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We have shown elsewhere that the oxygen dissociation curve of blood
after storage under standard blood bank conditions in an acid citrate
dextrose medium is shifted to the left progressively with storage and
that the oxygen dissociation curve of the recipient of such blood is also
shifted to the left (Valtis & Kennedy, 1954). Indeed, we have presented
evidence that, under certain circumstances, the transfusion of stored
blood to an anaemic recipient may affect adversely the oxygenation of
his tissues quring the few hours immediately succeeding the transfusion.

The present paper seeks to explain these abnormalities on the basis
of altered pH of the stored red cells and altered electrolytic and osmotic

relationships produced by storage. Secondly, it shows that the addition

of sodium chloride to stored citrated blood <an largely prevent the

displacement ©f the oxygen dissociation curve which otherwise occurs

in vitro, and that moreover, the oxygen
d citrated stored blood does not

dissociation curve of the blood

of the pergon Who receives such modifie
show the undesirable shift to the left otherwise present.

materials and methods.
The collection and gtorage ©f blood samples, the equilibration with
the desired guc tensions, the blood gas analyses, and the plasma pH
(pHs) determinations were as described elsewhere (Valtis & Kennedy,

1954) .

The pH of cells (pHC)
samples was calculated using the Henderson-Hasselbalch equation

(BHCOJb
pH(. — pK'c + 105 (gocp9)p

where (BHC03)b — T40 (the total CO2 of oxygenated blood at 40

of the stored blood and fresh normal blood

mm.Hg partial pressure °F C02)
and (H2C03)b — H2C03 content of blood calculated fror‘n the
formula (H20@3) — a(pC02) where = is the
solubility coefficient of carbon dioxide in blood
(from data by Dill in the paper of Keys et al.,
1936 and Dill et al., 1940)
pK'e was obtained from the alignment chart and procedure given in the
paper ©f Keys et al. modified in such = mc’lﬂnlner for the pK'c to be 5.98 for
normal blood (pil] et al., 1937a, 1937b) giving = cell pH of 7.20-7.25. The
other values for pK'c derived from this a]_ignment chart were Changed

proportionately.
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The cell PpH of the recipient before and after transfusion was
determined by the same methods, after the blood samples, which were
from anaemic individuals, had been concentrated by removal of plasma
under oil, to bring the packed cell volume into the normal ygpge.

Correction of the pogition of the curve gccording to the plasma and
cell pH was carried out in curves drawn in logarithmic co-ordinates by
the procedure outlined by DPill in the paper of Keys et al. using Fig. 1.

Fig. 1. The relationship between the position of the oxygen dissociation curve at
H1) — H1i0; and plasma pH and cell pH (modified from Dill).
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RESUI/TS.

The results are presented in Tables 1-8*. Conventional gymbols, the
meanings of which are explained in the footnotes, are used for the
headings °f many of the columns. The pogition of the oxygen dissociation
curve is indicated py the partial pressure ©f oxygen at which 5gg of
the haemoglobin is oxygenated (Columng H, T & J).

In Vitro Studies.

Fresh blood. In Table ! is shown the relationship between the plasma pH
(Column F) and cell pH (Column G) ©f fresh blood, fresh blood after
dilution and glight haemolysis, and acidified fresh blood. The difference
between the total Q2 of plasma and of oxygenated whole blood
(Column E), on which depends the difference between the plasmag pH
and cell pH, is decreased but proportionately to the fall of PH (Fig. 2,
Curve 1) and to the oxyhaemoglobin capacity. The position of the qyigen
dissociation curve corrected to the standard plasma pH 7-4 (Column 1)
coincides with that corrected to the standard cell PH 7-22 (Column J)
(Hb=HbO02 at 26 mm.Hg partial pressure ©f oxygen). In the case of
acidified fresh blood, partial restoration of the pH with fresh plasma has

the same effect.

Fig 2 The relationship between the total CO? of oxygenated blood at pcO™ 40 mm.Hg
and the difference between the total CO, of plasma and oxygenated blood.
Curve 3. Blood stored for 24 hours in

Curve 1 Fresh blood.

