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INTRODUCTION

Parenteral iron investigation has gained much
impetus in the last decade wlith the discovery and use
of relatively noh-toxic, non-ionic forms of in)ectable
iron. The most wvidely studlied aspects have been
metabolism, hematologic response in orally refractive
microcytic anemias, anemia of pregnancy, and infantile
anemias. There 1ave been an increasing number of
gstudies on the tppic of toxicity and relationship of
iron to hemochromatosls.

The toxicit' of intravenous iron salts has been
known for many years. Nissim (1) studied the compara-
tive effects on coagulation, capillery inJjury and
hemolysis of iroa salts and non-ionic forms.

Hoppe, et al. (2, 3) presented an extensive review of
the literature regarding the toxicity of iron salts
in man and experimental animals and decided
conclusively that such preparations are too toxic
for parenteral use.

Polson (4, 5, 6) and Cappell (7) were the first
to investigate the effect of colloidal iron and
dialyzed iron administered via various parenteral
routes. As earl as 1928 Polson (4) showed that

intravenous collbidal iron was deposited in the lungs,
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liver and spleen, producing emboll by intravascular
precipitation and occluding especially the capillaries
of the lungs. He also noted that the cells of the
Reticuloendothellial System picked up the iron and
later released the iron which entered into loose
combination with blood proteins and subsequently the
iron appeared in storage depots of the marrow, spleen,
lymph nodes ‘and parenchymal cells of the liver.
Neither author produced any lesions resembling
hemochromatosis n man, even though massive doses of
iron were given by Cappell over a period of four years.

Since the first report of Nissim (8) in 1947 on
toxic reactions vith intravenous administration of
Saccharated Iron Oxide, there have been many isolated
reports and survey reports on parenteral iron toxicity
(8-19) and seversl controlled animal studies on
toxicity, distribution and metabolism, histological
changes and excretion of iron (20-30).

The polyami o acid compounds known as Versenes
have been used recently in cases of heavy metal
poisonings because of their ability to form soluble
non-ionic chelates with polyvalent metallic ions and
increase their excretion (31). There is a variable
stabllity between the chelate and the metallic ion
with which it is combined. This preferential union

- .



results in combinations with lead and some of the

rarer heavy metals before other ions, however Calcium
chelates preferentiall Just below these ions and thus
blood levels and body stores of calcium can be markedly
reduced with the use of Versenes. The most commonly
used Versene is Ethylenediaminetetraacetic Acid
(hereafter referred to as EDTA).

It was founf that ferric ions made combinations
with EDTA and the excretion of iron was increased in
the urine in cases of hemochromatosis treated with
EDTA (32-34).

Since chelated compounds are water soluble,
non-ionic and are probably more readily diffuseable,
the possibility of using Ferric EDTA as a source of
iron in the treatment of iron deficlient anemias was
considered. Will and Vilter (35) used Ferric EDTA
orally in iron deficient patients with the results of
no greater absorption of iron than with ferrous
sulfate. They concluded that the chelate was split
in the gastrointestinal tract liberating ferric iron.
Feldman and Rummel (36) using the chelated compound
ferro-~glycine sulfate clailmed excellent results
orally with incr(ased absorption of iron.

In the present study, Ferric EDTA was administered



intramuscularly a&and intravenously in rabblits and
compared with intravenous Saccharated Iron Oxide and

intramuscular Irpon-Dextran.

MATERIALS AND METHODS

Animals and Dosage: The experiments were carried out

using ten rabblit welghing 2.5 to 4.5 kilograms. The
animals were caged separately and fed commercially
prepared rabbit pellets (Nutrena). They were given
supplemental feedings of lettuce about once a week.

One rabbit received no form of parenteral iron and
served as an overall control. A second received intra-
muscular Iron-Dextran {Imferon) and a third received
intravenous Saccharated Iron Oxide (Proferrin) (SIO)
for comparison with the remaining seven animals which
recelved elther intramuscular or intravenous Ferric
Ethylenediamenetetraacetic Acid (Ferric Versenate or
Ferric EDTA), pH 7.2. The animals received injections
of 5 to 45 mgms. of elemental iron at about weekly
intervals over a two to three month period. The small-
er doses were given intravenously and comparative

doses of Imferon and Proferrin were used. The in-
Jections were reduced to lower weekly doses because

of early deaths 1in some of the animals receiving
Ferric EDTA.



Investigations: The animals were weighed at the

beginning and end of the experiment. At weekly
intravals 15 cc of blood were withdrawn directly from
the heart and laboratory determinations 6f hemaglobin,
hematocrit, reticulocytes and serum iron were de-
termined. Followlng withdrawal of the blood, the’
iron injections were given. Intravenous adminis-
trations were glven in the marginal veins of the ear
and intramuscular injlections were given in the hips
and thighs. Autopsy materlal was investigated grossly
and microscopic sections were made of lungs, heart,
liver, adrenals, kidneys, pancreas, spleen and ovaries
or testes. These preparations were stained with
hematoxylin and eosin and additional slides with
Turnbull's Stain which stains hemosiderin blue (37).

RESULTS
Tabulated results of survival, iron dosage, weight
changes and reticulocyte counts are shown in Table I.

Weight, Dosage and Survival: The control animal and

the animals recelving Iron-Dextran and SIO all sur-
vived the experimental period and all showed weight
galns ranging from 225 to 570 gms. Those receiving
Ferric EDTA survived, 8, 10, 15, 49 and 87 days and two

were alive at the end of the experimental period.
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Those dying withlin a short perlod were given
relatively small doses of iron, ranging from 25 to

67 mgms., and showed only a slight weight loss. Those
surviving for a longer period or to termination showed
greater weight losses; however one animal which had
recelved 392 mgms. of Ferric EDTA intramuscularly
showed a gain of 340 gms. The other two rabbits

lost 255 gms. and 1250 gms,

Reaction to Injection:; Ferrlc EDTA consistently
produced more severe painful reactions in the experi-
mental animals than the commerclally available
preparations. Intravenous Saccharated Iron Oxide
produced considerable withdrawal whenever tissue
leakage occurred. -Intravenous Ferric EDTA resulted
in marked vasospasm. Intramuscular Ferric EDTA
produced squeeling, involuntary defecation and
micturation. The inJected extremity often appeared
flacld for severrl minutes following the inj)ection.
Intramuscular Irpn-Dextran resulted in no apparent

or sllight discom®ort to the animal.

Reticulocyte Counits: Reticulocyte counts were not

increased appreclably in any of the animals with the

small amount of blood withdrawn weekly and maximum



reticulocyte resonse showed values near éﬁ in the
control and compsrison animals. Those animals re-
celving Ferric EDTA and surviving a relatively short
time had reticuldcyte counts near normal, whereas the
slightly higher alues of 4% and 5% occurréd in the
longer survivors and approximated the controls.

