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Hemoglobin Typing by High Performance Liquid Chromatography

Tatu T*, Kaidkaseam P* and Hathfuat 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 Ramathibodl

Hospital were examined by these methods. The level of Hb A., Hb E and Hb F were compared. Hb

A2 level determined by HPLC and electrophoresis was statistical significant different but correlated

well. There was no difference but very good correlaliori Jglrlq-lgtwegn Hb-.Lgygl9 from HpLC

compare-d_with tl'glg-'flqn*Illc,ocglumn chromatograqtry. Hb E level determined by HPLC and

microcolumn chromatography were statistical signiflcant different with good correlation. There was

no dilference but very good correlation was found between the level of Hb E from HpLc comoareo

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 lcnan 2.0y"

In conclusion, HPLC could be an alternative way in performing hemoglobin typing provided

that Hb F was 107o or more, by calculating from the equation: Atk F = [0.83 x Hb F by HpLC] -
0.98. lf Hb F, by HPLC, was less than 10%, the value was unreliable.

Key words : Hemoglobin typing, high performance liquid chromarograpny

'Research center, Department of Pediatrics, Faculty of N4edicine, Ramathibodi Hospital, Mahidol universitu.
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Introduction

Hemoglobin is a globular protein com-

prising ot four polypeptide chains ot which two

of one kind and tvvo of another. Different types

of hemoglobin contain ditferent polypeptide

chains. Basically, difierent polypeptide chains

bear different net electrostatic charge and this

is the same for hemoglobins which is the basic

for their seoaration.

The separation of hemoglobin is a@om-

plished by two main principles: electrophoresis

and chromatography. Routinely, hemoglobin

separalion and quantitation are done by the

technique of cellulose acetate electrophore-

sis.1 Hemoglobin F quantitation is done by the

technioue of Betke alkaline denaturation test.?

Besides the separation on cellulose acetate,

Hb Az may be separated and quantitated by

the technique of microcolumn chromatogra-

phy.3 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

quantitation of hemoglobin by the technique of

chromatography was introduced.' High perfor-

mance liquid chromatography (HPLC) was used

for the same purpose shortly thereafter.H The

advantage of HPLC over routine procedures

lor 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 lo evaluale

the hemoglobin typing ability of HPLC com-

Vol.3o, No.2 May 190?

pared with the routine procedures.

Materials and Methods

r. subiects

The subjects were the patients attending

Pediatrics Hematology Unit, Research center,

Faculty of Medicine Ramathibodi Hospital. Four

millilitres of EDTA blood was collected in which

3 mL was for hemolysate preparation, 1 mL

was for assay by HPLC.

2. Routin€ Hemoglobin Typing

Cellulose acetate electrophoresis (CAE)

was employed to separate and quantitate he-

moglobins.l' Two types of cellulose acetate

membrane were used. Cellulose acetate plate

fiitan lll-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 42 and Hb E. Betke alkaline

denaturation test (Alk. F) was employed for

Hb F quantitation.

r. High Perlormance Liquid Chromatography

(HPLC)

The Bio-Rad eqiupment (Model 2800)

for ion exchange HPLC and Bio-Gel MATC

weak cation exchanger (50x7.8 mm) HPLC

column w€re 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

89
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20 mM bis-tris, 500 mM NaCl, pH 6.30. The

solutions were filtered through FP VericelrM

(Gelman Science) membrane filter with pore

size of 0.45 pm. The different hemoglobins

were eluted by increasing the proportion of

developer B. The following gradient was used:

id ao orhd z qunrRu zblo

from 2 to 10ol" B in 12 min, 1oo/o B for 2 min;

from 10 to 0% B in 0.5 min, 0olo B tor 2 min.

The elution flow rate through out the analysis

was 2.5 mumin. The varieties of chromato-

gram were shown on Figure 1.

Flgur€ I Hb chromatograms (A=Normar, B=Hb E h€terozygote, c= F tharassemia,/Hb E disease, D = Hb i
disease)
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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

r. Evaluation of the difference between HPLC

and routine procedures.

It was found that Hb A2 level determined

by HPLC was statistically signilicant different

from that determined by CAE (p < 0.05) with a

good correlation (r = O.+S, p < 0.05) but it was

Vol.30' No.2 MaY 1097

not different from thal determined by MC (p =

0.33) with good correlation (r = 0.a1, p < 0.05).

It was also found that Hb E level determined

by HPLC was not diiterent from that deter-

mined by cAE (p = 0.98) with very good

correlation (r = 0.96, p < 0.05) but the statisti-

cally significant different was encountered when

Hb E level determined by HPLC was com-

pared with that determined by MC (p < 0.05).

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 l The comparison of Hb A- and Hb E levels determined by HPLC and CAE.

HbA HbE

HPLC CAE HPLC

Mean

s.D.

n

3.1

44

3.6

1.4

44

48.8

22.O

t5

48.9

24.1

p-value <0.05 0.98

FlgurE 2 Correlation of Hb A, (A) and Hb E (E) tevets determined by HPLC and CAE.

91



)r:m:rnninnt:Inytdtiu.tb i ifi:o lJufi 2 rirluflrnu 2b4o

Table 2 The comparison of Hb A, and Hb E levels determined by HpLC and MC.

HbA HbE

HPLC MC HPLC t\4c

Mean

s.D.

n

2.7

0.9

32

2.9

1.0

32.3

9.7

15

26.7

4.9

p-value 0.33 < 0.05

MC

Flgur€ 3 The correlation of Hb A. (A) and Hb E (B) tevels determined by HPLC and l\,4C.

For Hb F quantitation, Hb F level deter-

mined by HPLC was statistica y significant dif-

ferent from that determined by an alkaline

denatauration method with p < 0.05. No corre-

lalion 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 tevel was

more than z.Oyo, lhe values from these two

methods correlated well (r = 0.94, p < 0.05).

(Table 3 and Figure 4)

Table r comparison of normal and abnormal Hb F levels determined bv HPLC and Alk.F.

s2
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Ffgut€ 4 The correlation of A. normal (<2"/"\ and B.

2. Evaluation oI the precision of HPLC

Coefficient of variance (C.V.) was per-

formed among low, normal and high levels of

Hb A . lt was found that the Drecision of HPLC
2

in hemoglobin typing was very high (C.V. =

Vol.3o, No.z May l9o?

abnormal Hb F (>2%) level determinsd by HPLC and Alk.F.

0.2%, O.008y",0.1%, respectively). For Hb E,

high precision were also found among both

low (less than 30%) and high (more than 30%)

levels (C.V. = 0.6%, 1.1%, respectively).

Crable 4)

Table I Precision of HPLC in determining different levels of Hb A- and Hb E.

HbA
2

HbE

LOW Normal High < NY" > 30%

Mean 1.7 t.c 4.3 29.8 47.7

s.D. o.4 0.09 0.4 o.7 '| .1

c.v. 0.1 0.008 o.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 techniquesl''ro 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

reagents and age of hemoglobin solution.

In case of separation and quantitation

by electrophoresis, hemoglobin bands must be

cut out from each other for subseouent elution.

This technique needs skillful 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 Ar. Hb E was

not completely eluted out of column. This might

b€ the reason why the level ot Hb E from

microcolumn chromatography was low6r than

that from HPLC and electroDhoresis.

The estimation of Hb F by Betke atkaline

denaturation test needed several steps.

However, underestimation might occur. When

the level of Hb F was more than 50% by

electrophoresis, it was always lower than 5070

by alkaline denaturation test.tt

High performance liquid chromatography

(HPLC) has advantages over routine hemo-

globin typing techniques. lt 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.orzrs 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

Hemoglobin typing coutd be successfully

performed by HPLC. All kinds of hemogtobin

were separated and quantitated simultaneously

under single operation. However, the value was

unreliable if Hb F level, by HpLC, was less

ifi so qiud 2 nqunrar, z54o

than 10%. lf 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-FD-Glucosaminidase*

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

The kinetic assay for urinary N-acetyl-B-D-glucosaminidase (NAG) was developed for

using as an early marker of diabetic nephropathy. The single reagent with 2-chloro-4-nitrophenyl-

N-acetyl-0-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 8.6570

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 Ulgm 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 rouline

laboratory work.

Key words : Urinary NAG, proteinuria, diabetes mellrtus

' Part of Term Paper for B.S. (Medical Technology), 1995

" Departmenl ol Clinical Chemistry, Faculty of Associated Medical Sciences, Chiang Mai University
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Abstract : Urinary Tract Infection in Patients Attending Lamphun Hospital

Tepveerapong S*, Panjaburi B*

The purpose of this study was to determine urinary tract infection in 2,822 wine

specimens from patients attending Lamphun Hospital from 1994 to 1996. Urine culture was

performed by using the calibrated loop-direct streak technique. Specimen showlng 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. Results revealed that 870 (30.83 7o) of urine specimens were

infected. The majority of the intectious agenls was found to be E cor; which was identified in 402

specimens (46.21 % of infected samples), followed by 97 (11.15 %) and 87 (10.00 %) ot Ktebsie a

and Pseudomonas, respectively. The antibiotic susceptibility tesl was performed by using the

Kirby-Bauer method. Among all the isolated bacteria, E. coll was found to be the most susceptible

to antibiotics wnile 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
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fian

- io
n r:6 o rii aLu::uunrlr6urJaar?c

lfl unr:6orda'[ul'i,]vlaluld (nosocomial infec-
J rg. ) "./ - ^ I A

tion) llv{UlOUAgn6n*- {': n03tnnQlfll!0l]ylu ^ lA
tafi ornhdlor rir'trirfi onr:6 ortofr uin6ulnnl N'r

rtlurl:ca'{uoqorir o'r A? rr-,: 5ar{odnuld' dnuldrio u6a nr:fior{olun:cualafi ororn r{a

id go rrirfi 2 qunrtru 2540

- Jo
ltu n7]ttu [1'1tu 11't t]1tflnn1:01nt1 a[!

: umr{rhuflaar,cld'z nrr 6a

1. Yr'r.1n:! tldldfi n (hematogenous

spread) nu'[d'kh-jourin {rJr afi nr:6 orrdolu

nr;udlnfi nriou uacuunfi i:8fi a dlun:;ua

TY
Ytl tr.l LUL:{lru1u1a riu 0r'rNo'r{u't u1u1rr{

.4 x ,x
fl1aflxuud6l'r1! u1d1$'1tt8u1{o!'r{ [n:an o

rndaflddtdiu nr:rjao orr{01il rfi fl ry{a nno nau

nr : uyrdrda or n oirh s nuil d':tl s".,J rilh ud n nufi d,:
r t 4r -LAUUnAIn:',]ifl1tttl,ing liotln uTllnl3o']fl fiorfrso:.inrtJilnfi'luaoor:crTilrfl rrnroan'r
r -<.{- a ,InEi6ii rJho;6o oioarrJfi iiau:riluadrlrurn

J.oe- ^ A *1 )d
L On U dl Fr fXnnl tlllnonltnnMonno fl'tTy]|J

rvr orto ru orud,:drir'l#nr:luaro,rflddrrcn n
t. t !

rJotm,: rfr o nr:ri,r dr,rtu rti a oor nrJaarrsfi
Jan duun[1luo'1fi']:71nla{Lt!nfi t:ti |'ld!

aa q
nllnl?n[11'trtgoluudd'l']! ast?u?u00u

o rur.rnfi'[uir.,: nrs fi rr lr;drrir nr:roiru rfi llsr

tnirri':to.rrda uacrda fi uurrfi 6uma oaa ord'ilil roraaunrr eto,:r{oriaerrJfr ?auCd' oiru'u
{ J.oe-

no!tlunfl??luu1n']a R't?rTtYll t tnnn'n1r]fl?'tn 'iunr:6nr*rnf.:d6,:.fi r-nnrl:saori' rdorlrclurf
n1rlfi afl o''t{Idd'l?cdfl uld'rios6o dufooon oce

tt] n1lU11a riAr tntJ'l IUU LtU'l11'l 
': 

tU n1:! onnU

Staphylococcus aureus

2. r]1,rfi nonflddrrs rilunr:fi ordauuu
-t

a1rifi1l (ascending inf ection) Iouarunr''1

nlrlua?a.,rtldd1?r nuloiilou rfi oornuunfi 6u

rJur{ouo ijnr rr':n ru'l.lrfi! uasvao o1166mc
, ^ a - .. ^ 3 Adoou!a1g nlTn nt{o o{ [111l [t!u n']:no tta n ]J

al
otl[u:1nn']U (endogenous infection)

nr:6 o r{ olu:cuu nr n rAuflddl?vl d'a d r,:

u rau53 drrrlrrrlunl{udrflua'rn 4 uncyirnr:

n1:A nr{a ttacnr:inurlr srul a r.iil'] u A n L{alu

:vuunr,: r6uilaal?snaa oou nlTn?u A uas
^ Jo rua\:nunllnal! 0t!15,:r{g1u1n (infectious

control) "[d'a d'r,ifi l:;En6nrn

n'niJfi n1?udfilrio niu vesico-ureteric reftux

|!acfl gr-odnrl'tflal:s6rmltd"uua'ltliltneuro-
e - J . - d e da

genrc bradder u0aw!61n6uanu:cnllfiunnno

nr:td u ndo.r fi o rdrhl'lu:c! !yrr{ rfiuflaarr;
(catheterization, cystoscopy) n1t6?u

rJaamsnrli s-s iuloulfid open indwetting

catheter ua'ntlnlrfindoq{dl 75-1oo y"1

rlo{sdu16'ud olsro,reiil'ludil1nn'ir so fl{u

rr r ol"r rirh afi t ri'ir ur n orn fi {'u niu (i m m u nos u p-

pressive drug) uacrifi sfr lflul:nur,:odr,: nju

t. fi.td,:or:'lo

?cquav?tnlt

h] {tr crfi uoulul:rnsrura rilu r?aMu j ri'ro dr,:rlaarrcor nfirh udrdriu nr:
firJr uI: nnlu ufi I firl'l ufiltii! nr:'ldil a ur i'[u

. , -A:nu1tLlt:{ytu1u1nn1l\u 1s141't{'tuyt 1 n:.1Ftu
)1 d aYt1{toufi't!10 4uxuoul\ln 4u1gyt [uotaao 2537 6,1 3r s'urrnr esgg riru':u 2,822 n-radr,:

nr:r6usr"rodr,:Inrilfi 6 ctean-voided, midstream

urine specimenT fiialrtiEaruf,aamr (catheter-

rurrrru n':r u niulafi ora,: sirl.lufinrdo Htv
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,.h
ro1!noa1fl dlssl,,iluoirrruri,':fr'tndrr"Tiilrurr n

dqrian.r,lr.nalndoil:irr'rru z-3 ra. udr
. I - d)e

d,tN'rn'r?nrfl 1!r!o7ruYl11'ro{u0unn1:1dn?lY]u'r

z. i6nr:n:rr
X

2.1 nrr$dnrtoornflaar':;

d'r a eir,rd d,: rr 6':ria rrJfi u?nr:c z

loiiunr:or:roriufi Ioui6 caliurated loop-direct

streak methods tdrJaamc 1 loop 'rnt51r.t

(0.01 ila.) nncnilu Bbod agar ua! Macconkey

agar. Iou streak ptate 'lldnuru:dtir{a
arrr:nn:carsrirkilrndqo dunr.rarmn
lunrruTuo'rurulnlafi rirdroul{[ud'ou,ur"rdo

(incubator) q2n4fi SZ o{nrtqnrfiuarflunar

fi-24 zu. udr6rdroanrrnmonntlroiqro,:
!-rno rtaru!n1u?urnrnu n1u? aanrurtilu
"4,sirururfioriadaal?! I a. lorsdrdrurulnlnfi

firidd'4sud'ru too nradT rrdu rYrulo:ruru

Inlaflld' t oo Inlair:Mrfiilqirulr uurrfi 6u

100 x 100 = 10,ooo n-'lriatlaamc 1 rJd. n1:
, .- - -tauuarJat{fiann,t!no

riryiu$unfiris ri,:uri roo,ooo ri'rlla. du

^ Ao
Ltldo'ir ttlunr:6 o ri eilu:cuunr,t rdur]aar'::
(bacteriuria)

. a.ti'rnurilorioan'ir r,ooo ot"r/la. fi a.ir

rfl unr:riurtau (contamination) lllldnr:6nr{a
.an'ly{u!!a 10,000 n,: 100,000 ot?/ a.

- rr41 .a e a aA
UAc liaiu1utlltlu? (pure colony) fi:Arjtto
.. 14 ' & ^ a

nUO''ll.l':?lUlJ1nn?1t!0tUO0tl 51 1n nnO?1ri

^ A ,e df - Jo . rn1:0lott0 unnlr[ifl fi a']di!nlulua'tuluyl
.r rd , t,rnaInunflu a'] 0 0 3tJ n't:uu tu 0lt L To nl t rn u
v , Jr Yr-
o?ou1{11t nnnon !fi nl?a{1lnulr?,ra6n1lrnu
.rJ
ddrrc$a;narfr d,:n:rorfl ufi rnu rirtiild'aa

--irlurn no?1|Jn1loFtEo nlgiuo
e.e nr:rtaoriri nr a.:rdo
"a)UIL{OII !n'tn Macoonkey agar

Vol.go, No.2 May lg0?

tria Blood agar il1tiaile Gram stain !!a:

n :? a o a-n 19ru sr 0': rdo d'r o n do': 1 n il rt f, f nh a-,0

ru'rs l,o0o rvir ua'r6nirr{oornlnlafidusn

rdur 1 lisotateo colony) ldlnr:Tlodaunli
fitrrfi (biocnemical test) n-':d

rirrflur{oda cram negative bacillus tf,
all'l1t Triple sugar iron OSI), Motile lndole

Lysine (MlL), Citrate, Urea, Malonate, OF-

Glucose. OF-Lactose !!ar OF-Maltose

rirrflur{odo Gram oositive 
"o""r. 

d

rilu ctuster uacanururlnlai'lnqjfi dtrT uu

Blood agar t{ornr: 1% PR-glucose, 1%

PR-mannitol unc Plasma a'rriunoaou
coagulase test

rirrflur{odlo cram oositive 
"o""r" 

#

tflu oairs rio chain a"nr*zuclnlnfir6n'lauu

Blood agar'ldornl: Bile esculin, SF medium,

Starch udcn:?no hemolysis :au j Inlaiuu
Btood agar drsdrliJulfio Atpha, Beta ria
camma rdo riJu{ar-iodrdord'urirniu n1:yr ndau

Bacitracin rra3 Ootochin test u:roTnr:fit rclda
A 4 ae o ' A ^tYlAYlnd0unl\t!?ln t?'lAutUnt'ltttaaflfin

37 o{fi1ltarfisdlflunar t 8-z+ x}J. u:1oon

r.n druila rda uuntfioto.,: r{a

rir rif urda satmonet ta rirr{oornorrr:
TSt ilT?il serotyping niu Antiserum 6a nnti-

Salmonella polwalent A-1, Anti-Salmonetla gr.

