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Carbonyl Iron Therapy for Iron Deficiency Anemia
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By Victor R. Gordeuk, Gary M. Brittenham, Christine E. McLaren, Margaret A. Hughes, and Louise J. Keating

To determine if elemental carbonyl iron powder is safe and

effective therapy for iron deficiency anemia, 20 nonanemic

and 32 anemic volunteers were studied. Single doses of

1 .000 to 1 0,000 mg of carbonyl iron (1 5 to 1 50 times the 65

mg of iron in the usual dose of ferrous sulfate) were

tolerated by nonanemic volunteers with no evidence of

toxicity and only minor gastrointestinal side effects.

Anemic volunteers (menstruating women who had pre-

viously donated blood) were treated with several regimens

providing 1 ,000 to 3,000 mg of carbonyl iron daily in one to

three doses for 8 to 28 days. After 1 2 weeks anemia was

corrected in 29 of 32 patients, and serum ferritin was

I RON DEFICIENCY is the most common cause of ane-

mia in the world.’3 For the past half century the

standard therapy for iron deficiency anemia has been ferrous

salts.4 Recently, however, Crosby suggested that carbonyl

iron may be “an ideal therapeutic agent, effective yet lacking

in toxicity.”5 Ionic (Fe2�) iron salts such as ferrous sulfate

are effective in the correction of iron deficiency anemia, but

their use has disadvantages, including the risk of accidental

iron poisoning in small children, the occurrence of side

effects, and the prolonged duration of treatment required to

correct anemia and replenish iron stores. Tablets containing

ferrous iron are the second most common cause (after

aspirin) of accidental poisoning among small children, lead-

ing to as many as 500 hospitalizations and several deaths per

year.5 Side effects with a standard dose of ferrous sulfate

occur in 10% to I 5% of patients when compared to placebo6

and result in difficulty in maintaining motivation of patients

to comply with therapy. Restoration of hemoglobin to normal

with ferrous sulfate requires 3 to 6 months of treatment;

replenishment of body iron stores requires therapy for an

additional 2 to 4 months.�8

Elemental uncharged iron powder was used early in this

century for treatment of iron deficiency anemia and was

nontoxic when compared to ferrous salts.9 However, this

elemental iron preparation, which was produced by a hydro-

gen-reduction process, had poor bioavailability when com-

pared to ferrous salts, possibly due to the relatively large size

of the iron particles of about 50 zmt and relatively limited

reactive surface area.’#{176} Since then the elemental iron prepa-

ration known as carbonyl iron powder has been introduced.”

“Carbonyl” does not refer to the composition of the iron

particles but rather to the manufacturing process in which

the controlled heating of vaporized iron pentacarbonyl leads

to the deposition of uncharged, elemental iron as submicro-

scopic crystals that form microscopic spheres of less than 5

j�m in diameter. The preparation is more than 98% pure.’2 As

a food additive, carbonyl iron has been shown to be well

absorbed and utilized for hemoglobin synthesis, both in

experimental animals and in humans.’2’6 In Sweden, where

about half of the fortification iron now used is carbonyl iron,

the high bioavailability of this form of iron has been consid-

ered one factor contributing to a reduction in iron deficien-

cy.’7 Recent studies in rats have clarified the mechanism of

absorption of the finely particulate carbonyl iron now avail-

able (Huebers et al, unpublished observations). The conver-

greater than 1 2 .tg I I in 1 4. Hemoglobin regeneration

proceeded at a rate similar to that described for therapy

with oral iron salts and parenteral iron dextran. There was

no evidence of hematologic, hepatic, or renal toxicity, but

mild gastrointestinal side effects occurred in a majority of

anemic volunteers. Carbonyl iron is an effective, inexpen-

sive treatment for iron deficiency anemia, is accompanied

by tolerable side effects and may have an advantage over

therapy with iron salts by substantially reducing or elimi-

nating the risk of iron poisoning in children.
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sion of particulate carbonyl iron to soluble ionized iron by

stomach acid was a prerequisite for absorption and was

limited by the rate of gastric acid production. Subsequent

uptake by the intestinal mucosa and absorption were similar

with equivalent doses of ferrous iron, although absorption of

carbonyl iron occurred over a longer interval. In these

studies, the bioavailability of carbonyl iron and ferrous iron

was similar with doses of 0.2 to 80 mg Fe/kg body weight.

While not previously used pharmacologically, several

studies suggest that as a therapeutic agent, carbonyl iron

powder may effectively correct iron deficiency anemia yet be

considerably less toxic than iron salts. In rats with iron

deficiency anemia, carbonyl iron has been used successfully

to correct anemia and replace iron stores.’2”8 In humans, as

in dogs, rabbits, and guinea pigs, the estimated lethal dose of

oral ferrous sulfate is about 200 mg Fe/kg body weight.’92’

Human volunteers have taken oral doses of 10,000 mg of

carbonyl iron (about 140 mg Fe/kg) “without deleterious

effect.”5 Formal toxicity studies of carbonyl iron in rats and

guinea pigs found that the LD0 (the dose that all animals

survive) was 10,000 to 15,000 mg Fe/kg and the lethal dose

(LD,�) was 50,000 to 60,000 mg Fe/kg.” These differences

in toxicity may be related to differences in the requirements

for absorption of iron in the carbonyl and ferrous forms.

