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SUMMARY

Profound regression followed hypophysectomy in 31% of
rats with stem-cell erythroblastic leukemias induced by a set of
pulse doses of a lipid emulsion of
7,8,12-trimethylbenz(a)anthracene. In the favorable cases,
evidence of improvement following hypophysectomy
comprised prolongation of life, decreased leukocytosis in
circulating blood, diminution or disappearance of histological
signs of leukemia, and complete regression of stem-cell
erythroblastic sarcomas in 50% of rats inoculated s.c. with
leukemic blood as newborns.

INTRODUCTION

It has been found that a set of i.v. injections of
homogenized lipid emulsions of 7,12-DMBA2 (9) or of

7,8,12-TMBA (7) in Long-Evans rats elicits leukemias rapidly
and in high yield. The predominant C>80%) sort is a stem-cell
leukemia with erythrobastic differentiation. In the rat,
hydrocarbon-induced erythroblastosis preferentially invades
the liver, where it grows diffusely and replaces the
endothelium of the hepatic sinusoids. The liver grows to a
huge size in a few weeks.

The erythroblastic leukemia is transmitted readily by
allogeneic transplantation i.p. of whole leukemia cells (9) to
newborns; s.c. inoculation of blood of leukemic donors results
preferentially in erythroblastic sarcomas (8) at the site of
injection, whereas leukemia occurs less commonly.

In this work, it was found that hypophysectomy frequently
resulted in significant regression of the primary erythroblastic
leukemia of the donors and of the derived erythroblastic
sarcomas in recipients of transplanted leukemia cells.

The following considerations led us to investigate the effect
of hypophysectomy on erythroblastic leukemia, (a) Dougherty
(3) found that the thymus and spleen were diminished greatly
in size after hypophysectomy. The profound diminution in
size of these hemopoietic structures is one of the most
impressive anatomic findings in the hypophysectomized rat;
bovine growth hormone restored their size (12). (b) Van Dyke
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et al. (17) observed that the red cell mass of the rat decreased
to one-half of its original volume within 3 months after
hypophysectomy. (c) There is general hypoplasia of bone
marrow (2, 5, 14) accompanied by anemia in the
hypophysectomized rat. (d). Moon et al. (12) noted the
absence of spontaneous neoplasms in hypophysectomized rats
maintained more than 1 year, whereas lymphosarcomas (11)
developed in many rats injected with bovine growth hormone.
(e), The neoplastic response of hypophysectomized rats to
7,12-DMBA was significantly depressed (10), as manifested by
delayed appearance and low incidence of sarcoma at the site of
injection of the hydrocarbon. The administration of bovine
growth hormone reinstated this carcinogenic response.

MATERIALS AND METHODS

The experimental animals were Long-Evans rats. We have
maintained our closed colony by breeding the animals inter se
for more than 12 years. The rats were housed in metal cages in
air-conditioned rooms at 25 Â±2Â°.They were fed a commercial

ration (Rockland Mouse/Rat Diet, Teklad, Inc., Monmouth,
111.)and were given drinking water ad libitum.

7,8,12-TMBA was synthesized by the method of Bachmann
and Chemerda (1). A lipid emulsion, prepared by the method
of Schurr (15), contained 7,8,12-TMBA, 0.5% (w/w). The lipid
emulsion of 7,8,12-TMBA, 30 mg/kg of body weight, was
injected in a caudal vein 4 times at intervals of 14 days starting
at age 25 days; the 1st injection is designated Day 0.

Heparinized blood (0.2 ml) was obtained by cardiac
puncture at intervals of 7 to 14 days for hematological study
by conventional methods. Biopsy of liver (7) and spleen was
performed on Day 50. For biopsy purposes, we excised 30 to
50 mg of the edge of the liver and splenic nodules when
present. Paraffin histological sections of these tissues were
stained with hematoxylin and eosin.

