
IRREVERSIBLE TOXIC “INCLUSION BODY” ANEMIA

A RARELY RECOGNIZED SYNDROME; CLINICAL AND EXPERIMENTAL STUDIES

By M. H. FERTMAN, M.D., AND CHARLES A. DOAN, M.D.

A PATHOLOGIC entity, apparently rarely recognized, and unreported in re-

cent American and British hematologic clinical literature, is a form of refrac-

tory anemia characterized by peculiar “inclusion bodies” in the circulating

red blood cells. First reported by Heinz in 1890’ and noted by Ehrlich in 189121 in

experimental poisonings with pyrodine, dinitrobenzol and other related com-

pounds, “Heinz Inner-Kopern” may be readily identified in plain dried blood films,

and are described in wet preparations, stained with brilliant cresyl blue or Nile

blue sulphate, as deep blue, eccentrically placed spheres of varying size and number

within the erythrocytes.3 They are readily distinguished from Howell-Jolly bodies,

siderocytosis, and classic reticulocytosis by their characteristic appearance, dis-

tribution and staining reactions.4 They have gone undetected in most routine clini-

cal laboratories probably because in the usual Wright-Giemsa stained and mounted

blood films prepared for microscopic study they are difficult to demonstrate.
Our own attention has been currently focused upon this phenomenon by the dis-

covery of its occurrence in the blood of an elderly physician with an unexplained

refractory anemia, which terminated fatally despite the use of all available thera-

peutic measures.’#{176}

CLINICAL OBSERVATIONS

Dr. M, �441o193, a 71 year old white male physician, was admitted to the Hematology S:rvice,

University Hospital with complaints of weakness, anorexia and nausea of four weeks’ duration. Attacks

of angina pectoris of increasing severity and frequency had been noted for approximately four years.

Eight weeks prior to this admission the patient first began to experience some dyspnea, orthopnea and

moderate pedal edema.

Examination revealed an obese elderly male showing marked pallor of the skin and mucous membranes

with a slight icteric pigmentation. His tongue showed no atrophic changes, and lymphadenopathy was

nowhere apparent. The chest was increased in the antero-posterior diameter and fine scattered rales were

heard in both lung bases. The heart was moderately enlarged to the left on percussion. A soft blowing

apical systolic murmur was present. The blood pressure was within normal limits. The liver edge was

palpable 6 cm. below the right costal angle; the spleen was not enlarged. Rectal examination revealed

a diffusely enlarged firm prostate with no tenderness and no nodules. There �s’as slight pitting edema of

the ankles. Vibratory and position sense and deep tendon reflexes were physiologic.

The patient was temperature-free throughout his entire course in the hospital except for one transitory,

mild thermal post-transfusion reaction.

Electrocardiograms demonstrated sinus tachycardia and low voltage with evidence of myocardial

damage. X-ray examination of the chest showed moderate enlargement of the heart with diffuse densities

in both lung fields, suggestive of some cardiac congestion. Roentgenographic examination of the stomach

and lower gastrointestinal tract showed no evidence of organic pathology. X-ray plates of the skull,

long bones, and bony pelvis were entirely normal.

From the Division of Medical Research, Department of Medicine, Ohio State University, Columbus,

Ohio.
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3 50 IRREVERSIBLE TOXIC ‘ ‘INCLUSION BODY’ ‘ ANEMIA

The admission blood study revealed 1,331,000 red cells per cu. mm., �.6 grams of hemoglobin per

100 CC., and ,6,ioo white cells with 83 per cent mature motile neutrophils and 13 per cent normal,small

lymphocytes. Serial urlnalyses and kidney function tests were consistently normal. The sedimentation

rate, blood phosphorus and phosphatase, and blood urea nitrogen were within normal limits. The tests

for Bence-Jones protein in urine and plasma were repeatedly negative. The hippuric acid excretion was

only i.88 Gm., prothrombin time �8.8 per cent, and blood proteins 4.68 mg. with 2.83 mg. albumin

and i .96 mg. globulin . Gastric analysis revealed a normal amount of free hydrochloric acid, and stool

examinations showed no occult blood.

