alopathy. We suspect that in hepatic
coma there is a derangement of cere-
bral glutamine metabolism involving
either disruption of the enzyme link-
age, or a decrease in w-amidase activity.
It has been reported that certain
pyrrolidone derivatives including S5-oxo-
proline, a dehydrated analog of 2-
hydroxy-5-oxoproline, selectively antag-
onize the effects of the excitatory amino
acid, L-glutamatic acid, on neural tis-
sue (20). If a-KGM (cyclic) behaves
similarly, its accumulation might im-
pair neurologic function by competing
for glutamic acid receptors in brain.
Such a mechanism could account for
the reported effectiveness of glutamate
administration in the treatment of some
patients in hepatic coma (21). How-
ever, before one seeks potential treat-
ments to counteract a-KGM in hepatic
coma, it must be more firmly estab-
lished that the compound itself de-
presses the central nervous system.
FERNANDO VERGARA
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Department of Neurology,
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Transplantation of Allogeneic Bone Marrow in

Canine Cyclic Neutropenia

Abstract. Transplantation of normal bone marrow cells to a gray collie dog
with cyclic neutropenia resulted in normal granulocytopoiesis. The finding suggests
that cyclic neutropenia occurs because the hematopoietic stem cells are defective.
Because of the similarity of human and canine cyclic neutropenia, it also suggests
that the human disease may be curable by marrow transplantation.

Cyclic neutropenia occurs in both
man and gray collie dogs. On the basis
of marrow morphologic studies and the
patterns of fluctuation of blood cell
counts, it has been proposed that cy-
cling occurs because of a regulatory de-
fect affecting pluripotential stem cells
in both species (I, 2). There are sev-
eral possible mechanisms for such a
defect; the chief possibilities are that
the marrow cells are defective or that
some host environmental factor causes
the marrow cell production to cycle. In
order to further investigate the mecha-
nism of cyclic neutropenia, as well as
to-explore a mode of therapy potentially
applicable to the human disease, we
have transplanted bone marrow cells
from a normal collie to a gray collie.
The marrow transplant resulted in nor-
mal granulocytopoiesis, ending the cy-
clic neutropenia.

The donor-recipient pair were a 10-
month-old male collie with normal coat
color and normal serial blood cell

counts and an unrelated 1-year-old fe-
male sable-gray collie with well-docu-
mented cyclic neutropenia.

Blood cell counts were performed by
standard techniques. DL-A typing of
cells from the donor-recipient pair was
performed by methods described (3).
One-way mixed leukocyte culture re-
sponses were determined by the tech-
nique of Rudolph et al. (4) with mi-
nor modifications. The pair of dogs
were DL-A identical and mixed leuko-
cyte cultures were mutually nonstimu-
latory.

One day before transplantation, the
recipient received 1000 rads from op-
posing cobalt-60 sources at 9 rad/min.
Under sodium thiamylal and methoxy-
fluorane anesthesia, 5 X 10° bone mar-
row cells were aspirated with heparin-
ized syringes from the proximal long
bones of the four extremities of the
donor; his recovery from this proce-
dure was uneventful.

After filtration of the bone marrow
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Fig. 1. Daily blood neutrcphil counts of a gray collie dog before and after transplanta-

tion of normal bone marrow.

through several layers of coarse gauze
and a 300-mesh stainless steel screen to
remove bone spicules, the heparinized
marrow suspension 'was administered
intravenously to the gray collie (3.3 X
108 marrow cells per kilogram of body
weight). The recipient was supported
with parenteral fluids, antibiotics, and
irradiated (2500 rads) leukocyte and
platelet transfusions during the phase
of radiation-induced diarrhea, leuko-
penia, and thrombocytopenia. No im-
munosuppressive drugs were adminis-
tered.

Karyotype analyses of the bone mar-
row cells of the recipient dog were per-
formed 7 and 19 days after transplanta-
tion (5).

Engraftment of the male bone mar-
row in the female recipient was ob-
served 7 days after transplantation as
determined by the initial rise in the
blood leukocyte count and karyotype
analyses of bone marrow cells. The pat-
tern of the neutrophil fluctuations of the
gray collie before and after transplanta-
tion is shown in Fig. ‘1. Prior to trans-
plantation, neutropenia occurred every
12 days, which is characteristic for this
disease (6). After transplantation there
were no further periods of neutropenia.
There was also a noticeable decrease
in the chronic inflammation about the
eyes, gum margins, and anus of the
dog. From days 28 to 35 after trans-
plantation, the dog developed mild

graft-versus-host disease as manifest by

mild conjunctivitis, rhinorrhea, and in-
termittent low-grade fever. The dog was
quite well 80 days after the transplant
and gave no evidence of chronic graft-
versus-host disease.
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The above experiment demonstrates
that normal granulocytopoiesis results
from engraftment of normal bone mar-
row cells into a lethally irradiated dog
with cyclic neutropenia. This result sug-
gests that cyclic neutropenia is a dis-
ease of the hematopoietic stem cells.

Previous studies on the mechanism
of cyclic neutropenia in these dogs in-
dicated that both erythropoietin (7) and
colony stimulating factor varied cycli-
cally with a period length of 12 days (8).
The erythropoietin levels increased in
the reticulocytopenic period and fell
with the rise in reticulocytes. Colony
stimulating factor, a substance found in
urine and serum, which will stimulate
bone marrow cells to divide and form
granulocytic colonies in vitro (9), in-
creased in the periods Of neutropenia
and monocytosis and fell during the
phase of normal blood neutrophil
counts. The cycling of these substances
could be interpreted as the cause of
cyclic blood cell production or as
physiologic responses to some other
factors causing the cell production to
cycle. Radiation of an animal does not
alter its capacity to produce erythro-
poietin or colony stimulating factor (£0,
11). Therefore, if the cyclic changes of
these substances were causal, cyclic cell
production by the transplanted marrow
should have occurred. Since the mar-
row functioned normally we would
conclude that the cyclic variations of
erythropoietin and colony stimulating
factor previously reported were normal
physiologic responses in an animal with
defective marrow cells.

Because we transplanted whole, un-
fractionated bone marrow, this experi-

ment does not delineate the precise
marrow element responsible for cor-
recting the defect in cyclic neutropenia.
The result suggests that it was the pluri-
potent stem cells which were defective,
but it is also possible that some other
critical marrow element was trans-
planted or that the irradiation prior to
treatment eliminated some heretofore
uncharacterized hematopoietic regula-
tory factor.

We have attempted to alter the cyclic
fluctuations of the blood counts in these
dogs by hypertransfusion, phlebotomy,
repeated administrations of endotoxin,
antiserum to neutrophils, testosterone,
and normal and neutropenic dog plas-
ma (/2). Hypertransfusion and phlebot-
omy decreased and increased, respec-
tively, the reticulocyte oscillations of
the gray collie but did not alter the
cyclic neutropenia (7). None of the
other agents have altered the cycling
({/2). Similarly, nothing is known that -
will definitely alter the cyclic fluctuation
of the blood counts in human cyclic
neutropenia. Because of the similarity
of human and canine cyclic neutropenia
(2), the results of our experiment sug-
gest that the human disease may also
be cured by marrow transplantation.
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