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FERROKINETIC STUDIES IN YOUNG CHILDREN ¢ IV
MARROW TRANSIT TIME

Panja Kulapongs,

Sanong Chaiyarasamee, B.Sc. (Med. Tech.), M.T. (ASCP)
Tawat Tositarat. B.Sc. (Med. Tech.)

ABSTRACT.

The marrow transit time (MTT)
is the time interval required for
release of 50% of the maximum
radioiron uptake by erythroid marrow
into circulation. The MTT value
depends on the speed of ervthroid
maturation and/or the early release
of immature red cells from bone
marrow. It has been used as a
parameter to indicated the erythroid
marrow activitv since a prolonged
MTT. is associated with ervthroid
hypoactivity and short MTT is found
in conditions with erythroid hyper-
acuvity. MTT is determined from the
red cell utilization curve. The average
MTT value of 3.20_+.0 12 days from
our 5 healthy voung children is compa-
rable to 3.5 dayvs in normal adults.

INTRODUCTION.
The relative importance of the
marrow as compared to other

tissue as a receptor for transferrin-
iron is indicated by the rapid
localization of approximately 80%
of injected %Fe within the bone
marrow (1). As the radioiron enters
the marrow,ﬂit is incorporated into
newly form:d red cells, and a pro-
gressive iicrease -in radioactivity
appears in the blood as labeled red
cells enter the circulation. The time
required for intramedullary matu-
ration of immature red cells is
difficult to determine directly: An
approximation may be reached by
measuring the time needed for the
release of 507 of the radioactive
iron ultimately found in circulating
red cells. This time, so- called marrow
transit time {MTT), can be deter-
mined by constructing a red cell
utilization curve then locate :he
time at which 50% of maximum

red cell utilization has occurred(2)-
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The value of MTT in normal
children has never been established.
We are reporting the MTT value
obtained from 5 normal healthy
Thai children.

MATERIAL AND METHOD.

The format of the siudy was
similar to those described by Huff
et al (3 and Finch et al (2) as
described in detail by Kulapongs et
al (4.5). Briefly, approximately 0.2
mCi/Kg. body weight of >%Fe as
ferric citrate is incubated with 2
ml. of autologous plasma at 37°C.
The °?Fe labeld plasma is injected
intravenously into the subjcct. Whole
blood radioiron activityv was deter-
mined in all blood samples drawn
at interval during the first 24 hours,
twice a day during the next 3 days
and then daily until the maximal
red cell radioiron activily is reached
(usually 12 to 14 days). The in
vivo determination of 39Fe activity
in various organs was carried out
by frequent scanning of ‘spleen,
liver, precordium and sacrum at the
time of bleod drawing. For sacral
counting (bone marrow activity), the
probe was centered at the midpoint
between the spinous process of L5
and a line between the posterior
superior iliac spines. It was placed
f1:tly against the posterior surface
of the upper third of the sacrum.

Vol. 9 No. 2

CALCULATION OF MARROW
TRANSIT TIME.

Marrow transit time (MTT) is
derived primarily from the early
portion of the radioiron utilization
curve. The values of whole blood
radioiron activities on day | through
4 are expressed as fractions (%) of
the maximum radioiron utilization
value at 2 weeks (FIG. [.). On the
other hand, these fractions can be
expiessed as a percent subiracied
from 100 and plotted against time
(FIG. il.). The MTT value is the
time interval required for release of
50% of the maximum radioiron
uiilization. In normal adult subjects
this value is about 84 hours (3 to
4 days) (2,6,7) This figure should
be compared with direct marrow
(sacral) monitoring (FIG. LI.). One
hundred percent activity over the
sacral marrow is taken as maximum
counting during the first 24 hours.
and zero activity over the sacrum
is taken asthe counting level reached
at 14 days.

RESULTS.

The values for radioiron utili-
zation during the first 4 days after
radioiron injection are shown in
TABLE 1. One hundred percent red
cell activity is the maximum aclivity
in red cell mass at 12 to 14 days.
The calculated values of bone
marrow activity are shown in TABLE
II. These values derived from the
radioiron utilization values in percent
subtracted from 100.
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RADIOACTIVITY IN WHOLE BLOOD
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FLGURE I :
RADIOIRON EXCHANGE BETWEEN MARROW AND BLOOD.

Radioiron is injected at zero time. One hundred percent

whole blood activity is the value of maximum red cell uti-
lization (activity in red cell mass at 12 to 14 days). The
maximum counting over sacrum during the first 24 hours
is taken as 100 % sacral marrow activity and the counting

level at 12-14 days is taken as zero activity.
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FIGURE 11

CALCULATED MARROW RADIOACTIVITY .

These values derived from the red cell utilization value (%)
subtracted from 100. The arrow indicated the average MTT

volue of 3.2 days in our children.
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TABLE I : RADIOIRON UTILIZATION VALUES.
ST. ¢4 uc. NK. ‘I CP,
24 hrs. 5,07 1.62 1,50 3.70 5.42
48 hrs, 20.07 17.05 15.68 19.89 24.08
72 hrs. 42,77 43.65 41,94 45.56 I 50.03
96 hrs. 67.38 68.71 68.73 73.21 74.50
TABLE II.: BONE MARROW RADIOIRON ACTIVITY.
ST. Ji uc. NK. CP. % . 25D,
24 hrs. 91.93 98.38 98.50 96.30 94.68 96.654 1_1.85
48 hrs. 79.93 _ 82.75 84.32 80-11 75.92 80.65 1 3.24
72 Mhrs. 57.23 56.34 58,06 54.44 49 97 6521, 1. 822
96 hrs. 32 62 31.29 31.27 26.79 25.50 29.49 i 3.14

The individual values of MTT
in these children are 3.3, 3.23, 3.25.
3.20 and 3.0 days respectively with
the average value of 3.20+ 0.12
days.

COMMENTS.

When >%Fe is injected intra-
verously in a normal subject, it is
estimated that 85% of the radioactivity
goes directly to the marrow while
15% goes first 10 iron storage areas
(liver and spleen), to be released
later for red cell production. Approx-
imately 80% of this iron is incorpo-
raied into hemoglobin within one
hour. The sum total of this movement
of iron results in the appearance of

75 to 100% of the injected 39 Fe in

circulating red cell within 2 weeks.
The results of sacral marrow scan-
ning indicates that the radioactivity
gradually rises over the marrow,
reaching a maximum in 6 to 8 hours.
In our children and occasionally in
adult subjects, the maximum bone
marrow uptake is not reached until
24 hours. After the maximum radio-
activity 'is reached in sacral marrow
it remain there for period of
approximately 2 days, with progressive

a

diminution of radioactivity during
the next 5 1o 6 days. This is due
to the incorporation. of the 39Fe

into the red cells and their release
into circulation.