Fatal amounts of iron may be absorbed through an anatomi-

cally intact intestinal mucosa.2#{176}With ferrous sulfate, all the

iron in a soluble ionized form is potentially available for

absorption. With carbonyl iron, however, only that fraction

solubilized by gastric acid is available for absorption; in

addition, the rate of solubilization is restricted by the rate of

gastric acid production (Huebers et al, unpublished observa-

tions).
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746 GORDEUK ET AL

To determine if carbonyl iron is safe and effective for the

treatment of iron deficiency anemia in humans, we carried

out studies of dosage, toxicity, and side effects for carbonyl

iron in 20 nonanemic volunteers and in 32 patients with iron

deficiency anemia.

MATERIALS AND METHODS

The use of carbonyl iron was approved by the Committee on

Human Investigation at Cleveland Metropolitan General Hospital.

Studies were conducted under the provisions of a claimed investiga-

tional exemption for a new drug (IND No. 22389) of the Food and
Drug Administration. All subjects participating in the study were

advised of the procedures and attendant risks in accordance with our

institution’s guidelines and gave informed consent.

Healthy Volunteers

Twenty healthy adult nonanemic volunteers were given orally a

reference solution containing 498 mg of ferrous sulfate (100 mg
Fe2� ) and 100 mg of ascorbic acid in .001 N hydrochloric acid, and

at approximately I-week intervals thereafter various doses of car-
bonyl iron powder in gelatin capsules were administered orally. The
doses of iron were given after an overnight fast, and the fast was

continued for three to four hours after iron ingestion. Ascorbic acid

was given along with the ferrous sulfate to permit comparison of our

results with previous studies examining the relationship between

increase in serum iron concentration and the total amount of iron

absorbed.22 Blood samples were drawn initially and at intervals from

/2 hour to 24 hours after each dose of ferrous sulfate or carbonyl iron

to monitor serum iron, total iron binding capacity (TIBC), percent

saturation ofTIBC and serum ferritin and to assess liver function as

measured by bilirubin, serum glutamic oxaloacetic transaminase
(SGOT). serum glutamic pyruvic transaminase (SGPT). and alka-

line phosphatase, and renal function as measured by serum creati-
nine. Five volunteers received carbonyl iron in single incremental
doses of 100 mg, I .000 mg. and 5,000 mg at approximately 1-week
intervals; four of these volunteers also received a 10,000 mg dose of

carbonyl iron. Blood samples were drawn at 0, /2, 1, 2. 3, 4, 5, and 6
hours following the doses of iron. Nineteen volunteers received a
3,000-mg dose of carbonyl iron at approximately I week or more

after the reference dose of ferrous sulfate, and blood samples were
drawn at 0, 3, 6, 12, and 24 hours following the doses of iron. Side

effects were monitored on a standardized form that included space to
record constipation, diarrhea, heartburn, nausea, abdominal cramps,

headache, weakness, and “unpleasant taste.” The increase in serum
iron was used as an indicator of iron absorption.

Volunteers With Iron Deficiency Anemia

Thirty-two volunteers were recruited from blood donors to the

Northern Ohio Red Cross who met the following criteria: (I)

menstruating nonpregnant women between the ages of I 8 and 40

years and (2) deferral for repeat blood donation because of hemato-

crit <38%. They received one of several short-term courses of

carbonyl iron powder (shown later in Table 2). Gelatin capsules
containing either 500 or I .000 mg of carbonyl iron were used. Blood

samples were drawn at 0, 1 , 3, 6, 9, and I 2 weeks for determination
of free erythrocyte protoporphyrin (FEP), serum ferritin, serum
iron, TIBC. percent saturation of TIBC, and complete blood count
(CBC) including hemoglobin. mean cellular volume (MCV), white

blood cells (WBC), and platelets. In addition. serum bilirubin,

SGOT. SGPT. alkaline phosphatase, and creatinine were measured

at 0, 1 , and 3 weeks. Side effects were recorded on standard forms as
described above at weeks I and 3 of the study.

Estimation ofiron absorption. An estimate for the absorption of

carbonyl iron was made by calculating the increase in hemoglobin

iron and storage iron between weeks 0 and I 2 of the study and using

the following equation:

Total amount of iron absorbed = increase in hemoglobin iron +

increase in storage iron

The increase in hemoglobin iron was calculated using the follow-
ing equation:

Increase in hemoglobin iron = increase in hemoglobin (g/100

mL) x 3.47 mg Fe/g hemoglobin x assumed body weight of 60
kg x 60 mL blood/kg body weight

The increase in storage iron was calculated by assuming that I Mg/L

of serum ferritin represents approximately 10 mg of storage iron if
the serum ferritin is greater than I 2 zg/L23 and that storage iron is

absent if the serum ferritin is less than I 2 zg/L.24’25 Since at week 0
the serum ferritin was less than 12 jzg/L in all but one of our

patients. the equation was the following:

Increase in storage iron (mg) =

[serum ferritin (zg/L) at week 121 - 12,�g/L] x 10

In these calculations neither menstrual loss nor dietary absorption of
iron was taken into consideration.

