They also showed good level for the environments of the section.

Corclusion: The satisfaction of patients toward the services of the section by totally were good. Patients'

satisfaction toward the services is one of the most important indicators for improving the quality of the

services. So, monitoring regularly is necessary for the direclion of improvement. Bull Chisng Mai Assoc Med Sci 2005;

38:203-209.

Key words: Satisfaction, Service, Patient, Therapeutic Radiology, Oncology
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Abstract : Study of Leakage from Microwave Ovens

Thsmarat Bunsoong*

The purpose of this research were to study quantities, factors effecting the microwave leakage levels

from Microwave oven and establish the appropriate equation of microwave leakage. The study consisted of 92

ovens from 13 manufacturers with maximum power input between 800 to 1,725 watt and used time ranging from

3 months to 12 years. Some statistics such as means, standard deviation, F{est and stepwise regression

analysis were used to analyze data. The microwave leakage level, in term of power density at 2,450 MHz, at a

distance of 5 cm. from the oven sudace ranged from O.O to 1.5 mWcm'?, the average leakage was 0.1 mWcm'?

and standard devialion was 0.19. The microwave leakage level was tound to be below the maximum exposure

recommended by the Department of Medical Sciences. By using stepwise regression analysis, two effective

variables: power input (power in) and the type of use the microwave heating (used), a model of microwave

leakage level is made. This model predicts l'1.9 % correctly and the equation of microwave leakage level (y) is

log (y1 = 9.1471u."d) + 0.00031 12(power in) - 1.670

Bull Chisng Mai Assoc Med Sci 2005;38: 210-214.

Kcy words: microwave oven, microwave leakage

*Regional Medical Scienc€s Conter, Chiang Mai, Department of Medical Sciences, Ministry of Public Health
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A Comparative Study of Myofascial Pain Syndrome Treatment Using

between Ultrasound Therapy and Combined Therapy of Ultrasound

with TENS: A Pilot Study

Sintuboon P*, Swastikanontha N*, Klaplajone J*.

Objective: To compare the treatment effects of myofascial pain syndrome on pain intensity and pressure pain

threshold in upper back muscles between ultrasound treatment and combined therapy of ullrasound with TENS.

Subjecis and Method: Twenty eight patients who had myofascial pain syndrome in upper back muscle were

randomly assigned to group 1 or 2. Group I was treated by '1o-minute ultrasound therapy at the trigger points

one session/day for 5 days, group 2 being treated by combined ultrasound therapy with TENS. The outcomes

were assessed by Visual Analog Scale ryAS) and Pressure pain threshold (PPT).

Resultst Comparison between the pre and post treatment in group I and 2 showed that the patients had a

statistically significant reduced pain intensity (p<0.05) without statistically significant difference in pressure pain

threshold. There was no significant difference of post-treatment pain intensity and pressure pain threshold

between group 1 and 2.

conclusionr The study showed no difference of pain intensity and pressure pain threshold between an

ultrasound treatment and a combined therapy of ultrasound with TENS for myofascial pain syndrome.

Bull Chirng Msi Assoc Med Sci 2005; 38: 215-222.

Key words: Myofascial pain syndrome, TENS, Ultrasound therapy, Pressure pain threshold, Visual analog scale

'Department of Rehabilitaion Medicine, Faculty of Medicine, Chiang Mai University.

216



Bull Chirng Moi Assoc Med Sci Vol. 38, No.3 Septemb.r 2005

nr:fi ngrrir:'o.:tilEuutfi sJuHanr: Ynu tI: n Myofasciat pain syndrome

sir u 6'a n : r ry r r u qio dr.u 6 s r u a v dn n : r m r u si :' rru fi'u t r n s

rt'l:rn:cri duqqry*, su:'triind diafi nruuri*, ffn:nit ndrruoty*

uflnogo

iorqrJ::clri, rfiorGurrfir:.rruonrrinur Myofasciat pain syndrome ltrles; Ioulda"nor:rsrrr+dlfiul adrlt6ttr

un:nr:insrairufoer:rqr'ruciir n"! TENS (combined therapy; Iour iurrfr urj:so"rottrtuu:'rrta.rnr:r6ufto
q:

