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INTRODUCT ION

With the great expansion of blood banking facilitiés and the avail~-
ability of a relatively safe form of colloidal irom for intravenous
administration, large emounts of iron are aaministered directly into
the blood stream in the treatment of a large‘variety of anemias. The
increasing incideﬁoe of systemic hemosiderpsis after repeated blood
transfusions and the prolongéd oral administraﬁion of irom in anemic
patients calls for certeain precautions to avoid the possible tissue
damage resulting from prolonged use of blood transfusion and intravenmous
injection of iron. Recently the syndroﬁxé of exbensive systemic hemo-
siderosis with cirrhosis of liver in enemic patients who have received
repeated blood transfusions or ifdn administration has besn recognized
as "exogenous hemoshromatosis" in order to differentiate it from idio-
pathic hemochromatosis which is & rare disease of unknown etiology and
is charaoterized by excessive hemosiderin pigmentation of the skin and
viscera with associated fibrosis of the involved viscera.

The clinical and pathological findings of most of the reported cases
of exogenous hemochromatosis strongly suggest that extensive deposition
of iron is capaeble of inducing functional and morphological damage in
the liver, spleen or pancreas resulting in cirrhosis and diabetes
mellitus. The similarity of certain clinical and pthological changes
between exogenous and idiopathic hemochromatosis has led to the thought
thet these two conditions may.differ from each other gquantitatively
rather than gualitatively (11) and that the excessive absorption or
storage of iron might be the chief etiological factor of idiopathic

hemochromatosis. However, this concept is still highly controversial



and there is still much disagreement as to the etiologic role of the
iron stores in the production of tissue damage. Furthermore the
experimental evidence in support of such a theory is still lackinge. The
present status of ths controversy is evidenced by the following three |
theories:

(A) The excessive absorption and storage of irom in the liver is
the primary event giving rise to hepatic damage and consequent cirrhosis
(32, 51, 60, 90), In addition to the occurrence of hepatic fibrosis
following multiple blood transfusions and prolonged iron administration
(9, 75, 85, 94, 98, 123, 143), this view is further supported by the
fact that the deposition of iron usually precedes the fibrosis even in
idiopathic hemochrometosis (6, 10, 51, 72, 77, 125, 142, 146). Moreover
repeated phlebotomieé with depletion of iron deposits have been noted to
effect clinicel improvement and emelioration of the cirrhosis on repeated

liver biopsies in patients with idiopathic hemochromatosis (6, 21, 22, Tl,

111, 136). On the other hand, this view is not favored by the absencs of

cirrhosis in cases of intense hemosiderosis in congenital hematoporphyrin-
uria (121), in pernicious anemia with multiple blood transfusion (74, 145)
and in animel experiments producing an overloading of iron (3, 13, 93, 104,
115).

(B) Cirrhosis is the primary disorder and hemosiderosis is mersly a
secondary phenomenon (79, 97, 121). Muir and Dunn (95, 96) stated
"the fibrosis comes first certainly in the liver, because in meny places
in this disease (idiopathic hemochromatosis), there are abundant deposits
of iron without signs of irritation and in ordinary cirrhosis the liver
may contain more irom then usual." Roth (120) in 1915 stated that the

increase of connective tissue was dus to some derangement of liver function

end not to the deposition of pigment. However, there is little evidence to



support this point of view save for the failure to observe cirrhosis in
certain instences of marked hemosiderosis.

(C) The hemosiderosis and cirrhosis are two separate processes,
caused by unknown primery disturbances which independentiy give rise to
the abnormalities of iron metabolism and functiomal as well as structursal
changes in the liver, pancreas and other organs (26, 60). Sheldon (125)
suggested that the two processes of pigmentation and cirrhosis were
independent effects of a single cause, probably an inborn srror of
metabolism, He added, however, that when the pigmentation has reached a
cortain degree of intensiby, it may by irritation accelerate the develop-
ment of new fibrous tissue. Aufderheide (5) and Wyatt (73, 143, 144) and
the ir associates suggested tha? the cirrhosis develops independently due
to a loeal nutritional deficit, in which the intensity of the cirrhosis
may depend upon the duration and severity of the anemisa and not solsly
upon the excessive passage of altered hemoglobin or excessive iron into
liver ceslls. The frequent occurrence of exogenous hemochrometosis in
anemic patisnts also suggested that anemia might be an additional factor
in the develdpment of exogenous hemochromatosis. Herbubt and his associates
(65, 66), by reviewing necropsied cases and animal experiments, concluded
that "in hemochromatosis, the cirrhosis and disbetes may be caused by a
single substmnce, a ureide, and the cirrhosis further aggravated by
dietary deficiencies and hyper-cholesterolemiae." The hemosiderosis, he
proposed, merely represented a separate disturbance following an abnormal
retention of iron derived exogenously and perhaps to some extent
endogenously.

No one of the above theories is well substantiated. Muach attention

has been directed, therefore to experimental studies aimed at establishing




the possible role of iron overload in the production of tissue damage.
These experiments are summarized in Table 1 and will be reviewed latere
As can be seen, no conclusive decision has been reached and further
studies are indicated.

In the belief that the inconclusive experimental resulbts mey have
been due to the use of inadequate amounts of iron as well as to insufficient
periods of observation, the present experiment of prolonged intravenous
administration of large amounts of iron was undertaken to answer the
following questions:

(1) What is the pattern of progressive experimental iron overload in
rabbits?

(2) Will prolonged and intensive administration of iron progress from
simple iron pigmentation of tissues to structural changes such as cirrhosis?

(3) Is the amount of iron deposit or the duration the more important
factor in the development of cirrhosis?

(4) Is enemie an additional factor in the development of tissue damege

in iron overloading?



REVIEW OF LITERATURE

The effect of prolonged administration of iron can be best understood
against a background of the normal metabolism of iron. Therefore, the
literature is reviewed with respect to iron metabolism in the normal state
and ih conditions associated with the excessive storage of iron in the
hope of clarifying some of the problems of iron overload.‘

I. Iron metabolism in the normal sﬁate.

Iron is one of the indispensable minerals in human metabolism. It is
a Qomponent'of heﬁoglobin ag well as of such oxidizing enzymes as the
cytochromes, catalase and peroxidase. Its insignificant total amount of
3-5 gm. in the humen body is quite out of proportion to its greatb
importance. About 55% of the total amount of irom in the human body is
found in hemoglobin, and about 10% in muscle hemoglobin and heme enzymes;
the remainder - some 30% to 35% = constitute the storage iron fraction,
the major portion of which (some 0.8 gm.) is found in the liver, spleen
and red bone mdrrow, largely in the form of non~heme irom compounds and
ferritin, an iron protein complex (6l), The human body handles iron
very economically, using it over and over again; only a small amount (1l=l.5
mg)vis found in the bile, sweat and excreta each day (23, 28, 51, 82, 91,
106, 139, 140), as was confirmed by tracer studies with radioactive ironm
by Copp and Greenberg (17), Hahn et al (55) and Dubach et al (25). This
small excretion cannot be appreciably increased by loading the body with
iron by oral ingestion, by parenteral administration or by multiple blood
transfusions (49, 54). The amount of iron in the body is mainly regulated
by control of its absorption rather than by excretion. The regulation of

iron absorption is in somes way dependent upon the body needs of iron.



Iron is ebsorbed from the gastrointestinal tract in ferrous form.
Owing to gastric acid and reducing agents such as ~SH group of proteins
and ascorbic acid in the food supply, the ferric iron of foodstuff is
changed to ferrous iron before absorption. The ferrous iron is absorbed
in the mucosal cells of the duodenum and jejunum and some of it combines
with apoferritin to form ferritin (146, 48, 50). The mechanism of regula-
tion of iron absorption in the gastrointestinal tract was recently suggested
by Granick (51) and many other investigabtors as follows:

(1) Mucosel cells provide a one-way transfer of ferrous irom into
these cells., Once iron gets into the organism it can no longer get oute.
Widdonson and McCance (139) demonstrated in 1937 that iron injected into
the blood stream in larger dose was noﬁ excreted by way of the urine or fecese.

(2) Normally, there is a resistance or mucosal block to iron
absorption. Anemia can inerease the absorption of iron into the blood
stream. Hahn and Whipple (54, 58) have demomstrated this in dogs with
radio-active iron as a tracer. Reiatively little radioactive iron fed
to a normal dog is absorbed, but a chronioélly anemic dog will absorb
5 to 20 times the amount absorbed by the normal dog. Dubach et al (24)
demonstrated that patients with fever, untreated pernicious anemia and
refractory anemia absorbed more radioactive iron than they used for
hemoglobin and patients with hgmolytio anemia may absorb more iron than
can be recoversd in the peripheral blood at any oné time because isotopic
hemoglobin is removed from circulation at a rapid rate. The absorbed
iron is only used for erythropoiesis in asnemia; once the demands of
.the bone marrow are met, the absorption>stops (32).

(3) There is a relationship between this resistancse or mucosal block



and the storage of iron. Hahn (57) demonstrated that it is the depletion
of irom stores and not the anemia itself that stimulates iron deposition.
When & well-nourished dog is bled of 60% of its blood volume end then fed
iron, no more iron is absorbed then before hemorrhage; whereas after a
week has elapsed, that is, after depletion of iron stores might be expected
t6 have occurred, the absorption is increased. Grénick (51) thought not
only that the ferritin (the storage form of iron) was depleted in the
liver, spleen and marrow, but also that the ferritin in the mucosal cells
of the gastrointestinal tract was broken down.

(4) The presmnce of ferritin is in some way connected with the
presence of mucosal block; only when ferritin in the mucosal cells is
depleted can more ferrous iron be ébsorbed. That the level of ferritin
in mucosal cells readily responds to the feeding of iron has been

demonstrated in guinea pigs (51). In this animal ferritin is normally
| present only in traces in the mucosa. When high doses of ferrous iron
are fed, ferritin is found to increase, especially in the duodenal
region, and then after a few days to decreass.

The amount of iron absorbed is reguleted by the amount of férrous
iron that the mucosal cells will tolerate. Ferrous iron passes from the
intestinal lumen into the mucosal cells in one direction (51). Once
the iron enters the cell, it never passes back again through the cell
membrane. The ferrous iron of the mucosal cell is considered to be in
equilibrium with the ferritin of these cells and with the plasma iron
of the blood stream, governed in part by the oxidation-reduction potential
of these cells. When iron absorption is active, the ferritin concentra~

tion of intestinal mucosal cells increases to a high concentration, and

- “



further absorption of iron is blockeds The ferrous iron leaves the
macosa and proceeds to the blood stream where ths oxygen tension is such
as to auto-oxidize the ferrous iron to ferric iromes This ferric oxide
becomes attached to the metal-combining globulin (Fractiom IV-7) and is
transported to the tissuss of the body as a complex of ferric~hydroxide=~
protein. If plasma iron is lowered because of various conditions, the
mucosal cells are depleted of their iron which then permits increased
absorption of iron from the gastrointestinal tract. The plasma iron,
‘in turn is in equilibrium-with the ferrous iron and ferritin of the
liver, spleen and bons marrow, and here, too, rapid exbhanges of iron
are possible (47, 56, 134). When in unusual situations, the rate or

the quantity of iron deposition is too great to be handled by the
ferritin meohanisﬁ, hemosiderin is formed in the tissues (136, 52).

