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INTRODUCTION 

Parenteral iron investigation has gained much 

impetus 1n the last decade with the discovery and use 

of relatively non-toxic ., non-ionic forms of injectable 

iron. The most rldely studied aspects have been 

metabolism, hematologic response in orally refractive 

microcytic anemias, anemia or pregnancy, and inf anti le 

anemias. There 1ave been an increasing number ot

studies on the topic or toxicity and relationship of 

iron to hemochromatos1s. 

The toxicit1 or intravenous iron salts has been 

known for many years. Nissim (1) studied the compara� 

tive effects on coagulation, capillary injury and 

hemolysis of 1rol 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 expel'imental 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 adllinistered via various parenteral 

routes. As earl as 1928 Polson (4) showed that 

intravenous collbidal iron was deposited in the lungs, 
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llver and spleen, producing embol1 by intravascular 

precipitation and occluding especially the capillaries 

of the lungs. He also noted that the cells of the 

Reticuloendothellal 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 produce4 any 1esions resembling 

hemochromatosis n man, even thou� massive �oses of 

iron were given 1DY Cappell over a period of tour yea.rs. 

Since the f1rst report of Nissim {8) in 1947 on 

toxic reactions ,1th intravenous administration or 

Saccharated Iron Oxide, there have been many isolated 

reports and survey reports on parenteral iron toxicity 

(8-19) and seversQ controlled animal studies on 

toxicity ., distr11:1ut1on and metabolism., histological 

change5 and excretion of iron (20-30). 

The polyami o acid compounds known as Versenes 

have been used recently 1n 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 

stability between the chelate and the metallic ion 

with which it is combined. This preferential union 
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results 1n combinations with lead and some of the 

rarer heavy metals before other ions, however Calcium 

chelates preterentiall just below these ions and thus 

blood levels and body stores of calcium can be markedly 

reduced with the use or Versenes. The most coramonlf 

used Versene is Ethyl,nediam1netetrl;L8.cetic Acid 

(herearter referred to as EDTA). 

It was found that ferric ions made combinations 

with EDTA and the excretion or iron was increased in 

the urine in cases of hemochromatos1s 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 ot 

iron in the treatment of iron deficient anemias was 

considered. Will and V1lter (35) use� Ferric EDTA 

orally in iron deficient patients with the results of 

no greater absor�tlon of iron than w1th terrous 

sulfate. They ctncluded that the chelate was split 

in the gastrointestinal tract liberating ferric iron. 

Feldman and Rummel (36) using the chelated compound 

terro-glyc1ne sulfate claimed excellent results 

orally w1 th 1ricrc ased absorption ot iron_. 

In the present study, Ferric EDTA was administered 
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intramuscuJ.arly and intravenously in rabbits and 

compared with intravenous Saccharated Iron Oxide and 

intramuscular Iron-Dextran. · 

MATERIALS � METHODS 

AnimaJ.s � Dosage: The experiments were carried out 

using ten rabbit weighing 2.5 to 4.5 kilograms. The 

an1maJ.s were ca©ed separately and fed commercially 

prepared rabbit pellets (Nutrena). They were given 

supplemental fee41ngs 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 ,rmreron) and a third received 

intravenous Saccharated Iron Oxide (Proferrin) (SIO) 

for comparison with the remaining seven animals which 

received either 1ntramuscular or intravenous Ferric 

Ethylenediamenetetraacetic Acid (Ferric Versenate or 

Ferric EDTA), pH 7.2. The animals received 1nJect1ons 

or 5 to 45 mgme. or elemental iron at about weekly 

intervals over a two to three month period. The small­

er doses were given intravenously and comparative 

doses of Imteron and Proferr1n were used. The inf 

Jections were reduced to lower weekly doses because 

of early deaths in some of the animals receiving 

Ferric EDTA. 
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Investigations: The animals were weighed at the 

beginning and end of the experiment. At weekly 

1ntravals 15 cc of blood were withdrawn directly from 

the heart and laboratory determinations of hemaglob1n, 

hematocrit, ret1culocytes and serum iron were de­

termined. Following w1 thdrawal. of the blood, the· 

iron inJections were given. Intravenous adminis­

trations were given 1n the marginal veins of the ear 

and intramuscular injections were given in the hips 

and thighs. Autopsy material was investigated grossly 

and microscopic sections were m�de ot lungs, heart, 

liver, adrenals, kidneys, pancreas, spleen and ovaries 

or test�s. These preparations were stained with 

hemato:x,11n and eos1n and additional slides with 

Turnbull 1 s Stain which stains hemos1der1n blue (37). 

RESULTS 

Tabulated results or survival., iron dosage, weight 

changes and reticulocyte counts are shown in Table I. 

Weight, Dosage� Survival: The control animal and 

the animals receiving Iron-Dextran and SIO all sur­

v1yed the experimental period and all showed weight 

gains ranging from 225 to 570 gms. Those reeei v1ng 

Ferric EDTA survived 1 B, 10, 15, 49 and 97 days and two 

were auve at the end ot the experimental period. 