Curve 2. Blood stored for 20 days A.C.I), medium.
in A.c.I), medium after the Curve 4. Blood stored for over 7 days in
addition of NaCl. A.C.D. medium, in trisodium

citrate, and inacidified heparin
solution.

The tables are grouped together at the end of the text.
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Blood stored in A.C.D. medium yp to 24 hours. From the results giyen in
Table 2 it is apparent that the difference between the total (g2 of plasma
and of oxygenated whole blood is decreased to an extent which is out of
proportion to the fall of PHs (Flg 2, Curve 3) and that the difference
between the plagma pH and cell pH is likewise reduced. The oxygen
dissociation curve at standard plasma pH i slightly displaced to the left
(Hb=HbO02 2t 25 mm.Hg partial pressure °f oxygen). After correction
to the standard cell PH the oxygen dissociation curve lies yery slightly
to the right (Hb=HbO02 2t 27 mm.Hg partial pressure °f oxygen) (Fig. 3).
Partial restoration of the PH with fresh plasma does not abolish the

above abnormalities.

Fig. 3. Oxygen dissociation curves at cell pll 7.22 Fig. -t Oxygen dissociation curves from blood
Interrupted line. Fresh normal lilood. stored for 7 days in A.C.1). medium.
Curve a. Blood stored for 20 days in A.C.I), Curve a. At plasma pH 7.4.
medium. Curve 1). At cell pH 7.22.
Curve b. Blood stored for 7 days in A.C.L). Interrupted line, i'resh normal blood.
medium.

Curve c. Blood stored for 1 day in A.C.I).
medium and fresh cells plus stored
citrated plasma.

Blood stored in various anticoagulants for 7 days. In blood gamples stored
inA.C.D. medium for 7 days (Table 3) the total C02 of plasma (Column D)
is less than the total (2 of oxygenated blood (Column (). The difference
between these ((2 values is pegative (Fig. 2, Curve 4) the plasma pH
to cell pH relationship is reversed, and the cell pp is less acid than the
plasma pH. The oxygen dissociation curve lies yery much to the left of
the expected position (Column H). Correction of the pogition of the curve
to the standard plasma pH and cell pH makes more gpparent the shift
to the left and at the same time makes obvious the gbnormality of the
cell pH. The two curves do not coincide ; the oxygen dissociation curve
corrected to the standard PHc lies to the right of the curve corrected to
the standard plasma pH, in a position intermediate between that of
normal blood and that of stored citrated blood at standard plasma pH
(Fig. 4). Correction, therefore, of the pogition of the curve according to
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cell pH diminishes, but does not abolish, the abnormality. After partial
restoration of the py with fresh plasma all the abnormalities described
above remain although in lesser degree. It appears that contact with
fresh plagma has some effect on the restoration of the normal relationship
between the total CQ2 of plasma and whole blood and the plasma pH to
cell pH relationship.

Blood gamples Stored with trisodium citrate or an acidified heparin
solution show the same abnormalities but to a less degree. Storage °f
blood with a heparin-fluoride anticoagulant, Which does not lower the
pH, does not affect the position of the oxygen dissociation curve or the
relationship between the total o2 ©f plasma and whole blood and

therefore the plasma pH to cell pH relationship.

Blood stored in A .C.D. medium for 20 days. P citrated blood stored for
20 davs the same abnormalities exist as described for 7-day stored
citrated blood but they are more marked (lable 4). Despite the fact that
the pH has fallen from approximately 6.8 to gpproximately 6-6 the
oxygen dissociation curve is shifted further to the left (Fig, 3) ~ Ihe
difference between the total C02 of plasma and whole blood (hlg 2,
Curve {) between the plasma pH and the cell pH, and between the pogition
of the curves after correction to the standard plasma pH and cell pH,
are not bagically different from the values for /-day stored citrated blcod

: : i of the with fiesh
samples (Fig. 5). After partigl restoration PH plasma

the difference between the total co2 of plasma @nd of oxygenated whole
blood, and so the difference between the plasma pH and cell pH becomes
smaller. The result of this is to bring the curves at standard plasma pH