A, B, C, D, e, drriiur?a Shigela ri't serotyping

niu Anti-Shigella polwalent A-D, Anti-Shige a

gr. A, B, C, D

2.g n1:n rr60u nrr drta.,rrdo oia

a'1u0tr2u3
r i,nndoun?1 t't?0nrlonou.lu0!?ut

i6 riroy-eauef 6,:ldr,tannr: standard disc

agar diffusion Iourjr r{aornarur: TSt r5o
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ifi so ciui 2 rquRrRU zorr{)

H0n]:ilon0{
- &q -

n't n n1:Fl nH1 n1l[Ttl stx 0 lu 912 0 cJ1 {

{laamna.:drIu firdriu n'r:inur'iul:nvi ulur a

,{udfi,iruru 100,ooo-10,o0o,ooo d'roiara. rirnu oiluriiud 1 rrnrln n.Fr. 2s37 fi':

l:m:rnninor:urndria xri

MacConkey agar fi'to Blood agar'[da':lualar:

Tryptic soy broth (TSB) rlrlJrdr{'ouqrura4fi

3z o,:firrtariua :c rru 2-5 ur. rdobili'

Ioarfi aunmujilbild'virrir o.s l/cfartand No. 1

standard dtlr streak a'ruuiluolfi1Tnodou

3i ;u?rn 1r.fl. 2539 o:ruru z,eee orraeir.:

Ioctifi catibrateo loop-direct streak method

34.65 1", 25.53 % $nr 30.13 70 FnrJd',rolr

ri'ruaoflunr:r,rd 1 ras 2 r{ofiiluda E. coti

402 d'loEiT i (46.21 %), Ktebsietta gz riro cjr,r

(11.15 %), Pseudomonas az oiradrl
(10.00 %), Streptococcus 75 n"radr.: 1a.OZ Z;

Staphylococcus 63 or-rodr': (7.24 %1,

Enterobacter 40 n-radrt (4.60 7"), Proteus

gg d'raejr': (3.79 %), Citrobacter 16 n'ladr':

(1.84 %), Salmonetta 9 or"re rirl (1.03 %),

Acinetobacter s oriradrl (o.57 "/"), Yersinia

4 or"rodr'r (0.46 .%), Serratia 2 n-rodr'r

(o.29 "/.), Morganelta 2 or"ro rir': (0.29 "/.\,

shigelta 1 oi':adr'r 1o.t t ok\ rrdz Baciltus

nmuh Inult'tffl"urir6 rirrfl urdotfi o oram
3 Ja. ^ aa

1\Uttant!U6'llfi tl10\:nllFlF]tXOtU:sU1JYl1{tOU

negative bacillus v6a Staphytococcus ldar nr: tlaarrc 820 d'radrtfiorilu 30.83 % r;1wn

Mueller Hinton agar uoid'rlflurda rfin strepto- rfluiJda n.a. 2537. zs3a.2s39 r,,rrnr:6nrfia

coccus Ii Blood agar loa sveak tdul#,6u

Frufrralarurt l,:nirufraluualrtaloru
Jr.,a1 1tl]nL?ute lru 5 u1yl 0nu1ta'lltr.ruu'l

(sensitivity disc) ?1n4,:uua1fi r:df, rerdoua'rd

!OaL{ forceo lltiJ'1811tgA lLn? ?1{lLtlUUl Ltgld!

rinvir.:riuhirioun'j'l 24 tlrJ. trncmilritfi u

8 rL s.i u u u o'r ! a 1 fi 'r :li u 1 o r fru r.i'r u 4u dn n r.:

t o qil. udrd'ro1ua1fi 1:td'raulu {'rtn"r{o
orun4fi sz a,:arrtarfiflarilunal 18-24 trJ.

rioueiru nrfitluFrmlnir,:rar inhibition zone

nil rrr;r.tlr n:5'ru (zone diameter i nterpreta-

tive standard)

t frradrl (0.1 I %) o"iudo'r'tunr:rrfr 3

"-rt',ud, 
udordruru nr:sr:ror,rr nr:fi ntdaor n o'ro dr':fl aar r:

u 11/.Ft. 01u?unlau'1,!

^aFr:'t01!unltnoLza

n'rau't{ :ounv

2537

2538

2539

609

1 )A'7

916

211

383

276

34.65

29.53

30.13

:'t tJ ,A" 870 30.83
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nr:r{d 2 uaordrurur{on{loir,r "1 dor:rovrtru{,:nr:nn;r{oornor''roajr,rrJcam;

-tlUO?OnrgA

fl.f,.2537 11.F1.2538 1\.F[. 2539

o'tu?u a1u?u % 0'rlJ?t.l % o'1u?u

E. coli

Klebsiella

Pseudomonas

Strcptococcus

Staphylococcus

Enterobacter

Proteus

Candida

Citrobacter

Salmonella

Acinetobacter

Yersinia

Serratia

Morganella

Shige a

Bacillus

103

to

29

14

o

13

1l
'1

48.82

/.5d

13.74

s.69

o.ozl

2.84

o, to

0.95

5.21

0.47

0.95

0.95

178

48

34

26

to

10

12

.t

2

'I

,l

1

46.48

12.53

8.88

11.75

6.79

4.18

z.o I

3.13

0.52

0.78

0.52

0.52

0.26

0.52

o.26

0.26

121

.t.t

24

'18

18

10

19

3

5

'l

I

43.84

1 1.96

8.70

6.52

8.33

6.52

.t.oz

6.88

1.09

1 .81

0.36

0.36

402

97

87

75

63

40

33

33

to

I
5

2

1

1

46.21

'1 1.15

10.00

8.62

7 .24

4.60

3.79

3.79

1 .84

1 .03

0.57

0.46

0.23

0.23

0.'1 I

0.1 1

211 100.0 383 100.0 zIo 100.0 870 1 00.0
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1ttm'lnfl uftf rl:ttlt Ultu{ ll[, iii so qJud s rqunrflu 2E4o

sr'rrl{d r udo'ia:'ru?u tdo gfi o oir'': I dn:rotluua-t nr:tnrat{aor n d'r a:jrlfl aarrc

tUFl?O\:ltO
u.f,. 2537 vl.F1.2538 1\.f,.2539 :2tJ

a1u't1l % a1u1u "/" o'tu?u "/" o'tu?u "/"

E.coli

Kebsiella pneumoniae

Pseudomonas aeruginosa

Enterobacter

d,- Streptococcus gr.D

Candida

Staphy lococcu s e p iderm i d is

P.a'i]^m^h.c a^^

Proteus mirabilis

Klebsiella ozenae

Staphylococcus aureus

Ke bsie ll a rhi noschle ro m ati s

d,- Staphylococcus viridans gr.

Staphyl ococcu s sap ro phyticu s

Citrobacter diversus

Prcteus vulgalis

B - Stre ptococcu s g r. D e nte rococci

Aci n etobacte r a n itrat u s

Citrobacter freudii

B-Streptococcus gr.B

Salmonella gr.B

B-Streptococcus gLA

Yersinia spp.

^y - Streptococcuj gr.D enterococci

Providencia rcttigeri

p-Streptococcus not gr.A,B,D

Morganella morganii

Serratia spp.

Salmonella gt.A

Salmonella gLC

Salmonella gt.D

d - Stte ptoc occ u s pneumoni ae

Bacillus spp.

Shigella gr.B

103

10

't7

6

2

it

'10

3

2

4

10

2

3

2

'1

'1

1

2

1

48.42

4.74

8.06

2.44
'1.90

0.95

5.69

4.74

1.42

0.95

1.42

1.90

4.74

0.95

1.42

0.95

0.47

0.47

o.47

0.95
'1.90

o.47

178

32

30

17

17

6

10

6

6
'15

1

2

'|

1

2

2

3

2

1

1

1

46.48

8.36

4.18

4.44

4.44

1.04

1.57

1.57

1.57

s.92

0.78

1.O4

1.04

o.52

0.52

1.04

0.52

0.78

o.52

0.26

o.52

0.26

0.26

0.26

0.26

0.26

121

20

12

18

13

19

6

12

5

5

10

8

2

1

3

1

2

1

2

2

'1

1

,l

1

43.44

7.25

6.52

4.71

6.88

2.90

4.35

1.81

1.81

3.62

2.90

o.72
'1.81

0.36

1.90

0.36

o.72

0.36

0.72

o.72

o.72

0.36

0.36

0.36

0.36

402

62

59

40

33

33

28

21

18

'18

17

17

'11

9

7

5

5

5

4

3

2

2

2

1

1

'|

'!

'I

46.21

7.13

6.78

4.60

3.91

3.79

3.79

3.22

2.O7

2.O7

1.95

1 .95

'1.38

1 .26

1 .03

0.80

o.57

o.57

o.57

0.57

0.46

0.46

0.46

0.34

0.34

o.23

o.23

o.23

0.11

0.1'1

0.11

0.11

0.11

5? tJ 211 '1 00.0 383 100.0 276 100.0 870 100.0
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Kanamycin (KAN), Norfoxacin (NOR) 4at

Cotrimoxazone (SXT) il:ln4rlad'rrrao,r'lu

rJ-,-
anllYlOd0Un?1Ut??0\t$A!Unn'l\t'l

rugnloiriooTlfiiruc 8 liln6o Amikacin (AMK),

Ampicillin (AMP), Cefotaxime (CTX), o1T1.tfi 4 uar 5

Chloramphenicol (CHL), Gentamycin (GEN),

fl lnld 4 lrdn.J nrlilhro,rr{ondilri1.tt 1 oioaT rJfr irur

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

GEN=Gentamycin KAN=Kanamycin NOR=Norfoxacin SxT=Cotrimoxazone

zfiortarr{a a1u?u

d'tullutr

n?lilbro,rdodos, (%)

AMK AMP CTX CHL GEN KAN NOR SXT

E. coli

Klebsiella

Pseudomonas

Streptococcus

Staphyloc@cus

Enterobacter

Proteus

Citrobacter

Salmonella

Acinetobacter

399

85

66

61

39

'16

I
5

vt)

82

\to

39

80

50

Y'J

87

89

50

33

0

77

20

tc

22

12

56

60

OA

77

30

62

58

38

94

80

78

60

48

46

2

41

44

28

56

33

40

82

19

41

JZ

34

74

o1

33

80

43

10

26

34

24

45

62

co

60

79

83

41

45

56

ott

91

75

87

80

30

41

4

20

42

25

19

43

22

80
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1t:{n:tnnunfl l:IllIUlgu.l lllu iii so lriufi 2 rqrnrRll 25lo

flrrr{d 6 udo,rn?1ilb1o,0r{arfinoirr1 oiaalJitru:

AMK=Amikacin AMP=Ampicittin CTx=Cefotaxime CHL=Chtoramphenicol

GEN=Gentamycin KAN=Kanamycin NoB=Norfoxacin SXT=Cotrimoxazone

tuolanrg0 a1u?u

d']fll,tufi

n?lilbra,trdoriasr (%)

AMK AMP CTX CHL GEN KAN NOR SXT

E. coli

Klebsiella pneumoniae

Pseudomonas aeruginosa

Enterobacter

a-Streptococcus gr.D

Sta p hy lococc us e p ide rm id is

Pseudomonas spp.

Proteus mirabilis

Klebsiella ozenae

Staphylococcus aureus

K leb sie I la r h i n o sch lero m ati s

a- Streptococcus viridans gr.

Stap hy lococcus sa p rophyticu s

Citrobacter diversus

Proteus vulgalis

B - Stre ptococcu s gr. D e nte r ococci

Aci neto ba cte r an it rat u s

Citrobacter freudii

B-Streptococcus gr.B

Salmonella gr.B

p-Streptococcus gr.A

Yersinia spp.

399

o+

58

eo

3?

33

27

20

18

18

18

16

11

I
7

5

5

5

5

96

89

30

50

37

77

48

89

67

92

76

50

ot

90

100

50

50

80

100

75

8

0

15

74

0

25

11

'11

6

9

I
11

80

60

20

100

60

75

25

98

89

25

38

58

56

vc

ol

75

56

71

90

100

40

60

60

100

80

50

75

48

59

0

37

40

7

26

69
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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 etficient, simple to

implement, and can be utilized especially in the rural area of Thailand. Instead of the currenl 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 longer 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 oC 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 M€chanical Engineering, Faculty of Engineering, 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 a/.1 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 Reilef. Najjar and Radhwan3 showed the

heat pump system gave better performance

than a diesel engine system using similar

operating conditions. These concepts gave a

gen€ral idea to apply heat pump syslem for

infant incubator.

The concept of incubalor 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 sjnce early

eighteen century. Rotch4 used heat energy from

fuel and a water heat exchanger for infant in_

cubators.

In Thailand, Katsings construcreo 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

melhod is to supply heat energy. The

necessity of lower environmental temperature

lhan the desired temperature in the incubator

chamber is essential condition.

Obiective

The major concern of thjs work js to
provide a mobile, electrical operated and easv

Vol.go, No.2 May rso?

to maintain infant incubator for the public

welfare in the rural area ot Thailand. The

infant incubator is required to work without

controlled surrounding.

Design Consideration
An advantage of heat pump that the

evaporator and the condenser could 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 age8.

Table 1. Specific infant physiotogy data at
50-70% retative humidiW

Moreover, the economic operating cost

is convinced by the high coeffjcient of perfor_

mance (COP) of the heat pump.

Apparatus

A lull scale prototype was designed, con_

structed and tested to ensure the suitability for

this certain purposed. The infant incuoator con_

sisls of a clear acrylic incubator chamber of

llteight
(grsrns)

Ago of Infsnt
(da!€)

less than 1000 <10 >10 >21 >35

1000-1500 <10 >10 >28

1500-2000 >2 >21

2000-2500 <2

2500-3500 <2

Incubalor
remperature CC)

35 u 33 32
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0.16 ms and a heat pump system placed on

the mobile frame beneath the chamber. Fresh

air and oxygen required (0.57 mt/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 retrigerant 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-

peralure. 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

f low blower. A fan is also provided at the

outdoor coils to increase heat conducted.

To reduce temperature fluctualion 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 wilh in the limit of

+ 0.5 "C from the set point between the

fli so qriufr 2 rqrnln! 2s4o

compressor cut-out and cut-in.

Function

Figure 1 shows the schematic diagrams

of cooling and heating process of a heat pump

infant incubator, respectively. The cooling

orocess is activated when the ambient tem-

perature is higher than the desired tempera-

ture. Since the lowered temperature is needed,

heat rs taken from supplied air at the indoor

coils (evaporator) to vaporize the refrigerant.

The vapor is directed from port 2 to port 4 at

the control valve and return to lhe accumula-

tor. The relrigerant 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.

lf 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 temoerature.
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A

Cleor Plostic Cover

Flguro 1. Schematic diagrams ot infant incubator tor 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 Ke at 25 oC are located at 25

mm above the base plate of the chamber. The

location of the thermisters and the measurino

point are shown in Figure 2.

Two sets of examinaton were conducted

for the cooling process at the ambient lem_
perature of 36 "C with the set point at 31 "C

Vol.30, No.2 May tsg?

B

Cover

Fro{ Regutoting

tt I' Devic€rienT nar

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_
peralure of return air at measuring point.

For the heating proc€ss the ambient

temperature is provided at 29 "C. The time

respond for thre€ desired set points at 31, 33

and 35 oC were investigated.

Access Ponel

A

B
__n_nv --

Access Ponel

o-,-,r"t,/'| ') B
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FlguE 2. Top vi6w of intant incubator chamber show location ot thermistors and measuring point

Results

{

Figure 3 shows the temperature distri-

bution on the base plate of the incubator cham-

ber. The fluctuation of temperature distribution

on row 1,2 and 3 are observed while on row

4 the temoerature is more consistent. These

are probably due to the configuration of the

chamber used. However, the fluctuation of tem-

Derature distribution in the chamber are ac-

ceotable since the allowable limit of t 0.5 'C

from the set point were not exceeded.

Temperature (oC)

33.4

32.8

32.6

32.4
1,000200 400 600 800

Distance from left hand side (mm)

Flgu]€ 3. Typical temperature distribution in tho chamber at set point 33 "C and ambient tempe€ture at 30 .c
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Figure 4. shows temperature in the
chamber versus time from the start-up for
cooling process having ambient temperature

40

The set point times for hsating process

are delermined from Figure 5. The set point

temperature at 31 , 33 and OS 
oC with the am_

bient temperature at 29 oC were 1b, 35 and 65

minutes, respectively. The set point times for

cooling and heating process demonstrated the

Temperature ("C)

40

Vol.go, No.2 May log?

at 36 "C. The respond time were 30 and 50
minutes for ths set point temperature at 33
and 31 oC, respectively.

