
































































































































TABLE II
Comparison oj iron absorption at two different dosage schedules. One iron tablet 3 times a day 

given between and together with meals on alternate days for 24 days in each subject.

SUBJECT

”ABSORPTION” 
(per cent) ABSORPTION RATIO

with meals/between meals

Absorption 
decrease 

(estimated) 
mg Fe

between 
meals

with 
meals

10-M-BD 6.0 3.6 0.60 2.2
11-M-BD 15.6 7.8 0.50 7.0
12-M-BD 15.9 7.9 0.49 F o
13-M-BD 33.2 30.3 0.91 2.6

ABSORPTION RATIO, with meals/between meals: Mean value 0.63

the tablets was found to be —2.7%. The 
disintegration time was short (15 minutes 
— measured according to the British 
Pharmacopeia, 1958) and the same for all 
tablets.

The “between meal” schedule was 
chosen as to correspond to what might be 
performed in practice. Each subject 
followed the given schedule each day.

The results are given in table II. It was 
found that there was a greater absorption 
of iron when taking the tablets “between" 
meals than when taking them together 
with the meals. The reduction of the 
absorption was of the same relative 
magnitude in these subjects as in the 
group (A.) in which iron was given as a 
solution.

DISCUSSION

The daily iron doses recommended varies 
from about 100 mg to about 400 mg of 
elemental iron8-14. Also when the small 
iron doses are given with meals, a sufficient 
amount of iron is usually absorbed to give 
an adequate hemoglobin regeneration rate 
e.g. KERR and Davidson, 1958.17. Be­
cause of that it is difficult or impos­
sible to evaluate an interfering effect of 
meals on the amount of iron absorbed 

by usual clinical observations. The purpose 
of iron therapy in iron deficiency is not 
only to normalize the hemoglobin value 
but also to restitute tissue iron and iron 
stores. Therefore the real effectiveness of 
oral iron therapy can not be determined 
only from the hemoglobin regeneration 
rate.

With the method used in the present 
paper the relative amounts of iron ab-
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sorbed under the two sets of condition 
(e.g. administration of iron with and bet­
ween meals) can be quantitated. The lower 
absorption of iron observed, when given 
with or a short time after a meal, can be 
explained both by a chemical interaction 
of food components on iron (formation of 
insoluble or undissociated iron compounds 
as e.g. phosphates and phytates) and by a 
reduction of the concentration of iron by 
the bulk of the meal and by gastric and 
intestinal juices. All these factors can be 
expected to interfere with the absorption.

In a study on the effect of food factors 
on iron absorption by SHARPE, Peacook, 
Cooke and Harris3 it was observed that 
the absorption of iron from a breakfast 
was only one fifth of that from a water

solution, containing the same amount of 
elemental iron. It was concluded that 
medicinal iron should be more effective if 
administered between meals. However, 
the total amount of iron given was only 
8 mg including the iron in the food. It is 
impossible to know to what extent the 
radioiron added had exchanged with the 
food iron. If this exchange was incomplete 
the absorption of iron should have been 
overestimated, calculated from the ab­
sorption of radioiron. Therefore, when 
comparing the results by Sharpe et al. 
with the present results, the balance of 
evidence suggests that the reducing effect 
of a meal is more pronounced when a low 
iron dose is given than when a higher dose 
is given. Probably the reducing effect of a

PERCENT
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20 30 40 SO

IRON ABSORPTION %

Fig. 2. Absorption ratio as a percentage (absorption after/absorption before a meal) in relation to 
the absorption of iron in the fasting state.

Open rings (o) denote those subjects given an iron solution before and after a standardized 
meal. The regression line of this group is drawn as an interrupted line. Black dots ( • ) denote 

those subjects given iron tablets with and between meals. For details see text.
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meal is not only related to the size of the 
iron dose, but also to the size and composi­
tion of the meal.

In the present paper it was observed 
that the reduction of the absorption of 
iron, when iron was administered together 
with meals, seems to be less pronounced 
in those subjects absorbing a greater 
amount of iron in the fasting state. This is 
evident from figure 2.

The relationship between absorption 
decrease and absorption in the fasting 
state was studied statistically in those 9 
subjects, in whom a solution of iron was 
given before and after a standardized light 
meal. The regression line is graphed in 
figure 2. The correlation coefficient (r) 

was 0.73, (p<0.05). As a comparison the 
results from the subjects given tablets 
together with and between meals are also 
included in figure 2 (black dots).

It seems reasonable to assume that iron 
can be administered together with meals 
in patients with iron deficiency without a 
substantial decrease in the amount of iron 
absorbed.

However, to be able to give a conclusive 
answer to the question of the most suitable 
dosage schedule in oral iron therapy, more 
thorough studies are needed concerning 
the .effect of meals on the absorption of 
iron at various dose levels in relation to 
side-effects.

SUMMARY

The quantitative importance of the 
interference of food on iron absorption 
under therapeutical conditions in man was 
studied in two series of experiments using 
the double radioiron method.

In the first series the absorption of iron 
was compared when administered in a 
fasting state and when administered 1/2 
hour after a light meal. Iron was given in 
the two ways on alternate days in the same 
subject for 10 days and was labelled with 
two different radioiron isotopes. On an 
average the absorption was reduced by 
half when the iron was given after the 
meal.

In the second series two therapeutic 
dosage schedules were compared also using 
the double radiorion method. Iron tablets 
were given 3 times a day for 24 days, and 
together with meals and “between” meals 
on alternate days in the same subject. On 
an average 40 per cent more iron was 
absorbed when given “between” meals.

It was found that the absorption de­
creased with 20 to 60 per cent when 30 
mg iron doses were given together with 
meals. This reduction in absorption was 
found to be inversely related to the ab­
sorption of iron in the fasting state.
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SAHLGRENSKA SJUKHUSET, GÖTEBORG, SWEDEN.

EFFECT OF SURFACE-ACTIVE AGENTS ON IRON 
ABSORPTION

By

HANS BRISE

INTRODUCTION

In a previous paper the absorbability of 
different iron compounds was compared1. 
The results indicate that it is very im­
probable that iron compounds can be 
found from which more iron is absorbed 
than from an easily soluble, dissociated 
iron salt (e.g. ferrous sulphate). The only 
possibility of discovering oral iron prepara­
tions, from which more iron is absorbed, 
seems therefor to recide in a search for 
substances, which in one way or another 
promote iron absorption as such.

Various surface-active agents have been 
used in pharmaceutical preparations i.a. 
to improve absorption. In 1954 Wissler,

Bethard, Barker and Mori reported 
that polyoxyethylene sorbitan monolau­
rate (Tween 20) increased the gastrointes­
tinal absorption of iron in hamsters2.

