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FREFACE

With the modern trend toward the enrichment of foods with minerals
and vitamins and the frequent use of capsules to supply these food essen-
tials, the question of what effect an excess of one mineral may have on
the metsbolism of another has been brought to the attemtion of those
interested in nutrition research.

A8 iron and caleium both play an important part in human nutrition
and are two of the elements most frequently given as the pure salts, the
effect of large amounts of calcium salts on the absorption of irom in
human beings waes chosen as the problem for this study. The number of
subjects used is too limited to permit definite conclusions, but the
methods established and the results presented may lay the foundation for
more extensive work along this line.

A review of the experimental work which has been done on the role
of iron in animal nutrition and its importance in the blood picture of
human beings is presented as a preliminary study to the experimental

portion of this paper.
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INTRODUCTION

Tha absorption and wetabolism of iron and its function in the body
have for many yoars been subjects of great interesst to ithe biochemist
and the nuiritionist. The importance of ihe role played by iron in the
animal body was expressed by sherman {63) in 1907 in his statement that
iron is

an assential constitueni of the cells and tissues most directly con-
cerned with the processes of oxidation, secretion, reproduction and
developrment and stands therefors in fundamenial relation to metabo-
lism and nuirition in the brosdest sense.

There ars many reports in the literature of studiss which have been
made on the various phases of irom metabolism., &g will be noled in the
literature review which follows, the major portien of theae studies have
been carried ocut with small lsboratory arimsls us experimental subjects,
These studies have included investigations of hemoglobin regeneration,
the bioclogical availability of various forms of ironm and the relation of
olher substances such as copper to hemoglobin formation. The extent to
which information obtained with emall anivels can be applied to huran
beings is not knoun. bowme investipgations have been carried out with
human beirgs in arn attewpt to establisk the iron requirsments and normal
hemoglobin veluss for mun. There have alsc been several studies made
on the treatmasnt of pathelogical conditions comnected with iron metabo-
lism,

In 1939 smmundsen (1} reported some studiss which inmdicated that
human blood cowtains forms of hemoglobin in sddition to the moleculs
which 80 readily combines with oxygen. Attention hag alse been dirscted
to the forms of non~-hemoglobinous iron present in the blood which in-

clude the plasma or serusn iron and the “easily split-off™ iron thought



to be present in the red blood cells. According to Sarkan {10), 1927,
these two forms of iron make up the transport iron system irn the body.

sscause of the small amount of non-hezoglobinous iron in blood serum,
its physioclogical importance had not been studied until KNoore, at the
University of Ohio, and Tompsett, of the Royal Infirwary at Glasgow,
recently carried out a sumber of studies on this iron fraction, In 1937
Hoore, Doan and Arrowsmith (49) showed that the eral administration of
large amounts of iron salts produced & riss in the serum iron of humen
beings within a few hours. The large amouni of iron which this worker
found nscessary to administer in order to produce any observable risg in
geruz iron limits the adaptability of the method for measuring the svail-
ability of ironm in foodam. However, the use ¢f the meamsure of gserum iron
to determine the effect of cther salts on the absorpiion of iron secems
feasivle.

Eletzien (37), in 1940, demosnsirated that the amount of iron absorbed
by anemic rats on a diet conteining 0.5 mg. of iren and C.02 mg. of copper
was reduced by the sdditiom to the diet of 1 psr cent or 3 per cent cal-
cium carbonate or calcium lactate. 4t the end of a five or gix weeks’
fesding period the rats given the calcium supplements showed & lowsr iron
content in all {tissuss of ihe body except the spleen than 4id the anemic
control animels. The depressive effect of the calclum lactale was more
marked than that of the calelium carbonate. Uther calcium salis, with the
excapbion of calcium sulfate, produced similar effacts.

anderson, ¥cDonough and Elvehjem (4) reported, in 1940, a meximum
hemoglobin regensration and iron storage in rats on & diet containing &
calcium-phosphorus ratio of 0.45. as the.calcium—yhoapherus ratio increesed

gbove this value the amount of iron stored in ths body decreased.



In 1939 Crowley and Taylor (16) found that & group of nom-rachitic,
aneric children which failed to respond to iron therspy had a normal blood
serum calcium level bubl a low phosphorus level. Upon the administration
of large amounts of vitamir U the serus phosphorus level was raised to
normal and the anemie then responded teo the iron therspy. The authors
concluded that sufficient vitamin U appeersd to be nscessary for the prop~
er utilizatian'af iron.

In view of tiese obtservations which have been made on the effect of
caleium, phosphorus and vitamin D on the metabolism of iron, the present
study was planned to deterxzine the effect of a high calcium inteke on the
abserption of iron by humen subjects. &= it has been shown previously
by i'oore snd coworkers (49,31) that large deses of iron salts produce a
marked rise in blood serum iron, it seemed probable that if é&lﬁium has
g depressive sffect on iron absorption this rise would not occur followe

ing the simultanecus oral adminisiration of iron and calclum salts.



REVIEYW OF LITZRATURE

It is evident from the following review of the litersture thset al-
though certein facts relative to iron melsbolien are generally accepted,
thers is still wuch controversy concerning some phases of the subject.

According to Sherman (63}, 1907, the available iron in ingested
food is absorbed mginly from the duodenum and, to some extent, from tha
jejunum. It enters the blood stream and is carried ae transport iron in
the blood plasma to the storags depols~-the liver, the spleen and the
bone marrow {48}, When needad for the formation of hemoglobin in the
rod blood cells, the iron is drawn from ithess stdrags depots and is car-
risd again as transport iron to the bone marrow where red cell formation
takes placs (32, 48, 62).

Sehultze (62), 1940, believes the hemoplotin is formed in the nucleus
of the developing red blood cell. The reticulocylte then eithier resorbs
or ejscts the nucleus Lefors enbtering ithe circulating blood. The length
of 1ife of the mature eryturocyie in the blood stream is not known. In
1937 Isascs (32) reported estimates varying from 4 to 120 daye.

following the breskdewn of the erythroecytes, the greaster part of the
ireon is used again by the body for nsw cells, but a small fraction of it
is eliminated sach day. 4 fixed smount of about 0.2 mg. per day passes
from the body in the urine, and amounis varying from 5.8 %o 12.5 mg. per
day are excreted through the walls of the lower intestine and eliminated
with the feces (63).

According to Schulize (62) Hahn and “hipple {25}, Josephs (34} and
S¢hultze, Wlvehjem and Hart (61} have reported that differeni iron com-
pounds in the tissues of the vedy show varisilons in the euse with which

they are mobilized to wecome available for hemoplobin regeneration. In



sver the most severe cases of anemls not &ll of the iron of the liver and
the spleen becomes available. Hone of the iron of the heart is ever mob-
ilized for hamgglobin regensration.

