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ABSTRACT

The absorption of iron from three different iron tablets - rapidly-

di8integratiug ferrous sulphate and ferrous carbonate tablets and

slow-release ferrous sulphate tablets - was studied in healthy sub-

jects with a seru8 iron technique and by whole-body counter 888sure-

..nts. A solution of ferrou8 sulphate waa used as a reference. There

were no differences in the absorption from the ferrous sulphate prepa-

rations, but the ferrous carbonate tablets were le88 well ab8orbed.

Good correlation was found between the maxima} serum iron response

and the total absorption of iron and it was concluded that serum iron

studies may be u8ed for s..iquantitativ. measurements of iron absorp-

tion in comparative studies on different iron preparations.

IlmOOOCTIOtf

In a previous study it vas shown that the increase of serum iron

after an oral dose of iron could be used as a seMiquantitative .easure

of iron absorption (Ekenved et a1 1976). The study was perforUled with

ferrous sulphate in solution. In the present investigation the method

was tested in co8P&rative absorption studies with different tablet

preparations. The studies were performed in healthy male subjects and

the following three tablet, vere te.ted: rapidly-di.intesrating fer-

rous sulphate and ferrous carbonate tablets and slow-release ferrous

sulphate tablets. The relationship between the serua iron response

and the total ab.orption of iron vas studied by followins the serum

iron concentration for 6-8 hours and urinc the total absorption

of iron in a whole-body counter.
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MATERIAL AND METHODS

The studies were performed in 30 healthy, male volunteers aged 20-

41 years (mean 25 years). The average weight was 71 kg (range 60-90

kg). All had a haemoglobin value within the normal range (13-17 g/lOO

ml). One subject (No 29) had been a regular blood donor. None had bad

any significant blood loss during the previous six months.

The design of the absorption studies was the same as previously

described. (Ekenved et al 1976). The serum iron concentration was fol-

lowed for 6-8 hours, and the total amount of blood drawn in each study

varied between 120 and 160 ml. The whole-body counter measurements and

the determinations of serum iron and TIBC were performed as previously

described (Ekenved et al 1976).

Three different series of subjects were studied. In each a tablet

preparation containing 100 mg ferrous iron was compared with a solu-

tion of ferrous sulphate containing the same amount of iron using a

randomized, cross-over design. Ten subjects were included in each

series and the following iron preparations were studied:

1) rapidly-disintegrating ferrous sulphate tablets (series I)

2) rapidly-disintegrating ferrous carbonate tablets (series II)

3) slow-release ferrous sulphate tablets (series III)

All tablets were given with 125 ml of water. The iron solutions

were given in a total volume of 125 ml including rinsings. All iron

solutions and tablets were labelled with 59'e. The individual total

activity of 59'e retained was less than 3 ~Ci.

Test preparation8

The solution of ferrous sulphate contained 100 DIg of ferrous

iron and was prepared by dissolving ferrous sulphate together with

100 mc ascorbic acid in tap water. The iron was labelled by adding a
S9 .

tracer dose of FeC13'

The rapidly-disintegrating ferrous sulphate tablets were

prepared froJD S9Fe-labelled Fe804.-4&20. The disintegration time in

vitro by the USP XVIII method (United States Pharmacopeia 1970) was

5 minutes both in water and in simulated gastric juice. The dissolu-

tion of iron in vitro was completed within 10 minutes, when tested in

water or 8imulated gastric juice (USP XVIII) at an agitation rate of

100 rpm using a beaker method previously described (Alpsten et a1

1976).

Statistics

Standard stat:
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The rapidly-disintegrating ferrous carbonate tablets were

prepared froa S9pe-labelled ferrous carbonate which had been incorpo-

rated into a suaar mass to avoid oxidation (H5glund et al 1973). The

disintegration time in vitro by the USP XVIII method was 10 minutes

both in vater and in si.ulated gastr.ic juice. The dissolution of iron

in vitro was completed within 15 minutes. when tested in simulated

gastric juice by the Sa8e method as was used for the ferrous sulphate

tablets. In water practically no iron dis8o1ved within 30 minutes, but

finely dispersed ferrous carbonate particles were suspended in the

dissolution medium.

The slow-release ferrous sulphate tablets were of an in-

soluble matrix type (Duroferon8 Durules8) (Sjogren 1971). The tablets

were prepared fro. 59Fe-labelled FeSO4.~2B20. The dissolution of iron

was 44. 59. 79 and 90 per cent. respectively, after 1,2,4 and 6

hours. when tested in water at an agitation rate of 40 rpm using a

beaker aethod previously described (Alpsten et al 1976). The corres-

ponding values when te8ted in simulated gastric juice were 45.60.82

and 94 per cent.
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Radioiron labelling of the iron c~unds

59Fe-labelled ferrous sulphate was prepared using the followin&

procedure: FeSO4o7H20 aDd ascorbic acid (5 mg per 100 81 Fe2+) were

dissolved in water. A tracer dole of 59FeCl) was added and after

thorough mixing, 59'e-labelled PeSO4o7~O va..-de to precipitate by

adding ethanol. The precipitate was then dried.