The marrow transit time (MTT)
is best defined as the time interval
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required for relea-e of 507 of the
radioiron measured in circulation at
10 1o 14 days (maximum red cell
utilization value). Seuing the end
point at 50% appearance of radioiron
minimizes the effect of reflux, and
blocking dose of
shown to cause little change in the
utilization curve (8,9). The MTT
depends on the speed of erythroid

l.

maturation and/or the early release
of immature red cells from the bone
marrow. A short M I T is found in
conditions with erythroid hyperac-
tivity and may be caused by early
reticulocyle  1elease because of
inadequate bone marrow capacity or
by a direct action of erythropoietin
on the rate of erythioid maturation
and bone marrow release. A pro-
longed MTT suggests erythroid hypo-
activity. The average MT I value of
3.20 + 0.12 days from our healihy
young children 1s comparable 10 3.5

days in the normal adults (2, 6, 7).

SUMMARY.
The marrow transit time(MIT)
was determined in 5 healthy chil :ren

utilizing the red ccll utilization curve 3.

and occasionally confirmed with the
sacral wonitoring-  The
average MT I value of 3.20 + 0.12
days obtained is compaiable to those
of normal adults.

marrow

ircn  have been 23

b
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FERROKINETIC STUDIES IN YOUNG CHILDREN: IIL
RED CELL UTILIZATION, RED CELL IRON TURNOVER AND
ERYTHRON TURNOVER STUDY. .

. By
Panja Kulapongs, M.D."
Tawat Tositarat, BSc. (Med. Tech)"
Russamee Kawvishit, B.Sc. (Med. Tech)*

INTRODUCTION: tion. The sum total of this move=

it is unfortunate that no single ment of iron results in the appear
ferrokinetic procedure can be relied ance of 75 to 90% of the injected
on to provide unequivocal information radioiron in circulating red cells
regarding the state of erythropoiesis within 2 weeks. The average
in any given siluation. As the radioiron incorporation or utilization

radioiron enters the bone marrow
" jt is incorporated into newly formed.
red cells, and a progressive increase

is approximately 80% in 7 o 10
days. The determination of radioiron
red cell utilization has been shown
to be a valuable measurement of

“ offective” erythropoiesis. Although
jation. When radioiron is injected it is difficult to make a quantitative

intravenously in a normal subject, estimation of red cell production
it is estimated ' that 85% of the

radioactivity goes directly to the

in radioaciivity appears in the blood
as labeled red cells enter the circu-

from this test alone, it generally can
be relied on to detect reduced red

marrow while 15% goes first to iron cell production in instances when
storage areas (liver and spleen), to the marrow morphology may be
be released later for red cell produc- misleading.

* Department ef Pediatrics, Faculty of Medicine, Chiang Mai University-

**Tematology Division, the Anemia and Malnutrition Research Center, Chiang
Mai University.
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In ordar to calculate the amount
of iron going to the circulating red
cells, it is necessary not only to
determine the plasma iron turnover
(PIT) but also the distribution of
radioiron between red cells and
other tissues at 2 we*ks. A conve-
nient measure of effeciive red cell
production is the red cell iron turn-
over. It records only that fraction
of iron utilize in the synthesis of
viable mature red cells. Theoretically,
the red cell iron turnover rate should
be a more accurate quantitative
measurement -of effective erythropoi-
esis than the PIT rate. A calculation
of red cell iron turnover rate
(RCITR) or erythrocyte iron turnover
(E11) was also devised by Huff et
al, (1) Here, 1the plasma  iron
turnover (PIT) was divided into a
red cell poriion (eryihron turnover)
and non-red cell portion (non-eryth-
ron (urnover) according to the
amount of radioiron Present in the
red cell mass at 10 10 14 davs. It
is possible to assess the erythron
turnover by subiract from the PIT,
the non-erythron turnover which
can be computed from the plasma
iron level, plasmatocrity, and a
constant (00035) (2-3). The eryth-
ron turnover value has been claimed

Vol. 9 No. 2

to be a highly quantitative measure -
ment of the numter of nucleated
red cells in the marrow and their

hemoglobin synthesizing capacity (3)

We are presenting our results
of the detail studv of the red cell
utilization, red cell iron turnover
and erythron turnover in healhy
Thai children in Chiang Mai area.

MATERIAL AND METHOD.

The format of the study was

similar to those described by Huff
et al{l) and Finch et al(2) as

reported in detail by Kulapongs et

al.(43) Five healthy young children,
1.5 10 4 years of age, were studied.

CALCULATIONS.

C.P., a 4 year old Thai girl
weighed 8.74 Kg. with a hemoglobin:
level of 12.5 gm/100 mi, hemato-
crit 38%. plasma iron level of 121
meg/ 100 ml with TIBC 330 mcg/
100 ml. and the plasma iron turn-
over PIT value of 0.98 mg/100
ml whole blood/day, 5:91 mg/day
or 0.676 mg/Kg/day is used as an
example.

1. BLOOD VOLUME AND RED CELL MASS.
Biood volume = Plasma volume x 100

100 - corrected Het

- 402 x 100

= 602 ml

100 - (38 x 0.96 x 0.91)
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Red cell mass

Blood volume - Plasma volume
602 - 402 = 200 ml. or 22. 88 ml/Kg.
1. TOTAL RED CELL [RON-

Total red cell iron = Blood volume (ml) x Hblgm/100m1) x 3.4
100

= 255.85 mg total or 29.27 mg/Kg.
Here, 3.4 is the amount of iron (mg) in 1 gm. of hemoglobin.

- RED CELL UTILIZATION.

(RBCU)

The red cell utilization of
radioiron expressed as a percent of
the injected activity is simply
calculated by comparing the highest
blocd activity (between 10-14 days)

with the zero time activity. This
calculation is dependent on the
accurate  determination of the
blood activity constant blood volume

and the adopied value of the mean
body hematocrit (0.91).