Leverton (42) recently, 1941, found that over extended periocds of
low iron intake by human subjects, the level of the serum iron dropped
below norrmel and then rose immedigtely when adequate iron was added to the
diet. This observation might indicate that the serum iron is the first to
be mobilized for hemoglobln regensration when the dietary intake is inade-
guate.

The most satisfactory results in the studies of iron metabolism have
bean obtained when rats or rabbils made anemic op a milk diet served as
experimental aniwmals. Abderhzlden (2, $) demonsirated in 1900 thuat rats
developed anemia when kept on a milk dietl. snd that the additionm of in-
organic iron salts sione did sot alleviete the condition. He believed
this to be eﬁideﬂcé that the bedy was unable to form the porvhyrir ring
and that it, therefore, must be present in the diet. Thess resulis but
not the conclusions wers substantiated by soms early sxperiments of Hart,
Steentock, Blvehjem and Yaddell (28, 29),in 1925 and 1927, in which they
cbéerved thet rabbite made ansmic on whole milk did net regenerate hemo-
glovin when ferric oxide alone was added ito the dist. lowever, upgon the
daily addition of {ive grams of ground, dried lettuce leaf or lerger amounts
of dried, ground cabbage to the milk and ferric oxide disi, these guthors
ware avle Lo produce complete hemoglobin regenseration in the ansmic rats
within thirty days. In further investigations in 1928, these same work-
ers {30) found that it was the copper present in the vegetable and liver
ash used a8 a supplement to the milk and iron salt diet which produced

the hemoplobin regensretion. They proposed the theory thalt copper acts



a8 a catalyst fof iron in the formatior of hemoglebin.

To gtudy the compsrative aveilability of organic end inorganic iron
for the treatment of nutritional anesis, ilvehjem (18), 1932, divided rats
made anemic by s milk diet inte groups wund gave each group sither ferric
ehloride, purified hematin, ferric chloride plus copper, or hematin plus
coprer. 1In the absence of copper the hematin iron was as ineffective as
the ferric chloride for ihe treatment of anemim. The hemoglobin contsnt
remained at from six to seven grams per 100 cc. of blosd as lovg as hema~
tin znd copper ulone were fed, bul when ferric chleride snd copper were
given the hempglovin rose to 17 grame per 10U cc. of blood. The iren con~
tent ef the livers of the rats was not increessd by hemalilr iron in the
diet, which indicated to the authors that the decreaged activity of the
organic iron was due to the inability of the intsstinal tract to absorb
it. Iv casss of pernicious anemis, inorganic iron and copper alons were
aot sufficient to relieve the condition. OSome unkvown substance present
in liver was also necessary.

hoge and Vahlteich (55) found in 1932, thet 0.2 mg. of iron furnished
by whole wheat, bran or oat ezl produced complets hemoglobin regeneration
in anemic slbino rate within six weeks. White flouwr with copper and iron
sdded to it to wake il sgual to whele wheat in respect to these two min-
erals did not give as good regeneration as did the whole whest. Further
studies by Hose and Kung (56) during the same ysar showed that dried
liver gave aven more rapid hemoglobin regeneration than did whols wheét.

The discovery of the role of copper in hemoglobin formation inveli=~
dated much of the work which had previcusly besn done on the availability

of iron in foodstufls as determived by biclogical methods since the disis

uged prior t¢ the discovery may not have supplied sufficient copper.



The a=-a' dipyridyl methoed introduced by Hill (31}, in 1930, for de-
termining non~hematin irosn has been found useful by some workers (19, 65,
€7) in differentiating between available and vonwavalladle iron in foods
The dipyridyl reagent will not resct witb iren that is bound in the com=-
plex hematic molecule. It is this same irom which iz not availabls to
the anizel body for ™memoglobin regeneration dus 1o the inability of the
intestinal tract to breakdown the porphyrin ring saxthe iron can be
absorbed (18).

The term “"ionogenic iron™ was sugpested by Free and Bing (23), 1940,
in preference to "available™, "inorganic® or "ilonizable" iron. They de-
fine their term as the iron in foods which reucts when treated with the
dipyridyl reagent of Hill {31} or, according to Shonl's (66) terminology,
"yields iene in the course of body processes.” In the studies msde by
Free and ting on vheat of various varieties it was found that an average
of Bl per cent of the total ironm ir wheat was ioncgeﬁic iron according
to the dipyridyl method. DBy bilological assay, the iron of wheuat proved
to be fully as svailable to the rat for hemoglobin regensration as an
squal amouni of iron in the form of ferric chloride.

In 1935 ilvehjem, Yart and Chermsn (19) studied the availability of
iren in wheat, oats, yesst, ferric¢ chloride, ferric pyrophosphate, iron
hypophosunite, irom glutamate and glutamic acld parshematin by the di-
pyridyl method and alsc by biologicel assay. They found the irom in the
wheat, eéts and yeast to be about 50 per cent available by both methods.
All of the salts except glutamic acld parahevaiin were approximstely 100
por cent aveilable as detercinmed by both chemical and biological metheds.
Yhe iron in the glutamic acid parzhemaitiv showed very slight aveilabliiity

by snimal feeding assay methods and failed fto reaet with dipyridyl reagent.



Further work in 1934 by these same men (64) showed a like correlatiom
between the results obiained by biclogical and chemical assay methods
when appiied to beef and perk liver, beef and pork muscls, soy beans,
aysters, spinach, alfalfs and blocd.

The work of Ascham, Speirs und .addox (5,6}, in 1938 and 1939, did
not substantiats that of Zlvenjen, et al, on the relation Detween the
ionizable or non-hematin iron and that available for hemoglobin regensra-
tion. secause of the coler of the solution from the plants situdied,
ascunmr found it necsssary to modify the dipyridyl method used by dlvehjem.
} This may account, in part at least, for the differences in the results
obtained by thé two groups. The experiments of Aecham and co-workers showed
that the iron present in blackeyed peus,; green and yslliow split peas, navy
beans, piunto beans and bubtter bean: was as avallable for hemoglobin re-
peneration in anemic rats as the same amount of iren in the form of ferric
chleride when eoach wag tested by the biclogical assay wethod. In all of
their studies these authors svpplied 0.3 myg. of iron per day for six weeks
23 had been rscommendied by ilvehjem and co-workers (19). Howsver, in 1937
Smith and Utis (67) found 0.3 mg. of iron per day to be in excess of the
winimal requiremenis for complete hewmoglobin regenseration in six wesels,.
They obisined normal hemoglobin levels in anemic mule rats with 0.25 mg.
of iron per day in the diet and in fewsls rute with C.20 mg. of iron per
day. There was close agreecument between biologlically available and ionize
able iron in most of the foods they studied., If the umount of iron fed
by aschum, et gl, was in excess of the minimal reguirements of their
animals, & value for svailavle iron would have been obbtainsd thet was
higher than the actual food iron available for bviclogical use.

