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ABSTRACT.

The marrow transit rime (MTT)
is rhe tirne interval required for
release of 502 of the maximum
radioiron uptake by eryrhroid marrow
into circul:rion. The IvTT value
dependr on rhe speed of erl throid
maruration and/or the early releasc
of intmature red cells from bone
mlrrorv. It has b.,en u.ed as a
parame(er to indi:ated the erl,rhroid
marrow activitv since a prolonged
Mi-T is associared wiih erl,throid
h.vpo:tctivity and shorr IVIfT is found
in conditions with eryrhroid hlpcr_
:rcrivit]. I.l If is derermincd fionl the
red cell utiiization curve. The average
MIT value o13.20-+-0 l2days from
our 5 heakhl r'oung children is compa_
rable to 3 5 dals in normal adulrs.

INTRODUCTTO\r.

The relative importance of the
marrow as compared to other

tissue as a receptor for transferrin-
iron is indicated by rhe rapid
localization of approximarely 80%

of injected 59Fe wirhin rhe bone
marrow (l). As rhe radioiron enters

the marrow,rft is incorporated into
newly form:-l red cells, and a pro-
gressive i.-crease in radioactiviry

appears in the blood as labeled red
cells enrer rhe circulation. The time
rcquired for intramedullary matu-
ration of imrnature red cells is

difficulr to defermine directly. An
approximarion may be reached by
nrea-.uring the time needed for the
relea:e of 502 of the radioactive
iron ulrimatety found in circulating
red cells. This rime, so- called marrow
transit rime (MTT), can be deter-
mined b.v constructing a red cell
ulilization curve then locate rhe

rime at which 50% of maximum

red cell utilization has occurred(2).
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The value ol MT t in normal

children has never been established.

We are reporting the MTT value

obtained from 5 normal healthy

Thai childrcn.

MATERIAL AND MEIHOD,
'fhe format of the studl' was

sirnilar to tho'e describrd by Huff
ei al (3) and Fin;b et al (2) as

de:cribed in detail by KulaPongs et

^l 
(4.5). Briel'ly, approxirnarely 0,2

mCiiKg. body weight of 59Fe as

ferric citrare is incubateC with 2

ml. ol' autologous plrsma 
^t 31'C-

The 59Fe label.d plasma is injected

inrravenously into the subj:ct. Whole

btood radioiron activiry was deter-

mined in all blood samples drawn

at interval during the first 24hours,

twice a day during the next 3 dayi

and rhen daily until the maximal

red cell radioiron activity is reached

(usuall!, l2 to l4 deys). The in
vivo determination of 59Fe activiry

in various organs was carried out

by frequent scanning of 'spleen,

liver, precordiun and sacrum at the

rime of bl.'od drawing. For sacral

counting (bone marrow activity), the

prob€ was centered at the midpoint

bstween lhe spinous process of L5

and a line between the Postelior
superior iliac spines. It was placed

fl rtly against the poslerior surface

of the upper third ol' the sacrum.

vol. I No. 2.

CALCULATION OF MARROW

TRANSIT TI\'{E,
Marrorv transit time (I{TT) is

derived primarily I'ro1r the early

portion ol' the radioiron uLilization

curve. Thc valttes of rvhcle blood

raciioiron activrties on d:ry I throtrgh

4 arc expressed as fractions (7") of
tlte tnexirttr,'rr radroiron utilrza t ion

value at 2 weeks (FIG I') on the

orher hand' these fractrons can be

expres:ed as a percent subtracted

fron 100 and Plotted against time
(FlG. Il.). 'Ihe M f t value is the

rime in:erval required for release ofr

50% oi the maximum radioiron

uiilizarion. In normal adull subjects

rhis value is ubJut 84 hours (3 to
4 dayst (2,6,1) This figure should

be comparcd wirh direct nrarr!)w
(sacral) monitoring,FIG. I.)' One

hundred p;rcent acrivity over the

sacral marrow is taken as nraxlmum

counring during the first 24 hours.

and zero activrty over ihe sacrum

is taken as the counting level rcached
at 14 da) s.

RESULTS,
The values for radioiron utili-

zation during the firsr 4 dals after

radioiron injecrion are shown in

TABLE I.. One hundred Percent red

cell sctivity is the rnaximum activity

in red cell mass at 12 to 14 dals.

The catculated values of bone

marrow activity are shown in TABLE
ll . Thcse values derived lrom rhe

rarjioiron utilization values in percent

subtracted from 100
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RADI.OACTI VI TY IN WHOLE'BLOOD

SACRAL MARROW ACTIVITY

FICI.]RE i :

RAD]OIRON EXCHANGE BETWEEN MARROW AND BLOOD.

Radioiron is injecteil at zero time. One hundred p€rcent
whole blood acri\rity is the value of maximum red cell uti_
lization ( activity in red cell mass at L2 to !/+ days). The
maximum couating over gacrum during the first 2l' hours
i.s taken as 1OO 94 sacral marrow activity and the countrng
level at l2-1[ d.ays is taken as zero activity.

FIGURE II:
CALCULATED MARROW RADIOACTIVITY

These values derived from the red cell utilization value (1)
subtracted from lOO. The arrow indicated the average MTT
v:lue of J,2 days in our children,
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TAtsLE I.; RADIOIRON UIILIZATION VALUES.

Vol. 9 No. 2

24 hrs.

48 hrs.

72 hrs.

96 hrs.

ST.--

20.07

42.77

NK.JJ. uc.

1,62

17.05

43.5 5

68.71

1,50

15.68

41.94

68.73

3.70

19.89

45.5 6

73.21

5.42

24.08

50.03

74.50

TABLE II.: BONE MARROW RADIOIRON ACTMTY.

NK.uc.JJ.ST. x + s.D.

24 hrs.

48 hrs.

72 hrs.

96 hrs,

91.93

79,93

57.23

32 62

42,7 5

56.34

3t .29

s8.50

4432

68.06

31,27

96.30

80.11

54.44

26.79

94.58

75,92

49 97

2 5.50

96,54 : 1.85

80,65 :3.24
55.21 L 3.22

29 49 : 3.14

The individual r alues of lr,t I I
in these children are 3-3, 3.25, 3.2i.
3.20 and 3.0 days respecrivety wirh
the average value of 3.20+ 0,12
days.

COMMENTS.

When 59Fe is injc. ted inrra -
venou:ly in a normal :uhjccr, it is

estimarcd rhat 85% of rhe radioactivity
goes directly (o rhe marrow $hile
15% goes firsr ro iron storage areas
(liver and spleen), to be released

later for red cell production. Approx-
imately 80% of this iron is incorpo-
rared into hemoglobin within one

hour. Ihe sum total o[this movemenr
of iron resuls in the appearance of
75 Io 100% of the injecred 59Fe in

circulating red cell wirhin 2 weeks.

The results of sacral mrrrow scan-

ning indicates that the radio.rctivity
gradually rises over the nrarrow,

reaching a maximum in 6 to 8 hours.

In our children and occa:ionally in

adult subj:crs, the maxirnum bone

marrow uptake is nor reachcd until

24 hours. After rhe maximuar radio-

activily is reached in sacral marrow

it remain there for a period of
approximalelv 2 d.rys' with l)rogre:.sive

diminution of r;dioactivity during
tbe next 5 to 6 days. This is due

to the incorporation of the 59Fe

into the reci cells and rheir release

into circulation.

The rnarrow tran:it tinre (MTT)

is best defined as rhe time interval
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required for relea.e ol' 502 of the
radioiron measureJ irr circLlation ar

I 0 ro l.l day-s (6s;i6nn1 red ccll

utilizrtiolr value). Setring lhe el)d

point at 50% appedrance ol radioifon
mininizes the effecr of reflux, and

b ocking dose of ir..n hare been

sholvn lo cause lirtle cl)ar'ge in rhe

urilizrtioo curve (8,9). l'he lvlTT
depends cn rhe specd o[ eryrhroid

maluration and,/Or the earlv release

ol' immarure red cells llont rhe bone

marrow. A .horL \l I f is lbund in
conditions wirh er! rlrrord hyperac-
tiviry and may be caused by early

reticulocyre telease because of
inadequare bone marrorv capacitv or
by a direct acrion ol erlthropoiertn
on the rate of errrhrord maLurarion
and bone marrow release. A pro-
longed MTT suggesrs erythroid hlpo-
Ictivitv. The average lvlT f vahre of
3.20 a 0. l2 dals from our bealrby
young children rs comparable ro -i.5
dals in the normal adulrs (2,6,7),

SUMMARY,
'fbe nr"rrow transir rime(M I l )

was determioed in 5 hcalthv chil:ren
urilizilg the red c,- ll utililalion cur\.c

and occasionally conl'irmed with rhe

sacra I marrow ruonitoring. The
average MT I value of 3.]0 + 0. l2
days obtained is comparable ro rhose

of normal adulls.

a3
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tion. The sum total of this move-

ment of iron results in the appear

ance of 75 to 901 of the inject€d

radioiron in circulatirg red cells

within 2 weeks' The average

radioiron incorporation or utilization

is approximatelY 807. in 7 to l0
days. The determination of rsdioiron

red cell utilization has been shown

to be a valuable measurement of
t' effective " erylhropoiesis' Alrhough

it is dilficult ro make a quanritative

estimation of red cell Production

from this test alone' it generally can

be relied on to detect reduced red

cell Production in inslances when

the marrow morPhology may oe

misleading.

FERROKINETIC STUDIES IN YOUNG CHILDREN: III.

