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WITH THE TECHNICAL ASSISTANCE OF MISS MARGARETDOLANAND

MISS LOUISE COLWELL
(From the Laboratory of Clinical Pathology of the Bryn Mawr Hospital,

Bryn Mawr, Pennsylvania)

(Received for publication August 31, 1946)

The blood preservative introduced by Loutit
and Mollison (1) consisting essentially of a sodi-
um citrate-dextrose mixture of relatively low pH,
has proved superior to previously employed pre-
serving fluids. The original formula and many
subsequent modifications have a rather high vol-
ume. This produces considerable dilution of the
plasma proteins.

The purpose of this study, begun in June 1944,
was to obtain an A.C.D. solution of lower volume,
so as to maintain an optimal concentration of
plasma proteins, maintain or improve the ca-
pacity to preserve erythrocytes, and at the same
time insure maximal stability of the resulting
plasma.

The first solution tested was one proposed by
Rapport, as follows:

Sodium citrate (trisodium dihydric) 1.66 grams
Citric acid (monohydric) 0.59 gram
Distilled water 100 ml.

22.5 ml. of 15 per cent dextrose were added to
90 ml. of this solution, and the resulting solution
was sterilized by autoclaving for 20 minutes at
120° C. This formula.can be written as follows
for the sake of comparison with other formulas:

A.C.D. Rapoport
Sodium citrate (trisodium dihydric) 1.50 grams
Citric acid (monohydric) .55 gram
Dextrose 3.37 grams
Water 112.5 ml.

112.5 ml. of this solution were used for each
500 ml. of blood collected. The solution was
cooled to 40 C. previous to use.

1 This paper is the 21st of a series on blood, plasma, and
plasma substitutes from the Laboratory of Clinical Path-
ology of the Bryn Mawr Hospital. The work described
in this paper was done under a contract recommended by
the Committee on Medical Research between the Office of
Scientific Research and Development, and the Bryn Mawr
Hospital, and with the aid of the Bryn Mawr Research
Foundation.

The post-transfusion survival of erythrocytes
collected in this solution was tested with the
radioactive iron technic (2). With fresh blood
there was an immediate loss of 6 to 10 percent
of the transfused cells. There was no increased
loss of transfused cells after 10 days of. preserva-
tion at 40 C. After 21 days of storage the survival
dropped to 40 to 58 per cent and at the end of
31 days of storage the preservation was less than
20 per cent.

In a first modification of Rapoport's solution
the amounts of citrate and glucose were slightly
increased and the amount of water reduced. The
formula was as follows:

Bryn Mawr A.C.D. No. 2

Sodium citrate (trisodium, dihydric) 1.6 grams
Citric acid (monohydric) 0.56 gram
Dextrose (anhydrous) 3.6 grams
Water to 100 ml.

One hundred ml. of this solution were used
for each 500 ml. of blood.

This solution was adopted for routine use in
the hospital and by January 16, 1945, a total of
587 lots of blood had been collected in this solution.
The results of 139 whole blood transfusions were
thoroughly studied. It was concluded from these
preliminary studies that this solution was no
better than the previous one for preservation of
erythrocytes, but it was found that the plasma
obtained was somewhat more stable. The studies
of the plasma composition will be reported later
on. In vitro studies showed that the concentra-
tion of dextrose was much higher than the opti-
mal. This conclusion was reached from studies
of the osmotic resistance, mean corpuscular vol-
ume, and hemoglobin concentration in the super-
natant plasma. Since this solution was not com-
pletely satisfactory, it was decided to study the
effect of varying amounts of dextrose. At the

678



AN ACID CITRATE-DEXTROSE SOLUTION

same time the volume was reduced to 75 ml.
Similar results were reported by Rapoport (3).

A basic formula was then adopted:

Sodium citrate (trisodium, dihydric) 1.6 grams
Citric acid (monohydric) 0.56 gram
Water 75 ml.

Varying amounts of dextrose were added to
this basic formula as follows: 1.6, 1.8, 2.0, 2.2,'
2.4 grams. Seventy-five ml. of the resulting solu-
tions, chilled, were used for 500 ml. of blood.

