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Hemoglobin Typing by High Performance Liquid Chromatography

Tatu T* Kaidkaseam P* and Hathirat P*

Abstract

To evaluate the potential application of high performance liquid chromatography (HPLC) in
performing hemoglobin typing, comparison between this technique and routine ones was done. The
blood specimens from Pediatrics Hematology Unit, Research Center, Faculty of Medicine Ramathibodi
Hospital were examined by these methods. The level of Hb Az, Hb E and Hb F were compared. Hb
A2 level determined by HPLC and electrophoresis was statistical significant different but correlated

compared with those from microcolumn chromatography. Hb E level determined by HPLC and

microcolumn chromatography were statistical significant different with good correlation. There was
no difference but very good correlation was found between the level of Hb E from HPLC compared
with electrophoresis. Statistical difference was encountered when Hb F level determined by HPLC
was compared to that determined by Betke alkaline denaturation test. However, good correlation
was observed when the level of Hb F was greater than 2.0%

In conciusion, HPLC could be an alternative way in performing hemoglobin typing provided
that Hb F was 10% or more, by calculating from the equation: Alk F = [0.83 x Hb F by HPLC] -
0.98. If Hb F, by HPLC, was less than 10%, the value was unreliable.

Key words : Hemoglobin typing, high performance fiquid chromatography

*Research Center, Departrant of Pediatrics, Faculty of Medicine, Ramathibodi Hospital, Mahidol University.
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Introduction

Hemogiobin is a globular protein com-
prising of four polypeptide chains of which two
of one kind and two of another. Different types
of hemoglobin contain different polypeptide
chains. Basically, different polypeptide chains
bear different net electrostatic charge and this
is the same for hemoglobins which is the basic
for their separation.

The separation of hemogiobin is accom-
plished by two main principles: electrophoresis
and chromatography. Routinely, hemogiobin
separation and quantitation are done by the
technique of cellulose acetate electrophore-
sis. Hemoglobin F quantitation is done by the
technique of Betke alkaline denaturation test.”
Besides the separation on cellulose acetate,
Hb A2 may be separated and quantitated by
the technique of microcolumn chromatogra-
phy.® Practically, these mentioned techniques
require several steps to complete the analysis.
Mass hemoglobin analysis are not possible by
these routine procedures.

Since 1950, the separation and
gquantitation of hemoglobin by the technique of
chromatography was introduced.* High perfor-
mance liquid chromatography (HPLC) was used
for the same purpose shortly thereafter.>® The
advantage of HPLC over routine procedures
for hemoglobin typing was the ease of per-
forming, requirement of smaller amount of
sample, mass hemoglobin typing could be done
within shorter analysis time.

The aim of this study was to evaluate

the nemoglobin typing ability of HPLC com-

89
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pared with the routine procedures.

Materials and Methods
1. Subjects

The subjects were the patients attending
Pediatrics Hematology Unit, Research center,
Faculty of Medicine Ramathibodi Hospital. Four
millilitres of EDTA bloed was collected in which
3 mL was for hemolysate preparation, 1 mL

was for assay by HPLC.

2. Routine Hemoglobin Typing

Cellulose acetate electrophoresis (CAE)
was employed to separate and quantitate he-
moglobins.”® Two types of cellulose acetate
membrane were used. Cellulose acetate plate
{Titan [lI-H, Helena Laboratories) was used to
identify hemoglobin patterns. Cellulose acetate
strips (Gelman) was used to quantitate hemo-
globin fractions. Microcolumn chromatography
{MC, Bio-Rad Laboratories) was also used to
quantitate Hb A2 and Hb E. Betke alkaline
denaturation test (Alk. F) was employed for

Hb F quantitation.

3. High Performance Liquid Chromatography
{HPLQ)

The Bio-Rad egiupment (Model 2800)
for ion exchange HPLC and Bio-Gel MA7C
weak cation exchanger {50x7.8 mm) HPLC
column were used. Chromatography was per-
formed at room temperature. The optical den-
sity was recorded at 415 nm. Two developers
were employed: developer A containing 20 mM

bis-tris, pH 6.30; and developer B containing
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20 mM bis-tris, 500 mM NaCl, pH 6.30. The

solutions were filtered through FP Vericel™

from 2 to 10% B in 12 min, 10% B for 2 min;
from 10 to 0% B in 0.5 min, 0% B for 2 min.
(Gelman Science) membrane filtter with pore The elution flow rate through out the analysis
size of 0.45 um. The different hemoglobins was 2.5 mL/min. The varieties of chromato-
were eluted by increasing the proportion of gram were shown on Figure 1.

developer B. The following gradient was used:
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4. Statistic evaluation of data

Mean, standard deviation, coefficient of
variance analysis, Student t-test for paired
data, Pearson’s correlation analysis and simple

linear regression analysis were used.

Results
1. Evaluation of the difference between HPLC
and routine procedures.

It was found that Hb A2 level determined
by HPLC was statistically significant different
from that determined by CAE (p < 0.05) with a
good correlation (r = 0.43, p < 0.05) but it was

Vol.30, No.2 May 1807

not different from that determined by MC (p =
0.33) with good correlation (r = 0.41, p < 0.05).
It was also found that Hb E level determined
by HPLC was not different from that deter-
mined by CAE (p = 0.98) with very good
correlation {r = 0.6, p < 0.05) but the statisti-
cally significant different was encountered when
Hb E level
pared with that determined by MC {p < 0.05).

determined by HPLC was com-

However, Hb E level determined by the last
two methods correlated well {r = 0.85, p <
0.05}. (Table 1,2 and Figure 2,3)

Table 1 The comparison of Hb A2 and Hb E levels determined by HPLC and CAE.

Hb »‘-\2 Hb E
HPLC CAE HPLC CAE
Mean 3.1 3.6 48.8 48.9
S.D. 1.2 1.4 22.0 24.1
n 44 44 15 15
p-value <0.05 0.98
%o A B

CAE

re0.43,010.004
¥ *2.0+0.401
nasa4

o - ~ [~ EPEET ) L ST o w

T A T e
HPLC

1 2

re0.SG, p (D.0000CI01
y*1.06x-2.93
LY

020 M0 40 S 60 TO BT S0 OO %

HPLC

Figure 2 Correlation of Hb A2 {A) and Hb E (E) levels determined by HPLC and CAE.
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Table 2 The comparison of Hb A, and Hb E levels determined by HPLC and MC.

Hb Az Hb E
HPLC MC HPLC MC
Mean 2.7 29 323 26.7
S 0.9 1.0 9.7 49
n 32 32 15 15
p-value 0.33 < 0.05
I\;"Cm A M-C/. 100 B
) 50
] 80
7 70
5 &0
5 10
1 49 0 .
) reQ.41,pr 0.020 0 R / 1+ 0.65,0p +0.00
2 ::'3:'0-‘"“ 20 /‘? ' :. ;:.u LR
] [[+]
9 \ 4 5 6 7 8 9 1© % ° T 50 e %

HPLC

020 3 40 7 89 70
HPLC

Figure 3 The cormrelation of Hb A2 {(A) and Hb E (B) levels determined by HPLC and MC.

For Hb F quantitation, Hb F level deter-

mined by HPLC was statistically significant dif-

ferent from that determined by an alkaline

denatauration method with p < 0.05. No corre-

lation was obtained from these two methods

when Hb F level was less than 2.0% (r =
-0.42, p = 0.12) but when Hb F level was

more than 2.0%, the values from these two

methods correlated well (r = 0.94, p < 0.05).
{Table 3 and Figure 4)

Table 3 Comparison of normal and abnormat Hb F levels determined by HPLC and Alk.F,

< 2.0% > 2.0%
HBF Level
HPLC Alk.F. HPLC Alk.F.
Mean 4.3 0.9 19.7 5.5
S.D. 1.5 0.5 17.4 15.3
n 34 34 26 26
p-vaiue < 0.05 < 0.05
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% 10
AIRF,
(1s)?

e re-0.42,p" 052
e Lpe 05-0.13%
ne 34

B S )

Ty s 6, T 8 8 k&
HPLC :

Vol.30, No.2 May 1987

% 00
AlkF
501

0.4, p40.0000000%
*0.832-0.90

[

1620 30 40 50
HP

Figure 4 The correlation of A. normal (<2%) and B. abnormal Hb F (>=2%) level determined by HPLC and Alk.F.

2. Evaluation of the precision of HPLC.
Coefficient of variance (C.V.) was per-
formed among low, normal and high levels of
Hb Az. It was found that the precision of HPLC
in hemoglobin typing was very high (C.V. =

0.2%, 0.008%, 0.1%, respectively). For Hb E,
high precision were also found among both
iow {less than 30%) and high {more than 30%)
levels (C.V. = 0.6%, 1.1%, respectively).
(Table 4)

Table 4 Precision of HPLC in determining different levels of Hb A2 and Hb E.

HbA, Hb E
Low Normal High < 30% > 30%
Mean 1.7 1.5 4.3 29.8 47.7
S.D. 0.4 0.09 0.4 0.7 1.1
CVv. 01 0.008 0.2 0.6 1.1
n 20 20 20 20 20

Discussion
The routine hemoglobin typing was ac-
complished by several steps requiring several

analytical techniques'#®'

and various types of
instrument. Some chemicals used were poi-
sonous and might cause hemoglobin degra-
dation especially unstable ones. The repro-
ducibilities were fluctuated depending on many

factors such as skill of performer, stability of

93

reagents and age of hemoglobin solution.

In case of separation and quantitation
by electrophoresis, hemoglahin bands must be
cut out from each other for subsequent elution.
This technique needs skiliful technologists to
cut a single band of each hemoglobin. In case
of quantitation of hemoglobin by densitometry,

if plasma protein was not completely elimi-
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nated, it would co-migrate with hemoglobin in
electric field. This event was the cause of
unreliable high level of hemoglobins.

When commercial kit of microcolumn
chromatography was employed, as one used
in this study, the elution pattern given by manu-
facturer was suitable for only Hb Az. Hb E was
not completely eluted out of column. This might
be the reason why the level of Hb E from
microcolumn chromatography was lower than
that from HPLC and electrophoresis.

The estimation of Hb F by Betke alkaline
denaturation test needed several steps.
However, underestimation might occur. When
the level of Hb F was mare than 50% by
electrophoresis, it was always lower than 50%
by alkaline denaturation test.”

High performance liquid chromatography
(HPLC) has advantages over routine hemo-
globin typing techniques. It needs much less
amount of blood and sample preparation is very
simple. The analytic period per case is short.
Hemoglobins of all kinds are separated and
quantitated simultaneously.**"* The result in
this study revealed that Hb F from HPLC was
higher than that from alkaline denaturation test
which might be due to the co-elution of other
hemoglobins with Hb F.

Conclusion

Hemaoglobin typing could be successfully
performed by HPLC. All kinds of hemoglobin
were separated and quantitated simultaneously
under single operation. However, the value was

unreliable if Hb F level, by HPLC, was less

04
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than 10%. If Hb F level from HPLC was 10%
or more, the equation; Y = (0.8X) - 0.98 was
employed while Y was Hb F level from alkaline
denaturation test and X was Hb F level from
HPLC.
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Abstract : The Determination of Urinary N-Acetyl-f-D-Glucosaminidase*®

Pholnamin D** Muangmoonchai R** Chanarat N**

The kinetic assay for urinary N-acetyl--D-glucosaminidase (NAG) was developed for
using as an early marker of diabetic nephropathy. The single reagent with 2-chloro—4-nitrophenyl-
N-acetyl-P-D-glucosaminide as substrate was prepared and applied to be used with Abbott
Spectrum CCx autoanalyzer. The average percent recovery of standard added was 93.7%,
coefficient of variation of within run and between day assay of high level urine sample were 8.65%
and 10.10% respectively. Urinary NAG in 82 healthy persons (mean * standard deviation) was
13.47 + 4.45 U/gm creatinine. Urine from 204 diabetic patients showed significantly higher NAG
activity within the first 5 years of disease (37.62 + 24.48 U/gm creatinine, p < 0.005) and directly
correlated with duration of disease and to the intensity of proteinuria detected by Albustix.
The present method can be applied for manual assay or with automated analyzer for routine

laboratory work.

Key words : Urinary NAG, proteinuria, diabetes mellitus

* Part of Term Paper for B.S. (Medical Technology), 1995
** Department of Clinical Chemistry, Faculty of Associated Medical Sciences, Chiang Mai University

UN AausanIRTIRETIOMWla Y 9% wanan
N-acetyl-f-D-glucosaminidase (2- 1 gflanuasdlutfaanizgs wazlaifinn
acetamido-2-deoxy-D-glucoside-acetamino- wAnNEIaHTNHAI ALY TEN I INARBZT1NEAY
deoxy glycohydrase, E.C. 3.2.1.30 : NAG)* «Ju mafullaaeseningiu
lysosomal enzyme tllanils dandngiwulu anTsuaAmIdILIN Adnansnustingoe
wodrawiale® Wadsuaruaamatudniides wirudailsamingaumsla Aansmsan
andsuamneiie’ munaly wu NAG lulfdann: wudnfl microalbuminuria (Snmsdusayfiu 30-
18luszauen asendnismaianianis 300 ¥N. giaI) 138n97 incipient diabetic neph-
Luﬁlﬂufﬂwa%"m'ummaﬁﬂaqﬁwmﬁa‘lm uae ropathy ATSWUATIE microalbuminuria 1Wuda
wuszrﬁ’uqﬁumwﬁ'ﬂa'\ﬂlmgnﬁnmﬂmnmmq Aruneddiasanfaliela (overt diabetic
A9 ¢ 1Y 1a91e (renal failure) M3lisaniuls nephropathy) [ﬂﬂlﬂﬂ'}:tﬂagﬂ')ﬂﬁﬂ’nu
fiugnene nalduamiuiusiala Arwey puldangiuaznmisnuzadmdanas auf
\Bangs Mundinisdidalet wiamanay i:a:ﬁmswwufﬂiﬁu'luﬁﬁﬁwzﬁaﬂLmuﬁﬂmaju
Wusu szAurEe NAG ‘luﬂﬁﬁ’l'az’w):ﬁuqa{u (Albustix) Fenn12Eddn clinical proteinuria
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: a o o d ] )
Fnﬂﬂﬁ 1 TEAUNTININULEY NAG utlaare (AL £ ANVLUEILUUNIRTFIU) WLNANHAINITI

1BINANTTAIIRIUSAUMEY Albustix

Protein N NAG (U/gm creatinine)
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Trace 12 27.61 £ 14.48*
1+ 44 42.12 * 28.26"
2+ 18 43.36 + 24.96*
3+ 15 50.56 £ 21.71*
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:‘ -l at 3 a
* p < 0.005 by t-test WameununguAULng

H ar o W 1] A A ]
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0-5 22 38.47 £ 30.52"
5-10 27 46.40 + 27.71*
10-15 6 50.84 + 24.32*
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o ar ] a
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msaTIunzdaluaanelngdd calibrated loop-direct streak WantwuAfiGufiiu
sweranRadalusuumadulaai:  fhefdrsunsiow a Tsaweunadmu sswined
WA 2537 f9 2539 sy 2,822 Madn ladlilnasimsfaduininstadalumaiutiaas
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Abstract : Urinary Tract Infection in Patients Attending Lamphunr Hospital
Tepveerapong S* Panjaburi B*

The purpose of this study was to determine urinary tract infection in 2,822 urine
specimens from patients attending tamphun Hospital from 1994 to 1996. Urine culture was
performed by using the calibrated loop-direct streak technique. Specimen showing a bacterial
growth of > 100,000 colonies/mL. of urine or a growth of pure colonies > 10,000/mL. of urine, were
designate as a urinary tract infection. Resuits revealed that 870 (30.83 %) of urine specimens were
infected. The majority of the infectious agents was found to be E. cofi, which was identified in 402
specimens (46.21 % of infected samples), followed by 97 (11.15 %) and 87 (10.00 %) of Kiebsiella
and Pseudomonas, respectively. The antibiotic susceptibility test was performed by using the
Kirby-Bauer method. Among all the isolated bacteria, E. coli was found to be the most susceptible
to antibiotics while Pseudomonas aeruginosa showed the highest resistance. All the isolated

bacteria were susceptible to amikacin, but most of them resisted to ampicillin.