In 1939 VcCance (44) pointed out, in a review of the work done on



ionizubls and available irom in foeds, that the wide discrepencies in
the methode ussd by &iffs;ent workers wakes comparisons difficult., He
further recommended that much more work needs ts be done on ths resiation
of food iren to man.

schultze, “lvehjes and Hart (5%, €0}, 1934, studied the avallability
of copper in foeds and in copper salts for wtilization in nemogleobin fore
mation. The copper contents of copper caseirate, glycine amide biuret,
slanine amide biuret and hemocyanin frow limulus polychesus were all
utilized., Copper from hem&iepérphyriﬂ wags not utilized even when fed at
high levels. ¥heat germ, alfalfs, brewer's yeast, pork heart and pork
liver were also tested for the availability of their copper content. In
all cases the copper was found ¢ be readily ubtilized. The :isconain
workers concluded that unavailsbility of dietary copper was of little
practicsl importance since copper is widgiy distributed in o utilizable
form in foods common Lo the human dlet.

Rose, Vahlteich and hacleod (57) found in 1934 that although eggs
were very high in iron they did4 neot give good hemogleobin regenseration
when used as the only source of iron in the dist of anemic rats. They
belisved the limiting factors in the egg yolk to be the amount of copper
present, the form of the iron and some other factor which they were un-
able to identify. This third factor in the egy yolk whichk limited it as
a source of iron for hemeglobvin regeneration was soon shown by Sherman,
Elvehjem and Hart (64), 1934, to bs the aulfur which is present in large
guantities in egg yolx. The copper combines with the sulfur forming
copper sulfide in which form it is nol absorbed by the intestinal tract
and therefore the copper is not aéailable to catalyze hemoglobin formation.

In order to determine the factors influsncing the absorption of iron
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and copper from the alimentary tract, Tompsett (73), 1940, placed § cc.

of the mixture to be tested plus 1 mz. of iron in the Torm of a salt in

a parchment thimble and dialyzed it against 15 cec. of water for four hours.
The solutions tested were: 1, egp yolk and egg while suzpensions; 2; pep-
tic digests of ithe egg volk and egz whites 3, neubralized soclutions of ithe
peptic digests. In the first case ferrous iron dialyzed resdily from
voth egp white and egg yolk, bult ferric iron was not diaslyzed from sither.
In the second case ferrous lropn diaslyzed readily from both, and ferric
iron dislyzed from the sgg white. In the third instance both forme of
iron dialyzed from the egg white, but there was no dialyslis from the agg
yolk, Tha sampe experiments carrisd out in vivo with rats gave sinmilar
resulis., The author concluded from these findings that the sbsorption

of irow from the intestinal trsct can take place only when the iron is

in the ferrous state., HReducing substances in the diet will reduce ths
irun to the ferrous form in the presence of gustric scidity. If the diet
is higher im oxidizing agenis than in reducing sgents, a large amount of
the iron will be in the ferris siate and therefore camnot be shsorbed.
Tompssett conelders {that it iz impossible to state any particular quantity
of dietary iron as being sufficlent for animal needs since the degrse of
iron absorption is dependent on so many factors.

It can easily be seen from the work thus far reviswed {hsd most of
the iron metabolism studies have been carried out by measuring hemoglobin
regenaration in anexic animals. This method naturally linmits ihe con-
trolled expsrimental siudies to small laboratory animals with the sxcep-
tion of a few clinical cases of hunan spnemis. However, hemoglobin deter-
mingtions on human belngs are used as a method of wsasuring nutritional

condition with respeect to iron and in the diapnosis of certain diseases.
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Meyers and Zddy (46), 1939, pointed out that as each of the several
methods now in use for the determination of hewoglobin values has a dif~
ferent level of blood hemoglobin content considered as 100 per cenit, much
confusion hes arisen as to what constitules a normal hemoglobin level.
The present tendency is toward the use of the Hewcomer (52) acid-hematin
method by vhich the grams of hesmoglobin per 100 cc. of biood can be da-
termined dirvectly, The calibration for this maihod is based on ihe oxy-
gen capaciiy of the hemoglebin in blood.

Dowden and ¥eMeil (17}, in 1934, recommended the reporting of hemeo~
globin ip grame per 100 ce. of bleod instesd of the many melhods based
on percenbage values. They also balievsed that in view of the faet that
there was a wlde variation found in the hemoglobin values for healthy
human beings, normals should be glven as s range rather than a set avar-
are figure. |

In & recent review, 1%39, of work done on the hemoglobin content of
human blood, Lyers and #ddy {(46) gave average figures of 15.8 gm. of
hemoglobin per 100 cc¢. of blood for males and 12.8 gm. per 100 cc. for
females as determined by the oxygen capecity meihed. Thess values were
obtuined by averaging the reporite of a large nunber of workers in scat-~
tored localities.

AThers has been considerable conbroverssy as to the cause of the
normally laéar hemoglobin values found in females than in meles. Hose
and Hubbsll (58), inm 1938, depleted the iren stores of both male and
fepale rats to a uniform stele of anenmia thanbgave dosas of irom and
copper caleulatsed each week to the individusl énimalﬁ weight. The ironm
wag given until the hemeplobin reaschad a level of 14 gm. per 100 cc. of

bleod, and then the bvodiss of the animels were ashed and anslyzed for
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total iron. A4 the end of the deplelion period the bodiss of the contrel
rats contained a uniform percentags of iron per gram of body weight re-
gardless of sex, bubt al the conclusion of the iron feeding periocd the
fewales had stored about 12 per cent more iron than the mules when the in-
take was the same per granm of bedy weight. According to the authors theue
results showed that the female of ths speeiss had greater ability to sters
iron than the mels.

In 1937 Levertaon and Roberts (40}, in a study of four healihy young

hemoglobin dus to the men-

iy

cellege women, found fhat the actuarl less o
strual pericd was neot great, snd varied from 14.26 to 22,84 mg. of iron
per periocd in the 16 periods studied. These workers balieved that the
low hemoplobin vaiues {ound in women may be dus {o habiiually low iniake
of iron rather than loss durimg nmenstruation.

A number of attempis have been made to correlate ths hemoglobin
content with the iotal iron of the bloud. Josephs (35), 1u34, found the
total iron Yo be consistently higher then ihe lrom aceounted for by the
nemoglobin., The diffsrence was nol more than 10 per cent in normal sub-
jocts bub was somewhat higher in cartain.yatholegieal conditions.