Mean Corpuscular Hemaglobin Concentration: The control

animal in which 145 cc of blood had been gradually
removed over the three month period showed a decrease
in the MCHbC from 31% o less than 29%. Intravenous
administration o1 iron (figure I) produced less than
0.5% drop with Proferrin and the surviving animal
recelving intravenous Ferric EDTA dropped about 2%.
The three rabbit surv ving for a shorter perlod
showed no essential alteration in the MCHDbC.
Intramuscular Imferon resulted in a gradual decrease
from 30.6% to 27.3% with a terminal rise to 31.2%.
Both animals receiving intramuscular Ferric EDTA
showed a general decrease in the MCHbC of about 2%
(figure II).

Serum Iron: As seen in figures III and IV, serum iron
determinations showed a gradual rise in the control
rabblt for about 40 deys, from 150 gamma to 270 gamma,
then a gradual decline to 100 gemma after 100 days.

~7-



Rabbits on Iron-Dextran and Saccharated Iron Oxide
showed consistently higher values of serum iron,
whereas the experimental animals with Ferric EDTA
showed a gradual decrease in serum iron and con-
sistently lower velues throughout the experimental
period.

Tissue Examination

Site of Injection: The surviving animal receiving

intravenous Ferric EDTA had marked thickening and
thromboses of the marginal veins. No remarkable gross
change was noted in the veins of the rabbit with
Saccharated Iron Oxide. The hip and thigh muscles of
the control rabbit and the rabbit with intramuscular
Iron-Dextran appeared normal grossly, whereas muscles
of the rabbits with repeated Ferric EDTA injections
appeared very atp®ophic with areas of hemorrhage and
a general grey appearance of the tissue. Microscopi-
cally, muscle injJected with Iron-Dextran appeared
normal, there belng only deep iron staining of the
connective tissue of the muscle. Intramuscmlar
Ferric EDTA prodtced hemorrhaglc areas in the muscle
surrounded by neecrotic muscle for several millimeters
and round cell infiltration at the periphery. Most

of the surrounding muscle bundles were very small and

-8~



some of the larger fibers showed typical "Zenkers"
degeneration. There appeared to be a general increase
in the fibrous connective tissue of the areas studied.
No iron was seen in any of the muscle or connective
tissue, however there were occasional histiocytes

with small granules of stainable iron in their
cytoplasm. One of the four rabblts which died
relatively early in the experiment (34 days) after
receiving 25 mgms. of intravenous Ferric EDTA showed
generalized evidence of sepsis with the pleural,
pericardial and peritoneal cavities filled with sero-
sanguinous fluid. The lungs and adrenal glands
appeared necrotic. This animal was not included in
the pathologlical description of the tissues. The
animal that died at 97 days also showed evidence of
sepsis, however the tissue pathology is included below.
Liver: The rabbits used as control and comparisons
(Iron-Dextran and Saccharated Iron Oxide) all showed
marked swelling of the hepatic cells with obliteration
of the sinusoids, granular cytoplasm and distinct cell
membranes, all features characteristic of "clowdy
swelling". They also showed perivascular infiltration
of round cells in the portal areas. Grossly, the liver

appeared normal in color, except for the animal



receiving IV SIC in which the liver appeared very
dark red throughout. No hemosiderin'was demonstrable
in the control animal. Iron-Dextran administration
produced fine blue granules in the hepatic cells with
a blue staining cytoplesm seen mostly in the
peripheral portion of the lobules. The Kupffer cells
were filled with large dark stalning hemosiderin
grannules., With intravenous SIO hemosiderin was seen
only as large grannules in the liver hlistiocytes.

The three arimals which died shortly after
beginning administration of Ferric EDTA all showed
black areas on the surface of the liver, varying
degrees of mid-zonal necrosis of the liver and dilated
central velns. No hemosiderin was demonstrable.
Animals surviving for longer periods showed no
apparent gross abmormalities of the liver, but micro-
scopically two showed central vein dilitation, marked
congestion of the slnusolds and early "“clowdy swelling"
changes of the cer.tral cells. Sections from the third
animal were not ottained. No hemosiderin was present.
Spleen: Grossly the spleen of the control, and the
two comparison animals appeared normel and microscopi-
cally no &abnormality was noted. Hemosiderin was seen

in the macrophages of the control animal and in much
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greater quantity in both the Iron-Dextran and SIO
animals. In the latter two the macrophages had blue
staining cytoplasm with larger dark blue granunies and
some free blue staining material outside the cells.
Noshemosiderin waes seen in the lymphoid nodules.

Grosely, the spleens of two of the early death
animals .with Ferric EDTA showed black patches on the
surface; the third was totally black. Microscoplcally
the spleens showed decreased lymphoid nodules and
increased red pulp filled with red corpuscles. No
areas of infarction were seen.  More hemosiderin was
present in one asnimal than in the control; however two
others showed less hemosiderin than the control. The
iron present was confined to the macrophages.

The gross appearance of the spleen in two of the
loflger survivors did not appear unusual; however the
spleen of the animal dying after 97 days was large and
pale and showed mottled patches of darkness. The
lymphoid follicles were decreased in number and size
and the red pulp was increased with many erythrocytes
in ,the sinusoids Compared to the control, stalnable
iron was markedly decreased in two animals and in-
creased in the rabbit with the enlarged pale spleen.

This animal also had serosanguinous material in the



Pleural cavities and dlarrhea.

Heart: Grossly the hearts of all animals appeared
fe¥rly normal; however the weights ranged from 7 to 18
grams. Smaller aiearts were found in the survivors

(7 to 12 gms.) and the largest cecurréd in the three
rabbits which died early (15 to 18 gms.). No histo-
logical abnormal es were seen other than that expected
frem repeated intracardiac punctures. Hemosiderin was
seen only in the perivascular histiocytes of animals
vhich received Iron-Dextran and SIO.

Adrenal Glands: The edrenals all weighed less than one

gram and appeared normal grossly. No microscopic
pathology was present and hemosiderin stain was found
only in the rabbit whieh received Iron-Dextran. Here
iron staining was present in the connective tissue
and some of the cells of the cortex.

Lungs: Grossly and microscopically the lungs of the
control and iron compayison animals were normal.
Hemosiderin was seen only in the two comparison
animals and then iron was confined to granules in the
cytoplasm of small clumps of histiocytes. Of the
animals which died early, one showed normal lung
tissue and the other two showed small areas of con-

solidation with Fluid n the alveolli, hemarrhage and
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round cell infiltration in the interstitial tissue.
No 1ron stalning was present.

The lungs of the three rabbits which survived for
longer periods of time on Ferric EDTA showed varying
pathology. The rabblt which dled at 97 days had
pleural and pericardial fluld and the lungs welghed
33 gms, as compared to the lungs of the other two
which welghed 13 and 14 gms. Histologlically the lungs
showed pneumonic consolidation with many polymorpho-
nuclear cells and round cells. No hemoslderin was
present. The two surviving rabbits exhiblted no gross
evidence of pneumonlia; however in one there was
interstitial thiékening, fluid in some alveoll, and
round cells infiltration. There was one area of
hemorrhage in the lung of the third rabbit. Hemo-
slderin was seen only in one small clump of histliocytes.
Kidneys: Gross and histologlc examination revealed
normal kidneys 11 the control and comparison animals,
except for occasional hyaline casts in the tubules of
the rabbit which received Iron-Dextran. Hemosiderin
was present 1n the glomerull, proximal tubule cells
and histiocytes .n the interstitial spaces of the
animal which received Iron-Dextran. The kidneys of

early death animals with Ferric EDTA had normal

. I,



glomerull, but tliere were many tubular degenerative
changes and hyaline casts within the tubules. No
stainable iron was seen.