Key word : Urinary tract infection

* Clinical Pathology Section, Lamphun Hospital

NN Yaasusilaifianns (asymptomatic bacteriuria)

nmadadsluszuumaiuilaands iy ganulduntludnuazndoiingss dluaung
Aumafiwutiasfigeuasmidadslunizuslaa nilswasniuis Araadeuvus wiame
(septicemia) %aﬁé’mﬂmsmﬂqamn‘ waz il paas TuviweaRginudieunsmeffionnis
Tagmlumsinen dasnnuuafGefiduams A9 AdeRussinsRadsluszuunmaiy
TnaasasUfFiuzdosfuagiouninany Uaaaz winsrataanzudqlanudaias
miedeuasmainnfiligndmsenaiines wansilaldnsiada wazdofiuainein
Andamidusielufiszazinmadulianssng wwdsuwlassgianamunUiusalas
waslndniaudess (chronic pyelonephritis) 4 AounzAmasldTugrrfianideRdualunis
HusrgzAdlamadnulimenalslasann vanedelurniy uweafiBerintuassmasiy
msAumamaiT e insindadiuda winnafinsindauuafiGurislvaifaasonn
indsfianusuiluadngs dedAgRse Amadldsuay wluararadudandasann
fhasuaulivasifinsiadauuaiGely nnuiafifley Mbnnsitesunniadeluszuy.
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(sensitivity disc) MBILUI IRt hedauda
Taeld forcep Tensin@auds nowsiusnumas
aliaviranuladdanndty 24 wu. wazaliifu
8 WHULUIMUBMITTUIALTUNILAULINATY
10 qu. wdnhiuamadadludiviaide
aunnil 37 avAuwalediuna 18-24 1w
ARUANUNAMEUANUAINNYBY inhibition zone
AUMISIINIATFIU (zone diameter interpreta-

tive standard)

% 30 auvfi 2 wounny 2640

HaMINARDY

FINATANEINITINNELE BluAaogi
taamezuaihe fdnsumssnenlulsswenua
dwu mauAduil 1 unTAN WA, 2537 @9
31 SUMAN W.A. 2539 91U 2,822 AIREN
o833 Calibrated loop-direct streak method
wm%aﬁ.ﬂumm@’ﬂaaﬂ'rsﬁﬂﬁa'luizuumuau
tdanie 870 madvAoliu 30.83 % F1un
fluliAa w.e. 2537, 2538, 2539 WunSAATE
34,65 %, 29.53 % War 30.13 % MINAGU
puaadumsnd 1 uas 2 dafiwuRa £ col
402 0L (46.21 %), Klebsiella 97 Aatnd
87 A18819
(10.00 %), Streptococcus 75 AIRENT (8.62 %)

{11.15 %), Pseudomonas

Staphylococcus 63 #1881 (7.24 %),
Enterobacter 40 f1aging (4.60 %), Proteus
33 et (3.79 %), Citrobacter 16 R84
(1.84 %), Salmonella 9 a8 (1.03 %),
Acinetobacter 5 MatiNd (0.57 %), Yersinia
4 10819 (0.46 -%), Serratia 2 MAI1aEH"Y
(0.23 %), Morganella 2 6188 (0.23 %),
Shigefla 1 matng (0.11 %) Wiz Bacillus
1 fhasg (0.11 %) uaadumsef 3

4 3 a & a '
MR 1 WERIIIUINAIATIIRUNIAMTIaINAIaE Tz

‘ MS’J’QWUﬂWiaﬂL%E]
U w.A. FIUIUATIDEN
DL Sasay
2537 609 211 34.65
2538 1,297 383 29.53
2539 916 276 30.13
374 2,822 870 30.83
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W.A. 2537 W.A. 2538 W.A. 2539 PRt
Finvasie
WU % | % |Swa| % [3wou] %
E. coli 103 | 48.82( 178 | 46.48| 121 |43.84 | 402 | 46.21
Klebsiella 16 7581 48 | 1253 33 [ 11.96 97 | 11.15
Pseudomonas 29 | 13.74 34 8.88 24 8.70 87 | 10.00
Streptococcus 12 5.69 45 | 11.75 18 6.52 75 B.62
Staphylococcus 14 664] 26 6.79 23 8.33 63 7.24
Enterobacter 6 2.84 16 4.18 18 6.52 40 4.60
Proteus 13 6.16] 10 2.61 10 | 3.62 33 3.79
Candida 2 0.95 12 3.13 19 6.88 33 3.79
Citrobacter 11 5.21 2 0.52 3 1.09 16 1.84
Salmonella 1 0.47 3 0.78 5 1.81 g 1.03
Acinetobacter 2 0.95 2 0.52 1 0.36 5 0.57
Yersinia 2 0.95 2 0.52 4 0.46
Serratia 1 0.26 1 0.36 2 0.23
Morganelia 2 0.52 2 0.23
Shigella 1 0.26 1 0.11
Bacillus 1 0.26 1 0.11
RRLY 211 1 100.0 | 383 [ 100.0| 276 [100.0| 870 |100.0
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R ¥ W.A. 2537 W.F. 2538 W.A. 2539 EREN
TUALBILTB
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E.coli 103 4882 | 178 46.48 121 43.84 402 46.21
Klabsiella pneumoniae 10 4.74 32 8.36 20 7.25 62 7.13
Pseudomonas aeruginosa 17 8.06 30 7.83 12 435 59 6.78
Enterobacter 6 2.84 16 4,18 18 6.52 40 4.60
o-Streptococeus gr.D 4 1.90 17 4.44 13 4.71 34 3.9
Candida 2 0.95 12 3.13 19 6.88 33 3.79
Staphylococcus epidermidis 8 3.79 17 4.44 8 2.90 33 3.79
Pseudomonas spp. 12 5.69 4 1.04 12 4.35 28 3.22
Proteus mirabilis 10 474 6 1.57 5 1.81 21 2.41
Klebsiella ozenae 3 1.42 10 2.61 5 1.81 18 2.07
Staphviococcus aureus 2 0.95 6 1.57 10 3.62 18 2.07
Klebsieila rhinoschieromatis 3 1.42 6 1.57 8 2.80 17 1.95
a-Staphylococcus viridans gr. 15 3.92 2 0.72 17 1.85
Staphylococeus saprophyticus 4 1.90 3 0.78 5 1.81 12 1.38
Citrobacter diversus 10 4.74 1 0.36 11 1.26
Proteus vulgalis 2 0.95 4 1.04 3 1.80 9 1.03
B-Streptococcus gr.D enterococci 3 1.42 4 1.04 7 0.80
Acinetobacter anitratus 2 0.95 2 0.52 1 0.36 5 0.57
Citrobacter freudii 1 0.47 2 0.52 2 0.72 5 0.57
B-Streptococcus gr.B 4 1.04 1 0.36 5 0.57
Salmonella gr.B 1 0.47 2 0.52 2 0.72 5 0.57
B-Streptococeus gr.A 1 0.47 3 0.78 4 0.46
Yersinia spp. 2 0.95 2 0.52 4 0.46
Y-Streptococcus gr.D enterococci 4 1.90 4 0.46
Providencia rettigeri 1 0.47 2 0.72 3 0.34
B-Streptococcus not gr.A.B8,0 1 0.28 2 0.72 3 0.34
Morganella morganii 2 0.52 2 0.23
Serratia spp. 1 0.26 1 0.36 2 0.23
Salmonella gr.A 1 0.26 1 0.36 2 0.23
Salmonelia gr.C 1 0.36 1 0.11
Salmonella gr.0 1 0.36 1 0.11
- Streptococcus pneumoniae 1 0.26 1 0.11
Bacillus spp. 1 0.26 1 0.11
Shigella gr.B 1 0.26 1 0.11

T 211 [100.0| 383 |100.0| 276 {(100.0} B70 | 100.0
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nanmeagauAabrasdariasingg # Kanamycin (KAN), Norfoxacin (NOR) uaz
uenlasatu)Tue 8 viinAa Amikacin (AMK), Cotrimoxazone (SXT) UTinguamiuandly
Ampicillin (AMP), Cefotaxime (CTX),  &1319%1 4 uaz 5
Chloramphenicol (CHL), Gentamycin (GEN),

asan 4 LLﬂﬂdﬂ’ﬂNl’]'ﬂﬂﬁl.%ﬂﬂﬁNﬂi’N‘] saeUius

aubnasdasan (%)
wiannadn Rt

a'mw”utf AMK| AMP|CTX | CHL { GEN|KAN |NOR | SXT
E. coli 399 96 | 33| 98| 48| 82| 56| 79 | 30
Klebsiella g7 82 7| 77| 46 ) 59| 43 | 83 | 41
Pseudomonas 85 36 01 30 21 18| 10| 41 4
Streptococcus 66 39 | 77| 62| 41| 41| 26| 45| 20
Staphylococcus 61 80| 20 | 58| 44 | 52| 34 | 56 | 42
Enterobacter 39 50 | 16 [ 38 | 23| 34| 24 | 68 | 25
Proteus 32 93 |1 221 94 | 28| 74| 45| 91 | 19
Citrobacter 16 87 |1 12| 80 | 56| 62| 62| 75 | 43
Salmonella 9 89 | 66 | 78 | 33 | 33| 56 | 87 | 22
Acinetobacter 5 50 | 60 | 60 ] 40| 80| 60| 80 | 80

AMK=Amikacin AMP=Ampicillin CTX=Cefotaxime CHL=Chloramphenicol!

GEN=Gentamycin KAN=Kanamycin NOR=Nerfoxacin SXT=Cotrimoxazone

i
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men 5 wamAanyuheasdnriaey g Aeenujious

Arliradiasann (%)

a & 3,
linvante T
fuWug | AMK|AMP|CTX | CHL | GEN[KAN |NOR [ SXT

E. coli 399 96 | 33| 98| 48 | 82| 56 | 79 | 30
Klebsiefla pneumoniae 64 89 8| 83| 59| 77 ] 55| 92 ] 51
Pseudomonas aeruginosa 58 30 01 25 0| 12 3] 39 2
Enterobacter 39 50 [ 15| 38 | 23| 34 | 24 | 68 ) 25
a-Streptococecus gr.D 32 37| 74| 68| 37| 46 | 25 | 34 | 13
Staphylococcus epidermidis 33 77 | 27 | 56 | 40| 45 | 35 | 45 | 25
Pseudomonas spp. 27 48 0| 42 71 33| 24| 48 8
Proteus mirabilis 20 B9 | 25 | 95 | 26 | 79 | 47 | 90 | 25
Klebsiella ozenae 18 67 | 11| 61| 33| 33| 28| 56 | 28
Staphylococcus aureus 18 g2l 11| 75169} 71| 67| 75| 85
Klebsiella rhinoschleromatis 18 76 6| 56|17} 28(| 12| 76 | 18
a-Streptococcus viridans gr. 16 50 ) 75 | 71 | 47 | 44 | 36 | 62 | 25
Staphylococcus saprophyticus 14 67 91 31 171361 11 | 54 | 29

Citrobacter diversus

—
puy

90 91 90| 45| 55| 55 | 82 | 40

Proteus vulgalis g 100 | 11 (100 | 14 | 56 | 33 | 89 0
B-Streptococcus gr.D enterococci 7 50 | BO [ 40| 25| 20| 20 | 29 | 29
Acinetobacter anitratus 5 50| 60 [ 60| 40| 80| 60 { 80 | 80
Citrobacter freudii 5 80 20 (60 ) 80| 80| 80| 60 | S0
B-Streptococcus gr.8 5 100 |100 | 40 | 20 0} 60| 50
Salmonella gr.B 5 100 [ 60 [ 80 | 20 | 20 | 80 (100 | 20
B-Streptococcus gr.A 4 75 | 50 ] 50| 33 |100 | 75 | 33
Yersinia spp. 4 752575 50| 75| 75 (100 | 75
AMK=Amikacin AMP=Ampicillin CTX=Cefotaxime CHL=Chloramphenicol

GEN=Gentamycin KAN=Kanamycin NOR=Norfoxacin SXT=Cotrimoxazone
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An Application of Heat Pump for Infant Incubator

Kaensup W* Chutima S*

Abstract

The purpose of this study is to develop an infant incubator that is efficient, simple to
implement, and can be utilized especially in the rural area of Thailand. Instead of the current one
~ which employed electrical heater, an electrical operated heat pump infant incubator is designed.
The requirement of the air conditioning system to provided the room temperature lower than the
desired temperature in the incubator (30 - 38 °C) is no fonger needed. An electrical operated heat
pump infant incubator using a simple four ways control valve will switch the incubator side to
become evaporator when the ambient temperature is higher than the desired temperature and, in
contrary, condenser when the ambient temperature is lower. A large mass heat exchanger attached
to the indoor coils is desired to store energy sufficient that air temperature in the incubator would
not drop lower than 0.5 °C from the set point between the compressor cut-out and cut—in. This
application of heat pump could provide the opportunity for over six thousand small hospitals in the

rural area of Thailand to employ the infant incubator.

Key words : Infant incubator, heat pumps

*Department of Mechanical Engineering, Faculty of Enginsering, King Mongkut’s Institute of Technology Thonburi
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Introduction

The heat pumps were employed by
number of investigators for various applica-
tions. Zyalla et al' employed heat pump in
drying and dehumidification systems and found
that a heat pump assist dryer had advantages
over the conventional system. An application
of closed loop water source heat pump was
shown to be economic for space conditioning
by Reiley”. Najjar and Radhwan® showed the
heat pump system gave better performance
than a diesel engine system using similar
operating conditions. These concepts gave a
general idea to apply heat pump system for
infant incubator.

The concept of incubator using heat
energy was first introduced in China to hatch
the chicks, 120 years BC. This concept was
conceived and developed to produce infant
incubator by American inventors since early
eighteen century. Rotch® used heat energy from
fuel and a water heat exchanger for infant in-
cubators.