    5



Those d,y1ng w1 thin a short period _were •given 

relatively small doses of iron, ranging from 25 to 

67 mgms.,and showed onl.y a slight weight loss. Those

surviving for a longer p�riod or to termination showed 

greater weight losses� however one animal which had 

received 392 mgms. of Ferric EDTA intramuscularly 

showed a gain of 340 eJllS. The other two rabbits_ 

lost 255 gms. and 1250 ·gms� 

Reaction 1£ InJ�ct1on: Ferric EDTA consistently 

produced more ·severe painful reactions in the· experi­

mental animals than the commerc1allY available 

preparations. Intravenous Saccharated Iron OXide 

produced considerable withdrawal whenever tissue 

leakage occurred. -Intravenous Ferric EDTA resulted 

in marked vasospasm. Intramuscular Ferric EDTA 

produced squeeli�g, invoiun�ary detecation and 

micturation. The injected extrem1t1 often appeared

flac1d tor several minutes following the 1nJect1on. 

Intramuscuiar Irbn-Dextran resulted 1n no apparent 

or slight d1scom�ort to the animal. 

Reticulocyte Counts: Ret1culocyte counts were not 

increased appreciably in any or the animals w1 th the 

small amount of blood withdrawn weekly and maximum 
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reticulocyte res >0nse showed values near 4i in the 

control and comps1r1son animals. Those animals re­

ceiving Ferric EDTA and surviving a relatively short 

time had ret1culc►cyte counts near normal, whereas the 

slightly higher alues of 4% and 5% occurred'1n9the 

l.onger 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 fro• 31% o less than 29%. Intravenous 

administration oi iron (figure I) produced less than 

0.5% drop with Proferr1n and the surviving animal 

receiving intravenous ferric EDTA dropped about 2%. 

The three rabbit surv v1ng for a shorter period 

showed no essential alteration in the MCHbC. 

Intramuscular Imteron 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 21 

(figure II). 

Serum I!:2!1: As seen 1n figures III and IV, serum iron 

determinations snowed a gradual rise in the control 

rabbit for about 40 dqs, from 150 gamma to 270 gamma, 

then a gradual decline to 100 gamma a:fter 100 days. 
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Rabbits on Iron-Dtxtran 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 values throughout the experimental 

period. 

Tissue Examination 

51 te £!. 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 or 

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 at�ophic with areas or hemorrhage and 

a general grey appearance of the tissue. Microscopi­

cally, muscle injected with Iron-Dextran appeared 

normal, there being only deep iron staining or the 

connective tissue of the muscle. Intramuscular 

Ferric EDTA p�odaced hemorrhagic areas in the muscle 

surrounded by necrotic muscle for several millimeters 

and round cell 1n:f1ltrat1on at the periphery. Most 

of the surrounding muscle bundles were very small and 
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some of the larger t1bers showed typical nze�kers" 

degeneration. 'lbere 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 occasiQnal. histiocytes· 

w1 th small granules or stainable iron in their 

cytoplasm. One of the four rabbits which died 

relatively early in the experiment (34 days) after 

receiving 25 mgms. ot intravenous Ferric EDTA showed 

generalized evidence of sepsis with the pleural, 

pericardiaJ. and peritoneal cavities filled with sero­

aangllinous f' luid. The lungs and adrenal glands 

appeared necrotic. Thls animal was not included in 

the pathological description of the tissues. The 

animal that died at 97 days also showed evidence. of 

sep.sis, 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 hepatiQ cells with obliteration 

of the sinusoids, granular cytoplasm and distinct eell 

membranes, all features characteristic of "clowdy 

swelling". They also showed perivascular infiltration 

of round cells in the portal areas. Gross;y, the liver 

appeared normal 1n color, except for the animal 
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receiving IV SIO 1n which the liver appeared very 

dark red throughout. No hemosiderin•was demonstrabl.e 

1n the control animal. IrQn-Dextran adm1n1strat1on 

produced tine blue granules in the hepatic cells w1 th 

a blue staining 1pytoplasm seen mostly in the 

peripheral portion of the lobules. The Kupfter cells 

were filled wlth large dark staining hemos1der1n 

grannules. With intra1enous SIC hemos1derin was seen 

only as large grannules 1n the liver h1st1oeytes. 

The three ari1mals which died shortly after 

beginning administration of Ferric EDTA all showed 

black areas on the surface of the liver, varying 

d·egrees of mid-zonal necrosis or the liver and dilated 

central vein�. No hemoe1derin was demonstrable. 

Animals surviving for longer periods showed no 

apparent gross abnormalities of the liver, but micro­

scopically two showed central vein d111tat1on, marked 

congestion of the sinusoids and early 11 clowdy swelling" 

changes ot the central cells. Sections from the third

animal were not octained. No hemos1der1n was present. 

Spleen: Grossly: the spleen of the control, �d the 

two comparison animals appeared normal and m1croscop1-

eally no abnormal1 ty was noted. Hemoa1der1n 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 granules and 

some free blue staining material outside the cells. 

No•hemosiderin was seen in the lymphoid nodules. 

Grossly, the spleens of two of the early death 

animals �with Fer,ric EDTA showed black patches on the 

surface. the third was totally black. Microscopically 

the spleens showed decreased lymphoid nodules and 

increased red pUJ.p filled with red corpuscles. No 

areas or infarction were seen • .  More hemos1der1n was 

present tn one a111mal than in the control; however two 

others showed less hemos1der1n than the control. The 

iron present was. confined to the macrophages. 

The gross appearance of the spleen in two of the 

lo�ger 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 1Qcreased with many erythrocytes 

in.the sinusoids. Com-pared to the control, stainable 

iron waS)DS.rkedly decreased 1n two animals and in­

creased in the· re.bb1 t w1 th the enlarged pale spleen. 

