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Porphyrins are widety distributed
living cells and play essential roles

various merabolic processes such as

FREE ENYTHROCYTI' PORPHYRINS (FEP) IN NORMAL
ADULTS AND TIIALASSEMIC CEILDREN

Boonrham Siripipar, B,S. ( M.T. )

Boonpayau Lauhachinda, B.S. ( M.T. ), M.S. (Ctin. path.).

Panja Kulapongs, M.D..'

ABSTRACT
The level of free erythrocl te porphyrins (FEp) was derermined by

{he micromethod of Promeili in 46 normal adult males, I2 pregnan! women
and 3l children rvirh homozlgous bel a - rha lassemia and beta - rhaiassemia Hb.E.
disease. The FEP level of 46.34 a 16.00 (range I5.0-76.5) ug/100 ml rcd
cells in normal aduit males was similar tc those recentl:/ observed by many
invesrigators but slightly higher than rhose of older reports. This can bc
erplained bir the facr that with the presenr micromerhod used tbe extractiou of
FIIP is more eliicient and complere lhitn (he older merhods. The FEp tcvel ol
6036 | 16.28 irange 37.2-8j.2) ug/i0C ml retl cells in pregnanr womsn was
signif icantly high:r tlran nor;lal acjurr maie valuc ( p <0.01 ) and can bs
erplaincd on rhc b:rris o| sex diff'erenc: ar;d the lorv transferrin saturation. The
FE[' level of 9i.31 +_ 5i.13 (range 31.3-225.0) ug/100 ml red cells in 3l
rhalassemic chirdren l'u.her indicared th:rr in addirion ro rhe primary. defect in
globin chain s),nthosis lhe heme synthesis is also impaired.
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photosynthesis, transportation of oxygen
and cellular respiration. The most
imoJrranr porph.rrin in human is
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protoporphyrir) 9, lype Ill, which in

combination with iron and specific

proleirF forms such compounds as

hemoglobin, cytochrome, peroxidase

end catalase. ln red cells. in addition

ro those incorporated into heme small

amount of protoporphyrin ( less than I

mole to 24,000 moles of heme ) is

found in apparentl!, uncombined or

frce form ( fiee eryrhrocyte proropor-

phyrin or FEP ) along wirh smaller
quantities of other porphl'rins, primarily

coprogtrphyrin (1, 2), Since proropor-

phyrin is lhe last inrermediare in the

biosynthesis of heme increased concen-
tration of FEP is found in various

disordcrs in which the protoporphyrin

is not efficicntly urilized for hemc

synlhesis, as in erythropoietic porphyrias

( 3 ), sidcroblastic ancmia ( 4 ), iron

dcficiency (l' 5-7), lead intoxication
(6' 8-ll ), and anemia of chronic
disorders such as chronic infecrion
(12' I3) un6 rheumatoid 

"r,1rr;11. 

( l4'
l5). 11 5gsrns likely, wirh the excep(ion

of primary disorder in porphyrin

synthesis. that rhc common denomin3tor

of increased FEP was an iron suFply

or incorporarion inadequate to meet

the needs of the eryrhroid marrow.

The fundamental defect of
thalassemia syndrome is the defecrivc
synrhesis of globin chains. Neverthcless.

accumulated evidences including an

increased FEP(16) and rhe activity of

vol ll No.3

heme enz;-me delta-AlA dehydratase

(17) ;r1 t.6 cells, and rhe abnormally

increased urinary excretion of PBG'

coproporphyrin and dipyrroles 
(18' l9)

strongly indicated lhat pyrrole meta'

bolism and heme synthesis of thala-
ssemic parients are also disturbed

120-23). The conllicring relulrs regar-

ding the FEP levels in parients with

thalassemia major and minor obtained

by various investigators 
(16 20'24'26)

can be parrly explained by the

differences in methodology and in tlte

FEP values of control population' 'fhe

conventional spectrophotometric methods
(27'28) 

og 6s1.,minarion of FEp invo5'e

cxhaustive cxtraction with organic

solvents and re-cxtraction lrom the

solvent phase with hydrochloric acid

which is not only time consumi0g but

also requires large amount of blood

sample. The micromethod recently

dcscribed by Piomelli (l I ) is simple,

rapid and the extraction of FEP is

more efficient and complete tban in
orher me(hods' With the aid of this

techniquc, the status of FEP levels in

our thalassemic children were evaluated.

MATEFIIALS AND METHODS.

Heparinized venous blood samples

were obtained from 46 healthy adult

male, l2 pregnant rvomen and 3[
children with homozygous beta- lhalasse

mia and beta- thalasse mia Hb E disease.

After a portion of plasrna was separa-
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ted the volume of plcked red ce[s of
each blood semple was dererrnined bv

tbe sIandard microhematocrit technique.

The values of free erythrocyre
porphyrins (FEP) were determined by

the nricrofluoromerric procedure of

Piomelli (ll) wirh slighr modification.
One renth ml ol the anricoagulat:d
whole blood sample was transferred

into a tube conraining 5 ml of 5 Z
celite suspension ( in 0 97. NaCt ) and
mired. Afrer 5 ml of a 4:l mixrurc
of crhylacerare,/acetic aqid was added

the tube was agiratcd vigorously on a

vortex mixer for 60 seconds and
centrifuged at 1,500 RPM for 3 minutes.

FEP ugl100 ml RBCs =

The standard solurion of por-
pblrin ( coproporphyrin t) was prepared
b), diluring rhe srandard coproporphyrin

I ( 5 ug/vial ) wirh 2.5 ml of 0.1 N.
HCI and heated for 5 minures in
boiling water. The serial dilurions
were made from this srock solution
( originat concentrarioD was 200 ug/ I00
ml). The example of standard calibra.
tion curve is shown in Figure l,

RESUIJTS.

The results ol our study arc
summarizcd in Table l. Tbe FEp
value of 46.34 + 16.0 ugl100 ml red

cells in our normal adulr males is

gT

The supernatant fluid was separatcd.

Five ml of 1.5 N. HCI was added ro

the supernarant l'luid and the rubc

was agitated on a voftex mixer for 60
seconds. An aliquot ol the lowcr
(cotorless) HCI phase was transfcrred
into a cuverte and the concentratioD

of FEP was dercrmined 'by reading

the % ernission in the fluoromerer

calibrared wirh a series of standard

coproporphyrin I solutions. A blank
is prepared in parallel by replacing

rhe whole blood sample with 0.1 ml

of saline solution, The final concen-
tratlon of FEP was calculated from
the formula:

FEP (ugl100 ml btood ) ,,ff-x100

similar ro those reccntly found by thc

e1i1g15 
(10' 11,26'29). The FEp vatue

of 60.36 t 16.28 ugl100 ml red celts

in pregnant women is significantty
higher than normal adulr male ( p (
001 ). The FEP values of borh male
and female thalassemic children arc
definirety higher than normal adulr
value (p<0.001 ). The differencd

berween FEP values of these two
groups of ,children is not sratistically

significant ( p > 0.05 ), Figure III illus-
trated the individual value of FEP
Ievel in thalassemic childrcn. The
dotted lines represent the normal adult
Icvcl ( 951 reliability).
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Table l. Values of Free Erylhroeyre Porphyrins (FEp) in Thai

99

Subjccrs.

SUBJECTS

Nornral Adulr Males

Pregnant Women

Thalassemic Chiidren

: Male

: Femirle

7.3 t r:,61 400 t 3.3 60,36 +_ 16.28
/,11 )-'1 )\

91,31 t 51.13
(3 t.3-225.0)

83 34 +_ 5 5.93
Gt.3-225.0',,

99.8i t 45.83
(47 .4- t92.0)

No.

46

3l

l6

t)

'7.6 ! 36

8.1 +_ 4.1

7.1 t 3,8

20.1

19.3

20.9

+ b6

! 8.2

+ {')

FEP
ug/ I 00 ml. RBCs

46.34 +_ t6.OO
( I 5 0-76.5)

Table 2. Values of Free Erythrocyte Porphyrins (FEp) in Thalassemic Subiects.

AUTHORS No. FEP
ug/ I 00 ml. ti BCs

REFERENCE

THALASSMIA MINOR

: Sturgeon ct al (1955)

: Sturgeon et al (1958)

: Ludin ( 1962)

: Lyberatos et al (1972)

: Srockman er al (1975)

9

7

l0
JI

29

3l
60 - 438

70.4 L 22.19 (44-t08)

38 +_ 14 (il-72)

I5 Q4)
(25)

(20)

0q)
(26)

THALASSEMIA MAJOR

: Schwartz-Tiene ( I9531

: Sturgeon et al (1955)

: Sturegon et al (1958)

: Lybcratos et al (1972)

: Present Study ( 1978)

l0
7

l0
20

3l

96

l9
168

ll0
36

83.3 L 23.42 (55-156)

91..il +_ s l.l 3 (31 ,3-225.0)

(20)

Q4l
(25)

(r6)
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DISCUSSION

Our mean FEP values in normal

adult males is similar to those obser-

ved by many investigators 
(10'll'26'29)

but somervhat higher than those found

by the others(l). Since there is no

brcakdown of heme to protoporphyrin

occurred in this technique the possible

explanation lies in the fact that lhe

extraction of FEP by the very lar8,c

solvent-erythrocyte ratio is more cfficier!
and complete than in older methods.

The higher FEP levels in pregnant

wonlen can be explained on the basis

of sex difference(30) and most probrbly

due to relative iron deficiency( I ). A

portion of the normal protoporph-vrin

does appear to be related to iron

deficiency state' ln normal subjects' a

significant correlation b:tween tran.fer-

rin saturation and protoporphyrin level

is observed. The protoporphyrin level

is somewhat higher with lower tran-

sferrin saturation, In pregnant rvomen'

the progressively decreased transferrin

saturarion results in accurnulation of
proroporphyrin in red cclls because the

r nonavailability of iron prcvents con-
4 

uer.ioo of protoporphyrin 9 to hemc(l).

The elevation of FEP level in

beta - rhalassemic red cclls may be

explained by the fact that although

irs primary defect involves the globin

chain synthesis, there is impairment of
heme synrhesis as well. The synrhesis

Vol. tl No.3

o[ heme and globin are closely linked
(311. D.f.criue globin synthesis results

in a decreased heme synthesis through

a feed back control mechanism(32)

while the porphyrin synthetic enzyme.

delra-ALA dehydratase it 1n.rsa596{ I 7).

The experimenlal study of porphyrin
production indicated thar when red

cells or hcmolysates are incubatcd in
vitro fiee porphyrins tend ro accumula-

tcd. Hemolysates ol thalas:emic red

cells showed rapid incorporation of
ALA into protoporphyrin indicaring

that the enzymatic sreps between the

rwo are intacr (33). 
Thatassemic

hemolysares tended to accumulared a.

greater prcponion of protoporphl rin
than non - rhalassemic hemolysates,
suggesting a block in hemoglobin

syntbesis beyond the formarion oF

protoporpbyrin Q\,33' 34). The ques-
tion wherher this ii actuallv refiecrs
incomplereness of hemoglobin synthesis

or because ol' the preponderance of
young cells in thalassemia has been

raised 
(20). It is now knowo rhar

protoporphyrin cxists wirhin the red

cell in a s(able form, is not iocreased

with a young population of cells and

thar reticulocyres per se do nor have

an increased protoporphyrin concentra-

tion {l). Reporrs of rhe association

berween elevated protoporphyrin level

and reticulocyto5lt (2' 35-39) 
"un 

6.
explained by relative iron deficicncy(l)'
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The acid-exrracted porphyrins
from red cell o[ normal individuals
as wcll as rhose from rhe patients

wi(h primary porphyrias (eryrhropoietic

protoporphyria or EPP) and secondary

eryrhroc"-re porphyrias r including lead

intoxication, iron deficiency anemia

etc.) are all chemically, physically, and

spectrally identical to pure protopor-
phvrin-9 in acid aqueous solution (,{01

1has b:en incorrectly assumed that
the narural srare of the FEp in Epp
and in orher secondary porphyrras was
identical. The d:tailed specrrofluoro-
metric srudies disclosed two distinct
protoporphyrin species in rhis group

of parienl5(40). The first species

which is found in large 
. 
quantities in

red cells ol patients wirh lead into-
xication, iron deficicncy anemia and

chronic infection ( and presenr in a

very small amounr iD red cells of
normal persons, patienrs with porphyria

.cutanea tarda and EPP ) is rhe globin-

bound zinc - protoporphyrin 9 (41).