RE;;;; 
'TILIZATION, 

RED CELL IRON TURNOVER AND

ERYTTIRON TURNOVER STUDY'

By

Panja KutaPongs. M'D''
Tawat Tositarat, B Sc' (Med Tech )'*

Russamee K awvishit, B.Sc' (Med' Tech )"

INTRODUCTION:
It is unforrunate that no single

ferrokinetic procedure can be relied

on to provide unequivocal information

,.gurJing the state of erythropoiesis

in anY given situation' As the

radioiron enters the bone marrow

it is incorporated into newly formeC'

red cells' and a progressive increase

in radioactivity appears in the blood

as labeled red cells enter the circu-

lation. When radioiron is injecred

intravenouslY in a normal subject'

it is estimated that 85% gf the

radioactitity goes directlv to the

mrrrlw while 157' goes first to iron

storage areas (liver and spleen)' to

be released later for red cell produc-

'.:hialc Mai UniversitY'

"Hematology Division, tht A;;i; an'l Malnutrition Re:earch Center' Chiang

I\{ai UniversitY'
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In order to calculale the amount
of iron going to the circulating re{
cells, it is necessary not only to

determine rhe plrsma iron turnover
(PIT) but also rhe distribution of
radioiron bctween red cells and
other tissues at 2 we-ks. A conve-

nienr measure of effecrive red cell
proJuctirn ls thi red cell iron turn-
over. It reccrds only that fraction

of iron utilize in the synthesis of
viable mature red cells. Theoretically,

the red cell iron rulnover rate should
be a more accurare quantilative

mca (.urcmenr ol effecrive erythropoi-
esij (lran rhe PII'rate. A calculation
of rcd cell iron turoover rate
(RCl lR) or er) throcyte ir,rn turnover
(Ll I ) was also devrsed oy Huff et

al. ( l) Here, rhe plrsma iron

rurnover (Plft was divided into a
red cell porrion (eryihron turnover)

and non-red ceil porlion (non-eryth-
ron rurnover) according to the
anroul)t of radioiron Present in the

red cell ma.s ar l0 ro 14 days. It
is pos.ible to aisess the erythron

turnover by-. subtract from the PIT'

lhe non-erythron turnover whlch

can be corrputed fror.n the Plasma
iron level, p asmatocrit' and a

con:tant (000j5) (2-3). The erYth-

ron turnover value has been claimed

Vol. 9 No. 2

ro be a highly quantitative measure -
mer,t of the nurntcr of nucleated

red cells in the marrow and their

hemoglobin synthesizing capacitv (3)

We are presenting our tesults.

of rhe detail studv of the red cell

utilizarion, rcd cell iron turnover

and erythron turnover in heal hy

Thai children in Chiang Mai area.

MATERI,{L AND METHOD,

The format of the study was

similar (o rhos: described by Huff
et at.(l) anl Finch er n1 (2) a5

reporred in detail by Kulapongs et

n1.(4'51 plug healthy young children,

1.5 ro 4 years of age, ryere studied.

CALCULATIONS.

C.P., a 4 year old Thai girt

$,eighed 8.74 Kg with a henroglobin

level of I 2.5 gm/ 100 ml, hemato-

crit 38I plasma iron level of l2l
mcg/ t00 ml with TIBC 330 nrcg/

100 ml. and the plasma iron turn-
over PIT value of 0.98 mg/100

ml whole blood/day, 5'91 nrg/day

or 0.676 mC/KCiday is used as an

examPle.

BLOOD VOLUME.AND
Blood volume '

RED CELL MASS.

Plasma volume x 100

100 - corrected Hct
= 402 x 100

100-(38x0.96x0'91)
= 602 ml.
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Red cerr '*' 
== ilTo_"j:" j;,f'Ti l?T1,, ,"u**

II, TOTAL RED CELL IRON.
Totat red ce[ iron = Blood volume (ml) x Hb(gm/ | 00ml) x 3.4

= 602 x-12.5 x 3.4 
loo 

i

100

- 255.85 mg toral ot 29.27 mg/Kg.
Here, 3.4 is the amount of iron (mg) in I gm. of hemoglobin.

III. RED CELL UITL]ZATION.

..*"=.i.:

67

(RBCU)

The rcd cell utilization of
radioiron expressed as a p3rcenr of
the injecred activiry is simpty
oalculated by cornparing lhe highest
blood activiry (between l0- I4 63y51

with rhe zero time activity. This
calculation is dependent on the

accurate determinarion of the

blood activiry constanr blood volume

and rhe adcpred value of the mean
body he:natocrit (0.91).

RBCU - 14 dlys_ activjty/mt blood x Blood volume x I00
Totat injecred acrivity

- 2,31lr 602 x 100 = 78,70 l.
t.ia-,s8d

IV. RED CELL IRON TURNOVER RATE (RCITR) OF ERYTHROCYTE
IRON TURNOVER (EIf)

Red cell iron rurnover indicates fraction of iron utitized by brne marrow
€rythroid cells for hemogl.rbin synrhesis.

RCIIR = PIT x maximat red cetl utilizarion
= t'32 x 7!!

100

- I.039 mgl100 ml btood/day.
or RCITR - 7,96 x "18.'t0

t00
- 6.265 mclday

or - O.7l7 mc/Kelday.
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V. PERCENT RBC IRON RENEWED PER DAY.

The amount of iron urilized by booe marrow erytbroid cells for hemogtobin

synthesis can be expressed as fraction of total rc'd call iron as follow:

RBC lron renewed = RCITR (mSldqy) x I00
Total RBC iron (mg)

= _6.?"61_f__l!9 - 2.4s 'L per day.
2 55.8 5

a9

subtracting the non -erythron

= 1.32 - 0.283
= 1.037 mg iron/100 mt. Blood/daY.

RESULTS.

Results ol rhe study in 5 healrhy children is tabulated in lable L

VI. ERYTHRON
The erythron

turnover from the

ET

COMN,{ENTS.

The utilization curve portrays

the appearance of radioiron in the

circulating red cell nrass. In normal

adult subjecrs (l'7) and our normal

children, about 80% of injJctcd iron

is fourd in the circul:ting blood at

l4 d rys. Uslrallv there is a delay
of approxirnatcly 1.7 days and then

an er,porcn:i.rl relcasc of radroiron

lrorn the rnirrrow \iih a T ]- of
ab.'ut l-8 dals, S,nce ihe rrdioiron
is fixed wrthin a few hours within
the eryrhroid marrow as hemoglobin,

thc l:g pha:e represenls rhe rime

required for labeled cells to marure

and released into the circulation.

TURNOVER.
turnover value is calculated by

plasma iron {urnover.

= PIT - plasma iron (ncg/ml)

f tzt x (too-::.ts) \
= l.ZJ-l r ^^ I

\ IUU

x Piasmacrit x 0.0035

x 0.0035

Because the normal red cell utiliza-
tion of radioaciive iron ma1, be as

high as 90%' a funher increase has

lirtle significance. A decrease utiliza-
tion, however, is an important
finding and suggesrs that mature
red cell are de:trored shortlv afrer
their release from th; bcne marrow
(hemoivsis), thar immature red cells
are destroyed in rhe bone n:arrow
before their relea-re to the circulalion
tinel'fecti!e erythropoiesis), or that
scrum iron, because of slo\.v bone
marrow uptake, is diverted to non-
erl thropoietic (i:sues (bone marrow
hypoplasia). Se|ere peripheral

hemolysis can be recognized from
lhe shape of RBCU curve which
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displays an early rise (shortened

mar ow transit timc ), an early

maximum utilization, and a subse-

quenr fall-olf (Flc.lll). Ineffective
er)thropoiesis is characterized by a

sh.rrtened radioactive iron disappea-

ranae rate and bone marrow
hypopl.rsia bv a pro'orged radioacrive
iron disappearan.:e rate. Lr inelfective
erythrop"irsr' mosr of th-' radioactive

is never seen in th: crrculating red

celr mass. One of the most drrect

way to exlmine the meaning of the

uLilrzaLion curve is to det;nninc the

upiJke distribdtion of radia rion

amo.rg the erythrord cells of the

boue nrarrow and to derive liom
olher p rra mller of eryihropJiesis the

tinre required for th,'se lrbsled cells

to appedr in the circulating blood.

Calculatioo of er! lhroc! te iron

turnover (El f) or red cell iron

turnover ratc (RCIIR) is the product

of plasma iron turnover (Pl f) x

red cell utilization (RBCU) and is'

rh.reibre. inf tu:n:el bY th: mirnne r

of cal:ulatiot of eJch. Io addrtio:t

to the correction factor for trapped

plasma volume, another fixed cor-

rection factor for the m:an bodY

hematocrit is involved' The former

is invalid in Patients with hYPo-

c,rromic and/or abnormat shaPs red

ccll, while the latter correction

factor can not be used in sPlenome-

\/o!. I No, 2

galy. In any patient whose mean

body hematocrit may be alrered,

such as in splenomegaly, it is

necessary ro determine red cell

mass separately rvith the5 lCr-tagged

red cell technique. In "ineffective"
erl,rhroporesis and in "hemolytic
anemias" the RCIfR value under-

estimares effecrive e,ythropoiesis(3)'

ln the'e conditions red cell uriliza-
tion is depri'ssed ior 2 different

reasons: (l) in hernolytic anemias

the coniinuJuj (urnov!'r Of radioiron

thr. ugh the ery thron- reticuioendo -
thelial circuit resulls in a uniform

sirecrfic acrivity of its iron and

urilizaricn will be deprcssed propor'

tionare to the radioiron held in the

erythroid marrow and RE cells'

and(2) in "ineffcc ive" erythropoiesis'

the utilizalion curve has not Yet

reached an equilibration state at

2 weeks' since most of the radioiron

is slill c-\cling betrvcen erythroid

marrow and RE ce lls. While the

RCITR value can not b: corrsidered

to have quantitativc rneaning in

patient5 with hemoll tic anemia or

ineffective erythropoiesis, it can be

used as a rough indication of the

efficiency ol' erYthroPoiesis.

A convenient and more Precise

index of eflective red cell production

is the erythron iron turnover since
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it records only rhat fraction of iron
ulilized in rhe synrhesis of viabte
marure red cells. Theoreticaily borh
the RCITR and eryrhron iron
lurnovcr rate should be rhe more
accutate quantitative measurements
of eflective erythrol;oie:is lhan the
PII rare. But these rests are also
dependent uoon rhe measurenrenr of
plasma di.appearance rare and plT
and he,rce are limited by the errors
inhcrent in tltose determinati( ns. Ar
any rate, thJ erythron turnovcr
ralue has been founl ro bea highly.
quanlllaliv!' mca surenleitt of the
numb-r oi nu:leated red c:,lls in the
n'rarrory and thcir hemoglobin sl nthe_
sizing ca pacity(3 )

Results of our study indicated
the higher iron turnover rare rn

_voung clri drcn than adtrlt subjects,

confirmed rl')e results obtained frcm
the plasma radioiron turnover :tudr..

SUMMARY.