In the bone marrow, not only is ferrous iron converted to ferritin,
but also ferrous iron is incorporated into protoporphyrin to form heme
which then combines with globin to form hemoglobin (31). This hemoglobin
iron is constantly reutilizeds.

Degenerated red cells are destroyed by the phagocytes of the liver,
spleen and bone marrow. This breakdown still leaves the iron intect, and
this iron is again used by the body to build up hemoglobin and ibs various
other iron compounds. Therefore the daily requirement of 5 mg iron is
adequate for the human body even for the period of most rapid growth.
Under normel conditions, the excretion end absorption of iron are very
small in amount. Normally, a maximum of about 1.5 mg of iron per day is
absorbed, and about 1.0?§r less is lost. The net gain of 0,5 mg per day

is enough to make possible manufacture of 300 -~ 600 oc of blood per years

-



II. Studies in iron storage diseases (hemochromatosis)

l. Idiopathic Hemochromatosis

Idiopathic hemochromatosis usually occurs in males past middle age
with an occasional hereditery influence (125}. It is characterized by
excessive hemosiderin déposition in the skin and viscera, with associated
fibrosis of some orgens, particularly the liver and pancreas. The
élinical end morphological features of this disease have been well kmown
for a long time, but thé knowledge of its pathogenssis is still far from
.clear. The following etiologiocal factors, none of which are convincing,
have been suggested: Inborn error in cellular metabolism; a disorder of
metabolism of iron in the cybtochrome system; some inability to utilize
certain iron compounds; abnormselly increased iron absorption in the
intestinal tract over é long period owing to some congenitel defect in
the mucosal block; exogenous poisons or mstellic poisons such as alcohol,
copper, lead and zine; protein lack in nutrition, infectious disease
(hepatitis) and reduction of pencreatic seoretion (64). There is still
a good deal of controversy on this pointe The clinical and experimental
investigations of this disesse cen be summarized as follows:

(4) Clinical investigations

(1) Incidence of hemochromatosis: Hemochromatosis is rare in
females, but when present, it occurs in the post-menopausal age. It has
been suggested that its rarity in younger women is explained by the fact
that they have menstruation and pregnancy as a means of excreting ironm,
mechanisms not present in the male. Houston (71) stated that during the
30 years of reproductive life of the femals, the average loss of iron

through menstruation and pregnancy is probably about 10-15 gme In a



woman with the underlying metabolic defect of hemochromatosis, this loss,

might be sufficient to delay or suppress the oclinical expression of the

disease. His study of the age incidence of hemochromatosis lent some support

to this hypothesis. In Sheldon's series (125) 277 cases in males werse
fairly evenly spread on each side of the peak incidence at 45-50 ysarss
Only 2 of his 14 ocases in females occurred before this age. According
o Houston (71), Sheldon later stated that 1 of his 2 young females did
not have proven hemochromatosis and was included in his chart of the age
incidence by error; hence of his 13 femalse éatients, only 1 developed the
disease before ﬁhe menopause. Houston himself further investigeted the
age incidence in 202 cases in males and 20 in females collected from the
literature after 1935 and found only 2 femasles under 45 years of age.
It was particularly interesting that 1 of the 2 young females had had
amenorrhea for 13 years before dying of hemochrometosis at the age of 34.
Houston concluded that hemochromatosis probably reésults from excessive
absorption of iron owing either %o an inborn error of iron metabolism
or to multiple tremnsfusions. Heilmeyers (64) slso reported a series of
36 cases of hemochromatosis and stated that the highest incidence is
between the ages of 50 and 59 and that all cases in females occurred
after the menopausal age. Althausen (I) reported 3 cases in females
among 23 patients with hemochromatosis and found that their menstrual . -
history was so abnofmal that considerably les ss blood was lost during the
réproductive periods

(2) Studies on iron metebolism - Since the principal alteration in
this disease is the excessive deposition of an iron-positiVe.pigment

(hemosiderin) in most of the orgens of the body and the skin, mush

w
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much atbention has been paid to the metabolism of iron. Chemical analyses
have revealed a high ironm content in blood and in a2ll the organs varying
from 4 to 40 times of normal value (i). For instance, normal liver
contains 0405 to 0,1% of iron, bub in hemochromatosis the liver contains
1.15 - 3,65% of iron. Usually, a normel person has a total body iron of
3=5 gm, but in hemochromatosis the total value may increase up to 45 gm.
Also, in patients with hemochromatosis, the total iron-~binding capacity
of serum is normal or low, but the saturation of the iron-binding protein
is high (70). Studies with radio~active iron (30) have revealed a profound
depression of utilizétion of the iron. Heilmeyer (64), snalyzing a series
of 36 cases of hemochromatosis, measured the absorption of iron from the
gut in these cases by giving radioactive irom orally and found increased
absorption. |

(3) Effect of phlebotomy and BAL (British Anti~Lewisite; 2,3-dimer=—
captopropanol; dimerceprol) on hemochromatosis.

Greniok was probably the first (1949) to suggest that repeated
venesections might be beneficial to patients with hemochromatosis .
Recently, there have been evidences that the inoreased iron content in
hemochromatosis caﬁ be mobilized for synthesis of hemoglobin. Davis and
Arrowsmith of Tulane University, (21, 22) treated 3 patients with hemo~
chromatosis with repeated bleedings and found mobilization of the excessive
iron manifested by a tremendous capacity to regenerate red blood cells
and hemoglobin of up to 4~7 pints of blood per month for a period of 2
yearse. This amount of regenerated blood represents a negative irom
balance -of approximately 15-20 gm. per year. The patients also gave

evidence of subjective improvement clinically, such as inereased energy
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and working ability, diminution in size of liver, and improvement in
liver function and in carbohydraste metabolism. Repeated liver biopsies
also showed a considerable reduction of~the concentration of iron in the
liver and improvement in the cirrhosis. Similar results were reported
by Houston (71), Warthin (136), Peterson and Ettinger (11l) and Beyers
and Gitlow (6)« Whether the bleeding will merely mobilize the iron or

gt the same time modify the hepatic fibrosis, cannot be answered now.
However, mobilization of irqn in hemochromatosis now seems ﬁell ostablished.
Finch and Haskins et al (29, 62) also noted the failure to develop enemia
after repeated phlebotomies in patients with hemochromatosis who were on
normal dietse.

Ohlsson et al (110) reported a case of transfusion hemosiderosis
after BAL with recovery. The pigmentation‘of the skin became fainter,
the ascites disappeared, and the heart volume and liver fundtion became
normal. This may suggest that BAL also Benefits the exceretion of irbn
and thus improves the hemochrometosis.

(4) High frequency of hemochromatosis among South Africens.

The frequency of hemochromatosis in South Africa has also attracted sa
great deal of attention and has led to meny studies. Gillman and Gillmen
(40) found that the diet of South Africens is mainly corn gribts, with a
deficieﬁoy of protein and a high iron content. South Africans also
frequently uss iron pots for cooking. It has been found that a typical
diet cooked in the traditional way in an iron pot may contain 100-150 mge.
of iron per day (133), in contrast to 10-15 mg. for people in other parts
of the world. Squires (130) reported that abnormally high serum iron
values are occasionally encountered in adults in South Africa. South

Afrioans are also reported to develop hypochromic anemia very rarely.



Gerritsen and Walker (158) reported the abnormal deposition of iron in
the tissues of an adult Bantu at aubtopsy. Gillmen and Gillman (41) have
~ therefore suggested that this particular type.of chronic melnutrition
affecting South Africans and the relatively large smounts of iron
habitually ingested may be etiological factors in hemochromatoéis. They
thought ‘the steady passage of relatively inert iron pigment of largs
molecular size into the circulation canﬁot be without consequence, pre-
péring the background for development of premature arteriosclerosis,
cirrﬁosis of the liver, keloid formation and reticulosis, all of which -
are known to be prevalent in Africens. Gillman and Gillmen (39) by means
of liver aspiration biopsy, showed that no less than 12% of 120 adult
pellagrins were suffering from frank pigment cirrhosis and that an addi~
tional 18% were in the pre~cirrhotic stage. Consequently malnuﬁrition
can be regarded as a significap# factor in the etiology of pigment
cirrhosis in Africens. Gore, (44), who also described a white male of 64
who had pellagra associated with hemochromatosis, thought that the normsl
exoretion of excess iron pigment through normasl mucose of the colon is
defeoctive in pellegra and that the excess depositions of this pigment
represent a retention, the hemochromatosis in this case being secondary
to pellagra.

(5) Copper in hemochromatosis. Copper content in tissues was reported
to be higher then normal in hemochromatosis (87, 88). Althansen and Kerr
() stated that in the Black Forest in Germany, where there is iﬁcreased
frequency of hemochromatosis, the wine mekers spray grape vines with
copper sulfate for protection against mold and that the inhabitants of

the ares habituslly consume more alcohol. These facts led people to think

13



of the possibility of copper poisoning in hemochromatosis; the experimen-
tal studieg along this line will be reviewed later.

(B) Experimental Studies

(1) Overloading animals with iron (Table 1). Because the
absorption of iron is controlled by the intestinal mucosa and normally
the excretion and absorption of iron are limited, when iron is given
intravenously the mucosal control is by-passed and iron is almost com-
pletely retained by the body unless there is bleeding (83, 92). Since
the early 19th century, investigators have givern large amounts of blood
or its components or iron intravenously to animals to ascertain whethsr
prolonged eadministration of iron would produce hemochromatosise. Rous
end Oliver (121) in 1918 transfused citrated whole blood from rebbits
to other rabbits in amounts of 10 oc daily for 6 days out of 7 (about
195 mg per kilogram of body Weight) for 3563 months end found hemo~
siderosis of organs and tissues such as connective~tissue cells of lungs
and choroid plexus, spleen, liver cells, Kupffér cells, adrenal glands,
heart and lymph nodes and central atrophy of hepatic cells. Two of the
most pigmented liver of 1l animels showed intralobular fibrosise. The
authors explained the hepatic fibrosis as intercurrent.