Acid-extraction of this protoporphyrin

reriults in the loss of rhe chelated zinc
from rhe protoporphyrin moieay, The
resultant product exhibits spectral

identiry wirh rhe second species of
proroporphyrin, metal-free protopor-
phy-ric as found in EPP patients. There
are several other differences in rhe

nature ofl these protoporphlrin species

which are obscured by chemical
changes occurring during ertfaction

rol

process. These differences may be part
of rhe explanarion for the difference
in cutaneous phoroscnsitivity between
EPP, who are exquisitet.v light sensirive,

and iron deficiency, lead intoxicarion

and thalassemia paricnts who are not
at all light sensirive,

uYlRoga

Hnn1lfi nB1UtX.0tiO.t Free .rythro-

cyte porphyrins (rep) lutrulnu yrdr
a. a ..i,t dt.

n,Jnrr,)ttnS!nn ttu!uuItn thslEss€mia

syndrome tl?lJ2t' microfluorometric techni-

que to,r Piomo i : rn4.jrl m lrln'l an rl,r

!rr!:$ 46 nu i::n-urrs,l rep 1nni6a.r

nunlfmriilt1u,tlu hrnlg:'u RD 46 34 t
16.0 (1s.0-76 s) ug/dl red cels drfi
rvrrnu,Iin? 1n'l:2O'l?!nt'tn trnnUoU !uO.t! ln

?!'|'l|lJnttu!'llJ1:ntrgn FEp oonIltln

[ratn0f1$fl t tnfl n?1 )D0u 14qJn,:o:1I .12

nu r:lou FEP 60.30 t ro.zg (su.z -
. \ I a ' a.
87.2,t ugldl red cells ti6Jn?1tlgn

lltr)lfld Urltllotl'l i uudlnq (p. O.or)
!'t d;.r f V -l.lll?lJtRnntUU l,1l) beta-thalassemia ttJtUO

homozygous $n:tUfltnit?!n! Hb, E

disease l'tu1u gr nu if:n"u FEp 6Jlln
nJ gt,sr ! sr.ra (!.s-zzs.d us/ar
red cetts (p< o.oool ) dlnuiruu"jr
el -a V '
hU?UnllJ U b6ta- thalassemia UUU0n!ln

lC|Jfill iIOlno lunl:dt1J qlobin cnarn

ttnlU.ttRllllh0unn lUn1?(:li heme n?U.
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8nd surgical wounds, as well 8s from

burns, injury to bones and ioints, brsin

sbscessos, furunculosis, c€llulitis, mcnin-

gitis, Pneumonia, lung Ebscessss, empyems,

mucoviscidosis, mycotic aneurysm, cardiac

snomalies, peritonitis, iniestinal or biliary

THE E\TALUATION OF THE HI]ITOCULTURE PROCEDURES IN
NAKORN CHIANG MAI IIOSPITAL LABORATORY

piq ::'nr r'uyriur:rin ryr.u. ( rnninnr:unrrri )

otri n'inn rn.r.r. ( lnirivrdr )'

!Ttnoao

n-rssr*ionrrni ?a i1u? rze n-rsdrrfiriorrnn!! unor :rtlrni l:{wsrurc
un:riu':lr,tri rirrrir hemocurtu," lnuii routine subcuhurs botfle (RB) !!n! contror

bottte (CB) system u'il na lffinfi Sensirive rtfi ,jr CB system I ozl lutorlrn'sr
n-u n-rod lrfion r oz n-rodrlrnutri,rr6!rn-u riurrir hemocurture nurl routin,

subculture test tube (RT) system rilu"Hnfi sensitive r'lnn'it contror test tube (cr)
system o-rg r z/. rrnnr:r i0UrfiUU sensitivity lsrnrrlirfion n-rorjrr s mt. (ne) un:
1 mt. (RT) lnuilub-n:rrirulolrfionrio broth 1:t0 n.lrffu lr.nr:fr hemocutture u,il

. <e; .,ne ilrurlu'xfi r:Lii.ic sensirivitv rrnn'ir Rt s.rgl uriannr:rnnou-,rlilrirfiurnoh
u-n rn:r:urirluul:ru (o a7/) RT lu"runfi sensitive6nir ca i.rnr:inr:nnns.rricl ,

lJYtll l

rnonlolnu nir:oa'lunnrrulfi i:rn-
^_^l t ^ - V . ;-lllnlt0i Run: g rni u o n lu l.lr0oflylI!ii0

lnur)UEU r, lJ UtOlO rt Il,|MUn iJl..?:yl!in
- i4 + -i -f!nn r0nt.xnluu l:n n r:ttn onliloorr-

v a ) .,. /uu D'litL uilotu0,J llnhu 2gtJ traumatic

' ara ifi r nr'r i s rn iio nn:ryrorionr: unna' r,rrino rn-srt's.rl i
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obsltuction' cholangitis, carcinoma, urinary

obEttuction, nephropathi€s, post partum

€ndom.tritis and soptic abortion.( I ).liun"u
a ,iel .l e I
:'Jnl:IHrltU:J!totl"fl n1$ti lnun 1t! RIt
Yl'll lnfi Septicemia ln'D ntU ul,t I |lninlg
r i rr Y .
lUtlt|O lO, O]Uunlt l blood llrO Hemo-

.t,"
culture 1JIJutl:: l0t.r luo 1qn1:r4tn rMo

1.1
to.t t:o|i0n1:Jntl tlR:n 0n 1!iln10tn 1:

I id1nl1 2!'n1t!lUnttD?t!U$ltUntOn Seo-
a!{!f t.4 a;trccmla l1'! ln lfiUntlntllllllx lrU -lU l.fi,lyl

: ' l,\ - Y l.!'Rqln'l\', Rt.,{ n l:nnn0,:u1Jttr{.r?t

fllt n1:?it Hemocutture lnuir-nn ::clfi
1. lUlU:Jlr4lU)finl:Yl1 hemoculture

lllJu2! subculture systsm rtnj control

ststem lUtllu contaminstion ltng Sensi.
Y

tivily t0fifnllYl,t 2 ttUU

?5n1:7r 1

vol. ll No.3

2. l!.1: ll,llln0u sensitivity 10lnlt
- l a .e.

n 1:t1: {!oJ.t0!lrB l!l iu?u!&Lfl lu n1: Yll

culture 5 ml lt8: 1 ml LuDn:1fl?ulen
l.I

[n0Rno01?r1:LRlt Jtt00 0lJ

?00lln:?DRlt
d !l

1. !l Jff,llll11 ln 00111! alnx!1ll10il
.ill

Lt unD l!l : t1'ltlo: l: Jylu'lu 1nLnTrf lll lvlll
{ ;r r 4

2. O1l41l!il11!nO bfoth ll tSlUU

Brain Heart tnfusion broth (gHr) ( oitco)

prepared according to the manufacturer's

instruction lJ:1!1u110 45 .nl. rrnllu

test tube'l ml.

3. Blood Collection nl:t1l:fd !;on
,l . -l

"rrf'n1r 
tRlt'n1:lru.: Llr 2 ?5nltnJU

tl13rn 0n 12 mt ld0ilxn?flr.risr,lnonun"rnirl

5ml

Blood 12 ml-

i-J-L 1".1 1rg"

5ml

lor routine subcullurg

bottle (RB) and test
/--\luDe \K t./ sysrem

for control bottle (cB)

and test tube (C'T )

sysrem

,-Botlle6mr I

-l

,r'a I

ul;;".::,,"1
iinrrfiz rrr:rion o,r

sml
1- Bottle

Blood 6 mt -l
[Lr""r

lor toutine subculturE

bottt€ (RB) 8nd tsst tube

(nt).y"t"m.
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n'ti lt oB0 J

Subculture syste.n

IO7

Day Blood in Brain Heart Inlusion Urotn (t: t O)

1

6

All incubate at 37 C

All stIeaK on chocolate agar plate incubate al gZ'C ( rOlCOe )

and check turbidity and reincubrte

Check turbidity

Check chocolate agar

identity and antibiotic srnsitivity test

Check turbidity

Repoft organism and antibiotic sensitivity

Check turbidity

Check turbidity

All streak on chocolrte agar plate as day 2no.

Report :- No growth in 7 days.

';lUll'l incubate X1n$n:?1nORiIn')
AE

hemoculture !?nnoflrtwl 37 c

?uft 2 subculture brolh 1]ni?O

llni n0Oi.tn?RilU chocalste agar plate,
l|',.i

incubal€ l?Yl 37 c ll.|l,:lu1n $OJ 10./

co2 nR00flu n 1u t'tol,tt 0l4B0i[n?Tt un
u Aa

1lln'llll0 n18?t gram stain n'lllllltOn
tY

llljilU 8lUl.l pr€liminary rcport ?lfill!10
. eV

Vl?n ln. 1? fl [n 311n 0 0lln 1n,JlllJ tl Reincubats

n0 luiJtnt
9;

?lln 3 O IU chocolale agar plate
, 

' -I I d
n 11r1J?illlto!Un idonlify $nJh l antibiotic

r - rl
sensitivity test tln]: lltJ1!r{n lU?Uttnnll

rrsr r.l I
ll?u1?nu:ol4aroolln2nu.llljrJttolu n

nltnooorrrtdu ntdufr Subcutrure n.tl

chocotrte agar plat€ n] flUn reincubsts

no ru

-a
?uYl 4 llJlnnnRllrlnuioJ broth Ol

t e -l rt a!un subcullur€ OJnS]?ltn2 n tU,rltJriUn

reinoubate nB tU

- ea
?un 5 t{unu'tn)l?un 4

tufr o subculrurE broth nJlu cho-
vA

colate agar tl,R? incubste Yt 37 c lU

!::g1 nifl 10t CO2 aonfiU



IIroa

ea
'lu?l 7 01u Chocolate agar plate

,di I c
nlI[tEtUn identily ll8:Yl] antiblotic

' 
- 'lsensitivity tEst lln::lllJl1lUnlu?Lt.llU

!r ,- I I
n1l$ lt0nUntl0,lllrHtl':'l No growth in

7 days"

u lgrrrfl 1?nu;o tubs :rslnfinr fi
| , v .re - x | ,{t

:1UJlU [n0(rJ1jl0t08n t!lts2 t nnri [u !n

tn0 IIOOn R€incubat! n0 !U

Control syst€m

lncubate t2nltn!$00n[n'] hemoculturc

vol, No.3

rta
l-lr, 37 c s Jtnnonll!! uYln?u 011,{1J

' ^ I d. e
?.A to! ftl1ljtrutnfllBnr ln ltt o l|n:
subculture nJlU chocotate agar plate,

incubate 37'C lu!i:urunrfi 10/CO2
a '.4 | d.

nnollflU nrltl,O!u n1l'1n11 identily ltnl
sntibiolic sensitivlty lest llRl:T!llUtlR
' |, !l'-I I

nD [! n] lll]J!nOnU rl reincubate culture
& ,r . -) a

n,JulnnD tU luni?Ull 6 l,l subculture
Y

broth n.iU:Jnnl!U chocolato agar plate
e.l I q - | | .

n lurtrotu lu? uti Jnunrnnoto0 I n.rnn1?
,1/ | .|'lnt unn 1 [I lJtton tn 710,t1 Nn':1 No.

growlh in 7 dayt

Table I comparison oI number or sp.cimsns that have found orgrnism3 obtained

with routine subcutruro bot 6 (RB) and controt bot e ( CB ) system,

routino subculture tost tube (nt) ano controt test tuba (CT) system.