This animal also had serosangu.inous material in the 
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pleural cavities and-diarrhea. 

Heart: Grossly the hearts or all animals appeared 

r$%rly normal; however the weights ranged from 7 to 18 

grams. Smaller 1earts were found in the survivors 

(7 to 12 gms.) and the largest occurred· 1n·c the· three 

rabbits which died early (15 to 18 gms.). No histo­

logical abnormal es were seen other than that expected 

frqm repeated intracardiac punctures. Hemos1derin was 

seen only in the perivascular h1st1ocytes of animals 

which received Iron-Dextran and SIO. 

Adrenal Glands: The adrenals all weighed less than one 

gram ap.d appeare•d normal grossly. No microscopic 

pathology was present and hemos1der1n stain was found 

only 1n the rabbit which received Iron-Dextran. Here 

iron staining was present 1n the connective tissue 

and some or the cells of the cortex. 

Lungs: Grossly and microscopically the lungs of the 

control and iron com.pat-ison animals were normal. 

Hemosider1n was seen only in the two comparison 

animals and then iron was confined to granules 1n the 

cytoplasm or small clllllps 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 alveoli, hemorrhage and 
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round cell 1nf1ltrat1on 1n the interstitial tissue. 

No iron staining was present. 

The lungs ot the three rabbits which survived for 

lo�ger periods of time on Ferric EDTA showed varying 

pathology. The rabbit which died at 97 days had 

pleural and per1card1al fluid and the lungs weighed 

33 gms, as compa1•ed to the lungs ot the other two 

which weighed !3 and 14 gms. Histologically the lungs 

showed pneumonlc consolidation with many polymorpho­

nuclear cells and round cells. No hemosiderin was 

present. The two surviving rabbits exhibited no gross 

evidence of pneuaon1a; however in one there was 

interstitial th1tken1ng, fluid in some alveoli, and 

round cells 1nr1:trat1on. There was one area or 

hemorrhage in the lung of the third rabbit. Hemo­

siderin was seen only 1n one small clump of histiocytes. 

Kidneys: Gross and h1stolog1c 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 in the glomeru.11, proximal tubule cells 

and histiocytes .n the interstitial spaces of the 

animal which rec�lved Iron-Dextran. The kidneys of 

early death aru.mals with Ferric EDTA had normal 
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glomeruli, but tl:Lere were many tubular de generative 

changes and hyal1ne casts within the tubules. No 

stainable .iron was seen. 

The longer urvivors with Fe�ric EDTA had kidneys 

which varied from histolog1cally normal, although they 

appeared 1tlea bjtten M grossly, in the rabbit which

received 120 mgms. intravenously to a marked increase in 

the interst1 t1al tissue, round cell 1nt'1ltrat1on 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 glomerul1 

in all three apppared normal. Occasional histioeytes w1 

th hemos1der1n granules were seen in the 1nter-

sti t1al spaces 1n one of these latter two rabbits and 

blue staining mater1al was seen in two capillaries. 

Testes: The tea tea were examined only in the two 

rabbits which su�v1ved 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 

ToX!c react ons to parenteral iron in humans have 

been considered under the headings of immediate toxic 

reactions, delayed toJd.c reactions, and the theoreti-
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cal possib111t1ee of exogenous hemochromatoeis 

production. Investigation of iron toxicity in animals 

has been directed. mainly along the lines or acute 

lethal dosages and histopathology associated with 

prolonged-iron a�.ministration. 

Toxic Reactions !!l Humans: Clinical use of 

·Saccharated Iron Oxide and Iron-Dextran have not been w1

thout toxic reactions,. In one reported instance a death

occured following the use or 100 mgms. or

SIO (13). React1ons to intravenous SIO have occured

more frequently 'than with intramuscular iron and the

former has been ahown 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%. Niss1m (28) in his review of toXic reactions to

intravenous SIO found the incidence of reactions vary-

1ng from lese than 1% to as high as 70%, with an approXim

te average in almost 600 cases of 26%. Immediate

Reaction: The early reactions as compiled by N1ssim (28}

ineluded headache; pain.in arms, shoulders, chest, lumbar

area, sacral area and thighs; tachycardia; palJ>i tation;

faintness; pallor; feeling or heat and burritng; sweating;

lacrimation; nausea; coughing;

b�onchospasm; dyepnea; cyanos1s and
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hypotens1on. These immediate reactions generally 

followed relatively sme.l.l doses of intravenous 

Saccharated Iron Oxide and occu�:& -more :.:of-ten than-the 

delayed type of reaction.

The cause of immediate toxic reactions has been 

aacri bed to ditf erent mechanisms. Many investigators 

considered that toxic reactions to intravenous iron 

occurred when the iron binding capac1 ty of the blood 

proteins was exceeded (12, 38, 39). Libraeh (12) 

further considered that when the plasma proteins could

no longer bind W1 th th1e excess iron the pr-esence or this 

iron caused the release of histamine and the production 

or a1lerg1c manifestations. He also theo­rized that 

the r1�actions may simply have been an allergic respons 

to the iron protein eouiplex or that the iron product 

may have acted as an enzyme inhibitor. Niesim (28) 

considered the early reactions to be a hypersensitivity 

pb.enoaenon and symptoms arrose from 1schaem1a ot pooi•ly 

sufplied v1secera. These occur.red more often in th 

elde�ly. N1ss1m 1 s calculations suggested that the 

average adult iron binding capacity was exceeded w1 tt 

less than 16 mgms. of iron. M.uch higher doses of iron 

hs,ve been adm1n1stered without reactions and th�1s he 

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

in the blood, but rather the toXicity was due to the 

properties of the whole molecule, in this case SIO. 