Dr'railed study of the kineric
of the iDjecled . radioactive iron
(,59pg; in 15r body is carried
out in 5 healrhy young children.
The results of red cell utitization
study indicated rhat 83.29 ! 9.37%
of injecred radioiron is raken up b,v

9I

rhe hernopoietic and storage tissues
and. larer iocorporated inro rbe
hemoglobin of circul.rting red cetl

mass. Theorer icrlly the effecriveness

of bonemarrow erythropoiesis can be

more accurarely esrimared by the
dererminar on of red cell iron

turnJver ratc (RCIIR) or er\ lhrocvre
iron rurnover (ElT.) From thc pre-
sent studv it u,as fcund that the

average ITCITR in our children is

I .l I + 0.30 mgl I 00 ml rvhole btocd/
24 hour or 0 825 + 0.2ji melKg
bodv rvcight/24 hour which stighrly
higher rhan rho.e of lhe adulr

subject. The more imporrant parame-
ter iS the er)thron turnover rate
which has been fcund lo be a

highly qu:r nrita r ive nreasurement of
the nunlber of enthroid precursor
and their hemogl, bin synrhcsizing

capaciiy. The eryrhron turnover
rare in our chiidren is 1.001 + 0.207
mg/100 mt. whote btood/24 hour
which is also hrghrr rhan thj adult
value. Resulis ol the srudy indicated
thrt in normal .iruarion iron turnover
is highel in 1,oung children and rhar
those observed in diseased children
should be compared wirh these
values rarher than rhe adult's
values in literature.
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eY -
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( RCITR ) ulo Erythrocyte lron
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,i.J!
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I lr' j
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Turnovel Rate nil\lj? t1J U 1l: lJ 'tl'lll ff T !J l5 n

r-otdlo':.iluru Erythroid Precursor

R?1Ifi1lJ'llO?l tlf,itfl1':!'l Hemoglobin

ditJ t 101 Erythron Turnover Rate

Y Y.
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1.001 : 0.207

tn
;
YI

t t Jl
mgl I 00 ml Whole blood/ 24 t? lll.t "! J

., | , .ir! ,r
nfi,Jn?lR 1Yl Intln l14tuflllj

.i" o e ^- ?/ . I

nnlotrnnl:fln81'tnufltt$ lJf'lu.

ilraifiu'j rlunrr:rini tron Turnover lu
tltnttroli'tn?lfl lllu o'1l.t l:nnl nu1
i rle - - I l. . t a

nsl !nflnB1rn!?nuH 0nu Luton :J?lJ tvl0
.. r !.yttllfrq1.ttlJ ttul lljtylUUn:JR't [fln !nn ln

| .a e ' 
i{tl tt
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nrriQnl:firlul TPNH lnRlutl..D 11' tu
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0n oxidize Inl nydrogen peroxid€ uontt
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lOJiyloLRg?t dye Elution method yt:J?"1

. ,,.\ . 4i rz.s/(5) l',ri tszs sanpitak et at lfi
ll"ll11 G-6-PDdeficiency tllnlRtUUO

1oilYlu 1,107 :rg lrlJLl G-6-pD deticiency

117 :1U (10.6 U / ?]Uls{Ulio0tlu?urJ yl

lrrrirrnrion ros :rs ?iui G-6-pD

deliciency 0i 26 :'10 (15.8/)(6'X

R? llJln .toj1l0J G-6-PD !i[n1?3
tlnUnnrnlgnOR [RY|1,]O:: 1{11q $ng gene
' r, '

Ylo?l]Rl G-6-PD U0|:JU X-chromosome
E q u ).

*l1lU lrltl tlU$,ll X-chromosome !}It !
an. ^ . ^^ ! ,ollllsl tlJOxR?1:Jt{n nqrtnOiu (tremizygote)



9A

.\t3ll nllll$0{00n09 1{ln n (fully exprossod,,

tllu [uR 14ru,t o{:J X-chromosome nunn
v a . r..{ 2 nl (homozygote, ltInl:|'|6flJ00n
. .a 

^og1,t'.n ytn4!0u !u t1u 1,1:0 01! $!lnJ 00n
i ' r 1.

llJuU't,ltl?u (partialexpressedj tI0
^ -- l

fl?1!tlR!JnninRtUnU X-chromosomo ltiluf

O'ltnU2 (heterozygote).

l10,:10.t G-6-PD deicency lntnU
4.($ l1?llltuUi trUn lun l:yl1 [ur,]n n11! n2

tun0.! (iaundice) lurn nn i00 tltx14:0lrJ

tyl:1311,1 neonatal jaundice llnl G-6-PD

deficiency 1{U?l qUnnlti,t!lltlBl,l 1 nU
! 4 /,\ ' t . I
l,UU 1969 Phornphatkult ',, flUl l lutnn lYlEl

nl, G-6-PD deficiency 25 OU ll Severe

iaundice i 6 nu (64,t) oritlrrinrlnrr
a

o:11 G-6-PD lurflnn2lUnoindn :! !fltu
,l a . r r-l nl:?utqu [un9]n d1[ noutJYlll rnfi

n]:n181gt!ntdott,ni

n1:fl fl81fl: JU u0ntlnt30t?t

c-o-pD lur6nn"ru,r6olulirnlfisun':1fi n

unn$n'lu J tn [u:u tng! nnltn:?r[nri2t
Screening tt:!41!|n3 Electrophoresis. t,toi enzyme n?Uo?g

?qautcfino
t 

i.
l Afln!'ln2l G-6-PD deticiency

'1 .
011 LlJu fi1 lun I u n1 t ?11 1U rnn n2 tun0J
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i . r 'tBJ lUnlnl:n:l11't1 G-6 PD lutn:fln0R Ll,itl tB.l\ .-- -.='->-.v ,,. .. , F-
I [aIr{u r:Jrn!n:!tt',r !u h!0!!',rn1:t?u h.l

nllflnb1nnfillunn0l Severe Jaundice 11
Itq1llI(t?UlnUltr0n0UnUn1ltlO enzvme

G-6-PD lt1,J1't: O l:J.

?on|l6g2tn1t

tn00yr Itrtl3tlnronnnoR tl,[J o10 !!
V. ^tnu 20 ?u 1l' nnunnttn3fl?tunDJ|ln3

SDecimen Dn!?U1,||1lJlnUt]n(1gd!n0t0J

tRnflRoR ll,tx lls? nl flu 1J1:?n ?l tRn nR

nrr:n-rruio,rraioLinrulu t o r-u nl:
4oa

tnuno0 tt EDTA rlt rl|l tt:l |lri0n,t$ Jul

l rirnr:n:t G.6-PD lnu z ii6o
Methylene blus reduction test lln:

G-6-PD electrophoresis

l. Methylene blue redrction
tesl

REAGENTS- Sodium Nitrite- Glucose

solution in 1.25 gm loi NaNO2 n!n10

lu 6,/ Glucose 1oo mt.

-Methyleno blue solution
oc?
!,1 0.015 gm Methylene blue lirU't

100 ml.

2!'Yl'l 1O tube 3 lube

tube tt:n1n'rion

Solution 10 ul.(Severe laundice) lurinncronlr,ril

200 ul NaNO2



2. G.6-PD Electrophoresie
t4

u rtn o Rnturarj lUrril hemotysate rfio
tlt2! G-6-pD I0! Electrophoresrs

?t'?l'l Hemolysate

ttlnoo:Jr! 1!u s0o u t r.ir ! rn"r,lnigns Sv.t+ n:lrlorRnt.rnnyriooonttn"rli capittary
LIpipetre 0nt0rtnBfl vroddrurirlIr1ni1u trte

t'[u! ( r. o-o l:jrro rnr udrl rro" rfior]sln-u
trJ t14,J wBc rJ u b rn:ruorcy;rlu"arnfi oo n r r
hjuuuauu,rrrcl.; wBc ri; Enzyme

t."\tr'o-F,u,, ltnUU tl ireeze and thaw

nltn RlJlnn$l0,l tube

nsunnu
i.t

nl[U"l ]n ( llOU tube

Complete deticiency

{d
n1$lt0Jll,lljolr tube 3 tUU
.a / y an1t!u ttn.Ju'lfl1!i tu1r

.t -ldeficiency nn:U1rUlrniu

'?Methemoglobin (u tfltn)

Hemoglobin (uo.:)

99

luul
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tube 2 tll!Bu tube tttntl0lnt

Methylene blue 10 ul.

tube 3 lflt8Do 2oo ut ou1,J!'lu,)
.u,ti'l tube .t 3 lJ't mix ttR,)

incubate 37C r-tru 3 t"?l ,J rion:rL
o7 / v ,/

'?l 1!tJ,l1l 3 mix tn 0n0 n RI nUU,Jtt8?n lnlg
.?+a

50 ul n,t luUlt.nu 5 mt nJ g tube

Glucose
v

Glucose- 6- phosphate

I rpN
G-6-PD lVl+

ITPNH
v

6-phosphogluconotactone

Leukomethylsne blue

t
Irv

Methylone blue

1 t':Jll

Normal

partial,

i at. a . r ,{ ;
tlt0 t1,!rrn[R0Rtln iflnu1 tuuufr 2000 g

AY
ulg 6 U'lYl flRU1 hemolysate ntJUUt't

run Electrophoresis li Cellulose acetate

gel etectrophoresi" logiilo.t Ratazzi (s)

REAGENT. BRIDGE BUFFER IniUTlouzso

ml ot O.O7E M citric acid At6 niJ tooo

ml of o.7s M Tris HCt (o.oO+ U eOtn

t?!n-?! ) rjrlrrj:":t pn lfilfi z.s

nlTl6lttJlJllH Ce utose acetate gel

dttrriu Ce[ogel tBi Chemetron-

Mitano 9,Lltou lu 50,t Methanol oonll]



loo

t:Jn:!R18nt0,llli Cellogel lU btidge

bulfer ?!1101 r t.l. Iolt fit|u outter
U A tw

og t,ru0g 2 flrJ rllD Lx$l{ 11?11!r Metha-
- t-. a

nol tunoou! nJnlnuguonfl:Jlla :J1n

Itnl?llllNu Cellogel n.tU Ul,l !l J'l1,0llO 't
) .te L tt

rnl0.l tll fi 1ul,t u 1u n u o! n 1Ju u n111,!t:011

iou cetloset r;firnoi rlniixufou 2

,r i I qt.t
llilNoll tu btidge bu{ler T,llflt2lu

electrophoretic chamber il:-ulri",rriu

't t t t"n::ttttCellogel OU I nnllll'i0tll:J1l tn0
..rl I

lYlnltllUll{lR 4 mA nO Cellogel 1 llr'lu
4dlulltlnl 't0 urYt.

fl11 lfl Sample t[OgYl1 Eleclrophoresis

n-nrrnr.l:"lrf, nr uni in n::unlvlfir

ld hemotysate tJ:;lrrlt o.t ul n.tuurraiu

Celiogl 1 lrtlulfl Sample tR I Sample

:Jn'oa1i cettoset ong-r.:16onlirlrllrnt
' |,4 ,r u1l1 rrr.ln o0n::[nh{ rh1 1u1$1R

4e4 mA n0 I llilU llJul?n'l 90 U'lYl

Yr9 Unl14O{

o-o-p€i

G.6.PDi

6-Phosphogluconolactone<-i

nl:gaufi !1'r00l|nriior G-6-PD

a A. ..e
$Yt ltgal| tsnouolg

clucose-6-phosphat" (o-o-P) ( zs

ms/rt) o.ts rt

NADP (to ms/mt) o.ot mt

IV1TT tetrazolium (z mg/mt) o,zS mt

Phenozine methosutlate (PVS)

(z mg,/mr) o.z s mt

Cobalt chloride (o.s r',1/t-) o. t o rt

Trrs-HCl buller (t mote/l) pH

8.6,0.004 r' /r eotl t.zs mt

t!iir!,ruil:rsa-o cetloget 16 e

rusiu nr:rniulinr:inialvr-ufirisutl"o!

r,rn-.rr1nto;utrn;rtririlnn r:rrnll|lfrr n-n

Cellogel o0n11nL!tlJ?1in'iro"'lu!unilu;

u"olfi rnigrlliil::il101 5 irrfi t"lrorri'ru
'X'tnu00n u11 lfln1{qsYltunlu buller

lrslo!fi 37'c :!!1 s urfi r:riuunu

fitirriuro, c-6-PD 1un:dff activity 6i
-.. -rt

0llt14UlOYlU11 !nlrlg lnlllnofit:l uo Ju

l,

:

Hi

(otr")

light

UV light

nll|nonr:Brnntrn!YlrT Drt|tll

tf dR.!nln11I enzyme-G-6-PD

Vol, I No.

gNADP

!