The longer urvivors with Ferric EDTA had kidneys
which varlied from histologlcally normal, although they
appeared "flea bl tten" grossly, in the rabbit which
recelved 120 mgms. intravenously to a marked increase in
the interstitial tissue, round cell infiltration and
hyaline casts in the two animals with higher intra-
muscular doses. The animal which died at 97 days also
showed degenerative tubular changes. The glomerull
in all three apppared normal. Occasional histiocytes wi
th hemosiderin granules were seen in the inter-
stitial spaces in one of these latter two rabbits and
blue staining material was seen in two capillaries.
Testes: The testes were examined only in the two
rabblts which survived the test period. These rabbits
received the largest doses of intramuscular Ferric EDTA
and normal maturation was seen in both. No hemosiderin

was demonstrable.

DISCUSSION

Toxic react ons to parenteral iron in humans have
been considered under the headings of immediate toxic

reactions, delayed toxlc reactions, and the theoreti-
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cal possibilities of exogenous hemochromatosis

production. Investigation of iron toxicity in animals
has been directed mainly along the lines of acute
lethal dosages and histopathology associated with

prolonged iron administration.

Toxic Reactions in Humans: Clinical use of

Baccharated Iron Oxide and Iron-Dextran have not beenwi

thout toxic reactions. In one reported instance a death

occured following the use of 100 mgms. of

8IC (13). Reactions to intravenous SIO have occured
more frequently than with intramuscular iron and the
former has been shown to be more toxic to laboratory
animals (29, 30). Scott (17) estimated the incidence of
reactions to intramuscular Iron-Dextran to be less than
0.5%. Nissim (28) in his review of toxic reactions to
intravenous SIO found the incidence of reactions vary-
ing from less than 1% to as high as 70%,with an approxim
te average in almost 600 cases of 25%.lImmediate
Reactign: The early reactions as compiled by Nissim (28)
included headache; pain in arms, shoulders, chest, lumbar

area, sacral area and thighs; tachycardia;palpitation;
faintness; pallor; feelingof heat and burning; sweating;

lacrimation; nausea;coughing;

bronchospasm; dyspnea; cyanosis and

«l5-



hypotension. These immediate reactions generally
followed relatively smell doses of intravenous
Saccharated Iron Oxide and occui%gg'moretofteh than ~the
delayed type of reaction.

The cause of immediate toxic reactions has been
ascribed to different mechanisms. Many investigators
considered that toxic reactions to intravenous iron
occurred when the iron binding capacity of the blood
proteins was exceeded (12, 38, 39). Librach (12)
further considered that when the plasma profeins could
no longer bind with the excess iron the presence of this
iron caused the release of histamine and the production
of allerglc manifestations. He also theo-rized that
the reactions may simply have been anallergic respons
to the iron protein complex or that the iron product
may have acted as an enzyme inhibitor.Nissim (28)
considered the early reactions to be ahypersensitivity
phenomenon and symptoms arrose from ischaemia of poorly
supplied visecera. These ocecurred more often in th
elderly. Nissim's calculations suggested that the
average adult iron binding capacity was exceeded witt
less than 16 mgms. of iron. Much higher doses of iron
hsve been administered withoutreactions and thus he

considered reactions not to have
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been due to free ferrous or ferric lons circulating

in the blood, but rather the toxiocity was due to the
properties of the whole molecule, in this case SIO.
Immediate reactions which ogscurred after Iron-Dextran
administration were similar to SIO, even though less
frequent. These again acccurrel within a few minutes
after injJection and were assoclated with backache,
tightness in the chest, tightness in throat, rapid
pulse, fluahing of the face, profuse prespiration, grey
pallor, hypétension and unconsciousness
(9,10,11,17,20). These reactions were considered to be
produced by the same mechanism as with intravenous SIO,
i.e. eschemia (12,20). Pain at the site of in-jection
with Iron-Dextran has been one of the more common
complaints of patients (10,17,20).

Martin, et al. (29) compared the effects of
Iron-Dextran and SIO in several in vitro and in vivo
studies. They found that neither preparation pre-
cipitated serum proteins nor was antigenicity
produced following sensitizing doses in animals.

There was no effect on coaguability of blood in rabbits
with falrly large doses of Iron-Dextran;however in
vitro BIO was shown to be more anti-coagulant than

Iren-Dextran. Hemolytic activity



occurred with Iron-Dextran above concentrations of
0.5% and with SI above 0.125%. These concentrations
have not been attained with elinical doses. Thus, in
man the mechanisms of bleeding, hemolysis, sensiti-
zations or plasm protein precipitation were probably
not responsible “or reactions which occurred (1,29).

Delayed Reactions: Delayed reactions have occurred

with both Iron-Dextran and SIO, reactions to the latter
again being the nore frequent (20,28). These reactions
have generally followed larger doses and have been less
common than immediate reactions.

Delayed symptoms have been vertigo; weakness; -cold
feeling; chillin ; pyrexia; sweating; nausea; vomiting;
diarrhea; urticaria; tightness in chest; headache;
tachycardia; gre, color; collapse and pain in abdomen,
chest, lumbar area, arms, legs and feet.

Nissim (28) attributed these late reactions to
gradual intravascular precipitation of fine particles
with the production of multiple emboli. He based this
conclusion on experimental work with laboratory animals
in which vascular occlusion had been demonstrated
repeatedly. He urther stated that in rabbits there
was a threshold of 45 mgms./kilo. with SIO at which

this gradual preeipitation occurred and another
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threshold at 180 mgms.’kilo. in which there was an
abrupt precipitation of SIO capable of producing
immediate toxic eactions. (Callender and Smith (11)
regarded this delayed type of reaction to have been
due to an allergic phenomenon since the symptoms re-
spond to epinephrine. Patients who had a reaction
following Iron-Dextran falled to react to Dextran alone
or SIO; thus the toxic property probably rested with
the whole molecule as suggested by Nissim (28). For
this to have been purely allergic, there was implied

a specific sensitization to the drug and since these
reactions occurred often following the first injection
a tissue type sensitization seemed unlikely. Also,

as stated before, Martin, et al. (29) were not able to
sensitize laboratory animals to Iron-Dextran.

From examin tion of the symptomatology produced
in both immediate and delayed reactions 1t was seen
that the symptoms were very similar, with the possible
exceptions of pyrexia and urticaria which were
generally mild apd occurred as a delayed type reaction.
Possibly this arbitrary divislion of immediate and
delayed reactions was more apparent than real and the
mechanism, whether precipitation, hypersensitivity, or

allergy was the same.



