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Fe-59 plasma clearance, the turnover values and the reappearance in the red cells
have been analysed on four lots of animals: 16 laying hens; 7 two month old pullets;
7 two month old cockerels; and 11 buck rabbits.

It has been observed that: a) plasma clearance is different between the lots and
that the fowl always offer the existence of two rates for this phenomenon; />) the tur­
nover values in the fowl are superior to those of the rabbits, especially those deter­
mined during the laying period; c) the differences between fowl and rabbits are also
apparent in the red cell reappearance of the Fe-59, with reference to the shape of the
curve and the duration. In the fowl, fluctuations are observed which coincide with
the life span of the red cells. Laying birds always show lower radioactivity levels; d) the
distribution of the radioactivity in the eggs shows variations in intensity which are
related with the variations of the blood Fe-59.

With these results to hand, the peculiar iron metabolism in fowls is also evident in
in vivo studies, as a result of the egg laying which affects not only the transport me­
chanism in the plasma but, especially, the distribution and the use of the iron in the
haemoglobin synthesis and in the egg production.

Plasma iron transport capacity in mam­
mals and fowl has already been discussed
in previous publications (9, 10). The dif­
ference between these groups of animals
has been shown, since in vitro studies
show that fowl plasma can transport an
iron values in excess of the expected level
in accordance with the transferrin content.

The administration of Fe-59 and the
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study of plasma clearance and determina­
tion of the corresponding turnover is a
technique used to appreciate the charac­
teristics of iron metabolism. These studies
have been performed on man, dogs and
rabbits (5, 6, 8).

With reference to fowl, the behaviour
of Fe-59 has been studied in the hen by
Halkett et al. (4), by analysing radioacti­
vity in laying in relation to globular des­
truction and plasma iron. Ramsay (13) has
taken the same species to study iron take
up and haemoglobin synthesis in the ery­
throcytes, with the aid of radioactive iron, 
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whilst Klein (7) has analysed the incor­
poration into the erythrocytes in ducks.

This paper gives a comparative analysis
for hens and rabbits of Fe-59 plasma clea­
rance, the turnover values and reappearan­
ce in the red cells, in order to analyse the
transport mechanisms and understand cer­
tain aspects of iron metabolism which
would enable the behaviour differences
between fowl and mammals to be eva­
luated.

Materials and Methods

The following lots of animals have been
studied: 1st, laying hens (16 specimens);
2nd, two month old pullets (7 specimens);
3rd, two month old cockerels (7 speci­
mens); and 4th, buck rabbits (11 spe­
cimens).

Fe-59 was incorporated by incubation
for 15 minutes into 2-3 ml of autologous
plasma and then injected endovenously in
doses varying between 0.5 and 5 /xc/kg. The
specific radioactivity of the different sam­
ples of ferric citrate (Fe-59) used has va­
ried considerably, thereby allowing for
very small additions of free iron, in face
of experiments with very conspicuous va­
lues.

The plasma iron and the total iron bin­
ding capacity in each specimen has been
determined according to Ramsay (11, 12)
which has allowed to see accurately in
each case if the addition of free iron ex­
ceeded the unsaturated iron binding ca­
pacity of the plasma.

After the endovenous injection of Fe-59,
heparinised blood samples were taken at
3, 15, 30, 60, 120 and 180 minutes. The
radioactivity in 1 ml of plasma has been
measured in a well type scintillation
counter.

The plasma iron turnover has been cal­
culated according to the indications of
Bothwell and Finch (2). For these cal­
culations we have taken the T-l/2 (time 

taken for radioiron to reach half concen­
tration) appearing in the first clearance
curve.

Blood samples have been taken at 7.30,
24 and 48 hours after injection and the
radioactivity of the plasma and red cells
has been compared on like volumes. As
from tris time, blood samples are taken
every week for a period of 3-5 months.
This study has been performed on one
group of animals from each lot: i.e.:
8 laying hens; 4 pullets; 6 cockerels and
4 rabbits. In the case of the laying hens,
the radioactivity in the eggs has also been
measured.

Results

Table I gives the values obtained from
the different animals studied. Also the
average values and the resulting disper­
sions in each lot are given. The wide va­
riability of results justifies the inclusion
of the individual values.

Figure 1 gives the average plasma clea­
rance lines in the lots studied. It is ob­
vious how all the fowl lots show two
straight lines of plasma clearance, irres­
pectively of whether the iron addition ex­

Fig. 1. Clearance rates in the rabbits with
iron lower (+) or higer (X) than their UIBC

and in the fowl.
•, laying hens; □, cockerels; A, pullets.
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Fig. 2. Radioactivity (Fe-59) in blood in the
different animals analyzed.