Yiumpp (38; likewiss veportsd, in 1935, that atiemts to corrslate
valusz of the hemoglebin content snd oxyger capaciiy of the blood with
determinations of tolal iron were of 1llttls value as ibe noa-hemoglobin
iron was a sigeificant fraction of the total iron.

tyers snd #ddy (46}, however, in thsir work obtained valuse for the
hemoglobin content of ithe blood by the ascid hematin meihoed, total iron
detormination and the benzedine meithod which agreed so closely that they
concluded it legitimate for clinical use to calculate hemoglobin content

from figures for tofal tlosd iron.
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Johnson and Hanke (33), 1936, found the oxygen cepacity and the

total iron content of dog blood to agree within one per cent. They deter-

mined the irom by an lodometric method.

Three reasons are given by Farrar and Goldhamer (20) for the lack
of information from controlled experiments on the iror requirements of
normal sdults. These are as follows:

the difficultiee encountered in the analysis of irom in biological
materials, the small amount of iron metabolized by the human organ-
ism and ths impossibility of obtairning & palatabls iron-free or even
a very low iron containing diet which is otherwise adequate for pro-
longed human consumption.
In addition to these factors, much of the early work done or iron re-
quirements did not consider the fuct that all iron in foodstuffe is not
aveilable to the human orpanism for hemoglotin regeneration.

In 1935 Fgrrar and Coldhamer (20) studied four healthy young adults
on well conirolled diets low in iron. One of the male subjects was on
an iron intake of 4.9 mg. per day for 316 days. During the last 31 dayse
he was in iron balance on a diet containing 5.2 mg. of iron per day.

Two other male subjects had nerwal blood pictures and were in iron bal-
ance after four and five months on diete containing 7.l and 7.8 mg. of
iron per day, respectively. A young woman on a diet containing 9.1 mg.
of iron daily for over a month was in iron balance during the intermen-
strual phase. From these observations it appeared that the daily re-
quirements of the normal adult males did not exceed 5 mg. of available
iron.

In 1940 Bgrer and Fowler (7) reportsd the following recommendations

for daily intake of available iron which have been given by various

investigators:
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Lintzel 0.9 mg. per day (if no special demands)
Stockman and Greig 345 to 5.5 mg. per day

Sherman 35 to 5.5 mg. per day

Farrar and Goldhamer 5.9 mg. per day (male)

Vehlteich, et al. 6.1 to 5.2 mg. per day (women during

intermenstrual period)

In a study of 42 patients, Fowler and Barer (21), 1939, found in
cases in which there was & negative balance when the diei contained only
3.81 to 6.70 mg. of irom per day, that increacing the lron intake to 12.22
to 15.33 mg. per day produced a positive balance. They found that achlor=-
hydrie and hypochlorhydria interfered with the retention of dietary iron
and necessitated a larger intake to maintsin equilibrium.

Widdowson and MeCance (75) found, in 1937, that incrsusing the iron
intake of normsl subjects in iron balance on a low intake did not increase
the iron excretion. The authors concluded from this that the intestine
hed no pover to regulate the amount of irom in the body by varying the
amount excreted; therefore, the amount of irom im the body must have been
regulated by the amount absorbed.

The most recent work on iron requirements ie that of uQVUrtoﬁ (42),
1641, in which she found in a study with four college girls that although
& balance between intake and output of iron could be mairntained on an
intake us low s 3.5 mg. of available iron per day, the serur iron dropped
belov the normal level on {his low intake. When the iron inteake was
increassed to 6.5 mg. per day the serum irom again rose to a normal level,
This author concluded that, to assure a good condition of iron metabolism,
emphasis should be placed more on the completenses of the diet as a whole
than on the intuke of iron alone.

In recenl years the use of radiocactive iron ;or tracing the metabo-
lism of iron in the body has proved useful, Haha, BSale, Lawrence and

¥hipple (26) with the use of this isotope demonstrated, in 1938, that



anemic dogs absorbed much larger amounts of iron supplied in the diet
than non-anemic dogs on the same diet. The isotope appeared rapidly in
both the plasma and red cells of the anemic dogs. From this work the
authore concluded that the absorption of iron is dependent on the nutri-
tional need of the animal.

In 1940 Hahn, Bgle, Koss, Hettig and "hipple (27) used radio active
iron to study the exchange of iron from plasma to red cells. There was
no dialysis of iron from plasmu to cells or vice versa when oxalated
blood was held at a temperature of 37°C. for 24 hours. This would indi-
cate that the iron must go from the plasma to the bone marrow where the
red cell formation takes place before it appears in the cells as hemo=-
globin,

¥iller and Hahn (47), 1940, demonstrated that in vivo radicactive
iron does appear in the circulating red blood cells following its feeding.
It was found to appear in what 1s known a® the "easily split-off"™ fractiom
of the iron of the cells. There was no obvious relationship between the
amount of the radioactive iron in the cell and the time following the
administration of the isotope. It may be that its rate of appearance
depended on the need of the body for replacement of red cells.

The "easily spliteoff" iron fraction in which Miller and Hahn
found the radio isotope has as yet not been clearly defined. It com-
prises from 5 to 10 per cent of the total blood irom and is easily split
off in ionic form when whole blood is treated with dilute hydrochloric
acid as described by Barkan (8) in 1927.

Barkan (12) also showed in 1933 that this fraction could be distin-
guished from the hemoglobin and inorganic iron of the hlood by its fail-

ure to be absorbed onm aluminum hydroxide. The greater part of the "easily
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split-off” fraction was found in the red blood ¢ells and only a very small
amount in the plasma. However, the amount of “easily split-off"™ iron was
independent of the hemoglobim iron. FPractically ail of the iron of the
cell stromata was of the “easily eplit-off" fraction. Freshly prepared
hematin erystuls contained some of this detachable iron in a forw which
Barkan (9) believed to be an adsorbed impurity. Moore (48) suggested in
1937, that it may be the irom fraction of one of the rarer types of hemo-
globin molecule which had recentiy been found to exist in human blood.