Temperature (oC)

set pt. 3l C set pt. 33 C

-- -.O.-

.6.-o..o'o 'o_' t _o'-o-.". 
-o. o -.u. -o

38

36

34

JZ

30

28
120804020 60

Time (min)
100

same tendency that the closer the set point to

the ambient lemperature the shorter the

respond time. However, these respond times

wer€ not linearly dependent on the difference

between the ambient temperature and the set

point.

Flgure 4. Temperatur. in the chamber vsrsus tim6 in cooring process at 96 "c ambisnt temperature

38

36

34

52

30

28

set pt. 3l C set pt. 33 C set pt. 35 C

v zu 40 60 80 100 120
Time (min)

Flgur€ 5. Tomperature in the chamber versus time in heating process al 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. lt was found that, for all the mea-

suremenl 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 infanl 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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.1.5 Data Acquisition System (DAS)
J" e), .Jq.-

tuu d?uYtYt1fi ulYttlu6,1dfufu1 fula tJayl LnTU0l n

Detector ldlaqj'lugrlt a.: a-r-u rgr rub^tfir I '[ri
o qj'lulrJta,:arg rgr ru66 ora n rd a fl a utr.idr u

no fi?roaidl lrnrirlr}l:cilrar.raloioia'h

fi s uaor:rl Electron gun

2. Computer unit riiu drufrriryrirfr
ilrcilrnilodorJndId'iuo.rn oes d,:ocl'[u:l

a"ry rgr ru 6i no a rra :a-,rrir r rirfr nru 4 r nrrrir,:ru

?0.,:diu oi.r.1 "l nndrur alrniaflriar alr: n

rir,:runrrnrrrd'ornr:ra,rfinrrnrrnio,: Ins z.z fi rflnm o:1 (Memory1 lurnia,:
rirnrird 6s,i.iro"r.rnr:rirmu rdarunorluunrn el

d #r n"u rin"utri'vir,r r l a d r r n n d'a r on ri'fl ,: n.r :
uanornu'uri,:yirurirdld'orornirEin,lr4r.Lro':0,:

rdooouduolnr:rirmuluriunourirr 1 6nd'ra

l::naud'ra

2.1 Central Processing Unit (CpU)

riJurafi oualo,tnazo{ts!! no fi .lrrroi

( :;noud'rt ALU, Controt unit L[a3 Registers)

rirufrfrua"nAo :c rarJa?ia afrtri'irrrorn

grlfi l uao.r Target rtng

DAS uar{a aaln rirat:nrlnl nr:rh.lrurirl 
"1

Jc g-
frloii!qrnlil:ttn:un?un fiioarnfinrlnru
^^ ^ -l^.q ^-t -l-, -"t- -a1nuuaidnt g,)fiu?un?1 Q1llo{rnioiL ad,1
!,e ,

t!flnd'tunln q nolu

ro n.rr:rina rufi': usrofq:fidruraruilr u nm o1.r

a"n (ltsnal]d?u RAM lrdc ROMI un:trjra
nmrohdr:ol (Hard disk) drrrirfi lfl ufi yl-n

dolnrioud,:}i' cpu |:r ?nmn, rfiudarrnfitd'

arnnlrlrr xd rua udr :'lrurtlrfl ud rfi ur{rii.:lu
oA,"

nr:rr.lruro,rrn5o,:ri'ra'Luur,:nilarorfi lfiala
'[u:rJz o.,r uaiu Opricat disk niaoruuilru6naiau

(Floppy disk) niaurilurjruin (N4agnetic tape)

nLu

128



2',]:an:tnRunRl:ltHliutIUt Dtu ifi so nfirfr 2 qrnrflrl 2540

3. outout unit riludT udrirnrirduan':
A'

AlntnT0\:t0n{t:UnA 11?ttl0tYll 6l tll Yl9lOnt0gn

- ad
uafla,: Ln:a,t to n{[Tgn a ?[0ro:qnrJ nllu60,l Gantry L[Ytu

a Lnsfllun'r':aE Cathode ray tube (CRT)

fiiooo Disotav niofiGfln'iroa Monitor 6n
4 .te

tll tlLlufiu,tflo,: nlTudo,tt] d na n1l !fi uaaan 1 nl:nlil-lu
'lurilto.,rfileir tutloor"iufl uilrao.0 aoon'r aina-nufustonrnda,: uttratast Cr d,rfi

2 3llruil6a Film multiformat !Lne Laser

multiformat (ul.,ln{,:6un Laser cameral d,:

i.,:f, unn rio:eiru rJa nlrii na'ulrnd or:ro dr s

dlu :cnorfianq Lzurnu?nurnlant0n{t:u

narufirrorairir}l 64fi s druda scanner unit,

computer unit ttds Display unit t!0l0r nnufus

un n rir.ilrlnr nrndo{ronqrrtioa ilrir roraivt'rhj

Iofl tofl rcadr,: O,:lud'tuz o,: Scan ner unit d,:hi

fi nr:"ldr a a o ra nqr:dua clrifi n aln dr uln d

ro nqr:rinarrfu roraSor n uu.itfl drdl6'oo n rr
u0na1n6lu1Jtrn0!fi an id'DJlrd?u,nJ

drueir rirXdndru6ardu.:uantr:ri lPatient couch)

arilr:n16u,:r6fl ,:birirrurn"udruto',: oantry 1d'
. A q.+ 25 A,: Fl',t [11 otfi n1:t 0111 Un30 ntcn! 9r',t utaui

u - a. J ,
T? n.r{ fla,ra?uxslrna\ra'n6r[nu q{[tnnnl.1

J J- O .J
tndauYto,: t[do,tLuT1ll't 2 ?]1 Lfi n1:n1{'tu10n

In:on t[nn nl{ L!01fl tnto,: tonxtTfl na l,i']tno:

11? LU 

'I? 
U

: fi s uaornr':yr:r.:rlro,:rn3a.l Ultrafast cT hnlrr:.rlih-r6rann:alorn Etectron gun l u-,t Target ring

129



BUU Chians Mai Assoc Med Sci

souFc€
COLLIMATOR

PATIENT
cRoss !

n?'rN!?tunlTTlldzur!1il1O,r Detector ttat
_q 6 9q A c1001notu[:o,:al1 tT??a{nlTlfl1l.[O Afl6U;

dunuR'r1\tono n:ninalfi r uotoifosloyils

Memory l arrlrnrfiudaiJafiu r1o1r.iu6.:

rirnnraudaolfi sr o.oso iurfi Mrriul,

uili'ir n-n uruc?t o I n1 Tr:1,1 1 ufl a { [ n6 o n

Ultra fast CT Scanner fiio EBCT Scanner
. &q- 

- ov &4 n:,:lfinnnt3.nu Target ring [fntuy]{ 4 ?,1) oJld Erectron oeam d,:fi o16'.irhifi nr:ltrnoor
Iordld scan time so fiafiiurfi :rlldnarlu
nlrn?1o#nn nrfiri,t 200 finAiu,rfi 6arlr:n

ron{r:ri u0i14'tnon,t:d.r,t'}ulaH:?ruufrrfi 6ald'

'irtrd':rto.:a n:oifrtirir rfi ori,:f, ranqi'nl;BU
air,:nry ri6r I stices (Mutristice Mode) oy

rfi ui rrr n rilu r ndar ro n q r: d#rh nr:6unu

rdfi o!udanrEnsr:riruro'[nni nirrirdnafi au

vol.3o, No.2 May rso?

TAFGET RII{G

3rJfi o uaarnr:rhori,:firon{iornrrufrn"nraw3nru Target ring tla! Detector to:aunuaiuo"r{rJra

Scanner ocrilunr:1fa:16 ra nnraun?r oaln
_a /

air unil,:rhsrnui filar tr:ntdrr ar'[u nr:
rndaufirfis.: so fiafiiurfr 1"lunmruriluo5,:

Detectors da{n:rfiudrln-urflr 13ld +1 d.:fi

frnurusfis,rrilurlurruri ::nor d'rs Detector

druru ao+ oir 1r,:nr 4g2 fr1\ dolunr:r.,r
-a

a-n urusiiocd't r:n riuior ri'rp rgr eufi asd (2 st ices)
:'& q
nnuu lunl:dtlnu 1 :o! (n11oa1ornnn:ou

ornnt'rfi uarrl'lu]rJfi s ua: o oc$iu.ir 4 Y< a . A Aru\: n:nfl u l|1 u n,tfi a a o ta n{t: g tna aunol n

n1:n1{'lullo\:ln:an Ufirafast CT Scanner Ov sl'r un ili n hki,r B (fl fr 1 ) 6,: oia,:'ldn all:;rur ru

or riunr:rndoufr za,:ni6ra nn:au#nrroh
n:rmu rfl rlamvn".,rarnu fi finuruvtfl ur,: unrud

finmruIri,rto,:r,:naillflu 210 alnrriruru 4 rr

t iurfi uorlurndoi utrrafast cT fi;o EBCT

dr6sn'jr Target ring (Jil 4 ra! s)

d.,rocrirtfirfi oi,rdrand{ulrtufi rrnrl ar rur:nyirnarlunrrnm nnrn#un,:rdild'uri
rl:; 1fu 45 olrtr niluu'ro'rdrnnn:ot.lolntfu

.a e 3iriira nsfr a5r rtuo;airu nl-r rirl,lsll n:cnu ri!

130

cantry ra.:rniarransr:rinarifi rrnafyix qhl



J J A E. , J
2. L nlltnaoUvlflO{tn:0':11{[Ud':lJTl

ai'r,:ilfi randuatdrufi rirnrirfi nmon:ri.,rdriru z. Single slice mode

2.1 Step volume mode tut,lnlld:1'fR1 tU

0nuol;ttuloglnunl:Yl'l':'1u?onInlailont[5u

noilfi?lnoiyi?"1 }l loerurnlu mooe fiilld
by slice data acquisition fftd' tulrurfirnial lrnrtunr:aunuoio stice 6i r oo fiafiiurfi d':

n1r'id!'ra1d!rnu (scan time) frilrnufocdrbi

rr:rn:rrofi nnr:uxrdriurlvr.i

& y,
uaJlunr:6'ovh{rhufur:{rjd1u'r:0t6 ul Gantry

1d'nnfi aurnda.rran{r:tinailfi?tooili'? I tluri
oc1fi6nr:16s'rrfisn (Patient couch) wltl

-Aoln6ng6urfla':In5an Ultrafast cT

scanner r':a EBcr scanner fidounnoir'r

olnrnia,: ra n{ririno rfi r rnairir I }j 6o'?

r. ldyrnluladdrisn'il Etectron Beam

Technology a'rlUTUUtd au'11 LfitJfi a0Frt0ngtlu

fir{rJrl
d P daldairlnrn3. AnUfusnl:[nUI0 A!',

riluuuu volure data acquisition fi;o $uu Slice

ranqr:rinorJfi rrnairi, lrlrfl urruu Slice by slice

data acquisition tritusu

iinr:aunu
l. Multislice modeo

r.r Flow mode rilunr:air.rnrnlurir'::csc

za,:drlnru :c 'r rx I lsrAr nr lloinrn a

sttces) Iotfl{r'larrfiu.: 2zq fiafiiurfirfirfu
& r ,a

01nnl:dllflU 4 n:': UAtt Nfl'lTtndoU l0lgn

rn:r;oc'[daInu rofl rcrir wl ilrfi dl al'luu ri,rlor
, Y )^ d o ! J

[7]'luu llto?lnfl el4tu:uutTlullt']d't tunl:[nnauYl

flaid1rfr!;le uionnr:uor zarflflta,i ooflu
- J V-

:sriri[Fr:co-uyfi,,r uonornriuu'ildurliu!rfr u!
nr:dr'lrura.r:cuunrilfi a rierulnfi oror nr-r1o

tJil a n ua nl a o n aiu dvirla d'r r
r.2 Movie mode nio C ine mode lflunr:

air,:nr n n nr:rir rruz o,: n-r'loloru ron." do

ririrnnorrouosnmo 17 n:",:daiurfi tuudna

:cd'u (Levet) u'udo'ldnaraunu se iaiiurfi
ria 

"ti"" 
n"odnr:'r;dodrfio?o,: trrtemory drfi u

dailaoclfiukirfisn 80 stices riaud.,rhl cpu

r 30 quuT 2 ltqlnlfll, 25{0

rrnsr4 rua']r lirdr:a'r uorTnuyidilarlr:rild

rfisr to ntrrioor-grrctiuvrdtq 6rfi ulflo

uarl,unr:dr.rru moae docdrtar#tXt-lrru
)

Trigger a'rn R-wave ta':ndun"rlo lexc;
r !fl uii'lcn:cd'u nr:nrr orai 6 ta n n:a ulrl a-'1

nlr'lu uoinrnfi rirb{lalrfi untrnr:rir.:ruto't

n-rlo lCardiac imaging) tmfi aun-unr:triutol

u-':'loadr': urlo':l

fiil r u iu fr il r ili,t d ilr n}l rir.: u ri o cyrell#fi a n:r
dru:;n'irr#rXr-urruria#rgqrru:un?udi (s/N

J! saratio e i) n1tfinl 7lLOtl resolution d{
a .- i

uo nar ntJu udr rJ,r dl tJr: ndttfl uRrrtlut rucfi
& o r r,,

r-rl, ahioialnaunrurdLq to uhiTir'hi'tfi n motion

u'rtit".t niurdar rir nrfldn aldrrnu (scan ti me)
a-50 aalu'rr Lu mode t.ld'tllllntnon slice

thtckness 1.5, 3, 6 u6o t o fiafitrrr: Iora

d'r,Jl:ndil inlfllu 40 r&fru dluna,ltfifl.,:
- d,Y

76 ?u't7ltYl'tuu

2.2 Continuous volume scanning mode nll
oJ.,A

Lr{1uLu mode uovLUu mode lruoruffHlurnia.l

uttrafast cr u6o eacr s"u.inur. Io'urfia,ro"
JJ,i'td,

LFTAaUnOtT{OatUa{tufl flt:6ufl uf, {a:tllun1:

rFlda ta uul Volume acquisition data

d1lJrrndir,:n1lr +0 :co-u 'tunnrl1ict,: 16 iulfr
Inurdan stice thickness ld'd o fi.0 to finirruor:

(a"nururn't:d[nuovtr fiau ulu Herical scan

'lutndo,:ranqr:riurr spirat computed

Tomography)

131



Bull Chiane Mai Assoc Med Sc1

10O lantn:A{ Ultrafast CT Scanner

'1. r'rn'ttunr:dunu#u uoiac stice ldnaruiu,l 1.

50- 1oo fiaaeurfi #.:drvrrrchifinrr
rndau'[u'lroldrurirrfi ori.rf, riiurl:clurd

cosryu - Inauu?g 7t'1 Lr Ln:un'ti'tuaqu Ltartnu.tn

tt??u
- .l J-2. Al l:nnt'taa? u?rR1ULUll n1tuun?fii0

rndoubtrotaaona'rlouhirfi o motion artifacrs .t.

miorirbi' resolution rfi al

3. d1 'r:oriuda nrruu Stice by slice }i6ouur.t

Volume acquisition data rir'biarrurrnu:r

do ra rr nirrnrnlunn:curutt ns{nrfl

a'rlfi fi1d'6n'jrrn4ouonrl:dno fi ?rorofrYr g

'[rir.rar 
H M'] gj'r

+. r6a n nr:rir llulFifi d1 cJd"nu6us (Mutti

f u nction)'hirfi ilrcail riu nr:rir,:rut 0.,:

aiarroir,r 
"1

5.

t onot loitnTai ultrafast cT scanner
A,J

1. :1A',rtn:andnn?1rn:ontong[:uno tr?[noi
yir}l:m e-e Mr

z. il3rrrui,rfin:erilal

3. nrrnuainrqrunio,lrj{srnuayrdeLrirlddru6l

2.

Vol.so, No.2 May rssz

loncntol{o{

Hendee WR. The Physical Principles of

Computed Tomography. Boston: Little,

Brown and Company, 1983.

Euclid S. Computed Tomography: Physical

Principles, Clinical Applications & Ouality

Conlrol. Philadetphia: W.B. Saunders, 1994.

G rossman CB. Magnetic Resonance

lmaging and Computed Tomography of

the Head and Spine, 2nd ed. Baltimat:

Williams & Wilkins a Waverty, 1996.

http//www.heartinfo.com/ctscan. html

lr6auwuruu, t ssz.1

Stanford W. Electron Beam Tomography

in Cardiopulmonary lmagjng. In: Vogl TJ,

Claub W, Li GZ, Yeon KM (eds), Compured

Tomography State of the Art and Future

Application. Berlin: Springer, j 99b;

232-4.