RBCU = 14 days activity/m! blood x Blood volume x 100
Total injecied activity
= 2,311x602 x 100 = 78.70 %.
1,767,589

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

Red cell iron turnover indicates fraction of iron utilized by bone marrow
erythroid cells for hemoglobin synthesis.

PIT x maximal red cell wiliza.ion
1.32 x 78.70

100
= 1.039 mg/100 ml blood/day.
7-96 x 78.70

100

= 6.265 mg/day

or = 0.717 mg/Kg/day.

RCITR

non

or RCITR

H
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TABLE 1 : RED CEIL UTILIZATICN,

IN HEALTHY CHILDREN.

RID CF11 JFCN TURNCVIR AND IRYTEECN TLRMCVIR

ADULT VALUES (2,3.8,)

stk aa buelEnk Jok x =+ SD.
AGE (yr.) 2.0 | 1.5 |15 | 175 | 40
BODY WEIGH (Kg) 11.24] 7.26 | 6.88 | 11.20 | 8.74
Hb. (gm/ 100 ml) 12.70] 12.30] 11.40| 12.40 | 12.50 | 12.26 _* 0.50
Het. (%) 39 35 36 355 | 38 36,70 _+ 1.72
PLASMA IRON (mcg/100 ml) 172 | 114 | 1805 88 121 | 136.90 * 42.33
T1BC (mcg/100 ml) ap1 | 200.5| 337.5| 286.5 | 330 |313.50 % 22.77
BLOOD VOLUME (ml) 7711 | 675 | 535 | 836 | 602
RED CELL MASS: (ml.) 063 | 176 | 168 | 259 | 200
s (m1/Kag) o34 | 242 | 24.4 | 231 | 2288 | 23.50 £ 0.67
TOTAL RED CELL IRON (mg) | 332.92] 240 47| 207.37 | 352.46 | 266.85 | 277.81 * 62.16
RED CELL UTILIZATION (%) go.54| 92.08| 90.93| 73.31 | 78.70 | 83.29 £ 8.37 g0 (74 - 86)
PLASMA IRON TURNOVER RATE
: mg/100 ml blood/ day 1.49 | 1.14 | 1,78 | 095 | 1.32 | 1.82 + 0.30 0.70 (0.8 - 0.85)
: mg/day 11.47] 658 | 9.25 | 7.8 | 7.06 | 8.64 = 1.84
RED CELL IRON TURNOVER
: mg,/ 100 ml blood/ day 120 | 1.08 | 1.57 | 070 | 1.04 | 1.11% 0.30 0.66 (0.3 - 0.7)
: mg/ day 9.03e | 6.118| 8.411 | 5.850 | 6.265 | 7.176 £ 1.54 29 (20 - 39)
: mg/Ka/ day 0.822 | 0.843| 1.223) 0.522 | 0.717 | 0.825 £. 0.255 0.62 (0.43-0,72)
RBC IRON RENEWED (Z/ day) | 2.78 | 2.54 | 4.06 | 1.66 | 2.45 | 269+ 0.87 1.3 (0.9-1.8)
NONERYTHRON TURNOVER
(mg/100 mi blood/ day) 0397 | 0.277| 0.455 | 0.213 | 0.283 | 0.326 + 0.095 0.16 £ 0.001
ERYTHRON TURNOVER
(mg/100 ml blood/ day) 1.003| 0.863| 1.275| 0.737 | 1.037 | 1.001 + 0.207 0,60 + 0.02
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V. PERCENT RBC IRON RENEWED PER DAY,

The amount of iron utilized by bone marrow erythroid cells for hemoglobin
synthesis can be expressed as fraction of total red call iron as follow:

RBC Iron renewed = RCITR (mg/day) x 100

Total RBC iron (mg)
= 6.265 x 100 = 2.45 J per day.

255.85

VI. ERYTHRON TURNOVER.

The erythron turnover value is calculated by subtracting the non-erythron

turnover from the plasma iron turnover.
PIT - plasma iron (mcg/ml) x Plasmacrit x 0.0035

(_1_2__1_ x (100-33.19) } x 0.0035

ET

n

100
1.32 - 0.283

RESULTS.

1.037 mg iron/100 ml. Blood/day.

Results of the study in 5 healthy children is tabulated in Table I

COMMENTS.

The utilization curve portrays
the appearance of radioiron in the
circulating red cell mass. In normal
adult subjects (2,7) and our normal
children. about 80% of injected iron
is found in the circulating blood at
14 days. Usually there is a delay
of approximately 1.7 days and then
an exponential release of radioiron
from the marrow with a T % of
about 1.8 days. Since the radioiron
is fixed within a few hours within
the erythroid marrow as hemoglobin,
the lag phase represents the time
required for labeled ceils to mature
and released into the circulation.

Because the normal red cell utiliza-
tion of radioaciive iron may be as
high as 90%, a further increase has
little significance. A decrease utiliza-
tion, however, is an important

finding and suggesis that mature
red cell are destroyed shortly after

their release from the bone marrow
(hemolysis), that immature red cells
are destroyed in the bone marrow
before their release to the circulation
tineffective erythropoiesis), or that
serum iron, because of slow bone
marrow uptake, is diverted to non-
erythropoietic tissues (bone marrow
hypoplasia).  Severe peripheral
hemolysis can be recognized from
the shape of RBCU curve which
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displays an early rise (shortened
mar ow transit time), an early
maximum utilization, and a subse-
quent fail-off (FIG.II). Ineffective
erythropoiesis is characterized by a
shortened radioactive iron disappea-
rance rate and bone marrow
hypoplasia by a prolonged radioactive
iron disappearance rate. In ineffective
erythropoiesis most of the radioactive
is never seen in the circulating red
celi mass. One of the most direct
way to examine the meaning of the
utilization curve is to determine the
upiike distribution of  radiaton
amoag the erythroid cells of the
bone marrow and to derive from
other pirameater of erythropoiesis the
time required for th:se libzled cells
to appear in the circulating blood-

Calculation of erythrocyte iron
turnover (EIT) or red cell iron
turnover rate (RCITR) is the product
of plasma iron twrnover (PIT) x
red cell utilization (RBCU) and is
therefore, influznced by th: manner
of cal:zulation of each. In addition
to the correction factor for trapped
plasma volume, another fixed cor—
rection factor for the mzan body
hematocrit is involved. The former
is invalid in patients with hypo-
chromic and/or abnormal shape red
cell, while the latier correction
factor cannot be used in splenome-—