]>NADPH

,iFormazan

I PMS
I

rtMTT

t).4
uO nl1n 110 O lll'y{ 0 Otl:10 i lormazan Yl

- I ,i^ I r!,
lnnnurrBlu't lno NADPH Yllnnlu tnti?u

UV

n!
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! I .i0a n] tun110t?t c-6-PD 1o01tr

- X-rt.
electrophoresis UdJlnln! Specimen

0n! 1.1t1U1'lnrn 0RtltJntll bilirubin i0l.'.u,-.
nn Nursery tn BfiUll'l: l1nfl Utll l!OntRn

InItU heparinize Capiltary tube u't1tl

S l,tllJ Utn0nltn:7l1 hemolysate LulllutU?

ntnlJYrnn1? 1[n?.

HO
YX.. .

lqn ]lflnu]fli,ruyn lutnn 220 Rx it

ylg 108 Ru Ht 0l,r 112 flulru?Ti G-6-PD

deticiency [Ull Complete 44 nu u;0

2ol (ar uQJr 1? Ru r.{ t-tJ 2? olr) trn!

rluu Partial deliciency 29 Ru ;o 13.

1el (l-{ru 6 Ru iiuqri 23 ou) t1o
;

slla?Jn In$noi tl Lu fll: lJYr t.
a a )a
lulnnnt c-6-pD deficiency (partial

\.lln: complete,r T3 RU LlJU Severe Jaundice
.4

11 flu (15.061J lurf,n normal 147 flurlju

severe jaundice 16 au (10.88/) tln
n1:l,:yl 2 t1,83 3 lfltlfinnnlTtUl0UlytUU

108

112

220

27

17

44

iv
611t1{Yl 1 rrflfli G-6.PD !ur0nrn:?1n,tu n

31U?U nn

n:21

lol

. ;.
rJn10.r G-6-PD t urflnrJnn ltnJrflnr

Severe Jaundice

, . ;.
!1r n1:o:21tRnn1|

Severe Jaundice 27 flu l{lj complete

deficiency 5 nu (18.51/) partial defi-

clency 6 nU \22.221 ) lnnLnn 138 RU

vlU Complete deficiency 26 au (18.84l)

Ltnl partial deficiency 16 nl,l (11.59,/)

1rnnl:d1i!1 indirect bilirubin n0J
. .i!

t0nnfl1lltn0,tlJ']1.11fl1 mean tlng standard
/ \ r !w I .

Deviation (S D/ Infiiu lf,n normal ,i t'ltl

mean r 13.05 SD = 4.55 Complete deli-

ciency l.l tllj mean - 13.70 SD = 3.72

oartial deliciencv tr Voli mean.14.17

SD = 1,65 normal ,r' dl mean . t 2.75

SD . 4,73 Cornplete deticien"y lr"rltri,r

pe3n = 12.23 SD = 2.46 partial defici-

encv &l vlol 't mean = 15.43 SD - 3.42
a ,\(ulr?lllju mgl,,

.)
11nn11fi ntJTlnJlnU enzyme G-6-PD

!flllt Electrophoresis qlUlU 738 119

,,i
!11nfl?1rljU[Uui1 5:1Urrn!u? I :]U

Partial deficiency

25

15.17

20

20.53

13.18
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l1{ll

'---.-
fl t1u

t'l11 0l,J
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ol:lrfi 2 tt(nrc-6-PD1 r; n fii hyperbilirubinemia (indire ct bilitubin) lnn'jl lsmgt

Complete deficiency Partial deliciency

/

14

13

27

35.71

0

18 5'l

I

01?1{71 3 ircnl o-o-PD lurinffi uitiruoin rinff

11U1U n'rn1?i
Partial delic!ency

rl,tfi
fl !,1

X^.
? 01ttll i.ld

lunllul enrym" G-o-PD lu cord

blood '!iytia'tlll newrrrn 11,1?)t 22C
qv

ntr{ llJrj'nflij 103 ntl lt3:rrVIQ.JJ 112 nu

.1{:J111 G-6-PD deliciency rLUU Complete
qt)

ltr 44 fru u:0 20u leiiiJ,rnll:! J 1? Ru

(rs.tz /) rtn:il,ra zz nu (zsl) ril;
l!!u partial deficiency 23 nu ui0 13.18/;
ltltlfltjruuhflg 6 ftu (1rxlJ 23 flu ?]s vl Lt

r:t;u'j1 c'6'pD deficiency lurinrfro

i,?u lu1,t'diRttuJll4to0u$.tJ6n 14i0e'rl

1,1l |fl11 0UOn1110,t G-6-PD deficiency
- t v ; I r.
IJ IU? LUlJTlnl$.ltlU l1l1'l! l fr lO 0lJ !l /l1fl1l

" .. 1
Tnn0JltiH l lln blood donor ltljlli0J

16

5.7 1

17.64

11.59

a
15 8[ $n n]:n:?1 iqlnnflnon l :lR:l?lt

r:ifi rfi,r 20l fl21tJljn i0.rlJD,r c'6-PD
;

l!Un.l?liliUnoYll,in::1"'|luf lnil gene Yl

!,
o?llRlJ G-6'PD u aU lJu X'chlomosome

Y'. - a a
fl:uu Ittlrli]t JIJ x-chromosome lvlil.lo'l
a ). a | ^a,! /. \

[nU1 ItJ 0 \r RlllJtlflUrnt']fl 1 u \he mizygote.,/

13!n',r:tLdoi00n0l1,Jtnl11 llnl::rnnfl'l
t!

fl:.il.li'{lJ pattial deficiency tulfln nl!l
4 , . d v ' b.

6 RU 01lt',iUtll:',llll lUlflnrixlut nl1r

n]'l;Un lO,)1;i$nI young red cell :J1n
vz )

11,tuLuA.l11n ll.l young red celll:;J enzyme
i..a

G.6-PD $Jn'l"llu red cell 'nllrt'111 LUL

1964 sansoone et at(91 injrirnr:.,at

G-6-PD enzyme l0 ?t Methylene blue

trltl

itv0l.t

70

138

Complete deficiency

12 | 17.64

26 | 18.84
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reduction test ltn32t, Cyanmethemoglobin

elution test rur r1u male G-6-PD rfiu

It!! partial deticiency tXlt,tIn'tO activity

U:1n011r enzyme llju 2Ol loJ normal
) a td

lr EltrlnnU'nB lUhU?'l luR!1Uy{?nu:J young
-4

red cell fl,t14:OO1ltLu!h11: G-6,-FD lJoJ

tlltfin mutation lu motecute rirlfilrl
filLr$gactivity L!iJB0n:J'tlUTUlOJ partial

de f icien cy.

!^-
s-1nl'l:n:?1111 2 ts tJ.:tngrrlurun

cttbd
fr u r ui''10 in rit elitiulnnlriiuf,rJ 1u rir

Uo,lltrUlnU nnliR0 blood sample rlj
Y).

activity ftJu'^ll.0 1lJln:?iR'tA etectro-

phoresis tln?U 0tdnltxUill:J i,,,.{ ytu ||,Bg

l,:0Jrint90:J1n fi?uluftu nt?ll^lr| G-6,pD

deficiency lrnii vethylene blue reduc-

tion test tili:rngr' +nlrio.:un rlini..r
I YX u.vlB:ri'rfifl.1$1J .i ti0n,.nJ lt .sdf,!1,1

specimen n11t!llU Btnnfl,tn !tut't JJufrin!
Y ! !,

uv liqht "^'- kiri ,nr:ro.r.t,,1o.]i

eleclrophoresis l14 tLfl solution I It
a-olfinlr r'rrr !!n: pMS aonrfiollli

a " 'v! ^develop i Lll1nA: r.uUl i dJ,! n J loyt J; dtrU 1U

;- I t A !
10r r NADPH nrnniuuurru-or i,r:r'r1,i

vrlolulr:tl6ru vfl lil Formazan

!,tnft l? ill]^?r partial deticiency

n1:Et:11?t1l e-o-po iir"n:rnr:i.r
Y o" 'n1 $R:!:2 ilJ n:1U1.1U g.tl,l,ltl:J1:n0f!1fl

ros

l: a . ' , {
tRlll.r! R? 1i.'tuq variant ir!OU1J itl,t:D

t-j-.-.t ! : . ! 
'r t!.llJllluun0i lnltnnllfiUnlln0 l n.'n -

n ljnoU 1J01.{ 0n

-x
f,:il?rdIt

.y
1., 11nnltnt1ltflnni14 R 220 t'lu

1'{11 G-6-PD Complete deficiency 44 71?J

-.1Ini partial deliciency 29 tlg flnlU[ 20

$ni 13 lu0t I'unnltn 101J.

a )d )
2. lOnnrrll?l Severe Jaundice l!D

L! tuljtvrutin!tftnun?t l"tu'j ril 0nl1n1t 1'lR

enzyme G-6 PD ?t l-"(,lfl'rsr1,tn'Blull1tflnfl

nnlln0tl,n Severe Jaundice 27 flu :J

nr?r!ny{io,r10r G-6 PD 40,74/ lulnrr
i c , -.
Yltflnlnnl1u?u 138 RU 1',1|? ttl n11l!nfl:0J

n ,t 30.43 t

.A
3. tfi'r111'tfltl:0 !l1lfl

u _o - Tt-,, 9t,N lJ LBnlf,tllll

enzyme

Severe

Jaundice Ltl lNnl.:0Utflt1l{ i0n G-6-PD

dificiency 73 Ru i Severe Jdundice 15.60,/
d l.

