
The Relationship of Tumor Necrosis to Red Blood Cell
Changes in the Hamster

By JOSEPH D. SHERMAN

I N A PREVIOUS PUBLICATION it was shown that hamsters with trans-
planted methylcholanthrene-induced sarcomas developed a hypochromic

anemia after 30 days of tumor growth.’8 It was not determined whether this

anemia was related to the increasing volume of viable tumor per se, to the

development of necrosis within the tumor or to both of these processes. It is

the purpose of this study to report the results of further investigation of the

etiology of this anemia.

MATERIALS AND METHODS

One htindred and ten golden hamsters ( Mesocricetus auratus ) of both sexes, 8 to 10

weeks 01(1, fed Purina Laboratory Chow and water ad libituni were used in this study.

The tumor enlployed was a methylcholanthrene-induced spindle cell sarcoma that had been
serially propagated in the cheek pouch of the hamster.’2 The technic of transplantation, the

method of tumor observation and the tunlor growth curve characteristics have been pre-

viously described.’217”

Tumors containing large areas of necrosis were removed after 35 to 50 days. These tumors

had a volume of 5,000 to 10,000 nim.3 and contained 2.3 to 3.1 Gm. of viable tissue and

1.4 to 4.1 Gm. of necrotic illaterial. Grossly, on cut section, the viable tissue was firm and

appeared white, homogeneous and glistening. The necrotic material was quite soft and

varied in color from brown to red, depending on the amount of hemorrhage within the

necrotic area. Tile viable tissue was at the periphery and the necrotic material at the

center of the tumor. Microscopically the peripheral, apparently viable tumor resembled a

librosarcoma; necrotic foci were few in number and very small. Histologic sections from the

center of the tumor, however, contained few recognizable cellular elements and were com-

posed prmlarily of cellular or amorphous debris. The boundary, either grossly or mi-

croscopically, between viable and necrotic tissue was usually not sharp; instead, the two

zones gradually miierged in most cases. Because of this fact, no tissue was used for extraction

that came from tile margin between grossly living and dead tissue.

The necrotic tumor tissue was carefully dissected from the apparently viable tumor,

weighed, ground in a mortar, and suspended in 30 ml. of saline per 1 Gm. of tissue. The

suspension was paSSe(l tllrough a Buchner funnel and tile!) through an N Berkefeld filter.

The last filtrate, which was grossly clear and milicroScopically free of particulate matter,

was collected in a sterile flask. A sample was streaked on nutrient agar to check its sterility.

The non-necrotic portion of each of the same tumors was treated in a similar manner and also

yielded a sterile, cell-free tissue extract. All extracts were collected in iced containers and

stored in the refrigerator at 4 C. until ready for use.

Forty-five hamsters were injected intraperitoneally with 0.5 ml. of sterile, cell-free extract

of necrotic tumor tissue every day for 50 days; 50 hamsters were injected intraperitonealiy

with 0.5 ml. of sterile, cell-free extract of non-necrotic tumor every day for 50 days;

and 15 hamsters received daily intraperitoneal injections of 0.5 ml. of sterile saline for

50 days.

Blood was obtained by cardiac puncture every fifth day for total red blood cell counts,

hematocrit and hemoglobin values. Standard hematologic technics were employed. The
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FIG. 1.-Average red blood cell counts in control and experimental hamsters.
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average of two determinations done 10 days apart before any injections were given was

used as the norn’ial value in each animal.

Blood cultures were drawn on the experimental and control animals three times during

the experiment. The animals that were injected with sterile saline served as a control

group to preclude the possibility that the diluent (sterile saline) in the tissue extracts was

responsible for the experimental findings. At the same time, since blood was drawn from

them in the same amount and on the same schedule as for the experimllental groups, these

animals were also considered to be a control group to preclude the possibility that the

results were due to chronic blood loss.

All animals were sacrificed at 50 days. Complete autopsies were performed, and tissues

were prepared for histologic study. Smiiears were made from femoral bone marrow and

stained with a combination of Wright’s stain and Giemsa’s stain.