Polson (112) gave large smount of ironm (280 mg per kilogram of body
weight) to rabbits in 1928 for 13 days and observed irom in reticulo=
endothelial cells and pulmonary embolism by iron which was responsible
for some deaths., He (113) also gave small amounts of iron to rabbits
for as long as 14 months in 1929 and found 4 of 28 rabbits showing
slight cirrhosis of liver. Furthermore, (115) he administered irom sub~

cutaneously and intraperitoneally to rabbits for l-4 years and in 1933



reported that liver cirrhosis and pancreatic demage were absent in all.
He concluded: "It is unlikely .that excess of irdn is responsible for
the hepatic and pancreatic lesions of humen hemochrometosis." Cappell
(13) in 1930, gave iron in amounts of 550 mg per kilogream of body weight
to rats and mice up to 14 months and found hemosiderosis of organs but
no cirrhosiss

In 1934 Menkin (93), after having injected diluted ferric chloride
solution intravenously in rabbits for weeks, observed hemosiderosis of
orgens and fibrosis in peripheral portion of the Malpighien body of the

spleen.

Andersson (3), in 1950 reported that large smounts of iron (67 mg

 per kilogram of body weight) given to rabbits for one year resulted in

hemosiderosis of orgens with no cirrhosis. He stated that his sxperi-
mental study of the effect of ifon administered parenterally to more
animals and in greater amognts than those employed in any previous
investigation had not borne out misgivings that parenteral therapy with
colloidal iron might be well founded.

Two years later Nissim (104) gave iron in large doses to different
species of animals for 5-6 months and observed hemosiderosis énd damage
of hepatic parenchyms, with atrophy of cytoplasm and nuclear pykmosis
and karyolysis but with no true cirrhosis.

(2) Copper poisoning and iron feeding. Mallory et al (86) and Hall
and Bubtt (59) claimed that large copper feedings or copper injecfions
interfered with the excretion of iron or increased its absorption,
resulting in deposition of iron in tissues. Necrosis and fibrosis were

induced at the site of iron deposition in rebbits and sheep. Flinn and
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Rous &
Qliver

(121)

Polson
(112)

Polson
(113)

Cappsll
(13

Polson
(115)

TABLE I Experimental Studies on Iron Overloading Reported in the Literature

Date Animal  Approximetely Route of Duration of Result
Reported Used highest amount Administration Experiment
of elemental
iron administered

ng+/keg .

1918 rabbit 195 v 3~6% months Hemosiderosis of orgens
and central atrophy of
hepatioc cells. 2 of the
most pigmented livers of
1l animels showed intra~
lobular cirrhosis.

1928 rabbits 280 v 13 days Iron in reticuloendothelial

‘ ocells, coecum spithelium,
thoracioc and abdominal
lymph glands and tubular
epithelium of renal
tubules. Iron also was
present in vessels as
embolis

1929 rabbit 112 v T days =~ 4 out of 28 rebbits showed
14 months slight cirrhosis of liver.

1930 rats and

mice 550 v 14 months Hemosiderosis of organs.
No cirrhosis

1933 rabbits 167 S.C. or I.P. 1~4 years No liver cirrhosis or
: : panoreatic demage.
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Menkin

(98)

Andersson

(3)

Nissim
(104)

* Diluted ferric chloride solution (0.25%).

1934

1950

1952

rabbits

rabbits

Mice

Rats
Rabbits
Guinea pigs

267

2160

TABLE I CONTINUED

TV woeks

I.V. 1l year
I.V,. 5«8 months
TP

IlCl

Anmount not reported.

Hemosiderosis in all
sections of bone marrow
and half of liver.
Fibrosis in peripheral
portion of Melpighian
follicles of spleen. No
cirrhosis.

Hemosiderosis of organs,
no oirrhosis

Hemosiderosis of orgense
Damage of hepatic paren-
chyma. with atrophy of
oytoplasm and nuclear
pyknosis and karyolysis.
No true cirrhosis. Acute
hepatic necrosis in G.ps
but without fibrosiss

LT
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Von Glahn (33) and Polson (114) repeated the experiment amnd found no
cirrhosis in experimental animals, Mallory (89) veried the experiment
by subcutaneous injection of copper into rabbits, sheep, monkéys and
guinea pigs in 1931 and explained that the different result obtained
by other investigators might be due to different strains of rabbits.
Wyatt and Howell (144) observed the effect of 0.5% copper acetate mixed
with a diet containing corn grit and 2% ferric citrate on rats already
suffering from iron overloeding of the liver for a period of 72 daysa
Despite the addition of copper to the diet, no difference in the iron
storage pattern was noted, and there was no evidence of fibrosis.

Chase et al (15) found that there is less absorption of iron from
gastrointestinal tract of rats and swine deficient in copper than in
animals supplied with copper. They thought the influence of copper on.
iron absorption is not due to the administration of copper simultaneously
with iron, but eppearfs to be correlated with the level of copper in the
tissues (27)«

Whether the copper poisoning has something to do with hemochromatosis
is still undecided.

(83) Deficient diet and iron feedihg. Hegsted et al (63, 77) pro~
duced marked hemosiderosis with corn grit and lard (which are deficient
in protein) with excessive iron. They thought that the malnutrition can
lower the intestinal barrier for absorption of iron and also that the
low phosphorus content of iron~supplemented corn grit diet may be the
primaery cause of abnormal ﬁigh iron sbsorption. They found that the
absolute amount of iron amd phosphorus in the diet as well as the iron-

phosphorus ratio influences the amount of iron absorbeds The amount of
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’

iron deposited in the liver was inversely related to the phosphorus content
of the diet. Wyatt and Howell (144) also fed rats with corn grit and
iron salts. They obtained dietary siderosis but mno qﬁrrhosis. They con-
firmed the finding that protein deficiency and iron-~phosphorus imbalance
lead to pathological excess of iron but believe,éhat some factors other than
excess of iron are required for the development of liver fibrosise

(4) Ligation of the pancremtic duct or extirpation of the pancreas.
In 1935 Taylor, Stiven end Reid (131) produced siderosis of the liver in
cats by ligation of the pancreatic duct or extirpation of the pancrease.
The degree of hemosiderosis was direotlyrproportional to the emount of
iron in the diet. They thought that cutting off the flow of pancreatio
Jjuies injured the epithelial cells at the tip of the villi of the small
bowel and consequently weakened the barrier of iron absorption and
allowed more iron to be absorbed from food.

(55 Alloxan poisoning. Herbert, Watson and Perkins (65) réported
in 1946 that injection of Alloxan caused portal necrosis of the liver in
10 of 30 rabbits and diabetes and portal cirrhosis in 2 other rabbits;
one of which developed interlobular and intralobular fibrosis of the
pancrease. When a reduced form of iron was fed to the rebbits freely for
only Zé-weeks, é marked deposition of pigment in the splesen, intestinal
submucosa, liver and renal tubuies occurrede This led the authors to
believe that in hemochromatosis the sequence of events may be as follows:

(a) Alloxan or an allied substance produces necrosis of the

peripheral hepatic tissue and islets of Langerhans, resulting in cirrhosis
of the liver and diabetes.

(b) Cirrhosis is further aggravated by dietary deficiency.



(c¢) Portal hypertension resulting from cirrhosis of the liver
produces interlobular and intralobular fibrosis of the pancreas,
(d) Abnormal retention of iron derived from both eiogenous and
endogZenous sources results in hemosiderosis.
Finally, a review of the clinical and experimental investigations
indicates no single convincing explanation for pathogenesis of hemo-
ohromatosis; there is still much oontroversy.

2+ Exogenous hemochromatosis resulted from prolonged iron

therapy or repeated blood transfusion.
(a) In Iron Therap&.'

Iron therapy has long been known to be effective in anemis (119).
Intravenously administered iron has proved to be almost entirely (71.8-
99.7%) used for the synthesis of hemoglobin (42, 137). For this reason,
intravenous sdministration of iron appealed to physicians and pharma=-
cologists for the emergency treatmdnt of acute anemia and in cases in
which orel administration is not tolerated, but on account of the toxicity
of intravenous iron salts, the application of this therapy did not become
cliniocally established until 1949, when Nissim (99,£OO,103) standardized
a safe form of iron for intravenous use-~saccharated iron oxides Though
immedieate toxic reactions or ill effects such as bronchospasm and leuko-
ponia resulting from this type of therapy have been reported from time to
time (69, 81, 108, 138), their incidence and severityAhave not precluded
its beneficial use in indicated cases (20, 34, 45, 53, 68, 76, 84, 99, 116,
124, 126, 127, 129). Saccharated iron oxide has been given intravenously
to anemic patient in as many as 800 injections in 18 months (128) and in

single doses as large as 1 gme with no untoward side effect (80, 138).



However, 3 patients with chronic anemia not associated with blood loss
receiving prolonged oral iron therapy developed so-called exogenous hemow-
chromatosis (14, 43, 135). Attention has been called to the possible
danger of insidious btissue damage such as fibrosis by excessive storage
of iron. It is suggested to give iron intravenously in the minimum
amount compatible with the patient'!s comfort and welfare (12, 117). The
chronic iron poisoning or hemosiderosis resulting from intravenous
administration is not distinctly harmful but is irreversible (16, 19).
‘(b) In Blood Transfusion.

Blood transfusion, which was first given to enemic patients at
the beginning of this century after the discovery of the blood group
in humans, reached its widest use from the early 1940's to the present,
hundreds of thousands of bottles of blood.being given as a general
panscea for injuries of war with remarkebly satisfactory effects. The
first report of a tramsfusion with some claim to be considered benefiéial
to the patient pertained to a case of post-partum hemorrhage (8). Today
blood transfusion is still believed to be the most dramatic, effective
and simple therapy for acuts hemorrhages. Administered blood persists
in the blood stream far longdr than any other transfused substan;e.
Transfusion thus serves to producela sustained‘increase in blood volume
"and also an increase in the oxygen-carrying power of blood. As a general
rule, this method is applied to the treatment of anemia only when the
anemia cannot be cured by the administration of iron, liver or other
‘hematinicss Transfused blood supplies the recipient with a certain amount

of iron, each 100 ml of blood containing some 50 mg., almost all of which

is present in the form of hemoglobin. When the red blood cells break down,
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this iron is retained in the body and can be used by the recipient for
the formation of new hemoglobin. Recently, the reports on transfusional
siderosis after multiple blood transfusions in anemic patients haw¥e been
increasing in number (5, 7, 9, 35, 75, 85, 109, 110, 123, 142, 143, 146).
Much attention has been paid to its possible damage to remote tissuesa

The possible association of secondary hemochromatosis with multiple
blood transfusions was first recognized in 1937 by Kark (75), whose
patient had received more than 290 transfusions over a period of 9 years
for aplastic anemia and had developed pigmentation of the skin, impotence
and a large cirrhotic liver. He assumed that it was due to a failurse of
exoretion of excess end nonutilized iron. Since then, many isolated cases
and collected series of cases have been reported, Opinions differ aboubt
whether the hemochromatosis results from blood trensfusions or from other
mechanismsa

Bomfofd and Rhoads (9) in 1941, reported 3 cases of secondary hémo-
chromatdsis developing after 16 transfusions in 2% years, 12 trensfusions
in 2 years and 54 transfusions in 9 years respectively for refractory
anemia, All 3 patiénts showéd pigmentation of skin and lymph nodes and
fibrosis and pigmentation of liver and pancreas. One of them had glyco~
suriae

In 1942 Mgckey (85) reported a case of splastic anemia with orgen
changes resembling hemochromatosis after transfusion of 39,8 liters of
blood in 3%-years. The amount of iron recovered from the patient's
liver was directly related to the amount of hemoglobin edministered in
transfusionse

Six years later Schwartz and Blumenthal (123) reviewed 8 cases of

exogenous hemochromatosis resulting from blood transfusions and reported .
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-5 cases of their own. They thought that the hemochromatosis developing |,
in these patients'was the end result of the deposition and subsequently
irritating action.of the ‘excess amounts of iron in the parenchymatous
tissues, and that the underlying anemia and the not infreqﬁent trans-
fusion reactions acted as predisposing factors for the development of
exogenous heﬁochromatosis.