Vol. 9 No. 2

galy. In any patient whose mean
body hematocrit may be altered,
such as in splenomegaly, it is
necessary to determine red cell
mass separately with the>!Cr-tagged
red cell technique. In ‘‘ineffective”
ervihropoiesis and in “hemoiytic
anemias”’ the RCITR value under-
estimates effective erythropoiesis(”'
In these conditions red cell wiliza-
tion is depressed for 2 different
reasons: (1) in * hemolytic anemias
the coniinuous turnover of radioiron
thrcugh the erythron-reticuloendo -
thelial circuit results in a uniform
specific activity of its iron and
utilization will be depressed propor-
tionate to the radioiron held in the
ervihroid marrow and RE cells,
and‘?) in “ineffeciive” erythropoiesis,
the utilization curve has not yet
reached an equilibration state at
2 weekss since most of the radioiron
is still cvcling between erythroid
marrow and RE cells. While the
RCITR value can not bz considered
to have quantitative meaning in
patients with hemolytic anemia or
ineffective erythropoissis, it can be
used as a rough indication of the
efficiency of erythropoiesis.

A convenient and more precise:
index of effective red cell production
is the erythron iron turnover since:
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it records only that fraciion of iron
utilized in the synihesis of viable
maiure red cells. Theoreticaily both
the RCITR and erythron iron
turnover rate should be the more
accurate quantitative measurements
of effective erythropoiesis than the
PIT rate. But these tests are also
dependent upon the measurement of
plasma disappearance raie and PIT
and hence are limited by the errors
inherent in those determinaticns. At
any rate, the erythron turnover
value has been found o be a highly
quantitative measurement of . the
numb:r of nucleated red cellsin the
marrow and their hemoglobin synthe-
sizing capacity(3)

Results of our study indicated
the higher iron turnmover rate in
young children than adult subjects,
confirmed the results obtained from
the plasma radioiron turnover study.

SUMMARY.

Detailed study of the kinetic
of the injected  radioactive iron
(;%Fe) in the body is carried
out in 5 healthy young children.
The results of red cell utilization
study indicated that 83.29 +8.37%
of injected radioiron is 1aken up by

o

the hemopoietic and storage tissues
and. later incorporated into ihe
hemoglobin of circulating red cell
mass. Theoretically the effectiveness
of bone marrow erythropoiesis can be
more accurately estimated by the
determination of red cell iron
turnover rate (RCITR) or erythrocvie
iron wrnover (EIT.) From the pre-
sent study it was found that the
average RCITR in our children is
1.11 £ 0.30 mg/100 ml whole blood/
24 hour or 0825+ 0.255 mg/Kg
body weight/24 hour which slightly
higher than those of the adult
subject. The more important parame-
ter is the erythron turnover rate
which has been found 10 be a
highly quantitative measurement of
the number of ervthroid precursor
and their hemoglcbin synthesizing
capacity. The erythron turnover
rate in our children is 1.001 *+ 0.207
mg/100 ml. whole blood/24 hour
which is also higher than the adult
value. Resulis of the study indicated
that in normal siluation iron turnover
is higher in voung children and that
those observed in diseased children
should be compared with these
values rather than the adult’s
values in literature.
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cover
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mclay Adams
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Reduces possibility of errors
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For more information please contact

SIAM MEDICC SUPPLY CO.,LTD.

26/3 MAHAESAK ROAD. BANGKOK
Tel. 35797, 37433 Ext.191,192
Cable address: MEDICO BANGKOK.
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ABSTRACT :

Capillary blood of the newborn
infants as well as cord blood speci-
mens in Chiang Mai Hospital were
used for the evaluation of the inci-
dence of G-6-PD deficiency and the
babies were observed tfor the presence
of jaundice within the first ten days
of life. Both Methylene blue reduction
test and Electrophoresis using for the
detection of G-6-PD giving the com-
parable results. Among 220 male and
female newborns, 44 cases(20%) revealed

complete deficiency and 29 of them

(13%) were partial deficiency.

In 73 neonates with G-6-PD
deficiency, only 11 neonates developing
severe jaundice while 15 out of 143
normal G-6-PD  neonatés developed.
This difference was found to have
statistically no significance. The newborns
both with severe jaundice (indirect
bilirubin more than 15 mg?-') and normal
seem to have the same rate of G-6-PD
deficiency. Among the babies those
developed jaundice have no difference
in average indirect bilirubin level whether

they are enzyme. deficilency, partial

Vol. 9 No. 2

deficiency, or normal in both male and

female.

According to these resulits we
can not conclude that G-6-PD defici~"
ency is the most important'cause of
severe jaundice in neonates in Chiang

Mai Hospital.
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FOLIC ACID ANTAGONISTS (THE DIHYDROFOLATE REDUCTASE

INHIBITORS): APPLICATION OF TETRAZOLIUM
BIOAUTOGRAPHY ON DETERMINATION OF SERUM
AND URINE METHOTREXATE

by

*Kwanchai Ratanasthien Ph.D.

SUMMARY.

The inhibition effects of metho-
trexate upon the growth of microor-
used in the microbiological
assays of folate were studied Small
degree of inhibition effects were
seen with S.faecalis and P.cerevisiae.
Total inhibition of the growth
of Ll.casei was seen when the
of = methotrexate in
low as

ganisms

concentration
the growing culture is as
0.01 ng/ml. The application of
L.casei-tetrazolium bioautography
with unwashed culture led to a
method for the determination of
anifolate. Studieson the oral absorp-
tion of 10 mg methotrexate in
psoriasis patients indicated that a
peak level of abeut 200 ng/ml was
reached within 1 hour after doses
and declined to zero level within
48 hours.

INTRODUCTION

The folic acid antagonists are
known to have anti-leukemia activity
(Farber et al 1948\. The 4-amino-
4-deoxy— 10 — methylpteroylglutamic
acid (methotrexate) one of the folate
antagonists has been shown to have
the most effective curing effect in
cancer chemotherapy and known to
have a biochemical role as dihydro-
folate reductase inhibitor (Cordit,
1960; Condit and Eliel, 1960;
Wright et al 1960; Hertz et al
1961 ; Hustu et al 1973; Frei et al
1975) and this property is used as
a method for its detection (Bertino
and Fischer, 1964). Since folate
antagonists hrd a competitive action
with fclic acid and its derivatives
thus we would expect to see growth
inhibition of folate dependent micro-
organisms. Using this principle and

sDepartment of Clinical Chemistry, Facultry of Associated Medical Sciences,

Chiang Mai University.
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the tetrazolium bioautographic tech-
niques we can see the inhibition zone
or zones and thus detection the
inhibitor.