Stem-cell erythroblastic leukemia was studied exclusively;
all of the leukemic rats that were investigated had
histologically verified leukemia in liver and spleen. The
leukemic rats were divided into 2 groups: experimental and
control. These groups were closely matched according to time
of detection of leukemia after Day 0 and its extent in the
hepatic biopsy. One group was hypophysectomized under
ether via the parapharyngeal route; the 2nd matched group of
leukemic rats was intact. All of the operations were performed
by one of us (H. 0.). After operation, both groups were fed
the powdered commercial ration plus fresh oranges; water
containing 5% sucrose was provided for drinking.
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Leukemia was transmitted by inoculation of whole blood
(0.2 ml) s.c. or i.p. in rats on the day of birth. Blood plasma
was filtered through a Millipore filter (HA 0.45 Â¿t)and injected
similarly, s.c. or i.p., in other groups of newborns.

The statistical probability, p, of a significant effect was
derived from Fisher's (4) table of t values.

RESULTS

Incidence and Characteristics of Stem-Cell Erythroblastic
Leukemia. Leukemias were detected before Day 100 in 18 of
22 rats (82%) that were given injections of 4 pulse doses of
7,8,12-TMBA; the time of detection was 62.1 Â±12 days. In a
cumulative series of 134 consecutive leukemic rats, we
classified the leukemias as follows: stem-cell erythroblastic,
130; myelogenous, 2; stem-cell thymus-lymph node leukemia,
2.

Leukemia was transmitted to newborn rats with the whole
blood but not with the filtered plasma of the leukemic donors.
Thirty groups, each consisting of 5 newborn rats, were
inoculated i.p. or s.c. with the whole blood (0.2 ml) of 15
leukemic donors with erythroblastosis and were observed for 7
weeks subsequently. The results (Table 1) were: leukemia in
15/15 groups that received i.p. injections of whole blood; local
sarcoma formed in 6/15 groups that received s.c. injections.
Neither leukemia nor sarcoma was detected (Table 1) in
similar groups of newborn rats that were given injections of
filtered plasma (0.2 ml) of the leukemic donors and observed
for more than 6 months.

Effect of Hypophysectomy on Transmitted Stem-Cell
Erythroblastic Sarcomas. Neoplasms of this sort followed s.c.
injection of whole blood, 0.2 ml, of leukemic donors. These
erythroblastic sarcomas in the 1st generation were firm,
lobulated (Fig. 1), and pale pink. They grew rapidly. On
microscopic examination, confluent masses of
peroxidase-negative leukemic cells were found. Mitoses were
abundant and erythroblasts and normoblasts were frequent.

Twenty rats with erythroblastic sarcomas of the 1st
generation were subjected to hypophysectomy. In 10 cases,
there was either slight or no diminution in size of the
neoplasms. In 10 cases of erythroblastic sarcoma, there was
complete disappearance of the tumor (Figs. 2 and 3).

Forty rats bearing erythroblastic sarcomas of the 1st
generation were selected at random as controls and were

untreated : there was spontaneous regression of sarcomas in 3
rats (7.5%).

Effect of Hypophysectomy on Primary Stem-Cell
Erythroblastic Leukemia. Twenty-six rats with primary
erythroblastic leukemia survived the operation of
hypophysectomy. There were 40 matched controls. The
hypophysectomized leukemic rats (Table 2) lived significantly
longer (p < 0.02) than the matched, untreated leukemic
controls, and there was decreased leukocytosis (Table 3) in the
circulating blood.

The extent of leukemic involvement in the liver was
estimated histologically in hepatic biopsies that were obtained
both prior and subsequent to hypophysectomy. In the group

Table 1
Leukemia transmission to newborn rats

Newborn rats were treated by i.p. or s.c. injection on the day of their
birth. The 15 donors had advanced stem-cell erythroblastic leukemia
induced by 7,8,12-TMBA. There were 5 recipients in each group. Time
of observation: 6 months.

Incidence of No. of recipient
groups affected

Leukemia
After whole blood i.p.
After filtered plasma i.p.

Sarcoma
After whole blood s.c.
After filtered plasma s.c.

15
0

6
0

Table 2
Survival of rats after detection of erythroblastic leukemia

Each rat had received 4 injections of 7,8,12-TMBA at biweekly
intervals, starting at age 25 days. The groups of leukemic rats were
matched before hypophysectomy, which was performed 2 to 3 days
after detection of leukemia.

Untreated leukemia Hypophysectomy

FemaleMaleTotalNo.

ofrats202040Survival(days)13.6

Â±12Â°12.3
Â±913
Â±11No.

ofrats161026Survival(days)33.7

Â±1827.1
Â±1731.