(Pain intensity) un::;o-rGrnr:tir rnarn*:tno (Pressure pain threshold) 1lo.lfiisornein

iGnr:finsr, r.i:Jra tr,tps r-r3lrr* uoper back ,i'ru?u 28 nu eir:uri.:rYrh uriju z niir nrirfi 1 r-nuroir ua-aor:rmruci'

rirrr* trigger poinl 1o urfi rfiuratjr,:16ur n{rfi z rirnr::hrro"r r o-no:rqrruri to urfi irririr teruS

Iolrirnr:insr t o:t:liu rijurrar 5 riu ::ifiu::o"uoru:uuxnr:r6rrjrolo uf i'visuat anatog scate (vAs)

lro:::sirrir:nr:lSr roornu:rno Iould Pressure pain threshold 1eer1 fiiooirr Algometer no:J-:[?or Tngger
, ^ &'

oornt !ti IUufl i n a1,[|[d:vl0't n']5tnul
t, L

ruanl:An!rr zuonrifnurr.:riauuall0",:nr:6nur::yir,ln".:no.:nairyrujr ornr: ro ryes1 no nlodrlirilrhfry
nr.:n66 1e.o.os; iirurir ppthjiorrruoner.in-uyn.i sfi6 rfiar 3u:Jrfiu!H onr::hur::ritrriraarn{lnulor
VAS go:rir Ppt 1ai finrrl uqrn air r niunr r sff6

t-I
aq ata; ornruanr:frnurni,:frnvjr lunr:inur Myofascial pain syndrome hjr^rror1lJ*ornsir.:1onfli'lJ'rulr:,t

n'rfl5rJ:J?q (Pain inrensity) !!fl::!o"uG nr:rir:hoarnu:rno (Pressure pain threshold) :;i4i1{nrtlda'oErlmruoi'

arir.ot6auilrr*!onot6rn"unr:lda"ao:rgrrufiirsJn"! TENS rr:ar:rnninnr:rmndriu rJ zsls:3at^5-222.

rir:rYa: Myofascial pain syndrome, TENS, Ultrasound therapy, Pressure pain threshold, Visual analog scate

'nrnirrrrrsr*nffl u?l n nr:ttnnunraoi !nrin rrii'uril.:tnri

llltut
Myofascial pain syndrome tiJunc!r:arnr: ro

, I A A" -nn'r3Jl1,[ar ll tou0u 
'.Jfln:t 

c 0']n'D[ovr1!Yrfi']fiil
d )z l! , ^LOUn 00notnllll1:0n11 Iflooer ootnt 1'lLaa?'ttna

rJ1n1nzua1an Muscle overload li1ly"fi nr:dn'urola.r

Sarcoplasmic reticulum tfionr:irlan Calcium ion

drr;lrJ:rrrir nrp rirhi nctin drril Myosin

rfionr: o sira o,ilun a'r r rdofiirrnr rhileidt nr:
Io so;uo rirr rfl ul: nrururlrlrirff qnilr Relative

ischemia rhb,ilu n drr ldariurro a a nirouuo;
ee
onnlllyto:U"r Calcium ion na!f, Sarcoolasmic reticu-

q ! Za
rum runf,r luaonrqqlnr\:na rur!u?{ot rhhirfio
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lrfstflrafinnr:l| ndr;u$ ]i

i r-
n'r:fi\:lj0,: Waste product Lslltn Kinin, Potassium,

Histamine, Serotonin, Prostaglandin, etc. rirldbsia

nl:n::oiu ro rd o nnn::qi'ur;i or nr::-hoirrfi fi
$:J:JrHular'r! (Referreo painy 6rhiriJu'hjorral Nerve

distribution vtio Myotome uo:fin rr u 6lo"rl o.l
, s;^ ,^

n ai, U rlra r ur.r orl n sl m rJr :nn dr'l6iril1riir urrruro
rinGrnir Taut band rirl'f ir n"o n'r: ro 6 ouly rl o.l

riacia lrimlteO range of motion) [acu-lorofir'[';!fio

or nr:nr.r :::: u Ll r: ar n a oIuruG d u 1'

nrtinrgr Myofascial pain syndrome i
ion:l:rsrrird aooriloua:arnr:6.1sirr ornf,rr: rdo