During his fifty-nine days of observation in the hospital, the patient was given transfusions of whole

blood, and washed, resuspended red blood cells, totaling 6 liters. His red cell count ranged between

,,8io,ooo and 3,980,000 per Cu. mm. Because of the macrocytic anemia with a megaloblastic bone mar-

row, he was given a therapeutic trial of a concentrated form of liver extract, reticulogen, 2.0 units daily

for seven days. This was later repeated for a ten day period. Ferrous gluconate, � grains three times daily,

was administered for fifteen days in an effort to correct the hypochromia. The patient was digitalized

and received aminophyllin for his cardiac status. Other supportive treatment, included high vitamin B

complex supplement.

The reticulocyte count, which was 14.8 per cent at the time liver extract was first instituted, rose to a

peak of 2.2.8 per cent after seven days, but was not followed by any significant increase in the total cir-

culating red blood cells. Irrespective of therapy, the reticulocytes varied between 3 per cent and i� per

cent throughout the clinical course of the anemia.

On the twenty-third hospital day the mature red blood cells, stained with brilliant cresyl blue, were

first observed tocontain atypical inclusions, distinguishable from the regular reticulum.As many as 13.4

per cent of the erythrocytes contained these “bodies.” “Inclusion bodies” were noted from then on con-

sistently in all daily preparations, in numbers varying from i to i6 per cent. How long these inclusions

may have been present in the patient’s circulating red cells prior to their detection is a matter of con-

jecture.

The patient was resurveyed with reference to a possible toxic etiology for his refractory “inclusion

body” anemia. Attention was focused on the �oo � grain erythrol tetranitrate tablets taken orally over

the preceding year for his angina pectoris. Except for the rare use of nitroglycerine in cardiac crises no

other drug had been taken. There was no history of food idiosyncrasies or other allergic sensitivity. The

patient, a physician, stated emphatically that he had never been seriously ill or anemic in a long, healthy

life until the present illness.

The patient was discharged at his own request on the fifty-ninth hospital day. At this time his pe-

ripheral blood showed 3,160,000 red cells per Cu. mm., with o.6 per cent reticulocytes, 7.1 grams of he-

moglobin and 16.1 per cent “inclusion body” erythrocytes. His white count had fallen to 3100 per cu.

mm., with 44 per cent neutrophils, 8 per cent eosinophils and 48 per cent normal lymphocytes. His

platelet count was always adequate.

The anginal attacks continued with frequency and severity despite bed rest, digitalis and aminophyl-

lin. Pallor, weakness and physical debility were progressive. The red blood cells continued to show

marked macrocytic hypochromia, polychromatophilia, anisocytosis, poikilocytosis, and the presence of

“inclusion bodies.” Fatal termination occurred one month after discharge from the hospital. Post-

mortem examination was refused.

CYTOLOGIC STUDIES OF THE PERIPHERAL BLOOD AND BONE MARROW

The peripheral blood showed extreme, bizarre, poikilocytosis and anisocytosis

with large individual macrocytes and hypochromia. The reticulocytes were not

unusual in appearance, as many as 14.8 per cent being found in the peripheral blood

prior to liver therapy. No antianemic hematopoietic liver, iron, vitamins B and C,

had any significant effect either on erythropoiesis or the hypochromia. Platelets

occurred singly and in large clumps, and, occasional individual thrombocytes

showed some qualitative changes, which included anisocytosis with sparse granu-

lations (giant platelets). No pathognomonic alterations in the white blood cells

were observed.
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The bone marrow on repeated examinations appeared, grossly and microscopic-

ally, to be markedly hyperplastic. The erythroid elements were chiefly responsible

for the cellular hyperplasia with a “left shift” to early erythroblasts and megalo-

blasts. There was also the hypochromia of iron deficiency. The myeloid elements

showed a moderate “left shift,” with more than the usual number of quali-

tatively normal myelocytes B but no myeloblasts. There was an increase in small,

normal young megakaryocytes. No foreign tumor cell invasion was seen. There

were scattered phagocytic clasma�ocytes. “Inclusion bodies” were observed rarely

in the immature erythroid elements in our specimens of bone marrow.

On examination of the patient’s blood with brilliant cresyl blue, there

were found, in addition to the classic reticulocytes, certain inclusion-containing

mature red cells. With this stain, the inclusions appeared as blue green globules of

irregular shape, varying in size from barely perceptible dots to spheres almost 2.

micra in diameter. They occurred sometimes singly, sometimes in great numbers,

within the cell. They were most often concentrated at or near the cell membrane,

and on occasion were seen in various stages of extrusion from the cell. They were

found to be lysis-stabile and resistant.

