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old were inoculated with the Jensen sarcoma 
and the phagocytic index of the reticuloendo- 
thelial system was measured a t  various stages 
of tumor growth. The older animals bearing 
the Jensen tumor produced more and an ear- 
lier stimulation in the rate of carbon clear- 
ance than the younger tumor-bearing animals. 

1. Benacerraf, B., Biozzi, G., Halpern, B. N., 
Stiffel, C., In: Physiopathology of the Reticuloendo- 
thelial System, (Halpern, B. N., Benacerraf, B., Dela- 

fresnaye, J. F.) p52, 1957, Blackwell Scientific 
Publications, Oxford, England. 
2. Old, L. J., Clarke, D. A., Benacerraf, B., Gold- 

smith, M., Ann. N .  Y .  Acad. Sci., 1960, v88, 264. 
3. DiCarlo, F. J., Haynes, L. J., Phillips, G. E., 

PROC. Soc. ED. BIOL. AND MED., 1963, v112, 651. 
4. Biozzi, G., Benacerraf, B., Halpern, B. N., Brit. 

J .  Exp. Path., 1953, v34, 441. 
5.  Old, L. J., Clarke, D. A., Goldsmith, M., Proc. 

Am.  Assn. Cancer Research, 1959, v3, 49. 

Received November 11, 1963. P.S.E.B.M., 1964, v115. 

Platelet Size in Relation to Platelet Age. (29006) 

T. P. MCDONALD, T. T. ODELL, JR. AND D. G. GOSSLEE 
Biology Division, Oak Ridge National Laboratory,* Oak Ridge, Tenn. 

In  a study of the in vivo aging of rat 
blood platelets, the relative sizes of platelets 

tional Refrigerated Centrifuge: model PR-2) 
for 40 minutes, the platelet-rich plasma-sa- 

of young, old, and normal populations were 
compared by measuring with a cathetometer 
the volumes of packed platelets in micro- 
hematocrit tubes; it was found that platelet 
size decreases with age( 1). The purpose of 
this study was to investigate the frequency 
distributions of platelet sizes in populations 
of varying age using a Coulter Electronic 
Particle Counter with a particle size distri- 
bution plotter attached( 2,3). 

Methods. Blood was drawn from the ab- 
dominal aorta of anesthetized male Sprague- 
Dawley rats into cold, siliconed 20-ml sy- 
ringes containing 1 ml of a 1 %  solution 
of filtered ethylenediaminetetraacetic acid 
(EDTA) in 0.7% saline. All diluents used 
were filtered through a filter having 0.45 p 
pore size. A standard volume of 10 ml of 
blood was collected from each rat and was 
diluted with 6.25 ml of filtered saline to ob- 
tain a better yield of platelets. The blood- 
saline mixture of each rat was equally di- 
vided into two 15-ml conical centrifuge tubes, 
and the platelets were separated by differen- 
tial centrifugation in a refrigerated centrifuge 
(5°C).  After a slow centrifugation of the 
blood a t  107 X g (750 rpm in an Interna- 
~ 
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line was removed and spun more rapidly a t  
760 X g (2,000 rpm) for 30 minutes to obtain 
a platelet button. The platelets were then 
resuspended in 0.9% saline to give concen- 
trations of 9,747 to 37,030 platelets/50 p1. 
(The standard volume of suspension pulled 
through the counting aperture was 50 pl 
when making numerical counts.) Platelets 
that had been separated from blood and re- 
suspended in saline were used in these ex- 
periments rather than diluted platelet-rich 
plasma because our own work and that of 
others(4) has indicated that, in addition to 
platelets, the latter may contain unidentified 
small particles that affect platelet counts and 
possibly size distribution curves. 

Populations of young platelets were ob- 
tained from rats that were recovering from 
thrombocytopenia induced with antiplatelet 
serum( 1 ) .  Four hours after injection of the 
antiplatelet serum there were no circulating 
platelets. At 24 hours the platelet count was 
approximately 4,000/mm3, which was too 
few for satisfactory collection. Platelets were 
collected and sized 2, 3, 4, 5 ,  6, and 7 days 
after antiserum injections. Platelets collected 
2 days after antiserum injection, therefore, 
had an age range of 0-2 days. 