Chronic Toxicity in Man: Most of thls problem has been

in the theoretical stage since no actual cases have
been reported; however with the production of
exogeneous hemachromatosis followling multiple trans-
fusions (40,41,42) the role of excess parenteral iron
should be evaluated. ©8ince there i1s no normal
mechanism for the body to rid itself of excess 1ron,
the accumulation of iron would seem to play a role in
the production of hemochromatosls (43,44). Based on
iron doses needed to produce histopathology in mice
and rats, Nissim (26) pointed out that 1t would require
over 60 gms. of iron adminlstered parenterally in man.
Leslons that have been produced in animals are not
identical with those seen 1in human hemochromatosis
and several authérs have concluded that the mere
presence of iron 1n tlissue may not have been the only
cause of hemochrematosis (4,6,7,23,24,26,30,44,45).

Animal Toxicity: The normal adult body contalns about

three to five gme. of elemental iron (38). Assumling
the same rabblt-man ratio used by Pinniger and Hutt
(30) of 1 to 30, then the total body iron of a normal
rabblt should be between 100 and 200 mgms. In this
study injections of between 120 and 450 mgms. of

elemental 1ron substantially increased the i1ron stores,
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assuming that the iron from Ferric EDTA was retained in
the body.

Acute Toxicity: Ferrous sulfate toxicity in rabbits
varied from 10-80 mgms./kilo..when administered

intravenounsly ant resulted in death within a fewminutes
with complete prostration, convulsions and

respiratory failure (2,3). The two rabbits which died
at 8 and 11 days following intravenous administration of
Ferric EDTA were within the range of toxicity above;
however since they d4id not die immediately.

the mechanism of death was probably not the same.

Much larger doses of Iron-Dextran and SIO have been
given to experimental animals without acute toxic
reactions: Ellis (1956),1 gn. of SIO intravenously
in rabbits (22); Goldberg, et al. (1957) 1660 mgus.
of Iron-Dextran ntravenously in rats (24); Dubach &
Moore (1956), 1 grem/kilo of intravenous iron in dogs
(43); Nissim (19B65), 500 mgms./kilo. of intramuscular
Iron-Dextran in aice (27); and Pinniger and Hutt
(1956), 1,200 mgus. of intravenous SIO and Iron-Dextran
in rabbits (30). Martin, et al. (1965) found LD/50

of 1,013 mgms./kilo. of Iron-Dextran and 231 mgmé./

kilo. of SIO adm nistered intravenomsly in mice.
They found an LD/50 of 690 mgms./kilo. for Iron-
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Dextran administered intramuscularly in rabbits (29).
These extreme doses were much larger than used in

this study and show the relatively low toxicity of
these preparations. The acute deaths in laboratory
animals from massive doses of these iron preparatlions
were generally considered to be due to precipitation
within the capillaries (30); however myocardial failure
due to a direct mrction of the iron has been suggested
(z8).

Chronic Toxicity: The growth rate of rats has been

inhibited by larze doses of Iron-Dextran (23,24).

In the present s udies the growth rate was not checked
because of the variable age of the rabbits, however
Ferric EDTA administration was generally assoclated
with welght loss,whereas the rabbits used as control
and comparisons &ll showed weight gains. Prolonged
iron adminjstration produced no hematologlc

alteration in rats and rabbits in the study by Goldberg,
et al. (23).

The Mean Corpuscular Memeglobin Concentration
values in this study showed a general decrease with
time, althaugh the decrease was greater in the rabblts
with Ferric EDTA (figures I and II). The cause of

this was not apparent nor was the rapid rise near 90

-22~



days. Similarly, the serum iron concentrations with
Ferric EDTA were lower than the control and the animals
recelving Iron-Ddxtran and SIO (figures III and IV).
Following iron 1 Jjection in rats and rabblts, the
serum iron value found by Goldberg, et al. (23) were
also higher than the controls. Chelates have been
reported to change the physical and chemical reactions
of the ions with which they are in combination (35).
In order to determine rhether the lower values of
serum iron with Ferric EDTA were due to this property,
the blood was examined for serum iron shortly after
intravenous injection of 50 mgms. of Ferric EDTA.

The color reaction was too intense to compare to the
usual standards. This indicated that the iron in
Ferric EDTA was measured and the values are probably a
true representation of the iron level in the plasma.

Similar reticulocyte levels in the control,
comparison and test animals indicated that there was
no apparent depression of the hemopoetlic system.

The functions of various organs under the
influence of excess iron has been studied only on a
limited baslis. Rabbits have become azotemic with
parenteral iron (22). Ellis (22) and Goldberg, et al.

(23) have produced massive proteinuria, edema, and

-238=



diminished renal concentration power in rabbits with
large doses of Iron-Dextran (22,23). Decreased
testicular function associated with atrophy has been
reported by Niseim (27).

The normal excretion of iron by the kidneys has
been shown to be very slight (39) and only slightly
increased in rabbits with massive doses of Iron-Dextran
(23). GCalecium EDTA has been shown to increase the
excretion of iron in'patients with hemochromatosis
(32,33,34). Since serum iron determinations were lower
in the rabbits with Ferric EDTA and since less iron was
demonstrated n the tissues of these rabbitsit was
postulate@ that the iron in Ferric EDTA was not
retained by the rabbit and probably was excreted via
the kidneys. Turnbull's Hemosiderin staln does not
react with iron 1in the ferric form, and this may
account for the lack of stainable iron in the tissues
of the rabbits receiving Ferric EDTA. For the time of
this study, the resence of ferric ions in the bedy
should have resulted in production of ferrous ions via
metabolic pathways. This in turn should have in-
creased the deposition of hemosiderin if the ferric
iron was retained in the bdbody.
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Histological Pathology

Muscle: The site of injJection with various iron
preparations has been investigated by several authors.
Martin, et al. (29) stated that with poorly absorbed
preparations such as SI0O there was a brownish
discoloration of the muscle; whereas the muscle
appeared normal with Iron-Dextran. In both of the
comparison animals in the study the muscle fibers
appeared normal microscopically and iron was limited
to the connective tissue. Grossly the muscle of the
rabbit which received Iron-Dextran in this study was
similar to the above description. Nissim (26) also
found the same histology in muscle following intra-
venous injection of SIO. A controlled study by
Beresford, et al. (21) showed that there developed
an acute inflamme2tory reaction with local degenerative
changes in the muscle following intramuscular
injections of Iron-Dextrans and SIO preparations.
He stated that most of the iron was absorbed within
three days from the injection site and that complete
regeneration of muscle occurred rapidly. Most of the
iron which remained at the injection site was found
within macrophages and was still present after three
months and he cohacluded that this iron may be perma-
~26-



nently fixed.

The painful reaction of rabblits to the injection
of Ferric EDTA along with the grey appearance and
microscoplc degenerative changes of the muscle
indicated that this drug may possess histotoxlc
properties. The lack of iron in the muscles following
Ferric EDTA injection may have been the result of
fallure of the ferric iron to stain or i1t may have been
removed from the tissue at the time of fixation or
dehydration because of 1ts solublility. Studles with
Calcium EDTA have shown that over 90 percent of the
dose 18 excreted via filtration and tubular excretion
by the kidneys 1r less than seven hours (46). It was
also shown 1n th same study with radloactive C-14
labeled Calcium EDTA that the drug was rapldly removed
from the site of injJection. This rapld excretion may
have occurred with Ferric EDTA also and explain the
lack of stainablé iron in the muscle and apparent
lack of storage .ron in the animals.