In Thailand, Katsing® constructed an
infant incubator using three 40 watts electric
bulbs as a heat source. Most of the infant
incubator in Thailand had electrical heater as a
heat source. Since the basic concept of this
method is to supply heat energy. The
necessity of lower environmental temperature
than the desired temperature in the incubator

chamber is essential condition.
Objective
The major concern of this work is to

provide a mobile, electrical operated and easy
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to maintain infant incubator for the public
welfare in the rural area of Thailand. The
infant incubator is required to work without
controlled surrounding.
Design Consideration

An advantage of heat pump that the
evaporator and the condenser couid easily
exchanged by controlling the flow direction of
the refrigerant is considered. Incubator desired
for working in tropical climate is particularly
important since the specific incubator tempera-
ture is higher than the average ambient tem-
perature in summer and, in contrast, lower in
winter. Table 1 gives the typical incubator tem-

perature for infants based on weight and age®.

Table 1. Specific infant physiology data at
50-70% relative humidity
Waight Age of Infant
{grams) (days)
iess than 1000 <10 | »>10 | »21 { »35
1000-1500 - | <10} >t0] »28
1500-2000 - | <@ | »2 |21
2000-2500 - <@ | <14
2500-3500 - <2
Incubator 35 | 34 | 33 | 32
ternperature {°C)

Moreover, the economic operating cost
is convinced by the high coefficient of perfor-

mance (COP) of the heat pump.

Apparatus

A full scale prototype was designed, con-
structed and tested to ensure the suitability for
this certain purposed. The infant incubator con-

sists of a clear acrylic incubator chamber of
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0.16 m* and a heat pump system placed on
the mobile frame beneath the chamber. Fresh
air and oxygen required (0.57 m%min) for
infant were supplied through the air inlet holes
located at the left hand side of the model. The
return air was mixed with fresh air and
directed through the stack of leak proof indoor
coils. This supplied air with desired tempera-
ture is then passed into the chamber,

The designed heat pump system
applied the principle of vapor cycle to control
the temperature inside the chamber. A 670
Btu/hr reciprocating compressor was used to
circulate R-12 refrigerant in the system. An
electrical four ways control valve is utilized to
regulate the flow direction of refrigerant. The
direction is depend on the relative temperature
between ambient and desired chamber tem-
perature. Two sets of flow regulated device
are provided to make it possible for the system
to work as heat pump or refrigerator. Heat is
removed or supplied to the system at the
indoor and outdoor coils. The required fresh
air and the returned air flow through the indoor
coils and supplied to the chamber by a cross
flow blower. A fan is also provided at the
outdoor coils to increase heat conducted.

To reduce temperature fluctuation while
the compressor is not working, a large mass
heat exchanger, made from aluminum, is
attached to the indoor coils. The propose of
these aluminum fins is to keep consistent
temperature in the incubator with in the limit of

+ 0.5 °C from the set point between the
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compressor cut-out and cut-in.

Function

Figure 1 shows the schematic diagrams
of cooling and heating process of a heat pumnp
infant incubator, respectively. The cooling
process is activated when the ambient tem-
perature is higher than the desired tempera-
ture. Since the lowered temperature is needed,
heat is taken from supplied air at the indoor
coils (evaporator) to vapoerize the refrigerant.
The vapor is directed from port 2 to port 4 at
the control valve and return to the accumula-
tor. The refrigerant in vapor state is discharged
from the compressor and directed from port
1 to port 3 at the control valve. Heat is
removed from the system at the outdoor coils
(condenser). The refrigerant condensed to liquid
state and flow through the flow regulated
device (B) to reduce the pressure. Then liquid
refrigerant is supplied to the indoor coils to
complete the working cycle.

If the ambient temperature is lower than
the desired temperature the heating process is
applied. The control valve connects the vapor
line between port 1 and port 2, and the return
liquid refrigerant between port 3 and port 4.
This made the outdoor coils become evapora-
tor and the indoor coils become condenser.
The reduction of liquid pressure in the liquid
line is done by the flow regulated device (A).
Heat is supplied to the indoor coils to increase

chamber temperature.
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Figure 1, Schematic diagrams of infant incubator for cooling (A) and heating (B) process

Experimental Procedure

The temperature distribution in the incu-
bator chamber is determined using thermisters.
Twenty two calibrated thermisters having the
resistant of 30 KQ at 25 °C are located at 25
mm above the base plate of the chamber. The
location of the thermisters and the measuring
point are shown in Figure 2.

Two sets of examination were conducted
for the cooling process at the ambient tem-—

perature of 36 °C with the set point at 31 °C
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and 33 °C. The time respond of the system,
the time required from start-up until the tem-
perature in the incubator reach the desired tem-
perature, were determined. The achieved set
point temperature was justified from the tem-
perature of return air at measuring point.

For the heating process the ambient
temperature is provided at 29 °C. The time
respond for three desired set points at 31, 33

and 35 °C were investigated.
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Figure 2. Top view of infant incubator chamber show location of thermisters and measuring point

Results

Figure 3 shows the temperature distri-
bution on the base plate of the incubator cham-
ber. The fiuctuation of temperature distribution
on row 1, 2 and 3 are observed while on row

4 the temperature is more consistent. These

Temperature (°C)

are probably due to the configuration of the
chamber used. However, the fluctuation of tem-
perature distribution in the chamber are ac-
ceptable since the allowable limit of + 0.5 °C

from the set point were not exceeded.
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T
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Distance from left hand side (mm)

Figure 3. Typical temperature distribution in the cha

mber at set point 33 °C and ambient temperature at 30 °C
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Figure 4. shows temperature in the at 36 °C. The respond time were 30 and 50
chamber versus time from the start-up for minutes for the set point temperature at 33
cooling process having ambient temperature and 31 °C, respectively.

Temperature (°C)
40

setpt. 31 C setpt. 33 C

—— -

38

36
34

32

T

30

20 40 60 80 100 120
Time (min)

Figure 4. Temperature in the chamber versus time in cooling process at 36 °C ambient temperature

The set point times for heating process same tendency that the closer the set point to
are determined from Figure 5. The set point the ambient temperature the shorter the
temperature at 31, 33 and 35 °C with the am- respond time. However, these respond times
bient temperature at 29 °C were 15, 35 and 65 were not linearly dependent on the difference
minutes, respectively. The set point times for between the ambient temperature and the set
cooling and heating process demonstrated the point.

Temperature (°C)
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32
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Figure 5. Temperature in the chamber versus time in heating process at 29 °C ambient temperature
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Though not mention in the procedure
above, the relative humidities in the chamber
were also measured for both cooling and heating
processes. It was found that, for all the mea-
surement undertaken, the relative humidities

were in the 'range of 50-70%.

Conclusion

This work confirmed the potential of
applying heat pump for infant incubator. The
functions of the designed infant incubator were
satisfied. Some modification are also needed
prior to the production. For example, the noise
and vibration from the compressor should be
lowered and the refrigerant used should be

changed to make it more environmental friendly.
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7l 2 wandnemslAvainomas Utrafast CT w3 EBCT scanner

A = Electron gun
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D=
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Ll =Y o 3 ar Qs ot al 1 Lt
mdasstianduasiuinBanasiantiumeihe
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Usznaumsdiusg g avil
1.1 High wvoltage generator Wy
s ° o o | a
unasselWdmIu Electron gun aiiernass
wavdiarnsauliizanafisstuth (Target ring)
W =3 - | I’J ] s
udAnfidlandtulaedmnusednduszunn
130 Alalaad
- oA
1.2 Electron gun (3U7 3) wisilu
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Target ring

Patient couch

Self-contained internal cooling system

Data acquisition system

o ar L2 L7 & L i A
Wﬂﬂ']'ﬂﬁﬂﬁ?'}ﬂ'iﬂﬁl.ﬂﬂ"ﬂﬂﬁ"l&ﬂ?ﬂﬂU')ﬂIﬂLNﬂ
tumaae

4
1.3 Target ring (3Un 4)
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ianundsrasynivianatay 210 asen
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conductor detector) 13296 UIIUATULHY
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\AgnAU Target ring umAsgRTIAuTINUAE
= L 1 L4 o -
fawaiduthgudnaradnndtfafivuie 135
b= 1 8 1o L (]
EHUALUATLNTUU LLﬁlNF]')']N‘[ﬂﬂTiﬂGIaINLUU 210
1 bt o ol 1 i g

prniEunu i 2 gaSesguuunuisnunmes
864 MR (AT 432 ¥2IR)

JUf 3 usmd Electron gun

2. Computer unit \Hudiufivnniav
Usranauatayafldifunn pas Fsmglug
fyanaminas uazdaimihfimuaumvoy
10989u6A9 9 nndrvrasmiadiaiane
FnumMsANNARINITRIgATLANATE [ny
ywihfl Besdrsunarneu @avsassuusig 9
AsnRudilirhonuatnagnanimugons
uanmmfué’aﬁ’mﬁ'ﬂﬁfﬁmauﬁu@'mu@mﬂ‘%’m
WasavaunInlutuseusna g Snse
Usznausie

2.1 Central Processing Unit (CPLU)
duiafauavainarasszuunauiined
(Ussnausae ALU, Control unit uaz Registers)
ynwihindnaa Uszananataysfildiusiann
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1.5 Data Acquisition System (DAS)
) A a @« A ot A ‘lev
\Wusunmmihiudasdygradayanlasuen
4 - "
Detector (Wagluzurasdaaalvin) 1d
) ar aa A 1%
agluglrasdygruiinaaiatloulidiu
payRumasaasaunlUlsenianalssall

31]‘71 4 UdM4 Target ring

DAS Ltazﬁmﬂamnﬁq%’emuqumiﬁﬂmuma6]
ﬁlﬁ’%’umﬂfﬂmﬂiuﬂfmrﬁ}uﬂ%amﬂcgfmuqm
Pniudsdludmissanusaarianfiads
Tusivdusing g mald

2.2 AN (Memory) luip3as
wnagraNReasaziidiunmilyany
nan (Ussnausie RAM uaz ROM) wasvula
ANNETBY (Hard disk) YimiAdlufwn
tayanouddil CPU Usranana, \iudayadls
nAMIUTEaRaRds Mntadufifumdiy
mauTaLeia 'Lumaﬂ'?qmmﬁuﬁmga
Tuztuasusu Optical disk Wiaauulwmangday
(Floppy disk) wIamuusimin (Magnetic tape)

filet
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naTadAdaaNTIgRaN R AR TIR N SuER
walpetnuniiae Cathode ray tube (CRT)
wiaen Display wWiafi3uni1aa Monitor &
31]Lmuwﬁwaaﬂ’ml.ﬂmuaﬁamﬂﬁ'uaaanm
lugunasidy lulagtuflanuaninaannyn
2 jUuwuufa Film multiformat uaz Laser
multiformat (U’laﬂ%ﬁﬂﬂ Laser camera) -'fw
Srdunndazsrunanmfasaliafiaiasie
lonmtraNRImasT NuHuRdNTIFaanan

wanangdaudsznaundnnoaaudasod
daus Ay SnauRameanaIE (Patient couch)
sadendsiiviaaiudiunes Gantry 16
+ 25 89A1 WEWMISAY S ATEALAIUALS
TaynasaitnsigaInIsauny Jouansing

14 30 atiuf 2 nogwmay 2540

[

=l ¢ - & P a
NnFTBYBNUIERaNRIEATI 9 U NADIEN
Gantry unu

NIM9IY
a = d A
PNANHUADILATES Ultrafast CT <ded
ar a ar o U4
dutsznaurang ulBerAuIRIaanaLsel
AaNTIERINIl Aad 3 d1uAa Scanner unit,
Computer unit Waz Display unit Usdziianoe
' a ' = & o
wansduannieIasanastdrauRILmaINIlL
, o oA
latanizatinstisludiutas Scanner unit a9l
) 9 5 | P=
in1sldvaamanmsduazladinalndiulah
d cl e cJ d w o
iwhaunsuaadusush 2 vildnisvinanuaes
2 ' o e« a &
wWIswanendlUIniAIaLandstRaNAAaS
Mlilae

DATA ACGUISITION SYSTEM

jift 5 uaRINYIYILEENRTE Ultrafast CT tunsvihlianBiamnsauain Electron gun T Target ring
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Ui & wdmmnfinfithandwaanwmiiruasuon Target ring uaz Detector R R T T e PAvold
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Pnmwhuapdluguf 5 waz 6 i
k- A
ATINNIUYRNATEY Ultrafast CT Scanner g
s A a‘ 0 & A
g1AgnIIAAaUNIRIEBLaARTaUNNIALL
ar = A
asenuhlavzrsaiay  Jdnwauaiiuisumoun
frnulAmassnaniiu 210 299U 4 9
a4 o ' .
3NN Target ring (JU 4 uaz 5)
é ? »oo ar rA’ =y
deazmAiiaTidiandaunilusiAnig
s o = 5
Uiza108 45 pIFN AULLIRBIBARSEUIINUY
a fd @ J 1 ar L 1 e
Rfandhaiaruezehumgiasllnsznuiy
a v W ar A d a
Detectors fingmsanutwiuth (qun 4) &l
st =) ) 1 1.3
anwaseiuRNuIuAmlsEnaume Detector
° a ar o
UM 864 A7 (WA 432 A7) Adun1919
s ; ar /s s ol 1
anwuzliazEuInUNARYGTiase (2 siices)
w & o a
ALY lUMIEUnY 1 saU (MeaAlaRARsay
Ea o . o [4
4 p3dlimnnszmu Target ring Wasuns 4 29
Iatlld scan time 50 A8d3uf s2lfanly
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MINTIATRIVNAALEY 200 RadIu1f Aanien
5N nlADY 8 slices (Multislice Mode) 1z

& . = E ¢ 4
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wilinSafinanedmannianasdindauiian
punuy A luda B (gﬂﬁ 1) Fedaddaniszana
1 U usllwAdas Ultrafast CT wia EBCT
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muminAenel  Segwnsolivatlunis
AU 50 Fad3und Aupranduase
aasomnarlumInmanwaunirdslaus
ANllUNISSUAY B Detector Was
faddsludasminFrunsmafuieyanoe
dununmweasgunIirenianailaaanie
Memory liaansafiudayanu taquuis
ymaugaRes 0.050 Funfiviniu)?
WA NWAZTINITYNITUTEIAT DY
Ultra fast CT Scanner ¥3a EBCT Scanner
3214 Electron beam Z@sldinlaifimsldvoan
nasd usmngnisvitoulaesiuudafdels
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a4 1 e x 1 r-|
wazlumsdayngiheinlaiamansades Gantry
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Timflawmdananasdrasiusaina g s
2l838n 19 8emes (Patient couch) Unu
o -
INanEUzNaILATES Ultrafast CT
Scanner %38 EBCT Scanner {faumnmig
o 3 a ¥ o A 5
nATalannstraNRIeaINT g Ide
L4 ddd 1
1. MnalulaginiBanin Electron Beam
Technology S9wSauaiiauililivaanentsd
o a e P ./ A
2. lifimaedaufraunsondudiun
w e s o e d Y |
arsniflanduazdrunmniannnean I
Aeflae
r -~ W A 34 4
3. anwauzmafiufoyaialiairanin
\luwuu Volume data acquisition W3BUWUL Slice
o o d
by slice data acquisition Ale luneziiaias
anmsdranRumaIMmIluiiuuuu Slice by slice
, &
data acquisition tN1YU