'!!3:ltlnlt:J enzyne nnn lll.nn Severe
o ! I- -

JaLndice ilJ 10.68,t !fln 2 nrtunrnfl

n1'13 Sevore Jaundice nU:1n01lLrfl'l iI

lUtr:iryIt .i n ut rnn rtulfl ltnnu!0lti0u

indirect bilirubin.
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ABSTRACT :

Capillary blood ol the newborn

infanls as well as cord blood speci-

mens in Chiang Mai Hospital were

used lor the evalualion of the inci-

dence of G-6-PD deliciency and the

babies were observed lor the presence

of iaundice within the lirst ten days

of life, Both Methylene blue reducticn

test and Electrophoresis using for the

detection of G-6-PD giving the com-

parable results. Among 220 male and

lemale newborns, a+ cases(20f) revealed

complete deliciency and 29 of them

(t g,/) *er" partial deliciency.

ln 73 neonates with G-6-PD

deficiency, only I I neonates developing

severe jaundice while 15 out of la3

normal G-6-PD neonates developed.

This drfterence was lound to have

slatisticaliy no signiticance. The newborns

both with severe jaundice (indirect

bilirubin more than | 5 mg/) and normal

seem to have the same rate of G-6-PD

deticiency. Among the babies thoss

developed .iaundice have no dillerence

in average indirect bilirubln level whether

they are enzyrne. deliciency, partial

Vol. 9 No 2

deficiency, ot normal in both male and

temale.

According to these results we

can not conclude that G-6-PD delici-'

ency is the mosl important cause of

severe jaundice in neonates in Chiang

[,,1ai Hospital,

got:0r:

^ 
:1U ,:1U lfl ?11n 1t Yr ft R 0 i nt 11 G-6.PD

hlr6nrr':nrin ltRrlln cord blood lu
. i + 4e-i

h,rv{01u1nuo:$ tJJ lr:J [0! l{ )D Mehty-

lene blue reduction test tln! Electropho-

resis !}lotlt lulvlu n! nllnnn11!n1

|.rnoJrRnls lu 1o ?uun{fln00 llnn11

n:llm't Llfl 220 :1U llllj complete deli-

ciency 44 t1 !Ln: partial deficiency 6n

. I t ..r
29 :lU 1tl1411rfln rnl:1110'l!l0l G'6-PD

l^
73 t'tuUlnR sevete iaundice (:SfitliOJ

Indirect bilirubin rnn'j1 15 mg,/) l1
). -tlu (15.06tJ lxt0lSmlnnunn 147 111

tt!:ttfiR severe jaundice 16 :rB(10.88,t)
. . , V;^

tnnflRo0 Ll,llnnn!nolln! illno severe Jaun-

dice 1{!11xruo1rtrun10ln1:vl:0J G-6-PD

!Y|1lnu nO rflnn?lun0J ltu complete deii-

ciency 18.5/ tfnl partial deliciency 22.22/

llnlLfln nolmal ylu complete de{iciency
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18.54/ partial deticiency t1.59/ x!.tfil

tAnUlttl'!t0J indirect bilirubin Ylm ln
. . .i^
lutinnrfrn Jaundice i 1lr unnrir r ri'u lu

' li, r ri
:!14?'1.114':nYlUnOlln3rll0 enzyme G-6-PD
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CURVE
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Bilistrate (Total)
Bilistrate (Direct)

BUNStrate
Dy-Amyl-L

Glucoitrate

Lac-D:hvsrrate
Phospha.trate

Alkaline
Phosphasrrare
Trans Ac.
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0.01 3rn

-Bilirubin 7 min
7 min

m tn.
m in.

min.

-A

TIME

Linear to
l5mg%
linear

linear to2 0 nrg7.

Sanre curve as

T- Bilirubin
linear
linear

Bilirubin

N 0.01
lase 0.2 ml

o.o2
lasma0 02

DH
rk. Serum 0.1

o.2

M3.7-7 6 mgl
F 2.9-6.8 mg%
M3.5-4 7 gmZ
F 3 8-4.9 gmX

0 1.5 mg%
0-0.5 mg1

l0-20 mgz
30.-170 su.
(Somogyi Unit)
60- l l0 mgZ

24-18 r.U.
Adult =
9-3s I U.
40. 90 I.U.
0-2 0 r.u.
9-36 IU.

o2
0.2

ml
ml

Phos.

linear

linear
linear

(lnfant =
linear
Smoorh Curve

35
5

Nure: I.U. = lnternatianl I Unit. (Micromole of Subsrrare/litre of rerum/minute)

QUALtTY coNRoL lur,r"orrJg'u?nr:nngfio
;f Crinical Chemistr"v f Coagutation Test f Urinatysis (Urine Control)

fr Blood Gas Control
A ct q AA A r,

11,{0tu udnu:gnu lunltyllil l,ltrJ :3d 11!'R1}ttultYttt0n 0 to

PREGNANCY TEST (QUICK TEST)
Sensirive 'ln[v{r]lflu Direo Merhcd n:rl1fi,ni Serum Ltsr Uline lli False

Posirive ryl:r:i Negative Control (lo.r g1;ng) \in"oin:ol tio:l'uliolii Disposable

pipet ttn: Stide luh:rnrl,iruru Tesr ririro ln:firirli
cl A a n,aA

, :lOTlUll[:0 id ]R rU $On nrR1l1d 10 aUR21 n nrrJ f,Yltrn 0n [OOn ta lflantuore{o

rfionrrrr"uloto.:fl r Lo.l w:rr.ner-Lamberr rr{ otlor6nar aln !rog1 "nitr

Warner - l,ambert ( Thailand ) Ltd.

415 nl an n'rI:ru,lrio r. flu : 'rlnr:

lnr, sser oz-s, 93r142, 932286

Serum 0.2 ml
Serunr 0.2 ml
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INTRODUCTIO\I

The folic acid antagonists are

known to have anLi-leukemia activiry
(Farber et al l9l8r. Thc 4-amino-
4-deoxy- I 0 - melhylpteroylgluramic
acid (methotrexare) one of rhe folare

antagonists has been shown to have

the mosr effecrrve curing el'fect in

cancer chemorherapy and known to
have a biochemical role as dihydro-
folate reductase inhibitor (Condir,

1960 ; Condit and Eliel, I960 ;
Wright et al 1960 ; Hertz et al
196l; Hustu er al 1973; Frei et al
1975) and this properry is used as

a merhod lbr irs detection (Berrino

and Fischer, . 1964). $in6g ;s1.1.
antagonists h:d a competitive action
with ftlic lcrd and irs derivarives

thus we would expect to see growth

inhibition of folate dependent micro-
organisnls. Using this principle and

SUMMARY.

The inhibirion effecrs of metho-
trexate upJn the gror/th of nricroor-
ganisms used in the microbiological

assa)s of folate were studied Small
degree of inhibirion effects were
seen rvi'h S.faecali' and P.ceretisiae.

Total inhibirion of rhe growth

of L.casei was seen when the
concentration ol methotrexare in

the grorvi0g culture is as lolv as

0.01 ng/nrl. The application of
L.casei-tetrazoiiunr bioautoeraphy
ll'ith unrvasbed cullure led ro a

method lor the dercrminarion ol'
anri[o]are. Srudies on tlre oral absorp-
tion of l0 rrg mcrhotrexate in
psoriasis patienrs indicated rhat a

peak l(vel of abcur 200 ng/ml rvas

reached within I hour afrer doses

and ieclined to zero level within
48 hours.

*Department of Clinical Chemistry, Facultry of Associated Medical Sciences.
Chiang Mai University.
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the tetrazolium bioautographic tech-

niqueswecan see the inhibition zone

or zones and thus detection the

inhibitor.

N{ATERIAI-S AND ]VIETHODS.

The 4- amino- 4-deoxY- l0- me-

thy lpterol'lg1ut a m ic acrd (merhotrexate)

tablets or parenteral dores rvere

obtained from Lcdcrlc l:rb. r.' toties

devision, Anrerican Cyanarnid ( om-

pany. l-hey lvere used for oral

absorption studics and also used for

rhe inhit,iticn :tudi€s. Micrt bio-
logical assal s rvith Lactobecilus

casei, Streptococcus faecalis and

Pediococcus cerer isiae were carried

out using asepric technique (Herbert,
1966) un6 a semiautomated nrcthod
(Leeming and Portman-Graham,

1973)

Pteroylglutamic acid (Folic

,Acid) was purchased from Koch-
Light Laborarories, Colnbrook,

Buckinghamshire, UK. 5 - forrny Itetra-
hydropteroylgiuta rnic acid ( Folinic
Acid) was a gift from Laderle

Laboratories. I0-form!lpteroylgluta-
mic acid was prepared accord[g to

Blakley ( t 959)' 5-methl lterrahl dro-
pteroylgutamic .acid was prepared

according ro the melhod ol Blair
and Saunders (19?o) and Dihydro-
pterol'lg lutamic acid rvas prepared by

Vol. 9 No. 2

the method modified from Futterman
( | e63).

Triphenyltetrazolium (chloride)

was purchased from BDH Chemicals

Ltd; Poole, England, 1'hin layer

chromarogfaPhic plates wele Art.
5716 DC- Fertigplatten cellulose

( Pre-coated TLC plates without

fluorescent indicator ) dimersion 0.1

mm x 20 mrr x 20 cm and purcha

sed from Irlerck ( U.K. ). Afier 2

ro 5 ul of samples werc applied

onto rhe thin layer chromatogriiphic

plares with sterilized micropipettes

they were developed with 3% aqeous

ammonium chloride containirg lZ
ascorbic acid ( W/V ). The distance

from rhe application points lo the

solvent front is adjusted for 15 cm.

The developed plates were left to
half dried in refrigerator at 6oC

belore outting on the tray ( cul(ure

trays Code Number Il 43ll Purcha-
sed from Jencons Scientif'ic Ltd,

England. ) of setrled sterilized ptain

agar (Oxoid lonagar No. 2' purcha-

sed from Oxoid, England or this

can be substituted bY Noble, Agar

speciat of Dilfco, U.S A.).

The plain agar was PrePared

by dissolving 3 to 5 g of tire agar

porvder in 250 ml distilled water

and sterilized by auto:lavtttg at

l2loC for l5 minutes. The agar

medium rvas prePared bY adding
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appropriare assay media, 3 to 5 g

of agar powder, 0.5 g ascorbic

acid, 30 ml O.lM pbosphare buffer
pH 6. |, 5 ml of 2% stcrilized
tetrazoiium solurion (W/V), l0 ml
of dilured appropriare microorganism
in the final volume of 300 nrl
adjusred by distilled warer. The agar
media rvere prepared in such a

manner that the media were sterilized
by autoclaving at l2loC for l5
minutes and cooled ro 45oC before

the Ietrazolium solrrtiop 6n6 611u,"0

microorganism solutions were added.

The cooled agar media (45oC) were
poured to c0ver the devcloped rhin
layer chromarographic plates and ler

settle before covering with thin film
of plastic sheet and covered. The
prepared plates were incubated in

the air-ven.ilar€d incubator at 37oC
for 24 bours. The inhibition zone or

Concentration of

methotrexate (ng/ml)

t09

zones could be seen at tbe various

Rf values of the inhibitors derected.

