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Modification of red cells with lactose solution, removal of the modifying agent,
and freczing in Teflon containcrs with the addition of low molecular weight dextran
results in the recovery of 98.5% of the red cells; when albumin is used th;—;ecovery
rate of red cells is 98,57%. A mean survival of 69.°% of red cells has been obtained

24 hours posttransfusion, when dextran was used as the additive after modification

with lactose.

Dimensional changes, stability and 07 dissociation of frozen red cells arc des-

cribed; the relationship of the mean corpuscular volume to survival is discussed.

There is evidence that the chromium tag of red cells, frozen with the addition
of lactosc followed by dextraon, is labile; this suggests the necessity to reeevaluate

the posttransfusion survival of rod cells, frozen uith the present technique, with

the nonagglutinable cell method,

NOTE: Copies of this report are filed with the Armed Services Technical Information
Agency, Arlington Hall Station, Arlington 12, Virginia, and may be obtained
fror that agency by-qualified investigators working under Government contract.
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IUTRODUCTION

Addition of dextroscelactose mixtures to whole blood has been showm to exert
a protective effect on erythrocytes during rapid frcezing and storing at tempera-
tures of about =93°C., rapid thawing and transfusion without further modification
(1, 2). Solutions of human serum slbumin and of cextran of different molecular
weights, and of other macromolecular substances, have also been found to be highly

effective in protecting human erythrocytes sgaingt the damage of freezing and thawe

1“8 (3) o

In the present work we have studied the effect of albumin and dextran, with
and without previous modification with lactose, on the recovery and posttransfusion
survival of red cells subjected to rapid freezing and thawing. Also studied was the

effect of "Teflon" containers, and of the M.C.V. of the erythrocytes.

Potassium loss, stability, dimensional changcs and 0, dissociation of frozen

red cells were determined; the complex interaction of lactose, dextran and albumin

and the effect of cooling and warming velocities are discussed.




METHODS

Collection of Blood

Blood collected in the low dextrose, isotonic ACD solution (4)* was used within
one Lo four days of collection., The ACD blood was centrifuged at 4°C. at 5000 r.p.n.
for 5 ninutes; enough plasma was removed to obtain an hematocrit of approximately 80.

This material was mixed prior to freezing with modifying and additive solutions.

Modifying and Additive Solutions

Lactose as modifying agent vags used in concentrations from 5 to 152 in saline
solution, and was added to thc packed red cells in equal volumes. In some experiment

this mixture was frozen and thawed without further changes (1,2).

The packed red cclls-lactose mixture was kopt at room temperature for 5 minutes,
centrifuged at 4°C., and at 5000 r.p.m. for 5 minutes, Enough supernatant was then

removed to obtain an hematocrit of about 80,

In most instances lactosc solutions wera used only as a means to "modify'" the

red cells prior to frcezing with mocromolecular solutions: albumin or dextran.

*The formila is:

100 ml. contains 63 ml. contains
Triesodiun citrate, dihydrate 2.55 gm. 1.6 gm,
Citric acid, monohydrate 0.80 gnm. C.5 gn.
Dextrosc, anhydrous 1.2 gn. 0.756 gm.

pH 5.0
63 nl, are used for 500 ml. of blood
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The "albumin' used was the 'iormal serum albumin (human) salt poor" processed
by E. R, Squibb gnd Company, obtained through the American Red Cross as a 257 solu-
tion. Albumin was made isotonic by adding 5 ml. of 177 NaCl to 100 ml. of 25% solu-
tion, The albumin solution thus obtained (approximately 247 concentration) was added
to the red cell suspension. Physiologic saline solution was added to the isotonic

247 solution when lower concentration was desired,

Dextran, molecular weigit 40,000, obtained from the Pharmachem Corporation of
Bethlehem, Pennsylvania, as a 307 solution in saline, was diluted with ,85% sodium
chloride solution to obtain the desired concentration. All solutions were sterilized

by heating at 120°C. for 30 minutes.

The amount of albumin or dextran solution added to the lactose treated red cell

mass is zalculated to result in 2 final hematocrit of about 25%.

In another series of experiments packed red ceclls were mixed with albumin or

dextran solutions without previous treatment with lactose.

. Containers

The containers used for recovery studies werc of a variety of sizes and material
For scrcening in in vitro studies, cylindrical aluminum containers were used, with a
thickness of approximately 0.25 mm. Layers of blood of varying thickness, from 1,3
3.2 m,, were obtained by varying the volume of blood. Flat metal containers were
used, similar to those previously described (1), for larger quantities of blood. Th'.

verc mointained in agitation during cooling ond warning.
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Containers made of "Teflon'", 0.051 em. in thickness, were algso used.* The bags
measured 10 x 30 cm. and were held in a metal frame to maintain a layer of blood of
0.2 to 0.4 cm. A more uniform thickness of blood vas obtained by using channclled
bags (Figure 1) or bags containcod betuoen ' two fluted copper platas, meintained at
The vlood in Toflon bags wvas “rozen by immersion in & coolant

vz proper (disgtance.

ma’ntain:d In very active motion.