Fig. 5- Oxygen dissociation curves from blood IMg. 6. Oxygen dissociation curves at cell pH 7.22.
stored for 20 i i .
days in A.C.D. medium Curve a. Blood stored for 20 days in A.C.I),

Curve a. At plasma pH 7.4. medium.
Curve b. At cell pH 7.22. curve 1). Blood stored for 20 days in A.C.I),
Interrupted line. Fresh normal blood. medium after plasma replacement.
Curve c. Blood stored for 20 days in A.C.I).
medium after addition of phosphate
buffer.
Curve d. Blood stored for 20 days in A.C.I),
medium after addition of NacCl.

Interrupted line. Fresh normal blood.
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and standard cell pH slightly closer together mainly because of the glight
shift to the right of the curve after correction to standard cell PH (Flg 6).

Fresh red cells to which has been added citrated p]gsma derived from
20-day stored blood show the same abnormalities as fresh citrated blood
(Fig. 3).

Blood stored in A.C.D. medium fpr 2 months. After correction for the
amount of carboxyhaemoglobin present (Table 5, Columns B, K, L. M)
the pogition of the oxygen dissociation curve at standard plasma pH
and cell py is only slightly further to the left of the position of the curves

from 20-day stored gamples.

Comments on in vitro results. It is apparent from the results given above
that the alteration incell pH is the most important factor in the production
of the shift of the oxygen dissociation curve to the left. Yet after 7 days
of gtorage there is mo further alteration in the difference between the
total C02 of plasma and of oxygenated whole blood and in the difference
between the plasma pH and cell PH although the shift to the left of the
oxygen dissociation curve, corrected to the standard cell pH, progresses
with further gtorage (Fig. 3). & further interesting point is that in citrated
blood gamples = definite alteration in the difference between the (2 of
plasma and of oxygenated whole blood and in the relationship between
plasma pH and cell pH occurs within a few hours of gtorage yet at this
stage the oxygen dissociation curve is not shifted to the left.

Effect of electrolytes in vitro. When attempting to correct the plasma pH
of stored blood to 7.3 or 7.4 by the addition of a molecular solution of

disodium phosphate it was noted that the position ©f the oxygen curve
was not that expected from the results found with correction of the
plasma pH by freshplasma o= the pogition given by calculated correction
to the plasma pH °of 7.4. This observation prompted us to investigate
the effects of other electrolytes with the following results. The addition,
ina proportion of 10%, of molecular phosphate buffer (disodium phosphate
plus monopotassium phosphate) of the same pH as the plagma pH of the
stored blood gample, produces = shift towards the right of the oxygen
dissociation curve which, however, is still abnormal in position, although
the plasma pH remains ynchanged. On the other hand, the addition of a
molecular solution of sodium chloride to stored blood of low plasma pH
(20-day storage), im a proportion ©f 10 per cent produces = complete
return to the normal pogition ©f the oxygen dissociation curve glthough
the plasma pH is not altered. These findings are presented in Table 6
and E‘j_g. 6.

The difference between the total (g2 of plasma and of oxygenated
blood and the difference between the plagmag pH and cell pH are
considerably smaller after the addition of phogphate buffer. The addition of
sodium chloride has a more marked effect and restores these relationships
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to normal (pig, 2, Curve ), In 20-day stored citrated blood, after
rotation in a tonometer for 1 hour at 37?C and arterial gas tensions, the
normal relationship between cell and plasma chloride anion is reversed
(Table 7). The addition of sodium chloride restores to normal this
relationship. A further noticeable effect of the addition of sodium
chloride to citrated blood is the diminution of gpontaneous haemolysis

in blood gamples stored over prolonged periods.

In Vivo Studies.

The gubjects on whom the following observations were made were
suffering £rom severe anaemia and the oxygen dissociation curves of many
of them were shifted to the right (Table 8). After correction of the
position ©f the oxvgen dissociation curve to the standard cell PH the
abnormality of position largely, Put not completely, disappears (Kennedy
& Valtis, 1953).