Populations of old platelets were prepared 
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by incubating normal platelets in rats made 
platelet-deficient as a result of the bone mar- 
row aplasia produced by 900 r of whole-body 
X-radiation. On the 6th day after irradiation 
when platelet counts averaged 1 68,000/mm3, 
11.78 X lo9 freshly prepared platelets in 2 
ml of normal rat serum were injected into 
the jugular vein. Two days later these plate- 
lets were collected. At this time, platelet 
counts of the transfused rats averaged 178,- 
000 platelets/mm3 (N = 6) ,  and counts of 
rats similarly irradiated but not transfused 
averaged 3 1,700 platelets/mm3 (N = 6) .  
Therefore, the host may have contributed 
about 18% of the collected platelets, prob- 
ably largely “old” platelets, while the re- 
mainder were donor platelets, the youngest 
of which were 2 days old. 

Platelet sizes were measured with a Coul- 
ter Electronic Particle Counter, model B, 
coupled with a particle size distribution plot- 
ter. The heart of the counter is a small hole 
or aperture in a glass tube that is immersed 
in a conducting solution (saline) and across 
which a current is applied by means of an 
electrode on each side. Passage of a particle 
(cell), which is a poor conductor, through 
the aperture causes a change in the current 
that is visualized as a spike on an oscillo- 
scope and recorded as a pulse on a scaler. 
The aperture must be large enough in diame- 
ter that it does not frequently become 
clogged. On the other hand, reduction in size 
of the aperture reduces the coincidence ex- 
perienced because of simultaneous passage of 
more than one particle. Coincidence is also 
reduced by greater dilution of the particles. 
A 50 p aperture was found suitable for these 
experiments. Pulse height is proportional to 
particle size and the particle size plotter 
records the relative number of pulses occur- 
ring in a standard length of time (4 seconds) 
in 2 5 successive 4-unit pulse-height windows. 
Thus particles of increasing size are counted 
in successive windows. Window number can 
be translated to platelet size in p3  by apply- 
ing a conversion factor, but in this report 
window number has been used to designate 
relative platelet size. The relative number of 
platelets per window is plotted directly in 

graph form(4) , and a frequency distribution 
curve of particle size can be obtained by 
joining the peaks plotted in each window. 
The relative frequencies were converted to 
percents of total counts for comparison pur- 
poses. Amplification and aperture current 
(multipliers) are set to place the mean pulse 
height of the particles being measured near 
the middle window; in these experiments, 
they were each set at  5. 

After sizing was accomplished, the plotter 
was disengaged and the number of particles 
per 50 pl was determined. When counting 
numbers of platelets without the plotter, the 
lower threshold was set a t  5 and the upper 
threshold at  its maximum, 100. (In subse- 
quent experiments, the lower threshold has 
been set a t  8 to eliminate a small increase in 
electronic background noise of the instru- 
ment.) 

The concentrations of platelets in the sam- 
ples measured were great enough to result in 
some coincidence counting, which would tend 
to increase the skewing of the particle size 
distribution curves to the right. In addition, 
the range of platelet concentration of the 
samples may have introduced some variabil- 
ity in curves of size distribution. However, 
although stringent control of platelet concen- 
tration might reduce variability due to ex- 
perimental procedure, the standard errors of 
the mean in our experiments were small. 

Peripheral platelet counts were made visu- 
ally on blood taken directly from the leg vein 
into red cell pipettes using the hemocytome- 
ter and the phase microscope method( 5) .  

Results. Injection of platelet-specific anti- 
serum into rats reduced the peripheral plate- 
let count essentially to zero within 4 hours. 
Two days later the count began to rise sharp- 
ly, reaching normal levels by day 4, over- 
shooting on day 5, and then declining toward 
normal levels (Fig. 1). 

Size distribution curves of young platelets, 
collected 2 days after injection of platelet- 
specific antiserum, were shifted to the right 
(larger) of curves of a normal platelet popu- 
lation. Curves of old platelets were shifted 
to the left (smaller) as illustrated in Fig. 2. 
The window numbers were converted to loga- 
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rithms to transform the skewed distributions 
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Multiple Range Test(6,7) of the results of 2 
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FIG. 1. Peripheral platelet counts of rats after injection of platelet-specific antiserum. 
Numbers indicate number of rats a t  each point, and bars denote standard errors of mean. The 
mean of normal (untreated) platelet populations is  shown by a horizontal dashed line. 