Freezing and Thawing

Cooling has been obtained with a €O, ice=ethanol mixture at an averagec tempera-
turc of =73°C.; with Freon 11 cooled with liquid nitrogen to a temperature of =85 to
-106°C., and with Freon 21, cooled to a temperaturce of =130°C. with liquid nitrogen.
When liquid nitrogen was used dircctly as the coolant, the metal containers were

coated with glycerol and methanol followed by "Santocell', (Monsanto Chemicals) (S5).

Thawing was invariably carried out in the water bath at 40°C. for one or two

minutes, according to volume, Motion was employed only with metal containers.

When frozen blood was not irmediately thawed Ior use, it was stored at =90°C.

t 4,

Recovery

Mcasure of recovery requires thc measure of the hematocrit, of the total hemoglobiw

and of the supernatant:

*0Obtained from the DuPont Company, Wilmington, Dclaware
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Measure of free hemoglobin. Initially the .rec hemoglobin was measured by a

ba=zidine method (6); because of instability of the reagent, the carbonate method
was adopted, using the Beckman B spectrophotoneter., Spectral analysis denonstrated
a hemoglobin peak at 420 rmu with uinimal absorption at 480 rw. A straight line was
obtained when hemoglobin concentrationes were plotted ageinst 0.D. in the range from
0.08 mg. to 10.0 ng. of hemoglcbin per 100 ml., of 0.1% carbonate solution. Iﬁter-
fering substances had a constant absorption from 420 to 480 tm, They could thus be

elininated by taking the readings from diluted plasuwa at 420 and 480 ru.:
0.D. 420 my. = O.D. 480 mu, X dilution factor = Hemoglobin mg.%.

When mixtures of hemoglobin with lipemic (cloudy) plasma were made, recoveries of
hemoglobin ranged from 100 to 106%. This means that hemoglobin concentrations as

low as 2 mg.% could be measured with an error of % 6%.

Measure of the hematocrit, hemoglobin and red cell count. The hematocrit was
measured by a micro method previously described (7). The total hemoglobin was deter-
mined as oxyhemoglobin chccked with the red cell iron content and 02 capacity. The

red cells were counted electronically (Coulter counter), checked daily by accurate

chamber counting.

Recovery at each step is obtained as follows:

100 « hematocrit
100

X supernatant Hb. gn./100 ml. X 100
= Hb, loss % of total

Total Hb, gn./100 ml.

In the measurcuent of losses of red cells through hemolysis at cach step involv-
ing resuspension of red cells, carry over of free hemoglobin from one suspension to

the next was taken into consideration. The smount of free hemoglobin carried over

is reprcsented by:
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1C0 « hematocrit X frece Hb, %
100

This amount was subtracted “ivom the emount of {ree hemoglobin measurcd in the
successive step of the process. In this manncr acding of the percent hemoglobin lose
at cach step gives a true value for the total hemoglobin loss in all the process,
taking thce initial value of the ACD blood as 100%. However, the value thus obtained
would be slightly less than the amount of hemoglobin actually present iu lhe supore
natant at cach step. Thc actual quantity of free hemoglobin present in the material

used for transfusion is of considerable importanc:, and it has becen measured.

Survival

For thc measurce of the survival of transfuscd red cells, a mecasure of the
cell volume of the recipient is required which is determined independently of tue

transfusion. We have uscd routinely the T-1824 dye indircct method, as previously

described (8).

Expected 1007 specific Total counts in cells to be transfused

Activity at O Time Recipient's rod cell volume (ml.)

Observed specific activity Counts/minute/ml. whol: blood

at any time posttransfusion Hematocrit
Pcreentage survival 100 X observed spocific activity
at any time posttransfusion Expected 1007 specific cctivity

at 0 time
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The measure of the posttranciusion survival uith radiochromiun®! i{s carriad

out as follows:

One hundred ml. of ACD blood, not over 24 hours old, were centrifuged in a
refrigerated centrifuge, plasnmo was removed to obtain an hematocerit of about 30, and
the packed red cells were mixed with 500 microcurics of high specificity N020r5104.