Barkan's basis for believing it non-hemoglobingous in nature was its fail-

ure to liberate a porphyrin ring when split off. As yet, the structure
of the molecule containing the "easily split-off™ iron has not been proved.
The specific physiological function of “easily split-off™ iron is
also a controversial subject. Barkan (10), 1927, considered it a frac-
tion of the transport irom which serves the dual purpose of carrying iron
into the blood stream and of transmitting oxygen to the red blood cells.
He believed that plasms iron served only to carry the iron from the
point of absorption to the “easily split-off"™ fraction. Uoore and co~
workers (48, 49, 50), 1937 and 1939, disagreed with this theory for two
reasons: 1, Flasma iron shows a decided increase following the oral
administration of lLarge doses of iromn, whereas, the "easily split-off"
iron shows no change unless the initial value is subnormally low. 2,
In vitro there is no increase in the non~hemoglobin iron of plasma
after incubation of whole blood for 24 hours at 37.5°C. Uoore suggested
that it may be possible for such an exchange to take place in vivo, but
that it does not seem probable.
The third and last fraction of blood irom to be considered is the

non-hemoglobin serum or plasma iron. Barkan (8) showed in 1927 that the
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iron in serum or plasma wae not ultrafiltrable, but it could be made s0

by acidifying with weak hydrochloric acid. After incubation for 24 hours
at 37.5°C., the scidified plasma was submitted to a process of ultrafil-
tration. Under these conditions, the iron of the hemoglobin did not be-
come ionizablo, and the iron which passed through the filter was the
non-hemoglobin plasma iron. In further experiments, in 1936, Barkan (13)
found that human or horse blood rendered uncos,ulable and allowed to stand
for 24 hours did not show any dialysis of irom from corpuscles to plasma.
Iron added to the plasma behaved as preformed acid-soluble plasma irom
and could be recovered quantitatively from the plasma.

Moore, Doan and Arrowsmith (49), 1937, substantiated the work of
Barkan and further showed that in vivo the smount of plasma iron present
in peripheral blood wae influenced by and was a measure of':

(a) the amount of irom being ambsorbed from the gastro intestinal

tract; (b) the extent and adegquacy of the iron reserves of the body;

(¢) the ability of the bone marrow to utilize irom in the synthesis

of hemoglobin; (d) the rate of hemoglobin synthesis; (e) the extent
of hemolysis taking place in spleen and other tissues; and (f) the
physiolegical or pathological equilibrium existing between (d) and

(OJ.

The following chart from YNoore (48) illustrates the interrelation between

the transport iron and the other organs of iron metabolism.

Iron absorbed from G-I tract Storage depots (liver, spleen, etec.)
A
Tr;:ﬁbort blood 1r0£/1Plnlla iron)

Iron from destroyed R.B.C. Iron excretion
(physiological and pathological) (a)small amount excreted in urine
{b)unknown amount excreted into the
G=I tract

To bone marrow for hemoglobin syntheeis
and to the tissues for respiratory enzymes



Tompsett (72) further extended the study in 1940 by showing that
ferrous iron added to plasma could be dialyzed oul against water but
ferrie iron could not be. V“hen the plasma was treated with hydrochlorie
acid according to Barkan's procedure, the ferric iron was reduced to the
ferrous state and could then be dialyzed. Tompsetit suggested that al-
though the iron in the plasma of drawn blood was in the ferric state,
that probably in vivo the iron was in the ferrous state at some place in
the circulatory system. He believed that the plasma protein in the ' pres-
ence of acid was responsible for the reduction of the iron.

Inspection of the literature on plasma iron determinatione reveals
wide variation in the values observed. A summary of some of the results
reported is given in Table I. With the exceplion of the first three
listed, ths workers obtained fairly close agreement in the plasma iron
content. WNoore (48) gives as a normal range for huran subjects a plasma
iron content of C.050 to 0.180 mg. per cent. It will also be noticed on
table T that the serus iron in normel males is approximstely C.C20 to G.030
mge. per cent higher than the mean value for normal females.

In summary the known iron constituents of the blood can be divided
into three fractions: (a) hemoglobin irom, which comprises the greater
part of the blood irom and is found in the red blood cells; (b) the
"easily split-off" fraction, which is not well difined either as to struc~
ture or physioloygical significance but is believed to be present also in
the red cells; and (¢) the non-hemoglobtinous plasma or serum iron, which
composes at least part and perhaps all of the transport iron system.

It ie the latter fraction which is used in the experimental work of this

study as a measure of the iron absorbed from the intestinal tract.



TABLE I*»
Iron Content of Human Serum or Plasma

Investigators Faterial Used Subjects No sults

1. Starkenstein and Weden (69) Protein free serum T Adults 5 0.690*(0.570-0.790)
(trichloracetic acid)
%. Riecker (53) Protein free serum Adults 40 1.110 (0.9-1.4)
(trichloracetic acid)
3. Marlow and Taylor (45) Protein free serum (defibrin- Adults 5 0.400-0.700
ated; trichloracetic acid)
4, Varburg and Krebs (74) Whole serum. Cqtalytic method Adults 4 0.084 (0.067-0.116)
5. Langer (39) Protein free serum Adults 20 0,110 (0.050-0.180)
(trichloracetic aecid)
6. Guthmann, Srlckner, Ehrenstein Whole serum (ultrafiltration) Men 22 0.065 (0.042-0.098)
and Tagner (24) VWomen 26 (0,068 (0,035-0.098)
7. Locke, Main and Rosbash (43) Protein free serum ien 8 0,100 £0.015
(trichloracetic acid) Women 9 0.077 20.015
#. Barkan (11) W¥yole plasma and serum Adults 15 0.105* (0.056-0.140)
9. Fowweather (22) Hemoglobin free whole plasma Xen 10 0.126 (0.,095-0,180)
Women 10 0.105 (0.060-0.156)
10. Tompsett (71) Thiolactic acid-protein free Adults 10 0.120-0.220
serum
11. Thoenes and Aschaffenburg (70) FProtein free serum Infants at
(triehloracetic acid) birth 12 0,173 (0.134-0,291)
Children 13
days to @ yrs. 60 0.040-0,196
12, Roosen=Runge (54) Whole serum=-ultrafiltration Adults 10 0.l10
13. Moore (48) Whole serum (Hemoglobin Men 15 04121 (0.,094-0.174)
present quantituted) Vomen 15 0.097 (0.058-0.142)

* Not normal subjects
** Moore (48)

61



METHOD OF FROCEDURE

This study was planned to determine whether or not large amounts of
ingested calcium huve any effect on the absorption of iron from the in-
testinal tract. Since Moore and coworkers (49) showed that the ingestion
of large doses of iron salts produced a rise in the tramsport or blood
serun iron, it was believed thut the effect of the caleium could be de-
termined by first measuring the serum iren following the administration
of ferric ammonium citrate alone and then measuring it following the ad-
ministration of ferric ammonium citrate and calcium lactate together.
Caleiuwm lactate was used as the calcium salt because of several salts
tested it was shown by Kletzien (37) to have the greatest effect on de-
pressing hemoglobin regeneration in rats. Ferric ammonium citrate was
used a® the source of iron because ite high solubility renders it avail=-
able for absorption (51).