- ix- -s- a -)n'lTtnEl14 LOTJRO t6ltLnnlTAOU1rlr',]Yt0O Trigger point,

nt:ldnl1riou, nltulonooo (lschemia compres-
)^-l

sion) yrao Trigger point, nlltondltirfra, n'tt

i.rrdu,nr:riuoirsnruriuun-r6ondrrurdo lstretcn

and spray) r? fi nnlrrir-M'r uos*rillrJoo's ra3r rriu

nlurRiuo yir yrr r dlflunr:f r rr u'

a"d€r:''lr'11uri (Ultrasound diathermy) n'.l'r u6.t
;"^AAL

rfl ta,tnT ruofl aurfi unfrufr:tyt 0u (Acoustic vibration)
;. ; , A A A
luJfi?1tJ nfl {n?1n nutfl u.l11uu19ui: Lo uu o a 0.8-1

MHz n1:ri1n1 1o':rnlalfi a6onr:ujduun::ua'lvlfl r

rJ1!fluflAu!eui !fiotilu Mecha n aca I vibration
A2a.2

rlJ a t{'11.r L1l1 llj l1{t1{a tu 0 03 n a lfl | n o n ?1tJ:0ulJu

uannln 
'3lutffitriolnolr 

ia loun"1liudr ultra-
.'Adai,

sound unun d llolJainllllJUflAulRUnno nllflu

fl!!iar* (Vibration effect) rirlffi ru a rai auinr:uro

::filronnln (Micromassage) n:llofi:"nu, f1f i
- 2 ^ .t

Trigger point na'lUfl? 1n1U UnlifinDlnou?lu1u

lru'ir nr:lda"aor:rq1?udlunr:inB'l Myofascial pain

syndrome m!1:naoixolriorirlfi :ltRrinrlt' o

nalo{n?ullo (Thermalelfects)s

1. rJnrqyii:d (Local effects) x'JluinHnfirfiqr

nlnoil!faulo uo: uu3rrnrdteiSrnrrriau rdu
^; Z- a u'llJtl|lJljld

- inr:rfi rdulat Metaborism

- inr:ootucr-rrto.rrdardaoirr g riJunr:

ufi11': a o q a r n r : tni.: oi'::r a': n n'r r rda ( v u scte

flfi re oriufi r i'uuruu l5lg

spasm)

- Pain threshold laninlu i:fl114!-t!?$
&;*

1.[1.[t1t lJU

- n?1alhrlo.l Muscte spindte gi0rr'rn69

- l\-, !
80d.t ?1't Ll4UOnn1 rl{0 to\:'rulru

- n1:titn1ulja.o Golgi tendon organ
;ztlt lJll

- xnoo16oo Capillary un! Arteriote fin1:
r ^ -i d ;

1U'rU0t'l 111 tl4 n1: tfiAt1UULnT00.UU n15tl'tU

a a n610 arrr: uauduad uo:rra rfiq ri aortrr

a-r rir n:;r runr:a n raLtfio r{oi.rbiae a.rni ar.rr utj
rroir.r'n o; rlrlfo r nr: a''n r al rdu lt i n"'r:ull:rriu

2. Hora.ror1r]fau'[ulirrnr6ufr virrlnaorn

r-:r: rufiloiir o rr r iau (oistant effect)

- zuaninnl:lfl ori ouIafi olfi ridur'r
irr nr r

- Sedation fi o r.,J dai n nr:fr o rr rL ia urhbii
n1:11an1lan Endorphins

- rirbi6oloaiaunai u (Relaxing effect)

nalnlunr:aorjroto{n?r io fi 4 na'1n6o

1. Gate control theory
::2

2. a1n Endorphins frtfrtJil^

3. arnnrtrdalra.: Pain threshold

4. alnnl:ll u']u0-?1Jo{1,10aot6 ao lilun1:no

lschemic pain ua;rirurirbi Pain mediators eil.t.)

