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when high titer interferon and highly
sensitive mouse cells were employed(11).

Summary. A TRIC agent (LB-1), a mem-
ber of the psittacosis-LGV-trachoma group,
can induce the production iz vive and in vitro
of a material with antiviral activity similar
to virus-induced interferon. The interferon
induced in cell culture by LB-1 had a molecu-
lar weight of about 50,000 and hence ap-
peared to differ significantly from virus-
induced interferon prepared in cell culture
or in vivo.

AppENDUM: The peak of TRIC-induced
interferon production in serum of mice is late
(6-13 hours), similar to that of virus(3),
brucella(3), or statalon(10), but distinct
from the early (2 hour) peak appearing after
endotoxin(4).
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Although ACD (acidified citrate dextrose)
solution has been in routine use for blood
storage since World War II, there have been
suggestions that this medium could be im-
proved by addition of purine nucleosides such
as adenosine or inosine (see review in ref. 1,
also 2,3). Addition of adenine, with or with-
out inosine, was also observed to have a
beneficial effect(4,5,6). Other suggested alter-
ations in the formulation include addition of
phosphate(7,8) or control of pH(9,10).
Added guanosine might be beneficial as an
energetic purine nucleoside(11) or might have.
some additional role perhaps as a structural
component(12). The present study embodies

many suggestions for the improvement of
ACD and emerges with what appears on the
basis of in vitro testing to be an improved
blood banking solution.

Methods and materials. The criteria for
improved red cell storage media were pro-
longed maintenance of ATP(13,14) and nu-
cleotide adenine (AMP 4 ADP - ATP).
The latter measures the adenine pool avail-
able for ATP formation(15). Because of
donor variability in ATP levels, the general
plan of each experiment was to collect 100
ml of blood successively from the same donor
into 5 vacuum bottles. These bottlest con-
tained the various formulations to be tested

* Supported in part by USPHS AM-06367 and
AM-05581 from Nat. Inst. of Arthritis & Metab.
Dis.

t Baxter H-18 Plasma-Vac, 200 ml capacity, cour-
tesy of Dr. L. D. Bechtol, Baxter Laboratories, Inc.,
Morton Grove, Il



IMPROVED BLOOD PRESERVATION SOLUTIONS

and had been autoclaved. Solutions were ad-
justed such that the pH of the collected blood
would be about 7.0. The collected blood was
stored in our Blood Bank,} samples being
withdrawn aseptically as needed. Nucleotides
were assayed by column chromatography (16).
The final concentration of the formula com-
pounds in the collected blood is shown under
each Figure.

Results. Phosphate. In Fig. 1A are shown
the results of the experiment utilizing the
CPD (citrate-phosphate-dextrose) formula-
tions of Gibson(8) but with adenine added.
The 5th bottle, containing a much higher
phosphate concentration and heparin instead
of citrate, showed better maintenance of ATP
and nucleotide adenine. In fact, the results
after 3 weeks were slightly superior to the
initial findings.

Citrate levels. Some of our earlier results
(17) had suggested that citrate might have
a deleterious effect on red cell metabolism
(and hence on ATP level). Fig. 1B shows
the results of an experiment set up with
heparin as an anticoagulant and citrate at
various levels (ACD has a final citrate con-
centration of about 14 mM). No harmful
effect of the citrate level was evident, but
in these formulations the phosphate level was
very high in contrast to ACD which has no
phosphate. Adenine was also present.

Heparin, phosphate, adenine. In the ex-
periment depicted in Fig. 1C, the first bottle
contained phosphate at a high level, adenine,
and heparin, in addition to citrate and glu-
cose. Omission of the heparin in Bottle 2
had little effect and reducing the phosphate
level to 9 mM in Bottle 3 had only a slight
effect. Reducing the phosphate level to 2
mM (Bottle 4) or omitting the adenine
(Bottle 5) had a marked effect on ATP level.

Guanosine. In the experiment of Fig. 1D,
guanosine was beneficial in a citrate system
containing high phosphate, adenine and glu-
cose (Bottle 4 vs 3) and perhaps less so
with heparin replacing citrate (Bottle 2 vs 1).