The inclusions could be seen in unstained living blood films as refractile yellow

tinted bodies. In dark field examination they appeared highly refractile, globular

and irregular, similar in general appearance and distribution to the inclusions seen

in bright field. They were observed best in wet-mount preparations with brilliant

cresyl blue stain; they were less clearly seen in fixed brilliant cresyl blue stained

smears. Janus green with neutral red stain in supravital preparations readily re-

vealed these “bodies.” The inclusions were not apparent in fixed preparations

stained with Wright or Wright-Giemsa dyes or with the Prussian blue iron tech-

nic.

The staining properties and morphology of these particular “inclusion bodies”

distinguish them from Howell-Jolly bodies and siderocyte inclusions.5 Howell-

Jolly bodies are readily stained in Wright and Giemsa fixed preparations and ap-

pear to be dark reddish blue dots. The siderocytes are characteristically identified

with the Prussian blue reaction, which leaves a heavy deep blue iron precipitate

within the red blood cell.

EXPERIMENTAL OBSERVATIONS

Following the discovery of “inclusion bodies” in the patient’s erythrocytes, it

was determined that erythrol tetranitrate was the only drug which had been taken

for many months prior to and coincident with the development of the anemia, and

to which the patient may have developed an idiosyncrasy.

Since this peculiar anemia persisted and continued to progress even several weeks

after the presumed toxic agent was discontinued, some permanent irreversible

damage must have been suffered by the erythropoietic tissues. Experimental pro-

cedures were therefore undertaken in an attempt to further identify the etiologic

agent and establish the mechanism involved in this fatal anemia.

EXPERIMENT I. EFFECT OF THE PATIENT’S PLASMA UPON NORMAL RED CELLS IN VITRO

Preliminary in vitro studies were conducted to determine whether there were

any toxic substances present in the fresh whole plasma of the patient which would
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352. IRREVERSIBLE TOXIC “INCLUSION BODY” ANEMIA

affect normal human red blood cells. Venous blood was obtained from a normal

subject whose blood-grouping and Rh type were the same as the patient’s. These

normal cells were separated and resuspended in the plasma obtained from the pa-

tient and kept in a refrigerator at io C. Daily examination with brilliant cresyl

blue over a five day period failed to reveal the development of any “inclusion

bodies” in the borrowed red blood cells.

Animal experimentation was then invoked, utilizing two fundamental

approaches: (i) transfer of laked blood and fresh plasma was made by infusion from

the patient into rabbits; (i) both rabbits and cats were subjected to erythrol tetra-

nitrate and allied compounds and the red blood cells studied for “inclusion bodies.”

EXPERIMENT 2.. EFFECT OF THE PATIENT’S PLASMA AND LAKED RED CELLS UPON THE

RABBIT

Since the patient’s red blood cells contained the abnormal “inclusion bodies,”

it was felt that a toxic factor might be found either in the patient’s plasma or in his

red cells.

“Inclusion bodies” did not appear in the erythrocytes of the rabbits which re-

ceived intravenous injections either of plasma or of laked red blood cells from the

patient. R iA and R 2.A each received one io cc. injection of plasma and the blood

was followed for four days. R i and R 2. received two injections of plasma (� and 30

cc. and 10 and 2-0 cc., respectively) on consecutive days and died within thirty to

forty-five minutes after the second dose. R � and R 4 received three intravenous in-

jections of laked blood (�, 10 and � cc., and i cc., i� cc., and � cc. respectively). R4

died immediately following its third injection. No significant postmortem changes

were noted in the spleen, bone marrow or other organs of the three rabbits which

died.

EXPERIMENT 3. EFFECT OF SODIUM NITRATE AND ERYTHROL TETRANITRATE UPON

ERYTHROPOIESIS IN THE RABBIT

Two rabbits (R iA, R 4A) were then given massive doses of sodium nitrate every

day subcutaneously. Necrosis at the site of injection necessitated substitution of the

oral route via the stomach tube on the fifth day. In R 4A the dose was doubled from

ioo to ioo mg/Kg. on the fifth day and death occurred on the seventh. In R iA the

dose was increased from �oo to iooo mg./Kg. on the fifth day and to 2-000 mg/Kg.

on the tenth. Death occurred on the eleventh day.

R � and R iA received �o to 300 mg./Kg. doses of erythrol tetranitrate

via stomach tube daily over a period of more than two weeks. R � was followed for

three days after completion of a sixteen day course of the drug, while R 2. died on

the fifteenth day.