The present study is based on a double 
radioiron technic. The same amount of 
iron was given for 10 days and labelled 
with different isotopes when given with 
and without surface-active substance on 
alternate days, thus making each subject 
his own control as in previous study.4

It was found that none of the four 
surface-active agents studied significantly 
increased the absorption of iron.

METHODS AND MATERIAL

Every morning, after an overnight fast, 
a 25 ml solution containing 30 mg of 
elemental iron as ferrous sulphate was 
given orally for 10 days. The preparation

of the solutions was the same as earlier 
reported3. Every second day the iron doses 
were labelled with one of the radioiron 
isotopes (Fe55 or Fe59) and every second
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day, when a surface-active agent also was 
given, iron was labelled with the other 
isotope.

The following surface-active agents were 
used:

Dioctylsodiumsuljosuccinate (Aerosol-OT, 
American Cyanamid Comp.) was admi­
nistered as a powder containing 150 mg of 
the substance. The powder was swallowed 
together with the iron solution. The flasks 
containing the iron solution were rinsed 
twice and the rinse water was also taken 
as previously described.4

Polyoxyethylene, sorbitan monolaurate 
(Tween 20 —• Atlas Powder Comp.) was 
taken as a solution in a separate flask 
containing 400 mg Tween 20 in 15 ml. 
The Tween 20 solution was taken immedi­
ately after the iron solution.

Sodium lauryl sulphate (U.S.P. 16) was 
dissolved in the iron solutions given on 
alternate days as a dose of 200 mg.

Bile acids were given in gelatine capsules. 
Two capsules containing 146 mg cholic acid 
and 37 mg dehydrocholic acid (prepared 
from Fellesan tablets — A.B. Pharmacia, 
Sweden) were taken together with the iron 
solutions on alternate days.

A blood sample was drawn 2 weeks after 
the last oral dose and the ratio of the 
absorption of iron when given with and 
without a surface-active agent was calcul­
ated as previously described 3 4.

The material in this study includes 2 
healthy male subjects (N). and 16 healthy 
blood donors (BD), who had never 
received any iron supplementation.

RESULTS

The results are given in table I. The 
effect of Tween 20 was studied in 4 sub­
jects. No increase in absorption was noted 
in any of these subjects.

When dioctylsodiumsulfosuccinate was 
given together with iron a slight increase 
in absorption was observed in 3 of the 6 
subjects studied. The mean absorption 
ratio did not significantly differ from the 
mean absorption ratio when only ferrous 
sulphate was given for 10 days in 24 
subjects (M = 1.01, standard error of 
mean ±0.02) as reported in an earlier 

paper4. It is thus probable that the some­
what higher mean absorption ratio (1.07) 
observed in this group is due to the normal 
variation of the absorption and is not an 
effect of dioctylsodiumsulfosuccinate on 
the absorption.

The same is also true for sodium lauryl­
sulphate, in which case the mean absorp­
tion ratio also was 1.07. A mixture of 
cholic and dehydrocholic acid was likewise 
found not to increase the absorption of 
iron in 4 subjects.
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TABLE I

Effect of surface-active agents on iron absorption.

Surface-active 
agent SUBJECT

”ABSORPTION” 
(per cent)

ABSORPTION RATIO 
with/without 

surface-active agent

without with Individual 
value

Mean 
valuesurface-ac tive agent

Polyoxyethylene 1-M-BD 15.5 16.9 1.09
sorbitan mono- 2-M-BD 31.5 33.5 1.07 1.04
laurate (Tween 20) 3-M-BD 23.5 22.1 0.94

400 mg 4-M-BD 44.8 46.5 1.04

5-M-BD 4.6 5.4 1.16
Dioctylsodium- 6-M-BD 15.7 19.0 1.21
sulfosuccinate 7-M-BD 20.7 20.7 1.00 1.07

(Aerosol-OT) 8-M-BD 26.5 31.3 1.18
150 mg 9-M-BD 33.5 .31.1 0.93

10-M-BD 41.4 37.8 0.91

11-M-N 5.6 6.6 1.18
Sodium lauryl 12-M-N 6.1 7.9 1.29 1.07
sulphate 13-M-BD 16.0 16.0 1.00

200 mg 14-M-BD 29.5 23.5 O.80

Cholic acid 146 mg 15-M-BD 11.1 11.6 1.05
and 16-M-BD 17.3 16.7 0.97 1.03

Dehydrocholic 17-M-BD 21.5 22.2 1.03
acid 37 mg 18-M-BD 33.2 35.9 1.08

DISCUSSION

The available area of absorption may 
considerably affect the amount of a 
substance absorbed. Especially, this may 
be true for substances, which normally are 
only partially absorbed. Therefore the 
administration of surface-active agents 
might theoretically be thought to increase 
the absorption of iron.

The amounts of surface-active agents 

given together with the iron solutions were 
as great as might be used therapeutically 
in iron tablets. It is evident from the 
results that it is not possible to increase 
the absorption of iron using these sub­
stances.

The observation by Wissler et al.2 that 
Tween 20 increased the absorption of iron 
in hamsters is not comparable with the
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present findings. The animals were given 
large amounts of Tween 20 (5 per cent of 
the weight of the rations) for long time 
(from 8—20 weeks). EAGLE et. al. had 
earlier observed marked cirrhotic changes 
in the livers of young hamsters which 
were fed polyoxyethylene derivatives for 
longer periods of time.5 In the study by 
WISSLER et al. early cirrhosis was also 
observed in occasional livers. It is thus 
probable that the increased iron absorption 
in the hamsters may have been due to some 
toxic action of Tween 20 and was not an 
effect directly related to a decrease of the 

surface-tension of the gastrointestinal 
content.

From these animal studies and from the 
present observation that Tween 20, in 
smaller amounts, did not increase the 
absorption of iron from ferrous sulphate 
in humans it can be concluded that there 
is no rational basis using Tween 20 in 
pharmaceutical iron preparations. This 
conclusion can also be extended to the 
other agents studied — dioctylsodium­
sulfosuccinate, sodium lauryl sulphate 
and bile acids.

SUMMARY

The effect of surface-active agents on 
iron absorption was studied in 18 subjects 
using a double radioiron method, where 
each subject served as his own control. No 
significant increase of the absorption of

iron was observed with any of the com­
pounds studied (Tween 20, dioctylsodium­
sulfosuccinate, sodium lauryl sulphate and 
bile acids).
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SAHLGRENSKA SJUKHUSET, GÖTEBORG, SWEDEN.

