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There are several possible methods for de-
termining the clearance rate of foreign ery-
throcytes from the bloodstream of a laborato-
ry animal. Perhaps the most direct way is
differential counting if the erythrocytes in-
volved are physically distinguishable as is the
case when nucleated avian erythrocytes are
followed in a mammalian species (1). Radi-
oactive labels have been employed to deter-
mine clearance rates of mammalian erythro-
cytes in other mammalian species. Ingraham
(2) used the external 35S sulfanilic acid label
on sheep erythrocyte stroma (SRBC) and
Wust (3) traced SRBC marked with the in-
ternal "5Se label. These methods are very
sensitive, but have the major disadvantage of
following the label and not the antigen it-
self.

In the present work an antibody-inhibition
assay was used in an attempt to make a
more direct, immunologic estimate of the
clearance rate of foreign mammalian erythro-
cytes. By measuring uptake of specific hemo-
lytic antibody, SRBC were followed in the
circulation of the mouse. The results were
compared to those obtained with a second
method involving hemocytometer counts of
SRBC in mouse blood. The SRBC became
morphologically readily distinguishable from
mouse cells when both cell types were sus-
pended in hypotonic blood-diluting fluid. The
blood clearance curves obtained by both
methods were compared and found to be in
good agreement.

Besides being more direct, these methods
have certain other advantages over radioac-

* This work was supported by Training Grant
1-T1-AI-281-01 from the National Institute of Aller-
gy and Infectious Diseases and Grant GB-7351 from
the National Science Foundation.

tive labeling. Neither method requires any
prior treatment of the SRBC; at least some
types of radioactive labeling have been shown
to affect the clearance rate of the antigen
used (4). Also, both methods are relatively
rapid and require low-cost equipment.

Materials and Methods. The mice used
were 8-week-old females of the ICR strain
obtained from Camm Research Institute,
Wayne, New Jersey. Their weights averaged
32 g, and they were given food and water ad
libitum. These mice carry the Forssman anti-
gen in the spleen and consequently are free
of circulating, natural anti-Forssman hemoly-
sin. Since they also served as the source for
the SRBC-antiserum used in the inhibition
assay, the specificity of this serum was di-
rected predominantly against the isophile an-
tigens of the sheep cells.

SRBC were obtained in Alsever’s solution,
washed, and suspended in saline to 50% by
photometric standardization. To determine
clearance, each mouse was injected in-
travenously with 0.2 ml of the 50% suspen-
sion. The dose, which corresponded to 1.6 X
10° cells, was not adjusted to the individual
mouse weights because they varied over a
very narrow range.

Thirty seconds, 15, 30, 60, and 120 min
after injection, the mice were killed by cer-
vical fracture. This procedure also served to
rupture the great vessels allowing blood to
collect in the thoracic cavity from which it
was aspirated with a heparinized capillary
pipette. The mouse blood was washed twice
in veronal buffer (5) (centrifugation at 700
g) and the cells were suspended in a volume
twice that of the original blood volume,
Blood samples from three mice were pooled
for each time point and separate groups were
used for each method.
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For the inhibition assay, the suspensions of
washed blood cells were diluted 10—, 102
and 10—2. To 1.8 ml of each dilution, 0.2 ml
of a mouse antiserum against SRBC contain-
ing 20 units of 50% hemolysin was added
(see below for method of titration). The sus-
pensions were mixed and incubated at 37° for
2 hr. After centrifugation of the suspensions
at room temperature, the supernatant frac-
tions were titrated for remaining antibody
according to the method described by
Chapman and Sussdorf (6). According to this
assay, a hemolysin unit is defined as the
reciprocal of that fraction of a milliliter of
sample which lyses 50% of 1.7 X 107 SRBC
in the presence of four 50% units of guinea
pig complement, in 30 min at 37° and in a
reaction volume of 2.5 ml.

Control preparations for the inhibition as-
say consisted of erythrocytes from uninjected
mice plus antiserum, and antiserum alone.
Mouse cells did not significantly affect the
hemolytic activity of the anti-SRBC serum.