Liver: Polson (4,6) and Cappell (7) were the first to

describe the deposition of iron 1n the Kupffer Cells

of the liver and then the appearance somewhat later of
iron staining material in the liver parenchyma.

Neither author was able to produce any pathology other
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than the tissue siderosis. Nissim (26) also noted that
the parenchymal cells were affected first near the
central part of the lobule and at the periphery before
the mid-zgnal areas were affected. He also described
infiltration of large masses of round lymphoid like
cells and destruction of large portions of the hepatic
parenchymal cells with complete de-struction of whole
areas of lobules; however the characteristic f.brosis
of hemochromatoslis was lack-ing. NMartin's {29)
results were similar to the earlier work. Pinniger und
Hutt (30) found that iron concen-tration in parenghymal
cells occurred rfirst in the mid-zonal areas of the
liver lobules and later spread to the periportal areas.
In none of their rabblits, which were injected with
Iron-Dextran and SI0, was necrosis or fibrosis note¢{ ;
however they used smaller doses of iron than d4id Ni
sim.

The presence of "cloudy swelling" of the
parenchymal cells of the control, Iron-Dextran and SIO
rabblts in this study probably was the result of
hepatitlis and limited the value of the histological
features, There was noted round cell infiltration in

the periportal areas in all three and this was probably

assoclated with the *hepatitis®. Iron was present in



the Kupffer Cells and parenchymal cells as noted in the
work above; aowever it seemed to be more abundant in
the periportal areas. The absence of iron in the
control was as expected and the rabbits receiving
Ferric EDTA all showed more of a congestive phe-nomenon
with di1 ted central veins, congestion of the sinusoids
with blood and varying degrees of central necrosis.
Some cells showed "clowdy swelling" changes in the
central areas., There were..no fibrosis-or stainable
iron noted in these animals. It appeared that the 11
ver changes were due to cardiac fallure and/or lung
damage. The kidneys may also have attributed to the
congestive state,

Spleen: Iron deposition in the spleen has been similar
in all previous works (4,6,7,26,29,30). In these
studles the iron was found in heavy concentrationin
histioeytes of the red pulp and in the connective
tissue, but only with ery large doses was Iron seenin
the lymphoid modules. The lymphoid tissue was also
reduced with very large doses (30). The above findings
were the same in the two rabblts on Iron-Dextran and
8I0 in the present study. All of the spleens in
rabbits administered Ferric EDTA showed decreased iron

stores and decreased 1lymphoid tissue with increased
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red pulp. This was probably due to congestion as
noted in the liver of these rabbits. The one rabbit
which died at 97 days with evidence of infection showed
more iron to be present than in the control and this
probably represented a hemolytic phenomenon and not due
to the 1ron from the Ferric EDTA. Since the spleen was
the site of large amount of iron stores in the normal
animal and in those following Iron-Dextran and SIO
administration, the absence of staina-ble iron

followl g Ferric EDTA emphasizes the postu-late that
the iron .from this source was probably not retained in
the rabbit's body or not utilizable.Heart: Large do
es of S5I0 in animals resulted in the deposition of iron
in fibers of the myocardium and there was some apparent
damage to the fibers. This was found only in patches
and nearer the surfaces of the heart (26). Lower doses
of iron have not resultedin iron deposition in the
myocardium, but rather iron was occasionally found in
the histiocytes and connective tissue of blood vessels.
Large hearts in the two rabbits which died at 8 and 1l
days following 45 mgms. of Ferric EDTA added emphasis
to the possibllity of cardiac toxicity failure in these
rabblits. Fragmentation of some of the heart fibers
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was seen in one pf the rabbits. Cardiac failure may
have been the re ult or a direct toxlic reaction of
Ferric EDTA on the myocardium or secondary to renal
failure.

Adrenal Glands: No pathology was produced in the

Adrenal Glands of animals injected with large doses of
SIO by Nissim (285) even though iron was found in the
cortical cells especialdly in the zona reticularis and
zona glomerulosa. No iron was found in the adrenal
medulla. Iron wes seen only in the rabbit receiving
Iron-Dextran in this study and then it was confined to
histiocytes and occasional cortical cells. No pa-
thology was noted in any animals in which the adrenals
were examined.

Lungs: The main lethal and toxic effect of high doses
of parenteral iron, especially SIO, have been attri-
buted to precipitation within the capillaries of the
lungs (22,26,28). Pinniger and Hutt (36) falled to
produce demonstr ble lesions in the lungs as described
by the above. With the smaller quantities of iron
used in the present study, no iron was seen in the
lungs of animals on Iron-Dextran or SIC, except in
Ogccasional clumps of histolcytes. The lung archi-

‘tecture was normerl. Nissim (26) produced a derangement
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of the lung his ology with prolonged large doses of
S8I0 due to many iron filled histiocytes filling the

interstitial space and infiltration with small round

cells. Most of the pathology which occurred in rabbit
lungs followlng Ferric EDTA can be explained on a
congestive failure basis, with alveolar septal thicken-
ing and congesticon, fluid in the alveoli and some
hemorrhage. The rabbit which died at 97 days with
gross evidernce of sepsis also showed microscopic
evidence of pneumonia. It should be noted that one

of the rabbits which died early had essentially normal
lung tissue and one of the rabbits which was sacrificed
at the end of the experiment after receiving almost 400
mgms. of Fer~ic EDTA had essentially normal lungs
microscopically. This suggested that the toxic effect
of Ferric EDTA was not associated with damage primarily
to the lungs. Iron was characteristically absent in
the lungs of the Ferric EDTA animals, except for one
small clump of histocytes Just under the pleura in

the surviving animal mentioned above.

Kidneys: Pinniger and Hutt (30),with large doses of
iron,produced shrinkage of the glomaruli, tubular
dilitation and colloild casts. Ellis (22) produced the
Nephrotic Syndrome in rabbits with large doses of SIO



with proliferation of the glomerular cells, filbrosis
and finally atrophy of the glomeruli. Tubular damage
was also reporte . He attributed this to capillary
damage by the precipitation of iron. Goldberg, et al.
(24) produced a nassive proteinuria in rabbits with
large doses of Iron-Dextran and seven died during the
first five weeks. Blood urea nitrogen was elevated in
all. These rabbits showed slight histological changes
in the glomarull and tubules. There were heavy de-
posits of iron in the endothelium of the glomerull
capillaries and some iron in the tubular cells. Thrombi
rich in iron were also seen. Goldberg also noted more
rapid autolysis of kidney tubule cells after death.
Nissim (26) also demonstr ated iron precipi-tation in
the glomerular and tubular capillaries.
He noted that shortly after this the proximal tubule
cells were stainkd diffusely with iron and this
staining increased with repeated doses. In those
animals which died there were seen degenerative changes
in the proximal convoluted tubules and many epi-thelial
casts were present in the tubules. Iron was found in
the tubular filtrate.

Except for occasional hyaline casts and stainable

iron in the glomerull and proximal convoluted tubule
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cells, the kidneys of the animals which received
Iron-Dextran and S8I0 appeared normal. The hyaline
casts may have represented protein loss through
glomeruli and tubular damage.