EFFECT OF ASCORBIC ACID ON IRON ABSORPTION

By

HANS BRISE AND LEIF HALLBERG

INTRODUCTION

The repeated observation that ferrous 
iron is better absorbed than ferric1"4 lead 
to studies on the effect of reducing substan­
ces as ascorbic acid on the iron absorption. 
It was found that ascorbic acid increased 
the absorption of ferric iron and of food 
iron2 5. In studies in dogs 6 and rats 7 8 it 
was found that the amount of iron 
absorbed from ferrous sulphate was signifi­
cantly increased when administered to­
gether with ascorbic acid.

In human subjects a greater plasma iron 
increase was observed when iron was given 
together with a large dose of ascorbic acid9. 
However, when a quantitative method 
was used to determine the absorption of 
ferrous iron, no effect of ascorbic acid was 
observed if huge amounts of ascorbic acid 
were not used, and it was concluded, that 
the addition of ascorbic acid to ferrous iron 
salts offered no practical advantage in iron 
therapy10.

In a previous paper a method was 
described in which each subject served as 
his own control and a more exact quantita­
tion of the effect of various substances on 
the absorption of iron was made possible11. 
A réévaluation of the effect of ascorbic 
acid on iron absorption using this method 
was considered to be important from both 
a theoretical and a practical point of view.

In the present paper it was shown that 
ascorbic acid, when given in sufficient 
amounts, increased the absorption of 
ferrous iron and that the absorption pro­
moting effect increased with increasing 
amounts of ascorbic acid. This effect is 
probably mainly exerted in the gastro- 
intestinal lumen inasmuch as intravenous 
administration of ascorbic acid was found 
to affect neither iron turnover nor iron 
absorption.

51



METHODS AND MATERIAL

The general experimental design was 
the same as in previous studies11 12 13. 
Unless otherwise stated, a ferrous sulphate 
solution containing 30 mg of elemental 
iron and labelled with radioiron was given 
orally every morning after an overnight 
fast for 10 days. Fe55 and Fe59 were used as 
labels on alternate days. Every second day 
ascorbic acid was given as tablets together 
with the iron solution. From analysis of 
Fe55 and Fe69 in a blood sample14 drawn 2 
weeks after the last oral iron dose, the 
effect of ascorbic acid on the absorption 
of iron could be determined, thus making 
each subject his own control as in previous 
studies.11

Studies of this kind were made in 42 
subjects [6 healthy volunteers (N), 1 case 
of pernicious anemia during treatment

(PA), and 35 blood donors (BD)]. The iron 
doses given together with ascorbic acid 
were labelled with Fe59 in 18 subjects, with 
Fe55 in 22 subjects. Twenty subjects were 
given ascorbic acid on the odd days of the 
study. The other 22 subjects were given 
ascorbic acid on the even days of the 
study.

In four additional subjects 300 mg of 
ascorbic acid was given intravenously 
instead of orally on every second day. 
These injections were given 5 minutes 
before the oral doses. These subjects were 
in-patients without any known hematolog­
ical disorder, infection, liver or renal 
disease. The effect of ascorbic acid on 
plasma iron turnover was studied in one 
female and one male healthy medical 
student.

RESULTS

1. EFFECT OF ASCORBIC ACID 
ORALLY ON IRON ABSORPTION
The results are summarized in table I. 

The term “Absorption” means absorbed 
iron found in the estimated red cell mass 
two weeks after the last oral iron dose. 
The figures for absorption are only given 
to facilitate comparisons between indivi­
duals. The systematic errors in the estima­
tion of the absorption do not affect the 
accuracy of the ratio figures as discussed 
in a previous paper11.

It is shown in table I that more iron

was absorbed when given together with 
ascorbic acid. However, a marked effect 
was observed only when 200 mg or more 
of ascorbic acid was given together with 
30 mg of iron. There was a considerable 
variation in the effect of ascorbic acid 
between individuals. Part of this variation 
is necessarily related to the basic variation 
in absorption of iron on different days11. 
Another part of the variation may be 
related to a varying effect of ascorbic acid 
in different individuals and also in the 
same individual on different days.
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TABLE I
Effect of ascorbic acid orally on iron absorption. Different amounts of ascorbic acid were given to 

30 mg of elemental iron (as ferrous sulphate).

"ABSORPTION" ABSORPTION RATIO

Amount of
(per cent) with / without ascorbic acid

ascorbic SUBJECT without with Mean value
acid Individual 

value
and 

standard error(mg)
ascorbic acid

of mean

1-M-N 5.0 4.0 0.81
2-M-N 5.5 5.7 1.03
3-M-BD 7.2 6.7 0.93 0.91+0.04

50 4-M-BD 10.8 8.6 0.79
5-M-BD 11.4 11.1 0.98
6-M-BD 26.2 24.4 0.93

7-M-BD 3.4 3.4 0.98
8-F -BD 5.9 7.3 1.22

100 9-M-BD
10-M-BD

5.9
6.8

6.3
7.4

1.08
1.08

1.0940.03

11-F -BD 10.5 12.0 1.14
12-M-BD 21.2 21.8 1.03

13-M-N 5.7 7.8 1.36
14-M-N 5. 5 6.6 1.20
15-MBD 6.1 11.1 1.82
16-M-BD 9.4 12.8 1.37
17-F-N 9.6 11.6 1.21
18-F -BD 10.4 16.3 1.57

200 19-M-BD 11.2 14.5 1.29 1.33 + 0.07
20-M-BD 12.7 22.6 1.77
21-M-BD 13.9 16.6 1.20
22-M-BD 23.2 22.6 0.98
23-M-BD 23.4 29.7 1.27
24-M-BD 24.7 32.3 1.30
26-M-BD 28.6 26.7 0.93

26-M-N 4.4 5.3 1.20
27-M-BD 8.0 1 1.4 1.43
28-M-BD 9.8 20.6 2.10
29-M-BD 11.1 11.2 1.01
30-M-BD 12.9 18.5 1.43

300 31-F -BD
32-F -BD

14.2
18.2

28.8
20.0

2.03
1.10 1.430.11

33-F -BD 21.3 30.2 1.42
34-F -BD 23.6 36.1 1.53
35-M-BD 24.6 31.5 1.28
36-M-BD 24.6 23.5 0.95
37-F-BD 28.7 46.9 1.64

38-F -BD 11.1 20.6 1.87
39-M-BD 17.4 25.1 1.43

500 40-M-BD 18.5 23.4 1.26 1.48±0.15
41-M-BD 22.8 30.4 1.33
42-M-BD 29.4 44.1 1.50
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Fig. 1. Average increase of iron ab­
sorption when given together with 
varying amounts of ascorbic acid. 
The figures over the bars refer to 
number of subjects in each group.
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Fig. 2. Relationship between amount of ascorbic acid (logaritmic scale) given together with 30 
mg of iron and absorption increase.