132



11:tn1 flUflnrJl| nuttulll,llJ

unn?urixlil

ifr so oJufr 2 rri!flrRl, 2b4o

Fluorescent Based Technologies and Human Genome Project

rf,uci frun:rfifld*

lu e nnti:nfioc:n6.r nlrlf nlnrdTto sequencing tnO U'l'tlJU:td110n'lvl tn;O'1lJ O

n'r,:lula rnrrlula d o:iunuT nodr,:dr n"ru tu a"orlu rif, fron rirr rfiauri,rn r ald'in1:d'r d'r:

laonr'rfl :;rnn Fluorochrome otfi Fluores-

cein, Rhodamine, FAM, JOE, ROX, TAMRA,

Cy5, Cy38 ",a., rfiooarnld1riu probe r,tio

primer Iorad fluorochrome labeled probe fiia
In:nnl: Human g"nore d flunrrrirutud primer rueird drlr:n riognn'l{'ru (emission)

Eulrlud (gene mapping) :rrlri,':nr:6nur oonrrl,r: tarua$udr.rnduoirl .l n-uloi rdo

nalnnr:rirmurordulrlud d,rirJ-:rrzu6,r

s fudruirna'Iolnoi ra5ail:cilrru 1 udrtdrl

6,r rilu r afi ouufi,:fi l r{rfi e?r a,t r.rra rrlr*ti
odr,rlrfi 6n'r ndlinintrrnrasrifi nrrrid'r tJlln
lunlrirn'rrrridulffiurfr a" t firnf,Ialyrrf uri

ocyir,rrurlLla;24dlll,rmniutilo:oio,rlfnarriu

t oo -ildo cdr ur.rud fi uul iilu l luurild'n',ru r o hJ'iun:ril:"qn rifi1fi rrr:rcfnrn digitar (imaging

n't:!nu1 tl.luttfl nFr21l.tfl 121111'l lla:n']tnuy{u
'ln! 1 nr':inarsraorinllunnei rdonrimi,r
t i- r r J r J-'o ,tutotnn[utag n']: n ! ]t u r g,t n4 fu 11'r i tu to

rr-JJ. - ql a -,t ntt][aunn'ta{o30untuuunl0nu?'tQr 10'ln

ruoi rfl ud rir fi u 6frld'fi nr:ri'zurr rnda,: fi o

o"orlunhi'1fl nr:n:roirn:T :ilIn:Illsr uacyr

air ra"'uir nilalm r{fi,rld'rir:lrrl:rs n oi'lfri!,:ru

Fluorescence ln sltu hybridization (FISH)t

Primed ,n srtu labelling (PRINSF, Comparative

genomic hybridization (CGH)3, Chromosome

microdissectionl, Exon trapping, Gene trapper,

DNA (finger) printing5, Linkage mapping d'ru

n:ruunr:anldlnfi rloir:a (potymerase chain

reaction)o !Lac Fluorescent based DNA

i nr :o o n a-u (excitation ) u aln ai,: lr I a,: niu ua,:
! a J- J

laser [r1tu (n'r:1,:Y] 1) Ltd\:ltoifltno?unrn n

n't?an-ulnando.,:i6Ia ria ndo,: oigitat

urJ a ,: r r rilu ri'q rg 1 rub{ fl 1 ttu u analog $ac

argrgrru Oigitat luiaii'rgrgrru O riu t; orrrua:roiu

arrr:ndrrrirn:r;duac:c rn a ri'l g

software) (Iild r ) Iosar!'r:nrjrruadniidld'

d'orfiua$u hard disk ra,: rniaraolfir rnoi
rvrninoY,rnrimdfida6an'ir imaging anatysis r,rio

digitized imaging analysis d,:aro neirrld"jr

rfl un"'ro'n'lrirn"rp,tiru'bir:raru:nnrroiln:rcli

In:IilIsil dudllro,:6r6uro (DNA fragmenr

analysis) uarnr:ur eir oi'u ru aor ndudr6uro

(DNA sequencing) o"ruflr rJr nldadr,:dcor n

unv:rorirn'j'ruoiriauxln (high through put)

' nraitrlairirara6fi n nru:rnninnr:unrd lrarinurdortsjtrr'
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flrrr.rd r udnnFi'r Emission tt43 Excitation wavelength ?o{ fluorochrome dye ur,ttfior

dye-labeled oligos

Maximum Emission l/aximum Excitation

(nm) (nm)

5-FAM

6-FAM

JOE

TAM RA

ROX

TET

HEX

lR1 10luTP

IR6G]UTP

rrA[4RA]UrP

s22

517

554

583

607

538

553

525

549

572

493

494

528

560

587

522

535

501

529

555

3dfi r n1: scan uou fluorescent labeled DNA rrnurju get drsud.: taser r dauna',r,:ruualfio-ufuidraai'ru

eMr Llila"rX rXru aigitat

to alj1n'tgtJfi1d16,UO\tUUIJUUU O:nn

uTufi n n,:1u n a r fi ? ror oi!r&an'6n1 1r d.0hr n1 fl

Onnnin?tan O'tytn The National Center for

The European Bioinformatrics lnstitute (EBt) d
rJ::rrnf,:nqu rras The DNA DataBank of

Japan (DDBJ) l,ur.J::rm afr r..lu. InsorFl-rl

rnio?i1 u interner rdo rlulgr urio rya rdr d'r s n;u

Biotechnology Inf ormation 1ruCet1 u':afr
6urnaluurrura,t cenBank :yrnnanigarlinr nri'rr rlcdr u du:;gct.t a1n1:dt uzuudfiu

xluritid'ril1:od'1601d1ilrfi u I o fl ornilrl
o arl:cai Fifi dnr o.! Human Genome

Prolect 6anrtdurardudrfl uarmnta,:I:nr.ria

ornli r.lnarBoirt 1 niuruuri'o rd olfrrfl u

IoHoc :crjtn ata,:n'roiurua nr:ritLra'rorlu

tardu rir nmrarunflu nr:riol:n :r rn'.,:

n:;u?!n.t1oi.t,t 6l dfi rfi o{uuacrfl uliloiuf, !
rdol uror n6nGnara.:fiu drrJoo'un",rr l nfi
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'11:an:rnnunn't:I lluttu{ lHll

rfl rmrrdlunr:n:roifi oisrioun",in::ri lPreim-

plantation)11, nr:n:roifi oourioundao (Prenatal

genetic diagnosislt', nt:Lflt:;':",: nr:flalrYu

ua"nr:inurlrnutu "1

nltdun fi1nlI u{?|a':stl n{na"]1u
dv ,- t

LFt:t Lq fluoautofldnr1! ttiu

t. 6nur :cr-fiIo.:or:cnafi rilulra6,o

nlO'l'ld'lu'l1nn1fl nOOvl'l':f iUf, n:i ttl

e. q'orfiu DNA n-ro dr.:orn nuluor:sna

flfi go lrird 2 qunrnu 2b4o

,A
tono arm ta,:LnrL L{tJan 17 FtotJ'] Norad SA

aa-'Lu n. n. t gg t ilu!3r?rufr Euo'r nrirr uaJ.'r riro d

lt;rl'tru 10 CentiMorgans ria I o dru base

pairs 6':u-: rr ru o-.t n rir r fi 6u o qj:r'l 500 fiu

riarrldo'rrinr.rruros'lu:rr ooo,ooo base u3a

flu :c rfl 6s du unc skolnick M '[un.Fl. 1 994
, a" d Jtarrr:n rtairurrj':rLo':Euf,tfflufr qn €tlu

- a. J-
fifUiOlel 50 U 1l lJ mutation 1O.l gene
-,AaiAa,orinrillfi qcfr nm rdu{fr oarilu c6rrdrura.:fr 

':

tna[n digitized imaging analysis, hardware-

software uasnt:rirtnnfino-rnrirr lr :canoi

ldriu':'ru 1 -Dimension gel electrophoresis, cGH

tlav PoR-based-linkage mapping d.':rflluriru

fin\:lonnlu human genome project

Etfro'rrill6o nda.,: charge coupled devices

(CCD) fi50 photomultiplier tubes (PMTs)17 ttav

grapnrc program

niio': oigital uas ndo{ PMT

nda.:riru video, scanner un: nda.l

digitat camera oir 'rlduar,:r a'r cCo'iunr:irntry
, -JfiTA photon tfi aunu [Lnasn1{nun4olRl zan

a&i^
un "j nnauyr',rnurlnfi uasnufi fi orln6 soz tutzu;uf ':rrlolu 70 floefinrr urfia.r4.:

3. Friioria ounllln:I lqil lrir xaryo 61 85%'u

typing)'"
A ' aA

d']l4:utuunn'l'r ua!?4fl a1?nn u51u?an

4. yrB'r s'r dunl'[ri'1d"irln:hltu ri'[ofr
, dd A, r J

1],lq3 flunflallnutt {o-u

5. fls'rs'l Ina1.l (cloning) l':ari't
oenomic tibraries rdodunl DNA didludl
(repetitive sequences) luu3rr rudnr o'jr'[nd

16fl rn-r:Euo'',rn.irr rfi aldrilu marker lunt:
or:rorlirfr uo",:nri'r'r'ilfi n'r:ri1snaon1nviourJ

'rd an fialu nrau ld'adrtl: uaerfiold'iufiu

o".0n6ir'r rdrhl ud?q nna rfi ri1fufi a1 n1rr1.:

u't -o dn l rfluacjlilr (n1rfi1 linkage

mapping)''

Digitized image
oJ

nltnotfl 1lR1vln{tutnto{ microcompuler

o. rfi ovr:ru sir uuil.rfi uri{ora.lfi uri.: neim

riuln:IilIsillo ufrr fini nr:rrn'r onrudfla{fiu

o'': nfil't d'x sa6 high-speed nucleic acid
9Asequencing n1gtn:a\:01:'lou'ta1n!l!d

ooltultn -

rirodr,:niunr:riuvruEu ancnr dria}i

rfi oilc6.0rdruil nlr,funordtd'n.imrr Iou Kino
Y,O

MC lu n.fl. t sso i'iu'irfiuflau Luff?ufla.l
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fl1l{fi z rffiuu!fiuunruailuh?o.: ccD fr[dniu ."unn"r. rYrlri niudldriunder oigitat

ndo,: video io scanner ?r"dl Digital Camera

1. 'ld ccD n ru nr nl ri a.r rin'lu n r:{u n r n
(photon) un; urJ n,r riJu #rg rg r rub4 rtr r
(analog)

1 . td ccD nrunrna$unrto-"un1 (photon)

ruarurJ a,r uiluri'q t-l'r ru digital

2. resolution orhn'jr6o - 550x750 pixets Ina

uoia; pixet firuro 2s ptm

2. resolution qln'Jr6o - loOOx l 300 pixels

Inflrrria; pixet fizuro - 5 pm

3. fi gap lu:ru'ir,:unrtar pixe 3. lilfi gap tu::r'lrlunlra,: pixel

+. ai'r-utXr ru d'a,: url ar lfl u oi gitat rioudo;rjr

lilldriunailfilnaSd'lr digitizer uio video

card

+. hiri'o':

5. [dFl{r]auuna out6lo: ulLl real time 5. udo{rJauuao airnai rruuhfti reat time
-J ,,

6. r rvfiqcrirufiia scan r'nnrurn'hniun;

t[d{d?'r{N']n

6. arrr:nrfi lnrnorniornturorFndfi
rud.,rd'i1{riouki

z. fiuilld'riundo,l video rlar scanner n-drl z. rjrrur'ldnirrnio{ automated DNA sequencer

uns DNA fragment anatysis :r firndar

digital d{un1fl e'tnndal f luorescence

e. l,ifi sildrnrildldlrli ln:rclilurS{rfrerru 8. drM:nd1n.tnfrtd'trlirn:rclilur?.,:r-|3atrruld'

CCD (low light sensirive) Iou{orfiuyrndru
#rX rgr ruavri'au n nil (reftectance) r,alnduua,r ro.:nrnlfl uoor (dot) lrasd1 n6ur,t1 rldo{,Jnul]
fr n n n :cmu u unr lilu alz a,: n a".,: rr u'[v,l fl r 1e tec - rfroanorfirrnaflu:rJta,: pixet unl?a{ pixel

ccD ornnda.: video ria nd'ar oigital

fnldoir vr n",r lr u ua,,r o r n d'u rir rfi oT n u n ri (t ran s -
mission) d'luttni CCD'tu scanner oco-nrfi!

trical energy) u!u analog 1n d'l or ub'h{,r d
rJ:r n61u uoia;drl1 ua:ul a,:oia rrbio qjtuJr.l

ra,rfrXrgrru digirat (fr-xr-urru o unv ry 1;ld zy

d?x PMT technotogy osfi:tnrun,:n,jr CCD

uridr r r n or:r q {u ua.,r rl3 il r ru rio s qld'6 n.ir

dr ur ufu trauun firuo nil:rn o r nn rdr r{J u
digilized image nrdloinr:nrl nlzoi graphic

program 1:rJd S;

1eA



2',rrru:rnnunRl:uv{ltuttu.t tr! ilfi ao ulufi 2 Trqunrflrr 2540

grJfi z nrr scan nlv{ri'rEr ccD array rdautJardaXatarnldfiBgtr?ild-ru6-x1ru digital

A fi 3 Digitized imaging file d'lrJiindrnal1]trrldo,rl]uydlqa,Joiroloflci'lu3rJzoln{l pixets

!fiatoi hage File

Black & white riu 1-bit data type

neim6oudav pixet orrfl uld'nr'ttfitrr 1t ; r,r5o

do1 (0)

1-bit data type Color

1 WNIIE

0 black

1e'7
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Gray scale ulu u orr oara type ?o\: 256 ZSO rirnitfu?a.:f,tflar, *a, Zso rir o'udut o.:

rirrirf,u lsnaoing) toiAtnllofltrtinseotoifll fiu"rriu rdozuaruf,rvreirfirdrd'runiuoslrYfifiuornrir,:

ltio pixel drrao,rrurariroa monitor dlr,1:nd riu6,: ro.z Xtud 12"'=talzt,ztay
ecLflu tr1, rir, nia r lu zs+ rirriufutarfinrr
,^E ^-^\\1 =aco)

a-bit data type Color

11111111 111?

11111110 tnlaln ln
11111100 t lal,r

u
10000000 L7r1tl tJ

00000000 Ft'l

2+bit data type Color

8 bit ol fed I bit ol greer I bitolblue

11111111 11111I l 11111111

1| 11| l 10000000 00000000 tlo'l

00000000 111I111 00000000 t?lul

00000000 10000000 1l r t11t r ulNU

1111I1t 1 lo@0011 00000000 uo.l[tl]n']!l!gt

00000m00 0000m00 00000000

niolrnnritInsa:lo"id

Image file Iormat fifiar sLltcrnr
ruo,l{1ntJrJdgt hardware ttnc sotNvare rilrlJn
vfrnnlSQotnll?a nloi image file rLasd nl:
lc "4 -in Llt Lunlrtran?iarynfroir,:niu arfr taggeo
lmage File forr"t lflff;, Targa (TGA),

W jndows Bitmap (B[,4p), Encapsutated

Postscript (EPS), Graphic Interchange Format

Indexed ro ttac

bit data type (24=16) Lrdt

zso-color rihJ 4

256 d (28=256) rai
duol 1n:reo;, rflar 1c:green; ua: rirriu 1e:btue;

fi zuar n-ulu a-ordru oir r j niu nlrlu#nuru"do,fi

color table rJ::nolaqt'lu fite d'r u lou pixet

uoiacd'uarlr:n :rngrilufflofi radrll zso fi d

l:rngaduu cotor tabte ld' 13ld +y

: fi I Color tabte ?aintl,ll I bit 256-cotor

RGB true color rilu 24 bit data type

(B bit of Red + 8 bit of green + 8 bit of blue =

24 bit) :sna!riru eso rir oilztlt a,:fi uol,

nrro'ordunrfldrs ctD
rio tl,tt

Bir Color

24 bit lrue co/or 24 p'xe arrr.iotflr.t

a'rrF

256 indexed color 8 256 dntllr,l] p xel A1lttfltiu
fllofi1dh zso f,

256 GIay scale 6 256 n'tn!1!?10,t
dtn't

-p xel nMr0ri1l
fidr. rr ria I 1r
zso arduiwarFrnr

n1':n rnag ng

anayss n:lrr 
.

nri'rlaLr nluiai

16 Gray 16 nlmrnuloi
imr:rnau

-pixe 61|,lrlntfl!
Rr , lrr ria
t h u 6so.r

na0u!1lll0tdtnl

Black udi whlle 2 d (n1a $ra 0r) -pixe ditr1Jn!fl!
dtnt:an], tYt'tuu
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?r:an:r ninnr:rlnn6tiB.:lxri

(GlF), PC Paintbrush (PCX) .i1fi;u format d

ii u il'iflu,ir u nr.i rir u image anatysis r]'r.l

lularnnlulafi 6o rtrr, BMP uar PCX'7

d (color) 6oua': ltignt; ornurri.:ritfior

rua,: rdu ua,:6luafio,:or nmno o v,l r,r5o 6lutr ri u

ornnlarb',lornnr:uzurnarrunrq rianr:dsriou

ra,:*ar niu fl raargrXrruo:ro:fi uo.,:riiu d'u

udrfimr lfi orrorn ua'lfioirl 1 rurzudr:rrriu

nrdrlr:orfiu spectrum ta.:ua.rfioir,: I loiloa

nr:drua,:Rrirr ru prism tu l,liyrslarani 6
^ t \-

0:[nOtULOaln 3 !0ngnO light wavelength,

amplitude llas purity

3rJfi r nrrlumn6uroiuaiq:uan,fluFi1ia,t Hue

Amplitude to,:dfr rniolnorufi rrnaiuen,:

ataruuriroolairoroifi uil6un'jr Trightness"

n'r amplitude q,: uanl'jr nduriuoyfir,ifr.nru

lr noctfidfr il:r n6uur rir o a a.ir.l rur n n,ir

ifi ro qiui 2lrqxnrn! 2610

3rJfi o nmptituoe ro,:ua,:uaoo'h1 zo.: Brigntness

rurity m,:f, fr rn3o.: oa lfi rtoaiuao.:r aru
rarirqoilofirFroifis Gan'jr "Saturation (fl?r!
A s -g j - 4 ;o o?) n1n?l a n?dn y:an?l 0 9tldf,rultx

wavelength 6aqruarur.t"hro,rdoir.,r 1 rdu ^ad403[dO\:tJA?A':Ud{lyl giA'11 U1?nnU[FlU'] fi TA

rfi flr uo'riludN dfi rn6ornarufirrnoilrdo{r.ra f,tdBr frrnmildiloircr'r (less saturation) uiafi
ud{fi n1 ud?,: ndu ru1il diln-uludq n n d'r u rfl uuu fioo af,rnai 6un'ir "ttue" f,uoinsrfiotoc

fi nrrilumndu fiio:ccrcvirlorn oeak fi d,:!l6n ru6{fir'r'l (whire righ0 (?ild 7)

pea x ud il il rrir riu niu d ri r,:ocfi dr,l n a'u #u n'ir

drroi (:um 5)

3rJfi z eure t'tia complete saturation q: :cnau
)-

9l? fl ltfli t11u,ln1't1l u"t'l n au ro u')