Numbar of SpecimensCBRB

162 88.37

/.c o

4.O7

0

.1.

+

100.00

Numbrr of Specimens

+

I F7

lj

2

94.01

4,19

1 .20

0

167 100.00
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. vl
n?0g "l, i0Rt1n u?u!rr{un01u:fi 16ni

1..'.1r:Jlru1llrnuotrrttl luri r!11: htln r|.n!
ta.

Xnontln?ltIovl1 hemocullur6 ltlju routine

subculiurs bot e ( RB ), controt bot g

(r. BJ, routine subcullure test tube (RT),

ro9

!!R! controt rest tube (Ct) systrm rU.jr
a ' a e I aY
lullU?Utnon 172 n?0u1i ylyt,r RB l,tnl

ItcB L nllttotulnult 1u2u 152 n?OUl,t
)V I I

\B9.sll ), rr n RB !!$J cB lrioiulln3
i-i

ruutunroulnurJ 13 n?ou1,r (z.so/), ne
Il r,x.vrutfotultn cB ll}l tot 7 n?0u1J

Table 2 Recovery of organisms have been found in type RB positive but CB

negative, and RT positiv6 but CT negative

Patient No Specimen No. Orgenisms

Pnrumococci

No grotyth

Pneumococci

1

l

1

1

3

No growlh

No growth

Salmonclla group Cl

Acinelobactar anitralum

No growth

Acinelobacter anitratum

RB+ vo

+va
-vg

lVr

3

Escherichia coli

Both RB and CB positivc

Both RB and CB positivc

tot E coli

lor E.coli

No growth

No growrh

Staphylococcus aureus coag-ve

i 1 Both RT and CT positive lor

Klebgiella Dneumoniae

Klebsiella pneumoniae

I

RT

CT

Klebsiella pnsumoniaa
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Table 3 Results showing number ol specimens and percentage lhat

organisms in routrne subculture bottle ( RB ) and routine

test tube (RT) syslen trom 575 samples.

ll No.3

have lound

subcuitur9

(n.ozl) unrfi ne liirfiaiurri ce ilu
1Av V

!1o'ltuu u ll:lnn;1!xlJ lull1uoitou1n u
)v

1lu'rurrlofl 167 n10glJ r,Yl'r RT Lln! CT

Nesative i 1 s7 n-'ro!.ill ( st.or / ), fo

RT t|n: cr positlve i en-totir'r (c.zgl)

rirufir,trriororr;lu Rr i z ni':rir'l
( r.zo| ) un:finLriottvnclu cr 0u 1'r

;\
tflu?y{u'll ltJrlnu \nltliYl 1 ,/

sinloliofiflulq na rrdlrirulu

cB *n:fir,rrllu nr udliluu1u cr ltfior

t? tun't1].t1l 2

r1nn1lnnR0l!i0r ;0r;fi0! sensitavity

noJnr:1i!fiBn s mr (Re) rln: 1 mr (RT)

hroh:rn'rurs.rrisnr!0r bfoth a"lnttt]u

1:10 u'j11 1'ru1l.l sampie szs nioutl
v,1 ns un: nr bi''urjioiu,oo uo, n'.

orirr (ae.rr,*) n!i6'orq r:lu Re uti

lirulu nr i ra n"':rr,': ( s.rel ), v{u

ri=orqvr'r:1lr nr urilrirr-rll ne s n"rrg r.r

(o.et/) unlfivrrriovr'rlu RB rrnr RT

so nior r ( a.tot ), :r,.rr urffolu ag

ll'rurln 6a n-'rod ri ( tr ,ez/ ) rrns RT

Y.tl
r,-.rurin ss nror r,: ( s.sor ) ni*nn.:1i

lunr:rlfi s

ior:aizuonr:nooo.r

rrnnr':uliu!rfiu!iinr:lir nuro"r,-

ture Ina routine subculture bottle (RB)

tldt Control bottle (CB) system i:rng
,t

nl] RB l'{ljttolJ lnn'll cB 4,07,1 nr
; rrl t' 'a

o1:1,J11 1 !l'nl!ru!|10Ur?1 n1l lllSBlJflJ
.Y4

RB filn'll CB system nI4.077 1{ lltllu

contamination lur:r,li .1. rrnr nolaiolri?
AA-X

t'nr,r::.i i 2 , JlrErn,:iuR!t lrt ofinu1U

na rlri\iilt-'lu cB .\.o7"/. oinei ,r*n"r rc
a; dl

|r,1Ul1|UflUllr No. I lln] Il rt 0 vrv,lljtlj u

Pneumococci LLI: Salmoneila group C I

dil:iis' contaminant organism'iunuli

No. lil UlYo Acinetobacter aqitratum
e 4 AA .1 '
q iLLUtSOYlSlLlln contaminate i111illi 1l

nltronoi'lfi urirrnntr116l 2 specrmens.

' - - qr ' &

hr'tu'lu 3 Specimens U0l.llluuu lfl?1 lso

RB -ve
_ q_l-r:-
Ie-l /
uo 

| 
,.,0
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- tr ,. .
ntu lxlt contamination lut;uirl.r t:
. a va dr !ylon0,r tu?{u,19 No, tV l{UrUUrto E. coti.;lu Specimens yt r ttn;lu Specimens fi z

un; e fi wurioorirrrdurn"xn',,1u ne rrd3

ce irgur conraminarion riuto'! rrnlu
,tl A
f.JU'10 No, V ylljt,.tU StaDhyllococcus auieus

c.!gulaee-ve 'lLr Scec,men i: lurcr:i
)cecrmens }t 1 |.l01?i 2 li/ f^li! No grg!/th

,' !: 'l:. F3 ,t:.t C3 1,,Uu;t-t,r1 t!r r ;_6r-1

tfl:i contun naft oiganjsm,lt;j L,s) (o
nd t'l:in^:r Inun: i,.ni r - r,..,:.,enorri

i,l
!i.:! 1"') ' .: a ;t I u:Iq.t: : ri:.,r::o'.:l tir con_

taminaie i,;t:vlit,rnrrnonolni,,r'u n rrff
v,rL't'l RB lliri-r,tunlrrr,;oirln lni r cg
systu,n o=.re llntllti:r RB sensitrve ;
r',; urJ syslem lln:,LIIJ1.l1 co'1taTinat,on
- 

" -lJI I 'J1:.r rrt,,l:.rng l n^:n" ttt-t-_r Ra

system I ii,'t "U0 Jtnfl,tn,JrJ.n $n t:,t1fl nE J

lu Routine subcuttuie test rube (RT) ttng

controt test tube (CT) system (nrrt.:
?r 1, nlxrJ3nullduL,it;r rudiror,:ri.,l
e ae

fluutl?U. nlrt RB iri sensirivtry fi6nir
v)

cB uu D 1i ru o,t Lt1,l 1:).i 0 ! r I r rin,l i rg ti
LlnS ttJttnflJO?lNqU tU":7g1fru it subcul_

ture sJlJu Sotid media r:t rs lfiriofi lon rn

rriqLiru"uli (r) liouruu'nrru pneumo-

cocci 1JtffR Autotysis lijra niuoui.lnru
1.,
tnrlgttnJ ltlutiJn?.triiX lU broth lU

sirjrarr r.r:rrrff lir"rru rrJjiru:a r:rirhiin r:

rll

rirn,nHu"l,tn roon"rr#o r,trnUinr:
subcutture RJ!u solid meOia ligriorrnrO
|/|rr. r!{ Li , ^ I -tu tflyt1tl.t ll r: nlrll urn nlulu bfoth (a)

no:1qn:dfir6orrfrol,ioni i, n-u riu n'ou
1.. , .. .lt a vtu broth ti001t0 nt trl1h tunouln001.tu

rirhi!JilonrnniElki uriniinr:rir
subculrure ullinrlrrrtrlrn Ion.,niirio
lru:t ne a. r,r -nrioui6enu rr i,!ir rnn"jr(s)

1r,nr:nnnl,ltt.jiulriiuI sensirivity
A ).'^?rBJnt:y{ljlsu trJ0lttnr,0 s mt. (RB) n-U

r mi. (Rl) lnio"ri:rdrlqrulriDfln0 brorh

!: j J 1:' O n,'t;: Vltf , Rg 'tlr"tJnlUn -: U

rrirJ rnr? RT 3r.i f .riu.*rlu"lfi.j. ng
u rn: scnsitive lfiii.,ir nr unli?t,Jrfiu
1:.lli:r.:n rr i rr.Jix. riDflfiliu'oun,ro rr
ri-,irlo'n: r.r -:flr:qr.'lu,i.ooorljnia ( r )
t, r,'l r r 1' : 

n - : - r n n: r_ x"i 6 1 q 1,fi '.li, riu ri tfi
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( s :-l ) Rr r:iu"ar positiva lo"ltnn-jtx-
RB 0.g7. rrr:rfofiru,tu pnr"ro"oc", dJ
iifi i',t i,r,;1 l;J 1,,tr conta.Ii^atron ltn:n.t:1.lU

rtuu firnn e,:t ru "rtrr,runff l:l,fiirr:rfll'
lirrliriil6.:rrlursufu rrn odrrl:rinrr

l{. -; .."-
n1T7.inDJU lru?ilttJl lRNn?r nt nr:i
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dtr
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Abstract

The blood srmpl! lrom 172 Pati'nts

at Chisng Mai Hospital were coll€cled

ln storiled Brain H.rrl Inlusion broth

by Routine

(ne) system

(Cg) system.

syst€m g8ve

system 4. 07l.

Subcultul. Botll€s

and by Control Bottles

It was found that RB

more sensitivitY than CB

At the samc time, 107

blood samples wels collected bY

Routine Subculturc Tesr Tube (RT) system

and also the results lrom this systems

gave more sensitivity than that of

Control Test fuOe (Cf) svstem only lor

1.2t. In comparison ol the using of volume

ol blooc sanples lor hemoculturs, 5 ml

(ne) ano 1 ml (Rr), RB was tended to

givo b.tlcr srnsitivity thsn RT. Howcvcr'

th! resulta src atill unsatisticd'
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The rario. of T-lymphocytc and

B-lymphocyte has been reporred but
varying in the results depend on the
methods used to scparare or identily
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COMPARISON OF PERCENTAGE OF T,-LYMPHOCYTE WITH
NUMBER OF LYMPHOCYTE IN HUiIAN PERIPIIERAL BLOOD

OBTAINED BY TWO DIFFERENT METHODST DEXTRAN
FLOATATTON AND FICOLL-HYPAQUE SEPARATION TECLNIQUE

Pakorn Thaiyanan M,Sc.'
Vicharn Virbayasai, M.D., Ph.D.**

AE}STRACT
The present paper described a technique for isolation of lymphocytc from l2 m1

whole blood by the methods of dcxtran floaration and Ficoll-Hypaque separarion.
When dexrran was used as a separaring agent tbe whole blood cells were
seoaratcd inro two parts, the lower parr was almost red cells and some
lcukocyles and pla(elers. The upper parr rvas white blood cel-rich plasma.
The total whire biood cell counr wcre 28.0x106 t 6.06x106 cells/ml which were
16.25xl06 | 6.43xi06 cells/ml of mononuclear cells and conrained 64.21 + 1g,g4y
T-rosettes. Wirh Ficoll-Hypaque separarion, the blood was separated inro two
fractions. The bononr lraction conrained ervrhrocvre and granulocl.te. fhg
white band. upper fraction, contained toral monoDuclear cells ol I1.25x105 !
2.09x106 cells/mt from rolat whire blood cell count of 12.0x106 I 2.21x106
cells/ml and 65 06 + 8.832 T-rosertes.