. F., 7b

Fig.7a a4
Fig. 7a. The oxygen dissociation curve of the The oxygen dissociation curve of the
recipient of blood stored in A.C.I), medium. of saline modified stored citrated
Curve a. Before transfusion at plasma pH 7-4-
Curve 1. Before transfusion at cell pH 7.22. Before transfusion at plasma pH 7.4
Curve c. Immediately after transfusion at after transfusion at plasma pH 7.4

cell pH 7.22. Before and after transfusion at cell

Curve d. Immediately after transfusion at PH 7.22.
plasma pH 7.4.

Transfusion of plagma, derived from 20 day stored citrated blood does
not produce = shift to the left of the oxygen dissociation curve of the
anaemic recipient (Cage 1). Transfusion of 20-hour stored citrated blood
produces = small shift to the left of the recipient's oxygen dissociation
curve but, after correction to standard cell py, this shift is no longer
present, suggesting that the shift of the curve is due to alteration in the
cell pH of the recipient (Case 2). Transfusion of citrated blood of 7 or

more days' storage produces 2 significant shift to the left of the [.,gen
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dissociation curve of the recipient (Cases 3, 4, 5, §). After correction of
the pre. and pogt-transfusion curves to standard cell pH = large part,
but not g]l, of the shift is no Jonger present (Fig. 7a). This indicates
that factors other than altered cell PH play 2 part in the production of
the shift of the curve.

Effect of addition of sodium chloride to stored blood. If to stored citrated
blood is added before transfusion a molecular solution of sodium chloride
in a proportion of 10 per cent, the marked shift to the left of the recipientls
oxygen dissociation curve no ]longer occurs (Tgble §), 2 small shift to
the left is present which is very slightly augmented by correction of the
slightly lowered plasma pH to the standard plasma pH. After correction
to standard cell pH the pre- and post-transfusion oxygen disssociation
curves almost coincide (Fig. 7b), suggesting that sodium chloride not
only affects the corpuscular pH but also the other factors concerned in
the production of the shift to the left of the oxygen dissociation curve.

1'ig. 8. Effect of ammonium chloride on the oxygen dissociation curve.

c. Before NH4C1.
a. After NH4(C1l at blood plasma pH and cell pH.
Curve 1. After NH4C1 at standard plasma pH and cell pH.
Curve d. After transfusion of stored citrated blood at plasma pH and cell pll.

Curve
Curve

Effect of administration of ammonium chloride to recipient. The oral
administration of 12 gramg ©f ammonium chloride (3 gm. 4-hourly)
produces = marked shift to the pight of the oxygen dissociation cyurve,
the shift peing proportional te the fall in the recipient's plasma pH
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(Cagse 9). After transfusion of 2 pints of stored citrated blood the oxygen
dissociation curve is considerably to the left of the pogition after
ammonium chloride but only slightly to the left of the normal pogition.
Correction of the position of the curves to standard plasma pH or cell pH
reveals that a marked shift has occurred this shift heing masked py the

ammonium chloride effect on plasma PH (Fig. 8).

DISCUSSION.

It is known that the position Of the oxygen dissociation curve is

dependent basically on the cell PH and we have shown that an alteration

in this pH relative to the plagmg pH occurs in citrated blood with storage.
As far as we are aware, direct determinations of the pH of cells stored
in A.C.D. medium have been performed only by Maizels (1943) who
found that the cell PH became greater than the plasma pH. Thus, after
1 week of gtorage the cell pH was 7.13 and the plasma pH 7-07 and after

4 weeks the values were 6.97 and 6.82 respectively. Maizels, however,
gives his results with reservation in view of the inherent difficulties of the

methods employed. In addition, it should be remembered that the pH

studies, and indeed all the published electrolyte studies in stored plood,
were performed o= blood samples under conditions far removed from those

obtaining in the body. The only exception to this is the work of Harris

(1941) and Maizels (1949) o= potassium levels in stored blood after
incubation at 37?C. Of at least equal importance, in our opinion, to the
incubation at body temperature i the equilibration of the blood gamples
with arterial blood gag tensions.

