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Alsorption of coatrolled-release iron

A multiple-dose double radioiron technic was used 1o compare absorption of iron administered

as a controlled-release (CR) capsule and as an elixir; both formulations comained 50 mg

clemental iron as ferrous sulfate. When taken by normal subjects in the fusting state, mean

absorption from the elivir and CR capside averaged 4.92% and 4.38, which gave a CR

capsule :elixir ratio of 0.89. This difference was not significant, bu when taken with meals that

inhibit absorption of dictary iron by different degrees, absorption of the CR fornudation was

superior. CR capsule : elixir absorption ratios averaged 1.70 fronr a meal that is mildly

inhibitory and 3.13 from a meal that causes more marked inhibition. It is concluded that CR

iron formudations may offer a therapentic advantage to patients who take oral iron with mealy 10

avoid gastroimtestinal side cffects.

James D. Cook, M.D., David A. Lipschitz, M.D., and Barry S. Skikne, M.D.

Kansas City, Kun.

Division of Hematology, Department of Medicine, University of Kansas Medical Center

Gastrointestinal side effects such as nausea
and epigastric discomfort commonly occur in
patients on conventional oral iron therapy. Be-
cause these symptoms are believed to correlate
with a high concentration of administered iron in
the gastrointestinal lumen, a common pharma-
ceutical approach has been to use iron in a form
that retards its rate of dissolution. Reports have
shown that controlled-release (CR) preparations
reduce gastrointestinal side effects 27 #3847
but the use of these formulations has frequently
been criticized on the basis that any reduction in
gastrointestinal side effects is due to lower sol-
ubility and reduced absorption, ' 15 14- 2
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The efficacy of CR preparations reporzed in a
number of studies was based either on hemo-
globin response in patients with iron-deficiency
anemia®! 2 208032 o radioisotope determi-
nations,'~+ ¥ 1% 2030 with conflicting results.
These discrepancies may be due to differences
in methods of assessing iron availability or dif-
ferences in the nature of the CR formulation.
Our study was undertaken to compare iron ab-
sorption from a commercially available CR cap-
sule (Feosol Spansule capsule) of ferrous sulfate
with a modified version of a commercially
available ferrous sulfate elixar (Feosol elixir).

Methods

Subjects. Three separate iron absorption
studies were performed in 1) male and 31 fe-
male subjects whose median age was 26 yr
(range, 20 to 55 yr). All subjects were in good
health and gave no history of recent infection or
of disorders known to impair iron absorption
from the gastrointestinal tract. None of the sub-
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Table L. Composition of standardized meals

Clin. Pharmacol. Ther.
October 1952

Weight Energy Protein Iron conient
(gm) (kcal) (gm) (mg)
Mecal A
Egg McMuffin 132 352 18 3.2
Bran flakes, 40% 28 86 3 1.3
Sugar 5 19 - -
Milk, 2% lowfat 227 131 10 -
Coffee 170 2 - 0.2
Total 562 590 31 4.7
Meul B
Hamburger 94 269 23 3.0
Bun w/dressing 70 151 3 2.1
Potatoes, french-fried 69 210 3 0.5
Milkshake, vanilla 145 162 5 .01
Total 378 792 34 5.7

jects were anemic according to World Health
Organization criteria (hematocrit above 36% in
women and 39% in men).* lron status was as-
sessed by serum ferritin determinations by the
method of Miles et al .*"

Preparation of labeled dosage forms. A
double radioiron technic was used to compare
iron absorption from ferrous sulfate given as
*Fe-labeled elixir and as **Fe-labeled CR cap-
sules. The miethod used for preparing and
analyzing the radiolabeled CR capsule will be
reported separately and is described here only
briefly. Commercial ferrous sulfate pellets (250
gm) were irradiated with thermal neutrons for
423 hr at 40° and a neutron flux of approxi-
mately 5 X 107 neutrons/cm?*/sec. The irradi-
ated pellets were aged to decay undesirable ra-
dionuclides and were then pan-coated with lipid
material and encapsulated. The preparation was
analyzed chemically for radioactivity. A Ge(Li)
detector coupled to a multichannel analyzer was
used for the analysis of gamma emitters and a
Si(Li) was used with the same analyzer for the
x-ray analysis of *Fe. Each capsule contained
167 mg dried ferrous sultate USP, equivalent to
50 mg elemental iron, and 0.50 uCi *Fe. The
elixir contained 44 mg of clemental iron/5 ml.
Ferrous sulfate was added to yield a dose of
50 mg of elemental iron/5 ml. Immediately be-
fore taking the elixir, "FeSO, (New England
Nuclear) was added to give 0.20 uCi “Fe/5
ml dose.