FEmsaunu
1. Multislice mode®

1.1 Flow mode Wiumsainmwludioszee
aa939nadizNne 8 wumwas (lenw 8
Slices) Ineldnanifies 224 Taddunflirindu
NIMIFunY 4 A% waliinmaedoufiies
mzadldaunuianismunuinilimunidle
Wi WedereinBaudisunatlumasiaun
103 uRId wiagnmva 2eneaweslasly
sesllaszunils wanandudddiutaudien
AsMuEasszuunsivadaulafnainiila
TulsauasUamnaugWilasie

1.2 Movie mode W3® Cine mode 1unN3
deningarsiutasiilalaeiawi: @
adaamsauIznA 17 Aswedund luusias
5 (Level) WuAaldnanauny 58 Sedind
fa sice Mbwdasiauas Memory AL
dayaaniulaifies 80 slices Aaudily CPU
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wasvgANEE I uslaealuana ol
Wied 10 mwsaaiearsvauniley Afaane
waslun13t9Tu mode Wastiandeein
Trigger 310 R-wave %aspdunila (EKG)
vidludmznazsunisnnaadiarnsauluds
dhluusazady miusudumwmamnuzas
¥ila (Cardiac imaging) WiauALNILAULEI
WilaadIurase

2. Single slice mode

2.1 Step volume mode WuNIIEFNA N
ShwnistudeiunM Yy asanaEs
penfmading W laewnly mode fasld
natlumsaunusa siice 89 100 Fadhnd %
asldnanauny (Scan time) fiunnusasyinly
guheiulinadiduntddusasiiilidn
gy NARaYQYINITUNIUGY (SN
ratio g9) ¥ ndl&s resolution GR
vananBuudagisnnsaaununIwluL e
faelismsnauaumels Tnelurilsiiin motion
artifact uLBeNUMSMERaNEWNY (Scan time)
50 Radiund lu mode fswsaiBan siice
thickness 1.5, 3, 6 wia 10 Nadwwps lag
FINITOFTNATNIY 40 92AU LAWY
76 Sunilriniy

2.2 Continuous volume scanning mode N7
gl mode anliu mode AuguitiluiAdas
Ultrafast CT %38 EBCT Scanner lasiagdas
wdaufadsadadururaunugeniunis
Lﬁuﬁ'aaﬂauuu Volume acquisition data
FINIIOATHNATN 40 TEAU Tuaies 16 Jund
Tendan slice thickness 167 6 84 10 Faduuns
(ANHAENITILALILIAEBULLL Herical scan
luir3nsiangisduuy Spiral Computed
Tomography)
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[ | d
vaa UadLATRY Ultrafast CT Scanner

1. narlumsaunudy usas slice Mnanies
50-100 faddunfl vedwszlafinng
winumarasdiurninded [HudsTamy
saglie YildlaTuniitaduuasSnud
5oty

2. gnansaasraaimsaduidmstusinia
iwdnulmisaannalaclsitia motion artiacts
wWIaA resotution 18elu

3. sanIniudayauuu Slice by slice vi3auuu
Volume acquisition data M I¥EIN730UA
TayaunaFraniwlunnssurusiuniniw
udAldEnuAdnlandaraniamaii g
Tunanarinen

4. \Fanarsmanulavatsdneas  (Multi
function) TR MuNsaNdiUNITIIILLIES
DILITFNN g

Yosdies wmdASal Ultrafast CT Scanner

1. MAAMaIgInATaLantstrauRuaas
Mlus1a 2-3 i

2. Pnassdniziiog

3. mi@u,a%'n‘mLﬂ%a@&jamnmztﬁﬂm’lﬁwqﬂ
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Fluorescent Based Technologies and Human Genome Project
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lulamaluladl  nsAunufBdngnislule
Ad o w m! & w
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e ° o
TA39n13 Human genome @ailunisviueun
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Hunyws (gene mapping) TINTINTITANN
o al ¢ A4 a a =
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aauandlanaglauiinuszyneldnuinu
Fluorescence in situ hybridization (FISH)'
Primed in situ labelling (PRINS)?, Comparative
genomic hybridization (CGH)®, Chromosome
minOdiSSBCti0n4, Exon trapping, Gene trapper,
DNA (finger) printing®, Linkage mapping fg
nsruunIanldlwdiadiss (Polymerase chain

reaction)° wae Fluorescent based DNA

. 7 L J T = L= d Ll
sequencing’ RatelidszBninn pSasile
W LY 7 ] - & ¥ o °
gnluNARInafaunInaalaln1suras
Uanaseduszm Fluorochrome 8 Fluores~
cein, Rhodamine, FAM, JOE, ROX, TAMRA,
Cy5, Cy3® a4 wdmaaininAu probe wie

o
primer Taef fluorochrome labeled probe %38
1 J ] b . .
primer (a1l #NTINUADEWAIIIY (emission)
o | |
aananlugurawuadludnaius giuld e
P "l o o \
AMIBANAU (excitation) UFIWRINUGITU W)
[ a A dd e L
laser wlU (e 1) uasSasnifinliuezgn
n3sraulatndnddala wia ndes digital
wlasnndudgygralnfauuy analog uaz
deyeuney digitat (WIadtyeua 0 AL 1) auaeL
drunTnNItATIsRLazUTENIa AR Y
TUsuﬂmU%qnﬁ?ﬂﬁ’itﬂﬂzﬁnm digital (imaging
o ° @
software) (U 1) lagamnsniruadwsnle
o o . F a s
asfuadly hard disk 209AIRIABNRILAEY
[ ar ] cl’ » =
waflassnanaiiiiaidunt) imaging analysis va
o ' |
digitized imaging analysis @9a13na1lA31
Wumsnsaagtieldisnaaunsoniiadinmei
Taslulon Budiuresdibiue (DNA fragment
analysis) &AXNITVEAUWEIINTUALEULD
(DNA sequencing) 9 uuNInlABENIdzAn
warTImFIndusfiauNin (high through put)
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AN 1 UERIAN Emission WAz Excitation wavelength 984 fluorochrome dye UNNYURA

Maximum Emission Maximum Excitation
dye-labeled cligos {nmy} {nm)
5-FAM 522 493
6-FAM 517 494
JOE 554 528
TAMRA 583 560
ROX 607 587
TET 538 522
HEX 553 535
[R11QJUTP 525 501
[R6G]UTP 549 529
[TAMRBAJUTP 572 555

] » d - ﬂ. gl & o o
Ui 1 073 scan unu fluorescent labeled DNA 37NUKY gel AIEUE laser WABLWS W MLEIRSULA B0

PMT Wiludtueyu digital

fayannanaumematasiusyws azgn
tufinaduraniaueailssininwgdunany
asRnIMlan a7l The National Center for
Biotechnology Information (NCBI) w3afl
AuAtluuNYaI GenBank UszimAan3gawning
The European Bicinformatrics Institute (EBI) ﬁ
UszinABINgw Uz The DNA DataBank of
Japan (DDBJ) 'luﬂ'izmﬂtﬁﬂug laaan#e
i3t internet @anlusgudayadinsaediy

lagasuszaianarasssuwe n33eeamu
098U AuAuFwudlunTralsn TuTe
nszUIUNIAN g Afetuuasndulududy
dasnnndninarasiiy  Sotledetomuad
NE1INITTIHEUTEHLIA NIV URNURE W
aywiliawsad13alalaiiiu 10 Yanily
AUTLHIANANYDY Human Genome
Project ﬁamiﬁumﬁuﬁtﬁumm&;wm‘[‘mﬁa
DINMININENEA9g Auaywe' Waldiiy
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dhwanelunsemsifasunauniasss Preim-
plantation)", namTIdiisdanaumaan (Prenatal
genetic diagnosis)’?, N3llNTz3s matleanu
uazmasnwlsatiug

AIRUAUNIM WAL STasEURAINEIUY
TasTulesftunaulaadoaysil

1. AnwlssTarasnrznaiiiulsnd
mMATIENIIeENaAN1IR LGNNI

2. 4afiu DNA magnanadlunszna
ug nnﬂuﬁ’oﬂuﬂnfﬁ uazPUfiRAUNG

3. amatanguaulaslauloy (1 Karyo
typing)"®
a. wansnuAumIilEdnlaslulauelad
Uhasfifufinalsniueong

5. wenanlAaw (cloning) w3am
genomic libraries Wakum DNA Afdiudn
(repetitive sequences) Twudnanmailnd
Wenududandrndaldiliy marker unas
AT IEuAINaIINIIaEMaRANELY
w1g an vau wau ladils wandeldsusu
Fansradrluudryanamdrdudainisnig
wardan1wiliuadtily (A19v1 linkage
mapping)'*

6. \ilamusunisfuldavasdiugingr
vulpslalasilaudrAimamiansuuaratiy
AINE19A2838 high-speed nucleic acid
sequencing A18LATBIATINVNAAULUE
anlulg'®

FathatunsAunUBiy BRCAT firiali
IAAnzFeuN sutumpuRlanaang Tae King
MC T m.A. 1990 wuirfudagludiuuas
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Tup.A. 1991 wuuInanEUAINEITUEIAIDY
U3znted 10 CentiMorgans i3 10 #1U base

A4 a ar ! oo s
pairs @wTnuninaaifuagsnn 500 Hu
ralATnaINIaguI 600,000 base vi3a
flutlszane 65 By uaz Skolnick M Tua.A. 1994

. X ' a S o =
arsatsgsmunutvasBuillaluigs sy
o o, dd .

wigvany 50 U N4 mutation w8 gene
a & A ] d i & W a2
ainanafiazianuEsastiunzFamuugii
50% Tunsvieligsang 70 Ueslianudeags
09 85%'®

a ar S . a &

gvstluuneaiasananfanugutng
IALR digitized imaging analysis, hardware-
software uaynIUIMALAAINGTI NIUTEANG
9y 1-Dimension gel electrophoresis, CGH

A @

WAz PCR-based-linkage mapping uaiu

23
HiYaWIUY human genome project

Digitized image

mysaiunwaduedas microcomputer
édﬁi%ﬂuﬁa ndag charge coupled devices
(CCD) w38 photomultiplier tubes (PMTs)"” uas

graphic program

pasy Digital uaz ndwa PMT

ANENTNY video, scanner War NaoY
digital camera s dlfueauas CCD lunssunn
w38 photon ilaudu wsassnafufinunwIas
CCD ﬁaﬁqtﬂumﬁaﬁ 2 gt
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maeh 2 Wisufeunasifiuas oD AU scanner Wily fuiliiundas digital

&89 Video vi3a Scanner Yl Digital Camera
1. 1% ccp auamwligednlunisdunw | 1. 1 cCD amawgdunmssuniw (photon)
(photon) uazuwdaanfude gy aluiln uazwlastudeyaru digital
{analog)
2. resolution AINAR ~ 550x750 pixels lael | 2. resolution gendtAa ~ 1000x1300 pixels
usia pixel Huue 25 pm lnsiusiaz pixel Huu1m ~ 5 pm
3. # gap serdnauadzad pixel 3. 138 gap Tuszwinauniuas pixel
4. dynand spsudandly digital dauflasin | 4. ludes
Wlirumaniusaiss digitizer via video
card
5. uanmauusavaimas uwuu real time 5. wamdtauuvaNaiiimas uwuulsly real time
6. Wnzfaztevia scan amgmnslngua: | 6. @ranIatiuniwarndmguuiadndil
Huasarinann umaaloalsd
7. duslEiundnd video uas scanner ol 7. Al ueSas automated DNA sequencer
wdz DNA fragment analysis 5a8lUBanda9
digital ATUAINIINNERS fluorescence
8. lflnnihnnildluipmefluGaGan 8. anImhmwaldluAweilu@aBannls

CCD 9nnaad video W3a Nas digital
dnliunduussnsuruiialag s (trans-
mission) d7UMKI CCD 1 scanner azdmifiu
drugnaeioundy (reflectance) 2aIAAULAS
fannszmuuummlugleamasnilni (elec-
trical energy) Wuu analog (Wa3UIWAAT
Usngluusiazng) uaskuassiaanlieglusy
UDIFEYY M digital (FryaIed 0 uas 1) (;:j'dﬁ 2)

136

#2 PMT technology 3zilsiAnuwinin CCD
WAEINIIATIIRVKEISS I e 9laEndn
CCD (low light sensitive) lmzapifiunnday
ramwliugn (dot) waztirnAuNLERINALY
wihasraARaIlugUEad pixel WNIYBY pixel
Nuduuauiudugadsznaududniy
digitized image MellsimsAruANTEY graphic
program (‘EU“?II 3)
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Light source -

Scan head
CCD orray

< .y . .
gﬂn 3 Digitized imaging file dwnIntnauuaaLurdtaenedinaililugurands pixels

yHAYDY Image File

Black & White (Ju 1-bit data type 1-bit data type Color
naMFausay pixel andulaiesdrnn (1) win 1 white
&6 (0) 0 black
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Gray scale \{lu 8 bit data type 983 256
Ut (shading) wnsdimintusiazgaradniv
w3 pixel NUAAILUWINGD monitor ENNATOR
aufly 11, i, win 1 lu 254 duturaEin
(2°=256)
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-] a 5 = 2 s g
256 AAUTUYRIARLT, waz 256 ANAUTUURd
X £ A 1 d‘l ./ b o Qiddl 1
Fundu andndmarildhanuatldanuansi
nuile 16.7 aul (2*=16,777,216)

24-bit data type Color
8 bit of red ]8 bit of green| 8 bit of biue
i 1 IRRERRER "
111 |eoooooos | 00000000 umd
00000000 |11y 00000000 e
00000000 00000000 | 11111111 iy
11111111 |00000011 00000000 LOIWINA e

U

8-bit data type Color
11111111 2177
11111110 WIYNIRIN
11111100 NAWKTSR
ﬁ
10000000 NPRILEY
00000000 A"

Indexed 18 uaz 256-color Iy 4
bit data type (2*=16) unz 256 & (2°=256) 13
Aund (Rered), Ben (Gigreen) uas Uy (B:blue)
Ananiiludadousngg Ay mwludnusiieed
color table Usznauaglu fie fu lme pixel
wiazaueansaunngiiudlagnildy 256 &1
Usingagiuy color table 1§ (U7 4)

FUR 4 Color table 2897w 8 bit 256-color

RGB true color U 24 bit data type
{8 bit of Red + 8 bit of green + 8 bit of blue =
24 bit) Usznaue 256 aeuTuURIELA.,

oooooooml 00000000 ] 00000000 | I

= \ o
winmnnanlaeagusvil

miaifuaa DD | Bits Color
Wis PMT
24 bit trus color 24 16.7 duF pixel @1u7seily

Slanlalu 167

awd

256 indexed color 8 256 AfFwry | pixel st

Aol 256 &

256 dhwuiuas | -pixei Twnsod
fim o rmvie 1 Ty
256 éﬂﬁuﬁ'amﬁm?
-Gealdinnfigaly
A3 imaging
analysis A
mialulamaluiad