Daily examination of the blood of these rabbits receiving either sodium nitrate

or erythrol tetranitrate even in massive doses revealed no “inclusion bodies.” No

significant postmortem changes were observed in the hematopoietic organs in the

three rabbits which died.
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EXPERIMENT 4. EFFECT OF ERYTHROL TETRANITRATE UPON THE MONKEY

A Macacus rhesus monkey received three i8o mg./Kg. doses of erythrol tetrani-

trate by stomach tube on the second, fourth and tenth days of observation. During

daily observations for twenty-three days, a mild anemia was precipitated, without

the development of “inclusion bodies,” from which there was prompt recovery

with cessation of the drug.

EXPERIMENT 5. EFFECT OF SODIUM NITRATE AND ERYTHROL TETRANITRATE UPON THE

CAT

More suggestive results were obtained in experiments with cats. “Inclusion

bodies” appeared within twenty-four to seventy-two hours in the red blood cells

of all cats receiving either sodium nitrate or erythrol tetranitrate.

C i received a single subcutaneous injection of iooo mg/Kg. of sodium nitrate

and C 2. injections of 500 mg/Kg. on two consecutive days. In both, “inclusion

bodies” up to 9 and io per cent appeared within forty-eight hours after the initial

dose and then gradually declined as the drug was eliminated.

Three cats (C �, C �, C i) received oral doses of powdered erythrol tetranitrate,

which was thoroughly mixed with raw meat. C � was given a single dose of 2-50

mg./Kg. and showed at seventy-two hours 2-I per cent of the circulating erythro-

cytes with typical “inclusion bodies,” and at ninety-six hours 2-8 per cent, with a

fall of 2-,000,000 in red cells during this period. During the ensuing fifteen days the

“inclusion body” erythrocytes gradually declined to zero per cent with a recovery

in the red cells. In C 3, �oo mg./Kg. of erythr.ol tetranitrate was administered on the

fifth, sixth, eleventh and twenty-seventh days of observation, and 300 mg/Kg. on

the fifteenth and seventeenth days. A rare red cell containing “inclusion bodies,”

i per cent, was observed within twenty-four hours of the original dose. A peak of

i� per cent was attained after the last dose, associated with a drop of i,ooo,oco in

the total circulating red blood cells.

In C i, weighing i.8 Kg., erythrol tetranitrate was administered beginning nine

days after one dose of iooo mg/Kg. of sodium nitrate. The “inclusion bodies” had

risen to io per cent within forty-eight hours of the sodium nitrate dosage and had

gradually fallen again to �per cent by the time the first dose of erythrol tetranitrate

(150 mg/Kg.) was administered. The next day, another i�o mg/Kg. of erythrol

tetranitrate was given, followed by doses of � mg/Kg. on the �, 4, �, 6, II and ii

days of observation. The “inclusion bodies” rose to 2-6 per cent within the first

seventy-two hours of the erythrol tetranitrate administration and varied from i i

to 2-8 per cent through the thirteenth day. The hemoglobin decreased from 13.3 tO

11.2-Gm. during the period. With discontinuance of the drug on the twelfth day,

the “inclusion bodies” declined to � per cent by the sixteenth day.

In the cats receiving sodium nitrate or erythrol tetranitrate, the concentration

of “inclusion bodies” did not vary directly with the dosage of the drug under the

conditions of the experiment. With the cessation of the drug, the number of “in-

clusion bodies” was noted to decrease promptly and to disappear entirely even-

tually. A decrease of between one and two million in the red cell count was
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observed to occur in all cats from the time the first nitrate was administered. In C �

recovery in the red cell count was soon evident with cessation of the drug.

EXPERIMENT 6. EFFECT OF MANNITOL HEXANITRATE ON CAT BLOOD

Less spectacular results were observed in two cats (C 6, C 10) fed mannitol hexa-

nitrate, pulverized in meat. Despite relatively large doses of the drug (165 tO 330

mg./Kg.) only small percentages of “inclusion bodies” (i to 6 per cent) were ob-

served in C io, and the red cell count showed no significant change.