Results. Figure 1 shows the percentage of
hemolysin units remaining after the reaction
of anti-SRBC serum with various dilutions of

~~——o 120min
Normal mouse RBC
fc_” )] E— ,,v\,::\..‘ IR :‘::A,.,:,\) go,ml,n_u
= Titration endpoint N
> N,
< - “
c
] SN
5 % 30min
o 40)- .
E \(, 15min
= o
B
S
£
3
2 \
= 20 % 30sec
10% L . \ 1 L . i " | bl L IJ_I

10 10 10
Dilution of blood sample (log)

F1c. 1. Immune assay for sheep erythrocytes cir-
culating in the mouse. Samples of mouse blood taken
at various times after injection of sheep erthro-
cytes were serially diluted and combined with a
standard amount of anti-sheep erythrocyte serum.
Shown is the percentage of antibody units remaining
after absorption in relation to sample dilution.
Sheep erythrocyte concentration was calculated from
the sample dilution required to leave 70% of the
added hemolysin unabsorbed (see calibration
curve in Fig, 2).
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F1c. 2. Calibration curve correlating percentage of
hemolysin units remaining after absorption of a
standard amount of antiserum by increasing num-
bers of sheep erythrocytes. A 30% hemolysin uptake
(70% remaining) in the immune assay for circulatory
clearance of sheep erythrocytes corresponded to
1.23 X 10° cells.

mouse blood samples. The times indicated
are the intervals between injection of SRBC
into the mice and collection of the blood
samples. From each of these plots the dilu-
tion of mouse blood that would result in 30%
antibody uptake (70% remaining) was de-
termined. The number of sheep erythrocytes
corresponding to a 30% uptake of the anti-
body activity added to the assay system was
read from a calibration curve of antibody
uptake vs. number of erythrocytes (Fig. 2).

The accuracy of the immunologically de-
termined sheep cell clearance was checked by
a method permitting visual differentiation
between mouse and sheep erythrocytes.
When a mixture of mouse and sheep erythro-
cytes are suspended in Gower’s solution di-
luted 1:4 with distilled water, the sheep cells
appear wrinkled while the mouse cells look
normal (Fig. 3). To check the reliability of
this distinction mixtures were made of vary-
ing dilutions of washed sheep erythrocytes
and a standard volume of whole mouse blood.
The mixtures were incubated at 37° for 2 hr
to simulate conditions within the animals.
Differential hemocytometer counts were
made in diluted Gower’s solution to deter-
mine the number of SRBC present per milli-
liter of cell mixture. These counts are com-
pared with the counts of SRBC diluted iden-
tically but mixed with saline instead of
mouse blood. Table I shows that the counts
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F1c. 3. Sheep and mouse erythrocytes (X 500)
suspended in Gower’s solution diluted 1:4 with dis-
tilled water. The mouse cells retain a normal con-
figuration while the sheep cells are smaller, lack re-
fractility at the edge, and appear wrinkled.

are in agreement within 10%.

Figure 4 represents the blood clearance
curves obtained by the two methods. They
are in good agreement even though they were
determined in different groups of mice.
Within 1 hr over 95% of the foreign erythro-
cytes were cleared, and at 2 hr the numbers
remaining were undetectable by these meth-
ods. This rate of clearance is markedly
greater than that reported by Wust (3). He
followed the same dose of internally (?Se)
labeled SRBC in mice and found 40-60% of
the label still present at 2 hr. The faster
clearance observed by us could not be at-
TABLE 1.

Hemocytometer Counts of SRBC

Diluted in Mouse Blood.®

Counts (X 10%) in:

Dilution of SRBC Mouse blood Saline
1:10 198 +17.8 212 + 171
1:100 20 + 7.1 22 + 2.8
1:1000 23+ 09 23 +04

“The counts were made on the basis of the
changed morphology of SRBC and unaltered ap-
pearance of mouse RBC in hypotonie Gower’s solu-
tion. These counts are compared with those of
SRBC diluted in saline instead of mouse blood.
Mean and standard deviation of three dilutions,
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F16. 4. Blood clearance of sheep erythrocytes in
the mouse as measured immunologically and by
direct hemocytometer count.

tributed to the presence of natural, circulat-
ing anti-Forssman hemolysin. The apparent
persistence of antigen in Wust’s experiments
was probably due to the inclusion of substan-
tial amounts of soluble label in the blood
clearance determinations as indicated by the
high levels of label present in the plasma of
these animals.

Summary. Immunological and visual count-
ing methods are described for following the
circulatory clearance of sheep erythrocytes in
mice. In the immunological assay the uptake
of anti-sheep erythrocyte hemolysin by
mouse blood was measured. Visual counts
were based on the finding that, contrary to
mouse erythrocytes, sheep erythrocytes are
morphologically altered by hypotonic Gow-
er’s solution. The clearance rates observed by
the two methods were in close agreement.
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