Administration of test doses. Both iron

preparations were taken between 7 and 9 A.M.
after an overnight fast. To redvze the effect of
day-to-day variability in iron absorption, the
following multiple-dose technic® was used: On
the first morning of each study, half of the sub-
jects were given 5 ml ferrous sulfate elixir while
the remaining subjects were given the CR cap-
sule. The two formulations wcie then given on
alternated successive days for a total of 10 days.
Each subject received five doses of both prep-
arations. The totai dose of radioactivity taken
by each subject was 2.5 uCi *Fe and 1 uCi
.')!ch.

Three separate studies were performed. In the
first iron was taken by fasting subjects with a
small volume of water. No further intake by
mouth was allowed for 3 hr. In the remaining
two studies, performed in 15 subjects each, the
labeled iron was taken with one of two standard-
ized meals.” Meal A, considered a typical
breakfast, consisted of an Egg McMuffin, bran
flakes, and milk; all of these items are believed
to strongly inhibit the assimilation of dietary
iron. Meal B consisted of a hamburger, french
fried potatoes, and a milkshake: because this
meal included meat it is generally considered
less inhibitory to iron absorption. Most the food
items were purchased on the morning of the
study from a local McDonald’s restaurant.

The chemical compositions of meals A and B
(Table I) were obtained from food composition
tables® or by chemical analyses performed by
WAREF Institute. Inc. It was assumed that the

"
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small difference in energy and iron content of
the two meals would not affect percentage ab-
sorption of iron. The **Fe elixir or **Fe CR cap-
sule was taken midway through the two meals
and no additional food was allowed for 3 hr.

Determination of iron absorption. The sub-
jects returned 14 days after the final test dose
was taken. At this time sufficient blood was
obtained to permit duplicate measurements of
*Fe and *Fe radioactivity in 10 ml whole
blood. Standards representative of cach test
dose were processed simultancously. Radioac-
tivity was measured by liquid scintillation
counting on samples prepared by a modification
of the method of Eakins and Brown. ' Sufficient
counts were obtained to reduce the error of the
net counting rate to less than = 2% in subjects
who absorbed more than 1% of the administered
test dose. Percentage absorption of both iso-
topes was calculated on the assumption that
80% of the absorbed dose was incorporated into
circulating red cells 14 days after the final test
dose. Total blood volume was caleulated (rom
the sex, height, and weight of each subject.”

In the two studies in which iron was taken
with food. retention of whole-body *Fe was
measured immediately before the blood sample
was drawn on the final test day. These mea-
surements were obtained with a whole-body
counter that consisted of four 6-inch Nal (T
crystals and a mobile cot. Total body **Fe radio-
activity was measured during a single 10-nun
traverse of the patient as described. '

Statistical analysis. Because of skewed dis-
tribution of iron absorption data. the mean val-
ues and standard deviations were calculiated on
a logarithmic scale. The results were retrans-
formed as logarithms to recover the original
units. ™ ** Statistical comparison of absorption
tfrom the elixir and CR capsule was based on a
Student’s t test to determiine whether the mean
logarithm of *Fe: *Fe absorption ratio differad
from 0.

Resuits

Iron absorption data for all three studies are
listed in Tuble . When the two iron prepara-
tions were taken without food. iron absorption
means of 4,38% and 4.92% were observed with
the CR capsule and elixir. Although absorption
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ranged widely from 1.05% to 18.45%, the ab-
sorption ratio in individual subjects varied from
only 0.53 to 1.50 (Fig. 1). The mean CR cap-
sule:elixir ratio of 0.89 (1 SEM, 0.83 to
0.96) did nat reflect a significant difference in
absorption (t = 1.58, P > 0.05).

In contrast with studies in fasting subjects,
there were significant differences in absorption
when the two preparations were taken with
food. For meal A, mean abeorption of CR iron
decreased from a fasting mean of 4.38% to
3.21%, while absorption fell from 4.92% to
1.02% when taken as clixir. The absorption
ratio for CR capsule : elixir was above one in all
subjects, with an average ratio of 3.13 (=1
SEM, 2.84 10 3.44): the difference in absorp-
tion was significant (t = 11.85, P < 0.0001).

When the two iron preparations were taken
with meal B, mean absorption of 1.69% from
the elixir was higher than the 1.029% with meal
A, whereas mean absorption from the CR cap-
sule of 2.87% waus of the sume order as the
mean of 3.21% with meal A. With mea) B, the
mean absorption ratio of CR capsule :elixir was
1.70 (£ 1 SEM. 1.59 tu 1.82), which refiected a
significant difference in absorption between the
two formufations (t = 7.76, P < 0.0001).