MATERIALS AND METHODS.

The 4-amino-4-deoxy-10- me-
thylpteroylglutamic acid (methotrexate)
tablets or parenteral doses were
obtained from Lederle laboratories
devision, American Cyanamid ( om-
panv. They were used for oral
absorption studics and also used for
the inhibiticn studies. Microbio-
logical assays with Lactobacilus
casei, Streptococcus faecalis and
Pediococcus cerevisiae were carried
out using aseptic technique (Herbert,
1966) and a semiautomated method
{Leeming and Poriman-Graham,
1973)

Pteroylglutamic acid  (Folic
.Acid) was purchased from Koch-
Light Laboratories, Colnbrook,
Buckinghamshire, UK. 5-formyitetra-
hydropteroylglutamic acid ( Folinic
Acid) was a gift from Laderle
Laboratories. 10-formylpteroylgluta—
mic acid was prepared accordirg to
Blakley (1959), 5-methylteirahydro-
pteroyleutamic -acid was prepared
according to the method of Blair
and Saunders (1970) and Dihydro-
pleroylglutamic acid was prepared by

Vel. 9 No. 2

the method modified from Futterman
(1963).

Triphenyltetrazolium (chloride)
was purchased from BDH Chemicals
Ltd; Poole, England. Thin layer
chromatographic plates were Art.
5716 DC-Fertigplaiten  cellulose
( Pre-coated TLC plates without
fluorescent indicator ) dimension 0.1
mm x20mm x 20 cm and purcha
sed from Merck (U.K.). Afier 2
to 5 ul of samples were applied
onto the thin layer chromatographic
plares with sterilized micropipettes
thev were developed with 3% ageous
ammonium chloride containing 1%
ascorbic acid (W/V). The distance
from the application points 1o the
solvent front is adjusted for 15 cm.
The developed plates were left to
half dried in refrigerator at 6°C
before putting on the tray (culture
trays Code Number H 43/1 purcha-
sed from Jencons Scientific Lid,
England.) of setiled sterilized plain
agar (Oxoid Ionagar No. 2, purcha-
sed from Oxoid, England or this
can be substituted by Noble, Agar
special of Dilfco, U.S A.»

The plain agar was prepared
by dissolving 3 to 5 g of the agar
powder in 250 ml distilled water
and sterilized by autoclaving at
1210C for 15 minutes. The agar
medium was prepared by adding
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appropriate assay media, 3 to 5 g
of agar powder, 0.5 g ascorbic
acid, 30 ml 0.IM phosphate buffer
pH 6.1, 5 ml of 2% stcrilized
tetrazolium solution (W/V), 10 ml
of diluted appropriate microorganism
in the final volume of 300 ml
adjusied by distilled water. The agar
media were prepared in such a
manner that the media were sterilized
by autoclaving at 1219C for 15
minutes and cooled to 45°C before
the tetrazolium solution and diluted
microorganism solutions were added.
The cooled agar media (459C) were
poured to cover the developed thin
layer chromatographic plates and let
settle before covering with thin film
of plastic sheet and covered. The
prepared plates were incubated in
the air-ventilated incubator at 370C
for 24 hours. The inhibition zone or

109

zones could be seen at the various
Rf values of the inhibitors detecied.
By varying the amount of siandard
methotrexate applied onto the chro-
matographic plates this can be used
as standard curve and thus unknown
could be determined.

The inhibirion effects of various
concentrations of methotrexate in
the microbiological assays with L.
casei, S. faecalis and P. cerevisiae
were set out as shown in Table L

Patients with psoriasis on treat-
ment with methotrexate were used
in the studies of serum methotrexate
levels. These subjects had oral doses
of 10 mg of methotrexate after the
first venous blood samples were
taken and then at 1,2,3, 4,24 and
48 hours after doses.

Table I Schedule of the studies of inhibition of methotrexate on microbio-
logical asssay of folates with L. casei, S. faecatis and P. cerevisiae.

Concentration of Concentration of added folat; (ng/mr)
methotrexate (ng/ml) 1 2 3 4 5 { 6
> 0 0 e 5 10 20 30
0.5 0 2 5 10 20 30
5.0 0 2 5 1Q 20 30
50.0 0 2 5 10 20 30
500.0 0 2 5 10 20 30
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*indicates pteroylglutamic acid,
7,8-dihydropteroylglutamic  acid,3-

methyvltetrahydropieroy Iglutamic acid,

10-formylpteroylglutamic acid and
5 - formy ltetrahy dro pteroy Igluta mic
acid were used in the studies with
L. casei. Pteroylglutamic acid, 7-8-
dihydropteroylglutamic  acid and
5 — formylietrahydropteroylglutamic
acid were used with P. cerevisiae.
Concentrations  of the appropriate
folates in each assay media were
similar to those of the assay media
without methotrexate and as shown
in the results section.

RESULTS.

The inhibition effects of metho-
trexate were studied in the growing
cultures of L. casei, S. faecalis and

Vol. 9 No. 2

P. cerevisire. Various degrees of
inhibition effects were seen in all
three cultures. With L. casei |ota‘l;
inhibition was seen at a concentra-
tion as low as 10 pg/ml of metho-
trexate in the growing cultures as
shown in Table 1. With S. faecalis
and P.

effects were seen as shown in Tables

cerevisiae some inhibition

Il and IV, respectively.

The bioautography of standard
methotrexate and serum methotre—
xate were shownin Plates I and IL
The serum methotrexate levels from
subjects after 10 mg of
methotrexate orally were shown in

Table V.

psoriasis

TABLE Il The inhibition of methotrexate on the microbiological assay
of folates with L. casei.
Concentration of [ 1243 Concentration of folate (ng/mlyr
methotrexate (ng/ml) 1 | 2 3 2 5 | & g
0 0 2 5 10 S 20_ 30
0.5 0 0 0 0 0 0
5.0 0 0 0 0 0 0
50.0 0 AR it 0 () 0 “ 9
500.0 0 I o 0 0 0 ] 0

*detected results from all folates as shown in Table I
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TABLE HI The inhibition effect of meihotrexate on the growing culiures

of S. faecalis.