An old cat (C 6), with an occasional “inclusion body” erythrocyte (o. � per cent)

even prior to nitrate administration, developed a maximum of ii per cent of these

after nine successive doses of mannitol hexanitrate (8o to i6o mg/Kg.), the loss in

circulating red cells totaling 4,000,000, hemoglobin 3 Gm. over a thirty-four day

period of observation. The rare occurrence of “inclusion bodies” in the red cells of

older animals has been reported elsewhere in the literature.5

EXPERIMENT 7. EFFECT OF SULFANILAMIDE UPON CAT RED CELLS

Sulfanilamide was only questionably effective in the production of “inclusion

bodies” under the conditions of this experiment.
In C 2-, which had shown up to 9 per cent “inclusion bodies” with two 5oo

mg./Kg. doses of sodium nitrate, the highest concentration of “inclusion bodies”

observed after ten daily 400 mg/Kg. (oral) doses of sulfanilamide was 4 per cent.

Results were negative in an old cat, C �, which showed no significant increase in

“inclusion bodies” over a � per cent concentration demonstrable prior to sulfa drug

administration, nine successive doses of sulfanilamide (800 to i6oo mg/Kg. per

dose). The red cell count and hemoglobin showed no consistent trend during the

period of observation in either cat.

STAINING PROPERTIES OF THE “INCLUSION BODIES” IN CATS

The staining properties of the “inclusion bodies” observed in the erythrocytes

in cats appeared to be similar to those in our patient. The “inclusion bodies” were

seen readily in unstained preparations and in supravital preparations stained with

brilliant cresyl blue, methylene blue and Janus green with neutral red (fig. 7). They

were also seen, but less readily, in fixed preparations with brilliant cresyl blue.

They were not apparent in preparations stained with Wright, Wright-Giemsa or

with the Prussian blue reaction.

Certain differences were noted in the cellular reaction in the cats as contrasted with

the patient. In the animal studies only a minor degree of poikilocytosis and aniso-

Fios. i, i. Brilliant cresyl blue supravital staining of the erythroc tes in patient’s blood. Inclusion

bodies as seen in bright field under oil immersion.

Fios. 3, 4, �. Similar preparations of the peripheral blood from the patient as seen under dark field

oil. immersion conditions. Note highly refractile inclusion bodies. Figure 4 shows a separated “inclusion

body” indicating the integrity of these “Heinz inner k#{246}rpern” apart from the erythrocvtes. Figure

identifies the peripheral location of these bodies at the cell surface.

FIG. 6. A bright field illustration of inclusion bodies from the patient’s blood. Compare and contrast

with similar “bodies” appearing in the blood of Cat � i following erythroltetranitrate oral medication,

FIGURE 7.
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cytosis was noted, whereas in the human blood, these changes were extreme. Per-

haps this reflects the more profound hematologic disintegration in the patient, due

to the much longer period of exposure to the drug. It was also observed that the

“inclusion bodies” in cat blood tended to remain globular while “inclusion bod-

ies” in the patient’s blood were more bizarre in shape (figs. 6-7). In addition the

“inclusion bodies” observed in the cats under conditions of the experiment oc-

curred in fewer numbers within each red cell than those observed in the patient.

The “inclusion bodies,” both in the patient and in cats, were noted in various

phases of extrusion from the red blood cell (figs. 4,5,7). They were found well

within the cell, close to the periphery, producing a bulge in the red cell membrane,

and also lying free outside the red cell. “Inclusion bodies” in both human and cat

blood were found to be lysis-resistant.

A specimen of cat blood, demonstrated to contain “inclusion bodies,” was laked

and selectively centrifuged to obtain a highly concentrated specimen of these “bod-

ies.” Spectroscopic examination of this specimen revealed no hematoporphyrins.

This evidence, while suggestive, is not conclusive.

Bone marrow examinations were made in cat � i after erythrol tetranitrate in

massive amounts. Unlike the bone marrow of the patient, who had received this

drug in small doses over a long period of time, the erythroid elements showed no

maturation arrest and appeared normal except for the occurrence of small puncti-

form perinuclear inclusions in a few normoblasts.