Guanosine, longer storage period. Fischer

} These studies were greatly facilitated by the
cooperation of the personnel of the Blood Bank at
Buffalo General Hospital and its Director, Dr. James
F. Mohn.
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(18) has claimed that citrated blood with
added inosine, adenine, and guanosine can
be stored 42 days. The results shown in
Fig. 1F (Bottle 5) support this claim. The
possibility of improving the formulations by
adding heparin (Bottles 2 and 4) are slight.
A lower phosphate level (9 mM, Bottle 5, vs
18 mM, Bottle 3) is somewhat better (and
more desirable for transfusion).

ACD vs citrate-glucose-phosphate-adenine-
guanosine. Results of such a comparison are
shown in Fig. 1IF, Bottle 1 vs 2 (the phos-
phate concentration is intermediate between
the 18 and 9 mM levels used previously). The
need for phosphate is shown by the poorer
results when it was omitted (Bottle 3). Ade-
nine is also needed (Bottle 4). The omission
of guanosine (Bottle 5) is much less serious,
but these results are in blood stored 21 days.
The beneficial results of guanosine may be
evident only in longer times.

Inosine, adenine, guanosine. The results in
Fig. 1G indicate that at 6 weeks, ACD (Bot-
tle 1), ACD plus adenine (Bottle 2) and
CPD (Bottle 3) are not very good. Addition
of adenine, inosine, and guanosine without
phosphate leads to a higher ATP level (Bottle
4). Adenine, high phosphate, and guanosine
are an even better combination (Bottle 5).

Phosphate levels, citrate levels, inosine.
The results shown in Fig. 1H indicate that
in this combined formulation, 15 mM phos-
phate (Bottle 3) is not much better than
10 mM phosphate (Bottle 1), but that 5
mM phosphate (Bottle 4) may be slightly
inferior. Lowering the citrate level (Bottle
2) may help a little (no clotting was observed
in this bottle). The addition of inosine (Bot-
tle 5) had no beneficial effect, but there is
evidence from other sources that inosine con-
tributes an effect in blood stored longer than
the 4 weeks of this experiment.

Discussion. The standard method of col-
lecting blood in ACD and storing it at 4°
for 21 days has remained unchanged for the
last 20 years with the possible exception that
plastic bags are gradually replacing glass
bottles. Even this change is dictated as much
by convenience and lower cost of storing
empty containers as by demonstrated superi-
ority in preservation. The ACD solution is
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FIG..l. Effect of various additives on levels of ATP and nucleotide adenine (AMP -+ ADP +
ATP) in blood stored several weeks at 4°C. All concentrations are expressed as millimolarity in

final collected blood.

quite acid (pH 4.5-5.5, by law), “hypergly-
cemic,” with a high concentration of a rela-
tively foreign compound (citrate), and of a
tonicity which first shrinks the red cells and
then allows the cells to swell unnaturally dur-
ing storage. The present experiments show
that from a metabolic point of view, the
standard ACD formulation can be greatly im-
proved by adding such compounds as adenine,
guanosine, phosphate, and perhaps inosine,
and by modifying the pH of the collecting
solution so the pH of the collected blood will
be closer to a normal blood pH. From the
foregoing experiments, a formulation that
seems worthy of testing by red cell survival
is as follows (all concentrations given as final
millimolarity in collected blood): citrate-12;
glucose-17; phosphate-5; adenine-0.5; guano-
sine-0.5; and possibly inosine-10. The final
pH after collection of blood should be no
lower than 7.0. The latter requirement stems
from the observation that glycolysis decreases
with falling pH(19), perhaps by affecting the
hexokinase reaction. The decrease in glyco-
lytic rate during storage is not due to the
increasing concentration of lactate but to the
increasing H+ concentration(20).

There are some practical difficulties associ-
ated with formulations of the type recom-
mended here. The purine compounds are not
inexpensive and they are generally not very
soluble. If used in high concentration, such
as 10 mM inosine, they might supply an ap-
preciable extra purine load that would be
converted to uric acid in the body. Phos-
phate at the level suggested may seem to
risk an unnecessary load in a transfusion
situation, but no definite experiments have
been done to determine just what does happen
in this case.