•, rabbits; O, cockerels; A, laying hens;
▲, pullets.

ceeds or not the plasma transport capa­
city. On the contrary, in the case of the
rabbits, two clearance curves appear only
when the plasma unsaturated iron binding
capacity is exceeded (rabbits n.° 1 to 7).

Plasma clearance in the fowl is total
between 9 and 24 hours after injection
and the reappearance in the red cells as
haemoglobin iron already is evident at
24 hours (6 %) with the high values (30%)
being reached at 48 hours.

The appearance of the Fe-59 in the red
cells, as labelled haemoglobin, and its
maintainance over the time, shows a cha­
racteristic distribution (Fig. 2) where no­
table differences between fowl and mam­
mals are to be seen.

Egg radioactivity has been analysed in
8 laying specimens. Figure 3 shows the
distribution of radioactivity over the lay­
ing period in 4 specimens and this may
be considered as typical.

Discussion

Plasma clearance. — The injected ra­
dioactive iron disappears from the plasma
exponentially, so that radioactive values
are nil as from 8 to 14 hours after in­
jection.

The plasma clearance values are diffe­
rent in the animal lots studied (Fig. 1)
and the different clearance rate is shown
in the value of T-l/2.

Fig. 3. Fe-59 content in the eggs from some
hens, expressed In percentages of the total

amount injected.
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In man, the value of T-l/2 is 85 + 25
minutes and in normal individuals varies
between 60 and 107 minutes (6), whilst
dogs give values between 60 and 145 mi­
nutes and rabbits give 70-80 minutes (5).
In this present study, the rabbit group
(n.° 8 to 11) gives values varying between
58 and 85 minutes, in laying hens the ave­
rage is 66 minutes, whilst in the young
specimens, both sexes give 21-26 minutes.
The difference between these lots is statis­
tically significant and clearly marks a mo­
dification of iron metabolism with laying,
whinch is reflected also in the higher plas­
ma iron content and in the turnover in­
crease.

The study of the different clearance
curves in fowl shows that all have chan­
ges in the clearance rate, expressed in a
change in the slope which takes place
from 30 to 60 minutes after injection.
Multiexponential rates have been shown
in rats (T-l/2: 1.2 and 11.8 hours) and
in man (T-l/2: 79 minutes and 2.5 days
respectively) resulting from a balance bet­
ween the plasma iron and the plasma sto­
rage (8). Hosain and Finch (5) likewise
show how, in general, the existence of se­
veral exponential curves must be explai­
ned by the return of the iron to the plas­
ma pool.

In rabbits is evident a double clearance
curve when the plasma unsaturate iron
binding capacity (UIBC) was exceeded
(rabbits n.° 1 to 7). On the other hand,
where the UIBC was not exceeded (rab­
bits n.° 8 to 11) show only one rate.

The difference between the rabbits and
the fowl, presenting always the last ones
two clearance rates, should be explain for
two reasons: the return of iron to the plas­
ma pool or the existence in the fowl of a
double plasma iron transport as has been
shown by Ali and Ramsay (1). Perhaps
is more plausible the second explanation
in view of the short time in which appear
the change of the slope.

Plasma iron turnover. — Plasma iron
turnover has been determined in man (2)
with normal values of 600-650 /zg Fe/100
ml blood/24 hours, which means that in
a person weighing some 70 Kg plasma
pool (3-4 mg) is turned over about 12 ti­
mes a day. This a point of clinical value
since it provides information on the hae­
matopoietic function.

There is no reference available to this
in animals. The turnover value in the rab­
bit (Table I) shows some variation, but
in the tot with only one exponential cur­
ve, it has lower, more uniform values, but
all of them are more than double those
observed in man.

In the case of the animals with two ex­
ponential curves for plasma clearance,
the turnover values must be taken as me­
rely aproximate, by shortcoming, since all
of them been calculated with the T-l/2
values corresponding to the first curve.

In spite of this, the high value in fowl,
increased in the period of laying, is no-
torius. The high turnover values in coc­
kerels and pullets, with low plasma iron
levels (75-120 /zg Fe %) are obtained as
a result of the very high disappearance
rate (T-l/2, 20-26 minutes) equivalent in
man to ferropoenic anemias.