M0dellng col0r lllaYtQiLotrunl
rJfr #rvr-u ritel Hue, Bri ghtness ttae Satu ration
'[urrul:rqLt Commission International d'

,1 vd ^^xrcrarrage to nlTYl'lLUu Modet 3 uFttuulaln

dlnr:nrlnfinflraoritt 6eln.ir ctE color sDace

virtrioia lrar rr:nr-n f,'ld'o dr,:rdu{ 0rr{ uasnfl

d'otd'rurndo,rfi adGa n'ir soectrophotometer ulc
densitometer ritniu s pectrop h oto meter(lur1 6)
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d'ruflrura,:n:'ls n?1 d'j'r{araoaioulflufi oiro;finmutfi s.:or:.in'i1 densitometer d'ltJ15oln

doi'r urrj,:ta.,r6r1nff[u ct E cotor space kia dr':
.J

dfinfr aiurFra dotonnils d1fi;1l Saturation

nn6'al Color space model o"'lnrilxasrldor'1

nrTre- yiuti:cfi 'j1,: Hue, Saturation rrae Brighr-

ness tu: taln:rud'ru$anilda{ Hue oc

ril d su uil allil rd a rndou or"rlr.l :or.l j n:r s d'ruir u

Briohtness o"rilduu$il4'ldarndaui{un.r1u

ovrilduurila': rdo rn dauoirluuurtcut! 5a

rrnu X Ans saturate fa iflulonnr,r?onnr?u

Ior u ronrru3 n rulo nnr,:ocriludzr': uacocfi

n?1 0tJ0r1d{do1l:t? ?o1Jt0nn:2aqnudon'.]n
- .)

ruuduru\tdlosx (: r 8)

$u?A{ il6ounu y loraoca'ir': rndaodll3r'lru

trrJfi e Cte color space uao,tnrrr:a-r:r,rildr:r'j'tn Hue, Brightness u6: Saturation

r-Dimension gel

rrnrfrroo
electrophoresis

DNA, RNA r.riahj:6u
rr u x-ray fitm, [!r.il.l nylon r3o nitrocellulose

o-tnrimrira 
"""nn"r 

lLU r''{Idcilia ulufiafia
,J

(11lYl 9) ttnsUltAltLdidrr]atnnU (reflectance)

,J
scale (:1114 10) lOtitutt|]u gel alno{In1: run

.J
standard marker iiLy rJ'tsdtir drJd'ru flo1un

.-4y-marker !ann.t?u'toua! i tJ't ru [? d1l,ltulz Ll]

n ru rmagtng anatysts AUlnytlA A

(?1111 11, 12)

n!51n0uUttuu nyton 14:o n itrocellu lose

a!lu0nu'l01nn:ru?l]n't: colorimetric detection ruT unJaolfluri'qr_lrru digitat 'luiilra,: 8 bit gray

rSounuol"r-urrluu u x-ray fitm onrfia,:

1Q1nnt5U'tUn1: autoradiography fiio cnerri-

luminescent detectionro d'ttJt:ndl rlfi rn:rcf
rrruro uartErtm?o,:ttnu orun, nlte yio

Mcantrilg (itr

r, d tr Aa-[!:eluloo1n digitized image {{to01nn1t scan
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i'r: :rrninnl:lrn rttiu{l ri flfi ro qiufi 2 rqunrfltJ 25{o

3r.1fi e Hand scanner ddtrt:n 
"""n 

nryrornsdlfldl x-ray uSounln:naudirJ:rn4uuuaiu Nyton ria
Nitrocellulose 1d

3rlfi ro CCD array nrulu scanner o:':.1 sa.ra:riol ri dal rilirlqrnrldfl r
urJall udc-lrynr digitat n1leiloi!

t4L
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2109
1?31

9€3
60,1
333

n'r:fi'Mass ladder lir.: standard marker ltane a; €ol::nald-:Ulroij DNA ?u'ro rO,Ooobp (tOOng),

6,000bp(60n9), 4,000bp(40n9), 3,000bp(30n9), 2,000bp(20n9)

as _!l{
100 a6 93
60 25.66{0 13 6330 e. t520 5 rt3

taroo
6000
r000
3000
?000

:r.Jfi rr

n'DFi'rulfuyr'lrutorn;rr.'r:rruralrrnl DNA (Lane zy Ioarialnil Mass tadder (Lane 4) n'?g

1 D-analysis softlvare (MB)
3rJfi rz

L42



1t:tn:t1|Runn'l'lllltlUttu{ llll,

&-
d114:UR'11\ 8 bit gray scale 1ltn01n01n

ndo,: video 16o scanner rid dtttr:ntdttunttnu

rasA{it ., .., . ,4

,' ' . ... . :.::.. - :'

,,,'.,,,;1..; .'.l-:,: , ..,
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s.a. \1

e*I

grlfi rr nr:irn:r:rirrrirri'uruaorn nr digital,8 bit gray scale

adrrl:fifinr:radaurila (blot) rnu DNA,

RNA fi:0 LUtnualnIt,tu oel dn!!nTsolunlo.]

rioun{r#nr: otot rfi olilaru:nifi u,:druornrir,:

ouuu[tr]u oel 7l'l !fi fl 'ltnT?Q1tnl'ls14?u']0 !!a3

irrruro.ounr DNA, RNA fi6o Ll:fru fioyraro

:'rrJyi,:n1fl a'nnl: blot asrnolrrou DNA, RNA
J- J - ! , ) e,

fi :a t!t6ru 111loL1l u ? tJ otLnl ntT[!ual\t
:cnouriunrr uasldunta,] digitized image fi

1 d'or n scan ner vr"r}ifi 
': 

uu ei.,: rir rfi o r6':1dfi d o o

fluorescence L[n! ccD iunt^r finrunrnoir

fiiodrn"nlilrfiu z tog yir'ifihiar 1:nlrunao
.J,-,

da,:toTtoutofl uaafl a'tnntLo rla!fl 1:n"]u?nJ

tlnut!'rflJYr01FIUfl u't n Bnsn?1|J11tJ0'1,:?0{ttou digital aln scanner o::lnrfflf scan $n! DNA,

RNA li5alil:6udl:rnguuur.iu X-ray fitm (o'tn

ifi ro qJufi 2 qunlntt 2540

J o .- ''1 ..t
DNA, RNA 1.1:O tU:nur0q LndtOn!lo lu

- ) ,)
l:OllfiU\: tltlLxOUn (lUl1 1 3)

ccD fi;o PMT n nrrld'rriu':'ru t D-get

electrophoresis (MB) ai, [rd.t laser fiturotfin

( -5 $m) t!fl:!fld't'tlUdnQ'll,O1U10m!nn!d?.:

niTh scan r!n! DNA. RNA. fi50 lil:fiu lu
,vriiu oet ki6 hi oio.:rirurlueratrn1: blot 6n

AAdahj IoEifr DNA, RNA n5a hl:6uocd'a,t

fr oaarnoiruar: f tuorochrome fiiotiord'ru
fluorescein dye tdu ethidium bromide riau

'[urirurar resotution ronnrvr dioitat dloi

n'ru {,:n1: scan ocfinm acr6uoq,t-1 -s prl
nrimfioarrTin scan n'r lu! rr1Ju 16 bit

.. qv / -(2'"=65,536) gray scale Lo {ntnLaun?'lnl

DNA. RNA. yio lil:fiu id'ruaai'nridhiond'ar

uriu tir oio rrld'ii n'nd1 r6i tuser. rlrtdi"rl ril
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detection) (:un14) nod'rx1:n(un0n :au0u o nuio rrnr 6:r lltl fi r n r :n:r orr a'r o''u ru d ( DNA

1oano1 da{inri'urrn.;
n'ri 1 3r1rura,: DNA,

aonornd'uli'rirsilu

BNA fi'lo hj:fiuorn

sequencipg) ld'qn ri'a': urjudrn'jr

. c, ,),Na
Dynamic range tUunlnu{tnin R']l'{flan

digitized image dld' rornnrt scan d":U

scanner tl'::mnrir.:1ttF oi'r o tjr,: niuyl n plot

rir dynamic range 'uo\:n'ry{ digital 8 bit gray

"_Yscale (256 ai oiufuta,:firnr1 lflu histogram

Inubirrnu x uaolrirtal color vatues 1ro.: f,rir
.-vdzlr uncd n zsc ro,:dr !i'1ld'utot f, rmr osloidr

& , .J
d',ruoi o trirfiqor:druqorl fi,: zss 1trrfiao,
r?1dn) d?uunu y }iuanriiruru?a{ pixel

. - t d ,J'[urlrrnsalouzuro{fr (r!n 15) n']nltrmyl gray

scatehi'ird bit ashi[do,rFhra\t Hue un! satu-

ration utinsrldonrirtal Brightness ta,:turia:

r.ria Ll:du nrim6ayrnunr oNn, gNe fita
h.rdufif,r'irurn6r:fi Srrrutar DNn, nrun uio

1{ uilu tite turiudruhhflfirn:rcfrar SrJrru

1A{un! DNA i:fi onarolrnn.irrirurrurr

i d la Dynamic range to'tntn digital dbia, n taser scanner {drg) |ta; wh te light scanner (11,1)

f, mrorl orriuorrfilloi'irnrn dioirar dldndo{

video rio scanner ocfi dynamic range tfia,:

z fi,: z.s rog ryil (B bit: 2s=256) t3il# r+y

dynamic range 01fi rirlrnvirtorordllatinr:
n'rrr rur?rr.lirr runn d'0,: lr ndu rrirrfir niu

11n!l!n'r dynamic range tlra oa\: a u:!141't.l

o 6.r zoo dorilrufir'irFirorn 2oo 6i 2s4 Lflu

rirrda'lnndapir background tu-!{uilr Lfl u zoo

yrl,rrarndr'lri background ufl ufr unrlrndu d.:

runtr{unu DNA A trac a lu;ilfr 16 fi brighr-

ness rl|Jor1{nu Lulturllunu DNA A uar B

lu:rlfi t s 6,:fi dynamic range 'i:u'lrr 0 fil
pixet {n$!ll.lLl toun:nnu :u1mta\: DNA, RNA 255 finmlunnoir,:n-u tirrirnr:rfiu :ild t o

ll:6urrnn'ir lrn DNA, Rtu n5a lil:filifi
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11:tnttrfl ufl fl 'l:tlt'llllJlTU.: lll!J

?o,:rilfr rs 'lriadlurirr::v'ir'r 100 6't 255
Jd

Yll LlrRlvl digital utJ

ri'rtu:ud tz o;rirbiunu DNA B rras c fi
,J

4 log (?!1'l 14) no

f, rnr r[l1ndr6r.:niu urnrfi r"LJld I z l{rilu tite

'tfi 
riLrti?!1 tU titarn:rr1r41U:u'lnl10'lLrou DNA

iii so liri 2 nqun'rn! 2s{.0

dynamic range ltnn'it
n,:uoi o nr 65,535 (1 6 bit:

2'=65,536) d'r rJ1indrlil rdr q or:rirur ruur

!-:rrzuzo,r DNA, RNA uat h.l:frdoinnd'a':

ruriudrn'jr adrd:fidnrvr t 6 bit gray scale fi

:rnnuulolaitoraiaror:ot hirir.:"hJornntr- 
"*)8 bit gray scale t1.111!uoitJ1n1nnan')

d'IJl:n [do.:rJabiufi u': e oit

a3aofla10 1fl nl1A'rt.llfu?1',r01n:um 15 tU

tzu"d flror".""nt imaging device d,:lfua.t

taser !!ns CCo ria PMT nolnll'i d,rlun1:

or:rooiu ri'rX rgr ru nldauufluntr gray scale lu

rrJuurdfi oit 6,:n'ir niu i6 bit gray scate

i fi rb Dynamic range loi white light scanner, 0-255

3rJfi ro rirnr':rJ':trrir dynamic r.ung" luntrd t s lroqlr:ri':l 0-200, background n:d,t{!
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trrJfi rz rirnr':rJir:rir dynamic r."ng" 1unrr^rd ts rlrou1u?ir,r too-zss, uol6rSrrafifiorlal

Fluorescent imaging analysis

a1ndfin1'rd1d1: f tuorocnrome unrs

rl:"rnvrdhi Emission wavelength oir.:n-u

R'rgfi{nalnn'unn excite oirgrfr rra,: laser

1r'r:r':d s1 ilrl{lunr:6orqarn probe lld! pnmer

niottdarun:orfirnf, 6n uac ftl:6u rirciti'nr:

irn:r;ri DNA, RNA uac ll:fiu :rrunor,:ruoiru

DNA sequencing rirloi'a;orrn i'tn6'l ttas

uriutir{u nr:r:drrr:nirn:rrri unl orue d

'ldrilu stanoaro marker t! tane r6u?fiu DNA

f ragment dd'arnr:n:rururouap ^:l r ru

uSonr:irn:r:riurarr oluruaral oNa oiruifi

dideoxy DNA sequencing 'lu tane rds'triu
J n ,J

ttYlUTlAslUU 4lane (l!n 18) LnUO'tflU sequen-

cing primer Foroatn fluorochrome dye oirlzfior

niu uia ootrttp n',:dor-r finonrn ftuorochrome

oye oir,:tfiornh tlld rgl
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tt:m:l Rufl R1:llltTUttu.l lltu

nltltn $dn':Fi1 Excitation

uT 30 quuT 2 ]rfl!fl1ftu 2540

ua! Emission wavelenglh to't fluorochrome dyes

Dyes xio stains Excitation (nm) Emission (nm)

Protein stains

Sypro Orange 472 570

Sypro Red 530 625

DNA post stains

Ethidium Bromide 300 511

Syber Green I kiiriara liliriara
Syber Green ll L! !?r at a hifidarn

Labels

FITC (Fluorescein) 490 520

5-FAM 493 522

6-FAM 494 517

JOE 528

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 270,593 567

BOPRO3 271 , 575 600

BOB03 245, 572 602

Attophos 430-440 560

Aounu zuol0n laser lutnSa,l fluorescenl

imaging device tiu 1 d"ratir,:rdurnial
Automated Genetic Analyzer talu':dn Perkin

Etmer rJ:vrnnalrigorr3nr iu gr o oJld r omw

Argon taser ditir,:ndu 488 nm lras 514.5 nm,

dye-labeled oligonucleotide frfi excitation

wavelenEh tnd 488 nm uia s14.5 nm i! emit

Fluorescein o:nnrirlflddnoa']n size standard

rurx"r. unu ri,:drdanoln internal marker rmrird
'b{ua,r f I uorescen." d fi r'ra"rlr u ar dru rnio.r

nr:tf, onld fluorochrome rl:ctnilln{u Software Engineering r.l:rtnnari5aw':nT 6$d

20 mW YAG solid state laser (Green laser)

fifidrlnf,u 532 nm nrtr l!n"u lluorochrome

excitation wavelength lnd SSe nm L?iu

Rhodamine dye Iouoc emft tlirta,r fluorescence

dfi ttn-r,:ru6.Mnn'jlnr:'ld Ftuorescein lors

fluorescent imaging device, FMBlOll flon Hitachi
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lildrriiud'0,: emit Idn fluorescence dff
1ra-,r,nudn 'lutru"d eatgt o o:'hin-u Ftuores-
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cein dye 1d'6nrirrfraov emit ttiudt fluores-

""n"" 
dfi nn"rlruo,:ld'lrnn'irnr:'ld Rhodamine

Comparative genomic hybridization
i-nltr1,{ Lnuy:a druy't s?a { tFn trJ Lq U1.:

, o Us s sdruySorit Ln: Ll lq Lilt,l ar ry n iir rYrur o lli n
-:T{UDnTT UATtSA stl.lyA1fltun nlio:10
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Iouocdr Rhodamine u5o Rox rr'ldfioroarn size

standard, marker ttTtu (o],t:'tiYr 4)

;Jfr re nr:rrdrF]"1]ruauLL 4 days In 1 lane n::lir
loi'loanr: fiooarn t uorocnrorne oye nri
tuanul?l'rn! sequenc ng pr mer y:a

ddNTP

3r.1fi ra nr:ura'rniurralou'lt'a dyes n r tane

.ian]:lnn 4 n1: t1l5 u Ll tl1u 1l Ft11 l,t L? (sensitivity) iry'jlJ ABt377l310 fr*'11 Hitachi FMBtOtl

i r n:r cdTFr:INIr rJ d'r u n r:rio il'tli'rfi o un ! A orl rJ

rmruula:Illrl (banding technique;" 1;rJd eo1
UJ"Ldrruncrd 

u oilutcri'Ly fi.1uFri u"l'[ ria,rh.t fi l'tu

:cri!6u

5_FAM/FITC JOE TAMRA ROVTexas Red

ABt 3771310 +++ +++ +++

Hitachi, Ff\4BlOll ++ +++ +++
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11:m:lTfl Ufl nt:ttltlluttut l'| ii so lrlui 2l{qunrflr, 2b4o

fi uuuln:Illqild' rir'hin liifi o o uI: n drl d
"x)-ag1'Jart0gottasQltyl'tstQlrQdtJ'tn?1.l {\:tnnun

Jq e, r f f
u-ldLi'nr'uln:llls:J 'lu:;ri;rrinrMa (:!fi zr r un:

odr':i.flunr:l:;qn didrir gene mapprng [a! otautaLu!?tnnBd?ant{na Lut!ur restino state

o'lu molecular cytogenetics dltJ't:n?tntM,l (?1171 22)

rialrtrnf,n fluoresence rn srru

hybridization 1rtSHl loiq n rlr rrf i'ra3 ru nr:
i r a:r cdun !? rr,:t o,rln:IilIqil louro r:

ifi ooufi uuuln:IilIqil6rfi dadrn"o n.ir?60
rir rilud'a,:n:ruu-:n zunllfi o n6ra,:6unia

3rlfi zo nr:rior:la:I ltrrirs Banding technique

probe kiadr,:rr rca o r ndo dr n"o o-l n rirl
ri'r'lrifi nr:nTorlr rnnfi n rISH {uil.r'lunar!

