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Blood Clotting Time and Tissue Mast Cell Number of the Bat (M yotis

lucifugus) in Different Physiological States.

(21137)
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From the Division of Biological and Medical Research, Argonne National Laboratory, Lemont, Ill.

The bat is one of a number of mammals
which in nature pass the winter in a state of
dormancy characterized by low rates of res-
piration, heart beat, blood flow and oxygen
consumption(1). Laboratory studies have
shown that the resting bat is essentially
poikilothermic(2,3) and that its rates of
blood flow(3) and oxygen consumption(2,3)
vary directly with the ambient temperature.
At low temperatures (5-10°C) the red blood
cells traverse the wvessels in clumps and
rouleaux, but thrombi and stoppage of flow
are not seen(3). At high temperatures
(20°C and upward) blood flow is much like
that found in other mammals. Since intra-
vascular clotting and thrombus formation do
not accompany the sluggish circulation of the
dormant bat, we have tried to establish
whether different blood clotting times charac-
terize the profoundly different physiological
states which may be induced in the bat. We
have already noted(4) that clotting time is
markedly prolonged when the summer bat is
exposed to cold. The present paper is con-
cerned with the extension of these studies to
winter bats and with the possibility that
changes in clotting time might be accompanied
by changes in the tissue mast cells which are
thought to store and release the anti-coagu-
lant, heparin(5,6).

Methods. Small brown bats (Myotis luci-
fugus) were collected in the winter from a
cave in northern Illinois and in the summer
from the attic of a farm house in southern
Indiana. Blood clotting times were deter-

mined (in all cases at 23°C) by the capillary
tube technic on samples obtained by punctur-
ing a large vein in the web between the hind
legs and from the cut carotid artery (the clot-
ting time of the blood from each source was
essentially the same). In each bat counts
were made of the number of mast cells in
single 12 u thick sections of duodenum mag-
nified 264x. The tissues were fixed in abso-
lute alcohol and stained with toluidine blue.
Studies were carried out at the time of collec-
tion and later in the laboratory at various
times after placing summer bats in a refrig-
erator (5°C) and winter bats in an air con-
ditioned room (23°C).

Results and discussion. In nature mark-
edly different clotting times distinguish the
summer bat from the winter bat (Table I).
That of the former is short as in the homoio-
thermic mammals, while that of the latter is
very long as in the aestivating ground squir-
rel(7) and in the hibernating hedgehog(8)
and hamster (9). We interpret these data to
indicate the existence of an adaptive mech-
anism which (a) prevents thrombus formation
under the conditions of slow blood flow found
in the dormant winter bat and (b) allows for
rapid blood coagulation in the active summer
bat. Table I also indicates that such a mech-
anism operates upon exposure of summer and
winter bats to different ambient temperatures.
Summer bats become dormant upon exposure
to cold and show a marked prolongation of

. clotting time, while dormant winter bats

awaken upon exposure to 23°C and manifest
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TABLE I. Blood Clotting Time and Tissue Mast Cell Number of the Bat in Different
) Physiological States.

No. of Blood clotting time (min.) Mast cell
Experimental conditions bats Min Max Avg No. (avg®
Summer bat (on collection) 10 1.5 24 T4 121
Winter bat (7 ) 13 45 >-360 (180)* 119
Summer bat
On 16th day at 5°C 4 T2 275 149 152
Y50th 7 5oC 2 170 210 190 169
Winter bat
After 60 min. at 23°C + 2 11 5 —
On 1st day at 23°C 9 3 26 12 50
7 4th 77 10 7 32 18 26
7o Tth 7 10 ] 60 25 19
7 14th 7”7 10 6 47 19 61
To2lst 6 + 13 8 40

* Median.

a sharp decrease in clotting time. The mech-
anism is quickly called into play, since within
an hour after bringing the dormant winter bat
into a warm environment (23°C), the clotting
time is reduced to that of the summer bat.
The mast cell data are also found in Table
I. The tissue mast cell population of sections
of duodenum is the same in the dormant win-
ter bat as in the active summer bat. Tpon
exposure of the former animal to 23°C and
the latter to 5°C there appear to be decreases
and increases respectively in the mast cell
content of the duodenum. The reduction of
mast cells in the winter bat is statistically
significant, while the increase in the summer
bat is not. Since these changes and indica-
tions of changes in mast cell number are ac-
companied by alterations in the clotting time
of the blood, it is possible that the mast cell
alterations, in part at least, may account for
the different clotting times. Thus increased
numbers of mast cells are associated with an
increased availability of heparin and pro-
longed blood clotting; while decreases in mast
cells are associated with a lowered availability
of heparin and rapid blood clotting. Similar
changes have been observed in the hedgehog
and have been given a like interpretation(8).
Microscopic examinations of sections of the
duodenum and of whole mounts of the skin
gave no information on the fate of mast cells
disappearing when the winter bat is placed
at 23°C. The number of abnormal (degen-
erated) (10) mast cells was small and essen-
tially constant in all the conditions studied.