We have determined the cell pH from the data given by Dill

et al.  (1937a, b), after equj_]_j_bratj_on of the blood samples with

arterial g5 tensions at body temperature. These data were derived

from fresh blood studies and are not wholly applicable to our studies

on stored citrated blood which has a very low pH and = different cq2

solubility coefficient. The effect produced by these differences i,
is constant (Valtis & Kennedy,

however glight and, more important
should be considered

1954) Nevertheless, the results we give for cell pH

relatively rather than absolutely. Our results show that the cell piy of

Citrated'blood becomes greater than the plasma PH with storage. In

citrated blood of 7 or more days Storage, if we correct the pogition of the

oxygen dissociation curves according to standard cell pH we find that

the abnormality in the position

partially corrected (Figs. ¢ & 5).
n was determined by the same indirect methods.

of the oxygen dissociation curve is

The cell pH of the anaemic individual

before and after transfusio

If these methods are applie
small, there is the disadvantage that experimental errers are myltiplied.
we have determined the cell pH after con-

q te anaemic blood where the cell phase is

To avoid this disadvantage
centrating the anaemic blood samples to bring the packed cell volume
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into the normal range. This manipulation, ir our opinion, permits me=e
accurate Comparative study. We have shown elsewhere that concen-

tration does not alter the oxygen dissociation curve (Kennedy & Valtis,
1953). Calculation of the cell ppy of the recipient before and after trans-
fusion shows that there is a pronounced alteration of the cell PH to the
alkaline side after transfusion, which is responsible for the major part of
the digsplacement to the left of the oxygen dissociation curve (Fig. 7a).
There is, however, = degree ©f displacement of the oxygen dissociation
curve, both in the in vitro and the in vivo studies, which is not explicable
on the basis of altered cell PH and for which some other explanation must

be sought.

While the position ©f the oxygen dissociation curve is dependent
largely upon the cell pH it is also significantly influenced by the ionic
and osmotic status of the red cell, which in turn are dependent o the
electrolyte equilibria between cell and plasma and the condition of the
cell membrane. During storage swelling of red cells occurs (Drew et al.,
1939 , Crosbie & Scarborough, 1941) and this increases the water content
and decreases the haemoglobin concentration within the red cell ; the
Donnan ratio : as developed by Van Slyke therefore increases. The
effect of this is to produce a shift to the left of the 5yygen dissociation
curve. After the addition of molecular phosphate buffer to stored
citrated blood the shift to the left of the oxygen dissociation curve
becomes less marked and the packed cell volume returns to normal. Tt
is probable that this is due to the reversal of the red cell swelling. The
addition of the same volume of molecular sodium chloride produces =
more marked effect on the position of the oxygen dissociation curve than
does phosphate buffer although the phosphate buffer is more hypertonic
and causes a greater reduction of packed cell volume. It is apparent,
therefore, that in addition to the effect o1 the plasmg to cell py relation-
ship and the water content of the cellg, a further factor is involved in
the abnormality of the oxygen dissociation curve and its reversal by
sodium chloride.

We have shown that the total (2 content of stored citrated blood
is higher than the total (g2 content of the plasma from such blood.
The chloride jon, which freely penetrates the cell membrane, obeying
Donnan's law moves in accordance with the relationship between the
total 02 ©of cell and plasma. Our results show that the addition of
sodium chloride restores the relationship of Cp2 and chloride between
cell and plasma t© normal. It is pogsible that this movement of chloride
and carbon dioxide is accompanied by = similar redistribution of other
ions the final effect being the restoration of the normal relationship
between cell and plasma electrolytes, cell and plasma pH, and cell and
plasma water content.
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Fig. 7 clearly demonstrates the beneficial effect upon the recipient's
post-transfusion oxygen dissociation curve of gdding sodium chloride to
the stored citrated blood pripr to its administration. The greater part
of the sodium chloride effect is due to the osmotic and electrolytic
redistribution discussed above. That the Jowering of the plasma pH of
the recipient plays only = small part can be judged from the very slight
further shift in the position of the curve after correction to standard
plasma pH and cell pH,

The oral administration of ammonium chloride before and during the
transfusion of stored citrated blood also prevents = shift to the left of
the normal position of the individual's oxygen dissociation curve but it
does this by lowering the plasma pH of the recipient., Correction of the
position of the curve to standard plasma pH and cell py reveals that in
fact = marked shift to the left does occur.