RESULTS

Repeated injection of the sterile, cell-free extract of necrotic material pro-

duced a decline in the average hematocrit, hemoglobin and red blood cell

levels after 25 days. Neither the sterile cell-free extract of apparently viable

tumor nor the injection of sterile saline produced any significant deviation in

the hematocrit, hemoglobin or red blood cell values (figs. 1-3). The reduction

in these elements in the group receiving the extract of necrotic tissue was

found to be significant (P < 0.01) when the Fisher-Student “t” test was ap-

plied.
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Fic. 2-Average Ilemogiohin vahmes in control and experimnental hamsters.

The red blood cell indexes varied during the experiment, but generally a

microcytic, normochromic anemia was found prior to the 25th day. After

this time a normocytic, hypochromic anemia was found in 57 per cent of the

hamsters that received repeated injections of cell-free necrotic material. The

remaining animals in this experimental group had a microcytic, normochromic

anemia (8 per cent), a normocytic normochromic anemia (13 per cent), a

macrocytic, hypochromic anemia (14 per cent), a microcytic, hypochromic

anemia (6 per cent) or had no change (2 per cent) in their red blood cell

indexes. Animals injected with apparently viable tumor showed a microcytic,

normochromic anemia (88 per cent), rarely a normocytic, hypochromic anemia

(9 per cent) or had no change in index (3 per cent). Although animals re-

ceiving saline injections showed a microcytic, normochromic anemia, none of

these animals developed a hypochromic form of anemia.

The gross autopsy findings were unremarkable in all three groups of

animals save for the presence of splenomegaly, which was noted in the

animals that received injections of necrotic material or viable tumor. Spleno-

megalv was most frequently associated with a normocytic, hypochromic anemia
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#{176}Thebone marrow smears were reviewed by l)r. Rajendra C. l)esai (luring his tenure
as Research Fellow in Hematology, New England Center Hospital, Boston, Mass.
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FIG. 3.-Average hematocrit valimes in control and experimental hamsters.

and less frequently associated with the other forms of hypochromic anemia.

Blood cultures on the three groups of animals were negative, and the

animals were observed to consume their usual amounts of food.

The bone marrow of animals in the experimental groups showed a slight

hyperplasia of both erythrocytic and granulocytic elements after 50 days.

The marrow of control animals receiving injection of saline showed only a

slight hyperplasia of the erythrocytic series.* Studies are in progress con-

cerning histologic changes in the spleens and livers of the animals used in

this study.

DIScUSSION

In a previous report it was noted that a significant decrease in hemoglobin,

hematocrit and red blood cell counts accompanied growth of a transplantable,
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methylcholanthrene-induced fibrosarcoma and that the decrease in these values

occurred usually between 20 and 40 days after transplantation to the hamster

cheek pouch. With the passage of time, an increasing number of animals

became anemic. The red blood cell indexes fluctuated during the period of

sarcoma growth. It was also noted that approximately 70 per cent of the

tumor-bearing hamsters developed splenomegaly within 50 days after tumor

transplantation and 80 per cent of these animals were anemic. Associated

with the developing anemia there was also a neutrophilic leukocytosis and

an increase in the erythrocyte sedimentation rate.18

In the present study a significant reduction in hemoglobin, hematocrit and

red blood cell values was achieved by the injection of sterile, cell-free necrotic

material, although the reduction in these values was not as severe as was seen

in animals with growing cheek pouch tumors.

The injection of extracts of viable tumor tissue, on the other hand, failed

to cause a similar reduction in the hemoglobin, hematocrit or red blood cell

counts. This may indicate that the tumor tissue per se does not play a role in

producing the anemia observed (luring sarcoma growth in the hamster. Taylor

and Pollack,19 in their studies on mice bearing transplantable mammary

gland adenocarcinomas, found a reduction in the hemoglobin level and

stated that tumor tissue had an antagonistic action toward the hemoglobin of

the host. They did not, however, separate the tumor tissue into viable and

necrotic portions. Investigators using other tumors and other animals have

also observed an anemia associated with tumor growth.3’4’#{176}’8 None of them,

however, related the observed anemia to the presence or absence of necrosis

in the tumors used.