In the second and third studies, in which ab-
sorption was also determined by whole-body
counting, there was satisfactory agreement be-
tween the whole-body counting values and the
results based on measurements of incorporated
“Fe red cell radioactivity. In the combined
group of 30 subjects there was a mean absorp-
tion value of 1.41% with cach of the two
technics, Nevertheless, with low  absorption
v.hole-body counts were less reliable because
the net counting rate frequently was only 5% to
10% above background radioactivity. Duplicate
blood determinations in these subjects, how-
ever. were highly consistent. Percentage ab-
sorption of iron was therefore calculated from
measurements of blood radiouactivity rather than
from whole-body counts.

The wide range in iron absorption between
subjects is typical of that reported,™ * but de-
spite this high subject-to-subject  variability,
there was excellent correfation between *'Fe
and “*Fe absorption in the sume subject which
reflects. in part, the advantage of multiple-dose
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Table L. Iron absorption from CR iron
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Iron absorotion
Blood
Pucked Serum

Subject cell Jervitin Spansule Elixir Whole-body | Absorption ratio
No. Sexiage | volume (%) (nglml) | (% of dose) | (% of dose) counter (Spansule: elizir)

Fasting
l M4 47 71 1.05 1.96 0.53
2 M25 49 142 2.26 3.03 0.75
3 M24 46 138 3.50 3.08 1.14
4 M22 51 152 2.60 3.1 0.84
5 M23 48 09 3.00 3.93 0.77
6 M24 47 80 4.99 4.04 1.23
7 Mo 48 52 1.58 4.08 0.39
8 M27 44 29 7.39 4.94 1.50
9 M6 49 I8 12.79 13.25 0.97
10 F28 40 113 2.19 2.70 .81
I F37 44 82 2.80 3.10 0.91
12 F27 41 59 4.23 3.13 1.35
13 F22 45 101 3.66 123 1.12
14 F2y 43 103 3.49 4.35 0.80
15 F23 40 15 4.49 4.74 0.95
16 F34 48 106 5.64 6.80 0.83
17 F26 44 3 5.31 8.23 0.65
18 F35 45 59 14.74 10.84 1.36
19 F28 19 44 13.53 15.18 0.89
20 F2y 43 14 17.06 18.45 0.92
Mecan 27 45 64* 4.34* 4.92+ 0.89*

Meal A
] M20 43 176 1.55 0.37 1.26 4.18
2 M29 49 170 (.56 0.50 1.12
3 M22 42 103 2.35 0.50 0.89 4.70
4 M27 41 84 1.41 0.5! 0.54 2.76
S M1l 52 95 1.73 (.55 314

*Geometric mean

administration. For example,

the correlation

coefficient between absorption of the elixir and
CR capsule was 0.95 in fasting subjects and
0.98 and 0.99 with meals A and B. These high
correlation values are reflected in the narrow
range of absorption ratios in the three experi-
ments (Fig. ). For example. in the study with
fasting subjects, the 95% confidence limit for
the mean ratio o 0.89 is 0.77 to 1.03. This
indicates that a difference 1 absorption of more
than 15% would have been significant.

There was excellent correlation between iron
absorption and body iron stores as measured by
serum ferritin, a relationship that has been re-
ported.’ In all three experiments the absolute
correlation coefficient for the relationship be-
tween log serum ferritin and iron absorption

was greater than 0.80. The relationship between
serum ferritin and CR capsule absorption from a
meal is shown in Fig. 2.

Discussion

Gastrointestinal side effects occur in 10% to
25% of patients taking iron by mouth. Upper
gastrointestinal symptoms such as epigastric
pain, nausea, and vomiting are the most com-
mon effects, and occur with increased fre-
quency as the dosage is increased. Lower gas-
trointestinal symptoms such as diarrhea and
constipation occur less frequently and are not
related to the dose of iron. Side effect studies
have demonstrated that 5% to 15% of patients
on placebo will develop similar gastrointes-