The total arount of chromiun did not exceed one microgram/ml., of nacked red cells.,

The packed red cells were placed in a water bath at 37°C. for 20 minutea} the
radioactivity uptake varied from 93 tc 97%. The blood was then frozen and thawed
as degcribed, After mixing, 10 ml, of blood were transfuscd in a period of 8 to 12
seconds. The syringe was rinsed once by aspirating and re-injecting 2 or 3 ml, of

the recipient's blood. The remainder of the tagged blood was used for radiovactivity

standard and other in vitro mcasureoents.

Samples were taken at 1, 3, 5, 10 and 60 ninutes, and at 24 hours posttransfusiot,
In many instances sacples were “.sken on subsequent days, to determine the T 1/2., The
henatocrit of the blood transfused and of cach sauple obtained was determined., Radig-

activity was deteruined in 3 nl, sanples, from vhich plasma was removed,

All experiments were autotransfusions performed in healthy young subjects; all

but one were pales.

02 Digsociation

Sarples of blood were aquilibrated in a rotating, constant water vapor pressure
tonometer® at 37°C, with known nixture of nitrogen and oxygen. The carbon dicxide

tension was kept at &) tm. hemoglobin and the oxygen concentraticn was varied by neaws

of two flowneters.¥*

* Obtained fron Ingcrumentation Laboratory, 9 Galen Street,.Bolton 72, Massachusctts

*M{shcr-Porter Conpany, Warninster, Pennsylvania.
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Aftor equilibration the blood sauples were rerioved from the tondmcter by means
of a built-in syringe, which was capp:d immediately. An aliquot was removed anaero=-
bically by injecting tha blood irnto a rubber cappcd van-Slyke pipette containing
mineral oil and used for the detceruination of the oxygea content and saturation.

The blood remaining in the syringe was delivered into o tensiometer®* for the direct

deternination of pH, pCOp and pOj.

Oxyheroglobin dissociaticn curves were constructed by plotting po2 vanous

oxygen saturation values and obtaining a best=fit line,

Measgure of Relative Viscosity

The measure of the relative viscosity was carried out by & method previously

described (9).

Sedimentation Rate

The scdimentation rate was neasured with the Cutler method (10).

Pre and Post Freezing Agplutinability of Red Ceclls

Blood was drawn frou four inl:viduals, and the red cells frou a portion were
nodified with lactose and frozen with the addition of dextran. The rod cells, after
thaving, were resuspendad in salinc, to a 5-107% concentration, after one to three
washings with saline. Serial titrations were done Uy the same technicians, with
one pipette. For the albunin titer, threce drops of albumin solution were added to

cach tube after incubation and prior to centrifugation. The sawe vials of anti-A

*Obtained from Instrumentation Laboratory, 9 Galen Street, Boston 72, Massachusetts.,




9=

serun*, galin: anti-D serum®*, and slide antieD scrum®* gere used throughout. Control
included patient's cells, frozen and not frozen, versus patient's plasma in saline

end albunin,

In addition to the standard hand procedure, the agglutinability of frozen and
controlled cells was tested with the "Autotechnicon' apparatus, the amount of
agglutination being read by a visible end point end by a point at which 50% of the

cells were agglutinated,

RESULTS

General Congiderations

The process of preservation of red cells at low tenperatures nay involve the
following stcps in vitvu: collection of blood in an anticoagulant; centrifugation
and removal of plasma; addition of a modifying agent, followed by centrifugation in

nost cases, removal of supernatant and mixing with an additive; freezing; storing

in the frozen state; thawing; rcsuspension.

For the purposc of this papcr, the ternp "modifying agent' ia used to indicate
a substance which improves the rccovery or survival of red cells submitted to the
process of freeziﬁg and thaving., It may, or way not, be rcooved and replaced, before
freezing, by an additive which protects the rod cells during the actual process of

freezing and thowing.

Each of these procedurcs induces certain biochenical and dimensional changes

in the red cells, and nay rcsult in danage and loss ef cells.

*Fron the Philadelphia Serum Sxchange

**Fron the Dade Company
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The losses in vitro may Le purely mechanical, such as in the removal of supere
natant fluid, or the result of hemolysis. The mechanical losses in the process of
centrifugation and transfer can be reduced to a minimum with proper technique, and
wvill not be reported in detail. 1In any case, they nced not cxceed 0.1%. Losses by
hemolysis are by far the most important, since they generally involve damage to

remaining, apparently intact cells. Additionally, largc amounts of frece hemoglobin

may be detrimental to the recipient of the transfusion,

Recovery

Lactosc followed by dextran. Packed red cells with an hematocrit of 85.5,

obtained from ACD blood, were submitted to the action of 5% lactose, followed by
centrifugation., The supecrnatant was removed, lcaving packed red cells with an
hematocrit of 76,2, to which 23% dextran was added, the resulting red cell suspensic!
having an hematocrit of 24.5, hemoglobin of 9.3 gm./100 ml, Forty-five ml. of this
red ccllg suspension were Irozen at =80°C. in a Tcflon bag, divided into three
longitudinal pockete (sec Figurc 1). In all, three such bags were used, so that

ninc gcparatc units from the same original material werc available for study. The

results arc shown in Table I.