B-v varying rhe alnount ol starrdard

methorrexate applied onro rhe chro-
matographic plates this can be used

as standard curve and tbus unknown

could be det ernrined.

Thc inhibirion effecrs of various
concent rations of nlelhotrexate in
the microbiological assays wiLh L.
casei, S. flecrtis and P. cerevisiae
were set ou! as shown in Table l.

Parients with psoriasis on treat-
ment with methotrexate were used

in the studies of serum methotrexate
Ievels. These subjects had oral doses

of l0 mg of methorrexate after thc
first venous blood samples were
taken and then at 1,213, 4e4 and
48 hours afrer doses.

Table I Schedule of the studies of inhibition of merhorrexale on microbio-
logical asssay of fotates wirh L. casei, S. faecatis and p. cerevisiae.

0

5.0

50.0

500.0

0

0

0

0

Concantration of added folate- (ng/ml)

2

2

2

5

5

5

5

10

10

10

10

'10

20

20

20

20

20

30

30

30

30

30
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'indicates pteroylglutamic acid,

7,8-dihydropterr.rytglutamic acid.5-
methy ltetrahydroprerol lglutamic acid,

l0-formylpreroylglutamic acid and

5 - formy ltetrahydro pteroy lgluta mic

acid were used in the studies with

L. casei. Pteroylglutamic acid, 7-8-
dihydropreroylglutamic acid and

5 - for m] het rahydropleroy lglul amic

acid were used with P. cerevisi re.

Concentrations of the appropria re

folates in each assay nedia were

sirnilar to those of the assay media

withour methotrexate and as shown

in tbe results section.

RESULTS.

The inhibition effrcts of metho-

trexate wcre srudied in the growing

cultures of. L. casei' S. faecalis and

\/ol_. I No, g

P. cerevisire. Various degrees of

inhibition effccts were seen in all

three cultures. With L. casei roaal

inhibition was seen at a concenrra-

tion as low as l0 pg,/ml of methg-

trexate in rhe growing cultures as

shown in Table lI. With S, faecalis

and P. cerevisiae some inhibition

effects were seen as shown in Tables

III and IV, respectively.

The bioautograptry of standard

rnethotrexate and serum met hotre:

xate were shown in Plates I and ll.
The serum methotrexate levels from

psoriasis subjects after lO :rg of
melhorrexate orally were shown in
Table V.

TABLE ll The inhibition of methotrexate on the microbiological assav

of folates with L, casei.

Concentration oI

methotrexate (ng/ml)
Concentration ot tolate (ng/mt)'

10

0

0

0

0

0

50.0

500.0

I
It.
tl

0

o

0

lo

20

0

0

0

30

0

*to

0

'detected results from all folates as shown in Table I.
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TABLE trr
of S, faccalis.

A

A.

A

A

0

0.

q.00,

0_.60

6.0P

50.00

600.00,

0.00

0.50

6.00

60.00

600.00

0.00

0.60

5.00

69:Qo-

500.00

.B

B

B

B

B

3.0J 0.0

2,8 +- 0,2

2.0 t 0.3

0

0

3.0 3 0.1

3 0J 0.1

J 0.1

(-

c
c

'0t
0

The inhibition effect of m9rbcnre14.19 o.n ltp -Cr,g,wilq glrJurcs

le

q

q

0

0

0.

0

0

0

o

0

0

0

0

0}.

0

zro 9 91Q

1.9 : o.t

1.0 !, 0,1

0.

0.

2,0 J 0.0

1,8.1 q,?

1.oJ 0.2

0''
0

1,6 10.1
1.5 ! 0.1

1.5: O.t

0

6.0,1, 0,0

4.8 ! 0.2
. 3.2 1 0.3

'Lo.o t o

e,.6 ! 0.F

6.0s 1.0

0

o

6.0 t 0.0

4.9{9..3

3.0 g 0i9

0

0

6.Ot 0,6

4.9J 0.5

4.5t 0.6

0,

0

20.0 g0
19 -+_ 1

11 L2
1,0 -t 0

0

8.0 10.0
Z'5:L q.5

5.0 !- 0.5

o

o

8.01 1.0

,9+ 1.0

6.0! r.0

2.510.6

0

gQ)g o.o

q7, + 2.O

0

10L 0

9.7_+, 0.3

6.0 t-i.0
0

0

13.09 1.o
'i2.st 

r.o.
;11.69. 

r.o
.{-

q'9 - 0.5

A - Studies wbcn. geroylgtutamic acid is used.
B - Srudies w,hqn dihydroperoylglutamic acid is used. i
C . Studies when s-formyttetrahydroprqro,ylgluramic acid is us€d,
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TABLE IV. The inhibition effect of methotrexale on the growing cultures

of P. cerevisiae.

Concentration ot

methotrexate (ng/ml)

00

5.0

50.0

500.0

J
J
t
J
+2

u.c

05

0.5
I

8.0 J 0.5

0

13.0-f0.5

13.0+0 5

11 0t0 5

8.510.5

5.7+0.2

l7.e 1 r.o
ls.o J os

' s-formyltetrahydropteroylglutamic acid is used in the studies.

TABLE V The serum metholrexate from 2 subjects after l0 mg of oralty

administered methotrexate.

Conc€ntration ol folate' (ng/mt)

l'.'l ',
l0 5 i! 0.c

3.0t0.5

3.0+0.5

3.0+0.0

2.9+0.1

2.6+0.2

Mothotrexale concentration (ng/ml)

0

1

4

24

40

0

2oo!25

10010.0

70+5.0

50i0.0

20+5.0

0
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PLATE [:

'. aJ

3

lrs

The inhibition zones of methotrexate on the bioautography wirh L.

casei. Plate 18 was developed by using diffusion cffect and rhe

methotrexate concentrations (ng/mt) were 0, 5, 50, 100, 200, 300,
500 for spots I to 7, respecrively and spots 8 to 13 werc unknown

from sera of a patient after l0 mg of methotrexate orally, Plate

I b was developed by running a vertical chromatography of stan-
dards in 3% aqeous ammonium chloride solvent and the concentra-

tions (nglrnl) were 5, 50, 100, 200, 300, 500 sespectively.
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t)

l"i.l

il, J

PLATE II: Bioautography of samples from subjects afrer l0 mg of merhotrexale

orally. Plare II a, at time l, 2, 3, 4,48 bours after doses and

Plare I Ib at time 48, 24, 4' 24' 48, 24 hours respectively.

j

I
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DISCUSSION.

The inhibition eflfects of metho-
r rcxate on the gro$ ing of L.

casci, S. laecatir ard P. ccrevi-
siac arJ dift'erent. Wrth S.

flccalis and P. cerevisiae only
pariial inhibirion werc seen ( l'ables

III & lV ) ard thus rhese rwo
microorganisns are not of n:uch

use in tlte t,'lrazolium bioautography
of an:rfol:,tc:. Thc r',.'rv high sensi

ti\ it) oi- inhibiriorr of merhorrcxate

ro L. casci (]-able II ) madJ rhe

organis:n a len' uscful for the

applicarion wiLh bioautograohic
tcchnrque. The 2 techtriques ol plates
preparaiion are of some uscfulness,

the lir:t one is usefui for the

determination and characterization
of the unknown and the second one
is useful for the quantitarive analy-
sis of the unknown. Eventhough

some enzymaric techn;ques are
available fc'r the determinarion of
dihydrolblate reducrase inhrbitors
(Werkheiser et al 196l t Ber.tino
and Fischer, 1964) it is ureful for
only rhe quantirative determ inarron.
The rechnique presented here have
advantages over the enzvmatic
techniques in the way that it could
be uscd for borh qualiative and
quantirarive analys--s and required
no conrplicated insrrumenta tion. Ihe
plates used in this tecltnrque can
also. be prepared by usilrg paper

I It

chromatography and thin la).er
chromorography as described here.

Srudies on sefum methotrexale
levels in psoriasis parients after l0
mg of orally 

-adininistered 
meiborre-

xate (Iable V) indrcared rhat it is
quickiy absorbed and presenred io
the sefurn unmetabolized as shown

in plrtci I and ll Slnce derermina -

lion of sertrm rrrelhotrexatc is

possible it is rea'onable to assume

lhat the dcterrn.nalion of urrne

rnethotrexate could be equal l_v

achier ed. Eventhough metltotrex ate
is qLrickly absorbcd ir isal:o qurcktl,

excreted inro the urine (Henderson

e t al I 965 ; Goodman and Cilman,
and Grlman, 1970 ; Huffman er al 1973)-
Small amount of melhotrexate was

ieft circulating in rhe blood 24 hours

after doses (Plate Il b). Ir is not
clear whether the absorbed merho-
trexate is totally excrcted or parti-
ally excreted inro urine after doses.
Evidences from many sources (Hen-
derson et al l96j; Goodrnan and

Gilman' 1970: Huffman et al I 973)
and the pharm acokinerics analysis of
the data presenred here indicated that
rhe ab:orbed mr'thorrexate is panially
retained by rhe body tissues. This
is supponed Dy lhe facr rhat wirhout
rescuring agenl rhe treatment of
parier)ts with merhotrexate led [o a
lethal eflecr (Sutlivan er al 1959:
Goldin er al I 953; Duf f et al 196 | ;)
Blair and Searle, l9?0).
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IIUMAN COLOSTRUM. I. B-AND T.LYMPHOCY'fE
POPUI,ATIONS

By

Sufee Kunlerarak. B.Sc. (Med. Tech.)
Sanong Chaiyarasamee, B,Sc.. M.T. (ASCpr*

Panja Kulapongs, M.D.'

ABSTRACT

Cellular compJnel)ts of fresh colosrrum obtained from l8 Thai postpartum
women were srudied. The total cell count was | ,672 +_ 

5 I 5/cu.mm. ( I ,000_
3.000) with nracrophages and polymorphonuclear leukocytes consritute rhe major
component of rhe cetl popularion while lymphocyte popularion are onty g.l7 t
3.497, or 133.6 ! 56.3 (50-240)/cu,mm. Of rhese lymphocyre population 37.50
+ 5.66'/. rvere identified as B-cells, 45.33 t_ 5.09% were T-cells and approxi_

mately l7% were null cells. The presence of polymorphonuclear leukocyle does
not indicate the prescnce of mastitis or infection. The significance of lhe
passage of im nrunocompetent maternal ll.mphocyres in colostrum into the
breast- fcd newborn required further study.

TrsfiSnn[rmsrurrnd rfo.i[ti
DJLreUn G Cnnno rncr
nlSCxCCeO rnecrrOot /1tr€rc9

INTRODUCTION.