Renal tubular toxicity has been reported in man
with large doses of Calcium EDTA (32,47). The tubular
change produced by Ferric EDTA in the rabbits which
died during the experiment may have represented post-
mortum autolysis or may have been caused by the drug
itself. The latter was doubtful since kidneys which
were fixed soon after death showed nearly normal
tubular cells. There was no apparent abnormality of
the glomeruli in the longer surviving rabbits; however
the rabbit which died at 97 days with evidence of
sepsis showed marked interstitial infiltration of the
kidney parenchyma. This was probably due to an
infective process. The rabbit which received 120 mgnms.
of intravenous Ferric EDTA had normal kidneys, suggest-
ing that nephrotoxicity was not too prominent. The
rabbit which received almost 400 mgms. of intra-
muscular Ferric EDTA showed some hyaline casts and
increased interstitial tissue. Stalnable iron was
seen in two capillaries and in occasional histiocytes.

If Ferric EDTA was rapidly excreted via the kidney,
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as would be susp cted vhen compared with the excretion
rate of Calecium EDTA, then some of the iron may have
been separated from the EDTA and produced the stainable
iron seen in thi animal.

Testes: No effe t on testicular function was apparent
nor were iron deposits seen in the testes at the
levels of iron alministered to the animals in this
study. Several authors have described in laboratory
animals heavy deposition of iron in the testes with
subsequent atropnhy of the testes (23,24,25,27). The
amount of iron needed to produce this was very large.

Other Tissues: Hany other tissues have been examined

following iron administration.  When present, iron was
¢ontained in the connective tissue stroma and cells
of the Reciculoendothellial System. Parenchymal cells
stained with iron occurred only after massive doses

and no histopathology was demonstrated.

8UMMARY
The present study consisted of a review ef the
literature concerning the toxicity of parenteral

forms of iron in humans and laboratory animels. The

toxic effects of parenteral Ferric Ethylenediamine-

tetraacetic Acid (Ferric EDTA, Ferric Versenate) were

compared with intramuscular Iron-Dextran (Imferon)
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and intravenous ‘accharacted Iron Oxide (Proferrin,
SIO) in ten rabbits.

A total of !5 to 650 mgms. of elemental iron was
injected in divided doses about once a week until the
rabblts died or the experiment was terminated after
three months. Blood withdrawn by cardiac puncture at
weekly or bi-weekly intervals was checked for hemo-
globin, hematocrit, rectiulocyte count and serum
iron. Autopsy material was examined microscopically
for pathological changes and the presence of iron 1in
the tissues. Original and terminal weights were
recorded.

The salts of iron ave been shown to be too toxic
for clinical use 1,2,3 . With the advent of non-
ionic forms of iréon, which dissociated slowly in the
body, there came a method of treatment for orally
refractive microcytic anemias; however these were not
wl thout undesirable side reactions in some instances
and one recorded death 8-19).

Immediate toxic reactions in humans occurred
after both Iron-Deaxtran and SIO; however reactions were
more frequent with the latter. These immediate
reactions usually followed smaller doses of iron and

too rapid adminisiration when given intravenously.

=35~



These reactions have been attributed to free iron
causing the release of histamine when the iron binding
capaclty of the blood is exceeded, or hypersensitivity
to the whole molecule resulting in eschemlia of viscera
(12,28,38,39). In vitro and in vivo studles in
laboratory anim&ls have falled to show that elither
preparation was capable of precipitating plasma
proteins, altering coaguablility of blood, producing
hemolysis or sensitizing animals in quantities used
clinically (1,29).

Delayed reactions in humans usually followed
larger doses and occurred up to several hours after the
injection (20,28). Symptoms and signs in both types
of reactions were very similar, except that pyrexia
and ur%icaria occurred most 1n the delayed reactions,
Both 1mmediate and delayed reactions were more common
following the use of SIO than they were with Iron-
Dextran. The chief complaint with Iron-Dextran was
pain and discomfert at the site of injJection and in
some a temporary staining of the skin. Nissim (28)
consldered the cause of these delayed reactions to
be. due to intravascular precliplitation with the
production of multiple emboli. Others (11) regarded
this type of reaction to be due to an allergic

phenomenon.



Lethal doses of ferrous sulfate in rabbits were
between 10 and 60 mgms./kilo. (2,3). SIO and Iron-
Dextran have been given to laboratory animals in much
larger amounts. Martin, et al. (29) found a LD/50 of
690 mgms./kilo. of Iron-Dextran in rabbits. Acute
"deaths were cons: dered to be due to precipitation
within capillaries (30 er myocardial failure (26).
Lung pathology was often seen with hemorrhage and
intravascular precipitation of iron staining material
(e8).

Chronic iroa toxieity has produced Nephrotic
Syndromes in rabbits and testicular atrophy (22,23,27).

Venous thro:r bosls occurred frequently with
intravenous inje tions of SIO (8,14). Intramuscular
injections of Iren-Dextran produced little or no
permanent local patholegy. There was an acute
inflammatory reaction around the site of inJection
and deposits of iron i: histiocytes locally (21,26).
These iron laden histlecytes were considered as being
fixed by one author. Intravenous injections of Ferric
EDTA produced venospasm and many local thromboses.
Intramuscular Ferric EDTA produced a marked painful,
withdrawal response in the rabbits and the tissue

appeared grey and hemorrhagic with considerable
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degenerative changes and increased fibrosis of the
muscle. No iron was seen locally following intra-
muscular injection one week earlier. It was felt that
Ferric EDTA produces considerable local destruction

of tissue.

In the liver and spleen, congestion was the main
pathology noted followlng Ferric EDTA. Central zonal
changes and hyperemia were seen in the liver and
hyperemia and reduction of lymphocytic nodules were
seen in the spleen. No iron was seen in the liver and
stainable iron in the spleen with Ferric EDTA was
generally less than that found in the control rabbit.
With 8I0 and Iron-Dextran most authors have been unable
to produce any pathologic change in the liver and
spleen except for tissue siderosis (4,6,7,26,29,30).
Nissim did produce lymphold infiltration and
destruction of hepatic lobules, but no fibrosis (26).

The main toxic effects, and presumably the cause
of death, in animals with massive doses of SIO and
Iron-Dextran were seen in the lungs (22,26,28); however
Pinniger and Hutt (36) were unable to produce such
lesions. Iron deposition with the above drugs was
found meinly in histlocytes after the initial
precipltation within the caplllaries. Hyperemia,



alveolar wall thickening and fluld within the alveoll
occurred in the rabbits with Ferric EDTA and pointed
to passive congestion, presumably on the basis of
myocardial fallure.

Renal tubuler damege and nephroses have been
produced in lab animals with large doses of iron in
the form of Iron-Dextren and SIO (22,24,26,30). This
has been attributed to capillary precipitation.
Calcium EDTA has been shown to produce tubular toxiclty
in man (32,47). Xidneys of rabbits following Ferric
EDTA ranged from microscopically normal in those with
lower doses to the presence of casts and increased
interstitial tis ue with higher doses.