256 Gray scale 8

16 dpudumne | -pixel @nansedy
dnlnngy |, 10 wia
1T 14 Fae
MAuTUTEIEIm

16 Gray 4

Black ua: white 1 |2 8 @ wda &y | -pixel @anTody

derm3arm iy

Image file format FwatuUsziAn
Lﬁaw’lﬂm_’l’uﬁm hardware kaz software ATWUR
wanmsILiutayaTas image file uwasannas
ﬁlﬁumiﬁué’mﬁmﬂaﬁﬁmﬁu a1l Tagged
Image File Format (TiFF), Targa (TGA),
Windows Bitmap (BMP), Encapsulated
PostScript (EPS), Graphic Interchange Format



TsmsmabinmsuandiSeslnyg

o a |
(GIF), PC Paintbrush {PCX) @%7U format N
fauldfluiuniesiu image analysis N9
lulamealuladl Aa TIEF, BMP uaz PCX"
@ (colop AauES (light) Mnunasnuiln
=) =] B’ Y
uEe WuussdivinsnnvaaalW nIadundu
nadlwInMIRaMT Wi saiay
aasudy iy thadyaiuasastusadusu
WEIFUUAANINUEITFT g NIHANTINAY
WIIEINITOMAY spectrum BIUEESY 9 lalpe
MIUEdYEU Prism Tumaimenenass &
r=y J . a8
wfistulaan 3 Usdwuda light wavelength,
amplitude Waz purity
Wavelength FamRuanUAzadssg 19w
=1 9 o a =Y &
@7 wavludy dNeSasranfumasuamnina
vunieanaiimas 3undn “Hue” Susazoiinge
=l A -} ] d o
HANNEIARY NiaTzasvinen peak nildluan
d 1 [ ar i 1 -1 d 8 0
peak wilalirinAy wudssaeldrnduaunii
P
dum (3UN 5)

o d .
i 5 AnnemAduraInEIsuaRduAYBs Hue

Amplitude uas@iAdaspaxRaAe fuang
nauumhaanafivasdanEunin “Brightness”
th amplitude g9 uARIIARUURERINA T
sinatlWafUT nguuntieaadtsninnd
(U 6)
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T 30 aliufl 2 wguniAn 2640

UMl 6 Amplitude TaIuFILARdUFUYEY Brightness

Purity 184@PRBIRENRARESUAMINALY
wiwasalimaiianEGundt “Saturation (R
i) dhamnwinsigs wiarudusauysal
JEUAAINATBILEIREIAINETIAR WS Hin
Adien drwudnsae (less saturation) wiad
udavanednafuNnanillufiganad ey
uekiu (white light) (U7 7)

31|ﬁ 7 Pure 38 complete saturation ax13znay
kJ é =l
ﬂ?ﬂlLﬁdLﬁﬂdﬂ’]’]ﬁJﬂqqﬂﬁutﬂﬂ')

Modeling color Waflezlfifunn
Ufjduwusued Hue, Brightness was Saturation
‘114{1’1}11]5:'2;&1 Commission International d’
Eclairage lain13rindu Model 3 aTuaan
dunIaAdiarams” 3endt CIE color space
lsanawniaiadldagrafisinsauasgn
sassneiriniiafiGunin spectrophotometer wax

densitometer &MU spectrophotometer
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P ' . '
wAANNNLINTINIT densitometer @IXNTAUI
J a 0 A ]
Fenwalszasdnndlu CIE color space latg
QnAad Color space model MINANIITUAAY
AMNFNNUGTEVIN Hue, Saturation W Bright-

. g
ness WFUZBINTIWATUUNANTSY Hue w2
=) A o a o
wasuwdaslUilawmdsumllsay 9 nssmuiiu
. o 2 ) PE
Brightness auzldaunuaiainfiauniuaily
n' =l 1 A A o
wuImd winunu Y Tagesadiannngsnuium
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fMuthuraingit ANnNaivIzanadIsudiudmm
(=% A & et .
sinfumaunangeuaInsae §mu Saturation
—~ - - a o
zlAgunladNalARaUA LB UUITEUIUNIE
WAL X 3 saturate dadlulanansuaintiw
TaganizuSalanatsazitiudens wazesd
a e o )
ATNANAIFIFALTNAEUBBINIILTIUAAING
o
Wudesdisien (un 8)

31]'71 8 CIE color space WARIAMNANWUGTENINY Hue, Brightness uas Saturation

1-Dimension gel electrophoresis

uouBuad DNA, RNA wlaldshy
f’lﬂ‘i'\ﬂguuuﬂu nylon w38 nitrocellulose
FuLladaNaINATELINAYS colorimetric detection
WIBUOURM-IMUNLEY x-ray film auldlad
¥IINNTEUIUNTT autoradiography %38 chemi-
luminescent detection' dansauNN LELATIEA
WITus wastINtaeadunu DNA, RNA %oa
Tussulfann digitized image Fdl#ann13 scan

140

WH1 x-ray film, WHY nylon %38 nitrocellulose
AINEIPAY scanner wuumlmEviawuudaie
(zﬂﬁ 9) uatdNUENESTIAUNAY (reflectance)
slasiiudtyanon digital Tusuaas 8 bit gray
scale (gﬂﬁ 10y Taelluueiy gel 2z@aadims run
standard marker ﬁmm:ﬁui’mlﬂﬁ'm ﬁaqﬂ'u
marker fuannarwsuaslEaIalYaniUlEly
97U imaging analysis #atrinianya
(qUA 11, 12)



- - ] e o o
'l’l‘l'ﬂ"l‘il'l"lﬂ'l.lﬂﬂ'lillﬂ'ﬂmﬂﬂﬂ'ﬂ‘u 'IJ'H 30 RUUM 2 WNMAN 2540

4 o . a o '
jifl 8 Hand scanner fidwTn scan AMAINUWHUAGN X-ray n3auauasnaudMUTINgULLEY Nylon w3a

Nitrocellulose 18

;.ﬂog:_l;r;rqu@d :

Lo

L

1 o [y o .
" 10 CCD array melu scanner axiussasyipulamauiiudty

WY waz avFe digitizer (video card)

=

wanfludeyg digital muansu
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B 1D Advanged
R Y

e
5 )
4 2608.00

3ﬂﬁ 11 nN3ld Mass tadder Wy standard marker ({lane 4) %aﬂs:naw’haunu DNA 2um 10,000bp (100ng),
6,000bp{60ng), 4,000bp{40ng), 3,000bp(30ng), 2,000bp{20ng)

™ P4
/

\ o3
/ l\ ”E 1\
. S

v
kY

gl e

=t b o oty A e o o i it 1 b e A Kb v+ s mkehms g s = e i g

R 12 ez EaIuauey DNA (Lane 2) laaifisuiy Mass ladder (Lane 4) fag
1D-analysis software (AAB)
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@vTuUNW B bit gray scale AlFIINAN
n&a4 video Wia scanner Maluawnsalduanunu

U9 30 atiuf 2 waumey 2540

DNA, RNA wip Tusdufaglnddanulaly

- | o e el
sraunin ualaimun (U 13)

U 13 meiATsimaRUUEN AN digital, 8 bit gray scale

atndlsfanisieAaudne (blot) wau DNA,
RNA %38 [UTRUINUNY gel MIVUNTZATENTDY
vaepsafns biot gl siuNdANANg
aguuwiy gel MlAnsamdlnsisviauinuas
USaeueaIunU DNA, RNA win [Ushy Aawme
SUTIAEMAINTT blot 9AALAU DNA, RNA
wialusiu Adaderfnluarniiduese
Ussnautuanwasiiuaay digtized image #
1an scanner MiluZnmasnfiauadlivaas
fluorescence uar CCD Fumw Taaunmwen
fadnAalaiifiu 2 log Yililaawiauenym
davyafaginduaananiuls uazn1siuan
GEFnafianduune wazamnaduawa oy
DNA, RNA, wia Tusiu lduadwsilignsns
uNutn AaalARMIUUEY taser N lESINAL

143

CCD #%ia PMT AMATWGINUIIU 1D-gel
electrophoresis (AAB) auad laser Huunaan
(~5 um) UazilWaURRTEAINZANEAN
vinlU scan wnu DNA, RNA, w3a ik Tu
iy gel 168 Iudnsriutumaunis blot 8n
sald [nefl DNA, ANA wia TWiduvzdas
AAaaINAILa1T fluorochrome vIndaNaIt
fluorescein dye U ethidium bromide fau
Tufumaa resolution waInIW digital Ale
MEAAINTT scan ARANNATLAGY (~5 pum)
naaRaE X1 scan AMluFULLL 16 bit
(2'=65,536) gray scale 1 TTARUATIANW
digital 910 scanner a353MTTlE scan wou DNA,
RNA wWialusfufiusinguuusiu X-ray fim (370

autoradiggraph w38 chemiluminescent
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< -
detection) (JUN14) RaFWNINLENIANIBUAL
l:l [T b bt kL 1
(band) NagEaiuuing aananiuls delu
MImUTauEes DNA, RNA wia TUshuan
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yavidanaudsuilutiinseyamansiuiud (DNA

sequencipg) 1RQNABY Wautn

31]‘?1 14 Dynamic range %890\ digital #1970 laser scanner (f7t) Waz white light scanner (2177)

Dynamic range Lﬂuﬁhﬁﬂﬁﬁaﬂmmwmo
digitized image lAN19INANT scan fa
scanner Ussinnang g'*® aapthdunin plot
A1 dynamic range 4B3INW digital 8 bit gray
scale (256 d1AUTupaIE) 1y histogram
Inell¥ilinu X uamarnwes color values 289 80
&1 uariin 254 YssEAUTUEREIN veldEn
ML 0 (figadiage) §0 255 (1afa:
1am) dauuny Y Iiudnsdiuiuuey pixel
TuusiazasUTunDIE (guﬁ 15) MWUIzLAN gray
scale 1847 bit 9zlalusmrnuas Hue uas Satu-
ration WARITUEAIANEEY Brightness uadlmas
pixel ToudstulnessaiuBunamas DNA, RNA
waa lUshu nanAaninuau DNA, RNA wia
IsAuiidmannfaslitBananas DNA, RNA vi3a
[UsAusnnndn wou DNA, RNA via Tusiufi
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Bina19 aniwandlldinnm digital Aldndas
video %38 scanner 3ti dynamic range LA
2 f1 25 log Vi1 (8 bit 2°-256) (UM 14)
dynamic range fefiAnaanuinlavzdendldings
MuradsUiumugniasuiniuriady Wy
vwINI3UA dynamic range TWanasagiszwing
0 S48 200 FavanefaiAnann 200 & 254 {lu
AuAEIUABA background 1EuAuaNTiy 200
vianuavinlw background {iudmanniu o
weliuou DNA A waz B lusuft 16 # bright-
ness filisnoru Turmisfuou DNA A uas B
1u§ﬂﬁ 15 il dynamic range TTWiN O &9
255 SAmauansneiy  drviansifiu JuR 16
17 du file Twaiud Ul msedvnuanea
2ENWOU DNA zHAWAIANINATIATUIIN
i]’mjﬂﬁ 15 MINMIAIIUTU dynamic range



NsmnsmatiamuwniiFedlmi

vasgufl 15 Wagludrsmdns 100 f 255
sidluzufl 17 asiliuau DNA B uae C
Amdalndidasiy mindiugui 17 Widy file
Tmiudnh Wi yTanaesiuny DNA
arfiananauinnifuaamianngli 15 u
‘um:'ﬁ fluorescent imaging device %a‘l‘c‘fuﬂa
laser uar CCD wia PMT Asnwgdlums
aredudenn wWanwdumw gray scale Tu
EULmuﬁﬁ bit §9n71 LU 16 bit gray scale

o < o o
ih s0 aUuh 2 WONAINY 2540

vyl w digital 1 dynamic range NN
4 log (3UA 14) A Mausi 0 § 65,535 (16 bit:
2'%-65,536) awrIndlUiEgRIAUILNT
USuneunay DNA, RNA waz Tushulsgnsag
wiughnin athalsfiinm 16 bit gray scale #
Usnguusseiiwaianaven  Lissldainam
8 bit gray scale Y‘fﬂi’gl.ﬁaw’lmmlaﬂ’lw

AunsnuamaalainNes 8 bit

it 18 YihnmlSuRn dynamic range Tunwdi 15 ¥1aglut19 0-200, background i):zjﬁu

145
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i o ol ’ A [l = o
U 17 ¥mIUTUAY dynamic range Tunwdl 15 wragflutas 100-255, waudiBuieiidaeas

Fluorescent imaging analysis
nnfifinsans fluorochrome wang
Ussnnfild Emission wavelength sn9fiy
AMEVRINAMION excite ABAMT  laser
(3197 3) wldlun1siiraann probe uaz primer
wialtdannsalapian waz Tusdu drelinng
AiAT1e% DNA, RNA war TUshiu saunasusiy
DNA sequencing mladazain s1:37 uas

1 o & =3 o« Il
WHUBTHU BWIIEETINITOUATIEN WOU DNA N

146

4illu standard marker W lane 1B8AL DNA
fragment AIFBINIINTIVTUIALAZUT NG
NIDNTUATRAMEIALIUGIDI DNA maeid
dideoxy DNA sequencing W l1ane WBeanu
unufiadiu 4 tane (jﬂ'ﬁ 18) IneimFel sequen-
cing primer RAQAYA fluorochrome dye snTlm
e 38 dINTP Midéh Bimaann fluorochrome
dye peTiianu (gﬂﬁ 19)



- '3 T
JsENAbAmsUANSEe Iy

4 . d
119 30 nliuf 2 woumny 2540

MIISN 3 UEAIAT Excitation udz Emission wavelength 989 fluorochrome dyes

Dyes #3® Stains Excitation (nm) Emission {nm)
Protein stains
Sypro Orange 472 570
Sypro Red 530 625
DNA post stains
Ethidium Bromide 300 511
Syber Green | luiidaya lu'ﬁiaga
Syber Green i Lildaya Liflidaya
Labels
FITC (Flucrescein) 480 520
5-FAM 493 522
6-FAM 494 517
JOE 528 554
HEX 535 553
TAMRA 560 583
Tetramethyl Rhodamine 546 572
Rhodamine X 574 595
Texas Red 578 602
ROX 587 607
Bodipy 563 602
TET 522 538
POPRO3 270, 693 567
BOPRO3 271, 575 600
BOBO3 245, 572 602
Attophos 430-440 560

nadanld fluorochrome Usz:aviladiu
atfu zleawns laser TulA%ay fluorescent
imaging device Wu g faatinduindas
Automated Genetic Analyzer 484U3%N Perkin
Eimer UssimAanigaiuing ju 310 921§ 10mw
Argon laser fifi19AAY 488 nm waz 514.5 nm,
dye-labeled oligonucieatide ﬁﬁ excitation
wavelength 1nd 488 nm w38 514.5 am 9z emit
Tfusa fluorescence AAfnasnugy duirdns
fluorescent imaging device, FMBIOII 284 Hitachi