Laboratory Methods

Serum iron, TIBC, and percent saturation of TIBC were deter-

mined by the methods of the International Committee for Standard-

ization in Hematology (ICSH).26 Serum ferritin was analyzed using

FER-IRON immunoradiometric assay kits (Ramco Laboratories,

Inc. Houston). FEP was measured with a ZnP model 4000 Hemato-

fluorometer (Environmental Sciences Associates, Inc., Bedford,

Mass). CBC was determined with a Coulter Counter Model ZF or a

Coulter Counter Model S-Plus II (Coulter Electronics, Inc. Hialeah,

Fla). Serum bilirubin, SGOT, SGPT. alkaline phosphatase, and

creatinine were measured by an automated method using the

Parallel Analytical System (American Monitor Corp. Indianapo-
lis).

Statistical Methods

Data were analyzed using BMDP computer programs.27

Studies in nonanemic volunteers. For each of five volunteers

given incremental doses ofcarbonyl iron (Fig 1), the mean change in

serum iron achieved over three to six hours after each dose of

carbonyl iron was examined using a one-way repeated measures

analysis of variance. To test the hypotheses that changes in serum

iron increased with increasing doses of carbonyl iron, one-sided

paired t tests were applied.28 To assure detection of an overall

significance level of .05, Bonferroni significance levels were used for

individual tests.2#{176}The mean changes in serum iron over 24 hours

after ingestion of 100 mg of ferrous sulfate and 3,000 mg of carbonyl

iron in I 9 normal volunteers (Fig 2) were compared using repeated

measures analysis of variance followed by two-sided paired t tests.

The binomial test�#{176}was used to compare the number of overall

gastrointestinal side effects experienced by I 8 volunteers following a

single dose of ferrous sulfate and carbonyl iron. It was also used to

compare the numbers of volunteers experiencing individual side

effects after each dose of iron.

Studies in anemic volunteers. Paired t tests were used to com-

pare the mean values for hemoglobin, MCV, FEP, serum ferritin,

serum iron, TIBC, and percent saturation of TIBC before and 12
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Table 1 . Short-Term Carbonyl Iron Therapy for

Iron Deficiency Anemia
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Fig 2. Change in serum iron over 24 hours following 100 mg of
iron as ferrous sulfate and 3,000 mg of carbonyl iron; N = 19.
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Fig 1 . Change in serum iron over six hours following a
reference dose of ferrous sulfate and incremental doses of car-
bonyl iron. N = 5 for all curves except for 10,000-mg dose of
carbonyl iron. N = 4. Statistical significance: 1 .000 mg and 1 00 mg,
P= .011;5.000mgandl00mg.P=.0004;10.000mgandl00mg.
p= .0003;5.000mgandl.000mg,P= .0004;10.000mgandl.000

mg.P= .0001.

weeks after carbonyl iron treatment for 32 anemic volunteers (Table

I ). Separate one-way analysis of variance procedures followed by

pairwise independent sample t tests were used to compare the results

of the six treatment regimens shown in Table 2. The Bonferroni
multiple comparisons procedure was used to assure detection of an
overall significance level of .05. The same methods were used to

compare the rates of hemoglobin regeneration for volunteers with

three levels of initial hemoglobin concentration. Pearson’s r and

regression analysis were used to examine the linear relationship
between percentage absorption and log cumulative dose of carbonyl
iron.3’

Healthy Volunteers

RESULTS

Figure 1 shows mean response in serum iron over six hours

for incremental doses of carbonyl iron alone and a reference

dose of I 00 mg of iron as ferrous sulfate plus I 00 mg ascorbic

acid in five healthy volunteers. It should be noted that

addition of ascorbic acid to the dose of ferrous sulfate would

be expected to enhance iron absorption and to favor ferrous

sulfate as far as the magnitude of the increase in serum iron

is concerned. The mean (±SEM) maximal increase (141 ±

25 �tg/dL) after the reference dose of ferrous sulfate

occurred at three hours. This increment was slightly higher

than the mean increase of I I 0 �g/dL reported by Ekenved et

al,22 which corresponded to a whole body absorption of 8.2

mg iron as determined by whole body counting. With an

equivalent dose of 100 mg ofcarbonyl iron, the rise in serum

iron was less abrupt but more sustained, with the maximal

increase occurring at the end of the six-hour period of

observation. The rise in serum iron following a dose of

Normal WeekO Weekl2 P

Hemoglobin (g/dL)

MCV(fL)

FEP (�tg/dL whole blood)

Serum ferritin (�zg/L)

Serumiron(zg/dL)

TlBC(�g/dLl

%5aturation

12.0- 16.0

81.0-99.0

10-35

12-250

60-200

250-435

16-50

10.8 ± .2

80.2 ± 1.2

48 ± 3
5.0 ± .5

71 ± 10

417 ± 10

17 ± 2

12.9 ± .1

88.3 ± .6

27 ± 1

15.7 ± 1.8

82 ±6

356 ± 9

23 ± 2

.0001

.0001

.0001

.0001

.3652

.0001

.0559

N 32. Values shown are mean ± SEM.

carbonyl iron increased progressively with incremental doses

of I 00, 1 ,000, 5,000, and 10,000 mg of carbonyl iron.