In laying hens, the clearance rate dimi­
nishes (T-l/2 = 66 minutes) but the plas­
ma iron rises (450-680 /zg Fe %) where
by the turnover is greatly increased.

The comparison of the absolute values
of plasma iron in the~ plasma pool with
respect to the daily turnover (Table II)
show how in fowl the contents of the
plasma pool is renewed daily over 40 ti­
mes, in face of the 10-14 times in rabbits
and man. In the laying hen, the plasma
iron increases 7 to 8 times above the le­
vel of the young specimens and the daily
interchange is triplicated in spite of in­
creasing the T-l/2,zwith a descent in the
renewal of the plasma pool to 16 times a
day. There is a close relationship between
the plasma iron levels and its disappearan-
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Table II. Comparation in several species bet­
ween the total plasma iron, the total iron
interchanged and the dayly renovation num­

ber of the total plasma iron pool.

Species

Total iron
In the

plasma
pool
mg

Iron inter­
changed In
the plasma

pool in
24 hours

mg

Dayly renova
tion number
of the total
plasma iron

pool

Laying hens 0.40 6.69 16.7
Pullets 0.05 2.08 41.6
Cockerels 0.07 2.98 42.6
Rabbits 0.15 2.17 14.3
Man 3.50 35.00 10.0

ce rates. This has been evidenced in man
in different normal and pathological sta­
tes (2).

Globular reappearance of Fe-59. —
In fowl, 9 hours after endevenous injec­
tion of Fe-59, the plasma content is about
6-10 % whilst it is nil in the red cells. At
24 hours, the plasma radioactivity has
disappeared completely and it has reached
6 % in the red cells and at 48 hours this
value has risen to 30 % approximately
and continues to increase in following
days. The rate of globular reappearance
of the Fe-59 differs between fowl and rab­
bits (Fig. 2) and there is a further diffe­
rence within the fowl as far as laying
birds are concerned.

In fowl the globular reappearance is very
quick and reaches a maximum level bet­
ween the 5th and 10th days, rising to
over 70 % in the young specimens and
to only 50 % in the laying birds. As from
this time, there is a drop in the red cell
radioactivity with two clearly definid mi­
nima around the 32nd and the 60-65th
day. Laying hens follow the same rhythm
but their radioactivity levels are lower
and show a plateau between the 5th to
the 20th days approximately. These results 

agree exactly with those observed by Hal-
kett et al. (4) in the same species.

The inflection points represent the des­
truction of the red cells and the incorpo­
ration of the freed Fe-59 to recently for­
med red cells. The average life span of
the red cells is 24 days in the hen (4) and
the destruction of the old cells frees the
iron which increases the plasma pool.

The globular reappearance curve, spe­
cific for laying birds, is explained by the
elimination of iron in the lay, details of
which will be given in a further section.

In rabbits, the globular Fe-59 shows a
different distribution, specially because of
the slowness of its disappearance, since
the levels are 8 to 10 % after 130-140
days, when these levels are reached at 90
days by the young fowl and at 60 days in
the laying birds.

The average life span of the erythrocy­
tes in rabbits is 55 days approximately
(3). which implies a slower haemoglobin
iron renewal cycle.

Radioactivity in the eggs. — The
appearance of the Fe-59 (Fig. 3) in the
eggs is very rapid, in such a way that the
maximum radioactivity values are to be
seen between the 5th and 10th days and
later on a further two maximum levels
are to be observed, one between the 25th
and 40th days and the other between the
60th and 70th days. According to Hal-
kett et al. (4), the maxima are reached
on the 4th, 30th and 59th days, the first,
being the intensest, comprises 38 % of the
dose injected, whilst the other two are
10 % and 3 % respectively. These authors
indicate that the ovary takes the iron di­
rect from the plasma pool, since it has
no storage system and, therefore, depends
on the plasma iron levels.

The Fe-59 is to be found exclusively in
the yolk and the figures given in Figure 3
correspond to the percentages of the total
amount injected, obtained by measuring
the whole egg. The measurement of the 



314 J. PLANAS AND J. BALASCH

yolk radioactive content, with identical
geometry, shows an increase of 10 to 40%.

The total Fe-59 loss in laying has been
measured for 8 specimens and represents
between 3.58 % and 7.58 % of the injec­
ted dose, with a great variability, since it
depends on the intensity of the lay. The
overall values of the lay found are very
low, since even when measuring the yolk
radioactivity, it would get 10 % when it is
38 % in the first lay peak under the con­
ditions expressed by Halkett et al. (4).
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