Immediate reactions wh1ch o.ocurrell after Iron-Dextran 

administration were similar to SIO, even though less 

frequent. These again o-oc.ur�@wi thin a few minutes 

after injection �nd were associated with backache, 

tightness in the chest, tightness in throat, rapid 

pulse, flushing of the face, profuse presp1rat1on, grey 

pallor, hyp4tension 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 ot 1n­Jection

with Iron-Dextran has been one of the more common 

complaints of patients (10,17,20). 

Martin, et al. (29) compared the effects of 

Iron­Dextran 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 coaguabil1ty of blood in rabbits 

with fairly large doses of Iron-Dextran; however 1n 

vitro BIO was shown to be more anti­coagulant than 

Iron-Dextran. Hemolytic activity 
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occurred with Iron-Dextran above concentrations of 

0.5% and with SI above 0.125%. These concentrations 

have not been attained with clinical doses. Thus, in 

man the mechan1s,ins of bleeding ., hemolys1s, sens1t1-

zations or plasm protein precipitation were probably 

not responsible Por 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 f�llowed 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. 

N1ssim (28) attributed these late reactions to 

gradual· ·1ntravascular precip1 tation of fine particles 

with the production of multiple emboll. He based this 

conclusion on experimental work with laboratory animals 

in which vascular occl�sion had been demonstrated 

repeatedly. He urther stated that 1n rabbits there 

was a threshold ot 45 mgms ./kilo. w1 th SIC at which 

this gradual pree1p1tat1on occurred and another 

-18-



threshold at 180 mgms. lk.110. in which there was an 

abrupt precipitation ot BIO 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 failed to react to Dextran alone 

or SIO; thus the toxic property probably rested with 

the whole molecuie as suggested by Niss1m (28). For 

this to have been purely allergic, there was implied 

a specific sensitization to the drug and since these 

reactions occurred o:ft&n following tb:e first injection 

a tissue type se insi tization seemed unlik-ely. Also, 

as stated before, Martin, et al. (29) were not able to 

sensitize laboratory animals to Iron-Dextran. 

From exam.in t1on of the S3'1lPtomatology produced 

in both immediate and delayed reactions it was seen 

that the symptoms were very similar, with the possible 

exceptions of pyrexia and urticaria which were 

generally mild and occurred as a delayed type reaction. 

Possibly this arbitrary division of immediate and 

delayed reactions was more apparent than real and the 

mechanism, whether prec1p1tat19n, hypersensitivity, or 

allergy was the ea.me. 
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Chronic Toxicity in Man: Most of this problem has been 

1n the theoretical stage since no actual cases have 

been reported; however with the production of 

exogeneous hemachromatosis following multiple trans­

fusions (40,41,42) the role of excess parenteral iron 

should be evaluated. Since there is no normal 

mechanism tor the body to rid itself of excess iron, 

the accumulation of iron would seem to play a role in 

the production o� hemochromatoeis (43,44). Based on 

iron doses needed to produce histopathology in mice 

and rats, N1ss1m (26) pointed out that it would require 

over 60 gms. of lron administered parenterally in man. 

Lesions that havt been produced in animals are not 

identical with those seen 1n human hemochromatosis 

and several auth�rs haye concluded that the mere 

presence of iron in tissue may not have been the only 

cause of hemochr•matos1s (4,6,7,23,24,26,30,44,46). 

Animal Toxicitz: The normal adult body contains about 

three to five gms. of elemental iron (38). Assuming 

the same rabbit-man ratio used by Pinniger and Hutt 

(30) of l to 30, then the total body iron of a normal 

rabbit should be between 100 and 200 mgms. In this 

study injections of between .120 and 450 mgms. of 

elemental iron subetant1ally increased the iron stores, 
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assuming that the iron from Ferric EDTA was retained 1n 

the body. 

Acute Toxicity: Ferrous sulfate toxicity �n rabbits 

varied from 10-6() mgms./�lo •. when administered 

intravenously anc resulted in death within a few minutes 

with complete prostration, convulsions and 

respiratory t'a111f.lre (2,3)°. The two rabbi ts which died 

at 8 and 11 days follotd.ng intravenous administration ot' 

Ferric EDTA were within the range ot toxicity above; 

however since they did 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 w1 thout acute toxic 

reactions: Ellis (1956),i gm. of SIO intravenously 

in rabbi ts (22}; Go�dbirg, et al. (1957) 1660 mgms. 

of Iron-Dextran ntravenously in rats (24); Dubach & 

Moore (1956), l grain/kilo of intravenous iron in dogs 

(43); Niss1m {1965), 500 mgms./kilo. of,1ntramu�cular 

Iron-Dextran in m.ce {27); and P1nn1ger and Hutt 

(1956), 1,200 mgns. of intravenous SIC and Iron-Dextran 

in rabbits (30). Martin, et al. (1955) found LD/50 

of 1,013 mgms./k1lo. ot Iron-Dextran and 231 mgms./ 

kilo. ot' SIO adm. n1stered intravenously 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 1n laboratory 

animals from massive doses of these iron preparations 

1ere generally considered to be clue to precipl tat1on 

within the capillaries ( 30) • however myocardial failure 

due to a direct �ct1on ot the iron has been suggested 

(26). 