The number of lymphocyte obtained from dexrran floatalion was more
higher than fronr Ficoll-Hypaque separalion. However, the percentage of
T-lymphocyre per whire blood cell count b)' dextran floatation was lower and
more leukocyre, platcl€r contaminarion when compared wirh Ficoll - Hypaque
separation.

them. There were many methods used

for separating lymphocyre from the
peripheral blood such as 3l getarin,
glass wool filrration, bouyanted
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density gradient centrifugation and

Ficoll- Hyplque rr'2 3r4 b'/r. Tllis

study is therelore initilted for lhc

comoarison of lielC human prriphcral

blord lymphoclrc seoarateJ b) .ev an

floatation and Frcoll HvpaqLte .cplia-
lion technique. .flrc p,rcenl.agc of rhe

T-lvmphoclte lirr'p3rcd by ihosc rvo

technique l'rs identrfied b1 ro,:crlc-

form a tion.

IVIATIIRIALS AND ME'TI{ODS
.Iwelve riiililiters oi blood ,vits

drawn from normal voluntcers, l'he

blood rvas divitied into tNo 6 n)l

portions; one portion rvas mixed ,vell

u'ith 0.6 ml of 6 7. dextran solulion

with 0.6 ml oi 500 lU heoarin and

kept vertically in 37'C incubatcr for
40 - 50 minutes to allorv red cell

sedimenration. The leukoci te'rich plasnra'

upper layer, rvas collected. The oiher

portion was nrixed rvell with l8 ml

of normal saline rvith 0 6 ml of 500

lU heparin and ovcrlayered on Ficoll-
Hypaque mixture ( 4.8 ml of 97 Ficoll+

2 ml of 34X, Hypaque). The mix ure

was centrifuged ar 1000 rpm ( 4009)
for 40 minurcs. The white opaquc

layer betrveen the plasrna and Ficoll-
Hypaque la.vers was collected. Thc

cells obtained from those two methods

were washed three times with buffcred

saline solution (BSS)' pH 7.4' and both

were resuspended wirh I ml of Hank's

Vol. ll No. 3

solution. The celis were th€n ccunted'

so called total \\'hite blood cell count
-Ih: celi suspension rvas ciluted to

5x106 cells/nrl silh [{atrk's so]uticn.

ihe l'-;'oselte was ceterntincd

by nrixir:g 0 2 nrt ol thr-' adju:ted

ll nrphocl ie .uspr'n.icn rvirh 0 I ml of

i% sheep red bloc,d cell susnen:lon ln

llank's sclrr:ion, 'fhe nlirlure rva:

incLrb:red at 37'C iir r rvaterb'tth fot

l5 minutt's and tilen centrifugcd at

200g for 5 minrrtes and reincubated

overnight at 4'C. The supernatant

lluid rias re'rroved and the cell pellet

rvas resuspended gcntly wiLh 0 2 llrl
of Hrnk's solntion. One drop o[ the

cell suspension \ras placed on slide

and mixed lith one droP of fetal

calf serum (or AB s:rurr)' as a lixing

agent. Using a second slidc smeared

forward until nearl!' to the termindl

end of the Iirst slide, tilted the smear

rlide b.rcksard to allorv lhe mixture

ro flow backward and kept lhe smear

dry at room tenlperalure' The smear

was fixed by flarr:ing for 2-3 scconds

before staining rvirh Wright's stain.

Five hundred lymllhocytes was counled,

rhose cells bound more than three

sheep red cells was considered to be

rosette forming cells or T-lymphocytes.

The percenlage of rosette forming

T-lymphocyte rvas then calculated. A

differential leukocyte countlng was

also performed on each sPecimen.
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NESULTS
The separation lymphocyre from

red blood cell by dextran floaration,
the blood cells were separaled into
two portions afrer standing for40-50
minures. The uoper portion was
granulocyte - rich plasma ccnraining
rna inly lymphocyte, granulocyres, pla-
telets, and lower portion was mainly
red blood cells wirh some leukocvles
and platclets.

By Ficoll - Hypaque separarion,

the blood cells were separared inro
trvo fractions after centrifugarion. A
white laler appeared at rhe interface
region containing of mononuclear cells

and a small numtrcr of platelets and a
bottom fraction conraining eryrhrocytes
and granulocytes. The plasma layer.
upper layer, was clear and contained

no cells.

In this study of l0 normal adult
volunteers with the age of20-30years,
the yield of lymphocyles when sepa-
rated by dextran floatation were 16.25x

to6 1 6.+lxtO6 ceils/ml (range 86x

106-25.6x106 cells/ml) from rhe roral

white blood cell counr of 28.0x106

-+ 6.06x106 cells/ml irange 15.3x106-

I16

3,1.2x106 cells/ml), the differendal cotrnrs
were 57.8 + 16.78% mononuclear cells,

4l.l +- 17.62X, neutrophils and 2.7 L
2'f6Z eosinophils and 64.2 +- 10.04U

T-rosettes ( range 4O.l-74.2 ). The

lymphocytes obrained by Ficoll-Hypaque

separarion were I | .25x | 06 t 2.09x l0'i
cells/ml (range 7.5x106'13 3"166 cells

/ml) f'rom the total whire blood cell

counr of 12.0x106 1 2.21x106 cetls/mt
(range 7.7x106 - 14.3x106 cells/ml ),

ditt'erential counts were 95.8 +- 2.251L

mononuclear cells t range 93- 100 ),

4.1 ! 2.28% neutrophrls (range O-7%),

0.1 t 03ll eosinophils (range 0- 17,)

and 65.06 t 8.832 T-rosettes ( range

49.ts - 74.6ii ). The total whitc blood

cells and mononuclear cells counts by

dextran were more than by Ficoll

Hypaque' a significant difference, p(
0.05, respcctively. The percenlage of
rhe mononuclear cells differential count

fronr bcth methods were also signifi-

canrly differeot p<0.001' bttt the psr-

centages of T-rosette were not diffe-
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Tsble: Comparison ol antinucleat antibody titer obt8ining fffi
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172,33

2t.85

31.67

18,37100

Antinuclear antibodY titer

chicken red

blood cell

20,67

1r.99

H = homogenou tYPe S = speckled type P = pcripheral typ6.
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Dlscusslon
In rhis experiment the rosetre-

formlng lymphocyre value assumec to
be T-cells (5,8) , of l0 nornal adulrs

had the mean of 64% by dexrran and
65% by Ficou-Hypaque separarion

which was in agreement with orher
reporrs. It was reporred rhar in nor.
mal 18-45 yeras old male and female
had 65% T-cells in blood (5). In
addition, by using sandwich radio-
immuno- labelling merhod for seprirar
ing lymphoclte from blood, ir is re-
porfed rhat normal persons had 66.1

T-cells ( 8).

The processes of lymphocyte
separation by Ficoil-Hypaque base on

HrstoEram i Shov time of s,oiagcd substrates sr-2.:!aC.

Vol. ll No.3

ffil = goo,,. red|.,b j c-:ii.

fEn = 1""-,n.rr'hlte i.15ca ceU..

the difference of densiry and relative
viscositv. Snrall and large t)'mphocytes
were difl'erent in the densiry and
relative viscosiry r6) This reason could
answer the question tllar rvhv do tolal
lyntphocyte count which wa,s separared

by dextran solurion was higher incre-
ased rhan by Ficoll Hypaque mixrure.
By Ficoll-Hlpaque mixrure rhere was

small lymphoc)re onty. The phenome-

non of roserring betrveen rosettc-form-
ing cells and uncoated sheec er,v-thro-

cyte was temperarure-dependent in
that ir occured nraximally between
4-25'C and failed to occrr ar 37'C
(l). The nature of human T-lymph-
oc){e receptor was unknown but it

F.t
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was highly unlikely thar rhe binding
wai anrigenically specific. The species
of origin of the erythrocyte was cri-
tical, however, in rhat resette did not
occur rvith uncoated human. rabbit,
pigeon, mouse, rat, monkey, cow, cat,
chicken or guinca pig erythroc-v''tes

and thus far b:en seem onh, rvirh
shecp, goar, horse and pig erlthrocl,-
tes. 'Ihe roserte cell examined bv rJry
smeitr method. Because the pseudoro-
selte celis rvith occurred from granul-
oclte, could be differenriare by exam-
ining its dilference of nucleus, In
addition, lhe sirtear slide by kepr tbr
record or for reevaluation for a long
linre.

UTN OU O

r r n n r:ul?rlu rfi o:J : :r-i Ni f
lloatation n"l fico| - Hypaque

l19

tst", riru:-udruuuulu pt""r. firrirl
n"rurf,rlfionrrr .iruruuin16onr :rfiu-r16

yro,:ulRfi 2a.orro6 A o.ooxro6 ce s/ml
dolilu*r^ mononuclear ce s tfil ro.zs

x106

niu

+ 6.43x106 cells/mt r|,s]LlttnOU

T-rosettes oq.zr + tO.ocl dfut-u
if Ficoll-Hypaque separation ,;'Ud:f n4

j ur 4
r "rnonir*rn'ln,r.,r z nrurdurfrarn"u ciru
!!l

n I JIU Ulttlntl! nin t ftr,rnJInt granulocyt. d?1l

ltnll11?n"1u1ju t:n0'lli'?u mononuctcar call

i i.25xrod t 2.09x100 celts/mt rfio6nrrn
A e \, vtl fllnBfl1'llYll.tLl lflytJt tift 12.0x106 J

2.ztx1o6 ce|s/nt uW :lnoln"fO t-
rosettes 65.06 L 8.gg/

n.ltrurtiruru tymptocyte iulli
r1'r?t dext,an floatatioo fiin-jrnq11 g1'-

lTun?oJ T-lymphocyte flOnti ui lUlU

lrJ n rR 0fl t 1??1,t 14 tnrlt }l O 1n in? t1 f ! 0 l Ficol t

,, - V , a
-nypaque separation A n?t J!J tIn tiUSU ll

Ll3nll fi!n 0n111ttn! platot6t r!Unlu?UItn

oexlran

septrat-
ron tll0lltn lymphocyte 00nrlntnSFlttu
:rn4r rs tu:uiF dextran ftoatatron !60fl

dtl
t:0nuunlLu 2 $?u nrunnr.l'in-uri ulqr

[n0n||flJ, ttf],nDft11?1J1J$'It!tni ptate
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THE ISOLATION OF SALUONELLA SPECIES
FROM ANIMAL FDEDING STUFF

lio: ilni rr.l. ( rvrnriinn r:uriri )

r.urr o?;r:]lorlurori rvr.u. (rnn'inn rrrrvrlli) cert. lmm., Cert. Med. Micro.

vli9lgo

! r ' .a - .
n'':||,u4i1B 1-nl]tunnl [u0]1r1lfinl11'l:1110 ll':f,nl[l;LslJJhrtJ lfiutt

' i ' 'l 9r ' I
Nutlent brorh In nll:-|nldu rjB ',,l: Lj.r0llrr 37t l:Jolli']J 24 {'1ilj.r n^ulnef,JN/c conkey