59'e-labelled ferrous carbonate val prepared in the following way:

FeS04.7H20 and ascorbic acid (5 m& per 100 ag pe2+) were dissolved

in water. A tracer dose of 59FeCl) wa. mixed in. Labelled FeCO) was

obtained by precipitation with a solution of NaHCO). The precipitate

vas then incorporated into a sugar mass using a special technique
(Hoglund et al 1973). in order t~ prevent oxidation of the ferrous

carbonate.

I 100 .. of ferrous

:e together with

)ell.d by adding a
:1
I
~t
t
..

!

Ite tabletl vere

:egration ti88 in

Icopeia 1970) vas

lice. The di"olu-

:es. when telted in

agitation rate of

(Alp.ten et al

Stati.t;ici

Standard statistical methods were used. Differences in abaorption

~ata between the iron preparation. were te.ted with the wilcoxon

8atched-pairs sicned-ranks teat (Siegel 19S6).
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RESULTS
S e r i e s I. ~211iI:~!i!!E!a!:!!iE;L!~E~!-!~!2!!!!!-!!~!!!!
On one occasion the tablet was dissolved and administered as a so-

lution and on another occasion it was swallowed intact. One subject

had to be excluded because of missing absorption data due to a techni-

cal failure in the whole-body counter set-up. The results for the re-

maining 9 subjects are given in Table I and Fig. 1.
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Series I. Increase of serum iron after 100 mg of
ferrous iron. Mean and SEM from 9 subjects.
0: solution of ferrous sulphate
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The mean absorption of iron was 8.9 ! 0.6 (Mean! SEMO per cent.

when the tablet was given undissolved. The corresponding value when
the tablet was dissolved before ingestion was 8.3 t 0.7 per cent. The

mean maximal increases of serum iron were 27.4 t 2.6 and 24.3 ! 2.9

~mol/l. respectively. Th~ differences in the absorption values and the

aaximal increases of serum iron were not statistically significant

(N.S.). The serum iron curves were similar with the two preparations.

The median time to reach the maximal serum iron concentration was 3

hours with the solution and 4 hours with the tablets (N.S.). There

were no significant differences in serum iron concentrations between

the tablet and the solution at any time during the study.
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Each subject received a rapidly-disintegrating ferrous carbonate

tablet, which was swallowed whole, and a solution of ferrous sulphate.

One subject (No 19) was not fasting when receiving the ferrous sulphate

solution and the results for this subject were omitted when comparing

the absorbability of iron from the two preparations. The results are

given in Table II and Fig. 2.
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Series It. Increase of serum iron after 100 ~ of
ferrous irQn. Mean and SEM from 9 subjects.
0: solution of ferrous sulphate
.: rapidly-disintegrating ferrous carbonate tablets

G'
0

...
40
~

...
0
.

, a
.. ,Q 0
40 . ...
. 40 I.cl e: Do
Q,I 0 ~
- k 0

1-1 .
The absorption of iron was higher from the ferrous sulphate solu-

tion than from the ferrous carbonate tablets in 7 out of 9 subjects.

The mean values were 8.91 1.1 and 5.2 t 0.8 per cent. respectively.

This difference was statistically significant (p< 0.05). Tb. mean va-

lues for the maximal increases of serum iron were 25.3 t 4.2 and 16.0

! 3.2 ~mol/1 after the two preparations (N.S.). Six out of 9 subjects

showed the highest values after the ferrous sulphate solution. The

median time until the maximal serum iron concentration was reached

was the saMe (3 hours) for both preparations.
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DISCUSSI~

The most exact determination. of iron absorption are perfor8ed by

radioisotope techniques. However. sometimes non-radioactive methods

are preferable. This is the case when performing co.parative studies

on different iron preparations. Labelling of radioactive iron tablet.

must be done before the manufacturing process and it may thus be diffi-

cult to obtain labelled tablets with the Sa8e di.integration and dis-

solution properties as the com8ercially available unlabelled tablets.

Without such an equivalence radioisotope studies will not be very

_aningful.

In an earlier study (Ekenved et a1l976) a aood correlation vas

found between the total absorption of iron as measured in a whole-

body counter and tha maximal increase of serue iron after an orally

ad8lnistered solution of iron. However. the applicability of the se-

rua iron method in comparative studies on tablets with different dis-

integration and dissolution properties bas never been studied. This

was done in the present investigation where two rapidly-disintegra-

ting tablets containing iron salts with different dis.olutioD proper-

ties - ferrous sulphate and ferrous carbonate - were studied. A slow-

release preparation contaiDina ferrous .u1pbate was also included in

the study.

The in-vitro dissolution of iron from the rapidly-disintegrating

ferrous sulphate tablets was rapid in both water and simulated gastric

juice. whereas the dissolution of iron from the ferrous caTbonate tab-

lets was virtually nil in water but rapid in si8Ulated gastric juice.