Muirhead, Crass, Jones and Hill (98) in 1949, observed 5 cases of
hemosiderosis aggravated by blood transfusions. One patient had
eirrhosis of liver. The amount of iron in the liver in these cases
was estimated and found to be approximately equal to the total amount
of iron in the transfused bloode.

In 1950 Wyatt, Mighton and Moragues (143) desoribed 8 patients with
- severe anemis of diverse causes who were treated by multiple blood trans—
fusions. Post~mortem observations revealed pronounced iron storage.

Five of these cases showed granular 1iﬁers; 2 gave chemical assays of

iron comparable to the levels encountered in conventional hemochrometosis.
The authors thought that since these anemic patients are kept alive by
ropeated blood transfusions, it is quite possible that cellular degenera-
tive processes and local nutrient deficits are partiaily responsible for
tissue siderosis and fibrosis.

Rath and Finch (118) in 1949, found that in 4 cases of transfusional
hemosiderosis the serum iron concentration was greatly increased and the
iron~binding capacity of the serum was fully saturated.

Four years later Aufderheide et al (5) reported 2 cases of exogenous
hemochromatosis with diabetes mellitus after blood transfusions and

postulated enemia as the basic etiologic factor in secondary hemochroma~
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tosis by causing increased iron sbsorption; the iron introduced in the
form of blood transfusion only accelerates a process already in progresse.

Morningstar reported (94) in 1954, 3 cases of exogenous hemochroma-
tosis. One patient who received 254 blood transfusions developed pigment
e¢irrhosis of the liver, pigmentation of the skin, diabetes mellitus and
testicular atrophy. The emount of pigmentation end fibrosis of the liver
and pancreas correlated with the number of transfusions.

Hemochromatosis following homologous serum jaundice nine years
before death was reported by Aquilina et al (4), in 1953. They thought
that the attack of severe homologoué serum jaundice may have initiated
hemosiderin deposits in various organs of the body.

3« Relation between idiopathic hemochromatosis and exogenous hemo-

chromatosiss There are two different maih opinions regarding the
rolation betwesn fhe two chief forms of hemochrometosis:

(L) There are morphological and clinical similarities between
idiopathic and exogenous hemochromatosis. Brook and Hunber (11) thought
thet hemosiderosis and hemochromatosis are quantitatively rather than
qualitatively different. Block, Bethard and Jacobson (7) reported a
case of acute acquired hemolybtic anemia and 3 ocases of primary refracw-
tory anemla developing hemosiderosis, cirrhosis, auriecular fibrillation,
skin pigmentation, disbetes mellitus and deoreased body heir after
repeated blood transfusions. They found that at autopsy the tissues
were practically identiosl with those of patients with idiopathie hemo~
chromatosis. They thought that the idiopathic and exogenous forms of
hemochromatosis are similar and possibly identical so far.as the type

and progression of pathological changes of tissues are concerned. The



25

mejor differences, however, are the extensive chronic anemisa present in
paetients with secondary hemochromatosis and the inability to utilize
iron for erythropoiesis in patients with hemochromatosis secondary to
primary refractory anemia.

(B) The idiopathic and exogenous hemochromatosis are two
different entities.

Zeltmacher and Bevans (146) described a patient with aplastic anemia
associated with hemochromatosis receiving transfusion of 6.5 gm. Fe, but
the liver was found to contain 29 gm. of iron. They‘considgred hemo=-
chromatosis and hemosiderosis two separate entities and belisved that
transfusion: in aplastic anemia is an unlikely cause of exogenous hemo~
chromatosis.

Cottier, (18) from Switzerland, and Klechner, Baggenstoss and Weir,
(78) from the Mayo Clinic, stete that hemochromatosis and transfusion
hemosiderosis are two distinct and separate pathologic entities, and
that hemosiderosis was not converted into hemochromatosis because of
the differences of distribution of irom in organs and the inconstant
occurrence of cirrhosis of the liver, parenchymatous damege to the
pancreas, pigmentation of the skin and deposits of iron in bile ducts
in marked cases of hemosiderosis. They claimed that in idiopathie
hemoohromatosis, the liver is the organ containing the most iron pigment
deposit, while in exogenous hemochromatosis the spleen is the organ
with the most iron-pigment deposition. Cottier (18) even thought that
the co-existence of cirrhosis in transfusionasl hemosiderosis is due to
the pre-~existing cirrhosis. Gaskell et al (37) observed that in idio-

pathic hemochromatosis the iron pigment is more marked in the ascending
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1imb of Hemnle and distal convoluted tubules, while in exogenous hemo-
chromatosis the iron pigment is predominantly in the proximal convoluted
tubules.

Thus, there are still many contradictory opinions about the possible
relation of hemosiderosis to hemochromatosis. Though more péople regard
hemochromatosis as secondary to hemosiderosis, the lack of experimental

evidence serves as a strong source of debate.
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MATERIALS AND METHODS

A total of 103 young male rabbits and 9 young femele rabbits weigh~
ing 3.5 to 5.0 Kg (average of 4 Kg) were used. All were kept in individual
cages and fed with ordinary rabbit pellets, carrots, green vegetables and
water ad libitum. They were divided into two groups, non~anemic and
and anemic rabbitsa

A+ Non-anemic Rabbits. This group consisted of 58 rabbits; 16

controls (males) received no treatment, and 42 (7 females and 35 males)
werse repeatedly injected intravenously through the ear veins with
saccharated irord oxide (Feojection-Smith, Kline and French Laboratories)es
The dosages varied from 20 mg to 200 mg over intervals from 2 days to 2
months. The total dosages received by each rabbit renged from 45 mg to
4100 mg of elemental iron. Injections were plaﬁned every other day to
start with 20 mg per rabbit, with a 20-mg increase in each succeeding
injection up to a meximum single dose of 200 mg of elemental iron. The
longer intervals of injeotions were occasioned by the development of
mulﬁiple phlehothrombosis of their superficial veins that took time to
recover so as to become available again for the injection. The rabbits

were sacrificed over a period of time varying from 4 days to 14 monthse.

B. Anemic Rabbits. 54 rabbits were rendered anemic by.repeated
bleedings from the ear veins fo maintain a hemoglobin below 6.0 gm per
100 oc (normal velue for rabbit is 15{‘1.2 gm per 100 ce (14l) befors
each injection. Seventeen males were used as anemic controls, and 37
(35 males and 2 females) were injected with iron following the same
sochedule as outlined for the non-anemic rabbits. The period of study

ranged from 4 days to 12 months, with total corrected dosages of ironm



yenging from 25 mg to 4040 mgs This dosage was corrected for the irom |
lost through bleeding by subtracting 50 mg iron for each 100 cc of blood
loste

Complete autopsies were performed on raebbits sacrificed at different
intervals and tissues were fixed in 10% neutral formalin., Sections of
the liver, spleen, adrenal, pituitary, thyroid with parathyroid, mesenteric
lymph nodes, lung, pancreas, skin, kidney, stomach, small bowel, testes
or ovary, heart and bone maerrow (femorel or vertebral) were prepared
with hemotoxylin-~sosin stain and iron stain; aniline blue stain of sec-
tions of liver were done in selective cases.

The urines of rabbits that haa received a total of more than 3000
mg of elemental iron were tested for sugar (Benediot qualitative method)
together with blood glucose level determinations (modified Folin-Wu

method).
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RESULTS

Non-anemic Rabbits

I. Gross examination.

(1) Control group. Their organs were not rémarkable.

(2) Iron-injected group. The spleens and livers of rabbits receiv-
ing a total of more than 1000 mg. of elemental iron were dark brown and
enlarged up to twice the normal size and weight. (Average weight of
spleen was 10 gm. and average weight of liver was 180 gm.). The livers
of 2 rabbits that were given a total dossage of 3560 mg. (R467-male)
and 4100 mg. (R257-female) of iron respectively showed brown color with
irregular nodularity, increased consistency and positive iron stain and
weighed 200 gm, and 270 gm. respsctively (Fig. 1-4)« The bone marrows
of most of the animals having received more then 2000 mg. of iron
totally were also brown in color.

II. Microscopic examination.

(A) Control group: None of the‘tissues examined in this group
yielded evidence of the presence of iron-staining material. The liver
of one rabbit (R 111) demonstrated portal fibrosis with proliferation
of bile ducts.

(B) Iron-injected group: The organs in this group of rebbits
are described in the order of the approximate amount of iron pigment
found within the tissues. The occurrence of iron pigment in different
organs is shown in table II.