In our studies the amount 0f sodium chloride added to the stored
citrated blood produced = final concentration of approximately 0.45%.
Since the addition of sodium chloride to stored blood immediately before
transfusion significantly improves the functional capacity of the stored
red cell, as is shown by its effect on the oxygen dissociation cyrve, it is
logical to expect that it will have a beneficial effect ypon the survival of
the transfused cells. An jpyestigation t° prove this is beyond the scope
of the present communication but it yg+, be noted that we have observed
that the addition of sodium chloride to stored citrated blood diminishes
the degree of spontaneous haemolysis which occurs with long storage and
that Gibson et al. (1947) found a s]_lghtly hypertonj_c solution of sodium
chloride to be the best diluent to add to packed red cells before transfusion.

SUMMARY .

The abnormality ©of the oxygen dissociation curve Of stored citrated
blood and the undesirable shift to the left of the oxygen dissociation
curve of the recipient of such blood are shown to be due to altered cell
pH and altered electrolytic and osmotic relationships between the cells
and plasma of the transfused blood.

The addition of sodium chloride to the stored citrated blood before
transfusion, to give a final prOportion of 0.4 to 0.5 per cent, corrects the
abnormality of the oxygen dissociation curve. The mannexr of action of

the sodium chloride is discussed.



Sample HbO™"
No. capacity
vol.%
21
20
-Mean

Mean 14.7

Tabi’e

1.

In vitro results with fresli blood samples and acidified fresh blood samples.

co
content

vol.%

0.5

(Total
Cco2)o
vol.%

51.5

(Total ACO02 (s
Co02)s vol.%
vol.%

E

o) Blood *
pHs

Fresh Blood

10.5

9.5
01 11
57.5 9.5

Effects of Dilution

01 8

59 7

and Haemolysis

Blood 1'02 for 1lib
pile
Blood plls plls=7.4
and pHc
7.20 25 20
28
7.23
7.24 20
7.21 20.5
7.23 25.5 20
7.215 25.5 20

111)02

pile

20

20

20

7.

22
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Sample 111)02
Jso. capacity
vol.%

10

Column C (Total CO2)o
Column D (Total C02)s
Column E ACO02 (s?0)

Columns g, I & J. pO2 for Hb — Hb02 — the partial pressure °f oxygen at which oxyhaemoglobin-saturation is 50% at the plasma and cell pH of the

* Determined in true plasma from blood saturated with oxygen when pPC02

co (Total
content c02)o
vol.% vol.%
14.5
24
0.3 19
0.5
0.3 25
0.5 22.5
0 44
0.2 35.5
0.2

Tabi,K 1 (cont'd.)
(Total AC'02 (s-0) Blood
Co02)s plls
vol.%
Acidified Fresh Blood
10.2 1.7 0.8
.20
20 3.5 7.03

Partial Restoration of pH with Fresh

52 8 7.35
41 .25
.28

Blood

Plasma

pile

.18

1'02

Blooil plls
and pile

32

27.5

=the total carbon dioxide of oxygenated blood at a CO2 partial pressure of 40 mm.Hg.
=the total carbon dioxide of true plasma from oxygentated blood at a CO2 partial pressure of 40 mm. Hg .
=the difference between (Total c02)s and (Total C02)o.

lor 111? — 111i0*

plls= 7.4

20.5

20

20

recipient (Column H), at standard plasma pH (Column I) and at standard cell pH (Column J).

40 mm.Hg.

pllc — 7.22

25.

20
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Time of

Storage

30

"

24

22

20

minutes

hour

honrs

hours

hours

hours

Tabu-; 2.

In vitro results with blood samples stored in A.C.D. medium up to 24 hours.