1Â±18

a Mean Â±S.D.

Table 3
Effect of hypophysectomy on erythroblastic leukemia in rats

Decreased leukocytosis and histolÃ³gica!regression of leukemia after hypophysectomy. Mean
values are given.

Circulating leukocytes/cummFemale

MaleNo.

of
rats1610Beforehypophysectomy9,700

16,900After

hypophysectomy06,200

10,500Histological

regressionNo.35%19

50

1Ten to 14 days after hypophysectomy.
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of 26 leukemic rats surviving hypophysectomy (Table 3),
evidence of regression was demonstrated in 8 cases (31%). In 4
of the cases, there was complete disappearance (Figs. 4 and 5)
of histological signs of leukemic involvement of the liver.
There was no spontaneous regression of leukemia in any rat in
a matched group of 40 untreated companion rats with primary
stem-cell erythroblastic leukemia that were maintained as
controls.

DISCUSSION

In newborn rats, s.c. inoculation of whole blood from
donors with primary stem-cell erythroblastic leukemia
preferentially evoked erythroblastic sarcoma at the injection
site; filtered plasma from the same leukemic donors did not
transmit erythroblastosis.

The sarcomas transmitted by inoculation of whole blood
grew rapidly at the site of injection. Spontaneous regression of
the derived sarcomas occurred in 7.5% of the animals. We did
not observe spontaneous regression in any rat with primary
stem-cell erythroblastic leukemia.

Leukemia is one of the neoplasms the course of which is
profoundly influenced by endocrine procedures. Heilman and
Kendall (6) discovered that administration of cortisone to mice
bearing a highly malignant transplanted lymphosarcoma often
resulted in rapid regression of the neoplasm. Pearson et al. (13)
found that glucocorticoids influenced certain cases of human
leukemia, Hodgkin's disease, and lymphosarcoma.

Huggins and Kuwahara (8) observed that dexamethasone
caused regression of the stem-cell leukemia which has
preferential growth in thymus and lymph nodes in the rat;
erythroblastosis was not influenced by glucocorticoids.

A new finding in the present study is that hypophysectomy
often resulted in rapid and extensive regression of stem-cell
erythroblastic leukemia. Regressions of great magnitude
occurred in both the primary leukemias and the erythroblastic
sarcomas derived therefrom by allogeneic transplantation of
whole blood into the newborn.

In normal animals, erythropoiesis is considerably influenced
by both steroid and protein hormones; males have more
hemoglobin than do females. It is not yet possible to identify
the hormonal activity that maintains erythroblastosis in the
rat.

It has been demonstrated (16) that erythropoietin is
essential for the susceptibility of bone marrow cells to the
chromosomal aberration inflicted by a single pulse dose of
7,12-DMBA. Sugiyama (16) also found that the induction of
leukemia in the rat by multiple pulse doses of 7,12-DMBA is
strikingly influenced by the erythropoietin level.

ACKNOWLEDGMENTS

We thank Dr. John Pataki, The Ben May Laboratory for Cancer
Research, The University of Chicago, Chicago, 111.,for synthesis of

7,8,12-TMBA, and Dr. Paul E. Schurr, The Upjohn Co., Kalamazoo,
Mich., for preparation of lipid emulsions.

REFERENCES

1. Bachmann, W. E., and Chemerda, J. M. The Synthesis of
9, 1 0-Dimethyl-l ,2-benzanthracene,
9,10-Diethyl-l,2-benzanthracene and
5,9,10-Trimethyl-l,2-benzanthracene. J. Am. Chem. Soc., 60:
1023-1026,1938.

2. Crafts, R., and Meineke, H. A. The Anemia of Hypophysectomized
Animals. Ann. N. Y. Acad. Sci., 77: 501-517, 1959.

3. Dougherty, T. F. Effect of Hormones on Lymphatic Tissue.
Physiol. Rev., 32: 379-401, 1952.

4. Fisher, R. A. Statistical Methods for Research Workers, Ed. 9.
Edinburgh: Oliver and Boyd, Ltd., 1944.

5. Gordon, A. S. Endocrine Influences upon the Formed Elements of
the Blood and Blood-forming Organs. Recent Progr. Hormone Res.,
10: 339-394, 1954.