The regression line is drawn as a solid line and the 95 % confidence band for this line is marked 
by dotted lines. [The ordinate, absorption increase, is: (y—1) • 100].
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The average increase of the absorption 
of iron, when the iron was given together 
with varying amounts of ascorbic acid, is 
shown in figure 1. The increase is ex­
pressed as the percentage of the absorption 
of iron when given without ascorbic acid.

A statistical analysis of the relationship 
between the dose of ascorbic acid and the 
increase of the absorption of iron is 
graphed in figure 2.

The following functional relationship 
was found within the domain studied:

y = 0.64 • log X—0.17

where
y was the absorption ratio

and
X was the dose of ascorbic acid in 

milligrams.

The regression coefficient 0.64 was 
statistically significant from zero (t=5.07; 

df 40). The rest standard deviation was 
0.25 and the correlation coefficient (r) 
was 0.62.

2. EFFECT OF ASCORBIC ACID 
INTRAVENOUSLY

a. Effect on iron turnover

In two healthy subjects 300 mg of 
ascorbic acid was given intravenously one 
hour after a single intravenous tracer dose 
of Fe59. The studies were made in the 
morning after an overnight fast and blood 
samples were drawn at 10—15 minutes 
interval for 2 % hours. The technique and 
methods were the same as used by HALL- 
BERG and SöLVELL15.

The results are shown in figure 3. It is 
evident that there was no effect on the 
iron turnover rate in these two normal 
subjects. Neither was any significant effect

PLASMA ACTIVITY

Fig. 3. Effect of ascorbic acid on plasma iron turnover rate in two subjects.
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ASCORBIC ACID
300 mg I.V.
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observed on the plasma iron level. The 
plasma iron turnover was thus not affected 
by ascorbic acid.

b. Effect on iron absorption

In 4 subjects iron was given for ten 
days, as described previously, labelled 
with Fe55 and Fe59 on alternate days. On 
every second day 300 mg of ascorbic acid 
was given intravenously 5 minutes before 
the administration of the oral dose. The 
results are shown in table II. It is evident 
that there was no significant effect of 
ascorbic acid on iron absorption when 
given intravenously.

TABLE II

Effect of ascorbic acid intravenously on iron 
absorption. 300 mg of ascorbic acid was given 5 
minutes before the oral 30 mg iron doses [ferrous 

sulphate).

SUBJECT

”ABSORPTION” 
(per cent)

ABSORP­
TION 

RATIO 
with/without 
ascorbic acid

without with

ascorbic acid

43-M-N
44-F -N
45-F -N
46-F -N

2.3
6.7

1.»

2.3
6.4
6.2
1.7

1.01
0.95
1.09
1.07

Absorption ratio: Mean value: 1.03

DISCUSSION

Moore has clearly shown that ascorbic 
acid promotes the absorption of food iron6. 
The present paper was thus solely devoted 
to a réévaluation of the effect of ascorbic 
acid on the absorption of ferrous iron — a 
question which may have practical im­
portance in oral iron therapy. Therefore 
a therapeutic iron dose was given together 
with different amounts of ascorbic acid.

In an earlier study in which the absorp­
tion was determined on two occasions in 
the same human subject — with and 
without varying amounts of ascorbic acid 
—- no conclusive increase was considered 
to be obtained10. The present double 
isotope method111213 offered a possibility 
to reevaluate the effect of ascorbic acid 
on the absorption of ferrous iron.

The results presented in this paper 

clearly show that ascorbic acid promoted 
the absorption of iron, when given in 
sufficiently high doses, and that the effect 
of ascorbic acid increased with increasing 
doses.

The great variation in absorption of iron 
on different days in the same individual, 
as discussed in a previous paper11, may be 
the probable reason why no significant 
effect of ascorbic acid could be detected 
using earlier methods10.

It is very probable that the iron ion 
concentration in the gastrointestinal tract 
has a determining influence on the amount 
of iron absorbed, as judged from other 
studies16. It is a well-known fact that the 
dissociation of ferric hydroxide is much 
less than the dissociation of ferrous 
hydroxide at the pH existing in the
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gastrointestinal tract. The same is also 
true for a great number of other ferric and 
ferrous compounds which may be formed 
in the gastrointestinal tract (e.g. phos­
phates). The reducing effect of ascorbic 
acid may help to keep the iron in the 
ferrous state and may thus prevent or 
delay a formation of insoluble or undis­
sociated ferric compounds.

It is possible that, in addition to a reduc­
ing intraluminar effect, ascorbic acid pro­
motes the absorption of iron by an action 
via internal transfer systems of iron. MAZUR 
et al .17 18 have shown that ascorbic acid is 
required in addition to ATP for the 
incorporation reaction of transferrin bound 
plasma iron into ferritin. Moreover, Loch­
head and Goldberg19 have shown that 

ascorbic acid also increases the transfer of 
iron to heme biosynthesis (protoporphyrin) 
From the results in this study, in which 
intravenous ascorbic acid influence neither 
the plasma iron turnover nor the absorp­
tion of iron, it can be concluded that 
the main effect of ascorbic acid under 
the conditions studied (30 mg Fe and 
50 — 500 mg of ascorbic acid orally) is 
intraluminal and probably due only to its 
reducing action.

The absorption promoting effect of 
ascorbic acid observed in this study 
indicates that the addition of sufficient 
amounts of ascorbic acid to therapeutic 
iron doses (e.g. 200 mg of ascorbic acid to 
30 mg of ferrous iron) may be of practical 
importance in oral iron therapy.

SUMMARY

Using a method employing two radioiron 
isotopes in a design in which the subject 
serves as his own control it has been shown, 

that orally administered ascorbic acid in 
sufficient amounts increases the ab­
sorption of iron from ferrous sulphate, 
and

that orally optimal amounts of ascorbic 
acid, when given intravenously, affect 

neither the basal plasma iron turnover 
nor the absorption of iron.

It has been concluded that the absorp­
tion promoting effect of ascorbic acid is 
mainly due to its reducing action within 
the gastrointestinal lumen, preventing or 
delaying a formation of insoluble or less 
dissociated ferric compounds.
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EFFECT OF SUCCINIC ACID ON IRON ABSORPTION

By

HANS BRISE AND LEIF HALLBERG

INTRODUCTION

In a previous paper it was reported that 
there were great differences in absorbabi­
lity of different iron compounds1. It was 
hypothesized that, with different iron 
compounds, different iron ion concentra­
tions were obtained in the gastrointestinal 
tract. This hypothesis could explain the 
lower absorption of iron from ferric com­
pounds and from such ferrous compounds 
in which a considerable part of the iron 
was expected to be present as complex 
ions in the gastrointestinal tract. However, 
no explanation could be given for the 

observation that more iron was absorbed 
from a solution of ferrous succinate than 
from solutions of quite dissociated iron 
compounds as e.g. ferrous sulphate.