However, in no case was the iron-binding capacity of the

serum exceeded. Because of the differences in the pattern of

absorption with carbonyl iron and with the reference dose of

ferrous sulfate, it was not possible to estimate the whole body

absorption of the various doses of carbonyl iron from the

serum iron studies or to compare the absorption of the two

forms of iron directly.

Mean responses in serum iron over 24 hours in 19 healthy

volunteers after a reference dose of I 00 mg of iron as ferrous

sulfate plus 100 mg ascorbic acid and after 3,000 mg of

carbonyl iron alone are shown in Fig 2. Mean maximal

increases in serum iron were nearly the same following both

types of iron. The mean (±SEM) maximal increase (I 15 ±

13 �tg/dL) after ferrous sulfate occurred at three hours,

while the mean maximal increase (I 16 ± 16 .tg/dL) after

carbonyl iron occurred at six hours. No samples were

obtained over the next six-hour period, but no statistically

significant differences between the two iron preparations

were found (P > .16) either during the first six hours or

during the last I 2 hours of observation.

Side effects, including gastrointestinal symptoms and an

unpleasant taste sensation, were reported by most volunteers

both after 100 mg of Fe2� as ferrous sulfate and after 3,000

mg of carbonyl iron, as depicted in Table 3; these were

considered mild by the individuals. Side effect information

after carbonyl iron was not available for one of the volun-

teers. With carbonyl iron the unpleasant taste sensation

seemed to be due to eructation. Although overall gastrointes-

tinal ( P = . I 72) and other side effects were not statistically

different between the two iron preparations, a significantly

greater incidence of diarrhea and of abdominal cramping

was seen with carbonyl iron. There was no evidence of

hepatic or renal toxicity as measured by individual and mean

values for serum bilirubin, SGOT, SGPT, alkaline phospha-

tase, and creatinine drawn initially and at 24 hours.

Volunteers With Iron Deficiency Anemia

Figure 3 and Table I depict response to therapy in all 32

anemic volunteers monitored for a I 2-week period after

starting a course ofcarbonyl iron treatment lasting from 7 to

28 days and ranging from I ,000 to 3,000 mg per day in single

or divided doses. Mean hemoglobin concentration rose to

within normal values by the third week and continued to rise

throughout the observation period. Mean MCV and FEP

returned to normal. All of these changes were statistically
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Table 3. Side Effects

In Healthy V olunteers Following a Single Dose of Iron . �
In Anemic Patients During 1

to 4 Weeks of Treatment100 mg Fe” as FeSO4 3.000 mg Carbonyl Iron
(n - 20) In - 18)

No. of

With Carbonyl Iron In - 32)

No. ofNo. of

Volunteers (%) Volunteers (%) P Patients (%)

Constipation 1 (5) 0 (0) >05 9 (28)

Diarrhea 0 (0) 8 (44) .004 24 (75)

Heartburn 2 (10) 2 (11) >05 4 (13)

Nausea 4 (20) 7 (39) >05 10 (31)

Epigastric discomfort 1 (5) 3 ( 1 7) > .05 6 (19)

Abdominal cramps 0 (0) 7 (39) .008 16 (50)

Unpleasant taste 13 (65) 10 (56) >05 23 (72)

Headache 6 (30) 6 (33) >05 10 (31)

Weakness 2 (10) 2 (11) >05 5 (16)

significant. Mean serum iron and mean percent saturation of

the TIBC did not change significantly during the study.

Mean ± SEM serum ferritin concentration, which was 5.0 ±

.5 jig/L initially, rose during carbonyl iron therapy to a peak

value of 40.0 ± 4.6 �tg/L at week I and then declined to a

final value of 15.7 ± 1.8 �zg/L at week 12, which was

significantly greater than the initial concentration. At the

end of the study period, hemoglobin was normal (greater

than 1 2.0 g/dL) in 29 of the 32 volunteers, and serum ferritin

was greater than 12 zg/L in 14 of the 32 volunteers. Mean

serum ferritin in these 14 patients was 26 ± 2 zg/L. Of the

I 4 patients with normal ferritin at the end of the study, I 2

had initial hemoglobin of > I I .0 g/dL.

The responses in mean hemoglobin and serum ferritin and

estimates of the mean amounts of iron absorbed for each of

six different regimens of short-term carbonyl iron therapy

used in the anemic volunteers is shown in Table 2. Although

the final hemoglobin concentrations were similar among the

groups, there were significant differences in the final serum

ferritin concentrations. In group VI, which received the

largest dose of iron for the longest period of time, serum

ferritin was significantly higher than in group V. In group VI

hemoglobin was normal and serum ferritin was > I 2 �zg/L in

all volunteers after 4 weeks ofcarbonyl iron therapy.