Chronic ToXiclty: The growth rate of rats has been 

inhibited by lar�e doses of Iron-Dextran (23,24). 

In the present s ud.1es the growth rate was not checked 

because of the v•r1able age of the rabbits, however 

Ferric EDTA administration was generally associated 

w1 th weight loss
_, 

whereas the rabbi ts used as control. 

and comparisons E.11 showed weight gains. Prolonged 

iron administration produced. no hematologic 

alteration 1n rats and rabbits in the study by Goldberg, 

et al. ( 23). 

The .Mean Corpuscular Hemaglobin Concentration 

values in this study showed a general decrease w1 th 

t1me 1 al�au� the decrease was greater in the rabbits 

with Ferric ED'l'A (l'1gures I and II}. The cause of 

this was not appax-ent nor was the rapid rise near 90 
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days. Similarly, the serum iron concentrations with 

Ferric EDTA were lower than the control and the animals 

receiving Iron-Dtxtran and SIO (figures III and IV). 

Following iron i Jection in rats and rabbits, the 

�erum iron value round by Goldberg, et al. (23) were 

al.so higher than the controls. Chelates have been 

reported to change the physical and chemical. reactions 

or 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. ot Ferric EDTA. 

The color reaction was too intense to compare to the 

usual standards. This indicated that the iron 1n 

Ferric EDTA was measu.red and the values are probably a 

true representation of the iron level in the plasma. 

Similar retlculoc7te levels in the control, 

comparison and test animals indicated that there was 

no apparent depression ot the hemopoetic system. 

The functions of various organs under the 

influence of excess iron has been studied only on a 

limited basis. Rabbits have become azotemic with 

parente�al iron (22). Ellis (22) and Goldberg, et al. 

(23) have produced massive prote1nur1a, edema, and
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diminished renal concentration power in rabbits with 

large doses of Iron-Dextran (22,23). Decreased 

testicular function aasoc1ated with atrophy has been 

reported by Niss1m (27). 

The normal excretlon of iron by t�e kidneys has 

been shown to be very slight (39) and only slightly 

increased in rabbits with massive doses of Iron-Dextran 

(23). Calcium EDTA has been shown to increase the 

excretion of iron 1n·patients with hemochromatosis 

(32,33,34). Since serum iron determinations were lower 

in the rabbits with Ferric EDTA and since less iron was 

demonstJ�ated n the tissues of these rabbi ts it was 

postulated that the iron 1n Ferric EDTA was not 

retained by the �abbit and probably was excreted via 

the kidneys. Turnbull' s Hemosiderin stain does not 

react w1 th iron in the ferric form, and this may · 

account for the lack ot stainable iron in the tissues 

of the rabbits receiving Ferric EDTA. For the time of 

this study, the resence of rerrlc ions in the body 

should have resulted 1n production or ferrous ions via 

metabolic pathwaJs. This in turn should have in­

creased the depos1t1on ot hemos1derin it the ferric 

iron was reta.1ne� in the body. 
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Histological Pathology 

Muscle: The site of injection w1 th various iron 

preparations has been investigated by severai authors. 

Martin, et al. (29) stated that with poorly absorbe·d 

preparations such as SIO 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 llll.croscop1cal.ly 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 aoove description. Niaaim (26) also 

found the same h1stology in muscle toJ.low1ng intra­

venous injection ot SIO. A controlled study by 

Beresford, et al. (21) showed that there developed 

an acute inflammatory reaction with local degenerative 

changes in the muscle following intramuscular 

injections of Iron-Dextrans and SIC preparations. 

He stated that most of the iron was absorbed within 

three days from the injection al te and that ·complete 

regeneration of muscle occurred rapidly. Most of the 

iron which remained at the injection slte was found 

within macrophages and was still present after three 

months and he concluded that this iron may be perma-
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nently fixed. 

The painful reaction of rabbits to the injection 

o� Ferric EDTA along with the grey appearance and

microscopic degenerative changes of the muscle 

indicated that this drug may possess h1stotox1c 

properties. The lack of iron in the muscles following 

Ferric EDTA 1nJect1on may have been the result ot

failure of the ferric iron to stain or it may have been 

removed from the tissue at the time of fixation or 

dehydration becattse of its solubility. Studies with 

Cal.cium EDTA have shown that over 90 percent of the 

dose is excreted via filtration and tubular excretion 

by the kidneys ir less than seven hours (46). It was 

also shown in th same study with radioactive C-14 

labeled Calcium IDTA that the drug was rapidly removed 

from the site of injection. This rapid excretion may 

have occurred· with Ferric EDTA also and explain the 

laok or stainablt iron in the muscle and apparent 

lack or storage �ron in the animals. 

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

describe the dep�s1t1on or iron in the Kuptter Cells 

of the liver and then the appearance somewhat later or

iron staining material 1n the liver parenchyma. 

Neither author was able to produce any pathology other 
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than the tissue sidero1is. Nissim (26) also noted that 

the parench7mal cells were atfected first near the 

central part or the lobule and at the peripher1 before 

the mid-zonal areas were affected. He also descr1 bed 

1nf11 ti-ation or large masses of round lymphoid like 

cells and destruction of large portions of the hepatic 

parenchymal cells with complete de­struction of whole 

areas of lobules; however the characteristic f4brosis 

of hemochromatos1s was lack­ing. Martin's ( �9) 

results were similar to the earlier work. P1nniger md 

Hutt (30) round that iron concen­tration in parenehymal 

cells occurred first in the mid­zonal areas of the 

liver lobules and later spread to the per1po�tal areas. 