>

tinal symptoms,*™ **- %7 indicating that these
ymp g



Vodume 12
Numbher 4

Table 11, Conr'd

Absorption of controlled-release iron

535

Iron absorption
Blood
Packed Serum
Subject cell ferritin Spansule Elinir Whole-body | Absorption ratio
Na. Sexlage | volume (23| tng'mly | (% of dose) | (% of dose) counter (Spansule: elixir)
6 M20 Sl 2R 3.65 1.36 2.68
k27 41 KS 113 0.22 0.65 5.13
¥ k20 19 41 1.61 0.33 0.73 4.87
Y 27 41 47 3140 1.12 1.42 3.03
10 27 K 1S 5.48 1.41 2.20 3.88
11 F24 16 17 5.02 1.87 1.92 2.68
12 Fa2 41 11 9. 10 2.80 2.66 3.8
13 127 41 22 9.76 288 17 338
14 F27 19 12 9.58 .67 .55 2.61
15 k25 42 16 158.28 6.35 5.67 2.40
Meun 26 42 41* 321 1.2 1.62* 3.13*
Meal B
1 M32 47 74 0.97 0.50 0.29 1.94
2 M2S 44 105 1.07 (.66 1.04 1.62
k! M24 45 i4 1.51 0.83 0.91 181
4 M3l 43 187 1.65 1.82 0.96 0.90
5 F26 34 208 0.43 0.32 0.13 1.34
6 F2§ 45 103 1.3 0.82 0.61 1.59
7 23 41 42 1.96 0.86 0.50 2.27
X FSS 42 120 .88 1.42 0.96 1.32
Y Fi4 42 45 2.63 1.8R 1.98 1.39
10 F2§ 41 25 7.03 278 2.09 2.55
1 F31 41 12 7.27 3.03 21 2.39
12 F32 42 22 7.38 3.6l 2.81 204
13 F23 44 20 6.55 378 319 1.73
14 F23 30 64 B.38 4.96 2.62 1.68
15 F24 K 25 26.57 15.77 12.62 1.68
Meun 30 43 56* 2.87* 1.69* 1.26* 1.70*

symptoms have a significant psyci- genic com-
ponent.

To avoid the gastroiniestinal side cffects of
iron. a variety of preparations have been mar-
Keted in which the solubilization of iron in the
gastrointestinal lumen is delayed. 1t is assumed
that gastric irritation is decreased by reducing
the peak concentration of ionized iron in the
stomach or small intestine. There are three
types of CR preparations. With the erosion type
the iron salt is mixed with an excipient designed
to dissolve more slowly in the gastrointestinal
truct. The elution type consists of a physiologi-
cally men plastic matrix containing minute in-
terstices into which the iron is dispersed: this
iron is then eluted in the gastrointestinal lumen
as secretions gradually diffuse into the central

core of the tablet. In the pelleted type iron is
contained in numerous pellets that are adminis-
tered in a gelatin CR capsule. The pellets are
coated with blends of selected waxes and fats
that dissolve in the gastrointestinal lumen at dif-
fering rates. By varying both amount and chem-
ical property of the pellet coating, drug release
can be varied from a few minutes to several
hours.

A number of studies have demonstrated that
gastrointestinal  side effects occur less fre-
guently with CR iron than with conventional
iron therapy. The most complete study of this
type was performed in 1166 blood donors by
Rybo and Solvell.* Two groups of subjects
took ferrous sulfate containing 100 mg elemen-
tal iron twice daily, either as a conventional iron
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Fig. 1. Absorption of iron from a CR capsule expressed as a ratio with absorption from ferrous
sulfate as an clixir. Horizontal lines represent geometric means. When taken with food, absorption

from the CR capsule is higher.

tablet or as an elution-type CR formulation; a
third group took a placebo. Although no differ-
ence in the frequency of constipation or diarrhea
was observed between the two iron formu-
lations, there was a higher frequency of nausea
and epigastric pain with conventional ferrous
sulfate than with CR iron and placebo. Such
results were also reported in carlier studies. ™ ¥

Because the gastrointestinal absorption of
iron is confined to the carly segment of the
small intestine, it is generally assumed that any
delay in the release of administered iron will
carry it beyond the site of maximal absorption.
Many studies have been performed to determine
the absorption of CR iron formulations, but the
findings have been quite varied. Somic of these
disparities can be attributed to a lack of preci-

sion in technics for measuring iron absorption,
For example, a common approach in carlier
studies was to measure the hemoglobin re-
spoase in patients with iron-deficiency anemia.
Studies of CR iron alone have demonstrated
therapeutic efficacy®® *' and comparative stud-
ics have shown that CR iron leads to a thera-
peutic response equal to or better than con-
ventional iron tablets,*'- ** but hemoglobin re-
sponse curves are not a sensitive index of iron
absorption. This is particularly so when the
dose of oral iron is in excess of that needed to
obtain an optimal hematologic response.
Serum iron tolerance curves have also been
used to assess the absorption of therapeutic iron
and have provided evidence that the absorption
of CR iron is equal t0* or less than?* con-
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Fig. 2. Correlation of iron absorption from a CR capsule when taken with food and serum ferritin
meassurements. Measurements after both meal A (o) and meal B (a) are included.

ventional iron tablets. It should be noted that if

the dissolution of iron n the gastrointestinal
tractis delayed., serum iron response may not be
a suitable index of total absorption. In a recent
study, however, it was shown that rapidly disin-
tegrating iron tablets and CR iron induce much
the same order of serum iron responses and that
the serum iron responses after CR iron corre-
lated with simultancous isotopic measurements
of absorption.'” The same serum iron response
was observed with the two formulations despite
the fact that there were major differences in
their in vitro dissolution rates.