Because of these observations it was 
thought that succinic ions per se influenced 
the absorption of iron. This hypothesis 
was tested and turned out to be correct 
as shown in the present paper. The pre­
sent paper also includes experiments to 
locate and to analyse the effect of succinic 
ions on the absorption of iron.

METHODS AND MATERIAL

The same experimental design was used 
in the present study as previously descri­
bed, employing two radioiron isotopes, and 
making each subject his own control2. The 
details of the experimental procedure and 
the material in different parts of the pre­
sent study are described together with the 
results in the separate sections.

The methods for preparing solutions 
administered orally was the same as 
previously described if not otherwise 
stated. Determinations of Fe55 and Fe59 
were also made according to a method 
earlier published3.
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RESULTS

The results of the present study are 
presented in six separate sections. The 
first one contains a study of the effect of 
different amounts of succinic acid on iron 
absorption. The following five sections 
contain experiments intended to analyze 
the mechanism of action of succinic acid.

I. Effect of succinic acid orally on iron 
absorption

Thirty milligrams of elemental iron (as 
ferrous sulphate) were given in 
solution also containing 10

a 25 ml 
ascorbicmg

acid and 4 g sucrose. The solutions were 
given for 10 days in the morning after an 
overnight fast. Iron was labelled with Fe65 
and Fe59 on alternate days. Every second 
day when iron was labelled with one of 
the isotopes the solution also contained 
succinic acid (pro analysi, Merck, Darm- 
stadt) in amounts from 30 to 500 mg.

This study included 81 subjects-13 
healthy volunteers (N) and 68 healthy 
non-anemic blood donors (BD), who had 
served as blood donors for varying time 
and who had never received any iron 
supplementation. In table I the letters F

20-1

40 -

11

13

12

16

30 60 90 120 150

percent

60

300 500 mg

9

SUCCINIC ACID
tig. 1. Increase of iron absorption by succinic acid. Each bar shows the mean value obtained' 

from the number of subjects given above the bar.
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ABSORPTION INCREASE

PERCENT
200

150 ■

100

30 60 90 120 150 300 500 mg

SUCCINIC ACID

Fig. 2. Relationship between amount of succinic acid (logaritmic scale) given together with 30 
mg of iron and absorption increase.

. _ : line and the 95% confidence band for this line isThe regression line is drawn as a solid line ana • /o
marked by dotted lines. [The ordinate, absorption increase, is: (y—1) • 1004

and M denote female and male subjects 
respectively. In 49 subjects the iron solu­
tions containing succinic acid were la­
belled with Fe59 and in 32 subjects with 
Fe55. In 33 subjects the solutions contain­
ing succinic acid were given on odd days. 
The blood sample for analyses of Fe55 and

Fe59 was drawn 2 weeks after the last oral 
iron dose as in previous studies1 2.

The results are given in table I. The 
figures given as “Absorption” are not the 
true absorption figures as discussed in a 
previous paper2. The figures mean per 
cent of administered iron in the estimated
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TABLE I
Iron absorption from 30 mg of iron as ferrous sulphate with and without different amounts of 

succinic acid orally.

"ABSORPTION" ABSORPTION" RATIO
Amount of (per cent) with / without succinic acid

succinic 
acid

SUBJECT without with
Individual

Mean value

(mg) and

succinic acid value standard error
of mean

1-M-BD 5.2 5.0 0.96
2-F -BD 6.1 7.1 1.17
3-M-BD 7.0 7.7 1.10
4-M-BD 8.4 7.1 0.85

30 3-M-BD 10.7 11.3 1.05 1.03±0.04
6-M-BD 15.6 16.6 1.06
7-M-N 18.0 17.0 0.94
8-M-N 18.0 21.2 1.18
9-M-BD 27.1 26.4 0.97

10-M-N 5.8 6.1 1.04
11-M-N 6.0 4.9 0.83
12-M-BD 7.0 9.7 1.40
13-M-BD 12.3 14.8 1.20
14-M-BD 13.8 14.5 1.04

60 15-M-BD 18.0 23.8 1.33 1.25±0.07
16-M-BD 19.7 22.8 1.16
17-M-BD 19.8 31.4 1.58
18-M-BD 21.0 33.5 1.59
19-M-BD 23.1 27.6 1.20
20-M-BD 29.2 41.3 1.41

21-M-N 3.2 4.2 1.31
22-M-BD 4.5 8.2 1.80
23-M-N 5.2 6.5 1.25
24-M-N 5.3 5. 5 1.05
25-M-BD 7.1 9.9 1.41
26-M-BD 7.8 12.6 1.62

90 27-M-BD 10.0 9.9 0.99 1.3940.08
28-M-BD 10.2 12.6 1.24
29-M-BD 11.0 18.7 1.69
30-M-BD 11.6 21.9 1.89
31-M-BD 14.6 19.0 1.30
32-M-BD 15.9 23.9 1.49
33-M-BD 26.8 27.3 1.02

34-M-N 2.5 4.3 1.69
35-M-N 5.0 7.4 1.48
36-M-N 5.1 10.7 2.08

120 37-M-N 6.0 7.2 1.20 1.45±0.10
38-M-BD 8.0 10.8 1.36
39-M-BD 8.0 11.7 1.47
40-M-BD 8.4 8.2 0.98

Table I Continued



Table T Continued

Amount of 
succinic 

acid 
(mg)

SUBJECT

"ABSORPTION"
(per cent)