Concentration of

_Concentration of folate (ng/ml)

methotrexate (n_g/_'m,l)‘ B 2 I3 4 5 6

A 0.00 0 2.0 + 0,0/ 5.0+ 0,0) 10.0% 0 [20.0+ 0 30.+ 0.0
A 0.50 0 19401 48%02| 96205 | 19+ 1 27 £ 2.0
A 6.00 0 1.0£0.1[ 3.2+ 0.3] 6.041.0 [ 11+ 2 | 20+ 1.0
A 50.00 0 0 0 0 1.0 +0 2.o_+o:
A 500.00 0 0 0 0 0 0

B 0.00 0 [2.0%0.0/30%00]| 6.0+00 [80+00 |10+0

B 0.50 0 |[1.8+£0.2/28%02 4802 [7.6+05 [9.7+0.3
B 6.00 0 1.0% 0.2/ 2.0+ 03| 3.0+ 05 |50+05 |[6.0%1.0
B §0.00 0 0 0 0 0

B 500.00 0 0 0 0 0 0

¢ 0.00 0 |15+ 0.1[3.040.1] 5.0+ 0.5 |80+ 1.0 [13.0* 1.0
Cc 0.50 0 |1.5+01|30%01] 49+ 05 [7.9%1.0 |12.8% 1.0
¢ 5.00 0 [15%0.1[3.02% 01| 45+ 0.5 6.0+ 1.0 |11.02 1.0
C  £0.00 0 0 0 o |25to0s |soFos
C 500,00 0 0 0 0 0 0

A = Studies when pteroviglutamic acid is used.

B = Siudies when dihydropteroylglutamic acid is used.
C = Studies when 5-formyitetrahydropteroylgluiamic acid is used,

]
3
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TABLE IV. The inhibition effect of methotrexate on the growing cultures

of P. cerevisiae.

Concentration of

methotrexate (ng/ml) 1

Concentration of folate” (ng/rnl)

23]
4 5 6

3 p—
00 0 1.0 £ 0.0 3.0+0.5 50 % 05(8.0F 0.5 13.0+0.5
0.5 0 1.0 * 0.0 3.0+0.6 5.0 £ 05 8.0 X 05| 13.0+£06
50 0 1.0 X 0.0y 3.0+0.0 48 £ 0 ' £ 05 11005
50.0 | 0 ot oizekotjesd 17 0% 1.0!85+0.5
500.0 ' 0 losF 0.0} 26+0.2/42F 05602 05! 6.7+0.2

* 5-formyltetrahydropteroylglutamic acid is used in the studies.

.

TABLE V The serum methotrexate from 2 subjects after 10 mg of orally

administered methotrexate.

Time after doses (h)

Methotrexafe concentration (ng/ mi)

0
200X25
1002%0.0

70%5.0
5020.0
20=%5.0

0
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PLATE Ji:

The inhibition zones of methotrexate on the bioautography with L.
casei. Plate la was developed by using diffusion effect and the
methotrexate concentrations (ng/ml) were 0, 5, 50, 100, 200, 300,
500 for spots 1 to 7, respectively and spots 8 to 13 were unknown
from sera of a patient after 10 mg of methotrexate orally. Plate
1b was developed by running a vertical chromatography of stan-
dards in 3% ageous ammonium chloride solvent and the concentra-
tions (ng/ml) were 5, 50, 100, 200, 300, 500 sespectively.




PLATE 1I: Bioautographv of samples from subjects after 10 mg of methotrexate
orally. Plate Il a, at time 1, 2, 3, 4, 48 hours after doses and
Plate 11b at time 48, 24, 4, 24, 48, 24 hours respectively.
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DISCUSSION.

The inhibition effects of metho-
trexate on the growing of L.

casei, S. faecalis and P. cerevi-
siae are  different. With S.
faccalis and P. cerevisiae only

pariial inhibition were seen (Tables
m&1vV) and thus
microorganisms are not of

these two
much
use in the tetrazolium bioautography
of anufolates. The very high sensi-
tivity of inhibition of methotrexate
to L. casei (Table ) made the
organism a verv useful for the
application  with  bioautographic
technique. The 2 techniques of plates
preparation are of some usefulness,
the first one is wuseful for the
determination and characterization
of the unknown and the second one
is useful for the quantitative analy-
sis of the Eventhough
some enzymatic techniques are
available for the determination of
dihydrofolate reductase  inhibitors
(Werkheiser et al 1961; Bertino
and Fischer, 1964) it is useful - for
only the quantitative determination.
The iechnique presented here have
advantages over the enzymatic

technigues in the way that it could
be used for both qualiative and
quantilative analyses and required

unknown,

“mo complicated instrumentation. The

plates used in this techmique can
also_be prepared by using paper

chromatography and thin layer
chromotography as described here.

Studies on serum methotrexate
levels in psoriasis patients after |0
mg of orally_administered methotre-
xate (Table V) indicated that it is
quickly absorbed and presented in
the serum unmetabolized as shown
in plates 1 and II. Since determina-
tion of methotrexate s
possible it is reasonable o assume
that the determination of urine
methotrexate could be equally
achieved. Eventhough methotrexate
is quickly absorbed it is also quickly
excreted into the urine (Henderson
et al 1965; Goodman and Gilman,

serum

and Gilman, 1970 ; Huffman et al 1973).

Small amount of methotrexate was
left circulating in the blood 24 hours
after doses (Plate H b). It is not
clear whether the absorbed meiho-
trexate is totally excreted or parti-
ally excreted into urine after doses.
Evidences from many sources (Hen-
derson et al 1965; Goodman and
Gilman, 1970: Huffman et al 1973)
and the pharmacokinetics analysis of
the data presented here indicated that
the absorbed methotrexate is partially
retained by the body tissues. This
is supported ov the fact that without
rescuring agent the treatment of
patients with methotrexate led 1o a
lethal effect (Sullivan et al 1959:
Goldin et al 1953; Duff et al 1961;)
Blair and Searle, 1970).
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ABSTRACT

Cellular components of fresh colostrum obtained from 18 Thai postpartum
women were studied. The total cell count was 1,672 £ 515/cumm. (1,000-
3,000) with macrophages and polymorphonuclear leukocytes constitute the major
component of the cell population while lymphocyte population are only 8.17 +
3.49% or 133.6 £ 56.3 (50-240)/cu.mm. Of these lymphocyte population 37.50
t 5.66% were identified as B-cells, 45.33 *_ 5.09% were T-cells and approxi-
mately 17% were null cells. The presence of polymorphonuclear leukocyte does
not indicate the presence of mastitis or infection. The significance of the
passage of immunocompetent maternal Iymphocvies in colostrum into the
breast- fed newborn required further study.