(1) Spleen: The amount of iron present in the spleen appeared
to bear a direct relationship to the total emounts of iron received by

each rebbit. Iron-positive pigment granules wers present in the phago-
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cytes in the red pulp of every injected animal. In those receiving
small emounts, the pigment appeared as fine, dustlike granules within
phagocytes in the pulp. With gradually increaéing total dosages, the
pigment granules clumped together to produce large irregular messes
found both within the phagocytes of the splenic pulp as well as in
apparent extra-cellular situations, presumably occasioned by the death
of the cells bearing such massive accumulations of pigment (Fig. 5).
The conneotive tissue cells in the capsule and the trabeculae and the
endothelial lining cells of the capillary and sinusoids contain
similar granuler golden pigment in those rabbits receiving large
dosages (over 2000 milligrams of iron). The Malpighian corpuscles were
woll preserved and contained no pigment, and the normal architecture of
the spleen was always retsined. No fibrosis was observed,

(2) Liver: In all of the experimental animals, the liver
conteined large amounts of iron pigment, but apparently in amounts
less than that present in the spleen. In rabbits receiving less than
200 milligrams of iron, the liver showed fine golden-ysllow granular
pigment in the Kupffer cells distributed throughout the hepatic lobules
(Fig. 6 and Pig 7). With inoreasing amounts of iron, similar granules
appeared in the parenchymal cells in the central regions of the lobule s
With progressive increase in the totel iron dose, the pigmentation
extended toward the periphery of the hepatic lobules, and in those
receiviﬁg the largest doses in the range of 4 grems of iron, large
messes of pigment granules were present in the peripheresl zones. of the
hepatic lobules (Fig. 8 and Fig. 9), In these last mentioned-animels,

the total accumulation of pigment appeared to becoms more marked in the



periportal hepatic cells than in the central hepatic cells. Concomitant:
with this increase of hepatic parsenchymal pigmentation, the Kupffer cells
showed progressive accumulation of pigment granules as the total dose of
iron inereased (Fig. 10). In animals receiving these large doses, the
connective tissue cells in the portal spaces and the endothelial cells of
central veins also contained iron~positive granules. The epithelisal
colls of the bile ducts remained normal at all stages of iron dosage.

In addition to the hemosiderosis descfibed, 20 rabbits demonstrated
various degrees of fibrosis in the periportal region (Fig. 11).; In_

such animels, iron-positive granules were sometimes present within the
fibrous tissue. However, the amount of fibrosis was less extensive ﬁhan
that observed in the single control animal demonstrating periportal
fibrosis witheut apparent iron pigmentafion. The presence of fibrosis

of the liver is correlated with the totel dosage of iron and duration

of study in Table III and IV.’

(3) Bone marrow: Pigment-laden macrophages were noted in the
reticular stroma of the bone marrow. The amount of pigment increased
commensurate with the dose of injected iron, but never reached the same
degree of severity as that present in the liver or spleen.

(4) Mesenteric Lymph Node: Approximately two-thirds of the rabbits

shqwed pigmented macrophages in the sinuses and pigmentation of the
connective~tissue cells of the capsule eand trabeculas. This pigmenta~
tion did not bear any apparent correlation with the dosage of the
aedministered iron or the duration of the experimentél periods

(5) EEE%‘ Iron—pﬁsitive granules were present in macrophages

within the alveoli and in the endothelial lining cells of the capillaries
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in ell rabbits receiving more than 150 milligrems of total iron dosage
(Fig. 12). No pigment was present in any of the alveolar epithelium,
nor in the lining epithelial cells of the bronchi or bronchioles. No
iron embolism was found in the vessels of any of the animals.

(6) Adrenal Gland: Iron pigment was present in almost all of

the animels in the fibrocytes in the stroma_of the adrenal cortex, amd
in the connective tissue of the medullae. It was also present in the
cortical cells, particularly in the zona ;eticuléris and inner half of
the fasciculata in rabbits receiving doses of iron over 2 grams in
total smount. Occasional animels demonstrated lerge, irregular masses
of iron pigment'in these cortical regions, similar to those observed in
the spleen. This.distributidn of iron pigment agress with the finding
of Nissim (101) who observed a distribution of iron paralleling that
of the ascorbic acid in the adrenal; but Nissim stated that the adrenal
medulla was invariably free of iron in all of his experimental animels
(108).

. (7) Pituitary gland: Small amounts of fine grenular iron

pigment were present in the fibrous stromel cells qf rabbits having
received more than 300 milligrems of iron. No pigment was sver noted
in the glandular cells of the anterior pituitary.

(8) Kidney: Fine granular iron pigment was present in the
endothelial cells 6f the glomerular capillaries and in the tubular
spithelial cells 6f the ascending limb of Henle's loops and collecting
tubuless This distribution was most evident in animals receiving the
larger doses of iron. The proximal convdluted tubules were never

involved, and no iron-staining material was noted in the tubular lumense
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(9) Parathyroid gland: As in the pituitary, fine granular

iron-positive pigment waes present in the connective tissue stromal cells,
but none in the epithelial cells of the glandse

(10)_gz§£Z: Iron~positive pigment was present in the stromal
cells and central scars of corporsa ;utea in rabbits that had received
more than 2500 milligrams of iron. No such pigment was found in the
follicles or germinal epithelium. This pattern of pigment distribution
again agrees with the findings of Nissim (102), who observed the correla-
tion between the distribution of iron and that of ascorbic acid iﬁ the
ovary es well as in the adrenal. Nissim thought that a metabolic
association bebtween iron and ascorbic écid was possible.

(11) Pestes: Scenty smounts of fine iron pigment granules
were occasionally present in the interstitial tissue of testis in rabbits
given more than 500 milligrems of iron and in all those having feceived
more than 3500 milligrams of iron.

(12) §Ei§‘ Iron pigment was present in the hair follicles and
some connective tissue cells in the corium of rabbits that had recseived
more than 700 milligrams of iron. ‘This finding was not constant, howsver,
and iron pigment did not appear in all animals, even in those having
received meximum tétal dosagesse NQ iron pigment was present in the
epidermal cells. The sweat glands were absent in all the sections of
skin examined, so the distribution of iron pigment in sweat glands cennot
be evaluateds

(13) Panoreas: Scanty amounts of fine irom granules were noted
in some of the acinar cells and some of the islet cells in rabbits having received

more than 400 milligrams of iron. This pigmentation, however, was not
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eonstent and was not present in all animals, even in those with maximum -
dosage. Fibrosis wes not noted in any of_the rabbits, and no total de-

struction of islet cells was ever present.

(14) Thyroid: In a few rabbits having received more than 1400
milligrems of iron, occasional fine iron pigment grénuleS'were noted in
the stromel cells. No pigment was present in the folliocular cells in
any animal.

(15) Heart:: Iron pigment was present in the endothelial cells
of the endocardium in scanty emount in.all rabbits, and in the muscle
fibers of the myocardium in only a very few animels, without apparent
correlation with the total dosage of iron administered.

(18) Gastrointestinal tract: Iron pigment was present in the

capillary endothelium of most of the rabbits. It sppeared in the stromsl
cells of the mucoss in the stomech of one snimel (R 726) and in the
mucosal fibro-blaests in the small bowel of an additional animal (R 135).
No iron pigment was ever noted in the mucosal epithelial cells of any

animale.



TABLE IT

- OCCURENCE OF IRON PIGMENT IN vAgIAOUS ORGANS OF NON-ANEMIC EXPERIMENTAL
BBITS# _

Rabbit Iron Liver Spleen Adre- Pitui- Parathy- Lymph Lung Pan- Skin

No. :z.njec):ted nal tary roid nods creas
mg.

R3L2 L5 */ r * 0 ceee 0 0 0 0
R138 80 # # £ 0 coes 0 0 0 0
R569 80 # £ p 0 eees 0 0 0 0
R11h 105 # # # 0 ceus £ 0 0 0
R100 150 # # £ 0 # -0 # 0 0
R Lk 150 # # # 0 0 0 £ 0O 0
R38k 200 £ ra # 0 # 0 £ 0 0
RL73 215 # # £ 0 0 0 £ 0 0
R 28 310 # # # # # A, 0 0
B39 365 £/ Ao # A 4 0 o0
R 54 385 # # # * # VA 0 o©
R353 390 # # # # £ 0 # 0 o0
R128 395 # # # # £ 0 £ o 0
" R84 L0 ¢ # # # ¢ A 0 0
RS25 520 ¢ F # # £ £ £ 0 o0
R247 800 4 A £ £ ceee 0 # 0 0
R135 980 # # A £ caee A 0O o0
R150 1000 # # # A 0 £ £ 0  #
R562 1080 # + # £ ceee £ F $# 0
R873 1100 4 # # # coos ¢ F 0 0
R869 1110 # # ¥ # ¢ £ O
R717 1150 £ # # ~ # 0 4 0 0
R732 1150 # £ # # A A f 0 0
RL65 1200 + / # * ceoe £ 0 0
Ri76 1200 # ¢ # # ¢ 4 0 0
R651 1265 # # # # # FoF 0 0
R600 1300 # # £ # # £ # 0 o
R722 1400 # # # # # 0 £ £ 0
R 2 1430 # ¢ ¢ # # FF 0 0
R372  1L60 # ~ # £ 7 £ F £ 0
R32h 1650 P # # # # £ f 0 -0
RSS2 1700 £ Ao # FooA 0 f
R430 1810 # £ A £ 0 0 £ 0o 0
R726 1900 # # # # coos VN 0o 0
R576 2115 ¢ F A F ¢ 0 £ £ 0
R369 2125 £ # £ # FA £ A
Rl32  29L5 # # # # £ A £ 0
S A A A A A A
RIGT 3560 £ # Ao # A
B720 3960 ! A # A OF £ A
RS7 Moo £ ¢ A4 £ £ £ £ 0

#* #£ - present; 0 ~ absent; seee — tissue was not examined,
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TABLE II (Continued)
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Rabbit TIron

Kidney Stomach Bowel Thyroid Testjis

Ovary Mypcar- Bone

No. injected dium Mexrow
(mg) ,
R342 45 ) 0 0 0 0 0 £
R138 80 0 0 0 0 0 vons 0 £
R569 80 0 0 0 0 0  esss O #
R114 105 0 0. 0 0 0 wsss O £
R100 150 0 o] 0 0 0 voos 0 4
R384 200 £ 0 0 0 0 eese O 4
R173 215 # 0 0 0 0 esee O 4
R 28 310 # 0 0 0 0 vess O £
R539 365 £ 0 0 0 0 sees O £
R 54 385 £ 0 0 0 0 eees O £
R353 390 0 0 o 0 0 seve O 4
R128 395 £ e 0 0 0 ssss O 4
R 84 440 4 0 o} 0 0 esss O 4
R525 520 0 0 0 0 # sees O £
R247 800 4 0 0 0 £ sese O £
R135 980 4 0 £ 0 0 ceee O 4
R150 1000 0 0 0 0 0 0 '
R562 1080 0 0 0 0 £ 0 £
R873 1100 £ o} 0 0 0 0 4
R869 1100 4 0 0 0 £ cees O 4
R7L7 1160 £ 0 0 0 £ sees O £
R732 1150 0 0 0 0 0 sese O £
R165 1200 0 0 0 -0 0 soce 0 £
R4T6 1200 s 0 ) 0 0 sese O 4
R651 1265 4 0 ) 0 0 sees O £
R600 1300 £ 0 ) 0 0 eses O 4
R722 1400 £ ) 0 £ 0 eses O s
R 2 1430 ’ 0 0 0 0 sees O 4
R372 1460 4 0 0 0 cons 0 0 £
R324 1650 £ 0 0 0 £ P o Y
R552 1700 £ 0 0 - 0 0 cosse 0 £
R430 1810 4 0 0 0 0 eses O £
R726 1900 A A 0 A 0 cees # £
R576 2115 # 0o . 90 0 0 sees O 7
R369 2125 4 0 0 0 0 0 £
R132 2945 4 0 0 0 0 ¢ees O A
R723 3000 4 0 0 0 aves £ 0 £
R357 3060 4 0 0 0 evos 4 0 A
R467 3560 £ 0 ) 0 B 4 £
RT720 3960 s 0 - 0 4 £ 0 £
R257 4100 A 0 0 £ vave £ 0 A

oy
?
!