FIG. 2. Size distributions of platelets of young, normal, and old populations. Curves of 
young and old platelets are the means of 3 rats, and of normal platelets, 2 rats. Size is shown 
as window number rather than in F3. 

FIG. 3. Cumulative frequency of size distribution of a population of normal platelets (one 
rat) plotted on a Gaussian probability scale against the logarithm of the window number. 
Open circles denote experimental points before correction for truncation. 

FIG. 4. Cumulative frequencies of size distributions of platelets plotted on a Gaussian 
probability scale against the logarithms of platelet size (window number). Numbers on lines 
indicate the day after injection of platelet-specific antiserum on which platelets were collected. 
Each Line represents the mean of 3 rats, except at 2 days when N = 2. 
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TABLE I. Comparison of Platelet Size (Mean Window) of Young, Normal, and Old Popula- 
tions of Platelets. 

? Exp 1 \ r  -$ Exp 2 
Log S.E. of mean Log S.E. of mean 

No.of Mean mean of preceding No. of Mean mean of preceding 
rats window window column rats window window column 

Young 3 12.96" 1.112" .@lo5 2 14.65" 1.166" .0164 
Normal 2 10.27 1.012 .@127 5 8.78 ,942 ,0105 
Old 3 9.32 .969 .@lo5 3 8.32 .920 .0134 

" Mean with superscript "a" is significantly different from means without superscript "a, " 
according to Duncan's Multiple Range Test a t  the 1% level of significance. 

cantly from normal and old. The difference 
between old and normal platelets was nearly 
significant statistically a t  the 5 %  level in the 
1st experiment and was not different by this 
criterion in the 2nd experiment. Differences 
of mean window values and thus size between 
corresponding populations in the 2 experi- 
ments may be attributable to a variation in 
technique, such as a difference in the pH of 
the diluent, which can affect platelet volume. 
The same procedures were followed within 
each experiment but a different lot of saline 
was used in the two experiments. 

Windows 1, 2 and 3 were omitted from the 
size distributions since they contained counts 
due to background noise. Also, counts were 
not possible on sizes corresponding to win- 
dow numbers greater than 25, and a statisti- 
cal method for truncated data(8) was used 
to obtain unbiased estimates of the mean and 
variance of the size distributions. The points 
on the observed size distribution curve of 1 
animal (normal) and the curve corrected for 
truncation are plotted in Fig. 3. The cumula- 
tive frequency of the size distribution is 
plotted on a Gaussian probability scale 
against the logarithm of the platelet size 
(window number). The curvature and steeper 
slope of the points are assumed to be due to 
truncation. The distribution curves of young 
platelets showed the greatest deviation from 
linearity plotted in this manner. This may 
result in part from the fact that the upper 
end of the distribution curves of populations 
of young platelets were not included in the 
plots a t  the aperture current and amplifica- 
tion settings used in these experiments. For 
the old platelets the truncation is not as ap- 
parent and the plots are nearly linear indi- 

cating that the logarithmic transformation of 
platelet size converts the skewed distributions 
into distributions which are approximately 
Gaussian ( 2 ) . 

During the recovery period after injection 
of platelet-specific antiserum, as the number 
of platelets in the peripheral circulation ap- 
proached normal values, the size distribution 
curves approached those of normal popula- 
tions. In Fig. 4 the cumulative frequencies 
of the size distributions corrected for trunca- 
tion are plotted on a Gaussian probability 
scale against the logarithms of the platelet 
size (window number). Table I1 presents the 
results of a statistical comparison of the 
mean windows of the platelet distribution 
curves, which are directly proportional to 
mean platelet volumes. The mean platelet 
volume on day 2 was considerably greater 
than on any other day measured, and then 
declined. 

TABLE 11. Comparison of Platelet Size (Mean 
Window) of Populations of Platelets Collected at 
Intervals After Injection of Platelet-Specific Anti- 

serum. 

