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Effect of Additions to ACD Blood on Erythrocyte Preservation.* (20429) 

OTTO SCHALES. 
From the Chemical Research Laboratory, Alton Ochsner Medical Foundation and Department of 

Biochemistry, Tulane University School of Medicine, New Orleans, La.  

Human blood, when collected routinely in 
ACD solution and stored at  4°C is considered 
suitable for transfusion purposes only during 
the first 3 weeks after collection. There oc- 
curs during storage a gradual change in the 
red cells so that they lose the ability to sur- 
vive after entering the circulatory system of 
the recipient. This process of erythrocyte de- 
terioration is manifested in vitro by a progres- 
sive increase in osmotic fragility on exposure 
of red cells to hypotonic sodium chloride solu- 
tions. The decisive chemical events responsi- 
ble for the limited in vitro “survival time” of 
red cells are not known. Enzymatic proces- 
ses might be at  work changing the red cell 
envelope, either directly through attacks on 
the lipids and proteins forming the membrane, 
or, indirectly, through the formation of prod- 
ucts injurious to the membrane. 

This report describes the effect of a variety 
of enzyme inhibitors, enzyme activators? and 
related compounds on the rate of the pro- 
gressive development of osmotic fragility of 
human erythrocytes during storage. 

Methods. ACD blood collected by the Red 
Cross was used in this work. I n  each bottle, 
as supplied, was a mixture of 480 ml blood 
and 120 ml ,ACD solution (NIH solution B, 
each 100 ml containing 1.47 g dextrose, U.S.P., 
1.32 g sodium citrate, U.S.P., and 0.48 g 
citric acid, C.S.P.). The compounds to be 
tested for their effect on the development of 
osmotic fragility were prepared in aqueous 
solutions, adjusted to pH 6-7, made isotonic 
by addition of the calculated amount of XaC1, 
and sterilized by passage through a Seitz filter. 
If this sterilization method was accompanied 
by undesirable reactions (for example oxida- 
tion of the phenothiazine derivative men- 
tioned below to a blue product) filtration 
through a Morton Filter Apparatus with ultra- 

* This investigation was supported by a research 
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Public Heaith Service. 

fine fritted glass disc (Corning No. 33990) 
was used instead. ACD blood in 50 ml por- 
tions was distributed into rubber stoppered 
sterile bottles, which contained small volumes 
(up to 5 ml) of the solutions to be investi- 
gated. The mixtures, together with a few 
control bottles containing samples of the ACD 
blood from the same donor without further 
additions (unmodified ACD blood) were 
stored at  4°C. After various periods of stor- 
age time, test samples as well as the corres- 
ponding controls were examined for chemical 
changes (N.P.N., glucose, inorganic phos- 
phate, plasma potassium), for changes in red 
cell volume (hematocrit) , and for osmotic 
fragility. The tests for osmotic fragility were 
carried out as follows. Three 0.1 ml samples 
of the blood to be tested were transferred to 
three test tubes containing 20 ml of, respec- 
tively, distilled water (tube 1 ) , 0.9 % NaCl 
solution (tube 2 ) ,  and 0.6% NaCl solution 
(tube 3) .  After gentle mixing, the cell debris 
as well as the cells remaining intact in the 
NaCl solutions (tubes 2 and 3) were centri- 
fuged down and the supernatant solutions were 
transferred to colorimeter tubes. Absorbancy 
measurements were carried out using a Lume- 
tron Photoelectric Colorimeter, Model 402-E, 
Filter M-550, after addition of a drop (about 
0.05 ml) of 2 N NH,OH to the contents 
(about 10 ml) of each tube. Identical results 
were obtained, whether the NaC1-blood mix- 
tures were centrifuged immediately when pre- 
pared or whether they were left standing for 
30 min before centrifugation. The absorbancy 
of the completely hemolyzed sample (tube 1) 
was a measure of the total hemoglobin content. 
The percentage of this total hemoglobin re- 
leased into isotonic (0.9%) NaCl solution, 
calculated from the absorbancy of the con- 
tent of tube 2, represented the percentage of 
hemolysis which took place during storage. 
The percentage of the total hemoglobin found 
additionally in tube 3, containing 0.6% KaC1 
solution, gave an indication of osmotic fragility 
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FIG,  1. Increase in osmotic fragility of human erythrocytes during storage of -4CD blood. 
Data obtained with ACD blood from 55 different donors a t  various intervals are represented 
b;v solid black dots. Seven of these specimens were also stored with addition of Plieiiergan 
(0.4 mM/l). Results obtained with thcse modified samples are shown as circles near tlie abPcissa. 