Failure to find differences in the absolute
number of mast cells in duodenal sections
from summer and winter bats might be ac-
counted for by differences in strain.

Summary. 1. Blood coagulation times and
tissue mast cell counts were determined on
summer and winter bats and upon their ex-
posure to 5°C and 23°C, respectively. 2. In
nature the blood clotting time of the active
summer bat is short, while that of the dormant
winter bat is prolonged. Exposure of the
summer bat to 5°C and the winter bat to
23°C in the laboratory results in a lengthen-
ing and a shortening of the clotting, respec-
tively. The number of tissue mast cells in
the duodenum appear to increase in the former
case and decrease in the latter instance. 3.
The above changes are interpreted as indicat-
ing the presence of a mechanism which pre-
vents thrombus formation under the condi-
tions of slow blood flow during dormancy and
which allows for rapid clotting when the bat
is active. The mast cell changes suggest that
the alterations in clotting time are determined
at least in part by alterations in the avail-
ability of heparin to the circulation.
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Inhibition of in vitro Heme Synthesis from N3-Glycine by 2-Ethyl-S-
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Avian erythrocytes incorporate N'5 into
heme when incubated with N'%-glycine and
provide an iz vitro biological system for the
study of heme synthesis(1). Because of the
chemical relationships of methyl-substituted
benzimidazoles to the benzimidazole moiety of
vit. By2 and to the purines, we investigated
the effect of their addition to this system(2).

2,5-Dimethylbenzimidazole previously had
been noted to act as a growth depressant when
fed to rats in tests of compounds for vit. By»-
like activity(3). It inhibited red blood cell
formation in mice made anemic by phenyl-
hydrazine injection(4) and inhibited influenza
virus multiplication(5).

We found that 2,5-dimethylbenzimidazole
and 5,6-dimethylbenzimidazole prevented in-
corporation of N5 from N¥-glycine into
heme. Benzimidazole and 2-methylbenzim-
idazole at the same concentration had slight
but not comparable activity., 5-Methylben-
zimidazole had an inhibitory effect interme-
diate between that of benzimidazole and 2,5-
dimethylbenzimidazole(2).

These compounds, in approximately the
same concentration and in precisely the same

*From a brief report presented at the 32nd
annual meeting of the Virginia Academy of Science,
Charlottesville, Va., May 7, 1954.

t We are indebted to Dr. William T. Ham and
the Biophysics Department for use of the mass spec-
trometer and to Mr. Hyman Rosen for preparation
of the N¥-glycine used. Assistance in part from
grants under the direction of the late Dr. E. I. Evans
is gratefully acknowledged. :

relative order of inhibitory activity, were

found by Tamm et al.(6) to inhibit multipli-

cation of influenza A or B virus. The striking
coincidence of relative inhibitory activities of
the methyl-substituted benzimidazoles for 2
widely different systems, iz vitro hemoglobin
synthesis by avian erythrocytes and virus du-
plication, indicated to us that some funda-
mental mechanism underlying both processes
might be involved.

Tamm et al.(6) found 2-ethyl-5-methylben-
zimidazole to be a much more potent antiviral
agent than any of the benzimidazoles studied
by us in the avian erythrocyte system(2). It
was considered to be approximately 7 times
more effective than 2,5-dimethylbenzimidazole
and 19 times more so than benzimidazole. It
is thus of importance to know whether 2-
ethyl-5-methylbenzimidazole likewise is a
more effective inhibitor than 2,5-dimethylben-
zimidazole for the synthesis of heme by the
avian erythrocyte. This has been determined
to be so in the present study and supplies
additional support to the concept that the
same fundamental mechanism underlies both
processes.

Experimental. Fresh chicken blood was
obtained for each experiment. Penicillin and
streptomycin were added to inhibit microbial
action during incubation(1).  Twenty ml
blood samples were incubated with the experi-
mental compound and 25 mg N'%-glycine (31
atom % N9) in 50 ml Erlenmeyer flasks with
constant shaking for 24 hours in a water bath
at 37°C. 1In each experiment the effect on