TABLE III
EXPERIMENTS ON NON-AWEMIC RABBITS
RABBIT TOTAL DOSE OF ELEMENTAL TIME FROM FIRST FIBROSIS OF
A v IRON INJECTION TO DEATH LIVER *
ng e month
R342 45 1/6 0
R138 80 1/2 0
R569 80 1/3 0
R1l4 105 1/3 0
R100 150 1/2 .. 0
R 44 150 1/2 0
R384 200 1/2 0
R173 215 : 1/2 0
R 28 310 : 1 0
R539 365 2 0
R 54 385 2 £
R353 - 390 2 0
R128 395 1 0"
R 84 440 3 F
R525 520 1 0
R247 800 1 0
R135 980 1 0
R150 1000 2/ 0
R562 _ 1080 1 £
R873 1100 2 0
R8B69 1110 2 2/3 £
R717 1180 3 s
R732 1150 11/3 4
R165 1200 1 A
R476 1200 3 ~
R651 1265 1 £
* R600 1300 5 £
R722 1400 3 0
R 2 1430 3 1/3 #
R3T2 1460 7 A
R324 1650 2 2/3 )
R552 1700 3 #
R430 : 1810 8 ~
RT726 1900 7 #
R576 2115 4 0
R369 2125 11 1/2 7
R132 2945 11 1/2 £
RT723 3000 o A 0
R357 3060 _ 12 £
R467 3560 13 A~
R720 3960 : 8 1/2 0
R257 4100 N _____z_‘

ot it Y et s Bt b O e P e Bt S G o S S0 e T et G Bt el P B W G B P G O S S TR e W B R v et

*
® ~~=~= gbsence of fibrosis
A ———- presence of fibrosis
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TABLE IV

38

Incidence of Hepatic Fibrosis Among the Total Experimental Non-anemic
Rabbits.
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= Anemic Rabbits

I. Gross examination:

(1) Control group: Their organs were not remarkaeble except that the
liver of one rabbit (R 40) showed slight nodularity and increased consis~
tency, but mo change in colors

(2) Iron-injected group: The orgens were similar to those of
the non-anemic rabbits except that none of livers showed gross nodularity.
IT. Microscopic examination:

(1) Control groups: Nome of the tissues of this group of rabbits
showed the presence of iron-staining material., Two rabbits (R 40 and
R 103) showed marked portal fibrosis with proliferation of the bile ducts
and disruption of the normal architecture of the liver. These hepatic
changes appeared to be completely unrelated to the presence of any iron
pigmentation.

(2) Iron-injected group: In general the distribution of iron pigment
in this group of anemic rabbits parallsled that of the non-anemic rabbits.
The tissue sections in general resembled almost precisely those described
in the iron-injected group of non-anemic rabbits. The occurrence of iron
pigment in different organs is shown in table V. Whereas 20 out of 42
non~anemic iron-injected rabbits showed some fibrosis of the liver, in
this anemic group 8 rabbits out of 37 showed similar fibrosis, periportal
in distribution, associated with the hemosiderosis. The correlation
between fibrosis of the liver and the smount of iron injected and duration
of experimentation are presented in tables VI and VII.

Glycosuria was never demonstrated in sny of the experimehtal

animals and the blood sugar levels of all rabbits, both anemic and non-



tnemic, failed to disclose any hyperglycemia. All determinations fell

within the normal range of 100-120 mg. of glucose per 400 c.c. of blood.



TABLE V

I
|

OCCURRENCE OF IRON PIGMENT IN VARIOUS ORGANS OF ANEMIC EXPERIMENTAL RABBITS#*

Rabbit Iron Liver Spl_een Adrenal ?itui— Parathy- Lymph Lung Pan~  Skin

No. injected - bary | roid node creas
®I79 (n%é) A 7 5 606 0 o
R226 70 £ £ £ 0 | eoes o o© 0 0
R283 75 - £ £ A O |  sees 0 o 0 0
R122 75 £ 4 A O | saes A 0 0 0
R293 80 7 £ £ O | eess o o 0 0
R287 80 7 ' e o o0 0 0 0 0
R277 95 £ £ A O | sose 0o 0 0 0
R 27 150 4 A £ 0 0 o 4/ 0 0
R436 175 £ A / £ 0 0o 4K ) 0
R202 185 £ 4 s 0 0 A A o0 0
R189 205 £ 4 £ o | A £ 4 0 0
R234 210 = 4 £ s A | sees A A 0 0
R284 315 £ 4 4 A 10 A f 0 0
R300 330 £ A £ A0 0 4 0 0
R473 330 £ £ £ A A A £ ) 0
R292 385 # £ 4 A eees 0o £ 0 0
R465 425 A A P4 A aees o 4 0 0
R286 435 £ £ £ Ao sese 0 £ 0 0
R8 470 A AL/ Ao K A A F 0
R488 530 £ 4 £ A £ 4 0 0
R444 700 A ¢ A A A A 0 £
R464 730 £ £ 4 £ X 0 K 0 0
R315 790 4 A £ A eeee A £ o ¥4
R245 830 £ £ A A £ 0o ¥4 0 0
R288 1220 A A A AL X A F 0 0
R232 1320 £ £ A £ F £ F 0 4
R304 1360 £ £ £ £ eane A 0 0 0
R294 1575 £ £ £ A 1 sese £ ¥ 0 0
RE87 1850 £ £ # A wees 0 A 0 0
R714 2700 £ £ A £ 0 £ £ 0 0
R224 2800 £ F # A eess A £ o0 £
R374 2930 o £ 4 £ eens A A 0 0
R278 3100 4 £ £ A A A 0 0 0
R727 3160 A £ £ Ao K A A K £
R323 3400 7,5 é ,,5 ,;5 | eaes ’,5 ),5 ; ),5
R715 4000

R441 4040 £ 4 £ £ cere  seae f £ 0

!

% / present; O = absent; sess - tiséue not examined



TABLE V (Continued)

Rabbit iron » Kidney Stomach Bowel Thyroid Testis Ovary Myocar- Bone

No. injecoted dium marrow
(mg.)

RI79 25 0 0 0 0 0  eeee O 0
R226 70 0 0 0 0 0 sese 0 £
R283 75 0 0 0 0 O  eees O 0
R122 75 0 0 0 0 0 oo 0 £
R293 - 80 0 o 0 0 O . esee - O £
R287 80 0 0 0 0 O eeee O 4
R277 95 £ o 0 0 0 eese O £
R 27 150 0 0 0 0 0 vess O £
R436 175 0 0 0 0 0 eeee O £
'R202 185 0 0 0 0. O  eses O £
R189 205 £ 0 0 0 0  eees O A
R234 210 # 0 0 0 0 esse O £
R284 315 0 0 0 0 0 ceee . O £
R300 330 0 0 0 o 0 0 £
R4T3 330 £ 0 0 0 O  eees O A
R292 385 4 0 - 0 o) 0  aeee O A
R465 425 e 0 0 0 O  seee O 4
R286 435 4 0 0 0 0 esss O £
R 89 470 A 0 0 0 0 eses O f
R488 530 4 0 0 0 £ <ees O '
R444 700 0 0 - 0 0 0 0 £
R464 730 0 0 0 0 A eeee O £
R315 790 £ 0 0 0 A sees 0 4
R245 830 £ 0 0 0 0O  +eee O £
R288 1220 £ 0 0 0 O  wees O £
R232 1320 4 0 0 0 A seee O 4
R304 1360 0 0 0 0 A sees © O £
R294 1575 ) 0 0 0 £ eees O A
R587 1850 7 0 0 0 O  eese O 7
R714 2700 £ o) 0. 0 0 A
R224 2800 4 0 0 0 F eess O 4
R374 2930 7 0 0 0 O  eexs O 4
R278 3100 A 0 0 £ O  esss O £
R727 3160 £ 0 0 0 0 4
R323 3400 4 0 0 0 A eeee  F £
R715 4000 £ 0 0 £ £ eees O £
R441 4040 ’4 0 0 £ A eeee £ £
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| TABLE VI ‘
EXPERIMENTS ON ANEMIC RABBITS

O e s B R B G . v et s i A B B A i S S o B o e e B e Dk G S S R e B Bt e O (e B S S S0 S B o Bt e e .o P e St Bt ot St et Yt

RABBIT  TOTAL DOSE TRON LOSS CORRECTED TIME FROM FIBROSIS
OF IRON BY BLEEDING TOTAL DOSE FIRST INJEC- OF
INJECTED : ' OF IRON TION TO DEATH LIVER *

v mge mnge mg e month

R179 100 75 25 1/7 0
R226 120 50 70 1/3 0
R283 125 50 75 1/2 0
R122 225 150 75 2/3 0
R293 140 60 80 1/3 0
R287 260 180 80 1/5 )
R277 165 70 95 1/2 0
R 27 200 50 150 1/4 o}
R436 215 40 175 1/2 0
R202 245 60 185 1/5 0
R189 330 125 205 1/2 0
R234 300 90 210 1 0
R284 465 : 150 315 11/2 0
R300 505 175 330 11/2 0
R473 400 70 330 1 0
R292 495 110 385 1 0
R465 490 65 425 11/2 0
R286 510 75 435 1 0
R89 539 69 470 11/2 P
R488 650 120 530 2 0
R444 825 125 700 2 1/2 ps
R464 855 125 730 11/2 0
R315 985 195 790 2 0
R245 1005 175 830 2 1/2 0
R288 1720 500 1220 4 0
R232 1600 - 280 1320 6 0
R304 1582 222 1360 7 £
R294 1860 285 1575 7 1/2 s
R587 2050 200 1850 8 £
R714 3100 400 2700 7 1/2 0
R224 ~ 3300 500 2800 9 ¥
R374 3530 600 2930 11 1/2 )
R278 3416 316 3100 12 £
RT27 3590 430 3160 7 4
R3253 4100 700 3400 12 0
R715 4750 750 4000 8 0
R441 4790 750 4040 12 0

e o it B i itk B AL B (e Gt o et e g e (G e G Pt S St B R i Rt R e i e 5 s ol Bt e R D A B Y S B G St G 1o S o ot S8 o D B g S e o S S B A e b Bt S0