Hemoglobin regeneration. The response to carbonyl iron

therapy as measured by daily increase in hemoglobin concen-

tration was calculated for each patient. The rate of rise in

hemoglobin varied according to the initial hemoglobin con-

centration but not the treatment protocol. ( 1) With an initial

a
t
�

I D0

� 3 �

T�E (WEEKS)

Fig 3. Change in hemoglobin and serum ferritin concentra-
tions with short-term carbonyl iron therapy in anemic volunteers;
N = 32.

hemoglobin of 8.9 to 10.0 g/dL, the mean daily increment

(±SEM) in hemoglobin was 0.1 1 ± .01 g/dL during the first

3 weeks of the study when carbonyl iron was taken for all or

part of this time. (2) With an initial hemoglobin of 10.0 to

1 1.0 g/dL, the mean daily response in the first 3 weeks was

0.09 ± .01 g/dL, and (3) with an initial hemoglobin of 11.0

to 12.0 g/dL, it was .04 ± .01 g/dL. The hemoglobin

regeneration rate for case 3 was significantly lower than for

cases 1 (P = .0007) and 2 (P = .0004). As mentioned

previously, the mean hemoglobin concentration continued to

rise throughout the study period, even following the comple-

tion of carbonyl iron therapy. During weeks 6 to 12, when

carbonyl iron therapy had been completed for at least 2

weeks, there was a mean daily increase in hemoglobin of

.01 ± .01 g/dL; this increment was seen for all three

categories of initial hemoglobin concentration.

Absorption of carbonyl iron. An estimate of the total

and daily amount of carbonyl iron absorbed during the study

was made for each patient, as shown in Table 2. Estimated

total amounts of iron absorbed for the various treatment

groups ranged from mean ( ±SEM) values of 232 ± 64 to

410 ± 57 mg, but there were no statistically significant

differences among the six groups. However, when expressed

as the amounts of iron absorbed per day, the range was 1 2 ±

3 to 47 ± 9 mg, and there were significant differences among

the groups. Group I, with the shortest duration of therapy,

had a greater estimated absorption per day than groups IV,

V, and VI, and group II had a greater estimated absorption

than group IV. There were also significant differences in

estimated percentage absorption of the cumulative dose of

carbonyl iron among the groups. Group I and II, which

received the smaller cumulative doses, had a greater esti-

mated percent absorption than group VI, which received the

largest cumulative dose. Analysis of the estimates of percent

absorption for all 32 volunteers revealed a significant nega-

tive correlation with the log of the cumulative dose of

carbonyl iron (r = - .62; P < .001).

Side effects and toxicity. Side effects, shown in Table 3,

were recorded at I and 3 weeks of the study in the 32 anemic

patients. Gastrointestinal symptoms and an unpleasant taste

were reported by a majority of patients. The side effects were

considered by the individuals to be mild in most instances,

and only three patients considered them severe enough to
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warrant discontinuing therapy. In 607 patient-days of ther-

apy with carbonyl iron, there was no evidence for hemato-

logic, hepatic, or renal toxicity as judged by individual and

mean values for WBC, platelets, bilirubin, SGOT, SGPT,

alkaline phosphatase, and creatinine measured at 0, 1 , and 3

weeks.

Cost. Carbonyl iron powder was purchased from GAF

Corp (Linden, NJ) at a price of 2 cents per gram. For

comparison, the current average price of ferrous sulfate (20%

iron) is 35 cents per gram iron, based on manufacturers’

listings in the 1985 Drug Topics Red Book for the purchase

of I 00 capsules or tablets. The cost of the treatment regimens

with carbonyl iron in this study ranged from $.37 to $1.95;

standard-dose ferrous sulfate therapy for 4 weeks would have

cost, on the average, $1.78. In this comparison, we were

unable to take into consideration any additional cost that

would result were carbonyl iron to be marketed as a pharma-

ceutical.

DISCUSSION

Our results suggest that carbonyl iron is safe and effective

for the treatment of iron deficiency anemia, is associated

with tolerable side effects, and may have a cost comparable

to that of ferrous sulfate. We investigated its use as a

pharmacologic agent because of studies indicating that car-

bonyl iron has very low toxicity when compared to standard

iron therapy with ferrous salts5”.’8 In preliminary dosage

and toxicity studies, healthy volunteers were given single

doses of carbonyl iron ranging from 100 to 10,000 mg with no

evidence for toxicity and with mild side effects. It is of note

that the 10,000-mg dose of carbonyl iron given to four
volunteers is over half the lethal dose of iron as ferrous

sulfate (about 14,000 mg in a 70-kg male).’9 In five healthy

volunteers (Fig I), the increase in serum iron following a

dose of carbonyl iron was less abrupt but more sustained than

that from an equivalent dose of ferrous sulfate. Similar

results have been obtained in studies of the pattern of

absorption of the two forms of iron in rats (Huebers et al,

unpublished observations), but no direct studies of the

absorption ofcarbonyl iron in humans are available. Because

of the difference in the pattern of absorption between car-

bonyl iron and ferrous sulfate, relative amounts of iron

absorbed with the two iron preparations could not be deter-

mined from the data shown in Figs 1 and 2.

A short course of I to 4 weeks of carbonyl iron was used to

treat patients with mild and moderate iron deficiency ane-

mia. The daily doses ofcarbonyl iron (1,000 to 3,000 mg in

capsules, each containing 500 to 1,000 mg) were 5 to 15

times the usual recommended dose of iron as ferrous sulfate

(200 mg in tablets, each containing 65 mg),32 yet side effects

were tolerable and there was no evidence of hematologic,

hepatic, or renal toxicity. In rats and guinea pigs, the acute

lethal dose of carbonyl iron powder lies between an LD0 of

10,000 mg/kg and an LD,� of 60,000 mg/kg.” If we

extrapolate these data to humans, a small child of 10 kg body

weight ingesting the largest amount of carbonyl iron pre-

scribed in this study, 84 l-g capsules over 28 days, would

have ingested an amount well below the LD0. For compari-

son, the estimated lethal dose of ferrous iron (200 mg

Fe/kg)’9 for such a child would be 37 ferrous sulfate tablets

(65 mg Fe each), or a 10-day supply for standard adult

therapy.