IN VITRO STUDIES OF A.C.D. SOLUTIONS WITH VARY-
ING AMOUNTSOF DEXTROSE

These included mean corpuscular volume, hemoglobin
concentration in the supernatant plasma, and osmotic re-
sistance. Samples of blood were prepared for in vitro
studies as follows: 500 ml. of blood were obtained in a
chilled donor bottle containing 1.6 grams of sodium
citrate and .56 gram of citric acid in 50 ml. of water.
Immediately after collection, the blood was divided into 5
equal aliquots and immediately transferred to 5 bottles,
chilled, each containing 5 ml. of a solution of dextrose to
yield the final concentration noted previously. A deter-
mination of the hemoglobin concentartion in the 5 samples
was done to correct any inequality in the measuring of the
samples. All figures given have been corrected. Samples
of blood were taken from each solution to be tested im-
mediately after mixing. The blood was then stored at
40 C. and similar samples were taken at the end of 7, 14,
21, and 28 days. Before sampling, the blood was thor-
oughly mixed by gentle rotation for a period of 5 minutes.
At the completion of this time approximately 7 to 8 ml.
of blood were removed aseptically and used for the various
tests.

The technic used for the determination of the mean
corpuscular volume is as follows: One ml. of blood was
placed in a Wintrobe hematocrit tube and this was centri-
fuged at 3,600 r.p.m. for 30 minutes. The hematocrit was
then read and the blood was again centrifuged at 3,600
r.p.m. for 10 minutes. If there was no change in the read-
ings, the hematocrit was then read directly and an eryth-
rocyte count was done on the same sample. The mean
corpuscular volume was calculated in the usual manner.

The technic for the determination of the hemoglobin
in the supernatant plasma is as follows: a 5-ml. sample
of blood was centrifuged for 10 minutes at 1,800 r.p.m.
At the end of this time the plasma was removed by the
use of a capillary pipette and the hemoglobin determined
as described elsewhere (4).

The technic used for determining the osmotic resistance
is that suggested by Parpart (5), modified as follows: .05
ml. of whole blood was added to 5 ml. of the various solu-
tions of Series J.2 These mixtures were then placed in

2 Series I and Series II each consist of 10 tubes, each
containing 5 ml. of a sodium chloride solution of the
following concentration per cent:

the water bath at 370 C. for 1A hour. At the end of this
time the tubes were removed from the water bath and 5
ml. of each of the corresponding solutions of series II
were added, the tubes were thoroughly mixed, centrifuged
for 10 minutes at 3,600 r.p.m. The hemoglobin in the
supernatant fluid was then estimated with the Klett
photoelectric colorimeter. The hemoglobin content of
the tube containing 0.1 per cent sodium chloride was con-
sidered as 100 per cent hemolyzed; the hemoglobin read-
ing of the other tubes was recorded in per cent of this
value. In Figure 2 sodium chloride concentration giving
50 per cent hemolysis are plotted against time of storage
for the various preservative solutions.

Mean corpuscular volume

For the 5 solutions tested, those with the higher
dextrose concentration showed an increasing fluc-
tuation in the values of the -mean corpuscular vol-
ume. The 2 highest'concentrations of dextrose
produced an abnormally high mean corpuscular
volume of the stored cells. The pattern of varia-
tions for each concentration has been found to be
fairly constant for blood from the same source
(see Figure 1).

Osmotic resistance

For the first 3 weeks of preservation there was
little difference between the cells preserved in the
various concentrations of dextrose. A slight
spread of values occurred after the twenty-first day
of storage, the lower concentrations of glucose
showing a better osmotic resistance than the higher
(see Figure 2).

Hemoglobin concentration in supernatant plasma

There appears to be no difference up to the four-
teenth day of storage between erythrocytes in the
various concentrations of dextrose. A definite
spread of values occurred at the end of the third

Tube No.
1
2
3
4
5
6
7
8
9

10

Sodium chloride
grams per cent

Series I
0.100
0.300
0.400
0.450
0.500
0.550
0.600
0.700
0.900
1.000

Series II
1.900
1.700
1.600
1.550
1.500
1.450
1.400
1.300
1.100
1.000

Intermediate concentrations are used whenever necessary.
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FIG. 3. EFFECT OF DEXTROSECONCENTRATIONON HE-
MOGLOBININ THE SUPERNATANTPLASMA

week. The higher dextrose concentration showed
a greater hemolysis (see Figure 3).

From these studies in vitro it was concluded that
the amount of dextrose could be profitably re-

duced. Accordingly the following formula was

adopted (February 1945) for further clinical
trials:

B.M.H.-A.C.D. No. 3

Sodium citrate (trisodium, dihydric) 1.6 grams
Citric acid (monohydric) 0.56 gram
Dextrose (anhydrous) 1.5 grams
Water 75 ml.

Seventy-five ml. of this solution are placed in
each collecting bottle and steam sterilized at 1200
C. for 20 minutes. The pH of this solution is 4.8
and the pH of the resulting plasma varied from
7.05 to 7.45 (see Table I).