Various mechanisms by which

imrnunological competence may be

transmitted trom mother to infant

represent an important area of concern

to those interested in the development

ol elfective immunity during early lile.

\/ol; I No. 2
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lnitial work related to the secretory

irnmune system as studied io external

secretions locussed largely on the

n:anner in which the secretory imnuno-

globulins. particularly lnl (t-4) 
"na

various other components such as

lactoferrin (5) r"y 
"onf", immunrty or

* Departmcnt of Clinical
Chiaug Nlai University.

Nlicroscopy. Faculry of Associated Ivledicrl Sciences,
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defense against infection to the
. 16lnursrng Inlanr \'"

Since Beigel's description in

ts68(7) of the celluiar nature of the

corpuscle 61 genns'(8), ;1 hss been

accepted that cells are normal con-

stituents of colostfum. lt is now

agreed" on the basis primarily of studies

in animals ''- | 2,,, that lymphocytes, mono-

cytes, macrophages, epithelial cells and

colostral corpuscles are normal consti-

tuents of mammary gland secretion,

The types of cells in human colos'

trum are essentially the same as

those of other species (s - t z)' 1ry116

the exception of the colostral corpus-

cles, the identity of other cells in

mammalian colostrum has been wetl

understood. Recent study (13) indicate

that human colostral corpuscles are

macrophages engorged with fat. In

lresh colostrum, these cells were

motile, phagocytosis and contained

abundant lysosomes. ln culture these

cells again displayed phagocytosis and

glass adhesive and ameboid activity

typical ot macrophages.

Significance ol the cells in

colostrum is controversial. They have

been considered as phagocytes, re'

Vol. I NO. ?

turning milk substances to the connec-

tive tissue of the mammary gland,

as degenerating cells sloughed during

the process ol milk secretion (14) or

as inflammatory cells appearing in

response to inlection in lhe mammary

gland (li'16)' Earlier .investigations of

cells in colostrum have concenttated

largely on the neutrophils, since its

presence has been considered to indlcate

infection of the mammary glands. Neutro-

phils were abundant in colostrum trom

nufsing mothers, indicating that they

probably appear inresponse to engofgement

of the breast il3) and their presence

is no longer considered as the

evidence of mastitis. Srnith and Goldman

(13) has found that human colostrum

contained small lymphocytes capable

of blastoid trarsformation on exposure

to phytohemaggiutinin. Subsequent study

of Diaz-Jouanen and wittiams l16)

indicated that c olostral lymphocytes

appear to be of 3 types: B-cells

bearing surface immunoglobulin, T-cell

as identified by anti-T-cell antiserum

and E-binding, and a poPulation ol

null cells. We have earlier published

the observation of these 3 types ol

lymphocytes in malnourished children( l7) -

The present study not only revealed '
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t||s patt€rrr of normal .distribution .ol

B and T-c6lls i,n human colostruni but

also confirmed the sxistgnce of null

cells in human subiect.

.':
MATERIALS AND METHODS.

techniquo(l8) !

|rle total cotostrat c! counts

ranged trom 11000 lo 3,000/cu. mm_

call suspension vras exsmined, for .$ie

dishibutlon ol .B and :T-lymphocytec

UEing the shoop red cell rosatte

wlth an iveiage vatue o, 1,672 + -.-
t =.515/cu. mm. Of these cells, macroph- i,

aggs and polymorphonuclear leukocytes.r

.constitute the maior compbnents of. '

constilute only s.17 ! 3.4e t,'
or bgtweor 50 to zi(o (tgg.o +
cells/ cu. mm. The ayerage B ly*prro. i,

cyle population was 37.60 ! 6;66/ and

T lymphocytes was 45.33. ! 5.09t: TheT+j,

null cells (tymptocytes) which cao

as yot bs assignsd to either B or., i

T catagory was found

COMMENTS.

The rseults of this study aglc€s .

well with those of Dl8z-Jouanen and
y11111;m. (16) who observed that o0.z '.

t O.l6t of coloitrat tymphocytee

wore T-c6lls end 34,6 + 6.tt wer; ,:

B-cells. Of panicular interest' was

lb€ir findinO that th6 colostral g-lym-...

Two milliliters aliquot ol cologtrsl

samples were collected with breast

pumps lrom 19 postparfum Thai women

including primigravidas and multigravidas

during the first 3 days lolloviing

delivery. All ,ol them nursing their

infants, and oo hormonea wete given

to suppress milk production during

the collection pariod. Womon with

clinical evidence of mastitis or infectioh

were exclud€d from thib study. Total

colostral cell count was carrigd oul

by the biood leukocyte count method.

The colostrat sample waa c€ntrltuged

at 800 x g, for i0 minutps. The lat

layer and most of the supoanatant

lluid were discard€d and ths coll

sediment was resuspanded In the

remaining fluid. Cell sediment snreare

were prepar€d on clean glass slldso

and Indivldual cells were then identi-

fied ia diflerential count usino w'lght's
staid. Aliquot of celt sedimsnt sus-

-tpenston was then 'wa8hsd g-9 timgs

with Get-Hank's solufioo. Tho linal phocytss appear to bo grea y enrichsd



r'a'2

ih aells bearing surtace lgA (upp-

roximarely sOl ), when comparec ro

normal peripheral blood lympfiocytes

where population of lgA-bearing B-cells ,

usually approximate onty 11,s/ (19,20)

of all B-cells. This is also In con-

:::T:. H j:: ];i;::."',;;',"i,{::
colostral cells synlhesized ISA but

very little lgG or lgN,l|.

Breast led newborn infant nor-

mally receives colostral cellb. tl is

possible that these maternal cetls may

inlluence the immunologic status 6i

lhe recipient neonate. The lunctional

capacity o{ colostral lymphocytes was

sought using mitogen stimulation with

variable results. While Smith and

Goldman reported that the response

of colostral lymphocytes to PHA and

specitic antigen appears both qualita-

tively and quan tatively similar to

that ot peripheral blood lymphocytes
(13). Diaz-Jouanen and Williams obtained

a.elatively weaker response lrom colostral

lymphocytes (t6). In addition they nave

demonstrated the colostral inhibitor

with distinct inhibitory capacity for

mitogen stimulation of lymphocytes( l6)

The true nature of this colostral

inhibitor must await further study but

ol, I No. 2

this actlvity presenl in low nolecular

weight malsrials ot 10,000 or less

aod does noi geem tb bc dkectly

related to colostral lgA. lt is conc6i-

vable lhat lhe weak mitogen response

colostral lymphocytes observed by Diaz

-Jouanen and Williams may be due to

local immunosuppressive factors present

in colostrum.

The importance ol colostral

lymphocytes to the newborn baby is

still not clear. Breast fed newborn

intant normally receives colostral cells.

It is possibie that these maternal

cells may influence the immunologic

status of the recipient neonate. On

study confirms the lymphoid content

of colostrum and indicate that almost

half of these lymphocytes are indeed

T-cells, reinforcing the idea that

imrnunocornpetence and some teatures

of CMI may be transferred in coloslrum

by maternal lymphocytes or their

products. This concept may conceiva-

bly be extended to the immune system

ol the mucous surfaces and deserves

considerable further attention, li has

been postulated that presumabiy colos-

tral lymphocytes as well as the

immunoglobulins they produced would be

digested in a manner \ahich not
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tllowing absorption ol whols celts, lt
is possible that some important smallor

mol€cules such as translor tactor with

a mol€cular weight ol lass tian

10000 and an actlvo prlnciple in tho

range ol 2,000-4,000 may be directly

transferred to the nursing infant. Such

I mechanism might explain why Mohr
(22) lound PPD posltive breast fed

babies lrom PPD positive mothers.

SUMMARY.

Cellular components of tresh

iolostrum obtained from 1B Thai post.

r artum women were studied. The lotal

ell count was 1,072+ 51S/cu. mm.

'.- ,OO0-3,OOo) with macrophages una

polymorphonuclear leukocytes constitute

the maior component of the cell

population while lymphocyte poputation

are only 8.17 i 3.49/ or t93.6 +

56.3 (50-2i0r/cu. mm. Of these lympho-

cyte population 37.60 ! 5.66/ were

identified as B-cells, 45.33 t 5.OJ,f

were T-cells and spproximately t7t
were null cells. The ptesence of

polymorphonuclear leukocytes does not

indicate the presence of mastitis

oI infection. The significance of the

passage of immunocompetent matsrnal

lymphocytes in colostrum into the breast

ted n€wborn required further study.

uoltait
)_

osl: ?1t' Io 1n1:flnt1!n0?nl,

Collular compohent 1u fresfr cofoglrum

n rnrlnxsJ tlllt ttfloaff1u?q r8 oll tm
nr:6narluir Totat cel count fidnl
tona I,b72 +_ St5 cslls O cu: mm:..,.(drair:rjrr i,ooo-3,ooo) f#lulr,rqj
liu* Maorophagbe $n3 @ly|norphoduclear

leukocyt€s l1U'l$ lF pfiocytes nnt?t
l{ljtr gi 8.17 l_ 3.49t :0 133.6 +

s6.3 (5c-P4o) cetts rio cu mml ir
,aI

lymphocyte population Yltl:tllllU!t11,]in
flrl$rrsnliilrilu B-ce s s7.Eo + 6,66t

.,.lln!]u T-cells 46.33 + 6.09t 6?uyl

tuiarj::rrg nl tltu nul celts nt'
n :ln$! ?n polymorphonuclear leukocytoe

Sgllulx luttfln.tllI mastitis !t?0 intectionng
UOnc1nufl11$d rR0.dOl41:4 lmmunocom-

pelence maternal lymphocytes H1U!1n
r t- il

1,|1:R'l lljU J colostrum lU$n1tnyrngJ'llg
Y.

uu rin r1|-u?Jir:nl.r rirnr:nnurn-uni rriolJ
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z.o/ rh:.irr.$or F-cextt c:,tfiL1unuff
A ^ -Y;4 ad
:,ifl 11tJufl !nfl ytJvtulu "L!fl nltuft Lrn: rtuu

- /larlaunJ 'r'lrn!nrTtu:Jl uio.l Hb.F 11-|

hemolysates !!ntlllJi tl'1ulu Hb.F tlnj

AUtln?UflOi F-cell lYf{ l,lV{ufn.lrOU 1.1fl

^-! . ;
?n'u',UJ'111!l1ll: ltl{u lunl: eln!l inUln!

o11r.;rounnunrfl.l 0!1J 11 n nl:r'}{xJ
vy
s li?o.i Hb.F rrn i: t ! ?fu n 1't n:'t ol,t 1n n 

li n

';
n1'tR?1JflXJ n',l:tljS UUl ln hemoglobin tr0.J

4, ae
letal :Jllllu adult hemoglobin 1$i?1lJ

human development

Origin arid Collpositiorl of Cabot
Rings irr Pernlclous Aneltrla,

Lawrence Vass, M.D,

Am. J, Clin. Path. 64:53-57, 1975

Ln:./nllflnlln1J Cytochemicals l'l.lujn

tnonllnJrl:J Cabot rings l'ln Peripheral
14

blood loJRulfl 2 flu f 'ltljll Pernicious

Anemia ofllltullT,)llnJU.l Llj Ln: n1::l lufl
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llnnllflnUly{IJl1 Cabot rings IJS?U

:J::nOltO: arginine- rich histone lln!
+ . .'l dl wa

non-heme-iron lR:inl1.lSi01qtUUnll:1J

nul0l Cabot rings lJ}lUlU Stippled late

iniermediate marrow megaloblasts. Cabot
dl ,4

rings OlnurutlnllngrUr,'rl.lrAlnrrlin ni
.vclu metabolism g0,JnJ[ dnltal] arginine-

'i utr
rich hislone dittulfllU Pernicious Anemia

uyil finltdfl

?n.lJ (7tiJ l11110rfin u R)

Dete()tion of Fibrirr Degradatlon
Products: A SilnDlified Tectrnic.