147

Software Engineering UssinAanigaisndnadd
20 mW YAG solid state laser (Green laser)
fifitnendu 532 nm ARy fuorochrome
excitation wavelength 1nd 532 nm 1@u
Rhodamine dye ez emit Tl fluorescence
Afwdsugs Mnndnsle Fluorescein Ta
Fluorescein azgmiriUliBsaann size standard
marker Wt NILIBINA internal marker (AN
Lisndudas emit wdy fluorescence il
wesugs s ABI310 9£TRAY Fluores-
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cein dye laana1IApaz emit 1WA fluores- Ineazin Rhodamine ¥ia Rox snldRRaan size
cence ﬁﬂwﬁ'muqalﬁmnn’hmﬂﬁ Rhodamine standard, marker UNU (A1319N0 4)

33]‘?'; 18 nivataualauld 4 dyes in 1 lane gﬂﬁ 19 NISPIETRULLAKRUU 4 days in 1 lane N9z
lalaens fmaann flucrochrome dye A1
iAWY sequencing primer w3a
ddNTP

MmN 4 MaBuufiauanala (sensitivity) 5511979 ABIB77/310 AU Hitachi FMBIOI

5-FAMFITC | JOE TAMRA ROX/Texas Red
ABI 377/310 +++ +++ +++ ++
Hitachi, FMBIOII ++ ++ +4+ +4+
Comparative genomic hybridization Anszilatulaneronsdoalfauaudai
mﬁu?iiuLﬁuw%aqtymﬂ"umfmfufmuma 19uulaslulEy (banding technique)? (;s;uﬁ 20)
drunsanalaslulay Wuaunadguadia WansanBaslusesiuniausaidaaduddu
wugnItuuazlsanzSovansniin  nnsesie seauEy

148



NIeEMALAN gl

U9 30 afiuf 2 wouminy 2540

Ui 20 nadanlastulause Banding technique

AaNInmALA fluoresence in situ
hybridization (FISH) lagnurunldiaiunas
FiaTzduourareslasiulay  Teawwie
Elii’ldi']d‘l’tJﬂﬂiUﬁ:ﬂﬂﬂﬂﬁﬁﬂ gene mapping Was

fMU molecular cytogenetics &@NITOLATIEA

guuulaslulealsd Ml¥nasidsaalsanila
DNABLALATITINILINNZININTY Fanalia
dilarulestulen lussanummia (U 21) uaz
Adulaluinrdsauaagadluses resting state
(U 22)

311?; 21

myiATAlAslulsluszaan WG de FISH technique

v of a 3 ' o =
Tunwifiunsld probe fiianasuwizsalaslulensf 2 (m3%)

KAMATA FISH AadanAtRLAUERATIIMN

= ' o &
(probe} Nidnnuldluusasnsd azuuns
Fdaduduvulaslulandefitodnna natade
NiilussinsuuInaurstalnfitrasdunia

149

& ' o 4 o
Imslulangaslspuu g doudanauradanld
probe lAathimunzan InTaTRaRINET"
o L] ar = J
mldiinsdmiuinaia FISH 2uniluvais

. o o W P ¢
sUkuuadnsdadoy wWaldnsimssviay
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Aaunfvastiuuaslaslulalugadniadada
Winafanazasaunqunailuy Wy nsld
fluorochrome-labeled probe {8199 AU
{multicolor probe) WaM1 FISH wiaunu

Vol.30, No.2 May 1987

& AN X d de
vulaslulay wadndsllaiBansnini1sAnmn
A INITOATIIANAIUALITAIE U TUIUNIN

¥ o
vulaslulgulalursabian

31]?] 22

o = v . o v o e '
mMPiATERALDWBlN L Resting stage Aa% FISH technique adld probe NIWIEAB centromere a9

sl oa w el oo - L
Teslulonf 13 ARmaansae FITC uazdf 21 Afedaindae Rhodamine TuAWLEAINIATIINY

v
trisomy raalatialengd 21

Comparative genomic hybridization (CGH)
diumaliAlndangana molecular cytogenetics
IResianudaunfivasmbuiauulasiyley
MAmaAuENmIameawell (gain or loss)
Taunsounauiluanvun Taelaisnfusas
nIuANEaUNErasEuNIRaY IRLILENERS
Adua nnwad vindoidedinse vanda
AMNAILANT fluorochrome UsELAY fluorescein
N probe MNENINNENTINAL probe
#eu1an human genomic DNA 189AuLNAT
Anaaneae rhodamine WdRaIw 1:1 Ay
Sawdaltidn iy anidu probe Medatazgnii
NN in situ co-hybridization AulAslklusese

150

mmtﬂﬁﬁm%’ﬂmqﬂmaﬁuﬂﬁﬁgﬂﬁmaguu
nssandlas MelledellsunsumsNfnes
AARNNEIETATIAAIW  digital Tidnaa1n
nasingeaEarus Tun1smuIawIaRIdqy
13ingaat sz ddsnuues Ay
ONILAREIRTIN B1H WwaaNSI AU Abula
nmaddnd) uulaslulonusassns vl
fuTaU N RN IUIY copy UEIAEULE
UMM W3 nsiiuniniaranialy
ravflAulauedIy Tasuanisaduued
laslub aiudazdaaananlugurainsw
AT A uafiunGisviedBentuduns
NNIAY 1.0 MAFAdIUAMNTNTEILES
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Hg lamp

=

Filter Whee!?

y 2 . L . > ‘ ¥ r
3l|ﬁ 23 NINEAIMATZUIUNTT Comparative genomic hybridization (CGH) 3sRa1078NA T 3 AR Imely
e : 2 . W w y - .
filter iTUNzBia FITC, Rhodamine wax DAPI AwyRaNazgmideuiy wanmdandiswing
usad@ednudums Tnedl DAPL Tl counter stain Mmeldn1spugnrasiusunTNRENRNADT

A P & = =Y o -3 o ot d o 8

demwuluann 1.0 uasshadualanutisauns vuaufivin @deunngina) sl > 1
. w o

wiu dlaslalanusdmmemall @Guanlsng (3UN 23-25)

wiudR) aslim < 1 wid fiuSuaedidue

——3 - Reference

Green
uUnique sequences are | Cat-1 s‘uppresseé- " _
labeled in situ hy labejed hybridization
hghrid_]_zatlnn . of repeat sequences

gﬂﬁ 24 N717 Co-hybridize 484 test probe (green-fluorochrome) uat reference probe (red-fluorochrome) fiu
Tastulanundluszanumna
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1 1 A -l ' b
i 25 Aeduvaumdsuszumniasivluusaziagnuamsanantusiuesnsm

CGH on microships

I CGH Milfasdafinisiadaw
Iaslulonannautnilusze: metaphase uas
uluaSsRavunizanalas wuirtasadef
laslalauiimsnszaesilais Sursdausnniu
fundalde Uszneuduineiinitedinaey
mauislaliaxusin Aoaglusedt 10-20 Mb
mi¥iuuaAafiazyn DNA Microship ¥
Uszgnilunu CGH fu namAaaiouaines
polyacrylamide gel WIaurunIay (membrane)
WABIUIA 100 gm x 100 Um x 20 um A
nszandlas Laefl Microship gel ¥3a membrane

. Giass plaze with natris
v of 64 gl elements

JuUi 2e
UUNTEANAAR

152

usazaRIzgnuITYRIdutadlAslulantung <
10 Mo upTUMaBlus Waldunuleslalnluszes
metaphase IMNAULUAR NAIINLUIUANT
hybridize 314521319 test probe (FITC labeled
test genomic DNA) uar reference probe
(Rhodamine labeled normal genomic DNA)
nyzanalassindiasgmitanasissauniel s
NABINABBLHIEUS uazdaAunInmLndng
digital BuazM N9 AATIEiNE gain or foss 18

o e =l 4’
CGH #mnugneanlLazazidanuintu®?
o
(3Un 26, 27)

n73l4 one-pin robot lunTIMEA DNA solution asuLLEY membrane Wag acrylamide gel YURTITIAR
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Bp

6q 1€

U9 30 A 2 wounIAN 2540

31]'7% 27 NI Comparative genomic hybridization (CGH) u¥ microship gels

1DNA561993

1. 28U SunIfime. AAES AEA. Fluores-
cence in situ hybridization (FISH) Tu 2dun
SunTfind, Und amusty, Mo #3508
(U.n) Ingnnmuadaluniasisiiiaas
Tnslulowuasiy:  wosadamnismaw-
deadlna: AnzmAilAnTunng ann-
Ingnaudadlna, 2539: wih 12-1 fa
12-11.

2. 78um Junifimgd. PRINS and Cycling
PRINS lu 2dus unsiiad, Usadl
Srusdy, eyt A3 (U.n) dnenams
nuadeluminia Sladelasiulauuaziiu;
Wil aRMTRA-Fadna: Aazmata-
asuwng s inedodadnd, 2530:
Wi 13-1 83 13-17,

3. AN AMIUNIA. Comparative gonomic
hybridization (CGH) Tu 2dus Sunsmag,
Usrdl Aruzdy, anaun AN (u.n.)
InenmauadtlumIaTitadalasiulay

153

uasfiu:  WawaTaRnITRNN-Fedlna;
AtzinAliANMIUNE uvinenaediadng,
2539: i1 15-1 f3 15-12,

AN739 AIUWIA. Chromosome microdis-
section lu 28# Sunmiad, Ui Suusde,
Maur A3 (U.n) Insnaanuansly
nvesifdadulatiaolay wazdiu; v
aiannsian-dodnt: paznaiinnng
uwwnd uminendaBedini, 2539 wih
14-1 84 14-16.

V7 2ANTIWWNARAN. A decade of DNA
printing for forensic application. T 2dus
Junmfind, undl Srusty, nawn e
(u.n) IngnanuantlunisaTiaiiaas
TasTulonuasiu:  wakatamn1sANY-
WEadlni: ansmalAnasunng una-
Inanaudadna, 2539: v 20-1
20-18.

Weissenbach J, et al. A second-

generation linkage map of the human
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11.

12.

13.

genome. Nature 1992; 359: 794-801.
Graham CA, et al. Fluorescent sequenc-
ing protocols in diagnosis. In: Elles R (ed.)
Molecular diagnosis of genetic diseases:
Humana Press-New Jersey: 1896;
p 299-319.

GeneScan chemistry guide, Part number
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Diabetic Ketoacidosis*
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duhamslng vy 36 U Huszinshw
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MInTIaMeieljiams
CBC : Hb 10 g/dL, Hct 38%,
WBC 9,000 cell/cu.mm., Diff : PMN 60%,
Lymphocyte 40%,
RBC: Normocytosis,
platelet 7-10 /oil field

Blood pH 7.16 (7.35-7.45)
H* 69 nmol/lL (35-45)
pCO2 11 mmHg (35-45)
pO2 107 mmHg (88-110)
HCO3 4  mmol/L (23-33)

Plasma
Na

K

Cl

TCOz
Urea
Creatinine
Glucose
Anion Gap
Lactate
B-hydroxybutyrate

Acetoacetate

Urne :

138
5.3
100

6.0
0.24
274

3.6
9.5
1.4

ketone positive
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mmol/L (132-144)
mmol/L (3.2-4.8)
mmol/L (98-108)
mmol/L (23-33)
mmol/L {3.0-8.0)
mmol/L (0.06-0.12)
mmol/L (3.5-6.7)
mEgQ/L (7-17)
mmol/l. {<2.0)
mmol/L (<3.0)
mmol/L (<0.1)
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autlumausniu

Parameter 0 2 8 16 FnEdNaEe
Na {mmol/L) 138 128 132 133 132-144
K (mmol/L) 5.3 52 3.7 3.3 3.2-48
Cl (mmol/L) 100 95 101 104 98-108
TCOZ {(mmol/L) 7 9 15 24 23-33
Urea (mmoliL) 6.0 6.8 6.3 48 3.0-8.0
Creatinine {(mmol/L) 024 0.29 0.13 0.09 0.06-0.12
Anion gap {mEg/L) 36 29 20 8 7-17
Glucose (mmol/L) 27.4 19.4 11.0 9.6 3.5-86.7

44 ALl = o J = =3 o
AnnnsagUasfuszaadulsawunmanu sannItamiz GluusaBunfazgniuaan

uazfianatagudies 36 ¥ luiasdumadin
guheinasfluunwiutis type 1 (Insulin-
dependent diabetes mellitus (IDDM) Faiflu
wivnurfiandudauliaiedurdu niad
wouRuamsadugiu guitazliamsoldnglag
Wagaenfundinuls ennmslaeraly Aa uaw
duladn daaienn nsevnen saumdsde
wazfatn1suuudsunaduls AsniTwnetn,
ketoacidosis ufielAN

sf}am:mﬁaﬂrﬁﬂw

~ ua CBC wufl mild anemia usmsf
fihednmsnadise Boadeiunidliduee

- dnglaagenin  wansdrgienm
dugdu vwadliawisn uptake nalad
dnluielditundsauls

- wa electrolyte Nuaddangadniioy
usigfilenglaageeasybitusesu osmotic
Junalviinisdaoananmadieuiuany
vt Mlvluusaandeiunnluadaanan
gae e lunszus@enuin $r1eneestu
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fauiy Miluadasigdiaradiuan
AAnmaTInMIRgUhefinsnet uasTzAy
Aoglumadiunasmee niddug Aasriiy
Tusadesluidangs Toun (Raafil hemolysis,
Findfidey cot ag usadaunelugads
szoanaly Tnsawisdmfaliununaudy
wenTn Tmarasasdoadiiawuuusais
injury 789 juxtavenular cell TUumadansa
aanyl AR RUIEnTIuuNIng utug
flunisinnshueandnda Aeednng
waaluumandeslfauny

- @A TCO, fanasrmldaialen
tUruRedimaz metabolic acidosis Ws1ziinns
1% bicarbonate Wiia neutralize N Wd2
TmysUiuman CO, aafeReldnwses
#7183 (HCO JpCO | Weeft Fuiilamsaa blood
gas Abinatugulsfa pH une, Aol H* gv,
pCO, uaz HCO, M AU H Aigeasriliiad
juan H dluReasraiiunssludon lny
szuaniaMueadasnonan Judndiuniled

.
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Miluusadesluibongstiu fn anion gap #