1ur-r3rrr*riunnoo6raantj

TENS (Transcutaneous electrical nerve stimu-

lation) fi r,iufr {n'lin:;siutdu' :sarnrhulrlflrriru

vnrfi rrri':rdannlunr:aoornr: rolorrirulr':::u:.r

::srndrurJarrorrnqufil a': Gate control6 t,t':a

rhuvnr::r.rrrJrmrrhunnrrlo urfi lnr:baliuulol
Endoge n o u s op ioids' i,:r ui o'thj lr n rfi ar ril nr:td

TENS lun,:insr Myofascial pain syndrome lou

Graff-Radford *n:nrusu 1d TENS r"nu1 Nryofascial

pain syndrome trr r:naorJrallri $n:lgilfl ottu:1x1d

TENS ix n":rnlrinurodrl6utfi ainur Myofascial

parn synoroms

217



Bull Chllnt Mri Assoc M.d Sci

.tuqnal Lua Trapezius ujunn1tJtuolJu'rn Lrr-I

dadr-rirrruyrn'.:ua:na u .lrilug iiru lo"uri naiiruru

(Uppeo, rirunali (Middle), si'lu.i'r,r (Lower) Trigger
I -Soornr lunn'r lua nuo:nr rur:arnt: roirrtjnr.r

air u yr 0".: uo: o"r udr ll a.: n a r-:rrtxdrurut ara:u"n
AA

ufl:J:il11tfl:1ln :Jaln'ttllflo{Ftat au 1,[fl::tiIa!fl a

tleirlo:uirlo:rir1frfi oornr: rouarnr:r6ur6:r*;

1tl eir uo:lriu o : n n,ir rio

ndl rda supraspinatus rlrrfrfinrrlusi
Z 9X

Trigger point'l no'1:lrfia -6rfir:{r'ldior nr: roirr
6n.1 r-r3 rr rucirurir rr a rln ril a.: qir uua nlla r qiumr u

vL;
nn1!tua InrasDtnatus 11$ulYl1,\tJult1lu0 0n

- u -solut{an Trigger point lunal rua oun:l11 [x ti al nl:
rJroirr6n I ri rr nicir ur rirr a llu ai:r r rirrio 1r ai

lunr:inur Myofascial pain syndrome fii6
in r*r rr.l nr urrnrir rio u ar sJiifi n eirr r: r,rir i sriu

lunr:td enysicat modality lunr:in:+r Myofascial

pain syndrome rriunr:lfa"n o:r sr r uoio'o rilunr:

:"nHrrirr: urrr:rfl unr:lrdnrufau6na.rl:Jdl rrig-

ger point 6i?r.r TENS fisrrLr:nnoornr::hold6 nr:
:hur Myofascial pain syndrome daoTrigger point

oir u o"a o:r sr r ucii r r riu trns 6,:riro:rfitrala:

rfi auliu!rfi Il!rir::o-rn'rrn:uu:lnr:1o.r15! rq

(pain inlensity) tln::coiUGrnrtrS!fi oorn u:.ono

(Pressure pain threshold) fi rrjiuuulo.: r:?t?t,ln1t

lda"asrrtrruairfi u.rozirlt6urn"rnr:lda"asrrqrruei

iurir terus

?fn]:fln'l

fiuirdrln r:a'nsr ri:J r u filsiiu nr ri fio du r r n unr ti

'j'ttilu Myofascial pain syndrome q1tu Simons'crite-
-tria 111t1$na nfllllt a Trapezius, Supraspinatus,

Infraspinatus rn ?inrtrioaonlqiuri r.irh tlfi or nr:' ro
n drr rdo:.lirr nrei',rniirri rfi oor n cervicat radiculo-

pattry ir lo"r uri aleiiir nrrin ur qir u Physicat modat!

ties rtd: Trigger point injection rriaqnrrfinur 6
16au niairiarir rl a l nr::-n ur eir r a"a n:r ar r uoi'uo y

nr:ooornr: ro eirrfunr:dn urnird6l fi ior n rJ:; nr ei
,);

Ingger pornt l14lr 01lzulJ't u [un atJll 1 ttary,{un']rTnu']
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reus tcifilr urrilirudruru 28 rru rilu Mvofascial
) e I -,pain syndrome frn {r ltfravrd,:sirulu:rldrulu

ri':rlo 30 l-r.r

i6nr:fincr u a-rarnloinr nr ui adalurri,:f,auno'r

nrr:.1iuu a r nirie r.rruio"u udr fnnrunrr,{ir!"nnufi

1 rirnr: ::rfiu::qi1ro'r,li.l:uu:,:nr:r6r ?o (Pain in-

tensity) Iorlf Visual analog scale (VAS)o !ra!