DISCUSSION

Peculiar “inclusion bodies” were observed in the red blood cells of a 71 year old

male physician who exhibited a severe anemia, which did not respond to either

intensive iron or liver therapy nor to a high protein, high vitamin diet. Although

folic acid as such6 was not available for treatment, large amounts of vitamin B

complex were given. There was no clinical evidence of any specific nutritional de-

ficiency and there was no response to liver. The “inclusion bodies” were noted in

the unstained preparation and were stained readily with supravital wet-mount

technic, using brilliant cresyl blue and other reticulocyte stains. They appeared as

blue green irregular globules, occurring singly and in numbers, within the mature

red cells, and taking a position at the periphery. They were also seen in various

stages of extrusion from the red cells and were noted to be hemolysis-resistant. The

“inclusion bodies” were distingished from Howell-Jolly bodies and from siderocyte

inclusions. These various staining and morphologic characteristics were found to

conform with those of the “Heinz Inner-Korpern” described in the German litera-

ture�4’7 as occurring in “toxic” anemias in man and in animals �
The suspected etiologic agent, erythrol tetranitrate, which the patient had taken

for angina pectoris over a period of one year, was administered to cats in massive

doses. Lysis-resistant “inclusion bodies,” with staining characteristics similar to

those found in the patient’s blood, were induced. A tendency toward anemia, re-

versible under the conditions of the experiment, with cessation of the drug, was

observed. “Inclusion bodies” were noted to a lesser extent with sodium nitrate and

mannitol hexanitrate. Only minimal concentrations of “inclusion-bodies” were
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produced with large doses of sulfanilamide. We can confirm the report of German

investigators8 that old animals show these ‘ ‘inclusion bodies’ ‘ in a small proportion

of circulating erythrocytes in the absence of any known external toxic agent.

Although erythrol tetranitrate and sodium nitrate were given in large repeated

doses to rabbits, “inclusion bodies” were at no time observed. In a monkey re-

ceiving erythrol tetranitrate, a mild reversible anemia developed without demon-

strable “inclusion bodies.”

Cessation of drug administration to cats brought about a gradual disappearance

of the “inclusion bodies” from the blood stream. Whether a longer course of drug

administration would have produced an irreversible “inclusion body” anemia in

the cat, such as that observed in our patient, remains unanswered.

The observance of a progressive, refractory, “inclusion body” anemia in an eld-

erly patient, persisting even after four months’ omission of the suspected toxic drug,

would suggest the precipitation of an irreversible toxic alteration in the erythro-

cyte maturation process.

Various theories have been proposed to explain the formation, nature and sig-

nificance of these “inclusion bodies.” Freifeld8 suggests a genetic relationship be-

tween the so-called “Randkorperchen” (corpora marginalia) and these “Inner-

Korpern” of Heinz and Ehrlich, the result of an enterogenous autointoxicant.

These “inclusion bodies” were originally regarded as “dead toxic protoplasm,”

reflecting methemoglobin or sulph-methemoglobin poisoning.9 The more recent

interpretation of these “Inner-Korpern,” as denatured, cell-membrane proteins1’

has received support fromJung’s observations7 with the electron microscope, which

place these “inclusion bodies” definitely in the outer layer of the cell. Frank H. J.
Figge, Associate Professor of Anatomy, University of Maryland, has studied the

experimental production of Heinz-body erythrocytes’8: “When certain sulfona-

mides were dissolved in water administered to mice, large numbers of refractile

bodies appeared in the erythrocytes. These bodies were insoluble in distilled water

or 3 tO � per cent acetic acid and made leucocyte counts difficult. They were similar

to erythrocyte inclusions described originally by Heinz. Other investigators concur

in this identification. It was found that a 0.3 per cent sulfanilamide solution given

as drinking water induced Heinz bodies in at least 90 per cent of all erythrocytes

within four to six days, while sodium sulfathiazole did not. The tendency of vari-

ous sulfonamides to produce Heinz bodies appeared to parallel the tendency to

induce hemolytic anemia. Further studies on the physical and chemical properties

revealed that these bodies are globules of either denatured hemoglobin or cathemo-

globin. Erythrocytes extrude these bodies as they form so that large numbers of

Heinz bodies accumulate in the plasma as the erythrocytes become hypochromic.

Heinz bodies are most easily observed in unstained, unmounted blood smears and

disappear when examined in oil, balsam, or other mounting media. These globules

of hem-containing protein, denatured within the cell by drugs, have been studied

in detail because such a reaction is of interest both from the standpoint of cancer

research and the mode of action of sulfonamide drugs.” Dr. Figge in a recent per-

sonal communication’9 further states: “I still do not know the exact mechanism

which is responsible for the production of these bodies. They can be produced in
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small numbers by such diverse agents as cobalt, paraminobenzoic acid and acet-

anilide. I suspect that they are probably formed as a result of therapy with numer-

ous other compounds but go undetected because blood is usually prepared for

examination with some mounting medium. As you have probably noticed, these

bodies are much more easily observed in plain dried blood films examined under

the high dry objective.”