and was used as an estimate of (‘in vitro sur- 
vival” of red cells. This in vitro procedure 
follows a suggestion of and is based on find- 
ings by Gibson and coworkers( 1) who had 
reported that the results obtained with this 
method showed a fair correlation with the 
post-transfusion survival measured directly by 
the Ashby technic. 

Results of chemical analyses. Neither un- 
modified ACD blood nor blood samples con- 
taining those of the various additions to be 
discussed later, which retarded the increase 
in osmotic fragility, showed any significant 
changes in non protein nitrogen during stor- 
age periods of 42 days. This indicated that 
proteolytic processes leading to small break- 
down products (soluble in trichloracetic acid) 
were not taking place. The glucose content of 
ACD blood and of the modified samples, with 
the exception of those containing NaF, de- 
creased during storage. A specimen of ACD 
blood containing, for example, 366 mg glu- 
cose per 100 ml just after collection, showed 
a glucose content of 303 mg after 21 days, and 
of 269 mg per 100 ml after 42 days of storage. 
The plasma potassium content of ACD blood, 
of the samples with less pronounced osmotic 

fragility, and of those containing S a F ,  in- 
creased at  about the same rate during storage, 
for example from 5 meq potassium per liter 
plasma at  the time of collection to 17 meq 
after 21 days, and 30 meq/liter after 42 days. 
The concentration of inorganic phosphate in 
whole ACD blood and plasma increased, for 
example from 3.2 mg per 100 ml blood on the 
first day to 13 mg after 21 days, and 15.8 mg 
per 100 ml of blood after 42 days. The 
various additions to ACD blood, with the 
exception of NaF, did not alter significantly 
the rate of increase of inorganic phosphate. 

Changes in hematocrit and osmotic fragility 
of ACD blood. The hematocrit of ACD blood 
increased regularly during storage, for exam- 
ple from 44 to 48 in 42 days. There was little 
spontaneous hemolysis of ACD blood during 
the early part of the storage period, as meas- 
ured by the amount of hemoglobin released 
into 0.9% NaCl solution. Hemolysis after 
42 days ranged from 1-3%, but reached 
10-13% after 92 days of storage. The osmotic 
fragility of ACD blood varied with different 
specimens. Blood from 55 different donors 
showed on exposure to 0.6% XaC1 solution 
after 21 days storage 5 to 23% (median 
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TABLE I. Atiditions to ACD Blood Accelerating 
the Progressive Increase in Osmotic Fragility dur- 

jug Storage. 

Clioiiceiitra- Storage 
tion, mM/1 time, Hemolysis 

Addition blood days factor” 

L- Arginine 
L-Histidine 
Sseorbic acid 

Nico t inie  ztv i (1 
?rTico tiriainit le 
Calci uin pa n t o t 11 exia t e 
Acetylcholine chloride 

Bcnzuic acid 
m-Hydrosy benzoic 

p-Hpclroxy l w i z o i c  

Pyruvic acid 

acid 

acid 

Trypsiin (1 : 300, 
h-BCo. ) 