ABSORPTION RATIO 
with / without succinic acid

without with
Individual 

value

Mean value 
and 

standard error 
of meansuccinic acid

41-M-BD 8.5 17.1 2.01

42-M-BD 15.6 18.5 1.19

120 43-F -BD 21.6 29.7 1.37

44-M-BD 22.4 26.9 1.20

45-M-BD 28.2 37.6 1.33

46-M-N 2.2 7.2 3.23

47-M-BD 3.4 6.4 1.89

48-F -N 4.« 4.9 1.06

49-M-BD 5.4 9.4 1.72

50-M-BD 6.5 8.9 1.37

51-M-BD 7.7 15.3 2.00

52-M-BD 8.1 12.0 1.49

150 53-M-BD 8.1 9.0 1.11
1.52±0.13

54-M-BD 8.3 11.5 1.38

55-M-BD 13.0 19.7 1.51

56-M-BD 16.8 23.2 1.38

57-M-BD 18.8 19.2 1.02

58-M-BD 20.9 25.9 1.23

59-M-BD 21.7 31.4 1.45

60-M-BD 25.8 33.4 1.30

61-M-BD 28.2 31.2 1.11

62-M-BD 4.6 9.3 2.00

63-M-BD 5.7 9.3 1.62

64-M-BD 5.9 8.4 1.43

65-M-BD 9.0 21.1 2.35

66-M-BD 9.8 20.6 2.10

300 67-M-BD 11.1 11.2 1.01 1.46-0.15

68-M-BD 13.3 17.5 1.32

69-M-BD 15.2 17.7 1.16

70-M-BD 15.8 15.5 0.98

71-M-BD 16.1 18.9 1.17

72-M-BD 24.6 23.5 0.95

73-M-BD 5.9 17.2 2.91

74-M-BD 6.7 10.8 1.61

75-M-BD 10.3 16.7 1.62

76-M-BD 10.9 12.1 1.11

500 77-M-BD 11.1 19.7 1.77 1.57±0.19

78-M-BD 11.8 18.8 1.59

79-M-BD 12.7 14.0 1.10

80-M-BD 20.2 22.8 1.13

81-M-BD 20.8 26.1 1.25



red cell mass 2 weeks after the last oral 
iron dose. The systematic errors affecting 
these figures do not influence the absorp­
tion ratio figures. The figures for “Absorp­
tion” are only given to characterize the 
subjects and to facilitate comparisons 
between individuals.

A significant effect of succinic acid was 
observed when 60 mg or more were added 
to the solutions. The mean values graphed 
in figure 1 indicate that with increasing 
amounts of succinic acid more iron was 
absorbed.

The following functional relationship 
was found within the domain studied:

y = 0.4 • log x+0.56
where

y was the absorption ratio, and 
X was the dose of succinic acid in milli­
grams.

The regression coefficient 0.4 was sta­
tistically significant different from zero 
(t = 3.10; df 79). The rest standard 
deviation was 0.40 and the correlation 
coefficient (r) was 0.30.

The observed data and the regression 
line are shown in figure 2.

II. Effect of succinic acid intravenously 
on iron absorption

In an attempt to locate the effect of 
succinic acid on iron absorption the acid 
was given intravenously, instead of orally, 
together with the oral iron doses on the 
alternate days.

In 5 normal subjects a ferrous sulphate 
solution containing 30 mg of elemental 
iron labelled with Fe55 and Fe69 on alter­
nate days was given orally for 10 days as

TABLE II

Iron absorption from 30 mg of iron as ferrous 
sulphate with and without 150 mg of succinic acid 

administered intravenously.

SUBJECT

“ABSORPTION” 
(per cent)

ABSORP­
TION 

RATIO 
with/without 
succinic acid

without with

succin c acid

82-F -N 3.3 4.0 1.22
83-F-N 4.7 7.0 1.51
84-F-N 5.1 5.4 1.06
85-M-N 11.3 18.8 1.66
86-M-N 13.8 16.5 1.20

Mean value: 1.33

described in section I. On alternate days, 
when the iron was labelled with one of the 
isotopes, 150 mg of succinic acid was given 
slowly intravenously starting 5 minutes 
before the administration of the oral iron 
dose.

The pH of the solution given intra­
venously was adjusted to 7 with sodium 
hydroxide and the solution contained 30 
mg succinic acid and 6 mg sodium chloride 
per ml.

The results are shown in table II. In 4 
of the 5 subjects a significantly higher 
absorption of iron was observed when 
succinic acid was administered intra­
venously.

III. Effect of succinic acid orally on 
iron turnover

It has been observed that there is a close 
relationship between iron absorption and 
iron turnover. Any factor increasing the
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turnover of iron, e.g. increased erythro­
poiesis, may also increase the absorption 
of iron4 5.

In order to be able to analyze further 
the effect of succinic acid on iron absorp­
tion, it is thus necessary to know its 
effect on iron turnover.

In two healthy volunteers a tracer dose 
of Fe69 (3—4 uC Fe50) was given intra­
venously after an overnight fast. The 
details of the method were the same as 
those described by HALLBERG and SÖL- 
yell6. Blood samples were drawn at 
intervals of about 15 minutes. After one 
hour 200 mg of succinic acid was given 
orally in a 25 ml solution.

The results were identical in both sub­
jects. As shown in figure 3 there was no 
effect on the iron turnover rate. Four 
plasma iron determinations were made 
during the study in each individual. Since 
there was no change in the plasma iron 
level during the study, it can be concluded 
that oral administration of succinic acid 
does not influence plasma iron turnover.

IV. Effect of some related organic acids 
on iron absorption

In theory one possible mechanism of 
action of orally administered succinic acid 
on iron absorption might be a buffering 
action on the gastrointestinal content. 
With this in mind the effects of some 
related acids were studied. Most of the 
acids studied were among those which 
are integral parts of intracellular metabo­
lic processes. The reason for this selection 
will be discussed later.

The general experimental design was 
the same as in previous sections. A solu­
tion of ferrous sulphate containing 30 mg 
of elemental iron, labelled with Fe55 and 
Fe59 on alternate days, was given every 
morning for 10 days. On alternate days, 
when the iron was labelled with one of 
the isotopes one millimol of acid was given 
in the solution (e.g. 146 mg «-ketoglutaric 
acid).

Thirtyfive subjects were included in 
this study. Twenty of these subjects were 
blood donors.

PLASMA IRON TURNOVER RATE

10

3 HOURS

SUCCINIC ACID

200 mg ORALLY

PLASMA ACTIVITY

100 -,

Fig. 3. Plasma iron turnover rate, before and 
after 200 mg of succinic acid orally.
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TABLE III
Iron absorption from 30 mg of iron as ferrous sulphate with and without some organic acids in 

amounts of one millimol.

ORGANIC ACID SUBJECT

“ABSORPTION" 
(per cent)

ABSORPTION RATIO
with/without organic acid

without with Individual 
value

Mean 
valueorganic acid

95-M-BD 5. 7 6.0 1.06

«-Ketoglutaric acid 96-M-BD 10.7 11.2 1.05
97-F -BD 12.6 13.6 1.08 1.11(146 mg) 98-F -BD 19.1 21.3 1.12
99-F-BD 24.1 30.1 1.25

100-M-N 3.5 3.7 1.06
101-M-BD 4.3 1.29
102-M-N 4.8 5.1 1.07
103-M-BD 6.5 7.8 1.20

Fumaric acid 104-M-BD 7.2 7.6 1.06

(116 mg)
105-M-N 8.0 7.6 0.94 1.08
106-M-BD 19.4 17.7 0.91
107-M-BD 22.3 24.7 1.11
108-F-BD 22.7 23.3 1.03
109-M-BD 23.1 26.8 1.16
110-M-BD 23.2 24.7 1.06