The present study concentrates on only
certain metabolic criteria and largely ignores
tonicity effects or possible damage to the red
cell membrane. These aspects must await
future studies.

Summary. Blood from the donor was
drawn into 5 successive bottles, each contain-
ing varying amounts of citrate, heparin, glu-

cose, phosphate, adenine, guanosine, and ino-
sine. The blood was stored under blood bank
conditions for up to 6 weeks and samples were
aseptically withdrawn at intervals for column
chromatographic assay of ATP and nucleo-
tide adenine (AMP -\- ADP - ATP). Phos-
phate was important in maintaining ATP and
nucleotide adenine but at least 5 mM (final
concentration in collected blood) was re-
quired. Adenine (0.5 mM) was as effective
as phosphate, and the effect of the two was
additive. Heparin, especially in the presence
of phosphate, was not markedly superior to
citrate in its effect on red cell metabolism.
Citrate could be used at half the concentra-
tion in ACD without apparent clotting. Guan-
osine (0.5 mM) was definitely beneficial at
6 weeks, although without much apparent
effect at 3 weeks. Inosine did not improve
results in 4 weeks and was not tested at
6 weeks.

The author is happy to acknowledge the capable
assistance of Miss Ann Dutton.
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The intraperitoneal (i.p.) LDjp of hista-
mine for normal mice is between 750-1000
mg/kg body weight. This remarkable resis-
tance to histamine can be decreased in some
strains by treatment with the histamine sensi-
tizing factor (HSF) from Bordetella pertussis,
by removal of the adrenal glands(1,2), or by
administration of B-adrenergic blocking
agents, such as dichloroisoproterenol (DCT)
and nethalide(3). The increased sensitivity
is not limited to histamine, since pertussis
vaccine and adrenalectomy also increase the
susceptibility of mice to serotonin, anaphylac-
tic shock, cold shock and various other forms
of stress(2). In addition to their potentiating
effects on histamine sensitivity, B-adrenergic
blocking agents also increase the susceptibility
of mice to serotonin(3).

The exact mechanism by which this hyper-
sensitization phenomenon is brought about
is still not completely known. The character-
istics of hypersensitization after adrenalec-
tomy or treatment with HSF are quite simi-
lar, suggesting that adrenal hormones might
be involved in the hypersensitization pro-
duced by HSF. Adrenalectomized mice can
be protected from histamine shock with cor-
tisone and epinephrine(4,5) and adrenalec-
tomized rats can be protected by epineph-
rine alone(6). HSF-treated mice have also
been protected from histamine shock with
large doses of cortisone(7,8) but we have
found no report of protection with catechola-
mines; to the contrary, failure to protect B.

pertussis-treated mice with epinephrine has
been reported(9).

During anaphylaxis and histamine shock
in the mouse, there is a profound loss of
blood volume as shown by a marked rise
in hematocrit values(4,5,9-12). Hypotension
is known to be a potent stimulus for the
release of endogenous catecholamines in the
dog(13). The salutary effects of these hor-
mones are presumably due to their vasopres-
sive actions which improve venous return to
the heart and help maintain circulation to
vital organs, e.g., heart and brain. The pur-
pose of this investigation was to determine
whether catecholamines could protect hista-
mine hypersensitive mice against histamine
shock.

Materials and methods. Mice. Equal num-
bers of 7-8-week-old male and female CFW
mice raised in our laboratory were used. Dur-
ing the experimental period, these mice were
housed in groups of 5 in glass jars, 7 inches
deep by 7 inches in diameter, containing beet
pulp bedding and Purina Laboratory Chow.
Sexes were kept separated.

Histamine sensitizing factor. HSF was
given as a dialyzed and lyophilized alkaline
saline extract (SE) of acetone-dried B.
pertussis cells(14).

Drugs.  L-epinephrine,  dl-epinephrine,
dl-norepinephrine-HCI (dl-arterenol-HCI),
l-ephedrine alkaloid and dl-ephedrine HCI
were obtained from Sigma Chemical Co. His-
tamine was given as histamine diphosphate
(Nutritional Biochemicals Corp.). Dichloro-