, J J or:u [!uaulnna tu0\t tytoL n15? tn:.]:u n.t.l

'lunrnlilnr':1d probe fi iarrriirnrr"oioln:fukr{fi e 1n:{y

rlrirmnfi n rtsH d'o,:ord'sdr6urao:?ani In:IilIsil?arl:nu'u r riourdodarlr:n16onld
(prooe; drf,o nrr'lflu uoiayn:ri o"riunr:
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fi or.l n fita,:fiuua:In.llrlsillurtndilSordo rda
a o L a E atI,lln?nnunsn:ouna nnutulJ rdu nr:ld
f luorochrome-labeled probe fioirt.1 nn

(multicolor probe) $drrir FISH iliailnn
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r a t ) )s
uutnTttJt{lJ r{nn$:atuarfl D?lfi a\tn1:Flnu'r

l]',I t}l6t'ltJ1:nn:1i'11011|,luun?o{ uuo'tu?uul n

uuln:IlIqildlu a{,r rd ur

3rJfi zz nr:irn:r;ri6r6urob::ui Resting stage oira FtsH technique 4l1d probe iiirurr;ola centromere zo.t

In:hirl{fi t s fiiqaarnd'rtt rtrc ua:rii zr ifioranrnri'ra Rhodamine turlflrldonn1:attnn!
trtsomy ta,:In:hltlrii zt

Comparative genomic hybridization (CGH) , _J o r, -)ItJ n'ltytdllIotiuu01n tqn a! n nno n r]o a uuu
-- -,,t' t 43 !1 r,n5rnnd!ao yt,:l.to'tafl t!5$ni nalJ1{?rna5lfl unrafi n'[rrjeiraoy]'t,r motecular cytogenetics

tfi rn'irvrinmlfi orln fi tol6r6uraluln:Illsil
'jrfintirfiurdrrry':omofiru1 (gain or loss)

Ior r n : o u n a r fi Iu r yru,: fi r.r or Io uhi dr rfl u d'0,:

yr:r!n?'tufi n nAta,:6u|Jirial..t rfi u,rrLUnario

616!ra ornrsnri riordardodror:ro rirrrfior

aalnd"t gdl: f luorochrome rhcnr f luorescein
v.

a']fl111.lu't probe o\tnal?N't d :?Nnu probe

frloirrorn human genomic DNA ?o{nuilnad

finonrnoiru rhodamine 'lua"odru 1:t or nriu
4 ,.tre - Z Z
Q\:l'.ldlJl'14[11n1J alnuu probe m{etanQrnn!,t

'lli't ln s/tu co-hybridization riuln:Irlsillu:cac

firnuilrdr eli rn:rcfnr digital firilsain
ndanylaao$dL{uo{'lunr:riru.lrurlo-ol:1d?u

ta.:Ay'lnaondr{uoi:cil'jr.)fi rfi urri!tto.] (fi t5!
roalnsaddnnr?a orfi r.uad crS,r niu 6u5uro

nlnr{a.iilnA) u uln:I:lIq il uria cd'r yirt }i'
,J!.

d'r tJ'ttou{!n'ttt1,{ u11,u?u copy fl a{ hItiu ra

!1,i 0i1llfi { uia nr:rflururriazronrEt'til
tai6r6urouT{dtu Io u [Ld o.i Fir ro d ur o,:

In:llli:r uoin sn"'l o o n rJ llt-t:d? on n rl Fi,r
J.

rJltr:5'ru?rtr.:6rd!rofi rlnfi ::u.j Nfi rfi u?riuAtlo,)

arlyilniu t.o rirrira"ordrun?1 Ld ?o{r[d\:
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trrJfi za

? r:an:rnfl ufl fil:arnnurnu.! ll , flfi ro qfiuii 2 nqunrn! 2b4o

Emission. Barricr {iltcr

Dichroic mirror

f)bjcctivc

nr'triianl n'5!lJtunrr comparative genomic hybridization (ccH) l:dalrirgnr}{glr 3 arqi Indlt
fitter drir!1rr:rda FtTc, Rhodamine ua: DAPt n1y{rindlti!onri'r!1daun"u rir'arra-n':rdru::y'ir,:

ua,riria':n:uiuqr Ioai oepl riue counter stain nrulo'nrtnlu4rla,:I :un:rnarfirrorai

rds,truu\lorn 1.0 udn,:'i16r6u!oiamlfi orln6

niu rirln:Illtlu'rnd?url o't dt 1fl un.:rJ:r n g

!ri!r'o) asfidl < r udrirfiu3nruno,rdrd!ro

ui,:d2u!fi! 1 1iirfialJ:rn0'i'oro!) ocfiFi'r > 1

tgrJ# es-zs1

n1: Co-hybridize ta\: test probe (green-ftuorochrome) UA3 reference probe (rsd-fluorochrome) fiu
In:hlqrrl n61u::acr! nT ttia

\
,a

(.,
t"H

aF .rl
.). .

3ilfi zr
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) --lJfi 26 Filloau!E,t!rd,reria?uasua,rnrnla:Idsruda:d,:nnuanloonlrh: ra,:n:rr{

uo{ acaiuocn nu::odr udruto.rla:Lilrlrur o (

riurioIA',r,:a :;n au riu rn nfi nda".ii ra.r.rrli

rJ::qnff,ulru Con {u nrim6oairluntro,:
polyacrylamide gel n5ourlun.ia.,: (membrane)

firrrtnuror 1OO pm x 100 lrm x 20 pm fin
nllandlaoi lnsff Microship get fi5o membrane

CGH on microships

nr:yrh cGn u".,:fi {odrn"ndnrrroisil
In:Illtlo'r n nurln f,lu:cac merapnase !!a:

rirlrl ori.,rfi nuun::nndla ri ilu.irilasnf,rd
In:IlIql fi nrrn::or E fi'rhi 6 fi ur.: dru Irnir.r

t 0 Mb or rr:rn',:6[uil rdal{unuln:hlqil1u:"ar

metaphase ornnulnf, r a-,:ot n ajr u nt:
hybridize irr:aa'jr,r test probe (F|TC tabeted

test genomic DNA) UA3 reference probe

(Rhodamine labeled normal genomic DNA)

n reo n dln Firii n.ill o I n n dr I r or :r o a a ! nr s't oi

n da { r'in a o r:a rqu ri uaco"nrfiunlrd'?unda,t

digitat riuonir'hinf iirn:rcfaa garn or ross ?E\l

cGH fi nrrlond'0.,:uacnrr6sourndu""

t3rJd zo, zzy

ttoutEtol altounun
.J

n1 []t u uu? R nYtnsml

6oou1u:cn"u 1o-20 Mb

DNA Microship u't

nr:ld one-pin robot bn.:run DNA solution aruuuaiu membrane nio acryramide ger ou1a6rdf,a
uun::rnalad

3rlfi zo
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Diabetic Ketoacidosis*
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6,:vroocarillliirdtlrurtlu IDDu unefi

nlrFtoudl.loi6oianr:lridut6u Lra3 1

I:,:nur!r a oirun'r?r ketoacidosis oufrllnlr
j r.- -lIua to:un1::nu1tla2 aln1t1: olu

catabolism 6osuid auor nnrt'[dn nlnam6o

nrflularo:n rufl unr:anrsdr:r,nnltrn
rfrod'r:fl'ln xetone ri, 'bidr,: nr u rilu n:n lu
nrr:!nfitruc fasting irlnrlosdiln ketone

vate + NADH + H' ---> laclate + runO rfiodu rdu r 6 ur fiu !r Fi keto n e fi o ;hl n :c riulfi'fi n r :il a',t

A - / d oe
au{au {,: uaLfifiunnlSdalul? }Ju onnln

Triglyceride

|- ---+l

I Free fatty ac d

| 
(FFA)

I

Insuln (pancreas)

t

FFA LIv€r c€ll

' Fatty acyl camitine

I

+: ncetyl CoA Mlto{fiondria:

nnlnalu16aofr a,locyirtfiu:lFiu osmotic

L

rd:l{ufi nr:6,:rirorn'[unadnirrrtunrsudrAao

drfio"d,rrarhlruorarfifl aon rfirsli.'lunrrua
tfi oofi rcnnr-uaa n r{ilaarrc:tl riunqlna

ttacI unarfia dr.lrao:fiornr.int"lr',nti.
naoor'rd1 :co-ul unalfidriuirlnru 0umad)
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1t:m:1 fluflRl:lrt| Ultu.t |lflJ

nQ36nA': Utlilnnlltl't2AAlOvlU!nld'ltU01n

fl.rilr{rio.rilnfiAntt
.' Je,. d -aM sytr.tu?u o't nltn?:n311uo\:u

Hormone : insulin L[nc C-peptide cir d':u

gtucagon a,: rdonrrvisrsrrair,:nalnadnir

Il uorardurJoo nrdo uanrarlrrduilrdrilrd'rs
t r. - U

ft?L[uu9]dttuu0;nnniaanalnL{aa},|l0In!u't

lra3?T! o o nyn ifl dd1?3 ril oo! u:n;! {rJrufi rir

[luorariar,ilnfi fiioori rilnlre6,r[Junarfier
o .3
tut{aaul N1n na?'l!.tu'tuou Lu:3u3aun:,tU

rfl :1lll rnd16u ul,if u a u o ud ;. rirXl,unr:
J r . A '"Y]1i1U?a \t n Al tUO lnB lOtrtlEn ai't x Lil a 14 iln

flfi so lrirfi 2 qunlou z54o

p-hydroxybutyrate (78%)'lunlrnr?otiuoc ards
Ja a )-l Z)

n'ltll0iAanIlnlnlUlqAn!ld!lnAOTl?lUlU 7l'tYl
-;Ann'l:tn0 Rn'ig1nUA1:O'l't q nnU

turtaauouuatl - nitroorusside fi'to:tfrotiluar: :cnau

o'rnlryr'r,rnafi n Iourir}lli'uri nduki ttwallnu acelone llas acetoacetate
J " ,-a-- f erric chloride 11Q!11'tuIn:u'tnu

acetoacetate rfi orfluf, ri':'r

- F-hydrorybutyrate dehydrogenase di
,Ja:r Auu p-hydroxybutyrate birilu

,voltauu udd1l!1lo u flt:lt'tuu1 00l.ltflall

nruloriruac6n a Nu1fllnfi na!arfiIo!

ol nlt116oifr[fiu?niu vital sion 01aa3r,iu

tachycardia uio nypertension loi'rir.t
a At,va - anla1n1: !nn,:?lu!tJtdno?n0et:un?1

diabetic coma

acetoacetate nialniu NAD nlfiuu!flu NADH
A

?OnltnonAutldnYl 340 nm

rlo-oriuera livir n'lr Frt?oio p- nyorory-

butyrate o:rirubin1rol?eRr?3 tetosis loirir{u
111 !l4ulJ?UtO:Un1::nU',tUAAOnUOn?1

Blood gas :

l.
pH nln?'l 7.30, H-

nir$donn't?!

d\:. oCO ll0!

acidosis 6a

HCO 01
3

Chemistrv: na[ndd':. urea |!a! creali-

nine 010ird,:luonn'r n?lantfi62a oa.t, plasma
;t

osmolality $rlJllJ

Electrotyte : Itr6urJua:naol:oiaroonlnF
nt::nul

riaa,:or nfr il-:lrn:!6aon na,t nrr1{nr-uux.t
.ra - &ea- tfiouqnu ,tdntono 0311'lL Un't:u'l

a a n uoi o ol.d r 6 u u [ra r n a 01: Fin a-u 6 n riilot o"rt nqlaardrrtaii, ao glucagon etfect (ann1't

air,:nnlnaornot-u), Honllda1sh -u

- Lita,: rna':rd a ri,rnr:riu nalnayrr,r

rJoalrv uacurihnl?3?'rnJ1 r?rJriid ona?an

or o fi l.i at{ra-r'lo rd'u fi oro-,:rr sld' rir Co ocoir nr N

T3n"u bicarbonate diflunat neutratize nlo
Ketone bodies, [flunr:or:rordofius-u alnfuAno'lt.lrJalosnr:n:ro nalna,

rJln1?: ketoacidosis loufrlui']lnrgo;fiad s :tJ etectrotyte, btood gas ffno or 01il n'r rilu rio.,r

nl?alrtiu ketone bodies 6n

E0:tlJltFtln 3)

- rdafi nlirj'rn6Inardrrrad o;6,:

ll uorarfi uilrdrhloirs r:n"utu16oooldoanrJr n
-aa.on!u0\r qa {rin't't Lfi ldtlt o?rl

-'[ri bicarbonare liia;n u.l R,r ? t
acidosis

6a acetone (2%), acetoacetate (20%),
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Enhance glucose Decrease

I
I

J

l-ower Plasr'ta Gl

rUlfi?1u (Diabetic mellitus)

rflul:nr{oirrdsr{ar riu nrrlfinrl n fi

1on nriu?!n'r:!l oru ofi arLri,rnrilularo:n,

hJ:fi u ua:lt l"u a"urda.,:lror n nr:nf,,rta,r
6uq6uhirfi alna niafi nr:d'runrurioiuqfi u
dJ, - r .J-
dnmlnl.llnlon!'iFluna fasting hyperglycemia

d'lu'lur!{rJrafr liulruruo:rfi o alherosclero-

sis t!a! microangiopathic vascular disease un:

neuropathy a eir,rl:fi6 arnr:fr udo.:oan

fiocuonoir,rn-unr gfi nranrulr4?ludairhsrfl u

{nuuntnnnu

1. Tlpe 1 : lnsulln-d€p€ndent dlab€tos

||€llltls (IDOM) nu'jrrfi srdor rnriunluqn::l
rdunuunlu{fii HLA 88, BW1s, 818, 41,

CW3, Dw3, Dwa {rjrerovfi autoantibody ,io

p -cet I n a,r o''u ri o ir rir'lrinrrair I ua;n no,:6 ttqfi u

rirli'hj6 uiaaronrfi uauf, uo6oio6ulfi uffld'

H ! ? g nn tul3ylu ll al nl:n\: un al gua g 0 n.1

as5! tnfilili'rir.rau rnn keroacidosis ilu i
nr:noudualria nr:inr*r d',: rJduq6ulq'fi

2. Type 2 : Non-lnsulln dependent

dlabet€s mellltus (N|DDM) fi n'l'tttdsrdoln"!

Vol.30, No.z May t 90?

plasma glucagon glucagon effect Inhibit lipolysis

r{uon:;r udhirriu.i'o r.l:;r"62 a,r airlr u o cfi

ornr:lurctiu subctinicat atiuru osiiofriri
1 v, 4 ,, vt a u?u a1ulJ'ln ua::!:1ia?uttn? d,trhn

u'u rda'jr nadri'u rj ow o.r{ilr ukj qar auo r oi a

- y r -J : J o r , i -:cnunatndrtytrl?! anttJuaiaugSiuaan,r
.r- , <a11:An't:dtlnuashanaugaula n !tFtr{aailla:

d'a,:iurarnqlnalrJfi insutinreceptoruSo re-

ceptor fidlu?ufau fi6aln:,:air,Jfiorlnfi 6r

hjo'u ril6ugfiu rfi a drtirqa.iiu rar n nlna
e\4 ate

tl1tu tu nluto

3. S€condary dtab€tes m€llltus ril1,l

rurnrrufr rfi oornfi ntraa$:ndururriou n5o

biiu fl rur.lri o o',: r?itr nr:gr",: n::d, fi r*a:rd
!,crunlnlutgaanua0u, Ea:I uu,t,ln?frt!n?lJ

nr:rir,:rurardug6u, arfi fi aaria:co-unalna

lurdoor rfludu

nrrcun:n{ourol{ earurxrru

t. rtuurdgur'ta-u uano,tn ketoacidosis d
binrim lr ua'rfi s".rinrardu 6nrdu

n. Non-ketotic hyperosmolar sfafe tJa
finqlndurdoolrn 1 o;rfinu:.roiu osmotic 6r

\
Oppose

utilization

\

-/ onlu"' 
/t /ttl

Rorans lcbaddosl" 
I

--\\ | /
Lower counter regulatory hormone

-/
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1',r:zf'r:r'|nunn t:lrlt tu': lltu ii so oir-'ii 2 qunrnu 2s4o

rirrdrrr'lun:lrardao :rrrY'rnr:rilo-onnladd riaun'irfrrnrufi o:er:?n11!oi?ui6ilnfi vianr:ld
" - YV

1or ff os rir o orvr.:rir uacn a [n da a n ia l niu airh u
* ",,r,

novrRonl't3110u'r ttFr L rnn ketoacidosis
-i-Ytyt:1;u{ audnumQcu!u\:nt3u::lln1:tno

ketone bodies lri
1. Lactic acidosis nul6'tioulou[o ']r

;-'lu {lr u rurv rr ufrinr+r oir r biguanide lrfi
o'r iaror': severe metabotic acidosis aro'[rjvttr

hyperglycemia fiia ketoacidosis
A - t- ,

IL tttlllt:0:': LOltn

n. Diabetic eye disease 1lu 3 ?o'1
Ae)-

u?u11O't uu0u 6J Q3tJLl t!fi1tn ?l? nu n1: an

rfi uoudrrirlriorroold narBantioir,: j lduri

n.1 retinopathy at n nr:rur oi'l?o,t

basement membrane, nlitv{tJ permeability lon

retinal capillary olfr ,rfi oou6oooonluor

n.2 r:{ tl'u osmotic firfitJduoin

hyperglycemia ocyir'tfufio bturred vision via
rfi n cataracts draldu"s.iFrrld'

n.3 :susli1tl?an diabetic retino-

oathv asfi vessel formalion rfio{ulnl1u iris

(rubeosis iriois) virbirfi n gtaucoma '[ri

1. Diabetic nephropathy flulBdR"n{a;

fiartrqorn glomerular damage, hypertrophy

10n afferent !!ac efferent arterioles o!tfro

ischemia :lrlt&dnr:fi nr{o uuunr rudu (ascendino

lnfection)