This formula was compared with the B.M.H.-
A.C.D. No. 2 in a series of studies in vitro. It was

noted that with the B.M. No. 3 the mean corpus-
cular volume remained within the normal range
for at least 28 days, whereas with the B.M. No. 2
the tendency was to swelling beyond normal much
sooner.

TABLE I

B.M.H. No.3
A.C.D. plasma (75 ml.)

N of Days Pro- Tur- Complement titrationPool preserv. Blood HbPho. rio H iiy -___-___ __ ___-______bleed- No. blood average Hb. throm.alpH biter I I _ings averagenomlfte6

m. mgrn. gramsml. per cx per cent P~fer cent
12 339A 4.3 454 2.6 78 6.1 7.41 107 - I- - + ++ ++

13 339B 8.8 396 3.8 80 6.4 7.20 72 - - I - ++ ++ ++
+ ++ ++

12 339D 8.2 430 2.9 80 6.2 7.30° 72 - - - - ++ ++ +±

13 341A 8 396 3.4 78 6.1 7.20 76 - _ - + ++ ++

11 341B 9.7 436 3.7 72 6.2 7.05 66 - - - - + ++ ++

13 341D 8.5 458 3.0 77 6.2 7.20 69 - - - - + ++ ++

11 345A 8 414 3.8 77 6.3 7.40 68 - - - - + ++ ++

11 345B 10 436 2.9 78 6.4 7.40 63 - - - - + ++ ++

11 345D 3.2 395 3.9 70 6.2 7.45 69 - - - - + ++ ++

12 346 8 475 4.0 74 6.1 7.30 67 - - - - + + I++

ao
DEX

OF PI
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A

40 A

20

---j0
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A comparison of results of the studies of the os-
motic resistance with the 2 solutions shows (see
Figure 4) that the blood preserved in the B.M.
No. 3 with lower dextrose content, remained
within the normal limits for at least 35 days
whereas, with the B.M. No. 2, abnormal resistance
developed by the eighteenth day.

IN VIVO STUDIES

Radioactive iron

Radioactive iron studies on the survival of
transfused erythrocytes after varying lengths of
storage at 40 C. in B.M.-A.C.D. No. 3 have been
reported elsewhere (2). The study showed opti-
mal preservation up to at least 22 days, the survival
of the erythrocytes being 84 per cent, a result bet-
ter than that obtained with any other preserving
fluid tested.

Hyperbilirubinemia

Determinations of the recipient's serum bilirubin
level were carried out immediately before and 3
hours after completion of the transfusions. Figure
5 shows the result of such studies in 48 transfu-
sions. The volume of transfusions was 450 to 500
ml. of whole blood (not including the preserving
fluid).

While the data are as yet insufficient to allow
a definite conclusion to be reached, there appeared

Na0SoL

-a2
0 5 12
DAYS OF STORAGEAT 40C*

to be no increase in the rate of hyperbilirubinemia
during the first 21 days of storage.

Clinical observations
From 2/7/45 up to date, 5,010 specimens of

blood have been collected in the Bryn Mawr A.C.D.
No. 3. Studies of 1,215 whole blood transfusions
were made and the reaction rate as well as the ex-
pected clinical results have been found to be opti-
mal. No difficulties were encountered in the
filtration of blood preserved up to 22 days. A
complete description of a type of filter suitable for
whole blood is given elsewhere (6). Proper fil-
tration is obtained with finely woven nylon, stain-
less steel cloth (100 mesh) or multiple layers of
more loosely woven gauze. Whenemploying ordi-
nary 40-mesh gauze, it should be used in 4 thick-
nesses.

To allow rapid filtration of blood, the filtering
surface with any of the above mentioned materials
should be 30 to 38 sq. cm.

It is essential to maintain the blood in constant
slow rotating motion while it is being collected (7)
and to mix the blood thoroughly before administra-
tion by gently rotating the bottle held at various
angles for at least 3 minutes.

An objection was raised concerning the possibil-
ity that with lowered dextrose content the glyco-
lytic action of the erythrocytes would deplete the
dextrose before the estimated period of maximal

B. M.
A.C.D.
No.2

18 26 35

FIG. 4. OSMOTICRESISTANCE OF ERYTHROCYTESSTOREDIN BRYNMAWR
A.C.D. No. 2 AND No. 3
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FIG. 5. VARIATIONS IN SERUMBILIRUBIN CONCENTRATIONIMMEDIATELY BEFOREAND 3 HOURSAFTER TRANSFU-
SION OF,BLOOD STOREDIN A.C.D. B.M. No. 3

preservation of 4 weeks. Repeated' studies have
shown that such is not the case. For the determi-
nation of the dextrose content of whole blood and
plasma, samples of blood were taken as described
previously. A protein-free filtrate of whole blood
and of plasma was prepared by the Folin-Wu
technic and the dextrose content was determined
by the Benedict method. The dextrose content
of the red cells was calculated by differential.