:J::rfi u::01':.lGlnr:16:.1:Jroornu:rno Iquld pres-
A- -sure pain threshold (PPT) fftioaYtu Algometer'0 " "

neuitr$ Trigger point airurinnrunrri rfooufi 2

r1r nrteirlo rnr:0":loarn u:i.lfirh ariju 2 n6irJ ua;

biud ar n air: fi rirJr u Nlyofascial pai n syndrome

fi n {u rdar fr,: airur-ru,ir ulunei r o: t s rir.: Io ufi

$nmfuo;rinnrunrrrirl"onud t 'lrjyr:rr ir air]r r a ri

n{r1o
I i r_

nolll'| I tl4n'tTtnu1o1uaaof,1ql1uqau1ntou?
q.:!:!'lM lrigger point LtLnto\:Ultrasound and Elec-

trotherapy sonoplus@ 591 ENRAF NONIUS

(headsound 1 MHz, ERA 5 cmz, continuous-wave

mode, intensity 1.5 watVcm'?, circular movement
Y,

technique) rilul'rn'r 1O urfr 1 o:".lliu rillnnr 5 iu
ncjlfi z luhr::"nr*rrir u a-on:rmruri!3rr$

rilu TENS (Combined therapy) Iolfi headsound rilu
& ,, , t, -11!na unt:ufi Lr,,l (Active electrode) fl ?u.u'tiun::$fl

tv{ (Heterence etectrode) a U!tr? rUOUUlJUO'tUlOtl')
e- a
nulj'r!11:J'to touta TENS [lu! frequency 100 Hz,

continuous wave, moderate intensity dliliu1r.r"11',rJru

i6n'ir fi n:: u elr [l"r lr n fi so asi n e'r l rdaLi o o"?

nt rifi ei:Jr uloiir sT aorj?qir ri6ir rl t:hi
r,t qo urfr ri:-h uiurJ:;rrua ei[si1fn,:1uro arryir16n

a ?.s.
fl n 0 q nrr!r'r:?3in'r:gn B1n:nu H,:J:uo:loiilnr:

-;ul:LUutro!r:rJn'rt!nutJ?on1n$t,tno (Pressure pain

threshold) rrd;nriu:uu:rnr:15l:..Jro lPain intensity)
Lrriounl:inElrnntl lqurinnrunrfl rirfonui t

nrrriufinrioXa riufrnrir unri.: Trigger point,

-:Referred pain ttn: ::oilGrnr:til roornu:.lno
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2ltgllmnuRf|'l:lmnufi u.||fl ll

e a.v.l
viunr{n !ttn:0,J Algometer no:ltL? 0{0o Trigger point

nuH ? u$ll'flnLnu Lt]l?{on1?11 UO UUnnn',]rl?O tO

nr-irrr,flu xpu rl.n.rrlr*iu.i. e oto uurrl.

utlrrirtoia un:rJ::riunrrr.::uu:rnr:ril: eo lealn

intensity) Ioald Visual analog scale fl?'rrJu'r? 1o

!{u6rror 10 rou6rro: rrirn"'u lrjrhorar, to

rru6rrer: rvirn-r rolrni soouruhllail rhnr:
i ln:r:fda alouldl:J:rn:r sPss irorr:rdrir pres-

sure pain threshold tlo! Visual analog scale

riou*wln"rnr::"nurnr ulunrir Iould Paired t-test

nr:rqfi I

ornnr:f,ngrr,{u'jrri1 Visual analog scale

uBnn'tnn1:fnl}10?u0antltr1?uon;dfid.tau1.t'llu

drrirgnr.refi6 (P<0.05) dlutit Pressure pain

threshold lllllfl?1lJ$nnn1't lll0l?1U! n auu0:1ll n':

nr:inrn

flfi rg qfufi r n'uuruu zsrS

*a:i rnrt;riru a nrrin r*r::n ir.r n rjar 1ou1f chi-square

(significant P<0.oS)

flant:flnH.l

airJruniir.Jfi i dlu?u 13 or{ (r1u 2, rr!.r 11)