* O ~=-= gbsence of fibrosis / ~—we~ presence of fibrosis
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TABLE VII

Incidence of Hepatic Fibrosis Among the Total Anemic Experimental

Rabbits

TOTAL DOSAGE NUMBER OF RABBITS NUMBER OF RABBITS RABBITS WITH
RANGE OF IRON INJECTED SHOWING HEPATIC  HEPATIC FIBROSIS
FIBROSIS AMNONG THE TOTAL
EXPERIMENTAL
RABBITS
MG . %
25 - 400 16 0 0
401 - 1000 8 2 25
1001 -~ 2000 5 3 60
2001 - 3000 3 1 34
3001 - 4040 5 2 40

- e -
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, DISCUSSION

These experimental observations permit certain conclusions with
rospect to the questions presented in the introductory sections

1) What is the pattern of progressive experimental iron overload in
rebbits? In both the anemic and non-anemic rebbits, e fairly clearly-
defined sequehoe of tissue changes is apparent. This pattern appeared
to be direetly related to the total emount of iron administered to each
animal, and did not appear to be modified by the presence or absencs of
snemis. In animals.raceiving the smaller total dosages of iron, iron
pigment identicel with hemosiderin was first noted in the reticulo-
endothelial cells of the body and in phagocytic macrophages. The most
intense pigmentation affected the phagocytic endothelial cells of the
splenic sinuses and Kupffer oells of the liver. Pigment was also present
in reticulo~endothelial cells of the bone marrow and lymph nodes. With
progressive inecrease in iron overload, masses of iron pigment were found
in the splenic pulp, in apparently extracellular locations, suggestiﬁg
that death of the phagocytic cells had occurred with deposition of the
pigment accumulations into the intercellular spacess In the liver, with
progressive iron overload, after the Kupffer cells had become completely
gbuffed, iron pigment progressively =mccumulated in the hepatic cells.
This pigment appeared first in the central zones of the hepatic lobules,
but with the 1argést doses, the entire lobules soon became affected. In
animals receiving approximately 4 grams of iron, large masses of pigment
were found in the periportal regions. At these maximum dosage levels,
the amount of iron pigment appeared to become more extensive in the

peripheral regions of the hepatic lobules than in the central zones.



4in cortain animals, this intense hepatic pigmentation was associated
with some increased periportal fibrous tissue, suggesting the development
of a pigment cirrhosis. This will be discussed more fully a little laters

No pigmentation was present in the bild duct epithelium. These
findings agree with those of previous investigators (13, 32, 104, 107, 112,
122, 132).

The pancreas in most animals was only minimally affected by the iron
overload. In a few instances, iron pigment was noted in the acinar cells
and islets of Langerhans. This finding, however, was quite inconstant
and was never associated with any panorsatic fibrosis. No significant
structural change was noted in these rabbits, and the intensity of
pigmentation was of far less significance than that found in most e¢linical
cases of well-advanced hemochrometosis. It is noteworthy that no
abnormalities in carbohydrate metabolism were ever detected in any of the
animels, however large the total dose of administered iron. Pigmentation
was also noted in the stromal connective tissue cells of many of the
glandular organs, such as the testes, thyroid, parathyroid and pituitary
glands. In none of these situations was there significant pigmentation
of the parenchymal cells. Iron pigment was noted in the hair follicles
and in some connective tissue cells in the corium of rabbits receiving
more than 700 milligrams of iron. This finding, however, was inconstant
and did not appear to be related to either the total dosage of irom or
the duration of the deposit.

These anatomic chenges do not completely parallel those observed in
the usual classical cases of clinical hemochromatosis. However, the

progressive pattern of deposition affecting the reticulo-endothelial cells,



liver, glandular orgens, and skin strongly suggests a resemblance to
clinical hemochromatosis, particularly cases that have been described
as exogenous hemochfomatosis. It is possible that if the experiment
had been carried further, both with respect to the total amount of iron
administered and the duration of the study, the tissue éhanges may have
progressed to a more close resemblance to clinical hemochromastosise

2) Will prolonged and intensive administration of iron progress
from simple iron pigmentation of tissues to structural changes, such as
pigment cirrhosis? The experimental observations suggest that there is
a relationship between intense hemosiderosis of the liver and the
development of pigment cirrhosis. Periportal fibrosis was noted in 20
(47%#) of the non~smemic rabbits and in 8 (22%) of the anemic rabbitse
However, it must be noted that one control animal in the nonsanemic
group and two in the anemic control group showed a portal type
cirrhosis unassociated with iron pigment -~ an incidence of lO%vof the
control enimals in both groups« These cases of cirrhosis in the control
animals are interpreted as incidental hepétic changes in the general
population of this experimental enimale. These incidental findings, how-
ever, do not invalidate the significantly higher incidence of cirrhosis
found in the experimental animals. The results therefore strongly
suggest that intense iron pigmentation may be causally ralated to the
development of hepatic fibrosis and the development of an anatomic
pattern resembling pigment cirrhosis in humens. These findings support
the statement made by Brock and Hunber (11) that the difference between
hemosiderosis and hemochromatosis is a quantitative rather than a quali-

tative one. The mechanisms by which the progressive hemosiderosis
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produces such hepatic fibrosis are still not clear. Mallory (86) .

" suggested that the hemosiderosis itself induces necrosis of liver cells
and fibrosis of the hepatic parenchyme. Schwartz (123) supported this
view by postulating that the macroparticles may cause damage to cells
and create fibrous scarring. Granick {51) proposed that the fibrosis
ney be due to the improper storage of irom in individuals slready suffer-
ing from some underlying hepatic infection. Himsworth (67) also con=
sidered the pigment to be causally related to the development of hepatic
fibrosis. However, he favored the view that the overloading of the
Rupffer cells may, by producing circulatory disturbances, result in
hepatic demage and fibrosis. It is noteworthy that no direct evidence
of hepatic cell necrosis was identified in the experimental animals,
even in those that received maximum dosages and developed hepatic
fibrosis. With respect to the liver, the conclusion canndt be escaped
that the iron pigmentation wes in some way causally related to the
occurrence of a higher than anticipated incidence of hepatic fibrosis,
suggesting a pigment cirrhosis. Significant structural changes were not
essociated with the iron pigmentation in other organs. This observation
was not unanticipated, since in many clinical cases of hemochromatosis
the pigmentation does not appear to give rise to or be associated with
structural change.

3) 1Is the amount of irom deposit or the duration of the deposit
the more important factor in the development of cirrhosis? The
experimental results obtained do not permit any conclusive observation
with respect to this question. It can be seen from Tables III and VI

that the fibrosis occurred in a sporadic, haphazard pattern. Certain

48



49

animals receiving rather small amounts of iron developed hepatic fibrosis,
whereas other animals receiving similar amounts over an identical period
of time failed to disclose tissus changes. There was no clear corfélaw
tion between the total dose of iron and the appearance of cirrhosis of
the liver, In meny animals receiving the meximum dosages, hepatic
changes failed to‘develop, whereas cirrhosis was noted in animels with
considerably smaller smounts of administered iron. In the anemic group
of rabbits, the three animalé receiving the largest amounts of iron
failed to develop hepatic change. Neither was there ény sorrelation
with time, since in many rabbits cirrhosis appeared within 2 to 3 months,
whereas longer term ahimals showed no appareht structural fibrosis. The
oxperimental results therefore do not permit sny conclusion as to the
specific factors which may have been importent in this random pattern

of development of hepatic fibrosis.

The incidence of cirrhosis observed in the present experiment is
somewhat higher then that reported by previous authors (see Table I).
This observation suggests the possibility that earlier sxperiments may
have failed to develop hepatic fibrous changes either because insufficient
total doseges of iron were administered, or the rate of administration
may have been too slow. It is of.interest to compare the largest total
dose of iron injected in this experiment, 4.1 gm, with the largest
amount of iron reported in patient with hemochromatosis, 54 gm. The
4,1 gm of iron for a rabbit weighing 4 kg is comparable to the 72 gm in
an average human weighing 70 kge This experimental dose of 4,1 gm of
iron is further equivalent to 288 transfusions (500 mg. of iron in 1000

ceCe Of blood) given to a patiente

&
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- 4) Is enemia an additional factor in the development of tissue
damage in iron overloading? As can be seen from the experimental results
presented, the presence of anemia did not appear to materielly affect the
development of structural changes in organss. The anemia did not appear
to favor the development of hepatic fibrosis. Howell and Wyatt, (73)
in discussing the development of pigmentary cirrhosis in Cooley's
anemia, pointed out that the recurrent, nonresponsive bouts of anemia
may, through oxygen deprivation, affect hgpatic or other cells with a
high metabolic level, inhibiting their enzyme system and resulting in
degenserative cellular changes and consequent fibrosis. Schwartz and
Blumenthal (123) also emphasized the contributing role of the anoxia
due to anemia. Wyatt, Mighton and Moraguss (143) considered a local
nutritional deficit in anemia to be another fector in the development
of parenchymel fibrosis. Thus, anemia exerts its effect mainly through
tissue anoxia and the local nutritional deficit. This hypothetic
possibility that tissue anoxias might potentiate the damaging effect of
iron pigment was not borne out by this experimental observation. Also
it is not unlikely that in the present experiment, the anemia caused

by bleeding was always corrected within a short time by the iron injec~
tions. This gave no opportunity for the anemia to last for any
significant period so as to produce sufficient tissue anoxia and local

nutritional deficit and thus to favor the development of hepatic fibrosis.



SUMMARY AND CONCLUSION

Repeated intravenous injections of saccharated iron oxide were
administered to 42 non-anemic rabbits and 37 rabbits rendered anemic by
bleeding, up to = maximum dosage of 1025 milligrams per kg of body weight.
The longest duration of experimentel observation was 14 months. A pro-
gressive pattern of iron pigment deposit in the body was apparent, affect~
ing first the reticulo-endothelial system and then particularly the
hepatic parenchymal cells. Twenty of the 42 non-anemic rabbits and
8 of the 37 enemic rabbits developed verying degreeé of.portal fibrosisa
This portal fibrosis was in all cases associated with intense deposits
of iron pigment in the peripheral zones of the hepatic lobule. There
was no clear evidence relabing the occurrence of fibrosis to either
the total amount of iron administered or the duration of the iron
deposit« Certain anatomic resemblances between eiogenous and endogenous
hemochromatosis in humasns were noted suggesting the possible rslationship
of progressive hemosiderosis in rabbits to the development of tissue

changes resembling the clinical hemochromatosis.
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Figure 6.

SECTION OF LIVER OF RABBIT 5384, NOTE THE

JRON=POSITIVE GRANULES IN KUPFFER CELLS
TERQUGHOUT THE HEPATIC LOBULES. IRON STAIN

LOW PONER.
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Figure 7. HIGHER MAGNIFICATION OF THE SAME SECTION OF

THE LIVER OF RABBIT #384 AS SHOWN IN FIG., 6.