Dextrose appears to be present in optimal con-

centration in both plasma and erythrocytes for at
least 28 days (normal content of dextrose in
plasma 95 mgm. per cent and in erythrocytes 66
mgm. [see Figure 6]).

These studies were repeated in a series of ran-

dom specimens of blood obtained from the blood
bank. The data contained in Figure 7 were ob-
tained from determinations done on routine blood
bank specimens, varying in volume from 450 to 500
ml. of whole blood. These were collected in the
B.M.-A.C.D. No. 3, chilled and preserved un-

disturbed at 4° C. The dextrose determinations
were done on an aliquot of well mixed blood ob-
tained at the time of delivery of blood for adminis-
tration to patients. The determinations were car-

ried out by the Benedict method.

Figure 7 shows that for preservation up to 21
days at least 190 mgm. or more of dextrose are

present.

A.C.D. PLASMA

The general composition of 10 pools of plasma
obtained from blood preserved in B.M.-A.C.D.
No. 2 were studied. When the findings were com-

pared with similar ones obtained from the study
of lots of plasma similarly prepared from plain
citrated blood, it was found that the B.M.-A.C.D.
No. 2 plasma had a lower hemoglobin content,
a lower prothrombin content, a lower complement
content, a lower protein content, a lower pH,
and a lower turbidity. It is important to keep
in mind that the A.C.D. blood was stored be-
fore separation of plasma for a period of time
comparable to that of the plain citrated blood but
that the dilution was somewhat greater. It was

also found that the fibrinogen in the A.C.D. No. 2
plasma was definitely more unstable than in the
ordinary citrated plasma. Flocculation of fibri-
nogen occurred more readily in plasma kept in the
liquid state or thawed from the frozen state. A
very considerable improvement in the quality of
plasma was obtained by using the B.M.-A.C.D.

I
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No. 3 solution for the preparation of plasma. The
general composition of 10 pools of such plasma is
given in Table I.

When these findings were compared with those
from lots of plasma similarly prepared from the
B.M.-A.C.D. No. 2 solution (see Table II) it

TABLE II
Comparison of plasma obtained with A.C.D. solutions

B.M.H. B.M.H.
No.2 No.3

A.C.D. A.C.D
Sol. WoI.

100 ml. 75 ml.

Total no. of bleedings 110 119
Average time of preservation at 40 C., days 8.8 8.7
Average volume of bleedings, ml. 465 429
Hemoglobin, mgm. per cent 5 3.4
Prothrombin, per cent of normal 61.5 76.4
Protein, grams per cent (actual) 5.2 6.2
Protein, grams per cent (calculated) 5.1 5.7
Turbidity filter 66.1 74.9 72.9
pH 6.84, 7.29
Complement titration Comparable

was found that the plasma obtained with the B.M.
-A.C.D No 3 solution had lower free hemoglobin,
substantially higher protein and prothrombin con-

tent, and comparable turbidity and complement
titration although the average size of the bleeding
was 36 ml. (8 per cent) less.

From Table II it is noted that the actual pro-

tein concentration is somewhat higher than* one

calculated from simple dilution factors. This is
probably due to the fact that water enters the red
cells whereas the protein does not, so that there is
some concentration of proteins in the plasma. In
other words the increase in concentration of the
plasma protein is due to the increased hematocrit
of the red cells. The pH of the plasma from the
B.M.-A.C.D. No. 3 averages 7.29 instead of
6.85 of the previous solution. This change was

responsible for the improved prothrombin preser-

vation. It was also noted that when the plasma ob-
tained with the use of the B.M.-A.C.D. No. 3 was

frozen and thawed, according to the proper pro-

cedure outlined elsewhere, the fibrinogen was fully
as stable as that obtained from the plain citrated
blood. This optimal stability of fibrinogen is con-

ditional on proper mixing of the blood and pre-

serving fluid during the collection. The necessity
of proper mixing of blood with the preservative
solution cannot be sufficiently emphasized. This
mixing must be done by a gentle continuous ro-