A'
Unl SS agar lln?in:.j Selenile F broth $.: tullfl Nutrient broth lI'n'l Urlfl't]0ll1l .,|3 tr
4 a< . \ e ) .' . t )

|!JUl?n^ 24 tll r O.Bi{fnl N4c Conkey un3 ss agar unJl]nll]nB:lvl 37 d ulltBti
q i - I c'

nJttnlUn.l TSt lrn?1{1 r.Jr1 Biochemical test :.10InrifitflU,t1i,UU Saimonelia ll,tttl
v

Serological Typing uuUu0nntJ

t'lnnl:?!nt131rllnn1e01,t0-111: 141 n?091,J lllj Salmonella grouO A, 0.7,/ group

B,0.7/ group C1,2.1/ gtoup D, 0.7., group E, 1,4/ !ln: Atizor,t 1.4/

?9tattnc?6n11

l-.rnlsdr,lorur: :il1m t2.5niil ld
tlflu ln n? 1.J!lU ln 4 BBU' t ! Nutrient

t' A .
broth oJ LU 37 5 li.n. tnlno:Jyt 37 t

tulu 24 t? tllJ tuoo:un rlun.; uro^a$ g
nt Mc Conkey tt$J SS agar ti.,f .turiu.r

I v. t . ortr8 ,tfioJtl1n0!n 37 q U1U 24 n? L J

tffl Setenitc F broth ( double strength)

st.s lJ.n. n,Jlurri Nutrient broth rolr!-.1
b;).

ilouYr 43? U1U 24 S?l J rrl00:unluun

*-
Jl1n?111 nt:1nU1nn.,ifi fl 0t!tYlfl qfl nltltrm! lurinura-uds.rl i?-
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YI
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rt' N - tIID!:U0n [n2 lor nly{!D,to11r1: rnutfln? 1!
i- . l- -r tr^-frJr{0tlytou1rlb.txu: lnn lfl lu::d:Iqn?t 0

' a ! i , ^ ;A ,.']l:flu Lt iut:0n]0Jl|ofln1n0n.trul !0u [u
v. a .t ) na-

D lUr:ff n1 tJ!! UflltUnO UUU,t 1t0,: xxt.:,lnu

tunu tn.

Abstract

lsolation of Enl eropa thog enic bacteria

lrom animal food in Chiangmai's markets

uscd lhe nutrient broth and incubated

at 37 C lor 24 hrs. Alt€r that inocutated

lhe cultures onto Mc Conkey and SS

agar and lhen' added the selenite F

broth into the boitle incubatod at 43 C

lor 24 hrs. Alter incubaled, thE cultures

were inoculated onto Mc Conkey and

SS agar ptcked thc non laciose lermsnt

colony into TSI and identify by Bio-

chemicll iesl and lh€n confirmed by

serological typings. The rasults wer.:-

.Salmonella group A wsro lound in 0,7,/

I23

group 8,0.7/ gtoup Ct,2.t, group D,

0,7 / group E, 1.4/ and Aizone, 1.4 /
(trom t4l samples). The contaminated

Enimal lood could b6 a possibls source

ol intection with such micro organisms

in rural communities,

tanfr1:a1.00i

'1. Harvey, R.W,S, and Price, T.Ft. I

The isolalion of Satmonella lrom

animal leeding stull, J, Hyg (Camb)

65i237-243, 1967,

2, Suwankrughasn N.: lsolation ot patho-

genic E coli lrom animal lood and

Transmissible R-tactor detsction. Mod,

Med. Asia 13:5-6, 1977,

3. dudlu tiultno un: !un: ,:::![-

nq$ldu.: lsolation of Salmonella

species from slaughter housc. Bu .

of Chisng MEi Ass. M€d, Sc, 10;

'149-155. 1977.
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1n:unn

urir
[u n.fl. 194s Speck4ln] Evans lfi

rllnn ll,tti4u11lu cell lree extracrs ,r0l

Pl.*"dtrr g"linaceum ir6'l lzri*nnrnn-
rtl.
fl rgtn:ltufi (LDH) Sherman (rgot,tsos)

fin81tnd?s0rnR In1 0:tn:Ju starch gel

block l'llj?'l LDH no,t P.tophurag [n!
P.b.rshei rn6oufi lunurth,,h{runnrit'tr.l

rrn lon luuinrfioottnJtrol host sherman

(tssr) rrir Michaetis constrnt (rr) lar
LDH 1u P.lophurae lnivirn'!: r.gxr o- 5 

r,..1
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run o r or vr6 talq :6r u a r a.,: ilt o r flIil r d sr il r u aiff ta

lJ0JUu dlrntnn Ph.D.

onrin8|n l1ntt'tt:01'lY].u.

u ooga

l a . e.)- tr, ..rr nrn 0ntlo.tro,ntunurnrinnrtall lrnrrigluntnrs hri0rruo: n ls rtoul!.1

ttanorair0 rn nIn:,! loi.r'a 1n!lirgnn Innslf rfiyr!r,r:Jru:u trn"rriolo"rr,n' rJ:rnn.iruuun'

lorunnrnrn-laIn:irunro,ryrr:rllri unnrirrlrjrrnlorlatrri lnurndsufilunur!1illirlfi
.9 rt.
Yl'tu lnflnn0.I r gu!n0:ln!t|,n0tnn0ld Inlltudt0JrNotn00triJl0iuu0u

.t
||B] Km 101 LDH lurrl orn ontloil0irut)
a1
nituu host tntYl,lnu 1.7x10-oM nlut:l
pyruvate dlURl pH optimum n1!1]1nU
V.nl P.lophurae $ntlU host fiOfrlnlJ 7.5

Pisphurnvidhi Ltni Langer (r see.) 1fi6nur

LDH !0i ccll-lree extract ttol.in16on

ttOJlOlUUnUt nt Unnll831Di hosi - cell-

lr€e P.berghei nrit^tui r LDH lsr tl'""
.. i ;l {,{parasito IOR0Ur| luttu'N lyll,{ 1tlnrn tJ ttl

lln!0J host AUl,t L:nn Phisphumvidhi ,rtl

Langer \1969./ LR?1lJJ1U?1 LDH n0)!tn

* 
a rnilri:rni nrulrnninn r:rrind rt r.l'nurn'u ri !,rlrrr
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^ - u r;-l
l$00$nin0JUXtlUt nl lllri O P.berohei DU

-t a e. ) a ^-u:1r! lll! uu,{uJ band Inuli,t0trunlnllf
0lnflln:'n0ltflnlU Polylcrytsmide get,j
It uut n Infl'n1:?rfln0..ttun LDH !0Jttn
. - ,.a),

In0orrnir0,rutrnrqniiir,6'o e.uerghei Ing

lt?trolnnlnt$DtXnn?u ce utose scetslo
A) . ' I

tvtoYtttfl nb 1?'tn'l:trgnitulu

tl]lJ11O[un LDH r0,t p.bergh€i 1u" 11nl

band r|flnn1Jl 11n LOH lo.lrinriasr,rn,:
lo'l trost liohi

?finttdc?t?l1

. d ' t^.1!ii!tn0nt1fiu1 [ti0nt unutntnutto
P.!:lsh"i. tJ::l"u +oi Inlli n"p",in ulu

anticoegutant tillt centrifuge fi rooo g
I .. .

LUul?01 10 Ulyl]l 4g. $lntol plasma
a-tDonnt $ 1{!xnln 00(oit runuun0flnlu

-.v0.9, salino !tO,tfl:J UlfX ntO0Oltniyln 1J

ItnluX't ltl0.t lu 0.1 M Dhosphata burfer

',- ).
pH 7.6 t, UUlJtJ&l$ 47. Inu[i phos-

phere burfer z dlidorrlnr6onunrfi
_ Z . ...prct€d tln2 | $2u ull,tt1nuun1[rr!o

lnO0ll0lll nOBn tO! It uttrasonic disln-
' 

'v'tcgrator lUn0U Jn?ll UJfl 1UtrrOln onrrnJI
'f ,r .-t' nroglx phosphate buttrr ytrtu a d.
.-'!. -.- - v , !tut|tlnl 20 ulYt :2lMlntJ $on:n?-J

n 20 ?u"tyt lytonul, lurriornonrtoli

olnrrri!.,,!fiulil d16ulrJr:nnrirnro
-V)4

U0{l]n.tlll ccntriluge n 8000 O tU[t,]n,l
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aa.
1o u-11 ii 2-1. l,n-!Jr01 hemotlsate 1 y;l

or8fi Inrfl!11ltnlrYl

a .-
lunltyll0innlfl:yl01tn li cel,ulose

ac€tate membran€ llRt batbitutat€ bufler

pH 8,6 !n:o.tlJoYrltfi'rRo Beckman mod3l

R -100 microzone electrophoresi3 syslem

nOXItnllt cellulose ac!taie mombrane

BltU barbiturate bulfer !::I1 b qlyt
;

llRlnUn,)0ntlnlBnlO.Jyrll301fl ?1t membrane
;I r ,. - r ,

11tunJ lutfl:0J!0nJnn 1i UUt hcmolysate

?ltot zs lllnrin:n.llu membranc Iou
- A'

D'lflU applrcalor t?U Un tl lnU Utt lUn1: ttll
t,l!f ; | .
lll114 Llnorntntnntrnu 1lo hnn !t.]u
/.r ; --l.r',rJt1hi Jfro0rur!-r-or ( ::rlr$ ea'g.)

?5901,fl

a.-.llrtrnnli rra:uoun?r,:J!-u 1 ;t.ln1

HnrrnuurjllnunLnl,r{o j r rjilrnr 1;
.- la -pH !0J9ltIUlU$ 7.t oUnrU! ulj!nU!!',|:0x

Inan;Rra NlD, NBT (nirrobtuc tetrazolium)

. llo! phrnazin. msthosutphatr nllurLrif-
).r|rrnuylrylol pH 8.6 r!oHiuiirunl pn

.ta
tgluu 7.4 lU0ttln NBT $iJ phlnrzin.

nclhosulphat€ ll pH 7.2 $n:7.8 OtltilOlJ

ri ruil r rt an Innorf, rovuro'n uri ur,rir #s hi
lilirirSroolo:y{ois'd crrrriir.iuuriu r.
I i - - a.. a - rt oJtctt rJ tr{oufr2t!tulrtngln !nr gxh[n?lrltilJ

.. w 't , , a,eIto2l{1 ttJlJt!n!nuuH uttnn lndoi,trnnlt 10

1r'l0nn tn:ylo:tdto,t LDH 12 !lnuuu1
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l1l.lUflllllnY) 37 {. lltul1n1 30 r{.yt Ht
cl ry ^1: lJl-01i,1,1s!,1:irlfllJ LDH t!Ufl1{ inlJ0On

1'rrJSB;tl9tri t1,{ C Jl inff-l1n;S.jfl{ tn 1t)

i i .'
ll?i ullx J lufl 3 r$it 1{. ..tn In r'}1 3.y1 1t 111 fl 

-tT

,. {,^
F: I rUt il i!lr0 nllf.,'-14'l i rUn lU petridrsh

V . 4 r .re 3 . 'r!.vl iii0 i.nilijn''|rr1 ll!lrnfi']ift]1t1lu r lfi iJ

fl.j!l tl,t !n ii ,:t 11.1.!|/j.: uffJirn!1!n1it?ltiri?
'i, ! dl'li- i,U frx R-tl iolmol sarine lL';;:nl

:-::rilc,l 5 ib 1, i

?t 11lltu u tq n n Lod03%r9l0lln lfi

iri*;r uitnn lnno:drnoluninfrfl ;r

0 36 M ltti olJYrn 0!ullit Utgn0 lni0:1'lnfi
v -E

U JRJYlUotl i,fl lLn:n'.r-fl$u Untl,^lUi{Sn-
aaY'
lS J0lglnn00nr^nUlf{:.rttn'IttfiJ [',rt0tt1,

ucff (ethanol) 9s,/ urq 1 uttr' o011n
V,"