1-Malic acid 111-M-N
112-M-N

4.8 4.3 0.88

(134 mg) 7.0 7.0 1.00 0.89
113-M-N 7.4 5.8 0.79

d-Malic acid
114-M-N
115-F -N

2.7 1.8 0.66

(134 mg) 7.0 5.7 0.81 0.88
116-M-BD 13.5 16.0 1.18

117-M-N 7.0 6.7 0.96dl-Isocitric acid 118-F -N
(192 mg) 7.3 6.3 0.86 0.87

119-F-N 9.4 7.6 0.80

120-M-N 3.1 2.6 0.84

Oxalacetic acid
121-M-BD
122-M-BD

29.6 27.4 0.93
31.6 28.0 0.89 0.89(132 mg) 123-M-BD 34.9 31.3 0.90

124-M-BD 40.3 36.2 0.90

125-M-N 4.9 1.9 0.39

Citric acid
126-F-N
127-F-N

15.2
18.1

8.7 0.58
10.1 0.56 0.62(192 mg) 128-M-BD 25.2 20.2 0.81

129-M-BD 35.7 27.3 0.76
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Fig. 4. Effect of some organic acids orally on iron absorption. Each acid is given in an amount 
of one millimol.
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The results are given in table III and 
are graphed in figure 4.

It is evident from table III that none 
of the acids studied promoted the absorp­
tion of iron. On the contrary administra­
tion of citric acid reduced the absorption 
of iron probably because complex ferrous- 
citrate ions were formed.

The difference between these acids and 
succinic acid (one millimol being about 
120 mg) is clearly shown in figure 4. The 
95 per cent confidence limits of individual 
values drawn in the figure were obtained 
in a previous study2.

V. Effect of succinic acid on intestinal 
motility

Changes in intestinal motility may 
change the absorption from the gastro- 
intestinal tract. Because of this the effect 
of succinic acid was tested on intestinal 
motility.

This investigation was carried out with 
a method devised by Kewenter and 
Kock8. (For details see reference).

Three patients without current gastro- 
intestinal disorders were investigated, one 
of them had been subjected to a Bilroth 
II resection some years previously.
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A soft plastic catheter was introduced 
through the nose into the alimentary tract 
in the afternon. After an overnight fast 
the position of the catheter tip was 
determined by roentgen examination to 
be situated about 10 cm below pylorus. 
The patient was lying horizontally on the 
back during the intestinal motility exami­
nation, and the basal activity of the 
intestine was recorded for 30 minutes. A 
solution of 150 mg of succinic acid, dis­
solved in 10 ml of water, was then ad­
ministered through the catheter. The in­
testinal activity was then recorded for 15 
minutes.

No change in intestinal motility was 
observed in any of the three subjects 
investigated after administration of the 
succinic acid.1)

1) Thanks are due to Doctors JAN KEWENTER 
and Nils G. KOCK of the Department of Surgery 
I, University of Göteborg, who performed the 
motility tests. ..............

Fig. 5. Independent effect of succinic and 
ascorbic acid On iron absorption. Effect of 
ascorbic acid (200 mg) in the precense of succinic 

acid (150 mg).

20-

PERCENT

401

VI. Independent effect of succinic and 
ascorbic acids

In a previous paper it was reported that 
the addition of sufficient amounts of 
ascorbic acid to oral iron doses significantly 
increased the absorption of iron. It was 
concluded that this effect was mainly 
related to the reducing action of ascorbic 
acid in the gastrointestinal lumen since 
no effect on iron absorption was observed 
when the acid was given intravenously. 

The probable site of action of succinic acid 
is within the mucosal cells as will be 
discussed later. Reasoning from the above 
conclusion regarding the different sites and 
mechanisms of action of succinic and 
ascorbic acids, it was thought that the 
acids may potentiate each other’s effects.

30-

Fig. 6. Independent effect of succinic and 
ascorbic acid on iron absorption. Effect of 
succinic acid ( 150 mg) in the presence of ascorbic 

acid (200 mg).
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TABLE IV TABLE V

Iron absorption from 30 mg of iron as ferrous 
sulphate and 150 mg succinic acid with and 

without 200 mg of ascorbic acid.

SUBJECT

“ABSORPTION” 
(per cent)

ABSORP­
TION 

RATIO 
with/without 
ascorbic acid

without with

ascorbic acid

87-M-BD
88-M-BD
89-M-BD
90-M-BD

12.1
21.7
24.4
33.1

16.4
28.7
26.4
38.1

1.35
1.33
1.08
1.15

Mean value: 1.23

Iron absorption from 30 mg of iron as ferrous 
sulphate and 200 mg ascorbic acid with and 

without 150 mg of succinic acid.

“ABSORPTION” 
(per cent)

ABSORP­
TION

SUBJECT
without with

RATIO 
with/without

succinic acid succinic acid

91-M-BD 18.4 24.2 1.32
92-M-BD 22.0 32.9 1.50
93-M-BD 26.9 43.0 1.60
94-M-BD 30.3 39.4 1.30

Mean value: 1.43

This suggestion was tested using the same 
experimental design as employed in pre­
vious sections.

In the first study 30 mg of elemental 
iron (as ferrous sulphate) was given to­
gether with 150 mg of succinic acid in a 
solution every morning for 10 days. This 
amount of succinic acid was found to have 
an optimal absorption promoting effect. 
(Section I in the present paper.) On alter­
nate days, when the iron was labelled 
with one of the isotopes, 200 mg of 
ascorbic acid was also given. In this way 
the effect of ascorbic acid could be tested 
when the absorption of iron was probably 
optimally increased by succinic acid. The 
results are shown in table IV and fig. 5.

More iron was absorbed in all four 
subjects, when ascorbic acid was given. 
However, a statistically significant in­
crease was obtained only in two of the 
four subjects.

In the second study the iron was given 
together with 200 mg of ascorbic acid on 
all 10 days. On alternate days 150 mg of 
succinic acid were given.

The results are given in table V and 
figure 6. A significant increase in the 
absorption of iron was observed in all 
four subjects. This increase was of the 
same magnitude as that observed when 
succinic acid alone was given as an ab­
sorption promoter (section I).
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DISCUSSION

The starting point for the present study 
was the unexplained observation that 
more iron was absorbed from a solution 
of ferrous succinate than from a solution 
of ferrous sulphate. The results in the first 
section of the present paper showed, that 
the addition of succinic acid to a solution 
of ferrous sulphate increased the absorp­
tion of iron. These results indicate that 
succinic ions per se promote the absorp­
tion of iron, because the increase was 
related to the amount of succinic acid 
added, even when more than equivalent 
amounts (in relation to ferrous iron) were 
given. The practical importance of this 
marked promoting effect of succinic acid 
on iron absorption was not studied in the 
present paper. However, preliminary stu­
dies indicate that the use of succinic acid 
in oral iron preparations may have great 
practical advantages in iron therapy7.