DEXTROSE
mgm%
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eating motion. This is best accomplished by the
use of a mechanical rotator, which does away with
the unavoidable irregularities of the hand mixing
and with the necessity of having a person in at-
tendance for each patient. The rotators provided
by the A. H. Thomas Co. of Philadelphia have
been found excellent when fitted with a suitable
heavy wooden bottle holder. Extensive studies
have shown that the plasma obtained with the B.M.
-A.C.D. No. 3 solution can be preserved in the
frozen state or dried from the frozen state with
results in all ways comparable with those obtained
when a plain citrated plasma is used. It is to be
noted here that when plasma prepared from whole
blood preserved in a solution containing a higher
glucose content is dried, the period of drying is
lengthened because of the necessity of maintaining
the plasma at a lower temperature while the water
is being sublimated. When regenerating plasma
prepared from A.C.D. blood, the use of a .1 per
cent citric acid solution exerts the same beneficial
effect in the preservation of prothrombin which has'
been noted for the plain citrated plasma (8).

CONCLUSIONS

An acid citrate-dextrose solution is proposed
which has given good results for preservation of

whole blood and yields a good stable plasma. This
A.C.D. solution has a smaller volume and a lower
dextrose concentration than solutions previously
used. This solution has proved entirely satis-
factory in practical use in over 5,000 blood col-
lections.
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TECHNICAL NOTE

IIETERMINATION OF HEMOGLOBININ PLASMA
(VISUAL COLORIMETRY)

By W. G. KARRAND F. W. CHORNOCK

SOLUTIONS:

Acetic acid-10 per cent:

Pipette 10 ml. glacial acetic acid into a 100 ml.
volumetric flask and dilute to mark.

Benzidine dihydrochloride:
Dissolve 140 mgm. of benzidine dihydrochloride in
about 200 ml. of water with warming. Cool, add
3.3 ml. of 10 per cent acetic acid and dilute to 500
ml. in a volumetric flask. Keep in a brown bottle
in the refrigerator. (The acidity of this reagent is
correct only for use with plasma as directed below.)

Hydrogen peroxide-1 per cent:
Dilute 0.5 ml. of Merck 30 per cent Superoxol to 15
ml. in a graduate. Prepare this solution just be-
fore use.

Artificial standard:

Ferric ammonium sulfate-1 per cent.
Potassium ferrocyanide -1 per cent.
Gumghatti -1 per cent.

The iron and the ferrocyanide solutions are prepared
accurately by careful weighing and dilution in a vol-
umetric flask. Select clean, purple crystals of ferric
ammonium sulfate. The gum ghatti is made approx-
imately by suspending 1.5 grams on a wire or cloth
gauze in 100 ml. of cold water and allowing it to dis-
solve overnight. If necessary, filter through cheese-
cloth to remove particulate matter.
In a liter volumetric flask, pipette exactly 13.0 ml.
of the 1 per cent potassium ferrocyanide. Dilute to
about 900 ml. Add 10 ml. of 1 per cent gum ghatti.

685
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Add 20 ml. of the 1 per cent ferric ammonium sul-
fate. Dilute to mark. Mix. Keep in ice box.

Color is equivalent to 25 mgm. Hb per 100 ml.
when the color is developed as in Method de-
scribed below.

Serial standards:
Prepare 250 ml. of each of the following dilute stand-
ards by diluting the artificial standard with water
as indicated.

Hb. equiv. (C)
Water Standard mgm. per 100 ml.

0 250 25
50 200 20

100 150 15
150 100 10
200 50 5

Mix and place in 250 ml. bottles. Keep in ice box.

METHOD:

Dilute 1 ml. of plasma to 10 ml. with water. Meas-
ure 4 ml. of the dilute plasma into a test tube. Add

15 ml. of the benzidine dihydrochloride reagent. Add
1 ml. of the 1 per cent hydrogen peroxide and mix.
Immerse in an ice bath for 35 minutes. At the end of
this time select the artificial standard which is nearest
the color of the unknown plasma. Pour 20 ml. into a

test tube and add 0.4 ml. of the original undiluted
plasma. Compare in the calorimeter.
If the blue color developed is appreciably greater than
the 25 mgm. standard, the determination should be re-

peated using 4 ml. of a dilution of plasma greater than
1 to 10. Make appropriate change in the calculation.

CALCULATION:

X = mgm. Hb. per 100 ml. plasma.
S = reading of standard on the right.
U = setting of the unknown on the left.
C= equivalent Hb. concentration of the artificial stand-

ard selected for reading.

X XSxC. SetUatlO. X=Sxc
U 10

Blank: 4 ml. diluted plasma plus 15 ml. benzidine re-

agent plus 1 ml. water in icebath with unknowns.
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