INTRODUCTION. Initial work related to the  secretory

Various mechanisms by  which immune system as studied in external
immunological competence may be secretions focussed |largely on the
transmitted from  mother to infant manner in which the secretory immuno-
represent an important area of concern globulins. particularly  IgA (174) ang
to those interested in the development various other componenis such as
of effective immunity during early life. lactoferrin (5), may confer immunity or

* Department of Clinical Microscopy, Faculty of Associated Medical Sciences,
Chiang Mai University.
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defense against infection to  the

nursing infant (6).

Since Beigal's

1868(7) of the celluiar nature of the

description in

corpuscle of Donne'(s)’ it has been
accepted that cells are normal con-
stituents of colostrum. It is now
agreed, on the basis primarily of studies
in “animals (9_12):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 (O~ 12)- with
the exception of the colostral corpus-
cles, the identity of other «cells in
mammalian colostrum has been well
understood. Recent study (3> indicate
that human colostral corpuscles are
macrophages engorged with fat. In
fresh  colostrum, these cells were
motile, phagocytosis  and contained
abundant lysosomes. In culture these
ct_alls again displayed phagocytosis and
glass adhesive and ameboid  activity
typical of macrophages.

Significance of the cells in
colostrum is controversial. They have

been considered as phagocytes, re-

Vol. 9 NO. 2

turning milk substances to the connec-

tive tissue of the mammary  gland,

as degenerating cells sloughed during
the process of milk secretion (14) or
as inflammatory cells  appearing in
response to infection in the mammary
aland (13,16) Earlier - investigations of
cells in colostrum have  concentrated
largely on the neutrophils, since its
presence has been considered to indicate
infecfion of the mammary glands. Neutro-
phils were abundant in colostrum from
nursing mothers, indicating that they
probably appear inresponse to engorgement
of the breast('3) and their presence
is no longer considered as the
evidence of mastitis. Smith and Goldman
(13) has found that human colostrum
contained small lymphocytes  capable
of blasteid transformation on exposure
to phytohemaggiutinin. Subsequent study
of Disz-Jouanen and  Williams ‘16)
indicated that colostral  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 of
null cells. We have earlier published
the observation of these 3 types of
lymphocytes in malnourished children{(17)~

The present study not only revealed-
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the pattern. of normal distribution of
B and T-cells in human colostrum but
also confirmed the existence of null

cells in human subject.

MATERIALS AND METHODS.

Two milliliters aliquot of colostral
samples were collected with breast
pumps from 18 postpartum Thai women
including primigravidas and multigravidas
during the first 3 days following
delivery. All of them nursing their
infants, and no hormones were given
to suppress milk production during
the collection period. Women with
clinical evidence of mastitis or infection
were excluded from this study. Total
colostral cell count was carried out
by the biood leukocyte count method.
The colostral sample was centrifuged
at 800 x g, for 10 minutes. The fat
layer and most of the  supernatant
fluid were discarded and the cell
sediment was  resuspended in  the
remaining fluid. Cell sediment smears
were prepared- on clean glass slides
and individual cells were then identi-
fied in differential count using Wright's
stain. Aliquot of cell sediment sus-
pension was then _pwashed 2—3 times

with Gel—Hank's solution. The final

121

cell suspension was examined for the
distribution of B and T-lymphocytes
using the sheep red cell rosette

technique("s)

RESULTS.

%he total colostral cell counts
ranged from 1,000 to 3,000/cu. mm.
with an average value of 1,672 +
515/cu. mm. Of these cells, macroph-
ages and polymorphonuclear leukocytes
constitute the major components of
cell population while lymphocytes
constitute  only 847 . 349 %
or between 50 to 240 (133.6 == 66.3)
cells/cu. mm. The average B Iympho-
cyte population was 37.60 + 5.66% and
T lymphocytes was 45.33 + 5,094, The
null cells (Iymphocytes) which can not
as yet be assigned to either B or

T catagory was found

COMMENTS.

The results of this study agrees .
well with those of Diaz-Jouanen and
Williams 1% who observed that 50.2
+ 9.16% of colostral lymphocytes
were T—cells and 34.6 + 617 were
B-ceils, Of particular interesi was
their finding that the colostral B-lym- .

phocytes appear to be greatly enriched




122

with cells bearing surface IgA (app-
roximately 50% ), when compared to
lymphocytes
where population of IgA-bearing B-cells

normal peripheral blood

usually approximate only 11.64 (19,20)
of all B-cells. This is also in con-
sistent with the findings of Murillogand
Goldman (21) who observed that human
colostral cells synthesized IgA but

very little 1gG or IgM.

Breast fed newborn infant nor-

mally receives colostral cells. It is

possible that these maternal cells may
influence the immunologic status &i
the recipient_ neonate. The  functional
capacity of colostral lymphocytes was
sought using mitogen stimulation with
variable results.  While  Smith  and
Goldman reported that the response
of colostral lymphocytes to PHA and
specific antigen appears both qualita-
tively and quantitatively similar to
that of peripheral blood Iymphocytes
(13). Diaz-Jouanen and Williams obtained
a relatively weaker response from colostral
lymphocytes (16). In addition they have
demonstrated the colostral inhibitor
with distinct inhibitory capacity for
mitogen stimulation of Iymphocytes('6)-
The true nature of this colostral

inhibitor must await further study but

Vol. & No. 2

this activity present in low molecular
weight materials of 10,000 or less
and does not seem to be directly
related to colostral IgA. It is concei-
vable that the weak mitogen response
colostral lymphocytes observed by Diaz
-Jouanen and Williams may be due to
local immunosuppressive factors present

in colostrum.