13.6 
.40 

1.121 
3.31 

.16 
9.0 

.006 
1.4 
4.1 
.11 

3.27 
8.33 
8.50 

8.50 

3.0 
11.4 

. i 3  

.05 
2 4  
.20 

.4G 
. l G  
.’is 

10.0 t 

32 
24 
2 1  
21  
29 
57 
41 
43 
43 
39 
36 
26 
34 

35 

28 
28 
23 
41  
41  
30 

23 
10  
10 
42 

1.28 
4.1 
1.51 
2.07 
1.96 
1.09 
1.14 
1.19 
1.40 
1.25 
1.31 
1.62 
1.46 

2.06 

1.18 
1.67 
1.53 
1.41 
1.50 
1 3 0  

1.84 
6.20 

10.50 
1.32 

~~ 

+ IIemol~sis factor calculated by dividing per- 
centage hcmolysis (in 0.6% NaCl) of test sample 
b y  that of con t ro l  bloocl. 

t xng/litcr bloocl. 

13%),  and after 42 days 20 to 58% hemo- 
lysis. X graphic presentation of such meas- 
urements is shown in Fig. 1. 

Compound 5 without eflect on osmotic fragil- 
i t y .  In  blank experiments it was ascertained 
that the addition of 0.1 volume of isotonic 
(0.9%) YaC1 solution to ACD blood before 
storage had no effect on the rate of increase 
of osmotic fragility observed with the cor- 
responding unmodified ACD blood. The fol- 
lowing substances were also found to have no 
influence on the progressive increase in os- 
motic fragility of red cells during storage (in 
parentheses are concentrations in rnillimole per 
liter blood) : ethylenediamine tetraacetic acid 
(2.0; 4.0; 9.0), iminotriacetic acid (9.0), 
orthodiaminocyclohexane tetraacetic acid 
(9.0), nicotinamide (3.0; 6.0), riboflavin 
(0.001 : 0.005 1 ,  p-amino benzoic acid (0.63 ; 

3.05), creatine (1,2; 3.4), leucine amide (1.0; 
4.1), D,L-malic acid (0.4; 9.2), tartaric acid 
(0.04; 1.96), urea (1.2; 5.8), thiourea (0.12; 
0.59), guanidine (0.60’), semicarbazide 
( 1.58) , sodium thiosulfate (0.40), sodium di- 
ethyl dithiocarbamate (0.60; 2.95; 13.7), uric 
acid (0.02 ; 0.54), thioglycolic acid (0.78 ; 
3.84), cobaltous acetate (0.28; l.IO), nickel 
chloride (0.41; 0.81), zinc sulfate (0.20; 
0.77), and N,N-dimethy1-N’- (2-pyrimidyl) - 
ethylenediamine hydrochloride (0.39). Like- 
wise without effect were pepsin (1 : 10,000; 
Pfanstiehl, 10 mg/l blood) and cryst. trypsin 
inhibitor from soybeans (Armour Labora- 
tories; 20 mg/l blood). 

Compounds which accelerated the increase 
in osmotic fragility. Addition to ACD blood 
of a number of compounds decreased the “in 
vitro survival time” of erythrocytes to a vary- 
ing degree, as shown in Table I. Results ob- 
tained with NaF  are given separately in 
Table 11. The presence of NaF during stor- 
age did not change the rate of diffusion of 
potassium into the plasma from that observed 
with control blood (corrections were made for 
the potassium released by spontaneous hemo- 
lysis during storage). 

Compounds which retarded the  increase in 
osmotic fragility. a )  Sodium fewocyanide 
(5.45 mM/1 blood). After 2 1  days storage, 
the control showed 4.6%: the test sample 
2.976 hemolysis in 0.6% NaCl solution. 
After 50 days the corresponding figures were 
28.4% (control) and 14.0% (test sample). 
b )  ili’ickel chloride (1.91 mRil/l blood). The 
effect was very slight. After 29 days, the 
control showed 29.01%, the test sample 22.770 
hemolysis in 0.6% NaCl solution. After 35 
days, the corresponding figures were 46.6 and 
38.8% respectively. Lower concentrations of 
nickcl chloride had no effect, as mentioned 
before. c) Salicylic acid (13.63 mM/1 blood) 
showed good protective action for the first 20 
days, but this effect all but disappeared when 
the storage period was extended (Table 111). 
d )  10- (Z-Dz’naethylaminopro p y l )  phenothia- 
zine. The addition of optimal amounts of 
this substance (0.4 mn/l/l) retarded the de- 
velopment of osmotic fragility to a considera- 
ble degree. After 2 1  days there was observed 
0.4 to 4% (controls 5 to 2370), after 42 days 
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TABLE 11. Effect of Sodium Fluoride on ACD Blood during Storage. 