rorirrrxlrdrl to rirl, drg s dr'r n:J Myofascial

pain syndrome ::ilrrundrlrda Upper trapezius 1z

airurrio, Rhomboid 3 dhu$li.t alqrqiu 37.13 +

10.35 il

{rhun{rfi 2,iiulu 15 or* (riu 3, x€'t 12)

ro:-riler*triiqirurl?'r 11 1i1.i, d'rudru a :ir.t lu
Myofascial pain syndrome :.titrundrltda upper

trapezius 11 dlun .J, Rhomboid 3 d1[ rii,
infraspinatus 1 qir$uril arutoas 42 + '14.07 i)

[fronnT! iuutfruuri'r Visual analog scale (VAs) uB! Pressure pain threshold (PPT) rio $a:r,\d.tm:
,;

inr*r'luf:Jr tr n rilfi t 1o"ao:rmrudadr.r16 ur;

Variabte n Group I Mean + SO P value

VAS 15 Pretreatment 5.09 + 1.96 P < 0.05

15 Post-treatment 1.94 + 1.60

PPT 15 Pre-trealment 5.07 + 2j3 P = 0.058

15 Post-treatment 5.59 + 1 .95

ntr1rtfi 2 ttflonnr:r iuutfillrir Visual analog scale (VAS) ufl: Pressure pain threshold (PPT)

riauua:ra-onrr:-nr*rluX'rhuniilfi 21o-nn:rtrruoiieln"!TENs)

Variable n Group 2 Mean + SD P value

VAS 15 Pre-treatment 5.76 + 1.95 P < O.O5

15 Post-troatment 2.36 + 1.83

PPT 15 Pre-treatment 5.85 ! 2.29 P = 0.83

15 Post-treatment 5.77 + 2.O1

ztg
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olnnlT6nrg'rfl]Ji'rfi'r Visual analog scate

l n''r a r n n r : in ur qir u a''n o :r tr r usii r r n-! T E N s

noa.: adr.ririsdrdrurrlafi 6 (p<o.os) 6i?ud'r

vol, 38, No.3 S.pi.mb.r 2005

Pressure pain threshold'l.e.jfi fl 
.l1e.tlton girlriarfr u:J

riouuo;r d'.r nr::hur n n''r a riu ru o nr:inrgrludr-l.r u

nn T 1

or:xfil usolzuanr:r iulrir.lu Pressure pain threshotd (ppT) tlar Visual anatog scale (VAS)

u #o nr:in u'r1u2-rjr a yrao 2 neir

Variable Post-treatment P value

VAS

VAS

1.94 1 1.60

2.36 + 1.83

P = 0.295

PPT

PPT

5.59 1 1.95

5.77 + 2.O1

P = 0.295

riar iuurfi u:JHonr:inurlue.i:havi.rao.:neilruir

fi'l Pressure pain threshold (PPT) trnt Visual analog

scale (VAS) 'hjfinr1 [[qneilnfiu

lmior:ai

or n nrrdn sr riSrr rfr al zu n nr:in u.r

Myofascial pain syndrome oir u [o: a-n q:1qt r u9i'tta:

o-nq:rqrruriir riL TENS Io u n1r!:rrfiuo?isJ

:uu:.onr:r5ufto (Pain intensity) 6ix u Visuat anatog

scale ua: r: riu:: oi'r.l r-:runr:16lfiooi nr[:n no

(Pressure pain threshold) aonr:6nurn{,rdnuir
3 , !a!

rfunaiufrld'a'oo:r srruai o rir,: rd u r uogdno:rsr rud

irrrir terus finrral:uu:r nrrr6r roooal rdo

:l::tfi usiru Visual anatog scate [si::o-uriilnr:
l5r'rJ: ohia o n r #r ra l n cil rfi o:J:: ri uo-r u pressure

pain threshold

nr:lda"n arrmruoilunr:6n ur nfidrfl uzu nr a r

micromassage drfiodululd'ard o unt zu ar a rnlr riau
6n finermat efiect) rirlr.r"l3rrrufiriJu tvtyofasciat pain

inr:luari uulorIafi olfi rdurirbin n'rrL rdari auoar r

rra:dqnxl 6,:9i11on Myofascial trigger pointsr1

dlaoonfoln-r,lruifrlla.l Esenyel ua: n or:'2
A"y1'n1nl:pin 19l til: u 1J tlt u 1l zu 0 n1fin u1 Myofascial pain