The experiment was carried out on three healthy young women between
the ages of 18 and 24 yeurs. These subjects were attending college and
participating in their normal activities as students. The days on which
blood samples were taken, the subjects came to the laboratory before
breakfast and staysd the entire period of about seven hours. After the
first blood sample had been taken, the subject was allowed to eat as
much white bread, butter, jelly and bananas as she wished throughout the
day. These foods were selected because they had comparatively low cal-
cium and iron contents and at the same time a high satiety value.

On the first day a blood sample was taken while the subject was in
a fasting condition, and then the subject was given 5 gm. of ferric
ammonium citrate orally in capsules. This quantity of salt supplied

approximately 0.4 gm. of iron. GSuccessive bloocd samples were taken
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at 1, 2, 4 and 6 hours after lhe administration of the irom. The blood
was analyzed for serun iron, total iron and hemoglobin. At least one
week was allowed to elapse between the first experimental day and the
second to assure the formation of new blood and to clear the blood system
of ithe iron that had been taken on the first day. On the second experi-
mental day, a sample of blood was again taken with the subject in a fast-
ing condition. This time the 5 gm. of ferric smmonium citrate were ac~-
companied with 10 gm. of calcium lactate. This amount of calcium salt
furnished approximately 1.5 gm. of calcium. Blood samples were taken
throughout the day at the same intervals as on the previous experimental
day and analyzed in the same manner.

The method recommendsd by Moore (48) for drawning blood samples for
serum iron analysis was followed with a few modifications. A 20 gauge,
2 1/4 inch nesdle was slipped into the vein of the arm while the arm was
hanging vertically to facilitate the flow of blood. Ag the blood flowed
through the needle, it wae collected in 15 cc. dry centrifuge tubes which
had previously been chilled in ice water. In preleminery experiments it
vas found that less hemolysis occurred with chilled tubes than with the
parafin coated ones suggested by Moore (48), Care was taken to keep the
blood flowing in a steady stream down the side of the tube to prevent
hemolysis caused by one drop falling on another. Three centrifuge tubes
were filled to about the 10 cc. mark in this manner, and 2 cce. of blood,
for the determination of hemoglobin and total iron, were collected in a
specimen vial containing lithium cltrate as the anti-cougulant.

The tubes of blood were cenlrifuged for 45 minutes at 2700 rep.m.
immediately after collection. It was found necessary to stop the centri-

fuge at the end of about 20 minutes and loosen the fibrin of the cell~-
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free clot from the edges of the tube with a fine pointed stirring rod.
The clot would then centrifuge down forming a white rubbery layer between
the serum and the red blood cells. The clear serum was pipetted frox the
three centrifuge tubes, combined and thoroughly mixed. If hemolysis was
apparent or suspected in any of the tubes, the serum from that tube was
not used,

The iron analyses of both the whole blood end serum were carried out
on & micro scale. Freleminary analyses were preformed on quantities of
serum varying from 0.1 cc. to 3 ccs to determine the smallest amount whiich
could be depended upon to give checks within 5 per cent on duplicate or

triplicate samples. Keeping the quantity of seruz used in sach analysis

8mall wes important because of the difficulty involved in obtaining large
amounts of blood with only the pressure exerted in the veins and the
gravitational force to draw the blood through the needls. In one sub~
Jject who had a very short clotting time, the drawing of the blood was
especially difficult.

A number of different procedures of analysis were tried before a
satisfactory one for the small amount of serum available was found. The
method of Breuer and ¥ilitzer (14) in which they digested the blood in
Hg804 without heating and then oxidized the sample with Kinug and Hglg
was satisfactory with whole blood but did not completely digest the larg-
er amount of eerur used, and as a result a cloudiness appeared which
interferred with reading the intensity of the color in the photslometer.
Thie cloudiness was not removed elther by filtering or cemtrifuging.
Extrnction of the color with iso amyl alcohol as recommended by Kennedy
(36) tended to form an emulsion which also interferred with photometric

determinations. Although the emulsion would break and the solution
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become clear after the sample had stood for an hour or two, there was no
certainty that the change in the photelometer reading was due entirely
to the clearing of the solution and not to some fading of the color. Aas
the photelometer is much more sensitive to faint colors than the color-
imeter, it was found to be unnecessary Lo intensify the color by absorb-
ing it with a solvent. |

The method found to be most satisfuctory combined suggestions from
several different workers, (48, 14, 41). Triplicate samples of 3 cc. of
serum each were pipetted into 10 ce¢. volumetric flasks. One cc. of con-
centrated H,80, was added to ssch*aamplo and the two mixed thoroughly.
The samples were digested on a steam heated hot plate, which maintained
a temperature of from 85° to 90° C., for 24 hours or until they were re-
duced to one-half their original volume. The flasks were then placed on
an aloctri? hot plate and the temperature increased enough to produce
gentle bubling of the digest mixture. An asbestos sheet was used on top
of the hot plate to keep the flask from becoming so hot on the bottom
that some of the material was blown out of the flask during the digestion
and oxidation. When 50, fumes began to form, 60 per cent perchloric acid
was added 3 or 4 drops at a time. OSmall funnels msde from glass tubing
were placed in the top of each flask at this time to prevent loss of any
of the sample due to the spattering produced by the addition of the per-
chloric mcide Vhen perchloric acid fumes ceased to appear after the first
addition a few more drops of the oxldizing agent were added. This last
process was repeated until all of the organic matter was oxidized and
the sclutions became clear and colorless. any excess perchloric acid,
which gave a yellow color to the solution, was removed by rapidly boiling

the sample for a few minutes. Farticles of charred organic matter which
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adhered to the sides of the flasks were removed by wushing them down with
& drop or two of perchloric acid and then boiling the solution vigorously.
Condensation of some of the acid fumes in the neck of the flask also
ﬁalpad to wash down the sides of the flask. The processes of digestion
and oxidation usually required about 48 hours of constant heating. It
was important during the early part of the digestion period to keep the
temperature low enough to prevent popping out of the samples and at the
same time hol enough that digestion took place. A temperature between
85° and 90° C. was found to be the best.

¥hen oxidation was complete, the flasks were removed from the hot
plate and allowed to cool for a few minutes. Seven cc. of water vers
added to each flask and mixed ihoroughly with the acid digest. The solu~
tions were cooled to room temperature under a stream of running water and
0.5 cc. of s saturated solution of potassium persulfate was added to each.
The potassium persulfate served to keep the iron in an oxidized etate
and thus stabilized the color of the ferric thiocysznate compound. One cce.
of 20 per cent potaseium thiocyanate was added and enough water fo bring
the volume to the mark. The solutions were always st room temperature
when made to volume. This solution was allowed to stand for at least
one minute to develop the maximum color intensity which was found to be
stable for at least 15 minutes. When the color was fully developed, the
solution was placed in the miero cell of & Cenco Fhotelometer and the
reading taken with the blue filter No. 554, 4.49 mm. The readings were
converted to milligrame of iron by use of the standard calibration curve
which hed previously been prepared., The color was developed and read in
only one sample at a time to eliminate variation in color due to the elapse

of time. All of the water used in making up solutions and for rinsing



glassware was double distilled in glass.