Inorganic phos- 
phate, mg/100 r- 5% heinol~-sis in --, 

Blood S a F ,  Storage, c-0.9q SaCl-, -0.6% NaC1, ml  blood 
KO. n1N/1 3 a y i  C'u n t r ol Test C'o 11 tr  o 1 Test Control Test 

5341 13.9 2 
1 3 
"9 
35 

2342 0 33.9 
1 3 
'0 9 
41 

2355 1.5 2 
1 6  
30 
49 

i 

(! .Y 
> 2.4 

.3 8.S 
3.1 1 2 . i  

( I  .9 
.6 4.0 

1.0 8.1 
'7.1 14.1 

0 . ;1 

1.3 5.5 
1.0 11.0 
5.5 18.3 

,d 

.4 18.i 
4.8 62.6 

13.4 71.8 
19.3 i8.7 

1.9 14.5 
3.0 6%.6 
7.1 70.5 

21.2 87.5 
0 16.5 
6.1 74.9 

21.7 89.4 
49.7 94.4 

3.77 
13.54 
16.73 
18.05 

3.26 
11.28 
13.19 
15.27 

3.24 
13.55 
15.27 
17.59 

3.72 
6.05 
7.57 
8.66 

2.86 
4.32 
5.21 
5.92 

3.03 
5.06 
1.,9 

11.44 

- r  

~ _ _ ~  
The following changes in bIood glucose were observed during storage periods : Blood 2341, 

control? glucose decreased from 344 t o  250, test sample no change with 354 and 350 mg/lOO nil, 
respectively; Blood '7342, control, glucose decreased from 360 t o  286, test sample constant at 
368 mg/100 ml; Blood 2355, control, glucose decreased from 332 t o  216, test sample no change 
with 337 and 336 mg/100 ml, respectivelg. Mixtures of XaF (1.5 mM/l) with cobaltous acetate 
(2  mM/1), or manganese sulfate (2  mM/1) gave essentially the same results a s  XaF alone. 

TABLE I I T .  Effcct of Salicylic &id (13.63 mM/1 
Blood)  011 -l\C'D Blood during Storage. 

7' liemolysis in 
Bloor! s tora ge, 0.6% NaC'1 

No. d q - s  Control Test 

2 3 i 9  10 3.2 1.2 
2 0 13.6 4.9 
42 50.8 40.3 

2382 10 3.7 2.9 
20 22.8 11.3 
4'7 4i .6  45.5 

238.5 10 5.9 3.1 
21.3 11.0 

46.7 
'7 0 
42 D I .3 

- -  - 

0.6 to 4.570 (controls 20 to 36%), and after 
92 days 26 to 39% (controls 83 to 85%) 
hemolysis on exposure to 0.6% NaCl solution. 
A few examples of the experimental findings 
are listed in Table IV (see also Fig. 1 ) .  The 
presence of this phenothiazine derivative, 
which is manufactured under the trade name 
of Phenergan, did not modify glucose utiliza- 
tion, plasma potassium increase, or inorganic 
phosphate increase, but it inhibited by 20% 
plasma lipase activity, determined by the 
method of Goldstein ct QZ. ( 2 )  , as modified by 
Alper (3) .  The increases in hematocrit were 
less, usually one-half of those observed with 
ACD alone. 