In none of their rabbits, which were injected wiih 

Iron-Dextran and SIO, was necrosis or fibrosis note�; 

however they used smaller doses or iron than did Ni 

aim. 

The presence of "cloudy swelling" ot the 

parenchymal cells or the control, Iron-Dextran and SIO 

rabbits in this study probably was the result of 

hepatitis and limited the value of the histological 

features. There was noted �ound cell 1nf1ltrat1on in 

the periporta.J. areas in all three and this was probabl1 

associated with lhe 1hepatit1s". Iron was present in
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the Kuptfer Cells and parenc�ymal cells as noted in the 

work above; 1owever it seemed to be more abundant in 

the per1portal areas. The absence or iron in the 

control was as expected and the rabbits receiving 

Ferric EDTA all showed more or a congestive phe­nomenon 

with d.11 ted central veins, congestion or the sinusoids 

with blood and varying degrees or central necrosis. 

Some :ells showed "clowdy swelling" changes in the 

central areas. There were�,no '"fibrosis� or stainable 

iron noted in these animals. It appeared that the ll 

ver obanges were due to cardiac t'a1lure an(l/o_r lung 

dam.age. The kidneys may also have attributed to the 

congestive state. 

Spleen: Iron de)os1t1on in the spleen has been similar 

in all previous works (4,6,7,26,29,30). In these 

studies the iron was round in heav1 concentration in 

histiocytes o1 the red pulp and in the connective 

tissue, but ortly with ery large doses was iron seen in 

the lymphoid nodules. The l7mphoid tissue was also 

reduced with verJ large doses (30). The above findings 

were the same in the two rabbits on Iron-Dextran and 

SIO in the present study. All of 1;he spleens in 

rabbi ts adm1n1stered Fe,rr1c EDTA showed decreased iron 

stores and decres1sed 1Jmpho1d tissue w1 th 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 1n the control and this 

probably represented a hemolytic phenomenon and not due 

to the iron from the Ferric EDTA. Since the spleen was 

the s1te of large amount of iron stores  in the normal 

an:Lmal and in those following Iron­Dextran and ·sro 

adm1n1strat1on, the absence of sta1na­ble iron 

followi�g Ferric EDTA emphasizes the postu­late that 

the iron.from this source was probably not retained in 

the rabb1t 1 s body or not ut1lizable. Heart: Large do 

es of SIO in animals resulted in the deposition or iron 

in fibers or the myocardium and there was some apparent 

damage to the fibers. This was found only 1n patches 

and nearer the surfaces of the heart (26). Lower doses 

of iron have not resulted in iron deposition in the 

myocardium, but rather iron was occasionally found 1n 

the histiocytes and connective tissue of blood vessels. 

Large hearts in the two rabbits which died at 8 and 11 

days following 45 mgms. of Ferric EDTA added emphasis 

to the possibility of cardiac toxicity failure in these 

rabbits. Fragmentation ot some or the heart fibers 
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was seen 1n one Df the rabbits. Cardiac failure may 

have been the re ult or a direct toxic reaction of 

Ferric EDTA on the myocardium or secondary to renal 

fa.1.l.ure. 

Adrenal Glands: No pathology was produced in the 

Adrenal Glands ot animals injected with large doses of 

SIO by N1ss1m (26) even though iron was round in the 

cortical cells especially in the zona ret1cularis and 

zona glomerulosa. No iron was round 1n the adrenal 

medulla. Iron was seen only 1n the rabbit receiving 

Iron-Dextran 1n this stug.y and then 1t was confined to 

histiocytes and occasional cortical cells. No pa­

thology was noteA in any animals in which the adrenals 

were exa.mined. 

Lungs: The main l·ethal and toxic effect ot high doses 

of parenteral iron, especially SIO, have been attri­

buted to precipitation Within the capillaries of the 

lungs (22,26,28). P1nn1ger and Hutt (36) failed to 

produce demonstr ble lesions in the lungs as described 

by the above. With the smaller quantities of 1ron 

used in the present study, no iron was seen in the 

lungs of animals on Iron-Dextran or SIC, except in 

occasional clumps of histolcytes. The lung a.rch1-

·tecture was normal. N1ss1m (26) produced a derangement



of the lung his ology w1 th prolonged large doses or 

SIO due to many iron filled h1st1ocytes filling the 

interstitial space ana infiltration with small round 

cells. Most of the pathology which occurred 1n rabbit 

lungs t'ollow1-ng Ferric EDTA can be explained on a 

congestive failure basis, with alveolar septal thicken­

ing and congestion, fluid in the alveoli- and some 

hemorrhage. The rabbit which died at 97 days with 

gross evidence of sepsis also showed microscopic 

evidence of pneunonia. It should be noted that one 

of the rabbi ts \ffl.ich died early had essentially normal 

lung tissue and one of the rabbits which was sacrificed 

at the end ot' 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 or the Ferric EDTA animaJ.s, except for one 

small clump of h1stocytes Just under the pleura 1n 

the surviving animal mentioned above. 