Joseph, Eipe, M.D., Vincet Yakulis, Am,

J. Clin. Path, 64: 509-5't I, 1S75.

Fibrin degradation products (FDP)

a )rt ar'
RD61:11 lOn1nLl0n:g'lill,l plasmin Yl nO

fibrin u;g fibrinogen rir roP r:erlu
-i ;., r . ) .i
all?nnllultfl Dlc 1.rr0nn1']]0!r.lYl

,x
librinolvtic svstem flnn::nulu

n1:111 FDP 'lu 
""rrt uio urine

yll ktunlu't! lnrln lmmunodiflusion,

lmmunoelectrophoresis, Tanned red cell

Hemagg lut ination Inhibition lmmunoassay

(f ncutt), Staphylococcal clumping llnS

Radioimmunoassay
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losepn lciLtir-rrJ:.rii rncHrr 1fi
, ! + rt 4 w

.l Mi 1l lflU l{ Chromic chloride t!un')

treat cell ll'ylUr13lS tannic acid

uninr:go.lnr:ri16o FDp 1u serum
ett A 

^hU':U{nU antigenicity 11,1 01,1 fibrinogen

t:x"ln"t.t anii-tibrinogen i,iil n i l.rl rff ulr o
-Y A ^ ) ,.

fliUill,lJolO:J red cell Yl treat R?!J

chromic chloride ttnl librinogen nr't'.jfi

l:1 tfrR hemagg lu tinat ion Lls:t;0J11n1!l

serum l:i tibrin d;nrrr:nrinLf$ffiur1fi

lnn0Jy)1n10 [1,]Vlllfln0U lO8 thrombin l!n!
lf q -lS soy bean trypsin inhibitor lllUtl')

inhibit L lutnR librinolysis lurn0RuxJ

11nil1l

'.'|'rR1?r !fl lunuunn ltx FDP uoun11
t'

5 uglml

! !t ].t
IURU tll l:0 thromboembolic heparic,

renal disorders ttn; OtC rlinl FDp

1 o-80 us/ml.

Alptra Fetoprotetn (af,e)
4ea

Alpha-Fetoprotein t!u globulin ntvu,!
ad y
7l1lU]l,lun lttnnn 70,000 u eiectrophoretic

- vt v
mobility 0tylo1 .1,iu.t alpha L!7nuoruf, : 1,t
XA
tr Ull parenchymal cells 18,tO!, yolk sac

lisJ gastrointestinal iract trot.nt:n1Un:Tn'
d ;-

tonn1r0r1!0rt 12 fiuollttttJ AFp f,nntl
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s . -;lL:nLnlou "l frBt:L AFP 'r: inr 3mg/
,t

ml lln;1:R0U l nnn.l1i|n:3nJ!f,nnnOO lfln
a4 lBla 1 ! nI AFP BfltUnBr !t.J 3ong/ml

I ra | |
luh llr1u!nn1'{11? lL AFP EU l - 1 6 ng/ rnl
i i ^dl! all l1,fl..r1n Radioimmunoassay l.fln1!X?f'

agat gel diifusion ui0 counter current

electrophoresis'll detect llJ tr InU ly{1rl

Y),]flB,J?nU l sensiiive i'!0

f.u:: Lltu10.Jn1':111 AFP fl0 l:lLdtu
Ac|

lltnll'lU1flU llnnu flUnuJU Liver cancer

13 nl AFP e1J, lt$anl':fl neonatal hepa-

titls oOn,,rrnIrn biliary atresia l0U AFP

53 positive lul:n Neonatal atresia lyitueu
ri

ttn biliary atresia 1;llrHn negative !!O

!52t counter cu.rent f!n! n 1:?'[ liIf rll n
. .;d

11ltn luR:tnrtJOlnl:io,: anencephaly 1r:0
)"

spina bifida {'lrlnl:i nrp nlrirlli'llli
I'lu serum l0JlllJflit{Ulolln u

n'l:l.lr AFp ririi s ii 6o es"r s"r
i:! .]:^ - t!tdiftusion ':f .',| r 4n:01|n0 tnl1 ||S: .;J sen-

sitive flO ii Counter current electro-
1 --;. - .r - I Iphoresis i'lu)f y.J]t.!nt..tL:" l{nuI )lL rrnl

4 --; ;
1D Radio imm unoass ay ilJl"')iyl sensitive yt

nfl |!nf]0r.:t-.tiit,:ulft LtJ r 1,1:J 
-i n!u o J

uflrfln1:Yl? -l tl.t,

un;nlf10J Counter current etectro-
I t! Yphoresis liult serrm OUlfugOn fi.01

;utn r[n] Anti'- AFp luaonrtrl"rnulu
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asarose rllnlrioalfi n rluah,{ririru n'rlu
I r-

serum R$tnrl AFP 0g tJtn0 precipitin
I

line l l.lntinllln

u-uyrur ollto:.r
rn.r, ( rtnrionrruntd )

Dtsglroetlc \/slue of geruD Bile
Acid Eatluretton lrt Ilv€r Dls-
ea9e.

Barnes. S., Gallo,

and Morris, J,S.

J. Clin. Peth. 2s:

G.A,, Trash, D.B.

606-509, t9?6.

llnnl'ullJ:1,10t Bile acid noJfl
ea

Unn 18 Ou ltt: ?UR?U hepstobiliary
e^

disease nfldtulnglf histolocic method

iruru so nulu t6st serum trncun-i
&l

011{',t! 2 t't ilJJ l'ttrllnu nnulJn|ll0J

bite acid lu fast serum fiirn'q rs
. t- | , .r I .

umor/ L lln: [lSlllttU ha post pandrisl

! I !a
serum !?U [u;11,t']pl,|1j1'l 27 flu u:Jn!
bile acid lu last.serum 6J Un;lu

post pandrial s6rum lwgffl::n"l nfi
va

?)i 30 flu dJn'l:ytl Liver function test
i r'6u1 l:rrioanunrrlfioln6 r:uiuli.jr
bite acid ingrotrcodrdrlu posr pan-

a -ridrial serum rtfuu2!n sensitive tituiu

tI a. --o--4 1Irfiu lln;t utJ lgtu lun1:?ursgnlrlit
dnlg?]i!tutl liv€r diseas6

'nul 0n1t:nB10?g

uuytit'l 2glat ;,
- a\.t1l.u. $y.tfiunnl:l|v{YldJ,,.

rn.l. (1griixglnf,1io;

Fluoro|retrla EnzJrEAtlc Deter-
ErlriatloD o,f 'Iot€l Chol€eterol
ln Serum.
By H. Huang, J.W. Kuan, €nd c.G"

Gullbault.

Cf ln, Chem. zt / tt : rcos-rco8, i sz6. j
::

nr:rardt Serum cholesterol b,
-r- I rt

Nonenzymatic colorimetly !it110l|ltn$
| -r, '..1 a -at.t|l'lt n10n'J lll[n uqJ lfto 2!$X F6f.

epecilicity color r€ag€nt lil stabte. ;

ticity irln-lnrtlf, Fluorometric method.

tllolllli sensitivity to,tni:U't ssrum

cholesterol lntnt: Hydrolyse chotssterot

eaters ludiu frea cholesterot lng

cholesierol ester hydrolase n'tulor tr".
;- l E

choloaterol ftlnotBltIttJ initiat choles-

terol on oxidized IOg cholesterol oxidase

lfi chotest-4-en-3-one n:"0:lvtsllfi tyarogen
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poroxide ltn! Hydrogon peroxide nln0
I r.
111i3 LIJ oxidize Honrovanillic acid in

th€ presence of peroxidase [14 highly

lluorescent compound flo 2,2 - dihydroxy-

3,3 -dimethoxy-biphenyl-515 - diacetic acid.
e i^ .lfl lluorescence fltlRtvlgUn!tlRYl[ntln

- standard.
ta^a

110?mtol ! tsi$t'lrg
rvr.u. (rlorinnr:rtr, vru)

c. (ASCP)

godlrrm Iodoaoetate as arr
Anttglycolyttc Agent tn Ellood

' Saruples.
By Edwatd P. Marbach, Monty Mclean,

Marilyn Scharn and Tom Johns.

Scientif ic Notes. clin. chen. 21/ 12,1erc'

1s12 (1e7s).

. 1..
lnq :!l{.]RXo.tn1:nRnalunflB fla.l

nltfi! 1 antiglycolytic agents iu'nlx'i

1l1 [t tul,ro.:rjluonl: llluYl antiglycolysis
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u'utlll' interfere riunt: test rarrjilrrrr
l 1 e a uZ

tl1t0g 'l lU setum SUlng?nUU

"p""ir"n" filifi0 clotted serum

unJ serum fillhrnnr:til sodium ttuoride
t,

2.6 gn/|, Sodium iodoacetate 2 gn/l

ttnJ Sodium iodoacetate 0.5 gm/l Yrn

noJul glucose ffB! BUN In"{l1n collect

serum t !"rfur (n! 24 t'llrl tn fir;
V ree ) q

serum Ull !'lYl0 0lut llUoltt\elu U nlt
tui i a:lfi ur n-r !

fltlNnnl:ylnd0,t6o Sodium iodoace-

tate lurlilrnr o.s sm/r 1i preserve

serum lf)flYrdn lRgn lllYll lxlno glycolysis

doriutiffon raniu'orutu zr i"rllr uon
Y I t. . e^ t !tlnuu1 lr'l turno hemolysis lln! t

inrertere rionl:uldi r euN ttnrf,l:du'1
.at
l1.l serum onn?0.

tQla1 U 3till

?Yl.!. (1rg 1fl 1dn: n1:01111:,r,

?n.x. (gltRu
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