UutltnJlq clearing solulion On 1 Ulyt

feu 1?1ltlitu.tnntnfl0ltt.n 0 t{|l !
0't!1nt101J l nt0'll{0r0'tn lfi 0Dn Lul,t1lR 011
,i.
vr 80d. utu 1o uryt rrnurqnnlnso;f-

ln?ll:[1,] iLrn: l(

,.tn

llnnlrRUnt;uldri lactate dehydro-

gbnsss Ln! tTlt0tnn lnl 0tidolult u
l't8ntni0SXlnn 1 nlll cxtract l0Jttn
a )-\ !,

tn 0 n tt fl.j yr:J tg 0 i1tllltr'}) 0 n.r11lti,n!J tll0:
r{
n 1c l*lurirJ: rnniuiriur!nnn l Jirttin
lr,1j uotr0Jt0 u ldll llntx'l!80itl'in!0 Jltu01l

- -..V911Unn flotfln0l,l lnnu?sLll t.nll host

e'rzyme lt-rlu: I

(-l

? s ltfil
un,nrnytI ltll R nu,gl uttRn tn60ldrnn

' , t .]rxrJiuru00n:J1tJ UJLtJ lntR u -tl!.t,.lulJ1 i,t;2r ,.
$un LDH ! 0JstuOrfl ofllto Jr,lJrto Itt 1Rllt 0

rir ra.:rui l lonnno.lrirrfrgnnrr:ln ru r:n 1u

n1ltLU'OlU?f 0tn0lnt1{0',dn [fu lntlr{u

u 0qn(R:0i Beckman modei R - i O0

microzonc rlectrophorssis system ?tRllli
/ e-

llr,ll gfllnntl0U !!uln?O.tnt3 o:t) a!in?n
! t: .. | .
lun rt ttr rrn!fi 1!.,r0[uB$UuRl0 u ldxt t J
va

tt0!rn1r10 r'nl []11T.1uou 1.ltnrlu r.ln;
tt

13rt u? t1.1tr $ it u u d u'l:n!t!n s.rot" 1fi6,:
V/

R: Jn: 8 sgmpl? ?Jt?UYluLln"lq^-iyt1

tnnf 'rnr:uunTnullirriurgnn Innold'rnni.t

nn1li;nol Phisphumvidhi rtn: Langer fi
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rirr1ra.rnorrlrr60!.u01'filo inal,i
st3rch qet el€ctrophoresis ln"tKnlttuuo'a--
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rirl rrnto,r host drcoo nn'o rn-,u H:r lo l
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Abstract

A study of electrophoretic pattern

ol lactair dehydrogenase in plasmodium

berghsi inlected mouse red - cell h8s

been made by using celiulose acerate

membrane. The result showed chatac-

teristic bands ol the enzyme originated

lrom the parasile which was dillerent

lrom that ol the host.
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A COMPARATTVE STUDY OF VANIOUS SUBSTRATES
FOIT TTIE DETECTION OF ANF

lJYl1.r',l

a.ar
lUnl:fln8'ltn0?n! autoimmuns diseases

lolJlOll l:OU 'lJ! J systemic lupus erythrema_
. r.-.. _\ - I !^d
Iosl,ls \sLE,/ UUll lt1tr indir.ct immunofluo-

r.scence ll lu?lJOt?tu1tlnufOJ ANF
l-. ea i. rrrulcrum tot u?0 substrste iilltlu

rr.r-r. ( rnofnnr:tryrnti )

?n.u. ( tntl?ng1J

Ph.D.*

. , ^.!enl|gen &n21lfilRU 1nfl 1utlt?f l.t o1
. i.i'r r,t.

substrate n lfIfl0l(IUnnll sntig€nicity iJ
- .. t! x -llYllLl4 sonsitivity lDJ tEst lttlUn?g l{U

1,r rJ 10 nllX ? ]i 11 
-n1:O:?rfl! nrur tfiiru

flt:?ng triv{nlnt

Unl lytlJ'lUUyl

nun n:[rn?!nu:

u?lfloga

,r ruir"u;lfifinurrfirin-u antinuclear tactor (erur) Inti6 indi,cct tmmuno-
tiuorescence loanr:nnno,tr igllfitu substrates r Afn 6o ,at Lv€r c6l, chicken rod
blood celt, goose red blood cell |rnJ human white blood cett luttjlo.l antigsnicity
!!nJ stabitiry 11l.ir rat tiver ce innrcu?lo,l antigenicity trnt stabitity fiJfidn
ruio nrnin nrcllififiun rarJ:tnr: 6o lu.arn posirrve lfi,,rnn.jr, nlfjrrj$nvr-nrrui, li
n:? 4t anlinuctoar antiOoay ln"t.lntufin . ttn:drlunlon pattern ,irl 1 aornr:tialttCr
lfi nnootruIllrduliln"uru6noiu' a:usu rar tiver cerr i.lr:Ju subsrratc firuur:nrfitn
rirrlt:,llr"n:rrur er.rr inai6 indirect immunofruorescence.

l,tln?g I substrste Orr,t01g!UO

lllI:Utl:?ttrt1 ANF ]tll huma.r

nlt

' nroirtnirirnlinarnirin oor:rnoinnrrunna' !ntirora'uri'!r1$r;

whilc
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blood cell, chicken red blood cell' rat

liver cell, rat kidney cell LIJ';nu lfl!

ifnRncl*ltr human while blood cell

iir oror..rr.,i,iu antigen ii sensitive ii iu

n-'tnt11"l1 ANF iLf l:.1 lfl t1J: LU l\1ljti
-.

sensitivity nU substrate e:; "'l q" 14'l11UJ

ltn't rri'llJl:n]'1fl:?'l1,ll A\F Lfl luunr?J I
Llnn1uni. (1,2,) tls:i'!1:Yr uvll. : rat

kidney ceil Llsl human white blocd cell

6n'ir .nr.tun red b ood "elll3) 
n-i,lt'lr

^- aa ^ | A
l'tu11uU1nt1 nt,t1,1ll^lllY{01llll: llll lvlull 11

:luir.l rat liver cell, chicken red blood

cell, Ooose red blood cell llnl human
' 

't dl

white blood cell tu h4ulSltlu subst:ate

;i
Ylll,llJ1:6lndA l|n] pattern 101n1'tl:0,t

It ,rnlinuou ri lT lunlln:11141 ANF

Lfl!?t indirect immunofluorescence

?0nllfl3'ltR lt

A. Substrates

l. Rat liver cell; lresh rat liver

u'tt,,dr frot.n section vlul l:ll1$.1 4-6

micron ri,l!utltiulll3ti, fix 1u cold

acstone !!n )q1 lUlnU 11 lu deep freezer

(-20 c) !un? llJu'loon'.J'l lf
2. Human white blood celli li

tionnu g,orp O tlun white cctl BBillJl
9Y

o?glf dsxtran lloatation sl,t 3 o:.t ul
l ditute lurtru t:zoo (50 celrs,/high
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power tretd) smear :Ju6rind :leioulfiur.r"l

,jrl l,, lu ccld acetone rraioun"ufi

nfl.r?tJ1$s1t rin ''.

3. Chicken red blood ceir; 'li
| / /\

in tr'l .',) , r: .;.1-i Als.ver s so.Jtion \v/ v,/

u i,-fl lll:11 d,lute l'"rl0l,rttl1'l 2.

4. corse red blood cell; Inilrl
')t.fl!i?nL chicken red blocd cell

B. Serum

1; serum l'-.:nu'.'i,fi,rnrrd1.:i't

?lirao?rluu SLE 43 :^u 5.i8'1'; luQ;iru
,.ar!

UqJ,i0'U1:1rl1J 21'48 U fi r1.ltU negative

control serum lfltln donor Ylll lllulnoR
.Aa-v

lrt|nMulutur0'l:t800 {llljl.t'ttrurn}rin.

u]:Jl 1 sntibody titer ln0Li substrata

Yl.l 4 Ulu sntigen

C. Indirect immunolluorescent mEthod

v;
l.l1 lnn subsllate nJnDLnl']n deep

freezer lln'l nBU h,tll, J l,lllittis! dilution

tJBt serum liBiRU LlYlO0Jn1114',l antibody
j4

titer ln0 dilute serum lllu serial two-

lold dilution R'1U phosphate bullered

satine (pBS), pH 7.4 nluu substrate vl''t

; , ,l . r ,r 'ifi0ulln3lluntruo u1llj ti lu mo,st chamber

"tts?o:lYr 37 c, 30 ulYl l.tn rlino!!fl: lu1

!tLnfl substrate !J10lro?lJ PBS, 30 u'lYl

Ua0ULl,lMr.Jlln?uol]tllU lluorescein iso-
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thiocyanat€ antihum3n gamma g:obulin

0r't 3o r r1, r" nlRn;lrn.llruiorrrtlir nOU

lraiu,li,rn"rdrhjrinrnrriundbl rruorescent
a ' Yte.
[ -r1tflt]ntJRnot J-l0yti positiv€ !!n3

regalive controt 
""ru 

hR"fglnnfoa nilu
."tur i ANF llnililuirrnr nuclcus trot
.cer L;0Jt!f,J;!1'u?unrrx60J uciniUfi
ANF ttinu nucleus l;rlo'[ nr:tiru
trter 1J0J serum lnu" qrrtio.!tri,llo lltrin:
dilution.!OJ serum 1,.,nt:yt",:6.t ditut ion

$nylr0 frUih;rJn posirive n 1ti;s.rtS.ti'J
' lcr
nO dilution UlttU titer.

rJanl:7to0a.:

r rnnulifi n.rni.ir.i:l,]u sLE o. :.n
LUHn positive ANF nL rat Irver cell

Bo :tu (ilun-u substrate du 1 1finn

positive rfg,t l1 rlB trnclrjyturnuir rat

livel celt f,iHn n"gat;ve t!fli substrate
4..
oulu,.tn positive lfioli rat tiver cetl
q ..-luu substrate f.inr Arur titgr r*6orvi n-u

f 72 fl'":J chickcn red blood coll goose red

'blood cstl rloJ hum.n whits blood
.. l!. a | -cc tnoltosgtnrtru 36,32 t!n!21 n I

, drn"u ttncnil#rilaflgun'nr:riulur,rlor
,ral iiv.r col r;u roo.f rclfiriloirgun
n,)1l:0,tltt,t chicken red btood crll, goose

'red blood csll ltnt humsn white biood
.co|| :JRltyt1nlj 22,18, ttnJ r z nrlcirn'u

tEl

(nr:r,ri r) dru:-u .",u, ioJnul; 13

:lufflu-Hn negative ANF n-! rat tiver cell).
llJCUllJ'l test n! chicken red blood cetl,

goose red blood cell ttnt human white

btood ce,t nu'jrlr,l'lln negative !!u.;rtriu
LlnJ normal control scrum ftn donor ni
20 :'IJ lUAln negative test n:J substrate

vr nrf nrf uriarn"u

I Y-rat tiver ccll Ih r1l qnfl 'lJ1:nltun
pattern t0\tnlTtt 0ittn l1n fl?U substrate

au 1 ltlluurrlr: peripheral tvpe ruigun"u
l. ..urn luRu l,,ir go :1u nu,j rli r,omoro-

gous j':ln"11 peripherat type jo T1B,

homologous i':ln-tt speckleA lype 4 1tu,

homologous ourlt60f S :'tU !t$: sp€ckted

type our.trfiar ts:ru riru:'u nucreorar

. tl . !typell''llllng LUnl:nonDJU t!n:?{ll1t

""rrr fi1u"nr:rioJudltu! spsckted tyDe
v)lU n negative test nU substrate OU 'l

YIJUIn (serum no. 14-30)
:

211131

I rnnon t:nnn0{1fl01i serum lolnu
rli r, )hiriicsr',lcruu sLE rliol,n n Hr lnrJif"
indirect immunolluoroscencc uUif rat

)dItvet cell lljB substret. n:t Entioenicity
aA).-nllt7ldo lxouj:0urnuUn:J gubstrate 5g

0n(l1 tUO tlni human white blood c.I i
a a . !a

ann96nrciry tilytnn ROUtfltnll chlcktr



e !d . ;ruO]:ldn 1 $nn.tnlllu:gulfi0U antinuclear antibody titer n10lln substrate rrnnliUn

Antinuclear antiboCy titer

rat livcr

c ell

chicken red

blood cell

160

40

80

40

320

a0

40

0

10

o

80

160

160

0

0

0

0

0

0

0

0

0

0

o

0-
0

0

0

goose red

blood cell

Serum

No.'