Kidneys: P1nn1ger and Hutt (30)�w1th large doses ot

iron,produced sh�inkaglt ot the glomarul1, tubular 

d111tat1on and collo1d casts. Ellis (22) produced the 

Nephrot1c Syndrome in rabbits with large doses of SIO 
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with proliferation of the glomerular cells, t1bros1s 

and f1nalJ.y atro�by of the glomeruli. Tubular damage 

was also reporte • He attributed this to capillary 

damage by the pr,c1p1tat1on of iron. Goldberg, et al. 

(24) produced a :nass1ve prote1nur1a in rabbits with

large doses of I,ron-Dextran' and seven died during the 

t1rst five weeks. Blood urea nitrogen was elevated in 

all. These rabbi ts showed slight histological changes 

in the glomarul1 and tubules. There were heavy de­

posits of iron 1n the endothelium of the glomerul1 

capillaries and some iron in the tubular cells. Thrombi 

rich in iron were also seen. Goldberg also noted more 

rapid autolJsis of kidney tubule cells after death. 

N1ss1m (.26) also demonst-r ated iron precipi­tation in 

the glcmerular and tubular cap11laries. 

He noted that sh�rtly after this the proximal tubule 

cells were s•tain1ed Mftusely w1 th iron and tbis 

staining increased with repeated doses. In those 

animals which died there were seen degenerative changes 

1n the proximal 1convoluted tubules and many epi­thelial 

casts were present in the tubules. Iron was found in 

the tub"lar filtrate. 

Except for �ccasional hyallne casts and stainable 

iron 1n the glomerul1 and proximal convoluted tubule 
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cells, the kidneys or the animals,which received 

Iron-Dextran and 5!0 appeared normal. The byali.ne 

casts may have represented protein loss through 

glomeruli and tubular damage. 

Renal tubular toxtcity has been reported in man 

with large doses of Calcium EDTA (32,4?). The tubular 

change produced by Ferric EDTA 1n the rabbits which 

died during the experiment may have .represented post­

mortum autolys1s 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 mgms. 

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. Stainable 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 1hen compared with the excretion 

rate of Calcium !:DTA, then some of the iron may have 

been separated from the EDTA and produced the stainable 

iron seen 1n th1 animal. 

Testes: No etfe t on ·testicular function was apparent 

nor were iron deposits seen 1n the testes at the 

levels of iron �[ministered to the animals in this 

study. Several authors have Q.escr1bed in laboratory

animals heavy deposition of iron 1n the testes with 

subsequent atrop'�y of the testes (23,24,25,27). The 

amount ot iron needed to produce this was very large. 

Other Tissues: iany other tissues have been examined 

following iron administration •. When present, iron was 

contained in the connectiv.e tissue stroma and cells 

of the Rec1cul.oendothel1al System. ParenchymaJ. cells 

stained with iron occurred only after.massive doses 

and. no h1stopathology was demonstrated. 

8UMllJARY 

The present study consisted ot a review ot the 

literature conce�ning the toxicit1 of parenteral. 

forms of iron in humans and laboratory animals. The 

toX1c effects of parenteral Ferric Ethylened1am1ne­

tetraacetic Acid (Ferr�c EDTA 1 Ferric Versenate) were 

compared with intramuscular Iron-Dextran (Imferon) 
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and intravenous 1accharacted Iron Oxide (Proferrin, 

SIO) 1n ten rabbits. 

A total of • !5 to 50 mgms. or elemental iron was 

injected in divided doses about once a week until the 

rabbits 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, hematocr1t, rect1ulocyte count and serum 

iron. Autopsy material was examined microscopically 

for pathological changes and the presence of iron 1n 

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 iron, which dissociated slowly in the 

body, there came a method ot treatment for orally 

refractive microcJrtic anemias; however these were not 

without undesirable side reactions in some instances 

and one recorded death 8-19). 

Immediate tolt1c reactions in humans occurred 

after both Iron-Dextran and SIO; however reactions were 

more frequent with the latter. These immediate 

reactions usually followed smaller doses of iron and 

too rapid adm1n1siration when given intravenously. 
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These reactions have been attributed to free iron 

causing the release or histamine when the iron binding 

capacity of the blood 1s exceeded, or hypersensitivity 

to the whole molecule resulting in eschemia of viscera 

(12,28,38,39). In vitro and in vivo studies in 

laboratory animals have failed to show that either 

preparation was capable of precipitating plasma 

proteins, altering coaguability or blood, producing 

hemolysis or sensitizing animals 1n quantities used 

cl1n1caJ.ly (l,29). 

Delayed reactions in humane usuaJ.ly followed 

larger doses ana occurred up to severEil hours after the 

1nJect1on (20,28). Symptoms and signs 1n both types 

ot reactions were very similar, except that pyrexia 

and ur\icaria occurred most in the delayed reactions. 

Both immediate and delayed reactions were more common 

following the use of SIO than they were with Iron­

Dext,:-an. The chj_ef complaint w1 th Iron-Dextran was 

pain and d1scomr•rt at the site of 1nJect1on and in 

some a temporary staining or the skin. Nissim (28)

considered the cause ot these delayed reactions to 

be. due to intravascular preci_pitation with the 

production of multiple emboli. Others (11) regarded 

this type of reaction to be due to an allergic 

phenomenon. 
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Lethal doses of ferrous sulfate in rabbits were 

between 10 and 60 mgms./k.110. (2,3). SIO and Iron­

Dextran have been given to laboratory animals in much 

larger amounts. Martin, et al. (29) found a LD/50 ot

690 mgms./kilo. �r Iron-Dextran in rabbits. Acute 

·deaths were cons;dered to be due to precipitation

within capillaries (30 e.r myocardial failure {26).