In contradistinction to solutions, no 
increased absorption of iron was observed 
from tablets containing ferrous succinate 
in relation to tablets containing ferrous 
sulphate as reported in a previous paper1. 
As shown in table VI the solubility and 
rate of dissolution of ferrous succinate are 
considerably less than those of ferrous 
sulphate.

At the lowest pH usually existing in the 
stomach (ca. pH 1) both the solubility 
and the rate of dissolution of ferrous succi­
nate are less than one tenth of the corres­
ponding values for ferrous sulphate. At the 
higher pH of the upper part of the small 
intestine (pH ca. 5—6) the corresponding 
ratios are only 1:20. Table VI shows the 
amounts (in mg of elemental iron per ml) 
of ferrous succinate and ferrous sulphate 
which have gone into solution after diffe­
rent times of shaking 40 g ferrous SUI­

TABLE VI

Rate of dissolution of ferrous sui pinite and, ferrous succinate at 37° C at various pH levels expressed 
as g Fe dissolved in 1 ml solvent after different limes. See text.

IRON COMPOUND Time 
(minutes)

pH 1 
(0.1 N HC1)

pH 5.5 
(1/20 M bi- 
carbonate- 
HC1 buffer)

pH 7 
(water)

initas 2 0.054 0.057 0.053
Ferrous sulphate (7H2O) 5 0.063 0.057 0.068
sah- J 10 0.095 0.071 0.095

nvdemttt
2 0.004 0.002 0.002
5 0.005 0.004 0.004Ferrous succinate (3H,O) 10 0.008 0.004 0.00+

20 0.009 0.004 0.004
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phate (7H,O) and 20 g ferreus succinate 
(3H,0) respectively in 50 ml solvent at 
37° C at various pH levels.

Because the conditions for the absorp­
tion of iron are more favourable in the 
upper part of the gastrointestinal tract 
(e.g. lower pH, greater area for absorp­
tion), the time factor will be of importance 
for the absorption of iron. The time for 
the disintegration of the tablets and the 
dissolution of the iron compound can thus 
be expected to influence the amount of 
iron absorbed. The great difference in 
rate of dissolution of ferrou succinate and 
ferrous sulphate will thus be a probable 
explanation for the absence of the ex­
pected increased absorption of iron from 
ferrous succinate tablets.

The main part of the present paper 
consisted of studies designed to analyze 
the mechanism of action of succinic acid 
on iron absorption.

Roughly, the absorption of iron will be 
increased:
(a) if the concentration of iron ions in the 

gastrointestinal lumen is increased (or 
more exactly if the product of the 
concentration and area of absorption 
is increased),

(b) if the transfer of iron across the 
mucosal cells is stimulated or

(c) if the elimination of absorbed iron 
from plasma to other sites of the body 
is enhanced.

The first alternative explanation for the 
action of succinic acid — increasing the 
concentration of iron ions in the gastro- 
intestinal tract — was studied in various 
ways.

The absorption promoting effect of 

succinic acid can not be a simple acid 
effect, because other acids related to 
succinic acid did not increase the absorp­
tion of iron (section IV). Neither is it 
probable that succinic acid acts as a 
reducing agent in the gastrointestinal 
lumen, inasmuch as the effect of succinic 
acid was not less when almost optimal 
amounts of ascorbic acid as a reducing 
agent were also given together with the 
iron (section VI).

The result in section II that the absorp­
tion of iron was increased also when 
succinic acid was administered intrave­
nously indicate that the absorption promo­
ting effect of succinic acid cannot be due 
to an action on the gastrointestinal con­
tent (the iron ion concentration). When 
given intravenously the concentration of 
succinic acid in the gastrointestinal con­
tent must be much lower than when the 
acid is given orally. In section I it was 
found that no effect of succinic acid was 
observed when doses lower than 60 mg 
were given orally. Only 150 mg succinic 
acid was injected intravenously and an 
absorption promoting effect was evident 
in most cases. An increased area of absorp­
tion is not a probable explanation for the 
effect of succinic acid, because no change 
in intestinal motility was observed as a 
result of oral administration of 150 mg 
succinic acid (section V). It can thus be 
concluded, that succinic acid does not 
exert its action through an increased iron 
ion concentration in the gastrointestinal 
content or through distribution of iron 
over a greater gastrointestinal surface.

The two main remaining alternatives 
attempting to explain the promoting 
effect of succinic acid on iron absorption 
are therefore (a) an increased transfer
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across the mucosal cells and (b) an in­
creased elimination of iron from plasma. 
The latter was studied in section III, and 
no effect of succinic acid on iron turnover 
could be observed.

By a process of elimination the probable 
explanation for the action of succinic acid 
on iron absorption, will then be a direct 
stimulation of the transfer of iron through 
the mucosal cells.

This interpretation of the present data 
fits in with recent observations suggesting 
that the absorption of iron is an active 
process dependent upon oxidative meta­
bolism and the generation of phosphate- 
bound energy9.

Succinic acid is an integral part of the 
citric acid cycle. Addition of succinic acid 
can thus be expected to increase the 
energy available for the intracellular 
mucosal transfer of iron. However, the 
observation in section IV that other acids 
comprised in the Krebs’ cycle did not 

increase the absorption of iron, makes it 
probable that succinic acid exerts its 
action in some other step in the intra- 
cellular metabolism. Succinic acid is for 
instance also linked with the cytochrome 
system. There may also be other steps in 
which the amount (or concentration) of 
succinic acid has a determining influence 
on the rate of cellular metabolism. How­
ever, a further analysis necessitates the use 
of other methods than those employed in 
the present investigation.

The fact that succinic acid increases the 
active transport of iron across the mucosal 
cells suggests that the absorption of 
other substances may also be increased 
by succinic acid. It is also possible that 
succinic acid is a rate limiting factor 
for the active transfer of some substances 
through other cells besides those of the 
gastrointestinal mucosa because the energy 
metabolism of all cells in the body follows 
the same general pathways.

SUMMARY

Succinic acid was found to increase the 
absorption of iron. The increase was 
related to the amount of succinic acid 
added to the oral iron dose, (81 subjects).

The mechanism of action of succinic 
acid on iron absorption was studied in a 
series of experiments in 48 subjects.

It was concluded that the promoting 
effect on iron absorption was due to a 
direct action on the transfer of iron across 
the mucosal cells, for the following reasons:

(1) succinic acid did not affect iron turn­
over or intestinal motility;

(2) intravenously administered succinic 
acid also increased the absorption of 
iron;

(3) other organic acids related to succinic 
acid (when given in equivalent 
amounts — one millimol) did not 
increase iron absorption.

It is suggested that succinic acid exerts 
its action by increasing the intracellular 
mucosal metabolism. It is possible that 
the absorption of other substances may 
also be promoted by succinic acid.
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