Weil2#{176}showed that extracts of tumor had a destructive action against red

cells in vitro. He also observed that necrotic tumors were much more hemolytic

than non-necrotic tumors in vitro and stated that the anemias of malignant

tumors were probably due to the hemolytic or toxic action of such products

of necrosis. Gross9” produced, under aseptic conditions, filterable substances

from the entire tumors with which he was working and showed that his

extracts had a destructive action on erythrocytes in vitro. He did not com-

pare extracts of viable tumor with extracts of necrotic areas in his experiments,

however. Other investigators’2’3”5 have also studied the effects of extracts

of various animal tumors on red cells in vitro and have obtained results similar

to Gross, but again there was no attempt in these experiments to separate

tumors into viable and necrotic fractions.

The present investigation showed that the injection of sterile, cell-free ex-

tracts cf necrotic material from tumor could lower the hemoglobin, hematocrit,

and red blood cell counts in vivo and that cell-free extracts of viable tumor

did not produce these changes. Since tumor growth produced a comparable

anemia,”� one might deduce that necrotic products, absorbed during tumor

growth, produce the anemia observed during tumor growth. Other investigators

have shown a relationship between the amount of necrosis and the hemoglobin

level of the host,1#{176}and some have considered tissue lysins to be products of

autolysis from necrotic areas.5

The necrotic portion of the tumor may act on the red blood cells to produce

extrinsic injury to the erythrocytes or may produce an intrinsic defect in the
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reticuloendothelial system and lead to either decreased erythrocyte production

or increased red blood cell destruction or a maturation arrest with resulting

anemia. Findings in the present study indicate that during sarcoma growth in

the hamster18 the observed reduction in red blood cell counts, hemoglobin

and hematocrit levels is probably the result of the necrotic products formed

during tumor growth. This implies that such hemoglobin, hematocrit and

red blood cell decreases noted by other workers are most probably also re-

lated to necrotic products in their tumor transplants.

SUMMARY

1. Sterile, cell-free saline extracts of the necrotic portion of methylcholan-

threne-induced hamster sarcoma injected into non-tumor bearing hamsters

produced a statistically significant decrease in hemoglobin, hematocrit and

red blood cell levels.

2. These changes in hemoglobin, hematocrit and red blood cells are

comparable to those observed during sarcoma growth.

3. Sterile, cell-free, extracts of viable sarcoma injected into hamsters failed

to produce alterations in the hemoglobin, hematocrit or red blood cell values.

4. The necrosis produced during sarcoma growth in the hamster cheek

pouch is concluded to be responsible for alterations in the red blood cell

counts, hemoglobin and hematocrit values.

SUMMABLO IN INTERLINCUA

1. Extractos salin, sterile e libere de cellitlas, esseva obtenite ab Ic portion

necrotic de sarcomas inducite in hamsteres per media de methyicholanthreno.

Iste extractos, quando injicite in hamsteres sin tumores, produceva un sta-

tisticamente significative reduction del nivellos hemoglobinic, hematocritic, e

erythrocytic.

2. Ille alterationes-i.e. le alterationes in hemoglobina, hematocrite, e

erythrocytos-es comparabile al alterationes observate durante le crescentia

de sarcomas.

3. Extractos ab sarcoma viabile (non-necrotic), similemente injicite in

hamsteres, non produceva alterationes del valores hemoglohinic, hemato-

critic, o erythrocytic.

4. Esseva concludite que le necrose que se disveloppa in le tasca del gena

de hamsteres durante le crescentia de sarcomas es responsabile pro Ic altera-

tiones del numeration erythrocytic, del concentration de hemoglohina, e del

valores del hematocrite.
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