Hb02
capacity
vol.%

10

15

17

Cco
content

vol.%

(Total (Total ACC>2 (s-0) Blood
Cc02)o Co2)s vol.% pHs
vol.% vol.%
29 .09
.03
23
25 26 1 7.03
6.94
28
22.5 23.5 1 6.97

Partial restoration of pH with fresh plasma

35 40 5 7.24

38 41 3 7.25

Blood
pHc

(5.98

PO2 for Hb — Hb0O2

Blood pHs
and pHc

39

30
31

30

PHs

25.

25

26

24

7.

4

pHc=7.22

26.

5
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?Sample
Xo.

Hl>()2
capacity
vol.",,

Taiu.k .

vitro results with blood samples stored in various guticoa’idants for 7 days.

co (Total
content COolo
vol.",, vol.0,,

(Total
Ccoo.s
vol.",,

AC()2(s- o) Blood Rlood I'0o for Hit 71711102
vol.'1,, plls pile
Hlood PHs PHs — 7.4 pHc
anil pHc
" F

Blood stored in A.C.I). Medium

15

17

2 (1.7(1

-2.a (1.tfl

Partial restoration of pH with fresh plasma

[continued overleaf.
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Tabl,k 3 (cont'd.)

Sample H1>02 co (Total (Total a{r()2(s ?0) Blood Blood po2 for HIL) —Hl>()2
No. capacity content C02)o Cco2)s vol.% pHs pile
vol.% vol.% vol.% vol.% Blood pHs plls=7.4 pllc — 7.2:
and pHc
1) B F

Blood stored in Trisodiuni C.trate

41 3 23

Blood stored in Heparin 4¢- Lactic Acid

6.96
6.90 6.87
30.7 0.7 7.10 7.04 33 23.5 26
Partial restoration of pH with fresh plasma
r
46.5 6 7.3 7.15 26.5 24 24
19 1 30 33 3 7.15 7.02

Blood stored in Heparin + Sodium Fluoride

2d

21
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ample

HMJo
capacity
vol.?o0

/// vi'fro results with blood gamples Stored in A..C.D.

co (Total (Total ('0ofs o) Mood
content (."(o)o <<'2)s vol.?0 plls
vol.?? vol.?? vol.?o

medium tor 20 days.

Partial restoration of pH with fresh plasma

I'lasma from 20 days storeil citrated Mood +

21 1 0i.9.)

Blood 1'0o for 1lib  1ipo;
jtHe
Blood pHs pHs=7.4 pile
and pile
221
20
2s
2¢>

fresh red cells

Partial restoration of pH with fresh plasma

40 5 7.24
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H1)02
vol.%

15.5

Columns K, L it M.

In vit

Table 5.

ro results with blood samples stored in A.C.D. medium for 2 months.

1202 for H1> ~ HbO2

co (Total (Total ACO02 (s-0) Blood Blood
content Cc'o2)o co02)s vol.% pHs pHc Correction for CO
vol.% vol.% vol.% Blood pHs PHs=7.4 pHc — 7.22
and pile Blood pHs pHs=7.4 pHc — 7.22
B c
9.5
0.47 20.

I'0o for Hb — Hpb0O2

tlie partial pressure of oxygen at which oxyhaemoglobinfsaturation is 50% after correction for carl.on monoxide at tlie
plasma and cell pH of the recipient (Column K), at standard plasma pH (Column L) and standard cell pH (Column M).

1,38
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Sample
No.

Blood stored for 20 days

Restoration of pH with fresh plasma

Addition of M/Disodium Phosphate

(until pH —7.3)

Addition of M/Disodium Phosphate

(until pH — 7.4)
Addition of M/Phosphate Buffer pH

Addition of M/NaCl

Blood stored for 20 days

Addition of Phosphate Buffer pH

Addition of M/NaCl

Blood stored for 20 days

Addition of phosphate Buffer pH

Addition of M/NaCl

6.

6.

0.

6

6

6

Effect of addition of different electrolytes in vitro.

Packed

cell

volume

41

32

31

111>()2

capacity

vol.%

15

13

Tam.k (.