The standard calibration curve for use in this experiment was con-
structed in the following manner: A standard iron solution as recommended
by Breuer and Militzer (14) was prepared by dissolving 0.7 gu. of ferrous
ammonium sulfate in 50 cc. of water; adding 50 cc. of 10 per cent Hpd043
then warming a;d adding O.1 N potassium permanganate solution until oxi-
dation was complete. This eolution was transferred quantitatively to a
liter volumetric flask and diluted to the mark with water. This primary
standard contained O.l1 mg. of iron per cec. of solution. A secondary stand-
ard was prepared by diluting the primary standard 1 to 10. To make the
photelometer readings, quantities of the secondary standard which supplied
the desired amount of iron were pipetted into 10 cc. veolumetric flasks,
Cne cc. of concentrated Hy80, was added and enough water to bring the
volume to about 8.5 cc. The solutions were cooled and C.5 cc. of potas-
sium persulfate was added to each flasks The color was developed with
1 ec. of KCNS and the volume brought to the mark by the addition of a
few drops of water. UAs in the unknown solutions, one minute was allowed
to paes to assure maximum color development before the readings on the
photelometer were taken.

Table II gives the photelometer readings for duplicate standard
iron solutione covering the range within which 411 of the determinations
in the experiment fell. The widest variation of readinge on any dupli-
cate standard solutions was 0.5 of a unit or 1.6 per cent which occurred
at the 0.05 mgs level., This accuracy of the instrument was gresater than
could consistently be obtained on duplicate samples of the unknown.

A straight line relationship was found to exist between the log

transmission and the concentration of the iron. In other words the lin-
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TABLE II

Fhotelometer Readings
for
Standard Iron Solutions

] Readings*
Fe St b 2 ‘ean
0.0 95.0 95.1 95.0
0.0005 94.2 94.0 94.1
0.001 93.0 93.0 93.0
0.004 87.0 87.0 £7.0
0.010 75.9 7549 7549
C.030 47.1 46.9 47.0
0.040 37.1 37.0 37.0
0.050 30.2 29.7 30.0
0,070 18.5 18,5 18.5

# Cenco Photelometer with Blue Filter Ko« 554, 4.49 mm.



Figurs 1 Calibration Curve
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ear regreesion follows the Bouger-Beer law as applied to the photelometer
by the equation (15):

= - o8, (5Go)
where ¢ is the concentration of the iron in solution; F the photelometer
scale reading or transmitted light; 100 the intensity of the incident
light; and k the photelometer extinction coefficient.

The equation of the line for the observed points was derived by the
method of least squares (68). The regression coefficient was determined
by the formula:

r= Jxy
Vx
with r as the regression coefficient; ny a8 the covariance of the con-
centration, x, and the log transmission, y, and; V, the variance of x.
For this line r was calculated to be 10.1042 or, in other words, with
every 0.0l mg. increase in the concentration of iron the log transmission
decreased by 10.1042 divisions.

Since a logarithmic relationship exists between the photelometer read-
inge and the iron concentration, calculations were simplified by plotting
the calibration curve on semi-logarithmic paper. The known iron concen-
trations were plotted as ordinates on the equal division axis, X, and
photelometer readings as absciesus on the logarithmic axis, Y. The cali-
bration curve thus constructed is illustrated in Figure 1.

To calculate the amount of irom in the unknown sclution from the
calibration curve, the photelometer reading was located on the base line
and followed from it in a vertical line to the point at which it croesed
the calibration curve. A straight edge was layed horizontally through

this point in such a manner that it crossed the "kg. of Fe"™ scale on the
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right. The value thus found represented the number of milligrams of irom
in the 10 cc. volume. To convert this to 100 ce. of blood or serum as
the case required, the value was divided by the number of cc. of sample
used and multiplied by 100.

Total iron in whole blood was determined by the same method as that
used for serum iron with the exception of the size of the sample. 4 0.1
cc. sample was used for the whole blood instead of the 3 cc. sample of
serum, since the high iron content made it possivle to get checks within
5 per cent on this small volume. Vith samples of 0.l cc. the readings
of the photelometer for total blood irom fell within the limits of the
same calibration curve as that used for serum.

The hemoglobin content of each of the blood samples was detormined

by the Newcomer (52) acid hematin method.



RESULTS AND DISCUSSION

The results of this experiment are presented in Tables III and IV.
Because of the small number of subjects used and the variations in the
resulte obtained, each subject is presented individually.

In all three subjects the iron in the blood serum increased folléuing
the ingestion of 5 grams of ferric ammonium citrate. From Table III it
can be observed that following the initial rise during the first hour
after administration of the iron salt, the value for the serum ironrn re-
mained at epproximetely the same level throughout the six hours of the
experimental period. The greatest increase in the iron content of the
serum occurred in subject G.M, The amount of rise in ihe leval of the
serun iron of this sutject was slmost 1/3 greater than that of subject M.V.
and 2/3 greater than that of subject E.C. However, it will be noted that
the original level of the serum iron in the fausting condition is not the
same for the three subjects; G.M, had the low value of 0.160 mg. of iron
per 100 cc. of serum, £, C. the high value of C.305 mg. and M.V. the
intermediate value of 0.231. The differences in the levels of the serum
iron of the three subjects were not as wide at the peak of absorption
following the ingestion of the iron salt as they were in the fasting per-
iods This seemed to indicate that the amount of irom absorbed may have
been influenced by the level of the iron in the Serum at the time the
iron salt was administered.