The importance  of colostral
lymphocytes to the newborn baby is
still not clear. Breast fed newborn
infant normally receives colostral cells.
It is possible that these maternal
cells may influence the immunologic
status of the recipient neonate. On
study confirms the Iymphoid content
of colostrum and indicate that almost
half of these lymphocytes are indeed
T-cells, reinforcing the idea that
immunocompetence -and some features
of CMI may be transferred in colostrum
by maternal Ilymphocytes or their
products. This concept may conceiva-
bly be extended to the immune system
of the mucous surfaces and deserves
considerable further attention. It has
been postulated that presumably colos-
tral  lymphocytes as welll as the
immunoglobulins they produced would be

digested” in a manner which not
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allowing absorption of whole cells. It dan?m
3 8 1 M v - - -~

is possible that some important smalier Amae a 298 1" MIMIAN¥INEINY
molecules such as transfer factor with ,
Cellular components Tu fresh colostrum:

a molecular weight of less than ay v - . .
ninmg s nevaineensuon 18 Ay

10000 and an active principle in the - ' -
NIINNWIWLIT Total cell count YINIIY

nnD 1,672 + 615 cells MD  cu. mm. .
' ' ' ad '
(n1ed35m19 1,000-3,000)  Famaulng

range of 2,000-4,000 may be directly
transferred to the nursing infant. Such
a mechanism might explain why Mohr

o
LY  Macrophages WAE polymorphonuclear
2) found PPD positive breast fed :

leukocytes im‘:u lymphocytes ‘Fl'ﬂﬂ‘i
babies from PPD positive mothers.

- - A
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' -
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Current concepts of “Nor-

mal Values', “Reference Values' .
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in clinical chemistry.
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Comparison of Methodologies
for Thalassemia Screening by
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Products: A Simplified Technic.

Joseph, Eipe, M.D., Vincet Yakulis, Am.
J. Clin. Path. 64:. 509-511, 1975.

Fibrin degradation products (FpP)
ﬁnm‘smﬁmnﬂﬁﬁ?mﬂm plasmin  NANG |
fibrin 'H;ﬂ fibrinogen A1 FDP wqa'lu
ﬁ;ﬂmﬁlﬁukn DIC  wienavow q A

o M
fibrinolytic system t}nm:qmm

n1iw1 FDP '|.'U. serum W30 urine

ﬁ'l‘lv;'umﬂag 1aun Immunodiffusion,
Immunoelectrophoresis, Tanned red cell
Hemagglutination Inhibition Immunoassay
(TRCHI), Staphylococcal Clumping LGS

Radioimmunoassay




130

Joseph ‘lﬂvﬂﬁ"uﬂ's‘ 15 TrReHI 1
' 5 v Ml v
Jwiulnoly Chromic chloride (UUA7

treat cell LL'nuWa 'i!f tannic acid

- VIONN1IYBINITYIAD FDP 1 serum
él_lll’]ﬂ'gaﬂ antigenicity mﬁau fibrinogen
9¥3UNY  anti-fibrinogen  muAnas Uinuwe
ﬂ‘m‘iﬁ'.:'jmau red cell ﬁ treat n"m
chromic chloride W&E fibrinogen ﬂﬂﬁﬁ
fl:."h!'l.ﬁﬂ hemagglutination Lm:,l.ﬂmmnlu
serum 3¢ fibrin TemmrvainaugAiea
Sanominiolavuanoulng thrombin woY
1:1' soy bean trypsin inhibitor Lf}un"q
inhibit W lmAn fibrinolysis  luwiaanwag
1ML

aminluauunh a8 FOP %eonan

5 ug/ml

1uﬂu“t'5i'[tﬂ thromboembolic hepatic,
renal disorders WAY DIC 32NA1  FDP
10-80 ug/ml.

Alpha Fetoprotein (AFP)

Alpha-Fetoprotein’ uju globulin n"mf:a
ﬁﬁ':mun'[nmnﬂ 70,000 3 eiectrophoretic
moblllty mmmuwua alpha TUsnunImas e
'n'u.'rl parenchymal cells 'nﬂde yolk szc
|82 gastrointestinal tract ¥8sn13nlunsn

o - ~ € = '
mﬂ'n‘l'srmnmq 12 AUAMN AFP §9n27
Y

Vol. 8 NO. 2

0 3mg/
' & @ o
m! WEISIADL 7 AARITUNITNAANAREN 1AN

- w oA A -
Tusnunaau 9 Aesss AFP 1l3e

- " o =
079 1 U WU AFP OAVABINLY 30ng/m1
® ' - " - V
1uci1mmﬂnnwmm AFP B8 1-16 ng/ml
- - e geAan
wamlne?s Radicimmunoassay LA071H25
-
agar gel diffusion %i® counter current
e!ectrophoresis 92 detect 1a'lrian w3

-l
Y0950 1l sensitive WO

Uszlerignaniam AFP AeNyasloww
Tunrmansaelenny  ANNLUY Liver cancer
LAY AFP 19, lduenlan neonatal hepa-
titis ®aneInlin biliary atresia 108 AFP
%% positive INITﬂ Neonatal atresia L'rimnu
un biliary atresia s lnma negative Lﬂﬂ
1‘&?’3% counter current un:mﬁﬁm’w’m
1130 1UATIANNBINITIOS anencephaly N30
spina bifida FINNYLE AFP o liiwla
14 serum maam&qavﬁmﬁmn"u

n1Iw1 AFP n1A 3 35 A0 Agar gel
diffusion 35uUgAIEWANIASY usely sen-
"II-:" Counter current electro-

& ama

phoresis 1WIsTuarses i Enunaly use

sitive W8
g Aaaa
')ﬁ Radioimmunoassay \UWI81 sensitive 'ﬂ
l‘!ﬂ unﬂaumw:mmn ‘1.!JLWJ’1:.HU1’IDJ
- & ’ 1

Uguamana q T

¥ONN13%823 Counter current electro-
phoresis

Tnsls serum :nu‘liuuanmmﬁ

. P 14
UIn  U8T Anti—AFP -weaamsvaoulu




T e S o = b

May 1976

- [ - [ S | v
agarose Wolssslvnszualunmim oalu
serum AW LGN AFP B{l: 32ina precipitin

=
line YUNTINAN

ar B
UUNUT A3I13679
w.. (iwadanITuwng )

Diagnostic Value of Serum Bile
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