INTRAVASCULAR INJECTION AND BLEEDING OF RODENTS

may be inhibited in tissue extracts by some
macromolecular particles. The L virus is
Jarger, has a more limited host range, and
may be related to the genome of the leukemic
cell.
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Recent quantitative studies of immunologi-
cal tolerance have focused attention on the
need for special technics of bleeding and in-
jection of embryonic and neonatal animals.
Billingham and Brent(1) found that a higher
proportion of tolerant mice was produced
when homologous cells were injected by the
intravenous route into the newborn than by
other routes of administration. Their method
of intravenous injection requires considerable
skill and is not suitable for bleeding neonatal
mice. Terasaki and Cannon(2) have devised
an ingenious technic for cross-transfusion of
blood in embryonic chicks. An intravascular
method of injection for rat embryos of 13 to
17 days was described by Grazer and Cle-
mente(3) but it has a relatively high mortality
rate. The intracardiac technic described here
for bleeding and injection of newborn rats
and mice was accompanied by mortality of
less than 5% in over 600 newborn rats, and
40 newborn mice. This technic has been ad-
vantageously employed in studies of trans-
plantation immunity (4), and heterologous tu-
mor cell tolerance.

* Supported in part by U.S.P.H.S. Cancer Research
Summer Fellowship.

Methods and materials. The animal is im-
mobilized on an injecting board ventral side up
(Fig. 1) with masking tape. It is important
to stretch the subject as it is masked down,
which helps to bring the heart closer to skin
surface. The injecting equipment consists of
a mounted Luer Lock Tuberculin syringe con-
nected to a 15-inch length of P 50 polyethyl-
ene tubing by means of a plastic tubing
adapter (Clay Adams size A). The 15-inch
length can be conveniently calibrated for vol-

NEWBORN RAT

NEWBORN MOUSE

FIG. 1. Injection apparatus and procedure. (A)

Luer Lock Tuberculin Syringe. (B) Plastic tubing

adapter (Clay Adams Size A). (C) P50 polyethyl-
ene tubing.
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FIG. 2. Infra red photograph of newborn mouse
demonstrating cardiac silhouette., Tip of white ar-
row is the anatomical site for injection.

umes up to 0.1 ml. A small length (14inch)
of P 10 tubing is slipped inside the distal end
of the P 50 tubing to serve as an adapter for
the 30 gauge needle stock which is obtained by
cutting off the hub of a 30 gauge needle. Be-
fore injecting or withdrawing blood, we rinse
the tubing with anticoagulant (normal saline
and heparin) which is then drawn back into
the syringe. The air space thus created sepa-
rates the material in the syringe from the
blood being drawn. The needle is inserted at
right angles to the skin surface of the immo-
bilized animal to a depth of about 3 mm just
to the left of the midsternal line and approxi-
mately 1 mm above the costal margin (Figs. 2,
3). As soon as the needle is in the heart, the
blood pressure readily pumps the blood into
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the tubing and it is no longer necessary to
hold the needle. The free hand is immedi-
ately used to support the weight of the tubing.
This procedure allows the animal to make
small movements without dislodging the
needle or traumatizing the heart. Rapid in-
jection of cell suspensions can be made with-
out danger to the animal. However, this
technic also allows the injections to be per-
formed over a relatively long period of time.
Momentary aspiration can be performed oc-
casionally to confirm that the needle is in
proper intracardiac position. The newborn
rat will tolerate removal of .075 ml of blood
or an injection of the same volume. Above
this volume the mortality is considerably in-
creased. Newborn rats will readily tolerate
intracardiac injections on several successive
days. In the same manner, they may be bled

FIG. 3. Close up of injection procedure with new-
born rat.
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and reinjected a few minutes later without
difficulty. The newborn mouse easily toler-
ates the removal of .025 ml of blood or the in-
jection of .05 ml of cell suspension.

There are several advantages that this tech-:

nic provides over the intravenous rotite. One
person can perform the operations without the
aid of an assistant, and the inexperienced in-
jector can become quite proficient after the
first few attempts. Because of the size of the
heart and the transparency of the skin, no
magnification is required as with intravenous
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injections. There are no post-injection hema-
tomas, and there is no need to apply pressure
after withdrawal of the needle.
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A previous report indicated that accurate
counts of vaccinia virus particles could be
made in unpurified suspensions by diluting the
crude 10% extract 1:100 and sedimenting the
virus out of the diluted sample onto a collo-
dion coated grid. Counts were then made in
the electron microscope(1). It was felt that,
even in the presence of much non-viral debris,
vaccinja particles could be discerned clearly
enough for quantitative determinations. Other
studies, however, have questioned the validity
of this general procedure(2). The question
is whether there is some dilution range of the
crude extract in which replicate counts of
virus are feasible and in which counts are lin-
ear with dilution. The present paper ana-
lyzes a large number of vaccinia virus counts
performed on crude 10% extracts of virus-in-
fected chorioallantoic membrane and rabbit
skin tissues utilizing count-dilution curves and
demonstrates that accurate and reproducible
virus particle counts are obtainable in these
non-purified suspensions.

Materials and methods. Virus and virus

* This work was supported in part by research
grants RGS5177 "and E2035 from U.SPH.S. and
aided by gift of centrifuge equipment ffom Ivan
Sorvall, Norwalk, Conn.

extracts. Vaccinia virus was obtained from
North Carolina Dept. of Health as a calf
lymph suspension and maintained in this lab-
oratory by passage on chorioallantoic mem-
brane of 12-day-old embryonated eggs and on
skin of rabbits. Egg membranes were removed
66 hr after inoculation and areas showing con-
fluent vaccinia lesions were cut out and ex-
tracted in glass tissue grinder with 5% horse
serum in normal saline. The extract was
then centrifuged at 1600 rpm for 5 minutes.
The supernate was removed, divided in ali-
quot parts and stored at —60°C. . The egg
membrane virus used was the 5th egg passage
of the original calf lymph suspension. Rabbit.
skin passages were begun with this 5th pas-
sage egg membrane virus and harvests made
as described by Parker and Rivers(3). After
the pulp was extracted to 10% by weight
with 5% horse serum in saline in glass tissue
grinder, this extract was then centrifuged at
2600 rpm for 10 minutes. The supernate was
then removed, divided into aliquot samples
and stored at —60°C. Virus particle counts.
Tubes containing the 10% vaccinia virus ex-
tracts were processed for counting immedi-
ately after thawing and thawed samples were
never refrozen. If a small precipitate was
present in the thawed sample, the tube was