!
syndrome !5tirl,[n6{1 tua Upper trapezius t:lti.t.]
nr:f iia"oqr:rsrlqsi ir al n"r nr:6 o n o'r r rda qiun a

nL j^Fi'r Pain inlensity Ood{ Lra:fftrJ't:nrfir:rir Pres-

sure pain threshold loi'hioirlornnr:dourr,l"roo Trig-

ger point iu n"l nr:6o n a'r ru rdasiun o ttsi nr:dn ur
1on Gam un;oru:'o n l'i r n r:1.i'f,0 o:r rr r uri'ul r.l

Toon (Sham ultrasound) illn"lnt:ulo ua:nr:
aondrn'rnr a lciH nkiqir r or n nr:tda"n o:'r$.1? urioi,t

lunr:oorJroluzu"i? u Myofasiat pain syndrome

tJolja.r Pressure pain threshold fitrjaoolt'l
2 nriu arolfio.llroln Active trigger polnt rrJ6oul

Lilu Latent trigger point $farnr::hoo:aon,: uoi

Sensitivity 1 o.t Tri gger point u-.lhj fi nr:uJ6 uru:J n.r

1n

craff-Radford uncn rusu lftENS 4 rfio'lunr:
ao rofirfloorn Myofasiat pain syndrome nlir High

intensity TENS norJrolffifino uoi1 rfior 6us$:jo,t

2?A



2l'flr'lflninnrr[ dliuilrri

1an Trigger point sensitivity 'rlri dntrio Pressure

pain threshold 1 ul6 uuurJar

td o rrjiuurfi urH n nr:6n:gr:rr i r l n riru fitd
a-a n:rs1ru6ia Lir l 16 ur n"ri o"a n:'r grl uriir u fitl tENS

ru'irn1 2 niiu ioirnrll:uu:.:nr:ril:lloorntt.rnno
(Pressure pain threshold) [[n:r:o-!GrJrSlr.Jro lPain

threshoH) bjeil.rniu aro n eirrtEiirn-r:ldd'o or:rqrru6i

arh,:r6urrrro irr nqnqr6:r ro;lfitl{ ahnr:oo ro
l,i xu Myofasial pain syndrome dtnaoodald'uru

io-ular Kuger *a:orus'5 flr^tu'jr subthreshold TENS

rLar Sham TENS himr.,r:noorlrol<i'lunr:insr

Myofasial pain syndrome
a &** ^ a .

n 1:fl n Bl n 5,1u tll u l9l tl,1n't:6 n 141u't: a,l q,lyr'l

- & q.ne a , en1T:n8'[v{un 5 nt,t 0']o $r tu an't:tunuu|lll n.]fl
A 9 A A'touto rrf, :llHlt':uYlr.,?J1nTtff nE ran011-|1u?lunrq0n

,A
r1n1r:nulq a$J ornrnffiinl:fl nnl 9inr1 nlf:stl;rrnr

lunr:6nurrfi lduararfulanr:r 6ruurlarlcirrndu
a lg,r-. - -

LLfl :n',t:fi nHlU ul ton't nofl nlJngnl:Yl'l J'tlt$:anonTt

7rYt1 LUtnOn',)13Jtfl:UO qn o',tA L!1,[0n6n tfift1.1u.tllt1't 114

0tn1:lj?ou{tuau

dl fla
a &loln dnrrfl nBrFr:.runu'it lunr:fnBr

lvlyofascral pain syndrome "lrjllorrl ttongjrrt a r

fl 11rtrr!'5nnl:t5!l1o (Pain intensity) rua::;sl''!G!

n1:LSrJ xoolnLr:nno (Pressure pain threshold)

:;T'i1,,nr:lda"aofl mr d'ad1.rrdu?!irl$nonorS!

ri! n r:lda''n o:r ryr r uoii r l ril TENS o*.c 1fu nl:ld
o"nercrnuria rh.: rd u?u?q:J3r1 ono no L6!riro;tfi urn a

lunr:ao ro

tonat:dt{6n
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