1.1 diabetic glomerulosclerosis n't:

u't ti'l?an basement membrane tldrnl:
.J r, a I

nld uu $U anu:iato,: LutFrult membrane ta,t
,"glomerulus ti:4,:nlnrna glycation tc 'j1\t

nflIndn;uhlrfi ufi basement memorane rirbifi
atbumin Srrruriau 9 iro onrur'lu{laarrcld'

labstix drin:?a (<300 mg/L)

?.2 lschemac teslon nL rnludtl'ttl

ifinmroiuqriud'ru
1.3 Intective lesion

A
n. Diabetic neuropathy tuonnlnnalndfi

n'rrrilduulll Lfl u sortitol fi aariarjar utdu ::d'lYl

a-nuzu:dvruld'uri

n.1 Symmetrical mainly sensory

polyneuropathy l!u:ttl n ii ?uo!dt-xtf,!

a?1ilff,nio!-r6udrri'r, nrrrriu rouitrzu

superficial lra: vibration oiolri6nru fiau rFu

!!d'le (walking on cotton wootl l arlr:n
oJ

alunrJdlJo6Lun'r:rnaaut ?to :dn[]rNould
Ad

nn o n.ttTtl0aool?n1 tlJa tJn'r:u'rolQll 14:o

nll touNlntsn! ttn?L u n?llJtdn nouduo'l

0utn otul.llrEt't0dn'111:ut|:nlo

n.2 Acute painful neuropathy if,n

LfiUOUtJnll :OU filAtJ$tia'l 'l tFrU:L? fut1l"r tlfllJ

olu?1 Logtov{13nn1na'lnn!

n.3 Mononeuropathy and multiple

mononeuropathy fi rdurJ:lar nfr nr r 4 rL

ea
nd'1rJLfi on1 rdurfi u?fi5alrd1urdu rf, ulil

vJo
,1. lnfection ulnlnnd,lLu rda nnn!ruu
Ja ! d1 Ia1fl1:YtO?Oirtatrunnr:tl nlTtn:futoo on

v.^^^,xx
m,JUl nrgl n'r:r114'r iltta?0\tt 0rnao?1'l 11{

chemotaxis udr phagocytosis firir,:ruld'riosa,J
^ ! r J.

n1:nnttaaln utid touLoyi'lglttll't (diabetic foot)

ttuan!fi1u{1iunntu1 ua'tna.t'tuotnlaantu
_ - |,Jfi:a010 n1looounufl1aLd antu Lns.: rnoruu

ischemia rio gangrene ld'niuniu

;;
ntlgn?o?l t.tlt0.tuounn1t tng?nutulll?1lJ 110

6snnmcfi'ir m ic roa tbu m in u ria 6arl3lTzu osttur on\tu

albumin fi:"roon!1dnn'j1 nA (>30 mg/L) llri
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fI. nlrnr?arfioAnn'rxn']ln?unuI:n 200 mg/dl (>1 1.1 mmol/L)

lII. nl:glt?otfio :!riuR1?;rlyltndo! 6. Insulin tolerance test ltianodau'i1

Eirlruilnr:drumuoia6ur6u r.riofi o"ueiaufi or

A A' VL nttot?otTto? oflutu tfi?111

re d'rlu firirrJnfioqj:zu'jrn 70-110 mg/dl
14e

$a?nnti'tstnan tfia?o::o!nlun ttn1tr4au.dnu

1. Fasting Blood Sugar (res) {rJ':uo:
oai{tl0' tltua3tn:onntno!tn't!!a0nn:?n 1 0-

(3.9-6.2 mmol/L) tuRtt; hypergrycem,a

{rJruorfirir FBs rJ'tnn'j1 140 mg/dL

(>7.8 mmol/L) uoirir rir or'r n.jr 45 mg/dL

(<2.5 mmol/L) fi tJlu6nR't1i hypogrycemra

2. Random plasma glucose tflunr.r

onroloahida.:.:oornti fi rilJnFaqj::r,irl z0-

130 mg/dL (3.9-7.2 mmol/L) {rJrururu.:ru
Iorurofl'tcsin tDDM n3fiFi.1Nlnn.ir r so mglol

(>8.3 mmol/L)

3. Two-hour postprandial plasma

gtucose lunu nfina"rfiuol,rr:riruhl 30-60

urfi orfinqlnadudndo ralann{nlrflurlnd
4 . !, - tr J redttJatJ'tullJ 2 g?t ,t u?gtu1fi?,turn?unNlod

Q3tJn'lUAUn?1 130 mg/dl (<7.2 mmot/L)

4. Urine glrcose rdau*r nralurda oa,r

tfiun'jTi;oriu threshotd ro,r1o (ilrlrJ1il 180 mg/

dL) fi nlni?oy{urir orr alu r1aarrcloi nm l rit.,:
e J,r- -a1 tl't1!10nu dd'l?En0:d,t?llJ !OtzUfl U

5. Glucose tolerance test (GTT) riou

iunr:or:ro z-s iu {rJruar:1d'iuornr:fi fi
nrildarornotir,:rias r so nil oia{u ornu'u

, - f e\ ,eu )d!no tFlgitu?utotu0'tll1lnNn15 Lutfl rnln
arir,:riaa goo n;u oioiu rilunar e-s iu

a)l'
o'r nuu,too'r x'r:r,!ai rn5a,:6 rJ to-tz {rlul

0.1 U/kg body weight ror:lfioorurn:ronalna
u{ !v a - Jfinnror!auqal.lyt 20, 30, 45, 60, 90 rrac

r20 u'rfi nurJnfinrrfinqlndooa,: s0% lu
30 urfi rlnlliiuilnfitu so-rzo urfi uoiairhu
i<- - - v - - tfl!nlln'rut11ltna a!tnu IroulJ,tn,t d0snag 5j

doan0u1ntl1

7. n1i;or!oiu au{att ud: C-pepride
)-L :'1c (j-peptide tuu dlu14u\:flo{ounaun0c

d'a,ro n or"o ao n riaun:r,:ru firj.lfl rur rrulo El

Y^
tofl1: type 1 n?:yt!r,tou{nutla! c_peptide
. ! .d s .j

611 ty{tlsuJ nltdtlnfitoyddaan l ?rulm

type Z o:fi6ut6!$n3 C-peptide rJnfin5o6,:
t-

n{:1 ;fi a',la a n rJ'r udr u oi n a rir'u r or'lrl nrc d'uhil d'
- tAv, e Y

nlfLlTliJU2 U tn OR't?s hypogtycemia U,rilyln

6uqfilua: C-pepride a,: *aoN.jrfi6uriuro,r

rirJ,lera,:dura.r roitiriusfi uar ua: C-psp1;6t

rl nfi niordruaor,r'jr{rholdir6uqiuor nnl uuo n

--4tL nlt9t:?onl0gtonlunttn? nxtl:fi
'1. ctycated hemogtobin rdori.ronnlu

r 6 a n a,rdu ua 
"n 

r a ei ur r n a d o r:x rJ o-? n-rJhl r fi u
,:oo'141:uasrnialdt rO-tZ d'rlill rorcrFoo

Jtn glycated protein fi orfi a1srfirniuhl:fiutio
J<,

ru{ a rilurcriu nrunu udrbiirJrsld'fi u nqlna
zs nfir uia r.zs n fl/u"r y rin o-? 1 nn.

v -Ylu g nllu::oiu glycated protein 6.:uaot.:6,r

nr': nir on alu ylard cia un n1}l hi aa n ndo r riu or n

rolcr6oofi ariunqlrraqn I nirr"rh,r oun:u 2 rgs d.,: rilu nr: uao,:nr.:rutr nr alu Ldan? rug

ria g d'?Iil,1 airl.:ururr?runr:l:firir res rIo1iu rirtiunnrin:ruki.jrfr druxlriil?sfi
rrnn'jr t qO mg/dL (>7.8 mmouL) uacfrnnr n't :n?u n rJ o'1111:1ei6 $i u,:1o

1, 1 itz, e t"rll.: rirtordrri,:nr:osrrnn.ir
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- dt
n1 L Lduraaolg'tuo? tt6!tt?'!?u rnl:ru1a110i

basement membrane LLasn'lttuagu$!an

2. FBS uas urine glucose rfiarl::riu

. r, d J
ul:1l0'llulnuYl membrane ?10.1 olomerulus i.tlJ

atoum,n fi aanl.l,i :r,o'ufi 6tlf,i1 microat-

:r ru ri'uhl:6uri.:u l or)

'i rlutr rucfu r.id r s fi f1 nr dtr 16 a o ryir'lo d.: rYr buminuria 64fi Gliru atbumin fr ;?aanll.td.:n'ir

rr:zn:rnninnr:unrdria.tlrd

(neln6r?xniu HbAr), glycaled albumin (nalafl

:2!niu albumin) Lr,d! tructosamjne lnalnad

,il-huuruor,l.fi 'r:odr,:6rfi u,t e-s iuriaurr
. c .te e t 4 ..4e

1'{ll tr1"/11u nos tvl:rnuul nlnag ru[nrury]nlo

uT 30 luuT 2 flUntRU 2540

3OO mg/L nr:n'iroo:ld

nephelometry, ElA, RIA

2. Lipid profile ld'uri cholesterol, trigly-

5.

lll. nlrnr?orfio lsrfiunl?su :ndou

t. Ketone

hydroxybutyrate

ketoacidosis

bodies ki'rrri acetone, p-
J

Lla! acetoacetate tnafi 1fl 1'lt

30 mg/L uoiriaunir

Innin colorimetry,

L1lUnU

ceride. HDL-C. LDI-C ,iilxutin NIDDM 'n
9Atu:1no'tu {nor n't:tu't zun1fu t? lJ utlJ rn a a

fi orrJnfi o:nr{fi:co"ulnraarno:oa ua orrnf,

rtal:riar"[ri'tioc] rir'trii nr rrI:n dr! Ldoo

r6a o rufi ,: uasltny-rlo n1 :J tJrld'

3. Coagulogram 1d'uri platelet count,

bleeding time, PT, PTT tia,talndrJrururrrru
aJ

03 n?1Nlnu?flo{n fl't:u platelet aggregate

ld'iru *a:fi coaoutation factor 0r'1 ol"gl:oir,l
, ad

0rLnn tschemia nlg ItJ atJ!'to tlrla n03fl'] g{1

rilunr:rirarair n'r'tu:uu:.:fl a\:n't:fi or{o!i'6n

01? u

l. Microalbuminuria n1:or:toNrnttcfi fi

atbumin tl-:rrrufau'l iraan rnr,:rJaam: i
l arrrrnor:ronud'rsefiridu rianr:ld tabstix

rflunr:n:rorfi aran6rnrrIfi n nfi toilor
r- Jo -ndtndndnt!taoou'tu 6J 0s1]1 lti ex,tracellular fluid

rfi r fi nr:rliun-rrdo nrunr u:,ron16onlos

tondl:olno{l
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gotondl:

11:m:t RUflR',t:||rnurrur I u id so qfirni 2 nqunrnr 2E4o

atv 4) a
Rilnilnun0ufll{o{!uotc

'ASecretory IgA glotto HIV
a, ,-

n]5gf:?OHrrtO Chlamvdia lufirjrsdfiordo Htv dfiulnlt
1.)4e,

tl o{ : ?.ils ulJ YlSrul I osl: o l{trachomat is lurlasraclnu?f;

Enzvme Immunoassav ltag

DNA Anplification

Rasmussen SJ, Smith-Vaughan H, Nelson M,

Chal SW, Timms P. Detection ot Chlamydia

trachomatis in urine using enzyme immunoas-

say and DNA amplification. Mol Cell Probes

1993; 7: 425-30.

trachomatis Luflaa1r"of,:urn (tirst-void urine)

Ioai6 enzyme immunoassay; Chlamydiazyme

Itn; DNA amplilication; Polymerase Chain

Reaction leCn; riri6'Jror:5rlrfirlnunr:
a lo . J

$113tng\:!?OlUt{ndl'llld0nQ'1fl Urethral swabs

druru 298 oiradrr ru n nr:n orn olnu'iri6
Chlamydiazyme finrrrb 93% rlar n?1

drnrrsrrnn'j'r ggy. rdarGsu!fi s!n-uifi rflr:
rn's.lrdo 1urrurfii6 pcR finruh rooy. rfia

JA
nl5surfr sunui6n'ir;rFri,rr?ar?iur6urn"u rroi

odr.:1:6orrri6 pcR d1rJ1:nntronur{o

lfi nor n oi'r r{a Htv nr:6nuTutld'or:rour
a AJr."

n1:FInUlnt{U tOYr'rnl:rnaant!:uLltYttl1r 4i{rniunouauon?ior Secretory lgA (slgA)

:rfn-onrnrar nr:or:rourt?o chtamvdia

Mathewson JJ, Jiang ZD, Dupont HL, et al.

Intestinal secrelory lgA immune response

against human immunodeficlency virus among

infecled patienls with acule and chronic

diarrhea. J Infect Dis 1994: 169:614-7.

J- Idilrsfi Fnrta Htv drulnniudroci
or n'r'rlioii?n (Diarrhea) i?rrrirsrailo d{aro

) , ^ t .- o orye' Jdt al?uut!!:J!n1:0to!?0 Htv tunl t6tJ1J?ulllj

or nr:rio,ririae'r{ risufldu ua"r%i,: Iosyir

nr:anio stgn or naoor:stalrirJrtl $drn'rro
ir-ri'rui6 eltsn fild ntv p24 anrigen rflu

*au fi rounordou rnnr:6nutrui't dllJltn
oraudua,trio Hlv p24 antigen

tO tl]llo\t:2{Etl1'::Ull:d!tn! 25 nUaln 36 nU
J. IJ-

(69%) 10\t,JU?gYlOOliO HIV m!0'ln1:Yl0\::?n
, a -o ),, a^ 3

odr,:r5aiiLurrucfr ririrsff 6oriia slv udlilfi
ornrrria,:drlor:roflu1oinis.,1 t nulu ro nu

d,:fi nm I uornoir,r riuadrliriurir 6'rg (p < o.o2s
e ., e\ ^ t .---- Aad1fi:urJU?unnrlo Hlv ?1tJ01n1:non:.tnog,ti

Chtamydia trachomatis riruru 3 ot"rodrl d[ri r6uuflduuac p < o.oot rirniufirl,rsfinrda Htv

dfi ar n'r:r{a,:ir,:adrrr{oi.':1 ud:yru.jr::s:ruaaulotri6mr:r{ulrda nr:6nurujuaoflri

rfi tt'ir rlaamca'rrur:oldrfl uR,:d.,:o:rolunr.i narrorornr:rlarirrocsmuruduluairh sdfi
s':':oyrt{o Chtamydia trachomatislganlTnlln slgA nouer1]airio HtV p24 ilnn1:6nv,rdrii!

r uouhrouracn:nirn66nld'ila6rfi uurrirnilr

i6lrrr'igrurfi lffld Urethrat swabs ludrl'lsraqd

daX a6 ndruufi lra.rarru qnrlfi oarnr:ria,:ir,r

nt?allu slgA d

!fl'ln: uuau
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a/a).,rl
n1:-llfl:lg?lFl? 1il CITJY'lU5'llO.1

Amino Acid Epitopes uu
HLA Class II Molecules ffunt:

rfioI:nr Atopic Dermatitis

Saeki H, Kuwata S, Nakagawa H, et at Analys s

of disease assoc ated amino acid epitopes on

HLA Class ll in atopic dermatitis. J Allergy Ct n

lmmunol 1995; 96: 1061-8.

kifi nur nrr r #r nn d::n'ir,:o"o fi n rir r 1

?4,: HLA Class ll ttauhn atopic dermatit s
& )a - .t dt
?1nu $tnnlJtioll lgE LuqlrJ6,: 1nn11 8000

uimt- Iorarirnr:njiuurfr alnrrIfr toro"nfi aoirI 1

:c14'ir.rn6i rififl atopic dermatitis mr{1u
riruru 38 nu unrn rit nul n Fqirtlru st nu

n1lvn"nalndn"uttun genomic DNA l Fl:.to

i rn:rcfyr dada rir,: 1 ra,: HLA lununv.:ao.r

nrir oirUtrnin Polymerase Chain Reaction-

Restriction Fragment Length Polymorphism

n l'i rlu n rir r.ir} a atopic dermatitis fin?1sJfi

ta.:andn HLA-DRB1-1302 (RR=s.71 , o.O.ou,

ruavo-afln HLA-DeB1'0604 (RR=5.71 , p<0.05)

6.:n'irnrjl nurJnF rirua"nfi a HLA-DRB1'0302

(RR=o.zz, p<o.osi finrr r fi oir nirn{laurJn fi
lunr:i rn:r lriam r ruorn oir,:r o.l nrr r d nr:yrr.r

^r ionin0s LUr nl [yU.] Frl.: 1 ?Oi HLA Class ll

:sy'ir,:nril r.irl'lu ua;nril al nB nu.iroiruy .:

zt rolhrana HLA-DBB1 n!rilun:nacfiIu cru

lfrr-jaa{ulu nrj r {r.l?u (RR=0.7 t, p<0.0s) 6i?u
r-"
Lrln.ra HLA -ooer fiFirLwil,:30 nluflun:n
avilu F1's (RR = 3.25, p<0.01) Lrnsficr'1ufi 1

5z nLLflun:oa;fiIu vat 1nR = 3.1 3, p < 0.0s)

d'rr"un:na"fiIutf, or Gtu fi cr'ruyrir zt zo,:hrnna

HLA. DBBr rrnsyian:nosfilurfior His fioiruuri:
go un:nrnroyfiIutfi or vat ioirrrrrir sz ra,r

Vol.3o, No,2 May 199?