Bull Chiang Mai Assoc Med Sci

) . w . o P
UBAANNUANGNIYBY cation AU anion AN @4
o= i
KEMINIIE metabolic acidosis NA organic acid
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(ketone bodies) §yuu
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amnerdiin laamaluldud aAduld
a1deu Uasistias nssnimin seunde
melaSazan anmelaindunzdlay

anMIUERITILALINU vital sign 8193zWU
tachycardia ¥38 hypertension a4

dansmdnfanulaisdnsmfsdund

diabetic coma

wamavie silHiiinis
'lmjm:ﬁ':g’ﬂ’mﬁmmimﬂ:wuﬁaﬁ
Hormone : insulin Was C-peptide fn dau
glucagon g9 WaMIWeNNFEFINglAGTAY
Chemistry : nglAdgs, urea waz creati-
nine mw:gmﬁ'mmnwaammamau, plasma
osmolality Lﬁu%u
Electrolyte : Imfanuazmaalinaaasund
v3agennfiuTianienanas vmzladuu
aanusigalmiauuazraslsandy Bnvialasedy
Tukaadenaaniauanialafandnnsme
dullunaidauszgnivaananigadnianiu
wartuaanniadaz shapuwsniuguonila
Tuussdenunfvidos ssvunefluunadeoy
Twmadeuin  fadifiisagluszezduane
walluaadunifiudaaufdAglunns
vanuranduila Tagawzndudardls
anaiiualiwIlasuiinaemels f co, 326N
32611 bicarbonate ﬁl‘lﬂuma‘ neutralize N3/
Ketone bodies : \fumsasiasiadugy
sz ketoacidosis Taeilusamsaziiag 3 U

AB acetone (2%), acetoacetate (20%),
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B-hydroxybutyrate (78%) Tunas AU DA
wannafeufsefuasneg sl

- nitroprusside Fnafaduasznau
\Fagauny acetone Uar acetoacetate

- ferric chloride ﬁi\:ﬁﬂﬂﬁﬁ%mﬁu
acetoacetate \AaUUANY

- B—hydroxybutyrate dehydrogenase CR
B—hydroxybutyrate W10y
acetoacetate W3aNAU NAD wipuiiu NADH

-
ridagu

Fansganfunasi 340 nm
Uapiusaniuiinisnsiain B-hydroxy-
butyrate atEEl¥NNIAII9NE Ketosis 52T
mivhelafumsinwdasadudinid
acidosis fa
HCO, 1

Blood gas : AvzuEmINTIE

8 . +
pH anN71 7,30, H g9, pCOz wae

AIINMI

- Waugdu waflldda axhlifinoni
ngfﬂmﬁ'waaé, am glucagon effect (amnas
ainglaaeinau), veamssansluiu

- Wraaamaaiaidsnstunglaanig
Tase wasudlenazray Matasnaua
gosluuseg

- ifafinasiinglasdigad exfs
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-/ bicarbonate aTnw1n1z
acidosis
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Enhance glucose

utilization

~

INSULIN \\

Decrease plasma glucagon

Oppose glucagon effect  Inhibit lipolysis

pmem

Increase excrstion of glucose

T~

Lower counter regulatory hormone

/’

FLUIDS

1WNHNU (Diabetic mellitus)

dulsadasufuadassuaiuining
raInszuIunsINAuadaunensTulawmm,
sy weglaly duddasunanmandias
dugduliizana wiafimshunusindugiu
doflisudnuaslsaiiAn fasting hyperglycemia
ﬁw‘lﬂt}jﬁjﬂ’mﬁtﬂummu%zlﬁﬂ atherosclero~
sis Wa¥ microangiopathic vascular disease WAz
neuropathy a#19l3fid a1nsfiudmsaan
fezuansnanusmaismasumnungiedy
Fowidloimai

1. Type 1 : Insulin-dependent diabetes
mellitus (IDDM) wudmﬁaﬁmmnﬁuﬁuqn‘sm
wuwuanAludid HLA B8, BW1S, Bis, A1,
CW3, DW3, DW4 gilaasdl autoantibody #i
B-cell vmaugau vlimsshauamasiugiu
Mlalid Wiaensesfiuaufuadisadugiuils
|:§1'J1anzjuﬁazwuﬁmmsg\mﬁmqﬁaﬂ s
U AndizUineey (e ketoacidosis $a §
mM3mauauBIRanTsInwMIBdugiulas

2. Type 2 : Non-insulin dependent
diabetes mellitus (NIDDM) Sanaideataeniu

wWugnssn uiliisiutsn UssiRuaiagqsd
enm3luTzsit subclinical aguu 9=Aasdels
daduinfioginn wassiwdud aunm
TuBahadsusautasiiaslinauauas s
szaungleafiindy 3dlandsdugdusanan
viansaauamndBugduini uimadies
Aassuengladlafl insulin receptor wia  re-
ceptor #vwulay wialawsaswiiauna F9
Ludududugduwinarmbimadsuainalad
il ol

3. Secondary dlabetes mellitus 1]y
wmfRenniiaizradsaduinnou wie
dfumunelia dudy asasasss, Awani
Wianegadaugay, aasluuunemfisunau
mahoweasdugdu, efifuasassiunglae
Twdan dusu

azimIndeuvasiheimau

L wuuideruwau uanIn ketoacidosis 7
Inananudfdifinnedu nidy

Al. Non-ketotic hyperosmolar state Lﬁa
fingladluidianning szfausIsu osmotic #d
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ddnanlunszuaidion saaminimannglaad
lafiesindanaiuaznaladaannianiu i
fesiAnnnazanaun usliiin ketoacidosis
Wi dugiufasdudonszuunisifia
ketone bodies 16

%. Lactic acidosis wulstunslagiawi
‘lu;‘?ﬂ?mmmwuﬁ%'ﬂmﬁw biguanide =¥
A1AN5184 severe metabolic acidosis a1AlUWU
hyperglycemia %38 ketoacidosis

IL wuudass Téun

n. Diabetic eye disease 1 U 3 283
Q’ﬂfmﬁmqﬂ’mq afitywiAsaduniTues
Wuaufomvemuasls wendaniwengg laud

.1 retinopathy INNTHUIATDD
basement membrane, miLﬁN permeability 189
retinal capillary utisiiymianaaniuem

N2 WsiFY osmotic TARNTUIN
hyperglycemia 3e¥n1¥ilAia blurred vision 3a
\fAim cataracts Paudiudals

A.3 Jxezvineaad diabetic retino-
pathy 2zl vessel formation \ieZulwaily iris
(rubeosis iridis) YMIWAA glaucoma 1s1

<. Diabetic nephropathy WeNFEATWAL
ﬁmmr{m’m glomerular damage, hypertrophy
489 afferent War efferent arterioles ULARA
ischemia SN INTSARRULLANY (ascending
infection)

U.1 diabetic giomerulosclerosis A3
WU1AI78Y basement membrane WarA1g
Wasuuasuszquaslisiiuil memorane 9
glomerulus \{n991nifin glycation 3z%919
nqtﬂﬁﬁufﬂiﬁuﬁ basement membrane Y IA#
albumin USanaiay g Sreannlutlaanasls
Bannzidn microalbuminuria AaUFa6
albumin ﬁ%"'naanmqsﬂ’imnﬁ (>30 mg/L) uA
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vasnhBunaiesmamusmsiiunaniansld
labstix IWAIIY (<300 mg/L)
9.2 Ischemic lesion wuxnnlugihe
AfpNsugssaNeY
1.3
A. Diabetic neuropathy lﬁmmanIﬂﬁﬁ

infective lesion

nawaendluifiu sorbitol HuaspUmendulssam
Swausfinulaun

A.1  Symmetrical mainly sensory
polyneuropathy 38xuINgUILEgiieY
anwidnau-1fufivh, mnduhauing
superficial wax vibration fay 3EnNauIEY
UUFA (walking on cotton wool) INaEIN13A
puANaugsunisadaulnld Fanmdould
gifla quheasanan Walinmsuiadu wie
erudauninaznu wialidianuiineauaun
uiaduwendanwiuwsila

A.2 Acute painful neuropathy 3&n
wiaufianuiau wiadunasnlsuunwh iy
munn lrsaniznannatduy

A.3 Mononeuropathy and multiple
mononeuropathy ﬁLﬁ'uﬂizmﬂﬁmUF}N
ndaloan duisavdananadu (Felu

3. Infection naafigduidanfaniy

awmsfiarantawuafiGy Snmaadaldd 8n
wujassnstatedarendadan m
chemotaxis War phagocytosis Amanuladasag
nsandannuaa lnawisivh (diabetic foot)
unaIzmEdAuiNYY wdadasAaaaniy
viaenniinsgasuaunadaniuiFes ey
ischemia 38 gangrene lAlEUAY

Msmnemare wHuRnmsnHeIfuw U wa
[} b J
CGIR
A oo w
L mIamawmaiiadannwnu
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d a
1L AseTReRanINnIAIUANLA
o a 9
L N1IATIANDUTTNUMIZUNINTD DU

L pasiomieiteNamu

1. Fasting Blood Sugar (FBS) fihtay
FaNADIMIUAATAIANARUA A BERARTIR 10—
12l JFundngsnin 70-110 mg/dl
{3.9-6.2 mmol/L) Tunnae hyperglycemia
dulevsiliFn FBS w1andn 140 mg/dL
(>7.8 mmol/L) usidiAmAdY 45 mg/dL
(<2.5 mmol/L) na1efianiz hypogiycemia

2. Random plasma glucose \uns
aralatlisianaaims Sawnfatsewing 70-
130 mg/dL (3.9-7.2 mmollL) gy
lngiawizeiin IDDM 2:flFannndn 150 mg/dL
{(»8.3 mmol/l)

3. Two-hour postprandial plasma
glucose WAuUnAnaIfuamIstiull 30-60
ufi axfingladtugean uazanassudiuung
Wasindy 2 ks gihsumnuiieaunalss
zdlAniaandy 130 mg/dL (<7.2 mmol/L)

4. Urine glucose flathmaluifiangs
\iundszau threshold w04le (Usennoi 180 mg/
dt) fzmrranuhmalutaansls mwda
wzrnslasmsfgeiulfiduiy

5. Glucose tolerance test (GTT) fiau
U 2-3 U fihemldfuamie
arslulawmmmatineday 150 n3N sadu iy
IRDMIWBIASBIN 10-12 F9Ta9 e
waifluszAuauan wilidelsfunglaa
75 nfu w3 1.75 asunhwnings 1 an,
wzdoandssunglramng Adstalus quaTu 2
via 3 Mlus isnwinumieien Fes
NN 140 mg/dl (>7.8 mmollL) waeAlen
1, 1 1/2, 2 1la Alarwihasesannnd
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200 mg/dL (>11.1 mmol/L)

6. Insulin tolerance test (RanAgaLi
duaaiimafunusodugdu vialaudoufin
Und Taeguadlaiuarmisifialulawman
athedae 300 n3u sadu Wuwan 2-3 Ju
PINUWIABIMITUAzIASAAN 10-12 dala
uRuaden Natnszaumuay udibugau
0.1 Urkg body weight Wnzidansinsanglad
wasldfudugdufl 20, 30, 45, 60, 90 uaz
120 W AulndAdsiinglasanas 50% Tu
30 wifi waundluun@ly 90-120 W wadie
fflrssunusadugiy sseuhaaeea 9
ARAIDENT 4

7. M3ImTrauBugiuusr C-peptide
W31e C-peptide Lﬂumwﬁwmﬁuqﬁuﬁ%
ABIgAARBDNNBNINIY  HUeuniuley
W type 1 miwuﬁoﬁu-qﬁuuaz C-peptide
o wmlifnvsafndendionin v
type 2 cRBugAuLA C-peptide UnAnSag
wazmdsmanaudusmadiuenunszgulale
niﬁiﬁtj’ﬂqmﬁﬂmd: hypoglycemia W&
augduuas C-peptide g0 udnyiiidugiuuas
fthegeiuiay WABULAUGY uaz C-peptide
Unfidamusmriginglsiudugunamenan

IL mmsmﬁaﬁﬂmumsmmguisﬂ

1. Glycated hemoglobin Lilaunsnaly
tﬁamqa%u ua:magmuwaﬁﬂ:ﬂuﬁﬁufﬂiﬁu
2 glycated protein Aasfiangwinulusiuuia
ﬁu‘] ﬁafm:ﬁu glycated protein ouangde
mamahmalunanfidaunshl Licanadasiung
FBS dadlunisudnsniizinaaluiianuas
Tagiu vhldwmdnaulsinfsinuanduaed
nIMURNEMTIlAAIRelA

glycated protein fReaInT9lGLe HbA



- ¢ = 1
']1imilﬂﬂuﬂﬂ1illﬂﬂﬂlﬁ$t}d1ﬁu

(nglAFIXAU HDA ), glycated albumin (Rglad
. ' , o
374UNY albuminy War fructosamine (ﬂfj'[ﬂﬁn
-~ - v
sunulusaunvug)
| a
2. FBS uar urine glucose Walszidiy
' L e, o ¥ o ' 4 v
Inlurasuuihaiviaaludaayila gad
HUBAILANETMNIEE AN 2-3 JUfiauN

(- v ow ¥ oy v
wunng Aagliszauimanglunaudinls

L nmsasanelazbiunizunindou
1. Ketone bodies lauf acetone, B-
o
hydroxybutyrate Uz acetoacetate LWaW1NANIE
ketoacidosis
2. Lipid profile 1ol cholesterol, trigly-
ceride, HDL-C, LDL-C gjthuaiin NIDDM n
= | [y o ar o
NzUindiu ansdnsuagluiduidan
AmUnf aswuegiiszaulaladnates waszlasnd
L3 L2} a - »
walsagolatay Mlilaazlspdiu waan
-] - ar .
Womauds wazlsenilamunnls
3. Coagulogram Toun platelet count,
. \ ] W
bleeding time, PT, PTT tua3angiisiinninu
P P & o
RANMAYITaINUNTY platelet aggregate
st wasdl coagulation factor M B7HIEANY
a \ - [
wAm ischemia g ladiuiaupanIznLt
[ [l =Y =Y J‘ ol
dunmsthiediuanuuusainiiaadaladn
Ae
. . ' da
4. Microalbuminuria N13ATIININIENS
. > o o
albumin Rwaidae g Saanimmatlaan: 1
luaursaaTanumedinilu viansld labstix
o, | = . a
Wunrsasiawavantimniadnsradle
cJ r-1 o ¥
nalmangduifonuiug avlW extracellular fluid
o = w w4 o A
Wy InsUsuanamIuANusInuLAanlag

165

1 30 niufl 2 weuwnAY 2640

fdudnaenus ety Snmsmunsvs
basement membrane Wwazn1SIUABYLUAY
Uﬁzﬂlﬂmﬁl‘iﬁuﬁ membrane 483 glomerulus 395
albumin $2a0n31ld szAURiGundn microal-
buminuria AR Bana albumin fi¥iaanagenia
30 mg/L ustasnil 300 mg/l nIeTIRNEld
WnAUA colorimetry, nephelometry, EIA, RIA
\Husiu
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Nnsenstnatinmsrmisaslmi

‘ HoIend3 I

N1SATIA¥UYe Chlamydia

trachomatis Twilaenazlae3s
Enzyme Immunoassay Wa2
DNA Amplification

Rasmussen SJ, Smith-Vaughan H, Nelson M,
Chal SW, Timms P. Detection of Chlamydia
trachomatis in urine using enzyme immunoas-
say and DNA amplification. Mol Cell Probes
1993; 7: 425-30.