The conception of “Heinz Inner-Korpern” as nuclear fragments has not been

confirmed, though Figge states: “this protein, which is denatured, resembles in

some respects a nucleoprotein.”

Schilling, who noted “all transitions” between typical Howell-Jolly bodies and

the “Inner-Korpern” following splenectomy,9 rejected this simple explanation.1’

The appearance of “inclusion bodies” in the peripheral blood of various normal

animals following splenectomy3’8’9” and of humans with splenic hypoplasia,

subsequently demonstrated,3 bears out the hypothesis of Heinz’ and of Schilling9

that the normal spleen filters out the senile and damaged erythrocytes, which may

contain these “inclusion bodies.” This is further corroborated by the observation

of “inclusion bodies” (Giemsa stained Tupfer preparation) as partly extra-cellular

and partly extruding from the red cells in the human spleen.3 It is suggested that

in the absence of a normally functioning spleen the inclusion-containing red cells

may appear in the peripheral blood. The administration of a specific toxic agent

further increases their numbers.3

Should it be considered, then, that minimal “inclusion body” formation may

occur, in association with subclinical endogenous toxins, in otherwise normal in-

dividuals, but in numbers so small that they are ordinarily withdrawn by a physi-

ologically functioning spleen? This concept might explain the more frequent

observation of small numbers of inclusion-containing erythrocytes in the blood

stream of senile animals,8 animals in whom the catabolic processes predominate and

splenic efficiency perhaps may have diminished. In addition, there may be other

states, such as dietary deficiencies, inherent specific susceptibilities and certain dis-

ease processes, which perhaps may predispose to “inclusion body” anemia. One

may also inquire as to whether the development of “inclusion bodies” may precede

red blood cell destruction at some phase in anemic states other than those of

“toxic” etiology. It has been shown that in poisoning with nitrates and their

derivatives the extent of “inclusion body” development parallels closely the de-

struction of the red blood cells.4

The known “toxic” agents which may result in an “inclusion body” anemia in

man and in animals are, in general, methemoglobin producing drugs, such as:

nitrobenzol,’’ aniline,8’9 nitroglycerine,4 dinitroglycol,4 ethyl nitrate ,� H sodium

nitrate,’2 nitrobenzol and toluol derivatives.8”3 Even in the absence of a known

“toxic” agent, as in an hemolytic anemia observed in rats following splenectomy,

“inclusion bodies” have been reported in association with methemoglobin forma-

tion.8

Nevertheless, a “cause and effect” relationship between methemoglobin and “in-

clusion body” erythrocytes has been questioned. The appearance of “inclusion bod-

ies” in the peripheral blood does not always follow methemoglobin formation.8”4
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In one investigation, the “agent,” rather than the methemoglobin per se, was

found to be the more important factor in the concentration of “inclusion bodies”

in the blood. Thus, the nitrates, which form less methemoglobin than the nitrites,

have produced many more “inclusion bodies.”

Observations8 in eleven patients with acute poisoning from aniline or nitro-de-

rivatives have revealed that “inclusion bodies” appear only several hours after

methemoglobin is formed. Moreover, several more hours may elapse, as noted in a

schizophrenic who had swallowed one-half glass of aniline, before these bodies

become prominent and involve a maximum number of the mature circulating red

cells, even to 100 per cent. In this patient, massive hemolysis of the red blood

cells was noted on the fifth day and “inclusion bodies” were seen extruding in

various stages from hemolyzing red blood cells. Immediately after, there occurred

a reticulocyte crisis with normoblastosis.8

Since 1943 there have appeared several reports in the German literature of sul-

fonamide drug anemia preceded by the appearance of inclusion-containing cry-

throcytes.’4” It has been advised that if more than �o per cent appear, a severe

hemolytic anemia may be forecast, and the drug should be forthwith discontin-

ued.’4

SUMMARY

i. “Inclusion bodies,” distinguishable from the Howell-Jolly bodies, were ob-

served in the red blood cells of a patient with a severe refractory fatal anemia, who

had been receiving erythrol tetranitrate over a period of one year.

2-. “Bodies” with similar staining characteristics were reproduced in cats with

large oral doses of erythrol tetranitrate and other nitrates. These were generally

accompanied by a temporary fall in the red cell count, followed by recovery upon

withdrawal of the drug.
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