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Antimitotic Effects of Dehydroretronecine Pyrrole! (38384)
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Monocrotaline, a naturally occurring pyr-
rolizidine alkaloid, has been shown to be respon-
sible for diverse lesions in man and lower ani-
mals. Hepatic necrosis (1), cirrhosis (2), neo-
plasia (3), veno-occlusive disease (4), pulmon-
ary hypertension, and cor pulmonale (5) are the
more common pathological alterations attributed
to this alkaloid. Monocrotaline pyrrole, a syn-
thetic metabolite, produces lung, heart, and liver
lesions similar to those caused by the parent
alkaloid (6). However, due to its instability, this
metabolite must be administered into the vascu-
lature entering the liver or lungs if the desired
injurious effects are to be obtained. Recently in
this laboratory a toxic metabolite which has been
identified as dehydroretronecine was found in
the urine, liver, and blood of rats receiving
monocrotaline (7). In the presently reported ex-
periment the morphological changes that de-
velop in dehydroretronecine-intoxicated rats are
delineated. It was determined that the major tis-
sue modifications that occur in the affected ani-
mals result from the inhibitory effects of this
metabolite on rapidly dividing cells.

Materials and Methods. Dehydroretronecine
was prepared according to the method of Cul-
venor (8) and dissolved in 0.1 M phosphate buf-
fer immediately prior to use. Sixty-six male,
26-day-old Sprague-Dawley rats weighing
60-70 g were divided into four groups. Three
groups consisting of 18 animals per group were
given subcutaneous injections of dehydroret-
ronecine at doses of 90, 150, and 250 mg per kg
body weight. The 12 rats of the fourth group
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received a similar volume of phosphate buffer
(pH 7). Three rats from each treated group and
two control rats were sacrificed at 24, 48, and 72
hr and 1 and 2 wk after injection. When the
animals were sacrificed blood was collected for
serum electrophoresis and hematological evalua-
tions. Body and organ weights were obtained,
and small segments of the tissues were fixed in
10% buffered formalin. Paraffin-embedded tis-
sue sections were cut at 5 wm and stained with
hematoxylin and eosin for histological evalua-
tion.

Results. The dehydroretronecine-treated rats
failed to gain weight, developed diarrhea, and
started to die within 60 hr. After 1 wk all of the
animals had either been sacrificed or had died
with the exception of five rats from the group
receiving 90 mg and one rat given 150 mg.
Hematological changes in the experimental ani-
mals included a decrease in the white blood cell
count, serum albumin, and hemoglobin, and an
increase in serum globulins and serum protein at
72 hr and 1 wk (Table I). At necropsy, all of the
animals that died or were sacrificed within 72 hr
had markedly distended stomachs. Widespread
hemorrhage and ulceration of the gastric mucosa
also was present in these animals. In addition to
the pale bone marrow, there was thymic regres-
sion and splenic hypoplasia. However, in those
animals that survived beyond 7 days, the above-
mentioned tissue changes were less obvious.

In the animals that died or were sacrificed
during the initial 72 hr, the major morphological
changes were in the stomach, small intestine,
spleen, thymus, testes, and bone marrow. Simi-
lar tissue alterations were recorded in all animals
regardless of the dose of dehydroretronecine.
However, these changes were less severe and the
recovery more rapid in the animals given the
lowest dose of dehydroretronecine. Within 24 hr
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TABLE L.
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Hematological Changes in Rats Given 250 mg Dehydroretronecine.

3 Days after treatment

7 days after treatment

Analysis €Control Experimental Control Experimental
WBC (x10%/mm?) 104 = 1.8 59+ 1.1 7909 46+ 1.3
Total protein