Other tissues have taken up the iron of Iron-
Dextran and SIO n varying amounts with no apparent
pathology except siderosis, with the exception of the
testes in which atrophy has ‘been reported with very
large doses (23,24,25,27). Iron in most tissues of
the body was pre ent within the cells of the Reticulo-
endothelicel System. With massive doses iron staining
was seen in the endothellium of vessels and finally
iron appeared in the parenchymal cells of tissues.

There was a general lack of stainable iron in

the tissues of reb blts treated with Ferric EDTA.
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Studies with other forms of EDTA have indicated that
this drug was excreteéd rapidly and unchanged via
filtration and tubular excretion in the kidneys (31,32,
33,34). This suggested that iron from Ferric EDTA was
not available to the body because it was rapidly
excreted. Urinary iron excretion would have been

valuable in this study.

CONCLUSIONS

l. Iron salts were too toxic for parenteral use.

2. The mechanism or mechanisms of immediate and delayed
reactions to intravenous SIO or intramuscular Iron-
Dextran were not definltely known; however allergic
reactions, intravascular precipitation with emboli and.
toxlecity of ferric or ferrous ions when the iron
binding capacity was exceeded have been suggested.

3. Lethal doses of SIO and Iron-Dextran in animals

were high.

4, Acute deaths were considered to be due to massive
preciplitation within lung capillaries of heart failure.
5. Nephroses have been produced with large doses of
Iron-Dextran and SIC in rabbits.

6. Ferric EDTA produced a very painful reaction to
local injection in rabbits. Degenerative changes

occurred in the muscle at the site of injection.



7. Acute lethal doses of Ferric EDTA were probably
lower than Iron-DPextran and SIO in rabbits.

8. Iron from Ferric EDTA was not available to the

body and was probably excreted intact and rapidly

via the kidneys.

9. Chronic toxicity with Ferric EDTA resulted in
passive congestion of the lungs, liver and spleen
possibly by way bof myoeardial failure.

10. No lesions resembling hemochromatosis were produced
in the present s.udy with the comparitively small

amounts of iron administered.
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Survival Blood Iron Weight Maximum

(dayd) THken Doese  Changs Retios.
. {oo) (ngn) (oms:} (7

Control term. 143 none + 450 4,7
Iron- term 99 362 + 570 4,0
Dextran

8IO (IV) term 101 135 + 225 4.0
Ferric 15 45 6% ———— 2.1
EDTA (IM)

Ferric a7 138 446 ~1250 5.3
EDTA (IM)

Ferric term 99 392 + 340 4.2
EDTA (IM)

Ferric 10 30 44 - 110 1.2
EDTA (IV)

Ferric 8 30 44 - 50 2.4
EDTA (IV)

Ferric 49 42 20 e 2.2
EDTA (IV)

Ferric tern. 110 120 - 255 3.9
EDTA (IV)

Survival time, Blood withdrawn, Total iron dosage,
Weight alteration and Maximum Reticulocytosis with
various forms of iron and routes of administration.
(IM - intramuscular)
(IV - intravenous)

table I

-42-



£y

32
3¢
30

29

a7
26

25

\‘-—----_—-—'

)./UO'..

170 16/~

CONTROL ~INO I/RON o= am tm e

SACCHARATED

FERRIC EOTA

Y

IPON OXJ/DE o ecce o>

1 i | | 1 1 1
o 20 3o 90 S50 &o 70 80 Q0 /00
DAY S
FIGWRE I
MEAN CORPUSCULAR HENIAGL OBIN CONCENTRATION FOLLOWING
INTRAVENOUS AOMINISTRATION OF IRON  PREPARATIONS



-i’-

7

CONTROL -NO IRON-

IRON = DEXTRAN
FERRIC EDOTA

— | A A i i 4 ] 1 i
lo 20 30 40 50 60 70 80 0 /00
DAYS
FIGURE I
MEAN CORPUSCULAR HEMAGLOBIN CONCENTRATION FOLLOWING
INTRAMYSCULAR  ADMUNIST RAT 10N

OF [RON PREPARATIONS






-9»-

CONTROL - NO IRON == — = ==
400 q.

IRON—DEXT,?HN ®ooecvsassce oo
= FERRIC EPTA
S :- .‘.... ]
E .' .. ...
E 300 fe ° o ‘.
m -L\ $ ¢ sccoe
// .o { C-‘. '0.'..‘
T ' - P N o, Leet"Be2 mom.
R 200 // i \\
\
L SY6 776777, \
“
{00 P= ~
72 CIJB'-/
/Jooce N
b i) 1 L1 ] ] ) 1
/0 a0 30 b 52 50 o0 70 80 20 /00
DAYS
FIGURE I
SERYM? IRON

COMNCEN7RATIONS FFOLLOLIING
INTRATIUSCLULAR  ROTVINISTIRATION OF ILRON PRELPALRATIONS




10.

(Appendix IV)

BIBLIOGRAPHY

Nissim, J. A., The Mechanlsms of Toxiclty of Some
Iron Preparations, Brit. J. Pharmacol. 9: 103-
105, 1954.

Hoppe, J. 0., Marcellli, G. M. A. and Tainter, M.
L., An Experimental Study on the Toxlclty of
Ferrous Gluconate, Am. J. M. Sc. 230 (5):
491-497, 19565.

Hoppe, J. O., Marcelll, G. M. A., and Tainter,
M. L., A Review of the Toxiclity of Iron
Compounds, Am. J. M. Sc. 230: 558-571, 1955.

Polson, C. J., The Fate of Colloidal Iron Ad-
ministered Intravenously, J. Path. Bact.,
Lond. 31 (3): 445-460, 1928.

Polson, C. J., The Fate of Colloidal Iron Ad-
ministered Intravenously: Part II, Long
Experiments, J. Path. Bact., Lond. 32: 247~
1929.

Polson, C. J., The Fallure of Prolonged Admin-
1stration of Iron to Cause Hemochromatoslis,
Brit. J. Exp. Path. 14: 73-76, 1933.

Cappell, D. F., The Late Results of Intravenous
Injection of Colloidal Iron, J. Path. Bact.,
Lond. 33: 175-196, 1930.

Nissim, J. A., Intravenous Administration of
Iron, Lancet, Lond. 2: 49-57, 1947.

Demptster, XK. R., Harman, R. R. M., and Hutt,
M. S. R., Intramuscular Iron, Brit. M. J.,
Dec. 18, 1954, (Correspondence): 1486-1487.

Jennison, R. F. and Willis, H. R., Intramuscular

Iron, A Clinical Trial in Pregnancy,
Lancet, Lond., Pec. 18, 1954: 1245-1249.

—47-



11l. Callender, S. and Smith, M., Brit. M. J. Dec. 18,
1954: 1487. (Correspondence)

12. Librach, I. M., Toxic Reactions Due to Intraven-
ous Iron, Brit. M. J. 1l: 21-24, Jan. 3, 1953.

13. Barritt, P. W. and Swain, G. C., Death After
Intravenous Iron, Brit. M. J., Feb. 14, 1953:
379-380.

14. Horrigan, D. L., Mueller, J. F., and Vilter,
R. W., Observation on the Intravenous Admin-
1stration of Saccharated Oxide of Iron in
Human Beings, J. Laborat. Clin. M. 36: 422-
427, 1950.