Log S.E. of mean 
No. of Mean mean of preceding 

Day rats window window column 

2 2 14.65" 1.166" .0164 
3 3 11.67" 1.066" .0134 
4 3 9.94" .997" .0134 
5 3 10.09" 1.004" .0134 
6 3 10.35" 1.015" .0134 
7 3 9.63c .984" .0134 

a Mean with superscript "a" is significantly dif- 
ferent from means without superscript ( ' a, ' ) ac- 
cording to Duncan's Multiple Range Test a t  the 
5 % level of significance. 

are 
different from those without superscript ( ' b, ) ' and 
means with superscript ' c ' ' are different from 
those without superscript ( ' c. " 

b*e Likewise, means with superscript '' b ' 
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Discussion. The results of these experi- 
ments are in agreement with earlier work(1) 
that suggested a diminution in size of plate- 
lets during their survival time in the periph- 
eral circulation. 

I t  should be noted that the young platelets 
utilized in these experiments were obtained 
from rats that had been completely depleted 
of platelets and at  time of collection were 
producing platelets a t  a rate that was prob- 
ably more rapid than normal. The peripheral 
platelet count rose from about 10% of nor- 
mal on the 2nd day after injection of plate- 
let-specific antiserum to about 135% of nor- 
mal on the 5th day (Fig. 1 ) .  Thus at  least 
40cJc of the 5-day population was produced 
each day, without allowance for any platelet 
loss during these 3 days. I t  is therefore pos- 
sible that the larger size of the “young” 
nlatelets mav be conditioned, at  least in part, 
by the rapid rate of production rather than 
bv their youth. This question cannot be re- 
solved with the results available a t  present. 

Although the difference in size (volume) 
between old and normal platelets was not sta- 
tistically si,mificant in these and earlier ex- 
Deriments, the old platelets have consistently 
had a smaller size than that of normal popu- 
lations. The old platelets in these experi- 
ments were derived from normal populations 
and were thus not produced under abnormal 
circumstances. I t  is conceivable that they 
might have been altered in an unusual way 
by incubation for 2 days in an irradiated 
host, although no evidence is now available 
that suqgests such an occurrence. While not 
conclusive, the results of the experiments on 
old platelets support the concept of a de- 
crease in size of platelets with age. 

What changes in platelets are responsible 
for a decrease in size with length of survival, 
and their significance in terms of platelet 
function, remain to be determined. Results 
of Detwiler and coworkers ( 1 ) suggested that 
the content of ATP decreases with age which 
may imply a gradual loss of functional factors 
with age. 

The decrease in size and change in chem- 
ical composition suggest that platelets under- 
go a process of maturation or senescence while 

circulating in the blood stream. Whether or 
not platelets have a mean life span or are 
randomly lost from the circulation remains 
an open question, although it appears likely 
that both alternatives are operative, the rela- 
tive importance of each depending on physio- 
logical circumstances. 

Studies by Spertzel et aZ(9) in dogs after 
whole-body irradiation demonstrated differ- 
ences in the size distribution of platelets that 
may be interpreted to indicate a correlation 
between age and size. In the first week after 
exposure, there was a slight progressive de- 
crease in number of larger platelets, which 
we interpret to indicate an increase in the 
average platelet age due to inhibition of new 
platelet production by the radiation. When 
the dogs were sampled again on the 28th day 
during recovery, mean platelet size was 
qreater than normal (newly produced plate- 
lets) followed by a return toward a normal 
size distribution in the following; weeks. 

Summary. The frequency distribution of 
platelet sizes in platelet populations of var- 
ious ages was investipated using; a Coulter 
Electronic Particle Counter, model B. and a 
particle size distribution plotter. Platelets 
were obtained from male Sprague-Dawley 
rats, young platelets from rats recovering 
from thrombocytopenia induced with platelet- 
specific antiserum, and old platelets after 2 
days’ in vivo incubation of normal platelets 
in irradiated, thrombopenic rats. The size 
distribution curves demonstrated a shift 
toward larger than normal size in the case of 
young platelets and smaller size for old plate- 
lets. Statistical analysis of the curves gave 
unbiased estimates of mean sizes and vari- 
ances which were used to test hypotheses con- 
cerning the effect of age on platelet size. 

1. Detwiler, T. C., Odell, T. T., Jr., McDonald, 
T. P., Am. J .  PhysioE., 1962, v203, 107. 

2. Brecher, G.,  Jakobek, E. F., Schneiderman, 
M. A., Williams, G .  Z. ,  Schmidt, P. J., Ann. N .  Y .  
Acad. Sci., 1962, v99, 242. 