I t  is important, for reasons to be discussed 
later, that the addition of Phenergan to ACD 

blood which had been stored for various 
periods of time did not modify or reverse the 
osmotic fragility existing at  the time of addi- 
tion, but showed a marked protective action 
against further deterioration. This is illus- 
trated by the data shown in Table V. 

The methosulfate of Phenergan was also 
tested but proved to be considerably less ef- 
fective in retarding the increase in osmotic 
fragility during storage than the parent com- 
pound. The control bottles from 3 different 
ACD bloods showed, for example, after 25 
days 13 to 21%, and after 60 days 47 to 69% 
hemolysis in 0.6% NaCl solution. Phenergan 
methosulfate (0.4 mM/l blood) reduced the 
hemolysis figures a t  25 days insignificantly to 
11 to 20% and only slightly after 60 days to 
41 to 53%. The corresponding values for 
Phenergan by contrast were 4.6 to 6.870 (25  
days) and 12 to 1970 (60 days). 

Discussion. Metal ions, compounds react- 
ing with sulfhydryl and disulfide groups and 
certain complex forming substances did not 
protect red cells from the gradual increase in 
osmotic fragility. The results with N a F  add 
further weight to the belief that a functioning 
glycolytic system is essential for in vitro 
preservation of red cells. 

A few substances were found to delay the 
progressive increase in osmotic fragility of 
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TABLE 11’. Protective Effect of  10-  (%Dimethyl- 

duplicate the effect of Phenergan on stored amino-propj-1) Yhenothiazine on ACD Blood during 
Storage. 

erythrocytes. This is particularly surprising 
Blood Storage, o.6% KaC1 since EDTA, which was used by Dyckerhoff 
h-0. days Control Test et  d ( 7 )  as an anticoagulant by virtue of its 

hibit certain proteolytic processes, did not 

yo hemolpi s in  

2.4 
7.4 

33.1 
2.1 
4..5 
9.9 

12.8 
33.0 
43.“ 
55.“ 

22.8 
62.9 
84.7 

.8 
1.3 
2.9 

2.1 
2.5 
3.3 
3.5 
6.5 

12.5 
19.5 

2.8 
i.1 

25.6 

TLIRLE T’. Effect of Phenergan on Aged ACD 

D a ~ s  stored yo hemolpsis in 

Blood. 

Age of with 0.6% SaCl 
blood, d a y  Phenergan Control Test  

Blzotl S o .  1014, stored 1 4  days before 
ad dit ion of P henerg an 

15 1 13.2 12.6 
2-1 10 25.8 13.6 
34 2 0 41.0 20.2 

Elood S o .  2457, stored 37 days before 
addition of Phenergan 

3 S 1 54.4 52.8 
5 9 22 80.8 57.3 

erythrocytes during storage. The most effec- 
tive agent among the compounds studied so 
far was Phenergan hydrochloride. The mech- 
anism of its “protective” action is open to 
speculation. This substance is known to be 
an antihistamine, but another antihistamine 
drug (dimethyl - pyrimidyl- ethylenediamine 
hydrochloride or Neohetramine) had no stab- 
ilizing influence on red cells. 

I t  has been reported that Phenergan pre- 
served tissues and inhibited trypsin and 
papain (4) and the antiproteolytic activity of 
this material was our reason for testing its 
influence on the development of osmotic fra- 
gility. especially since Halpern et  al. ( 5 )  
found that it retarded morphological changes 
in stored blood. However, other compounds, 
as for example ethylenediamine tetraacetic 
acid (EDTA). which have been shown in a 
recent report from this laboratory(6) to in- 

reaction with calcium, was reported, as had 
been Phenergan, to keep blood morphologi- 
cally intact longer than sodium citrate or the 
oxalates ( 8)  . 