1

2

3

I

6

7

8

I
10

t1

12

13

14

16

16

18

19

20

21

22

23

21

26

27

28

29

Msan

20

160

80

160

160

40

80

40

10

80

80

160

80

40

80

80

20

80

t0

320

20

640

6,40

640

320

r60

'l60

_10,

160

640

80

20

40

40

320

40

40

10

o

40

160

160

0

0

0

0

0

0

0

0

0

0

0

0

0

o

human white

blood cell

8C

20

40

40

160

20

0

20

al

20

20

40

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

pattern ot

lluotescence

tlD

uo
tJD

L]D

H,P
lJo

l.t P

H,P

hrD

t{ e

s
q

S

s

/Ftuo-

t0sconca
100

H = homogenous type S = specklrd type P = prripheral iype.
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a a-
red blood c.ll trJNtj,y10nlJu t,lltruvr!2 t

human white blood cell i antigenicity

i.tnlt chicken red blood cell'3) nlin
pattern lOJn1lttEfl,tf,.Ct110 tt rat liver cetl

RJ Url?1tln:Xf t!,On?i substrate OU .l

pa ttern 110 J n l: !: B.f tr S.1'ti{ 0 M.1 0 n clinical
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mix connective tissue or scleroderrna !Ln3
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homogenous ;t;.n'l speckled type n-:rtrl

n:: tile' dJ nU rat tiver cell llAlL
A ,t - v VN

sLbst.ate 0li tlltJs negative yl.t!!l.lo lNu
A^

01i)IUUJI'n lll speckied type [nfltln:.J
'., lair,oo0y lll react fo nucrear compolent

rlt'-B'lLu rat liver cetl rrrilifilu
human white blood cell, chicken red

blood cell, !tB:goose red blood cetl(6,1

t -- ll e . Y
lU,t'l u?1gr* Lnr|Rn0,rrn! substrate 1l.t
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IlJURtl|n ll,{nD Jn l:tt U.'|'tdJn||lJ oUtt]rr fllu
chicken red blood cell, goose red blood
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l|luoglJU8U 5 tl i 11,t Bnfltu: human
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,l - ti
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vnlU:Uit indirect immunol luores cence llU
r! r . Inillt'r1:t:CJU,$iq'lr? ,3 llnl 1 n?tU'l

:Jl lt!! u antigen,

Abstrac t

Four dill€rent kinds ol substratrs

tor detecting aniinuctear t6ctor (ANF)

using indrrect immuno{luorescent method

have been studied in this paper. The

antrgenicitv and stability ol this lour

substrates; rat liver cell, chicken red

blood cell, goose red blood ceti, and

human white b ood cerl were comparod,

It was found that the antigenicity and

stability ol liver ceil were better than

the other three substrates, because

when using rat liver cell! it was easy

to be d6tected, more positive result,

dilferentiatsd pattern ol fluorescence,

and more than one kind ot antibodies

could be detected. In addition, rat

liver cell could be pres€rved morg

than I weoks at -20'C with no loss

ol antigenicity. Tharsfore, rat livcr

cell was a suitable substrats lor

indirect immunolluorsecence.
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Serum

(mt)

Standard

aaaed (ug)

Expected

Value (us)

Amount recovered

Total (ug) Added (ug )

Expectation Recovery

(/) (n)

0.5

0.6

u.5

u.D

0.5

0

1

2

5.7

t7

J.O

6.4

7,0

09

1,4

23

4.3

97.3

81 .2

a7.7

909

90.0

70.0

oto

86.0

Averrgs Values o! 7 83,0

1.0

1.0

r.o

t.o

1.0

t.o

1

2

3

1

6.,4

7.1

8.'t

9.4

10.4

5.4

6.4

7.3

84

9.5

10.0

t.0

t.9

3.0

4.1

4.6

100.0

98.6

100.0

10t.0

96.1

100,0

96.0

100.0

'| 02.6

92.0

a

Avcrloo vllues 99.1 97.9

G?and Av6rage Valurs 95.4 90.4

Ndtg

Expectation (/)

necovery (/)

Total amount recovcred
x 100

Expected

- Added standard recov!r€d

Amount ol standard add€d
x 100



Septeober 1978

-lb fr?Eu.).| nrrn rl rdtr,rrlt qnno.ru$ r mI,u!'uirm liinrri, 
"r*ni ua'n f o" l

Intnrrfnrr I lecovery u63nrri.uro,r,r,r air'6'u n

i1t1.!x

l.a&

nacorat r

ot.
oa.
o5.
olc
05"
6"
eh
oE.

09.
10.

{8 95.O

106.0

1'tt.,

1to.o

E .t.5o

1r"
tq.
15.
r6.
17.
rE"
19.
?o<

21.
22.

1.5O

1.25
1.ro
r.oo
.t.ro

o.?5
1.5O

o.50
r.50
I .?O

'l.Jo

1.OO

t .oo oni
'1.OO

'I .OO O.50

t.@
t.co o.7,
1.OO

!.oo 1.oo
1,OO

'r ,oo o,ro
r "oo

1r2,., 96.?

2O2.t roo

290.o rot16

t2O.O tE.r1

15a.5 lot.t

.; *;

oo't@.o
- 10r:o
1r?.5

19) 97.J

l, ,*.,
- 111.6

lolEoa r dl!,utloa

lrol lt !dr!{
{r[) (nrl) (nl)

t.OO - 1.OO

1.OO O.25 o.75
1.00 - 1.OO

1.OO O"5O O.5O

1.OO - t.OO
1.OO O.i, o.2,
l.0O - i.oo
'r.oo 1.@
1.@ - 1.OO

1.OO O.ro o.iro
l.oo - r.oo

fg.o 2{t"o
?t.o 220.0

,r.o 220rO

06.0 zao.o
lrr.O 244.0

,o.o 206.0
lr.o z{f.o

.O 2f4.o
6t.o 24lr.o
9O.O 2tt.o
6r.o 2ll.o

s8.o
1t5;O
105.o
212.4

90.o
250.0

02.O

toz.o
1to.o
180.o
122.O

118.98.6

206 ,ro?.9

2rO 108r)

2&? 10?..1

190 9{.?

r.1.o r?E.O

59.O 2oo.O
41.O 156.0

Er.o 1fi.o
x.o ao.o
r9.o 222.0
$8.o 16?.0
26.0 189.O
q1.o 200.0
6?.0 r 56.0
h.o 116.0

102.5

't4?.7
102.'
202.'
r40.o
29?.5
120.0 ll
,1r.o \72

1O2.' t9o



t4a Vol. U No. 3

o1T1{d 3 rira"lrl:cirr#lsrorrlarl:rJ:'lufiu-r-rir1i1firo.:i#nr:n:rritn:rllirrr

tR nnuR

n 1:n:?1? lR:1!1.'l
;'

(fl 1!onutoJt2.tunfi ,

ri"n"lrJ:cfirfro.rnrtr,urJ: :ru (/)
1(7) 2{ 3 ) 3(9)

L{rflltlr ( 140 nl nn0nnl,

l unnrrtuu ( l.z i6hnriodn: )

nnsl:ri (roo n-;'hnrioin:)

$flnrdglJ (2.6 Xn l$rnDnn: /

r.lsrttlln (to r-6hndofi n:)

:J$lun (17 llJtRTlljnno8n:/

lilriurru (zo n:-r.rrisin:)

dnu,iu (lo n:-lrioi'n:)

nnlntr (s.s ifihnrisn'n:)

nrnu:R (0,36 xR lllnnonn:,,

n",in (u., i6llnrioffn:)

L.}|ridtnB:on (5.1 Int nnonnl/

'l .8

10.0

6.0

10,0

10.0

7,0

10.0

10.5

10.0

10.0

10.0

0,4

3.4

3.2

4.7

2.2

20,Ct

4.3

7.1

5.0

7..1

1?,3

| !,r
llrry Standard) Ylfll?t !fl' tgljlnulln.lJfl"

rornr:firfir.rlgihi ,,oio*0"t, 't oo " tt'
.YU

nt:ltt ,/ RecoverY UUt; llflOlJn1! 3 nu
-v'a

nsu flo tunoutltn nl:lnlu n?0u1J TJ

! - .r ,. | 4 -. ' )
r;no,rrRtuuq Inod?utl:nlu uo?u u ?u?l

no,r riudrufi tn'l t n n-rsd r ltt:n:rlni:n t:

firiunill rlnu'ufitiufunoulorn''r,

n:rrirRrr:ra unlut!n1:qnn 1on R on 1:

r:rlil r )o 1u?$ tnllr:1lt(nl ( Yll!!o{n'

din-r r n n ri ru:-u n r:ot?16 0u Re cov eIv

r'lo1tn1ln 2 uuljfl6

'42.1.1 [oonllln n 11Y]lu lileitln J

c e ;. e
(tvlerhod ot Addirion) R11u111l!r" trl11n

-il - 4 - '1!',u13!vi :Jtnttlnllr tu$ft n6?u lnu n:in!
.- ,i - ei

rJi:J1$n1:ntn ii ll o lou lJn 1:n'u'l0l
! r..

/Recovery ltuljurtdoJ [? lun1: ]'l1r 1

z.r.z Inonr:Ha fir1n!n1g (M€-

thod ol Admixtures) n I t:' rl"tll"ufi tfi r ln
I e . - Va

a!'n ltut:r :Jl,t:olnnll1n!nruun .'l 0! nu
,i - !t I

o?1 rinl:lt loi3tlTtlll1to tn1lu llfiR'l
arl

ud tnt rn tn ltltl ttiulJflnl! 'l1J tllt o!'
).