The increases in hemoglobin concentration with carbonyl

iron therapy in this study are comparable to those described

in previously published studies reporting response to ferrous

sulfate7’3336 and to parenteral iron.8’37 It has been shown that

the rate of rise in hemoglobin in response to parenteral iron

therapy varies inversely with the initial hemoglobin concen-

tration.37 Our results with carbonyl iron also show an inverse

relation between the rate of hemoglobin regeneration and the

initial hemoglobin concentration similar to that reported in

the study with parenteral iron.37 The continued slight mean

rise in hemoglobin of .01 g/dL per day following discontinua-

tion of carbonyl iron therapy may have occurred in response

to iron that had been absorbed and stored during the period

of carbonyl iron therapy, or it may have been due to dietary

iron; similar results have been observed both with patients on

prolonged ferrous sulfate therapy and with untreated

patients responding to dietary iron.36

In the 14 patients who achieved serum ferritin >12 �g/L

at the end of 1 2 weeks of observation, mean serum ferritin

was 26 �g/L. This concentration is almost identical to the

mean value of 25 �g/L observed in a population of women

who were repeat blood donors,38 suggesting that in these

patients some iron stores may have been replaced. Further

examination of these results shows that while serum ferritin

was >12 �zg/L in 12 of 19 (63%) patients whose initial

hemoglobin was greater than 1 1.0 g/L, it was above this

concentration in only 2 of I 3 (1 5%) patients whose initial

hemoglobin was less than I 1.0 g/dL. This suggests that

although in most patients with mild iron deficiency anemia

(hemoglobin 1 1.0 to I 2.0 g/dL) enough iron was absorbed

during short-term carbonyl iron therapy to correct anemia

and to replace some storage iron, in most patients with

moderate anemia (hemoglobin 8.9 to I 1 .0 g/dL) all of the

iron absorbed was ultimately used in erythropoiesis. How-

ever, in group VI, which received the greatest amount of

carbonyl iron, the final hemoglobin concentration was in the

normal range, and the serum ferritin concentration was > I 2

j�g/L in all subjects, suggesting that even a short-term course

of carbonyl iron can correct anemia and may at least

partially rebuild iron stores in patients with mild iron defi-

ciency anemia. It can be noted parenthetically that in our

study, as has been previously reported,39�’ there was a rise in

serum ferritin during iron therapy, which apparently did not

reflect storage iron (Fig 3). It was for this reason that we

used the final serum ferritin values, obtained 56 to 77 days

after completion of iron therapy, as the indicator of storage

iron. It should also be pointed out that in this study we have

not shown that the final hemoglobin concentration, though in

the normal range, was the optimal level for the individual

patients. It is possible that the hemoglobin concentration

continued to rise after I 2 weeks (Fig 3) and that some

storage iron was used for hemoglobin production after I 2

weeks. The 12-week serum ferritin cannot, therefore, be

viewed as a definitive measure of storage iron achieved by

carbonyl iron therapy in this study.

Side effects occurred in most anemic patients given car-

For personal use only.on June 23, 2014. by guest  bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/site/subscriptions/ToS.xhtml


REFERENCES

CARBONYL IRON THERAPY 751

bonyl iron in this study, predominantly diarrhea, abdominal

cramps, and an unpleasant taste sensation. Although such

side effects are a potentially serious drawback to the use of

carbonyl iron therapeutically, it should be emphasized that

most of the individuals considered them mild and tolerable.

In the nonanemic volunteers who received a single dose of

ferrous sulfate and a single dose of carbonyl iron that

contained a 30-fold greater amount of elemental iron, there

were no significant differences in overall gastrointestinal side

effects between the preparations, but when abdominal

cramping and diarrhea were considered separately, their

incidences were significantly more frequent with carbonyl

iron. Also, since giving a placebo for iron deficiency anemia

is associated with a significant incidence of side effects,42

defining the true incidence of side effects related to carbonyl

iron requires a randomized double-blind trial comparing

carbonyl iron, ferrous sulfate, and a placebo. Such a trial is

now in progress.

Although the exact mechanism of intestinal absorption of

iron is still not known, we believe the evidence from this study

suggests that absorption of the doses of carbonyl iron used

here proceeds in a controlled physiologic manner. Supporting

observations include the following: ( 1 ) In healthy volunteers,

incremental doses of carbonyl iron led to increasing incre-

ments in serum iron following the dose (Fig 1); (2) the

iron-binding capacity of the serum was not exceeded even

with large doses of up to I 0,000 mg of carbonyl iron ( Fig I);

(3) following an increase in the serum iron after a dose of

carbonyl iron, there was a decline in the serum iron at 12 and

24 hours as seen with ferrous sulfate (Fig 2); and (4) in the

anemic patients, intact mucosal selectivity in the absorption

of carbonyl iron was suggesting by the declining percent

absorption associated with increasing cumulative dose of iron

and the length of treatment, as is seen with ferrous sulfate

therapy.34 Although an original observation by Volkheimer43

described nonphysiologic “persorption” ofcarbonyl iron par-

tides directly into the portal blood in dogs, the doses he gave

(when adjusted for body weight) were approximately 80

times the largest dose given to healthy volunteers and 700

times the largest dose given to anemic patients in our study.