15. Brown, E. B., Moore, C. Y., and Smith, D. E.,
Intravenous Saccharide Iron Oxide in the
Treatment of Hypochromic Anemlia, J. A. M.
A. 144 (2 : 1084-1089, 1950.

16. Wallerstein, R. 0., Intramuscular Iron for the
Treatment of Iron Deficlency Anemia in
Infancy, J. Pediat., S. Louls, 49 (2): 173-
176, 1956.

17. Scott, J. M., Intremuscular Iron Therapy in
Anemia of Pregnancy, Brit. M. J., Sept. 15,
1956: 635-638.

18. Scott, J. M. and Govan, P. T., Anemla of Preg-
nancy Treated with Intravenous Iron, Lancet,
Lond. 1: 376-380, 1951.

19. Evans, G. E. and Valthman, R., The Use of
Intravenous Saccharated Oxide of Iron in
Obstetrics and Gynecology, Am. J. Obst. 66
(1): 118-123, 1953.

20. Bourne, G., Reactions to Intramuscular Iron,
Brit. M. J., July 30, 1955: 305-308.

21. Beresford, C. R., Goldberg, L. and Smith, J. P.,
Local Effects and Mechanism of Absorption of
Iron Preparations Administered Intramuseularly.
Brit. J. Pharmocol. 12 (1): 107-114, 1957.

-48-



22.

23.

24.

25.

26.

27.

28.

29.

30.

3l.

Ellls, J. T., Glomerular Lesions and the Neph-
rotic Synérome in Rabblts Glven Saccharated
Iron Oxide Intravenously, J. Exp. Med. 103 (1):
127-144, 1956.

Golberg,; L., Smith, J. P., and Martin, L. E.,
The Tects of Intensive and Prolonged Admin-
istration of Iron Parenterally in Animals,
Brit. J. Exp. Path. 38 (3): 297-311, 1957.

Golberg, L. Smith,.J. P. and Martin,.L. E:,
Effects of Massive Overload in the Rat,
Nature, Lond. 179: 734, 1957.

Golberg, L., Fee, W. and Martin, L. E. Iron
Dextran Ccmplex in Mice and Men, Lancet,
Lond., April 16, 1956; 818.

L

Nissim, J. #., Experimental Siderosis: A Study
of the Distribution, Delayed Effects and
Metabollsm of Mssslive Amounts of Varlous
Iron Prepsrations, J. Path. Bact. 66: 185-204,
1963.

Nissim, J. A., Deposition of Iron in the Testes
after Administration of an Iron-Dextran
Complex, Lancet, Lond. 1: ?701-702, April 2,
19565.

Nissim, J. A., Toxic Reactions After Intravenous
Saccharated Iron Oxide in Men, Brit. M. J.,
Feb. 13, 1954 (1): 352-356.

Martin, L. E., Bates, C. M., Beresford, C. B.,
Donaldson, J. D., McDonald, F. F., Dunlop, D.,
Sheard, P., London, E., and Twigg, G. D.,

The Pharmecology of an Iron-Dextran Intramusc-
ular Haemetinic, Brit. J. Pharmacol. 10: 375-
382, 19565.

Pinniger, J. L. and Hutt, M. S. R., The Distri-
bution and Fate of Iron Injected Intravenously
into Rabbits, J. Path. Bact. 71 (1): 125-134,
1956.

Driil, V. A., Pharmacology in Medicine, McGraw Hill
Book Co., New York, 1954. section 50, pp. 14-16.

~49-



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

McMahon, F. G., £ Comparison of the Effect of
Fe-3-8pecific Versonal and Calcium Disodium
Versonate on Urinary Iron Excretion in a
Patient with Hemochromatoslis, J. Laborat.
Clin. M. 48 (4): 589-602, 1956.

Greenwalt, T. J. and Avers, V. E., Calcium
Disodium EDTA in Transfusion Hemosiderosis,
J. Clin. Path. 25: 266-271, 1955.

Kleckner, M. S., Kirk, R. M., Baker, L. A.,
Chapman, A. X., Kaplan, E., and Moore, T. J.,
Clinical Features, Pathology and Therapy of
Hemochromatosis, J.A.M.A. 157: 1471-1476,
1955.

Will, J. and Vilter, R. W., A Study of the
Absorption and Utilization of an Iron Chelate
in Iron-Deficient Patients, J. Laborat. Clin.
M. 44 (4): 499-505, 1954.

Feldman, H. 8. and Rummel, W., The Status of
Iron Therapy; Chelates Write a New Chapter,
Med. Times, Great Neck 84 (12): 1329-1334,
1956.

KraJian and Gradwohl, Histopathologic Technique,
C. V. Mosby Co., 1952.

Finch, C. A., Hegstead, M., Kinney, T. D., Thomas,.
E. D., Rath, C. E., Haskins, D., Finch, and
Fluharty, R. G., Iron Metabolism, Blood 5 (2):
983-1005, 19560.

Schade, A. L., Plasma Iron; Its Transport and
Significance, Nutrit. Rev. 13 (8): 225-227,
1955.

Klein, B., Gordon, B. 8. and Graef, I., Iron
Content of Tissues 1n Exogenous and Endogenous
Hemosiderosis, Clin. Chem. 1: 118-124, 1965.

Murhead, E. E. and H1l1ll1, F. M., Iron Overload

(Hemosideroslis) Aggravated by Blood Transfusions,
Arch. Int. Med. 83 (5): 447-501, 1947.

-50-



42.

43.

44.

45.

46.

47.

Schwartz, S. 0. and Blumenthal, S. A., Exogenous
Hemochromatosis Resulting from Blood .
Transfusions, Blood 3 (6): 617-640, 1948.

Moore, C. V. and Dubach, R., Metabolism and
Requirements of Iron in the Human, J.A.M.A.
162 (3): 197-204, 1956.

Brown, E. B., Moore, C. V., Reynafarje, C. and
Smith, D. E., Intravenous Administration of
Saccharated Iron QOxide in the Treatment of
Hypochromlic Anemias, J.A.M.A. 144: 1084, 1950.

Brown, E. B., Smith, D. E., Dubach, R.,
Reynafarje, C. and Moore, V. C., Long-Term
8tudies of Iron Overload in Dogs, J. Lab. Clin.
Med. 48: 792, 19566.

Foreman, H. and TruJillo, T. T., The Metabolism

of C-14-Labeled Ethylenediamine Tetraacetic Acid

in Human Beings, J. Lab. Clin. Med. 45: 566~
571, 1964.

Vogt, W. and Cottier, H., Nephrose nach Behand-
lung einer Subakutchronischen Bleivergiftung
mit Vers=nat in Hohen Dosen (Necrotizing
Nephrosis after Treatment of a Subacute-
Chronic Lead Polsoning with High Dosed Versen-
age), Schwelz. Med. Wschr. 87 (22): 665-667,
1957.

-51-



	Toxicity of parenteral iron : with special reference to ferric ethylenediaminetet raacetic acid (ferric fersenate)
	Recommended Citation

	tmp.1682367122.pdf.ajdgS