(&/100 ml) 45=+03 5.0+ 0.6 4.6 = 0.1 5309
Albumin (%) 59.8 £ 1.8 43.4 + 7.0 59.0 £ 0.4 37.8 = 8.0
Globulin (%) 40.1 13 56.0 + 6.1 409 = 0.5 61.2+9.0
A/G 1.48 0.55 1.45 ©0.59

the entire stomach mucosa, muscularis
mucosae, and submucosa were affected. The
mucosal glands were dilated, the epithelium flat-
tened, and the lumina filled with eosinophilic
debris, leukocytes, and cell fragments (Figs. 1
and 2). The limited number of cells that were
undergoing mitosis assumed many bizarre con-
figurations, the most common of which was an
anaphase lag. There were numerous leukocytes
and extravascular erythrocytes in the lamina
propria, muscularis mucosae, and edematous
submucosa. Congested capillaries in the lamina
propria were prominent. Within 72 hr a large
percentage of the glands were dilated and
mucosal atrophy was obvious due to the decrease
in number of epithelial cells. The edema, con-
gestion, and leukocytic infiltrate persisted in the
basal mucosa and underlying tissues. The spar-
sity of mitoses in epithelial cells was strikingly
obvious. By day 7 after treatment the reduced
thickness of the mucosa still remained apparent.
However, the number of dilated glands was re-
duced, while the edema and inflammatory cells
were also less obvious (Fig. 3). By day 14, the
gastric mucosa in the surviving animals still re-
mained atrophic; however, the epithelium that
was present appeared normal.

The ulcerated areas that developed primarily
at the junction of the squamous and glandular
portions of the stomach were associated with
necrosis of the muscularis mucosae and submu-
cosa (Fig. 4). Thrombi were prevalent in the
vessels underlying these necrotic areas. Only
minimal numbers of leukocytes were seen in the
base of these ulcers without any evidence of
fibrous repair.

Similar mucosal changes but less severe ul-
cerations of the small and large intestine were
found in the animals given dehydroretronecine.
However, by day 7, the mucosal surface of the

intestinal tract had reassumed almost normal
morphological features. '

Within 24 hr there was an obvious decrease in
the cortical cell population of the thymus, re-
duced size of the splenic malpighian corpuscles,
retarded spermatogenesis in the tubules of the
testes, and a paucity of erythroid, myeloid, and
megakaryocytic cells in the bone marrow (Fig.
5). By 48 hr, only a narrow band of cells in the
thymus and a few lymphocytes in the spleen
were seen (Fig. 6). The cell population of the
bone marrow consisted primarily of mature
erythrocytes. While these tissue changes per-
sisted for 72 hr, almost complete recovery was
seen after 7 days. The number of lymphoid cells
in the thymus and spleen had increased, the bone
marrow had attained a near normal complement
of cells, and active spermatogenesis was present
in the seminiferous tubules.

Discussion. The data presented in this report
indicate that there are distinct differences in the
tissue response of rats to monocrotaline and its
metabolite dehydroretronecine. The major tissue
changes produced by monocrotaline involve the
lungs, heart, and liver. In the lungs, occlusion of
many capillaries and small muscular arteries
produces pulmonary hypertension (9). This in-
crease in pulmonary arterial pressure is in turn
responsible for the development of cor pul-
monale. The centrilobular necrosis of the liver is
followed by fibrosis and megalocytosis (10).
Tumors involving the liver also occur in animals
that survive for prolonged periods (2). However,
when dehydroretronecine was given to rats
either in large doses that produced acute lesions
or at lesser concentrations, the chronic forms of
pulmonary vascular obstruction and cor pul-
monale were not observed. In addition, the acute
hepatotoxic effects produced by monocrotaline
are not seen when the animals are exposed to
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FiG. 1. The stomach wall of a control rat. Hematoxylin and eosin stain; x 55. Fi. 2. Cystic dilatation of the
glandular elements and gastric mucosal atrophy are apparent when one takes the magnification into consideration.
These cellular alterations were produced by dehydroretronecine within 24 hr. Hematoxylin and eosin stain; % 110.
FIG. 3. After 7 days the gastric mucosal atrophy is still evident (M) in rats that were given dehydroretronecine.
The mucosal atrophy is believed to be due to the inhibiting influence of the drug on mitosis. Hematoxylin and eosin
stain; X 55. F16. 4. Necrosis of the gastric mucosa (—>) near the junction of the glandular and squamous portions
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dehydroretronecine. In contrast, these animals
develop lesions that are primarily associated
with the inhibiting effects that dehydroret-
ronecine has on mitosis. The rapidly dividing
cells in such organs as the gastrointestinal tract,
bone marrow, thymus, and testes undergo rapid
degeneration primarily due to their reduced abil-
ity to undergo mitosis. It has also been reported
(7) that the prior administration of dehydroret-
ronecine will induce a 30-fold suppression of
mitotic activity in partially hepatectomized rats.