Previous studies in our laboratory� showed “no evidence of

particulate or elemental iron” on histologic and electron

microscopic examination of the livers of rats fed with

extremely large quantities of carbonyl iron (2.5% wt/wt of

I . International Nutrition Anemia Consultative Group: Iron defi-

ciency in infancy and childhood. Report prepared by Dallman PR

and Siimes MA. New York and Washington. The Nutrition WHO

Foundation, 1979

2. Baker Si: Nutritional anemia: A major controllable health

problem. Bull WHO 56:659, 1978
3. World Health Organization: Control of nutritional anemia

with special reference to iron deficiency. Technical Report Series
No. 580, 1975

4. Haden RL: Historical aspects of iron therapy in anemia. J Am
Med Assoc I I 1:1059, 1938

5. Crosby WH: Prescribing iron? Think safety. Arch Intern Med
138:766. 1978

6. Solvell L: Oral iron therapy: Side effects, in Hallberg L,

the diet) for up to 6 months. Studies in rats using radioactive

carbonyl iron have also found no evidence for “persorption”

(Heubers et al, unpublished observations).

In this study brief courses of I to 4 weeks of carbonyl iron

therapy were examined to determine the extent to which

anemia could be corrected and storage iron replenished with

such short-term therapy. Since an earlier study with animals

had shown that a single large oral dose of carbonyl iron

corrected iron deficiency anemia and replaced storage iron,’9

we wished to find the largest safe daily therapeutic dose of

carbonyl iron with side effects no greater than those asso-

ciated with ferrous sulfate. In addition, with the I 2-week

observation period, the short-term therapy allowed us to

estimate the amount of iron absorbed as described in Materi-

als and Methods. The mean (±SEM) amount of carbonyl

iron absorbed per day for the various treatment groups was

estimated to be I 2 ± 3 to 47 ± 9 mg (Table 3). These

amounts compare favorably with the amount of orally

administered iron that the marrow can use for erythropoiesis

in mild and moderate iron deficiency anemia, approximately

10 to 20 mg per day,45’� and coincide with the finding that in

some of our patients, iron in excess of what was neeeded for

erythropoiesis was absorbed and may have been used to

replenish storage iron.

In summary, our results provide evidence that carbonyl

iron is a safe, effective, well-tolerated, and inexpensive

therapy for iron deficiency anemia. Most important, car-

bonyl iron may have an advantage when compared to the

ferrous salts now in use by decreasing accidental iron poison-

ing in children. Although there is no direct experience with

use of carbonyl iron in children, experience in normal

volunteers5 and in animals”�’8 suggests that the risk of

toxicity and poisoning in children would be greatly reduced

when compared to ferrous salts. Patients with mild anemia

may correct anemia and rebuild iron stores with even a short

course of carbonyl iron, but the optimal dose and duration of

therapy for more severe anemia remain to be determined.

ACKNOWLEDGMENT

We are indebted to Dr John Harris for reviewing the manuscript,

to Lynda Bowman, Patricia Rybicki. and William Giroski for

technical assistance, and to Arlene Corrigan for preparing the

manuscript.

Harwerth HG, Varotti A (eds): Iron Deficiency. Orlando, Fla,
Academic, 1970, p 573

7. Bothwell TH, Charlton RW, Cook JD, Finch CA: Iron Metab-
olism in Man. Oxford, Blackwell Scientific, I 979, p 44

8. McCurdy PR: Oral and parenteral iron therapy: A compari-
son. J Am Med Assoc 191:659, 1965

9. Meulengracht E: Large doses of iron in different kinds of

anemia. Acta Med Scand 58:594, 1923

10. Bjorn-Rasmussen E, Hallberg L, Rossander L: Absorption of

‘fortification’ iron: Bioavailability in man of different samples of

reduced Fe, and prediction of the effects of Fe fortification. Br J
Nutr 37:375, 1977

I I . Shelanski HA: Acute and chronic toxicity tests of carbonyl

iron powder. Bull Nat Formulary Committee I 8:88, 1950

For personal use only.on June 23, 2014. by guest  bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/site/subscriptions/ToS.xhtml


752 GORDEUK ET AL

12. Sacks PV, Houchin DN: Comparative bioavailability of

elemental iron powders for repair of iron deficiency anemia in rats:
Studies of efficacy and toxicity of carbonyl iron. Am J Clin Nutr

31:566, 1978

I 3. Fritz JC, Pla GW, Rollinson CL: Iron for enrichment.