$tafrt|t tH6rnu tfit1::Joln llnorYllo



€eptember I978

*t-tu ?lrn:unlnr:riorr.r (Dirution Fa"tors)

111Ilrn t?tO.)O?U o10! lJn rrR'lu'llll
r r.r ;tKecovety ttULUtlfin ! L? lUn1l-Jtr 2

z.z nr:r iu!tfiau (comparison) r:r
0ltuj: uut! Itlnl"lnnnoltol:f n:T nf.tt

z-ltRtrty i RUn ,r lg'tl o-,:."1i 1 n:.tt nr1l n.r

0u rJrviB!n:ri;rJrfi:gru r,ti or rJ ill rfiuln-u
, ; a d rr

n rvl.'Ja! I to !f 1 fl.tt,u.tifl,luf)r.fl$n111
/_ , d1 !\ uontrol Samples , lllunu

2.2.1 nr:t t:r!tnUtn!2 tr utrl:-

!1l.r (Compa:ison with standard method)

i6niir,n0 nrrlirn:r: rin"rod ".rnF ruf .r

dior'flrn:gru unl i i irio.: n r: n.l'l n R-n

t6on r r nuvrrirr ^ri rursr ,rnf i nr:l{r'i
n r r ri r : iJrgu,uJi ooi1ri iir'n.'rr 1 oiri u i f
rrn:S ruriru:"ln r:nr?lfr: r.luh -l rr,r xl

-;r
Dn ntfiui f,nun1: lt.ttn11n 2.2.2

2.2.2 n 1: oTzrSolJrhoJr,lo?lJnl

'n0|nl ( Analyses ol Control Samples )
f -r I
tou?turrlnDJOiflejn?0u liR?! n Rnl J]lv{

,|
R? rutlulun1.J 1 nullU?trlJln!{ER?t 1,t

ad t ; -LjtJ nt!!"rni:n'',ytqlU-n?oU rr1rr n I o0l
r!l

n 1: o rr+fiu-or,r r'.fii .u 
1 lnrn :: ;;u r ri

tu't: f'n tT|n ot1,J (Ditution Technique ) tLt

It lfiufiiJ:.tfli'!n?0g.tJlt.tuftl.tfti[tr1{

1q'0 5 : nin: B1i:ft:utn?:! JqlLn

n n l lr iti; ril r rr [$i' r"u ln'u n t s urolor,n r:
^ A ,-lr!ll'1ll?u1f,:n1.i 1nU tf U 4 O. 4.S, 5.0,

-4-j5,r,6.0 tUl.tiu r,!:lt.tl Lnfl)C! rt.,tLRN

ra5

flIllRl n?1!!1111trnlJ.l nunJ 5 1U1n

fi llttufllt0 lo? llltltl unD.t|'ron! n? 091,r n
i r'- 'a1rJunn tu10to0n|J1 [0 lrJ 0lno2oti l.tn?t

fl IR$nrfi o?ll,!fl tJn$nlJ .l nutlu?ut,'l!t,t

0ltn 1t:'ln t ln ltn:? t'Lflt1:u n?0u tJtun'l
Y t ^a ;e

u11011?tn1:ylnotnl?n n,oBn. uniu 1!o1ttR

^ .;re .
nr:?tfll"t!!tYl lflrJlR lU? n1JrInn

3. nltot2af{aUflr ru*riudr or irli
-, .-{ .f I a I,r.l'ru1 f, J[tnn loB,r1tn1?lofl1rEl.t.]1lo lu
v a v,lun0ur 1 u0nntnuuu,t0'tl[!?f n 1:yt1.J

^-i(0n0u.l rn'it?flntltsBufl211lt!:Juu11
t !, a{LtU nlTn:?1u1 n ril::nytr-10 inlltrtl:

- .V
ll't lu ( CV ,? tJ0,Jlf n1:nT?1'1rt:'r!14Uu.l

, -, -4,n0F,{itrtn!nu2nLn'11 n:?l 14 I R1st :lilytf
. '! a10Jnllr!rlJ:U:'luuRo lun1:l'tlftTu011

i'ltnu b Rnt$3 n0

'-. -I3 1 n li ilri:stt ylf'!o.ro2 trrrt,J: :lu
t

lD.J1nnlln:111rRT1tl,l n11nt11!lOUUr:1
.t I I

rr ln0nl:nt?tn8ll$101,11n1n?1t tt t :tu
4.1 Y . ' - , - IrnYillR rlnuufl1u?0ll4lR't flrJu:3n f
l alin?'rr t[lJluf ?r00n 1

,, -a3.2 n Trn?rig0.rft?111r! t :lulu
nr:irn:tdn'rodr.: nrin:?1no!in11{

1 - | A.' 'n'r?lflo!n-nnn fl'tou tnnrnlfi'J1 nu 0!
,.A

lut?Jlruittu Normal range 1,t70 Re,e-
t-

rence range l;j0u111?tfi1 r'lin'l0u l'lu
r E.

nnl.Jul lu?u1l1n 0ft?1 toll l{25n1tflt:1
,! J;{ !

notn llR utnon |'|n ?u']t0.l.lin 1t't tfl:1i1,lyl lo
- ^a

:J',rfl tultlttl10 1nt!1 Ji11510Jf]',t1 U ::J:1!r



l{6

; rlr ^. | /
01'rilt t :?un 11 lR [ou?tn 1Tu tJr fl11ll

i i!
onlgnnin n?1u,uj1ll:2ulun11 ltri1ulJT1

iriu (nountine Condilion Variance, RCV)
a., v , - t

t'rnn1:n!R1f,:J r:(r5110iRlr1l ttu:llllu
-,t

2 n nrol3l,iuur:lrnfl?:11:1u'l1 R1 ocv
V e at i,l{utli0,t nlnln'tiltt otYl^nua1 RCV t\83

01 1nn1 ocv dJn?,)R1 Rcy' gotiltflRl

^ ^x a ' v
? 1l nlllR n1\n In|l1fl:J1.t14) tfl'l oov uu
l'.it'

lUUfl 11r njf,nnA"!

tri 0t:1Y]ln1':Rlu20lYr1"nnnltn'l n1:
;{- ' Y ,t !

1{l110lri 0!n lfti,'|,ln1u11t:1'lu?1 lufl ]un1:
r U a! 'll:11d0un11lJn nn0.luu ll1:J1Tn ltl0l n

rgnliini lo lRUi:.: 1ln 11n:ln68!uu'l n
rl ; - ,;

'nio ll ol r.rl: riqurfrr:iiou iinr:urlnHn
| .;

n'ltn:2llt0!1fl1]x$lllrU lYl0' fiU'15, n1l YllJ
. ,l-r ^-;. rv v | |nn [o!Yt?6'n1:YrrinnnrtfnuuuLlJ

drx r:nJJlDnliir fll1l.tr t rluxuin1fl
^ .v

t,ttnt11!n1:nrll2rR:'Jl!uli'l fll\0 l'l
I r ir! -

rljUO0.:O'?iU lDlln n Lfl :1J n1: finu1 01 1.1

- ev 2
o:lo0n0n1u6.rdlur1J ?!'nrln:'11 )!fl :111,l

I v r,'
TlrRnUn!1J0!tlJUli lfr:lJn 11flf t, -l'll uL u 1.t

.1-^^\ a b -
o \ ,'o'Y,/ x n t rnFln J 1!iLyn:u fl8Yl1:i:]J

lin-,:nrrr 't!: r-.r,iiuer:-l li n"tugnrli
- Er

tunlt iYr 2 s: fl :,r fln -n n ,:lt u lri'j-' 'r' I
, r e Y. ^a$1J11J:1Uy UeNlr-n 1l [U1 trn11tl:',]Xflilj

t erl
llu!rn11 t]ft nn? 1?tn i: llif,ru!1c.rr.l

4. n11r{t1ta -ntRlTulrl11 LR llsl?
- .i

nO?fn1lnl?n)lRl'1":l.lT lil:Rfl tfr6Jn lJ1 It
JlUR'tt l,tr1n1i, n1'J?1111$O1rU0U n? lll

Vol. lt No.3

dratnusg ilRron o?lltnoln1:Ylnu:rtv | ,.{ ' V

u00 lxulJ luu1n lu1nnn 1.J1qor' t lnu u n?1
4 ----

rL ."t5YllJ R?rt n00nunon1:lt.t1u lu110,J

a5. n1':1.11l:$ln lUni: it J1u lu 11-1J

. ;{ t

Llnu n norrl',:ttt10.:n0o?olfiunlJ'l Yl Lo

ev a
n:1tf{0ulln?n,lvllin R11ll|0tltv{fli?lDYl1!

u 1'J1 |{ llUVr) L 1 lflUn?ln1"lJoiR?1ll'1.r1
i a - .4

Lgtn01f, J'ti nlln:?E?ln:1:1.'lllluunn R0

o B JlJ fl'l- :.rn nn0ltln:R'lllJltllull' fl l!l:1i
. - tl. ^ . V

nlxiolDuifi uB? 16n l:n'rlliI'R:1:1'lUU'l

uorJi !:3luiuY|r'lfl lu n1'tt10?t,tlq! 'vl1

Iu18ltR [Ln:n'l11nu ltfluDU!ln lun lt
11t1'rOi1R?1lnnnulllnilltJ liB 1 1J1.tvlO1I

.t ' ^r a .
lIlJtJtU ll115n11Uui I fl?l:Jn nflOiOLtnlI!

lufl1uo?tt tlllu! 1 1r:o Lrll1Ji:Jn ul 'lJ
1- ; j
tlnnt :!na1n!R?110nnonlliYllllull 10lil

r r! 4 rll
iLU,tlnt u 4 Ltllljl'u./ nilt(or L? lu'tuYl 3

/
n1! nlltuUn0.ttn0nt01 e01,1 lo t,u1l l,uJ

t:l,l',t 1tR?1lJn no0l n! R11u tl! l| U1111 R?:
. .. , ,1.

rnontol1tn1ln n1lr tt u u11,ln nll n1T
Y!

n0nt9'rfll1 nnn0i Ylrul'l'{:-:1 11SnTtY'11
!,

fllilJtt uu lfi! elJ 11.J| nYillu'JDlln11 llriS
/ .t

ruBLtllnB,:o 1:n0!,rl In ( co ection
a

Factor ) rl ilu.: rll ll ifltisn-'Jlll?1Y'qn

n"o,ln'ir

Abstract

Techniques oi airaly lical methcds

selectlon f,ld beer d scussed anJ

demonstrated. The appiication ol simple

statistrsal a.aly,:es had elso been demons-



€e pteuber 1978

trated. The se.lcction of analytical

msthods is one ol thc v€ry basic

labofatory quarity control. Thrs problem

. s.hould thus be dealt with grert care.
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!!
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, ! .:
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i rr. ' i . i

t'}{ 0n0ln1? tfl0nn?u lun1Tfints1u{ 01t111
!4. ii . ,aIt Limulus n [Un1:Yll quarity controltJU']U

t3n 0J to: un 1:n:2 ro0l1|nuhnt? lllJt!!t2 "tJ
tlr

n1: [14 .lbumin ttn]n rltn 0101l:Jnt?ffiOu

lnstt- Limutus nr:'[ri atbumin 433 nrnlr|
662 r?n tlraln!?n$nJ 31t 1ln ltrtl$lr|
A,u (45tJ t!, n2rtri tuto,J endotoxin
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N.ukophilic Hyperlsgmontation as An

Indicator of Incipient Folic Acid Doliciency

By B. Tcrcncc rnd S. Ltwrencg

Am. J. Clin. Pathol.63:263, '1977.

Torcncs t!Q! Lawr.ncr ln'tlt rnrrn
tlXllUtt!1r?11 neutrophilic hypersegm.nta-

tion n"tjrll?lnltnln folic scid rnt !'j1
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l 0:lln1g110 tolic acid t:yl1i, .n0
ve

neutrophilic hypersegmentationlU X.t1.l'l
a
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Xl 
" ' V I

hypersegmentation nl! tl4rll l{? 1fll.lll Ull 11

1;!1n lolic acid
.a^aoltnn lt0lfi't$ur1

2Yl. '

Factors Affecling Measuromenl of Total

Alkalinc Phosphalsse Activity in Human

Semm, Espscially Wavelength Accuracy,

J.A. Lott. K. Turncr, ard J, Scotl. Clin.

Chrm' 2.+ : 938-940, 1s78.

iifi lr'fi nrlrjilroriln?1!r,r' s",u.
.lkalinr phosDhltrss n1! Clin. Chem.

2r, 1e88 (1s76) inrrlfiatrnrolii'ru
.v))
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- y-
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absorptivily tro '! 4-nitrophenol fiurlo"rrn
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ttse activitieg.
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