MIRnENASIT I TImasas S
UseBndnweas MInaranide Chlamydia
trachomatis ‘luﬂam'zzﬂ?ﬂtﬁﬂ (first-void urine)
loeAd Enzyme immunoassay; Chlamydiazyme
wix DNA amplification; Polymerase Chain
Reaction (PCR) Auifamsgiuidulaunis
W BeadEluadNLA 99N Urethral swabs
U 298 MBI WANTINARDINWUINAE
Chiamydiazyme #2141 93% uazpaw
Funannni1 99% iilaweuaufmAginae
Weade s PCR famalh 100% 188
WisueuAud Bz asdamudiedty us
atidlsAandd PCR @wrsamsianuida
Chiamydia trachomatis 747U 3 Mating AW
nasulaeifzndends msAnwiuandi
Wuin daanraansddiduidimnsdlunis
RIIWMITE Chiamydia trachomatis IR IATI
wiwausluuarnIniAfBnlanaffiauriinu
FBanesguidndld Urethral swabs

UFns Ududu
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gliqununevaUBITia
Secretory IgA ﬂ'méa HIV
1ur§ﬂwﬁﬁm"§a HIV file1ms
fiossrudnuwiunazise¥a

Mathewson JJ, Jiang ZD, Dupont HL, et al
Intestinal secretory IgA immune response
against human immunodeficiency virus among
infected patients with acute and chronic
diarrhea. J Infect Dis 1994; 169: 614-7.

finefdada HIV dnlngudecd
anN13TB9539 (Diarrhea) SaNFILENE 9879
neandauda HIV n1sdnwndldaiaana
nlANAUAaUaUDITA Secretory IgA (sigA)
Watessdumsiada HIY Tudlddundd
armiasathadounduuazdos Tnavh
nMIane sigA 3ARINTeEaIlUleuaInIIN
aeiT ELISA Al HIV p24 antigen \{u
RDUAIUNATEY WANTIRNMINUITEINITO
ATIINU sIgA fmausuasa RIV p24 antigen
Taluriaesnpesguusiuas 25 AUTIN 36 AU
(69%) ‘um@'ﬂwﬁﬁmﬁa HIV Afian13nasiae
atvdaidurasifiaeiteda HIv walis
a1mInasTnaTIanulaies 1 mily 10 Au
-‘rhﬁﬂ'zﬂuumﬂmqﬁuamaﬁﬁaﬁﬂﬁfy (p < 0.025
dmiutheiinde HIV Aflanimiasiading
Weunauuss p < 0.001 dmugihudiada Hiv
ﬁﬁmmiﬁmiwamagﬁa) WATWUIN T
naeseImITasTseze g
sigA MEUAUBIRE HIV p24 wansAnwidiy
aysdndunismasmmanaifiseinaasiag
Tuiheiand

89071 quana
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M3 UATITHANNTUNUSUDS
Amino Acid Epitopes Uu
HLA Class II Molecules AUMS
Malsa Atopic Dermatitis

Saeki H, Kuwata S, Nakagawa H, et al. Analysis
of disease associated amino acid epitopes on
HLA Class It in atopic dermatitis. J Aliergy Clin
Immunol 1985; 96: 1061-8.

1AANWIAMNENWUTIENIEaAaN 9
289 HLA Class Il wazlsm atopic dermatitis
dusuusefifisziu 1ge wddugawnndt 8000
umL TaevmsFeuifaurnuiussadas g
ssnirangueiie atopic dermatitis w1u
U 38 AU LaznguAuUnEIuIY 51 AU
AMYAANINANALYN genomic DNA NIATID
ARTEmaadanieg 189 HLA luAunides
nguAILInALA Polymerase Chain Reaction-
Restriction Fragment Length Polymorphism
wudrlunguguay atopic dermatitis fimnud
1038008 HLA-DRB1*1302 (RR=5.71, p<0.05)
uazanin HLA-DQB170604 (RR=5.71, p<0.05)
genhnauaulng daudada HLA-DRB1+0302
(RR=0.22, p<0.05) i’lmmﬁﬁwn’j’lnq;mwﬂﬁ
TUNTAATIVANUANAIITBIATINE NS
nsnazllufifuntengg 289 HLA Class I
TERPNNgNEERAzNENANUNG WuAwLY
71 183laana HLA-DRB1 wuilunseasiilu Giu
lsetlunguiilae (RR=0.71, p<0.05) dau
laana HLA -DQB1 Aisuvis 30 wuiflunsm
a:ilu His (AR = 3.25, p<0.01) WA=AA WY
57 wulllunimarilu Val (RR = 3.13, p < 0.05)
savunInazilugin Giu Fisums 71 13lalaNa
HLA-DRB1 uazviansmasiluaiia His ARIuwLg
30 waznsmasfilugfia val fieumus 57 wag

Vol.30, No.2 May 1997

luana HLA-DQB1 Ininasiianudianuin
P . a . s
ﬂﬁmmaﬂ’wmﬂ[ﬁﬂ atopic dermatitis Tu
oW o o 1
naugefinAnwATl

8 29F556u

5¥AUVYeY Hemoglobin F

HHANBONTNTIVTA
Glycated Hemoglobin

Cox T, Hess P, Gerald D, Stanley S. Inter-
ference with glycated hemoglobin by hemo-
globin F may be greater than is generally as-
sumed. Am J Clin Pathol 1993; 99: 137-41.

NIATIVIAUTNIN Glycated hemoglobin
18138 Electrophoresis Wisufaunuda Affin-
ity Chromatography wuhwamaasalagling
2 FFUANNENNUBNUR (r=0.86) N1INaaadlag
A% Electrophoresis #AuuNugna Hnavoy
wazAldaliunadaaufouiudd Affinity
chromatography IVANANIINARIWUIN Hemo-
globin F Tapdauiiluiu Hemoglobin A1 1y
Wummsrliszeiuzas Glycated hemoglobin
gotu sanurnadiudunsdunsiedsuiivas
Giycated hemoglobin 3sduagiuamadntumas
Hemoglobin F e neaadladldalatnamuld
330 AU fmuduturas Hemoglobin F 614
AUNININTIATIIAN Glycated hemoglobin 1@l
Ad Electrophoresis usie Affinity chromatogra-
phy Imeitdauldannlsowenuna 2 wis Aa Humana
Hospital University of Louisville (HHUL) waw
Veteran Affairs Medical Center (VAMC) wui1
Auldly HHUL & Hemaglobin F g9 2.5-5.0%
daumdldann VAMC 3if1 Hemogiobin F 2.0%
WHAIIAY Hemoglobin F luumasUssannadifi
wanEIRuUNA windnalsfeudananauling
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2 wiafinA1as Giycated hemoglobin g9
& - o,
unInAITIEILY

waan dungen

MIATIVHUUIN CD4+ T-cell
Tae35 Manual Cytosphere
gnsu 1% lszmamasiain

Landay A, Ho JL, Hom D, et al. A rapid manuat
method for CD4+ T-Cell quantitation for
use in developing countries. AIDS 1933; 7:
1565-8.

"'J'quﬂismﬁ wWasziiu38 manual Cytosphere
Tunsirsnidasaaduinuiy CDa+ T-Cell

o o o o o
anudify afAnwidTuufisun1insiady

a

CD4+ T-cell lpeAd Cytosphere Wisunuia
d L]
NImI3IU Flow cytometry €3971U7u CD4+
. 't
T-cell @MNITOUITIZTLZURINSHALTE HIV-1

9 O e 5 o 'l
Tvhuranisweunldguy AIDS uasianli

& W oo

g w o ) &
LUUW‘HUUﬂ'ﬂﬂW{LﬂHWT‘iﬂwﬁl ARBANINTIFNEA

o

L
5

WignNuifaauwlia EDTA 91U42W 382 918

TATU
o ° g - =
auazIEms MmsAnenludidmadanni
wenilu HIV-1-seropositive 97U7U 294 57
HIV-1-seronegative 374U 88 18 Lmenin
\WaANINSIMUIIUIY CD4+ T-cell laed
Cytosphere WItuMaunuiinnmigiu Flow-
cytometry
= = B ar
HaMsNAany MnATFnELEaufiauniluaniy
ALNINUAZLANINT WUTRIUI CD4+ T-cell
#lelaw3d Cytosphere MU Flow cytometry i
w W g oo o, ar a £ w e g
AMNANNUSAUlPEN A ANUTEENSandunuS

1A - [ S
My 0.912 Jdawieatnsediasivaandu
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J2AUATNY ANTIUIU CD4+ T-cells Toeld33
Flow cytometry \uAgu1mTg14 Wi FadinTaa
fiflfn CD4+ T-cell w1 200X10%L Wu3E
Cytosphere as¥AAQNARY 96% duBdiny

3/
@ ad

fifiFin CD4+ T-cell Waani1 200X10%L 1uda
Cytosphere Az AleigNsDY 92%

iy midnwduanslWifiuinis Cytosphere
awsauwnlinsiatu CD4+ T-cell luving
UHuanTlulszmamasnmunlaiaaiiaii

SNAUTAUTTNIAIIU Flow cytometry

v o )
F‘]ﬂ'ﬂﬂ ANRAUVTAN

~ =y ooy
ﬂ1§‘1]5$!3JHﬂ1§ﬂ§'J‘il‘i’i1ﬂ‘§939]1-&1!
Iﬂﬂ%%ﬁ“‘l"nz !!E‘l%ﬁ')ﬂ!%‘?}

t-'-; ] v 4
Farunsorhluvediela
Gray MR, Phillips E, Young DM, Price CP.
Evaluation of a rapid specific ward based

assay for creatinine jn blood. Clin Nephrol 1995;
43: 169-73.

AIATIIARIS IR azAliulmeldmIa
Reflotron lud1ssqatrsiduidanasudiu
(Whole blood) BVFENANMTYBY TAUNLNUAS

Qs

(Dry chemisty) Aam3asBiiurmufisanny
ternaillugmwwiiuy solid phase WAIIRAN
MIa i aULEIIBINANAATIART UL Reflec—
tance photometer WUINAREHANNSIWIEILAE
FunwusnuanuiFuas Monarch 2000 Centrifu~
gal Analyser (r=0.993) FAMATLY 189950
faumanzantunslfifanHiaduuazia
manmIsiiulsala uaneiasila downsati
Wtlurdlinvsavadgiels

AARNEl atj1n
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N5 OL—Thalassemia2
Tae35 Multiplex Polymerase

Chain Reaction

Bowie LJ, Reddy PL, Nagabhushan M, Sevigny
P. Detection of om-thalassemia2 by multiplex
polymerase chain reaction. Clin Chem 1994,

40: 2260-6.

a-thalassemia \iulsalafinanailasani
asasaeaadilnaduanamialyairaae
wutnglunauwAlrasiliaw @desziuaan
Wedsuazlummawinuiom fidulaiauaid
finsuarsaads awisoesefgallsadls
A8NTAIRY AL Multiplex polymerase chain
reaction latld primers 3 # TunseRsene
W fdue TunSasmldunilalfiien prim-
ers MF 2 gusnifiu primers Alsian1sen
vieluraddy (deletion-sensitive primer) Waiaz
FesduAuiuuinafnunsmemalluana
g9 An -o® Wpz --SEA/--MED deletion
wandm (amplification product) Alnmaia
aeneSanuRleueUnd A 375 uas 248
AluamuEAU vndmiremelurasdaiiiv
1 locus HaNARAlFaEUSINanas primer B0
nilidgnaanuuiliduuuuslnatuiuia
duspuantszdninwensljiten wonda
Aldianaegn 268 Aua MudamUEann
AdueAliwtsudausasdiurasium
HAKARBILEWA TN 248 LAY 375 AIUHAD 268
Alua Wansiam heterozygote a-thalassemia
HuAERe vamF1 Sralage wasd reproduc-
ibility # UanenuuEdIAoesdnauTc
@nday (10 lulasdng) Tummesauainise
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mlanargaatdurnzdadny waizhazi
nltludssdjumnmadmiunudszariula

dund fasnad

= d =, X
NMIFTUAINCHUITTINHUDAUTDIN

Fusarium #@a% Zearalenone

TusyayWrae38 ELISA 53u0U

Monoclonal Antibody

Barna-Vetro |, Gyongyosi A, Solti L. Mono-
clonal antibody-based enzyme-linked
immunosorbent assay of fusarium T-2 and
Zearalenone toxins in cereals. Appl Environ
Microbiol 1994; 60: 729-31.

Jnguscaen WaNRUIEMIrTana v
L%EI‘Y] Fusarium uda: Zearalenone Tuﬁryfyﬁﬁ
sl Srwrzuaclaiuwg §1e9% Direct com-
petitive ELISA

amehiey NaansnTIdnsainsldiuam i
Nnda Fusarium wae Zearalenone fuan
AudtyResne g BersbiiRadynmisgunn
183Ny W

Taquazismi ldAnwinsanamnarsiwees
Fusarium W@z Zearalenone lustyeyWudeana
1alae Ethanol uaz Acetonitrile Imeld Mono-
clonal Antibody TaSENINATTRNUT Iy
Faaiamyupdaulivuvgawanadn uasld
MathafanmlduiduiuamsRvnasIuRGn
amnaulriwlasaanding laail Tetramethyl-
benzidine-H 0 ludusiam

waminaaes ilorn1sasiamansiulee
WituWauiiniannansiwanSoyqinsie
M IA199) WU MIAARAIE Acetonitrile-KCl-
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H_SO, (89:10:1) a:'lﬁuaﬁﬁqmﬁauﬁﬂmﬁauﬁ'u
Ethanol-water {80:20) Lz Acetonitriie-water
(80:20) MINAIALUAZINAITIATIZRNGUAY
(recovery) ludtueis duillun1swmulis
mIsTasay wuiriiAadsussnm 82% uas
91% @ 3U Zearalenone AINAIAU @INIIO
ATIIAUINE Fusarium 1AWE29 100-2000 ng/
g uar Zearalenone 1AlUTN 25-400 ng/g
MINUATIANAN % CV Uaunin 10%

a

ap 8nsfiauei arfumannimegiduiu
flFnamsesilszna 3 Fludatanndd
nseTadaeitmanil Annsmatheilises
ﬂmwu‘%ﬁﬂ“ﬁrmmﬁnﬁﬁmﬁnmfmmlﬁ?&a
wianziasinilumInsrewsn TR Fusarium

e Zearalenone 1u5rgmﬁﬁ

Ls a A
VAU WIEIER

Trypsinogen-2 luifaanaz
VAT NIZAVDBUD NI
HUDIRBUNAY
Hedstrom J, Sainio V, Kemppainen E, et al.

Urine trypsinogen-2 as marker of acute pan-
creatitis. Clin Chem 1986; 42: 685-90.

ot g A L o ' ar
Fagilszaan WefnwfiTnssugauaniay
WUUEEUWAY uazyueAaTuTsnadlsale
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ANy Trypsinogen-2 Tutlaanizaunsn
LeTATIEAUBAUBNLAULLUEHUNAY waz
MunsAnuuustualsalaanit Amylase lu
Uaanzuazdsy

Yaquazitms Iiinszau trypsinogen-2 lneis
time-resolve immunofluorometric assay (IFMA)
Tulasaz AILARUNTIIAIIIMT trypsinogen-2
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