Lung pathology was often seen with hemorrhage and

intravascular precipitation or iron staining material

(28).

Chronic iron toxicity has produced Nephrotic 

Syndromes in rab.bi ts and testicular atrophy (22,23,27). 

Venous thro1bos1s occurred frequently with 

intravenous ·1nJe tions of SIO {8,14). Intramuscular 

injections of Iron-Dextran produced little or no 

permanent local �athology. There was an acute 

inflammatory reaction around the site of injection 

and deposits or iron 11 h1st1ocytes locally (21,26). 

These iron lad.en h1st1ocytes were considered as being 

fixed by one author. Intravenous 1nJect1ons of Ferric 

EDTA produced.venospasm and many local thromboses. 

Intramuscular Fe�r1c EDTA produced a marked painful, 

withd�awal response in the rabbits and the tissue 

appeared grey and hemorrhagic with cons1derab1e 
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degenerative changes and incraased fibrosis or the 

muscle. No iron was seen locally tollowin� intra­

muscular injection one week earlier. It was rel t that 

Ferric EDTA produces considerable local destruction 

or tissue. 

In the liver and spleen, congestion was the main 

pathology noted following Fe�ric EDTA. Central zonal 

changes and hyperemia were seen 1n the liver and 

hyperemia and reduction or lymphocytic nodules were 

seen in the spleen. No iron was seen in the liver and 

stal.nable iron in the spleen with Ferric EDTA was 

generally less than that found in the control rabbit. 

With BIO and Iron-Dextran most authors have been unable 

to produce any pathologic change in the liver and 

spleen except for tissue siderosis (4,6,?,26,29,30). 

N1ss1m did produce lyiqpho1d infiltration and 

destruction or hepatic lobules, but no fibrosis (26). 

The main to:xic effects, and presumably the cause 

or 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 mainly in h1st1ocytes after the initial 

prec1p1 tat1on w1 thin Uie capillaries. Hyperemia, 

-38-



alveolar wall thickening and fluid within the alveoli 

occurred in the rabbits with Ferric EDTA and pointed 

to passive congestion, presumably on the basis or 

myocardial :failure. 

Renal tubu1ar damage and nepb.roses have been 

produced in lab animals w1 th large doses or iron in 

the form or Iron-Dextran and SIC {22,24,26,�0). This 

has been attributed to capillary prec1p1tat1on. 

Calcium EDTA has been shown to produce tubular toxicity 

in man ( 32, 47.). K1dne7s of rabbi ts following Ferric 

EDTA ranged from microscopically normal in those with 

lower doses to the presence ot casts and increased 

1nterst1t1al 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 s1deros1s, with the exception ot the 

testes in which atropb.J has'been reported with very 

large doses (23,�4,25,27). Iron 1n most tissues or 

the body was pre ent within the cells of the Ret1culo­

endothel1EJ.System. With massive doses iron staining 

was seen 1n the endothel1wn of vessels and finally 

iron appeared in the parenchymal cells of tissues. 

There was a general lack or stainable iron in 

the tissues of rs,b b1 ts treated w1 th Ferric EDTA. 
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Studies with other torms ot EDTA have indicated that 

this drug was excreted 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. Urina�y 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 definitely known; however allergic 
� . 

reactions, intravaecular precipitation with emboli and. 

tox1c1t7 ot 'ferr1c or ferrous ions when the iron 

binding capacity was exceeded have been suggested. 

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

were high. 

4. Acute deaths were considered to be due to massive

precip1 tation w1 thin lung capillaries of heart failure. 

5. Nephroses have been produced with large doses ot

Iron-Dextran and SIO 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-J>extra� and SIC 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 ED,A resulted in

passive �ongestion of the lungs, liver and spleen 

possibly by way of myoeard1al failure. 

10. No lesions resembling hemochromatoe1s were produced

in the present s�udy with the comparitively small 

amounts of iron Administered. 
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Survival Blood 
( 48.;yd) '?*en 

{qo)•

Control term. 143

Iron- ter111. 99 
Dextran 

SIO (IV) term 101 

Ferric 15 45 
EDTA (IM) 

Ferric 97 138 

EDTA (IM) 

Ferric term 99 

EDTA (IM) 

Ferric 10 30 

EDTA (IV) 

.Ferric 8 30 

EDTA (IV) 

Ferric 49 42 

EDTA (IV) 

Ferric term. 110 

EDTA (IV) 

Iron 
Do.ae 
(ym .. ) 

none:-

362 

135 

67 

446 

392 

44 

44 

25 

120 

Weight 
Cb� 
{Gu. 

+ 450

+ 570

+ 225

-------

-1250

+ 340

- 110

- 50

------

- 255

Maximum 
Retios. 
··{fl:.: •

4.7

4.0 

4.0 

2.1 

5 .:3 

4.2 

1.2 

2.4 

2.2 

3.9 

Survival time, BlQod W1thdrawn, Total iron doaage .,

Weight alteration and Maximum Reticulocytosis with 
various forms of iron and routes or administration. 

(IM - intramuscular) 
(IV - intravenous) 

table I 
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