(Total
c'02)o
vol.%

(Total
t'o2)s
vol.%

12

12.5

13

AC()2(s-o) Blood

vol.% PHs
0.63
-2.5 6.64
-1 6.05

Blood

PHc

.20

po2 for 111

Blood pUs
and pHc

22

49

PEs

21.

7.

111)02

4

pile

21

22.

5
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Chloride content in nig."(J of whole ciliated blood and
true plasma before and after addition of sodium chloride.

Wl.ole Hlood True Plasma

Before sodium chloride

52,1 lis!)

After sodium chloride



'lie effect of transfusion of stored citrated blood o1

Case
No.

Trans-
fused

patient

Male

age:! 08

Male
aged 73

Male
aged 16

Female

aged 30

Male

aged 68

Time of
estimation in
relation to
transfusion

Immediately
before

Immediately
after

Immediately
before

Immediately
after

Immediately
before

25 minutes

after

24 hours after

Immediately
before

Immediately
after

6 hours after

Immediately
before

Immediately
after

24 hours after

Amount
of
transfused

blood

Plasma
600 c.c.

2 pints

2 pints

2 pints

2 pints

Time of
storage of
transfused

blood

20 days

20 hours

7 days

7 days

14 days

P.

30

29

28

28

Y.

10.

20.

21

27

the oxygen dissociation cur\-e of the recipient axi<l the effect of sodium chloride

and ammonium chloride.

(Total
111>()2 co (Total <'(>2)0
!capacity content COo)o of
vol.%  wol.",, vol."-;,  conceit-.
trated
blood
E K c H
14 0.5 53
13.5 0.5 54
9 0.2 48.5 41
10.5 0.2 50 43
12 0.2 52 49
12.5 0.5 47 43
6 0 50 41
9.5 0.3 54 49
10 0.3 52 16
8 0.5 51 42
11 0.7 53 48
11 0.5 52 16

(Total
co2)s

vol.%

<51

56

56

57

58

56

57.5

AC(>2(s Con)

vol.",,

16

10

13

Blood
plls

Blood
pile

P0j, for II*  11po-j

Blood
pHs plls pile
and 7.4 7.2:
pile
M N 0
21) 30
21) ).
32
30.5 30 28

27.5 26 26
32 32 28
24 24 26.
28 28

29 29

24 24 25

28 I 28.5 | 27

[continued overleaf.
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Table 8 (cont'd.)

(Total (Total POo for Ilb — HbOo
Case Trans- Time of Amount Time of HbOo co (Total COo) o C()o)s A ('0ofs Con) Blood Blood
No. fused estimation in of storage of P.C.Y. capacity content (100)o of vol.",, vol.% pHs pile Blood
patient relation to transfused transfused vol.$% vol%. vol.% conceit- PHs PHs PHc
transfusion blood Mood trated and 7.4 7.22
blood pHc
F G H 1 1 K L M x o
Female Tmmediately 1s 7 0.2 5:3 40 02 22 7.43 7.12 33 34 28.,
aged 53 before
Immediately 3 pints 7-14 days 27 11 0.7 50 49 (it)
after
4 hours after . 27.5 11.5 0.5 55 47 60 13 7.41 7.22 20 2(5.5 20
24 hours after > | 27 11 0.5 51 43 58 15 7.4 7.18 30 30 27..
Effects of addition M Solution of NaCl in a proportion 10% to the transfused blood
Female Immediately 22 10 0.2 52 42 59 17 7.41 7.10 29 29 205

aged 5(5 before

Immediately 2 pints 14 days 28 13.5 0.5 49 43 55 12 7.37 7.17 28
after
Female Immediately 1(5 7 0.5 55 43 59.5 10.5 7.42 7.17 30 31 28

aged 53 before
Immediately 2 pints 15 days 21 10 0.7 50 43 57 has 7.39 7.17 29 29
after

Effects of administration of NH4CI

9 Male Before XH4CT 8.5 0 54 47.5 58.5 11 7.41 7.23 20 20 20

aged 10 | 1?
Immediately 19 8 42 41 40 5 7.30 7.15 30 27 27

before transf.

Immediately 2 pints 14 days 10 11 0.5 40 44 50
after

viviw.Wvl.

-1
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