Baker’s Digest, April 1975, p 44

14. Pla GW, Fritz JC, Rollinson CL: Relationship between the

biological availability and solubility rate of reduced iron. J Assoc Off

Anal Chem 59:582, 1976
I 5. Shah BG, Giroux A, Belonje B: Specifications for reduced

iron as a food additive. Agri Food Chem 25:592, 1977
16. Verna RS, Motzok I, Chen 5, Rasper J, Ross HU: Effect of

storage in flour and of particle size on the bioavailability of

elemental iron powders for rats and humans. J Assoc Off Anal Chem

60:759, 1977

I 7. Hallberg L. Bengtsson C, Garby L, Lenartsson J, Rossander

L, Tibblin E: An analysis of factors leading to a reduction in iron

deficiency in Swedish women. Bull WHO 57:947, 1979

18. Brittenham GM. Bacon BR: Single-doseoral iron therapy for

iron deficiency anemia. Blood 60 (suppl I ):27a, I 982 (abstr)

19. Robotham JL, Lietman PS: Acute iron poisoning: A review.

Am J Dis Child 134:875, 1980

20. Reissman KR, Coleman Ti, Budai BS, Moriarty LR: Acute

intestinal iron intoxication. I: Iron absorption, serum iron, and

autopsy findings. Blood 10:35, 1955

21. Moeschlin 5, Schnider U: Treatment of primary and secon-

dary hemochromatosis and acute iron poisoning with a new, potent

iron-eliminating agent (desferrioxamine-B). N Eng J Med 269:57,
I963

22. Ekenved G, Norrby A, Solvell L: Serum iron increase as a

measure of iron absorption: Studies on the correlation with total

absorption. Scand J Haematol [Suppl] 28:31, 1976

23. Cook iD, Skikne BS: Serum ferritin: A possible model for the
assessment of nutrient stores. Am J Clin Nutr 35:1 180, 1982

24. Cook JD, Finch CA: Assessing the iron status ofa population.

Am J Clin Nutr 32:21 15, 1979

25. Saarinen UM, Siimes MA: Iron absorption from breast milk,
cow’s milk, and iron-supplemented formula. Pediatr Res 13:143,

I979

26. International Committee for Standardization in Hematology

(Iron Panel): Recommendations for measurement of serum iron in

human blood. Bri Haematol 38:281, 1978

27. Dixon Wi: BMDP: Biomedical Computer Programs. Los

Angeles. UniversityofCalifornia Press, 1983

28. Winer BJ: Statistical Principles in Experimental Design (ed

2). New York, McGraw-Hill, 1971, p 514

29. Miller RG: Simultaneous Statistical Inference (ed 2). New

York, Springer-Verlag, I 98 1 , p 67

30. Siegel 55: Nonparametric Statistics for the Behavioral
Sciences. New York, McGraw-Hill, 1956, p 36

31 . Snedecor GW, Cochran WG: Statistical Methods. Iowa City.
Iowa State University Press, 1972, p 206

32. Finch CA: Drugs effective in iron-deficiency anemia and

other hypochromic anemias, in Goodman LS. Gilman A (eds): The
Pharmacologic Basis of Therapeutics (ed 6). New York, Macmillan,

1980, p 1315

33. Fulcher RA, Hyland CM: Effectiveness of once daily oral

iron in the elderly. Age Ageing 10:44, 1981

34. Hallberg L, Norrby A, Solvell L: Oral iron with succinic acid

in the treatment ofiron deficiency anemia. Scand J Haematol 8:104,

1971
35. Norrby A, Solvell L: Iron absorption and haemoglobin regen-

eration studies on a new sustained-release iron preparation. Scand J

Haematol 8:231, 1971
36. Norrby A, Solvell L: Iron absorption and haemoglobin regen-

eration in post-haemorrhagic anaemia. Scand J Haematol 1 1 (suppl

20):75, 1974
37. Mehta BC, Lotliker KS, Patel JC: Hemoglobin rise in

response to iron therapy in cases of iron deficiency anemia: Relation

to initial hemoglobin level. Indian J Med Res 61:1818, 1973

38. Skikne B, Lynch S. Borek D, Cook J: Iron and blood

donation. Clin Haematol 13:271, 1984
39. Wheby MS: Effect of iron therapy on serum ferritin levels in

iron-deficiency anemia. Blood 56: 1 38, 1980

40. Simmes MA, Addiego JE, Dallman PR: Ferritin in serum:

Diagnosis of iron deficiency and iron overload in infants and

children. Blood 43:571, 1974
41. Birgegard G, Hogman C, Killander A, Levander H, Simons-

son B, Wide L: Serum ferritin and erythrocyte 2,3-DPG during
quantitated phlebotomy and iron treatment. Scand J Haematol

19:327, 1977
42. Hallberg L, Ryffinger L, Solvell L: Side effects of oral iron

therapy: A double-blind study ofdifferent compounds in tablet form.
Acta Med Scand 459:3, 1966 (suppl)

43. Volkheimer G, Schuly FH, Lindeman A, Beitz U: Persorp-

tion ofmetallic iron particles. Gut 10:32, 1969

44. Bacon BR, Tavill AS, Brittenham GM, Park CH, Rechnagel

RO: Hepatic lipid peroxidation in vivo in rats with chronic iron

overload. J Clin Invest 7 1:429, 1983

45. Hillman RS, Henderson PA: Control of marrow production
by relative iron supply. J Clin Invest 48:454, 1969

46. Crosby WH: The rationale for treating iron deficiency ane-
mia. Arch Intern Med 144:471, 1984

For personal use only.on June 23, 2014. by guest  bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/site/subscriptions/ToS.xhtml