The responses of the levels of the serum iron were not in sgresment
for the three subjects following the simultaneous admirnistration of 5 gm.
of ferric ammoniurn citrate and 10 gm. calcium lsctate. In subject G.H.
there was no absorption of iron as shown by the fallure of the serum

iron to increase. In fact, the iron level fell slightly below that of



TABLE III

Individual values for serum iron, total blood iron and hemoglobin at
intervals following the oral administration of, I, 5 grams of Ferric
ammonium citrate and, II, 5 grams of Ferric ammonium citrate plus 10
grams of Calcium lactate.
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t Determination : tHours after administration of salts
Subject: ofs sSalts: O 58 2 4 b
Serum Iron I 0.160 0.460 C.446 0.460 0.4%0C

(mge/100cc. serum)II 0,202 0,197 (0.188 0.197 0.207

¥hole Bloed Irom I 49,0 50.8 46.4 48.7 49.7

Eﬁ:‘ (m./lmoc.blood) II 43.6 49.2 4806 4908 o
Hemoglobin 1  14.6 14,0  13.7 13.8  13.7
(gm./100cc.blood) II 11,4  12.4  12.6 - -
Serum Iron I 0.305 (0.403 0.402 0,393 0.368

(mg./100cc.serum) II 0,306 (0.411 0.422 0.451 0.443

- Whole Blood Irom I  47.2  45.9  45.0  45.2 -

122 (mg./100ce.blood) IT 47.5  44.2  44.1 46,1  42.2
Hemoglobin T AnE 16 WS Aae 1A
(Gm./100ce.blood) II 12,3 11l.6 11.4 11.7 11.8
Serum Iron I 04231 0.445 0.437 0.438 0.414
(mg./100cc.sorum) II 0.228 0.396 0,405 0,411 0.405

: ¥hole Blood Trom I  47.1  44.1  46.2 46,0  46.2
Es¥e  (mg./100cc.blood) II 44.2  46.3 45,7  47.1  46.5

11.5 11.5 11.6 11.5 11.4
12.1 11.3 11.0 1l.2 11.0

Hemoglobin
(gm./100ccsblood)

|
-




TABLE IV

Deviations in the iron content of blood serum following the oral ad-
ministration of, I, 5 grams of Ferric ammonium citrate and, II, 5
grams of Ferric ammonium citrate plus 10 grams of Calcium lactate
from the values for serum iron of fasting subjects.
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Deviation of serum Fe in mg. per

s s
Subject: Serum Fe t  Salts t 1C0 cc. from fasting value at
: after fasting : ingested t intervals following ingestion of
: mge/100 ce. 3 1 salts,
H Itgun ] 3% !!1' 2_2_3'. _* hrs 6 !_r.
Golle 0,160 I 0.300 0.286 0.300 0.330
0.202 II «0.005 <0.Cl4 -0.005 0©0.005
5eCe 0.305 1 0.098 0.097 0,083 0.063
0.306 II 0.105 0Q.116 0.145 0.137
M.V. 0.231 1 0.214 0206 0. 207 0.183
0.228 II 0:,168 0.177 0.133 0177
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the fasting blood, as can be seen by the negutive deviation values in
Table IV, In subject E£.C. the gerum iron rose to a higher level follow=-
ing the ingestion of both iror and eulcium salts than it had with the
iron alone. In subject ¥.V. the level of serum irom rose approximately
3/4 as high with calcium and iron together as it had when irom was given
without the calcium.

Figure 2 illustrates, graphically, for both experimental days, the
level of the serum iron during a number of hours after the administration
of the salts.

Under the conditions of the experiment, the effect of calcium on the
absorption of iron varied with the individual subject. The results in-
dicate that comparatively large amounte of calcium may have a depressive
effect on the absorption of iron in some cases and that the extent of the
effect may depend in part on the original level of the serum iron. How=~
ever before any definite conclusion can be drawn more subjects need to
be studied and zlso other factors which may affect the problem. Some
factore which may affect iron absorption are the pH of the gastro-in-
testinal tract (21, 51), the level of phosphorus and calcium in the blood
of the subject (16) and the ratio of calcium and phosphorus in the diet
preceeding the experimental days (4).

The ingestion of either the irom or ithe iron and calcium salts
apparently had no effect that could be observed on the total iron con-
tent of the bloods it will be noted in Table III that the values for
the total iron of whole blood varied slightly throughout the day but
there was no consistent tendency in any specific direction. The small
variation in the total iron content of blood following the absorption

of iron is concealed by the high irun content of whole blood. Tripli-
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cate anelyses of the same blood sample may show as much vuﬂﬂﬁ&ien in frdn iy
content within the range of experimental error as the difference in é%&f
iron present in samples teken before and after the avsorption of the iron
salts,

Variations in the hemoglobin values also failed to show any relation-
ship to the ingestion of irom and calcium salis. In some instances the
hemoglobin value fell about 1 gm. per 100 cc. of blood during the poriod
betwesn the taking of the firsti and second blood samples. However, this
did not occur in ull cases and there ie no apparent explanation for this
drop in the level of the hemoglobin.

In comparing the results obtained in this experiment with those
reported by other workers, it may be stated that the amount of rise in
serur iron following the ingestion of 5 gm. ferric smmonium citrated was
practically the same ms that obtained by Moore and coworkers (49). 1In
the subject reported by loore, el al, the absorption of the iron was more
gradual and the peak value occurred at about the fourth hour, whereas in
this study the peak of absorption occurred during the first hour and the

serum ratained this irom content throughout the six hours observed.
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CONCLUSIONS AND SUMMARY

Three young women were used as subjects in a study on the effect of
a large intake (10 gms.) of calcium lactate on the absorption of ironm
following the administration of a large dose (5 gms.) of ferric ammonium
citrate. The criterion adopted for weasuring the amount of iron absorbed
was the change in the level of the serum iron from that of the fasting
subject before the salts were administered, to that observed at intervals
of 1, 2, 4, and 6 hours following the ingestion of the salts.

The grudient of the level of the serum iron during the absorption
period on the first experiwental day when only iron was adminisiered
tended %o vary inversely with the initisl level of serum iron. In the
three subjects, G.M., E.C. and M.V., the greatest increases in the amount
of iron present in the blood serum were from 0,160 to 0.490, 0.305 to
0403, and 0.231 to 0.445, respectively.

¥hen the calecium salt was administered with the irom salt on the
second experimental day, the subjects responded in different ways. In
one subject, G.M., the calcium lactate apparently prevented the absorp~-
tion of the iron as the fasting value of the serum iron was 0.202 mg.
per 100 cc. of serum and rose only to 0.207 wg. per 100 cc. In H.V. iron
absorption occurred but to a lesser extent than when the iron alone was
glven, rising only from 0.228 mg. per 100 to 0.411 mg. per 100. In the
third subjeet, E.C., the serum iron rose higher when both calecium and
iron salts were ingested than when only iron was administered. 'The rise
in this subject was from 0.306 mg. of irom per 100 cec. of serum to 0.451
mg. of iron.

The resulte indicate that in one instance the large intake of cal-

cium lactate had a depressive effect on the absorption of the iron salts,



in anothar it may have had a slight effect end in s third no effect. The
influsnce of the ecalcium was wore marked in the subject with an initial
low level of serum iron than in the one with a bhighsr level.

pre subjects should be obusrved and other factors investigated be-

fore mores definite conclusions can be drawne.
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