Much greater precision in studies of iron ab-
sorption s afforded by the use of radivisotopic
technics. Several studies using isotopes have
been performed to measure absorption of CR
iron, but their findings conflict. Bothwell et al #
reported absorption from a slow -release capsule
and from a quick-release preparation. In a later
study, absorption of 100 mg CR iron given once
daily was compared with the absorption of 33
mg iron as ferrous sulfate given three times a
day." Only ttree of the 12 subjects absorbed
more iron from the slow-release than from the
conventional iron preparation, but the absorp-
tion ratios in this sudy were highly variable.
Subsequent studies with a whole-body counter

have not indicated differences in the absorption
of conventional iron and CR iron formulations
in normal subjects,” iron-deficient patients,'
or patients who had undergone partial gas-
trectomy . !

A number of studies have recently been per-
formed with a multiple-dose double isotope
technic to assess absorption from an elution-
type CR iron preparation. io an initial report,
100 mg iron as ferrous sulfate was taken twice
daily with meals, cither as CR or as con-
ventional ferrous sulfate tablets. In normal
blood donors, absorption of the CR iron aver-
aged 29% higher than that of the conventional
iron tablet; the difference was significant.™ In
later studies performed in blood donors and
iron-deficient subjects, the absorption of 100
mg iron in the CR formulation taken twice daily
was compared with the absorption of 50 mg iron
as ferrous sulfate tuken four times a day. Ab-
sorpt’on of the two preparations was in the sume
range n blood donors, but in iron-deficient sub-
jects absorption of CR iron was 25% higher
than that after conventional ferrous sulfate
forms.*

We cannot exclude the possibility that a
smatler difference in iron absorption between
the two 1ron preparations would have been ob-

—~
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served in patients with overt iron-deficiency
anemia. We did include subjects with a wide
range in iron status, as reflected by serum ferri-
tin levels. Assuming that 1 ng/ml serum ferritin
is equivalent to 10 mg storage iron,® * jron
stores in our subjects ranged from 100 to 2000
i 2. The absorption ratio of CR:iron elixir was
of the same order at the two extremes in iron
stores. For example, with meal A, absorption
ratio of CR iron:clixir averaged 3.22 in three
subjects with serum ferritins <15 ng/ml and
3.33 in subjects with serum ferritins above 100
ng/ml. With meal B, the mcan ratio of 2.08 in
five subjects with serum ferriting <25 ng/ml
was higher than the mean raiio of 1.43 in six
subjects with serum ferritins above 100 ng/ml
(t = 3.07. P < 0.05). These observations sug-
gest that an even greater difference between ab-
sorption of CR iron and elixir may occur in
patients with iron-deficiency anemia.

In a recent study the relative absorption of
CR and conventional iron was shown to depend
not only on iron status, but also on whether the
preparations were taken with food.'" In 16 nor-
mal subjects taking 100 mg iron as ferrous sul-
fate. absorption averaged 7.3% in fasting sub-
jects and was 0.9% when the iron was taken
with food. Absorption of CR iron in fasting sub-
jects averaged 5.6%, but was 1.9% when taken
with food. These findings are almost identical to
ours; we found greater iron absorption when CR
iron was given with a meal of either high or low
iron availability. In both experiments, absorp-
tion of CR iron was lower than that of ferrous
sulfate taken in the fasting state.

Because of the higher cost of CR prepara-
tions, their use cannot be advocated in all pa-
tients who require oral iron therapy. However,
studies have consistently demonstrated a lower
frequency of gastrointestinal side effects with
CR iron than with ferrous sulfate tablets. Our
data cstablish that this can be achieved without
reduction in the quantity of iron absorbed. CR
preparztions provide a safer and less costly al-
ternative to parenteral iron in patients who can-
not tolerate oral iron because of gastrointestinal
symptoms. Moreover, the less frequent doses
required with CR may alleviate, to a certain
extent, the pocr compliance frequently encoun-
tered with oral iron therapy,*” which is believed

Clin. Phurmacol. Ther.
October 1982

to be a major problem with iron supplementa-
tion programs in developing countries.
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