3. Lushbaugh, C. C., Basmann, N. J., Glascock, B., 
Blood, 1962, v20, 241. 

4. Sipe, C. R., Cronkite, E. P., Ann. N .  Y .  Acad. 
Sci., 1962, v99, 262. 

5. Brecher, G., Schneiderman, M., Cronkite, E. P., 



ERYTHROCYTIC INCLUSION BODIES-RABIES 689 

Am. J .  Clin. Path., 1953, 33, 15. 9. Spertzel, R. O., Bucci, T. J., Ingram, M., Radia- 
tion Efec ts  in Physics, Chemistry and Biology, Proc. 
2nd Internat. Cong. Radiation Res., 1962. 

Received November 13, 1963. P.S.E.B.M., 1964, v115. 

6.  Duncan, D. B., Biometrics, 1955, v l l ,  1. 
7. LeClerg, E. L., Agri. Research Service, U. S. 

8. Cohen, A. C., Biometrika, 1957, v44, 225. 
Dept. Agri., ARS-20-3, May, 1957. 

Observations on Erythrocytic Inclusion Bodies from Mice Infected 
with Rabies  Virus.  (29007) 

FREDRIC L. FRYE AND JOHN B. ENRIGHT (Introduced by N. F. Baker) 
Department o f  Veterinary Public Health, School of Veterinary Medicine, 

University of California, Davis, Calif. 

I t  has long been argued that there exists 
no demonstrable viremic phase in clinical 
rabies. Koprowski and Cox ( 1 ) cite numerous 
reports on both affirmative and negative at- 
tempts to isolate rabies virus from the blood 
of several species of rabid animals. None of 
our several attempts to induce rabies experi- 
mentally in new-born mice after injection of 
the blood of rabid animals has been suc- 
cessful. It seems logical, however, that at  
some time in the progression of rabies, virus 
would be present in the peripheral blood. 
Wong and Freund(2) found rabies virus in 
the blood shortly after intracerebral injection. 
Reports have shown rabies virus to be present 
in such non-nervous tissue sites as renal tubu- 
lar epithelium, mammary gland, pancreas, 
brown fat and respiratory mucosal epithelium 
of infected animals(3-10). The thought that 
virulent virus could proceed to these sites 
solely by way of the nervous system seems 
tenuous at  best. There is also mounting evi- 
dence of the transmission of rabies virus via 
aerosol from flying bats, presumably arising 
from inflight urination ( 11 ) . 

In studies with canine distemper virus it 
has been shown that intracytoplasmic inclu- 
sion bodies are present in conjunctival, respir- 
atory and urinary bladder epithelial cells in 
addition to the cells of the central nervous 
system( 12-15). Recent work has shown that 
neutrophils and monocytes from peripheral 
blood as well are found to contain distemper 
inclusions when specifically stained. Fluores- 
cent antibody studies have proven their spe- 
cificity( 13,14,16,17). 

This report concerns an investigation as 
to whether the peripheral blood of laboratory 
mice would yield similar structures during 
the course of rabies. 

A pilot study was made by randomly 
sampling the peripheral blood of mice in 
various stages of clinical rabies induced with 
several sylvatic strains of virus. During this 
preliminary study, several of the stained 
smears showed erythrocytes with inclusion 
bodies strikingly similar to those seen in leu- 
kocytes and epithelial cells from dogs with 
clinical distemper. Following this initial dis- 
covery, a systematic approach was taken to 
find just when these bodies first appeared. 

Materials and methods. Webster-Swiss 
mice 21 days old were divided into groups 
of 12 each with 6 mice per cage. Equal num- 
bers of males and females were present but 
with the sexes separate. Group I was the 
control. Group I1 consisted of 12 mice inocu- 
lated with virulent rabies originally isolated 
from a rabid coyote (no. L488, mouse pool 
4) ,  and subsequently identified by serum neu- 
tralization, fluorescent antibody studies and 
Seller’s staining for Negri bodies. They were 
inoculated intramuscularly in the right hind 
leg with 0.1 ml of a 10-1 dilution of mouse 
brain suspension with an intramuscular titer 
of 10-1.75 ( 18). Following inoculation, one- 
half of each group (6  animals) was bled on 
alternate days by clipping the tail tip to ob- 
tain free flowing blood to prepare film pairs. 
The slides thus prepared were fixed while still 
wet in absolute alcohol anhydrous diethyl 
ether, equal parts, and allowed to remain 