Ilrnnn tLn-oogr 6.:rirq:ii nllrL rir n'ry rr n
J,
fr ao rio nr: r fi oI:n atopic dermatitis tu

)" a &3
n n IJ Ll't ur r1 n1 5FInu1 n:iu'l
uDFrl lnFi?55fU

:vffuto{ Hemoglobin F

ilprasronr:n:roisr
Glycated Hemoglobin

Cox T, Hess P, Gerald D, Stanley S. Inter-

ference with glycated hemoglobin by hemo-

g obin F may be greater than is generally as-

sumed. Am J Clin Pathol 1993; 99: 137-41.

n r: sr:r e {otl-: I r ru Gtycated hemogtobin

Ioni6 Etectrophoresis nlia!ufi uun;Li6 nttin-

ity Chromatography nl'jrr.lnnr:o:roloaldyr"l

z iEfinflr#ilrriudri'ud (r=o.ao) nr: oao,:Iou

if; Etectrophoresis fi arrruurjudrd tdl.larriou

ru n s rirldsir El'[Li rlf i.:rfion EsurfiuLriLri6 nrrinity

chromatography 01n tln nltYtUd0{1M1 Hemo-
. _4 ) -' - I

g oDrn F SiLFrdA1,J nnU Hemoglobrn 41 UU

riluar ry rrrirtfi:r Fi'Lr o $ c tycared he mog tobi n
,4 - z
dillU FliUUn'l'l lJ tLlUL dUOl iLU nl lInn OUnfl A,]

... aa
Ulycateo hemoglobtn i{lU0UnLn't1tJfl tJ?Ufl A J

Hemogtobin r riru roaatloaldn*'racjrrnuld
gso nu dfinrrilrdilriuzo,r Hemogtobin F rir.r

riurrrir nr:nrronl ctycated hemogtobin Iol
iE Electrophoresis rrdc Affinity chromatogra-

pny Inaldnuldornl:,:nflrlro 2 rM,: 60 Humana

Hospital University of Louisvile (HHUL) rrnl

Veteran Affairs Medical Center (VAMC) nu'j.l
nuhilu HuUf fi Hemogtobin F d,:2.5-5.0%

drunu'ldoTn velac firir Hemogtobin F 2.0%

ruaovjrnir Hemogtobin r'lu[ojac :ytrn:fi Fir

* n n rir.: niu ru r n u ri o dr,rl: 6 nr I r fi o o o r n n uldri,:
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rr:rn:r ninnr:lrn ririu.!1 ri

z uvi,rfrvirtririrto,: Gtycated hemogtobin d.,l

J ,JlUn?1 n't:o;t1lu

'i'.;;"'i*.
n1:gr5?0fiuiiruau CDn+ T-cell

Isrsifi uanual Cytosphere
o a.,, Al e6l I o aJ a,,

dtt4:u tt tulj:vtmfl nla{fl 9}tut

Landay A, Ho JL, Hom D, et al. A rapid manual

melhod for CD4+ T-Cell quantitation for

use in developing countries. AIDS 1993; 7:

1565-8.

?9lQrJty d.:fi tt{aUtsuJu?0 manual Cytosphere

t!n1Mll'l ttot?AUUnlU2U CD4+ T-Cell

u'rurriurf,ooufi.: EDTA drur! sgz :rcr

uunrilu HtV-t -seropositive riruru zgq :ra

H lV- 1 -seronegative 1i1i.t?! ae flu Inudr

ufia o rr or:rtu-uo:tu?u CD4+ T-cett losi6
Cytosphere urJ3u u rfi su riuifi il.l Ft:S,r u Ftow-

cytometry

Honr oaon or n nr:fi nur a6irr rfi arfi.:luan:-5

a[ :n1[a;rrol!:nl yiu?la1u?lJ cD4+ T-cell

n m r a r niu ii'n-ulo s fi rir a r il : y fi yr f a n a'ru ri'u ti

rrir riu o.gt z rda rni.rsr".:adr,:d,rorrroaonrflu

Aan?r mnfu tlra nnul r'lJtull Ing! nltqt:liuLl
S aat ol9ru?t0llilte unyt?9u:?

CD4+ T-cett loai"o cytospnere rfrulrilid
)o

tJl Frts']l.t Flow cytometry i,:ii't!1! CD4+

T-cell dl Nl:nLild:"srro.i nr:6o rda Htv-r

'[d'virur u nr:li'arurhl4riu at oS uasrir rrtd
lfl uo-tiri,rdnr:'lrinr:inur oraoo6,rnr:fi nur

':nql] nr: or:r o {o rr l': rur ru ni o ;6 fi ulo u'ldr n3 o r

iaquaviinr: rir nr:fi nr*rtud,:d,rorirordandfi a r , )a,
Heltotron tud't:9t? 0 u1{n tuu tn o onT! d?u

fli so nriui 2 lrqunrnr, 2s4o

::oir rir,:.1 orlrlli'ru?u Coq+ T-cetts lodldii

Ftow cytometry uiJuifi lr n:gru lir irfi ,t d,tor:ro

ifiri'r coq* T-ceil r./1nni1 2oox101L fuifi
Cytosphere l;u r rirl rYn n da,: go'" drufi,:d.oorro

dfirir coq* T-cetr tiosn'ir 200x10'/L liui6

Cytosphere ocyrFirleinneio.t gZz

olrJ nr:fi nurduao.:biufiu'jri6 cytosphere

arrT :nrirrrtdor?af! CD4+ T-cett lufia,:

rJfr ffr nr:turJ:rmnrira",:v[nr:ur'[dTo u fi n?1

frir r"uifriri6lr n:S1u Ftow cytometry

FIUtg nnnflQ:u

I a an a4
n t:u:stil un 1:91: ?0?i I n: 0y gt u u

4 o 6l r, rt ttl r,
ry{d1ilt56lYn llJ?t09.nJ?u lot

Gray MR, Phlllips E, Young DM, Price CP.

Evaluation of a rapid specific ward based

assay for creatinine jn blood. Clin Nephrol 1995;

43: 169-73.

(Whole blood) or rt''ar a'n nr:t o,: torrir ur lrfii

(Dry cnemrsty) no n:0caluuTl'tu0 n:u1n!

rir ur lnffluanrfl uri,:r.l u sot id pnase u#r{or rir
a^ a -nl:drrouud{r0n9.ta nnrltnottn?fl Reftec-

lance photometer yt!'j1i6dfin?1ildrn{rsua"

drJnuDnunnul0toi Monarch 2000 Centrifu-

gal Analyser (r=0.993) rirnmilrfitl.o ra,lif;d
4 o .tu)

n?1NlfitJ',t:d nu nl:ttt1,{ a n1t?u0au ttnsFl n

tu [t tunnun :afior.J1l??tLo

dldTorui6 cytosphere niu now cytometry fi nr l nr:rir rfi ulrn'lor ua"rn{o,: fi a utar rr:nrir
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n1:91:?0 Ct-Thalassemia,

Isrsif; Multiplex Polymerase

Chain Reaction

Bowie LJ, Reddy PL, Nagabhushan M, Sevigny

P. Detection of o-thalassemiaz by multiplex

polymerase chain reaclion. Clin Chem '1994;

40:2260-6.

a-thatassemia lfl uI':nlafi oror,:rda,rorn i
nr:air.:ar udallrln afiua oa,:uiahiair,:rn s

l,tuuautu[tnut ntnot:tuulJ t0t!gn3?uoon
d qe 4 av a o 6e!y

[ogiLntla; ut1?attJln!r,110'] u?0utotduo'td

diruuar:rnrir o.u',,nrmofi oouT:ndlri

a dryEo rou rir oiE trrt utttplex potymirase cnai n

reaction lotj!{ primers 3 ri 'Lunr:rfiltur u

Vol.3o, No.2 May roo?

Zearalenone

ELISA iaruffu

Monoclonal Antibody

?FrQUtc6r{n tl1A vr fl u 1? 6 n 1: n:? i l41d'r:1i u? a n

A
5rrzu drdura LrJr rSolnriluniilrlfrffiur prim- tda:r Fusarium tta! zearalenone turi'egrgri't

fifinrub drprrlrn:hiunl rizui6 Direct com-

petitive ELISA

nrurirfrrgnianno-or:rrf, srro,:nr:1oiiuar:rlr*

ornr{a:r Fusarium unr zearalenone yrj uN'r

,raran (amplification product) filrinrnnr:rfi I J ,o!^ q
nuEryru1l!01\t s) t\tn0trtno!2tl1111,tq1n1y{

J.rv - . -, l{ ,ers l',l!x 2 ntllntllu orimers flllaanlr?111

nratJta,:fiu lOeletion-sensitive prime0 Lroins
.J

{ o:oir nn E uui n rufi nr nr :m orr shllu nm ri
AA
od,r no -a"" rla3 --sEA,/--MED deletion

?u'tuu: 1fuotautounn In?1 91? 375 un3 248

ri ru a orr u dr nil mr n fi nr :zr ofi r sh z a.,r o-a rir fl u

t tocus ruarfiotdtoio:fi1-:lrruaoa,: primer dn

vi,r rin naa n uuuly''orul ru d'rlnaiu6urfi o
rulJnlnlun !:3dnEnl ?a\t lntu1 ,JaflaFt ctonat Antibody dror-:ar.lornnlitfi lil-:lrzulu
). edfr!diln':r sm 268 Fitld niurruyr ilrru

Jt-,d
orou ro nlo ul5Hurfrsuain:r drutolrlilrru
arJdnn!0u[a:! at,r 248 !ra3 375 {ruaria eoa

ntud tlron:?4fi1 heterozygote a-thalassemia
a,' e4J.

[uu? dnn'] ?.t t? o n? lJ Ft?,I :J l?d.l L[n3[ reproduc_

ibitity 6 u a n ni n riu s",rldri'? o Ejr,r td a n -:lrru

ranuou (10 trJtn:nn:) ll]n1:Tlodoud, Jlln

darria,:uurr rn6oul{uuu aryraraF n ua:t.i'

or'rotir,:fi ari'nLi'uti,:oiuriuar:fi r*lr or:orufi 6or

n1tofi algn?09'tntu? 3tull?nu t'l1j't:7r0:u1

mlf luria,: il fr ut n r : dr u iu lr u ! : :o"r iu!i'

dtunt rlJ0,t|J'rag

adoi
n l:2ln: 1vfi fi r cIl:?IUto {tu o:'l

Fusarium ltat
cle.r4ea<l
tilfiilililu9r?u?fi

Barna-Vetro l, Gyongyosi A, Solti L. Mono-

clonal antibody-based enzyme - lin ked

immunosorbenl assay of fusarium T-2 and

zearalenone toxins in cereals. Appl Environ

Microbiol 1994; 60: 729-31 .

l Anrut*fl

iaquaviCnr: li'fr nuri6nr:or:torratlfi w a,r
_ de

FUSanum !rn3 zearatenone tu0fuful1!{{dno

ldloru ernanot lrar Acetonitrite lotid trrtono-

oarnraulqfrilaioaniroa IntLfi Tetramethyt-

oenztotne-H2u2 tLl]fl udlnTll

fl onrrnooo.l rdorir nrrsr:,:orrar:fi uloa
ru.l3 fl u rfi s u i 6 n r : a rior a r :fi uo r n drg r-rL fi r d'r a

iEnr:oir.: 1 nu'jl nr:ariodrs Acetonitrite-Kct-

L70



-t1:m:tTRufl 
fl 't:ttltllulTU.t llru

H So (89: l 0: l ) ocbi'unfifr aodotil3urlrfr uuriu
2 4'

Ethanol-water (80:20) lla! Acetonitrile-water

(80:20) nlrid'l tlU LtA!0'1fl nll?tn:'ls nAUnU

(recovery) Ludf!f!11X oUtLl! n1:'y{ ruU1? d

fl'r:n:2eda! nuiriirirroiul:c 1ru 82% Lras

gty" rirriu zearatenone onrn'roiu arrr:n
rr:ror"o irrru Fusarium ldlud'll 100-2000 ng/

g !ra; Zearalenone loiludrr 25-400 ng/g

nrrirnrr;rifirir % cv ilarn'ir 1o%
JJfi: 'tfln1:nLduau r.l

olFlu dnnl:nlnn n nu l tnu'ln!n!00U (Acute abdominal disorders

fi'[drrarnr:or:ro ::lrru s firlil':duiasndr of extrapancreatic origin) $d3nudlfl ul:nfr!eiau
a a Y-

fl 'l:tl:10 O?tl1 0Yl'l{In Ann'l tl?0U1nU{ IUOO't dnrauruurdii! d'utfiohi:uu:.: (mitd) rra!
t -a

tJ nl1tJU:dn 0 1nunnd1 'r:frrl:1a 'tloan SUtt:{ (severe)

flanrlflodon flu'jl trypsanogen-Z'tuflaamv
lJq -" )d, - ,

11\ NflULU !U1llr nl1U11[UU nUOAUOn Ld rrdi
. r' : - e

n'l:t1'{tJ?U Innn1':nUOUlntOl0Ulsfi ?'l'ltlU'] UYI

rilul:nn"reiaua-nrauu!riris!r,ialutfi ohi:uu:,:

rrds:urrTn n1:01:?Q Amylase lurlaarrc[av
aJ a : Ziir il n r: rfr rI u lriu n u ur si'Lrifro rou uarlr.j

dlrJlrn rrHn All lU rrt,rtoil:nki

a: Trysinogen-2 trrlaa'rT r d1il1:nlf!fl!nii
^ dz -.1't ! n:1sll !1l a \: n utu n 1tlu i oflnllsFtu o a u

dnrauur.rrriarnan uasdl'r:nldriruru
nfiru:urr:.:r:o:ald

rrmcdoilir ilr'ld'[u n1:nr?o]i'r d1:fi u Fusari um

tLns Zearalenone LlJofufun{

. -l't:lnt 1'{1d?do

,q
I ryPslnogen-2 l1{Udcn?y

ldT,tleJ
urluRl?yglu00u0ntdil

e ) a - ,A
?9rQUtedin tytofl nu10?1li!u1'trnuoaua nrdu

llllulauu?inu ua:r1'r1lltJn1l :utlt{lant:nto nunl:lfu !allt.:n

4l C.'

IIUUIOUUflAil

Hedstrom J, Sainio

Urine lrypsinogen-2

creatitis. clin chem

V, Kemppainen E, et al

as marker of acute pan-

1996; 42: 685-90.

ii so liufi 2 xqunrflu zb4o

fl-)1!cilriru Trypsinogen-2 tuflaarr"arlr:n
il,:{nrrrsiuriouo-n ldr urr tdaun#u un;

rirurrarr:uu:':?a.:i:n1d'6n'jl Amylase tu

flaam:uacf,i

iaquo;iGnr: 1d'io::ri'u trypsinogen-2 Inai6

time-resolve immunof luorometric assay (l FI/A)

lurleam: nxLFiriunrtrlilafi r trypsinogen-2

lufiiil unc Amytase lufiiiluncflaamv lou
J-, r - )

FInUI LUAUUnn, n!ntU! t:nn1fltUU OiYlO,lYl
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riruuyririhniufrrfisu
!

rr:in:tnninnt:ttnndria.rluri rflul:m:nnisrnr:ro.rRogrrRinnr:unnd lxrinutirrrio.:1nri 0u6f,rlpr run
R I trd tutnninn r:ttxr ri irfirnnin finn::urjrtin nttnrrririn lnrirudul irdr,lria.:fir rrl,iruiru rlr rnidrnrn drlrjrnu
6filrilu : r: c r: du'lnurriou rdoa.rfifililu:t':ar:d rir riurnn lud6rirr{lr, rrn rrd,, dr 6 o i rriufil inflo,r l r:rr:rnnin
nr':unrndriurlnri fi.rrjurdol#nr:6f,rr{ iirriunr:lrlliodrr:rorSrqndor ro}i{riuurlinA ;rd

,lr",nnlauunol rrdoldfilri rrJrrflu s i::rnn 6o :-
r. inudoiloriu (REsEARcH ARTICLE) rflu:ru.:runarruii'lnr.rd'rufirn'uriorlnuiunnrrlriuiirirno6f,lr{

x3oor'lu::rilnr:6fi rrflur r:rr:du1a
z. irudrGfiaJ (REvlcw ARTtcLE) ,iurnRrlrii:':r':rlroua.rrlu14o.:ln,io.ndrlnurlx r: drrnunr6f,lr{

rrdr rirrrirn':r;ri irr:oi rrlSrrrfi urrdolirinnrrun::rir.:lurioriui.r{r
s. unnrrrfir'hl (cI.INERAL ARTTCLE) rsrunnrrldiit,o r:rl}r:r rr:rl o{doudtrriou riouriolriqnnn

i'r"hiarlr:nd rurri'llcr o on

I unu'i:ulGnr: (EDITORIAL) r fluunn r trdri rn': r:fn a runrlirnrran 51rri1 fiinrurhfiryluilrix
trninnt:ttnrtl i.:frrnnin frrn::rritin nrontnJrrln rSoinurnraniir6oriourioororflurrnrrrdrilririour.:ilrnr:'inon:r
rudriunrrufr nrfi urdoi':rlulJlornr:rn,:;firiuiriliqr{u

5. unfio (NorE) tfluurnrrr nio:ro.ruHnrrviiundrrio r ln;rlo z rriinrrun;rininni,io'lurdon r,,u,
:rrn:r6on

s oonrtt6ll::rur;nr: (LETTIjR To EDIToR) rflurnR:unlitrnr: r3odrl1 firflrriuin*11 '1u,: rolon
rrlru6.|ll::orint: r.iiorrantnrtl6nrfi u rra: ::alnt:oflulrliltnr,:

z. doronrr.i (ABsrRAc.I) rflurSordororrnnrrufirirnuhuarlftrnr:6firtirrdrlurr:rn:rir.l
s. 116&n: (l\IIscELLANY) rfluttlln'rurfi.r'hliirfiuriorfiufion::ln r rriruinu rnrrnidtnlr rdu nr:irr:oiln
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