This widespread depletion of rapidly dividing
cells in multiple organ systems has not been
reported to occur in animals given monocrota-
line. However, denuded mucosal epithelium and
hemorrhage in rats chronically exposed to
monocrotaline have been observed (10). While
monocrotaline has been reported to inhibit
mitosis of hepatic cells (11), such animals were
apparently devoid of suppression of cellular mul-
tiplication in the spleen, testes, and bone mar-
row.
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In recent experiments (12) tissue distribution
of 3H dehydroretronecine was determined.
Localization of radioactive material in the glan-
dular portion of the stomach was found to be at
least five times greater than in any other tissue.
Other organs showing high radioactivity were
the liver, kidney, testes, spleen, thymus, and
brain. It may be of interest that the radioactivity
of the gastric mucosa and the area of dehydroret-
ronecine injection persisted at high levels for a
period in excess of 2 wk, while levels in the other
tissues declined rapidly. This previously re-
ported study correlated well with the pathologi-
cal changes that are the subject of this report
because the organs with the greatest radioactiv-
ity were most severely affected. It is worthy of
note that neoplastic changes of epithelium fib-
roblasts also have been recorded at the site of
dehydroretronecine injection many months later
(13).

Peterson et al. (14) have reported the toxic
effects of dehydroheliotridine (an optical isomer

of the stomach developed in rats injected with dehydroretronecine. Such ulcers invariably developed in the
junctional zone. Hematoxylin and eosin; X 15. FiG. 5. Near complete depletion of the erythroid and myeloid
elements of the bone marrow occurs within 72 hr in rats given dehydroretronecine. Hematoxylin and eosin stain; X
15. FiG. 6. This is an example of lymphocytic depletion in the spleen of a dehydroretronecine-treated rat within

48 hr. Hematoxylin and eosin stain; X 15.
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of dehydroretronecine) in tissues. Many of the
changes that were reported to occur in dehydro-
retronecine-injected animals are also evidenced
in animals exposed to dehydroheliotridine.
Perhaps the major difference in the toxic effects
of these two pyrrole metabolites is apparent in
the stomach where severe acute inflammation
and gastric ulcerations were noted in the
dehydroretronecine-treated animals, whereas
only transient mucosal alterations in the stomach
were recorded in animals that were given dehy-
droheliotridine.

The means by which dehydroretronecine in-
teracts with the rapidly dividing cells to produce
the inhibition of mitosis on one hand and a stimu-
lation of neoplastic changes in tissues of the
cervical area on the other hand remains to be
established. The possibility exists that the tissue
changes which occur in dehydroretronecine in-
toxication are a result of its interaction with
cellular macromolecules. Culvenor et al.” (15)
and White and Mattocks (16) have shown that
the pyrrolizidine alkaloids and their metabolic
pyrroles are alkylating agents which are capable
of producing an alteration in cellular nucleic
acids. It is likely that dehydroretronecine acts in
a similar manner.

Summary. When dehydroretronecine, a
metabolite of the pyrrolizidine alkaloid mono-
crotaline, is given subcutaneously to rats at
doses ranging between 90 and 250 mg per kg
body weight, a conspicuous inhibition of cell
mitosis occurs in the gastrointestinal tract.
Hemorrhage and ulceration of the gastric mu-
cosa were common in the animals that died or
were sacrificed within 72 hr after treatment. In
addition, the animals experienced splenic and
thymic hypoplasia due primarily to the rapid
depletion of their lymphocytic components. The
bone marrow of these animals was practically
devoid of all precursor cells within 48 hr after the
administration of dehydroretronecine. There
was also an inhibition of cell division in the
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seminiferous tubules. However, within 7 days,
the cells in the gastrointestinal mucosa, spleen,
thymus, bone marrow, and testes showed a de-
cided improvement. These data indicate that the
effects of dehydroretronecine are primarily lim-
ited to its inhibiting effect on mitotic division
in rapidly dividing cells. Other lesions such as
hepatic necrosis, pulmonary hypertension, and
cor pulmonale which are caused by the parent
alkaloid monocrotaline were not reproduced by
dehydroretronecine.
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