The dissolution of iTon f~om the slow-Telaase tablets was the same in

the two dissolution aedia - about 40 per cent after 1 hour and nearly

100 peT cent after 6 hours. This dissolution rate was in acreement

with that of the commercially available product (Duroferon. Durules.).

The absorption of iTon. aeasuTed in a whole-body counter. from the

rapidly-disintegrating ferrous sulphate tablets W8S the same as fraa

a solution prepared from tba same.tablet. The absoTption from the

rapidly-disintearatinc ferrous carbonate tablets was significantly

l~r than from the ferrous sulphate solution. The lower ab.orbability

of iron fr08 ferrous carbonate tablets is in accordance with the fio-

dinl by Hallberl (1970) of a lower absorption of iron in blood donors

froa ferrous carbonate adainistered in a dose of 30 ~ iron t.i.d.

than fr08 rapidly-disintegrating ferrous sulphate tablets in the saae

dosa,e. H6glund et al (1973) did not find any significant differences

60
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in the absorption from tablets of ferrous carbonate and ferrous sul-

phate when given to blood donors in doses of 10 and 100 m& iron. Dif-

ferences in the materials and/or the dissolution properties of the

tablets used in the various studies might explain the diverging re-

sults.

The absorption from the slow-release ferrous sulphate tablets was

not statistically different from that of ferrous s.ulphate in solution.

Another study with the same slow-release iron preparation showed a

significantly increased absorption compared to rapidly-disintegrating

tablets (Boye et a1 1976). In this study, however, repeated doses were

administered and the daily dose was 1 tablet b.d. and, unlike in the

present study, the subjects were not fasting when taking the iron tab-

lets.
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)plicability of the se-

.eta with different dis-

ler been studied. Tbis

10 rapid1y-disintegra-
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The ferrous sulphate solution used in the present study (series II

and III) contained 100 mg ascorbic acid per 100 mg iron. There were

no indications of an absorption-pro8M)ting effect of this amount of

ascorbic acid as the absorption from this solution was about the same

as that from the dissolved ferrous sulphate tablets containing no

ascorbic acid (series I). This is in agreement with the findings of

Brise & Ballbera (1962) of a significant absorption-pro8M)ting effect

of ascorbic acid only when the ratio between the amount of ascorbic

acid and ferrous iron exceeded 3:1.

The maximal increase of serum iron occurred at about the same time.

after the rapidly-disintegrating tablets as after iron in solution.

Thus. there were no indications that the'disintegration or dissolu-

tion properties of these tablets were rate-limitinl factors in the

absorption of iron.

When studying the slow-relea.e ferrous sulphate tablets the serum

iron concentrations were followed for 8 hours instead of 6 hours as

after the other tablets. as it was expected that the maximal increase

of serum iron might be reached later. There was. however. no signifi-

cant delay of the time for the maximal increase after the slow-release

tablets compared to the solut\on or the rapidly-disintegrating tab-

lets. The reasons for this are not known. but one explanation miaht

have been that the in-vivo dissolution of iron froa the rapidly-dis-

integrating and slow-release tablets was similar. However. in a study

on the release of iron in vivo from the same rapidly-disintegrating

and slow-release ferrous sulphate tablets by a scanning technique

large differences were found in the release rates (Alpsten et al
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:er and simulated gastric
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1~76). Thus, . more Tapid release of iron in vivo than in vitro fr08

the slow-release tablets cannot explain the similar rate of absorption

as judged froa the increase of s.rum iron. Another explanation might

be that in these normal individuals the ..in part of the absorbed iron

from the slow-release tablets emanates from iron released during the

first few hours.

The relationship betWeen the aaximal increase of serua iron and
the total absorption of iron is given in Fig. 4. There was a good

correlation between the two measures of iron absorption. Th. correla-

tion coefficient for the total number of observations (N-S8) vas 0.84.

As viII be seen from the figure, there vere no obvious differences in

the relationships betveen the total asorption of iron and the maximal

increase of serum iron between the solution. of ferrous sulphate and

the different iron tablets.
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In the ferrous carbonate series a statistically significant diffe-

rence in the absorption of iron from the ferrous carbonate tablets and

the solution of ferrous sulphate vas found in the vhole-body counter
studies - 5.2% t 0.8 and 8.9% t 1.1, respectively. A nwmerical diffe-

rence in the mean values of the ..xi..l serum iron increase w.. also
found - 16.0 ~801/1 t 3.2 and 25.3 ~mol/l t 4.2, respectively - but

the difference did not reach statistical significance. This deaonstra-

tea that, as expected, the serua iron ..thod is less sensitive than

absorption studies with a whole-body counter. However, the present in-

vestigation has shown that seru. iron studies .., be used for semi-

quantitative measurements of iron absorption in comparative studies on

different iron preparation8.
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