6. Heilman, F. R., and Kendall, E. C. The Influence of
ll-Dehydro-17-hydroxy-corticosterone (Compound E) on the
Growth of a Malignant Tumor in the Mouse. Endocrinology, 34:
416-420, 1944.

7. Huggins, C., Grand, L., and Oka, H. Hundred Day Leukemia:
Preferential Induction in Rat by Pulse-Doses of
7,8,12-Trimethylbenz(a)anthracene. J. Exptl. Med., 131:
321-330, 1970.

8. Huggins, C., and Kuwahara, I. Effect of Dexamethasone on
Stem-Cell Leukemias of Rat. In: R. W. Wissler, T. L. Dao, and S.
Wood, Jr. (eds.), Endogenous Factors Influencing Host-Tumor
Balance, pp. 9-13. Chicago: University of Chicago Press, 1967.

9. Huggins, C., and Sugiyama, T. Induction of Leukemia in Rat By
Pulse-Doses of 7,12-Dimethylbenz(a)anthracene. Proc. Nati. Acad.
Sci. U.S., 55 .-74-81, 1966.

10. Moon, H. D., Li, C. H., and Simpson, M. E. Effect of Pituitary
Hormones on Carcinogenesis with
9,10-Dimethyl-l,2-benzanthracene in Hypophysectomized Rats.
Cancer Res., 16: 111-116,1956.

11. Moon, H. D., Simpson, M. E., Li, C. H., and Evans, H. M.
Neoplasms in Rats Treated with Pituitary Growth Hormone. I.
Pulmonary and Lymphatic Tissues. Cancer Res., 10: 297-308,
1950.

12. Moon, H. D., Simpson, M. E., Li, C. H., and Evans, H. M.
Neoplasms in Rats Treated with Pituitary Growth Hormone. V.
Absence of Neoplasms in Hypophysectomized Rats. Cancer Res.,
77:535-539, 1951.

13. Pearson, O. H., Eliel, L. P., Rawson, R. W., Dobriner, K., and
Rhoads, C. P. ACTH- and Cortisone-induced Regression of
Lymphoid Tumors in Man. A Preliminary Report. Cancer, 2:
943-945, 1949.

14. Piliero, S. J. Influence of Hypoxie Stimuli upon Blood Formation
in Endocrine-deficient Animals. Ann. N. Y. Acad. Sci., 77:
518-542, 1959.

15. Schurr, P. E. Composition and Preparation of Experimental
Intravenous Fat Emulsions. Cancer Res., 29: 258-260, 1969.

16. Sugiyama, T. Role of Erythropoietin in
7,12-Dimethylbenz(a)anthracene Induction of Acute Chromosome
Aberration and Leukemia in the Rat. Proc. Nati. Acad. Sei. U. S.,
68: 2761-2764, 1971.

17. Van Dyke, D. C., Contopoulos, A. N., Williams, B. S., Simpson, M.
E., Lawrence, J. H., and Evans, H. M. Hormonal Factors
Influencing Erythropoiesis. Acta Hematol., 77: 203-222, 1954.

FEBRUARY 1972 241

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2388769/cr0320020239.pdf by guest on 19 M

ay 2023



f

MPRE- OPERATIVE T) HYPOX + 8 DAYS 3) HYPOX+ 16 DAYS

/
â€¢¿�â€¢fi

-â€¢¿�' .

*;â€¢â€¢:.,

5â€¢¿�iâ€¢¿�
Figs. 1 to 3. Transplanted stem-cell erythroblastic sarcoma in 1 rat subjected to hypophysectomy (hypox).
Fig. 1. Age, 37 days; hypophysectomy at Day 0.
Fig. 2. Eight days after hypophysectomy (hypox).
Fig. 3. Sixteen days after hypophysectomy (hypox).
Figs. 4 and 5. Biopsy of the liver of a rat with stem-cell erythroblastic leukemia subjected to hypophysectomy.
Fig. 4. Leukemic infiltration with erythroblastic leukemia subjected to hypophysectomy; 2 days before hypophysectomy. H & E, X 100.
Fig. 5. Disappearance of leukemic infiltration; 6 days after hypophysectomy. H & E, X 100.
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