IRON STAIN. HIGH POWER.
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OF RABBIT #726, HNOTE

Figure 11, SECTION
VARIOUS DEGREES (F FIBROSIS IN THE PERI=

PORTAL REGIONS. ANILINE BLUE STAIN. LOW

POWER .



Figure 12.

SECTION OF LUNG OF RABBIT #357. MNOTE THE IRON=-

POSITIVE GRANULES IN MACROPEAGES AND IN THE
ENDOTHELTAL LINING CELLS OF THE CAPILLARIES
BUT NO PIGMENT IN ANY OF TEE ALVEOLAR

EPITHELIUM., IRON STAIN. LOW POVER.
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) The increasing incidence of transfusional hemochromatosis after

i
nepeated blood transfusions in anemic paﬁients and the similarity of

e

ertain morphological changes between the transfusional and 1diopathic

lemochromatosis have suggested that the excessive storage of iron after

et

transfusions might be the chief etiological factor:of idiopathic hemo-
shromatosis. However, the experimental evidence supporting such a
possibility is still lacking. The purposs of this investigation has
been to study the late morphological cha%ges of organs of non-anemic
and anemic rabbits after prolonged intra?enous administration of

saccharated iron oxide and to see whethei prolonged administration of

large amount of the iron will result in hemochromatosis,.

A total of 103 young male rabbits a?d 9 young female rabbits weighe=
ing 3.5 to 5.0 kg., kept in individual cages and all fed with ordinary
rabbit pellets, carrots, green vegetsbles and water ad libitum, were
divided into two groups. The first group consisted of 58 non-anemic .
7'abl:n_*t;s, 16 used as controls receiving no treatment and 42 treated with
;epeated.lntravenous injections of saccharated iron oxide (Feojectin-
Smith, Kline ana French Laboratories) wi%h dosages gradually increasing
From 20 to 200 mg. at intervals from 2 days to 2 months for a total
?eriod of li days to 1L months. The total dosages ranged from 45 to

thO mg. of elemental iron per rabbiﬁ. &he longer intervals of

Lnjections occurred in rabbits showing ﬁhlébothrombosis of the super-

ficial veins that took time to recover so as to become available again

or further injections. The second group consisted of 5h anemic rabbits

endered anemic by repeated bleeding from ear veins with hemoglobin
i

aintained below 6.0 gm. per 100 c.c. Seventeen of them were used for




e non-anemic injected rabbits for a psriod from 44 days to 12 months,
ith a total corrected dosage of iron vagging from 25 to 40OL4O mg. The
dbsage was corrected for the iron lost th}ough bleeding by substraction

50 mg. of iron for each 100 cc. of blood lost. The bissues of various

‘ ‘ ‘ .
ed for sugar (Benedict gqualitative metﬁod) and their bloods checked .

|level of glucose (modified Folin-Wu mefhod).

1

| In the control group of non-anemic rabbits none of the organs

ined were grossly remarkable or showed the presence of iron-staining

ivers of 2 rabbits receiving a total dosage of 3560 and L4100 mg.

. |

ion respectively were brown, with irregular nodular surfaces and
‘ |

of iron-—positive pigment, mainly in the phagocytes in the red

The pigment first appeared as fine, dust-like granules, then
'



graq

to 1

l -

vally increased in size with increasing amounts of injected iron up

arge irregular masses throughout the spleen except the Malpighian

cor;pscles. The cbnnective-tissue cells in the capsule and the

trab%culae and the endotheligl lining of the capillaries and sinusoids

all |contained similar pigment'toward the high dose of the injection.

,Ext#écellular'pigment masses were also noted in red pulp after the

tiss
of ¢
The
iron

incr

all

16 has been cloggeQ'with pigmentvmacfophages. The normal aréhitecture
e spleen was always well preserved. Fibrosis was never observed.
liver of rabbits that received less than§200 mg. of iron showed fine
-positive pigmeht granules in all the Ku%ffer cells. With the

|
pasing amount of iron injected, similar ?igment granules gradually

appedred.in parenchymal cells in the.central;zones of lobules, then in

the parenchymal cells but still more in central zones, and finally

therJ were marked large pigment masses in parenchymal cells in the

psri

i

T N
' * '.v
heral and central zones and a lesser amount in the intermediate zones.

At tkf later stage with more iron injected t@e connective~tissue cells in

the portal spaces and the endothelial cells of central veins also showed

iron<positive pigment granules, but the epithelial cells of the bile ducts

neven

i .
did so. In addition to the hemosiderosis, 20 injected normal rabbits

———

showgd in the pértal spaces various degrees of fibrosis, with proliferation

¢

_‘of'fi%roblasts and small amounts. of scattered iron-positive granules,

The Jeral architecture of the liver was diséorted but much less then

that

in the few contrel rabbits with cirrhosis. L&ss pigment was noted

in maprophages in the reticular stroma of bone marrow of every injected

rabbit, in sinuses and in connective~tissueAcklls of capsules of the

mesenteric lymph nodes of approximately two thirds of the injected rabbits

v




and

the

that

in macrqphages within the alvecli and in the endothelial lining of
Papillaries and larger blood vessels ofithe lung in all the rabbits
\ ' :

received a total of more than 150 mg. of iron. The adrenal glands
|

sho+?d the pigment in reticular stroma cells of the cortex and the

meduilary sinuses of all the injected rabbiﬁs. The kidney presented

modeﬁate amounts of fine granules of the pigment in glomerular tufts

and

ing.

grant

larg

tubular epithelium of the ascending limb of Henle's loops and collect-

ubules. The pituitary and parathyroid both shOWéd small pigment

b —C

les in their stroma cells in rabbits ha&ing received comparatively
. 4 .

ﬁ doses of iron. The skin showed pigmen£ in the hair follicles and

coriym of some rabbitssthat received more than 700 mg. of iron. The

)

i |
amou?t of pigment identified in ovary, testes, pancreas, thyroid, heart
|
|

and

more

gros

: ‘ .
gastrointestinal tract was small and usually in rabbits that received

ron. Fibrosis of the pancreas was not noted in any rabbit.
n the control groﬁp of the anemic rabbits none of the organs were

s‘y remarkable excépt the liver of one rébbit, which showed slight

nodullarity and increase of consistency. Microscopically, none of the

tiss

mark

é examined contained irénmstaining material. Two rabbits showed

ed portal fibrosis, with proliferation of bile ducts and interruption

of ndarmal hepatic architecture. In the iron-injected group of anemic
| i

rabb

rabb

gros

| . i
iﬁs the findings were similar to those of the iron-injected normal
its, with no apparent qualitative difference. However, none disclosed

s|nodularity of the liver. Microscopically, 8 rabbits alsé showed in

the pertal spaces various degrees of fibrosis with proliferation of bile

duct

s|land small amounts of scattered ironupos;tive pigment granules.

ﬁlood sugar levels of the rabbits having received more than 3000 mg.
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’f iron were in the same range as those of normal control rabbits.

|
|

Glycosuria was never demonstrated in any of ths experimental animals tested.
This inVestigation was able to demonstrate the pattern of progressive
;ron—overloading = loading of iron in tﬁe reticuloendothelial system dufing
%he early stage followed by loading to ﬂesser degrees in parenchymal
‘tissue during lager courses of iron injection. Storage of iron in the
two major tissues, especially in the reticuloendothelial system &f the
3iver, spleen and bons marrow, is stressed.

' This investigation offers sﬁggestive evidence that prolonged,
intense administration of iron may resuit in progresé from hémosiderosis

to pigment fibrosis. The higher incidence and the milder'degree of portal

ifibrosis in experimental rabbits than in incidental cirrhosis of control

\lrabbits and the scanty pigment in the 1ncreased.portal fibrous tissue of
fexperlmental animals suggest that the portal fibrosis is not pre—-existing.
iThlS portal fibrosis was in all cases 358001ated with intense deposits of
iron pigment in the peripheral zones of the hepatic lobule. The hypotheses

ladvanced by various authors regarding the hemosider031s progressing to
i

|l

pigment cirrhosis are dlscussed. There was no clear evidence relating
‘the occurrence of fibrosis to either the total amount of iron administered
ior the duration of the iron deposit, The failure of previous animal
 experiments to produce hepatic fibrosis by overloading of iron is probably
due either to insufficient amount of iron.as gvidenced by the largest
total iron dose of 1025 per kilogram of body weight in this investigation
;in,comparisén to 550 mg in ﬁhe literaturs or the rate of administration
may -have been too slow. The largest total dose of L.l gm.'fbr a rabbit

weighing 4.0 kg. in this investigation is comparable to 72 gm. of iron
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i} a human body weighing 70 kge and is equivalent to 288 transfusions of

blood to a human body.
l} ‘ In_thisvinvestigation the anemia caused by bleeding did not appear to
fe%gf the development of hepatic fibrosis; This méy‘be explained on the
basis of cerrection of the anemia within é shor£ time~by iron injectioﬁs
and,the consequent lack of prolonged tissue anoxia and lecal nutritional
d@ficit for initiation of.ﬁhe hepatic fibrosis if tissue anoiia does
i#itiate_the damaging effect of iron pigment¢ |

i In conclusion, this investigation has demonstratéd that 8 of the 37
i#oneinjected anemic rabbits and 20 of thé>h2 iron-injected non-anemic
erbits showed various dégrees of portal fibrosis in the liver. Also
given in the presentation is a comprehensive review of tﬁe literature

ofi iron metabolism, exogenous hemochromatosis and idiopathic hemor

chromatosis.




Fa

Yother' g nams :

Higj

Col

P.Dce of birth.

AUTOBIOGRAPHY

i

| |

L !
Dafte of birth,

August 2 (June 18 1n Chinese calendar), 1920

Chengsha,, Hunan Prov1nce Chine

er’s name : Yin-Chi Chang (deceased)

Wei-Yin Hsii Cheng

1 school attended: I Fang High School, Changsha, Hunan, Ching

Edua

eges attended ang degrees obtalnsd- |
v M.D., National H81ang Ya Medic
(Yale-ln-Chlna) 1944

S, Uhlver81ty of Ubah, 1952
atlonal bositions filled;

el College

i

Assistantship i Anatomy, Watio

nal Hsiang Ya
Medical College, 1944 - 1947

ﬁhiversity of Chicago,

i
!
E
Fellowship 1n Anatomy,
\ 1947 ~ 1950

Fellowshlp in Pathology; University of Ubah
School of Medicine, 1950 - 1951

Instructorshlp in Pathology,

Indianeg University
Medical Center, 1954 - 1955

80



Hwei=Ya Chang

8l