A third property of Phenergan, found dur- 
ing the course of this study, was its inhibitory 
effect on plasma lipase activity. While only 
20% inhibition was observed when this sub- 
stance was present in a concentration of 0.4 
mX/l blood and when tributyrin was used as 
substrate, one has to keep in mind that plasma 
lipase activity is apparently not due to a 
single enzyme but to a mixture of enzymes. 
I t  is conceivable, therefore, that a 20% inhi- 
bition of tributyrin hydrolysis might signify a 
complete inhibition of that part of plasma 
lipase activity which may be directed against 
lipids in the red cell membrane. Quinine 
(2 .7  mM/1 blood) inhibited plasma lipase 
activity 66% but caused no significantly in- 
creased “in vitro survival” of red cells, though 
these experiments, not reported here in detail, 
gave somewhat uncertain hemolysis data as a 
result of blood pigment changes. Tests with 
p-amino salicylic acid were carried out as this 
substance was claimed to inhibit plasma lipase 
quantitatively when present in a concentration 
of 170 mg/1(9). Experiments in this labora- 
tory showed no inhibition of tributyrin hy- 
drolysis even with p-amino salicylic acid levels 
of 918 mg/l plasma (6.0 mhl/l) and the com- 
pound did not interfere with the normal rate 
of increase of osmotic fragility of red cells 
during storage. Inability to reproduce the 
Phenergan effect by using other antihista- 
mines, other antiproteolytic agents, or other 
lipase inhibitors? makes it impossible at  this 
time to explain the mechanism through which 
this phenothiazine derivative exerts its protec- 
tive action. 

The data shown in Table V are of particular 
significance and require additional comment 
for the following reason. Chaplin et aZ.(10) 
investigated the effect of a related phenothia- 
zine derivative (R.P. 3300) on red cell 
preservation, and found that their compound 
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interfered with the hemolysis of fresh red cells 
by hypotonic NaC1 solution. They observed 
strikingly less hemolysis when small amounts 
of R.P. 3300 were added to the hypotonic 
salt solutions. This property of R.P. 3300 
made it appear (when blood was stored in its 
presence for longer periods of time) as if this 
compound had a protective action. whereas, 
according to Chaplin et al., it only interfered 
with the determination of “ in zlitro survival“. 
Transfusion experiments showed that R.P. 
3300 did not increase posttransfusion survival. 

The behavior of Phenergan in hemolysis 
experiments was quite different, as can be seen 
in Table V. In  contrast to K.P. 3300, this 
compound. which was present in the hemolysis 
tests in a concentration of 1 : 1.6 million, did 

crease of inorganic phosphate during storage, 
but had no effect on the gradual increase of 
plasma potassium concentrations. 3. The  
most promising results in retarding the de- 
velopment of osmotic fragility were obtained 
with 10- ( 2-dimethylainino-propp1)phenothia- 
zine. ACD blood from 55 donors showed on 
exposure to 0.6% KaCl solution after 21 days 
storage 5 to 23%, and after 42 days 20 to 
58% hemolysis. The addition of the pheno- 
thiazine derivative (0.4 mM/l blood) re- 
tarded the development of osmotic fragility 
considerably, so that after 21 days there was 
observed 0.4 to 476, after 42 days 0.6 to 
4.5%, and after 90 days 26 to 395% hemolysis 
when the blood samples were added to 200 
volunxs of 0.670 NaC1 solution. 

not (even after 24 hours contact) decrease 

just prior to its addition. Once Phenergan was 
the degree of hemolysis from that measured The  authcr  wishes to thank the staff Of the 

Orleans Regional Blood Center of the -4merican 
Sat ional  Red Cross for their cooperation, and  Dr. 

present‘ h o m r e v e r T  it retarded the f?b’thcr in- Joseph Seifter of the Wyeth Institute of 4pplied 
in Osmotic Observed con- Biochemistry for  a generous supply of Phenergan. 

tinued storage of the control blood. _____ 

Experiments are in progress to determine 
whether Phenergan prolongs the useful shelf 
life of transfusion blood. It is also planned 

served vr,ith ethylenediamine tetraacetic acid. 
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