This proccdure resulted in suspensions of rod cells which were used for study
of stability (rcsuspecnsion) or ior autotransfusion, Tiac sum of the percent lossecs
of heroglobin at cach step represents the truc total loss of hemoglobin expressed
in pcrcent of the initial hemoglobin of the ACD blood. The concentration of lactose
may vary from 5 to 15% without appreciable change in results, The velocity of cool-
ing was 5.1°C./sccond, the coolant bath being «80°C.; the velocity of varming was

3.3°C./sccond, the warming bath being 40°C.
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Lactoge foilowed by albumin. The recovery of red cells was sinilarly determinec
when albunin wag used as the additive., Packed red cells with an hematocrit of 87.8,

obtained from ACD blood,were submitted to the action of 15% lactose, followed by
centrifugation. The supernatant was removed, with a resultant hematocrit of 76.7;
albunin solution in physiological saline was added, the resulting red cell sus-
pension having an hematocrit of 23.4, hemoglobin of 9.8 gm./100 ml. The freezing

was carried out exactly as described for the dextran treated cells; the results

are shown in Table II.

Similar results have been obtained with lactose concentrations of 5 and 10%;

the velocities of cooling and worr:ing were the same as used in the previous experi-

ment.

Lactose-Dextran and Lactoge~Albumin Mixtures. The recovery of red cells after

freezing and thawing was sinilarly testad when the red cells were added to a solu-
tion containing both lactosez (5%) and dextran (20%) in physiological saline, having

-in view the possible elimination of onc step.

As seen from Table IIX thc rate of recovery is slightly but significantly
higher than obtained with the red cells treated scparately with lactose followod
by dextran. Very sinilar rcsults were obtained whon packed rod cells were frozen

in a nixture of lactose 5%, albunin 247%.

Survival

51

Survival is defined as the amount of radioactivity of Cr”" tagged red cells

reoaining in circulation 24 hours after transfusion, expressed in percent of the

100% level calculated as previously described.
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Forty-five autotransfusions of small quantities of blood have been given to
deternine the survival of frozen-thawed red cells; scventeen autotransfusions were
carried out vith blood frogen in metal containers, using various tenpceraturcs of
éooling and various concentrations of additives. The results of these preliminary
experiments can be surmarized as follows: 11 units of blood were frozen with tha
aid of 15% loctose followed by 247 albunin, with an everage recovery of 92,.5% and
a survival of 54.8%. Using 207 dextran in place of albumin the recovery averaged

95.5% and the survival 51,9% in six cases,

Using the experience obtained by these studies, later experiments were carried
out with a more uniforn technique enmploying Teflon bags 10 X 30 cu., without agita-

tion of the material being frozen, but nmaintaining the cooling and warning fluids

in potion.

Lactose followed by dexcran. Plasna was removed from ACD blood to obtain an

henatocrit averaging 80%; 5 to 154 lactose solution was added in equal volunes to
the packed red cells, the supernatant was removed after five minutes, obtaining an
hematocrit averaging 78%. Twenty percent low molecular weight dextran was added.
The amount of blood frozen averaged 50 ml., the resulting thickness of the layer of
blood was irregular. The terperature of freezing varied between =72°C. and -~100°C,
After thawing the resulting suspension of red celle was autotransfused without

further nodification and within one hour of thawing,

All recipients were young, healthy males, with a single female recipient;
results are shown in Table IV. It will be noted that the rccovery zaveragzed 1,44%
less than reported in Table I; this is duc to the fact that freezing of all but one

specinen in this series (#106) was carried out with Teflon bags without "channelling”
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Under these conditions the thiclkness of the layers of blood is wuch more irregular,

and optinal cooling and warning velocities arc not obtained uniformly.

Variations in the initial concentrations of lactose (5-152) arce reflected in

the final concentration of the suspension used for transfusion.

Lactose followed by albunin. Four units of blood were frozen and thawed by the

same technique as the experiment with dextran but 247 albunin was used in place of
the dextran., The tenperature of the cooling bath varied from =70 to =95°C. Results
are showm in Table V; the survival rate appears to be significantly below that

obtained with the use of dextran.

Survival of frozen red cells following the first twenty-four hour loss. The

survival in circulation of red cells following the initial 24 hour loss was investi-
gated in 14 autotransfusions of frozen red cells. The results arc shown in Table VI.
Variations on the mean recovery and mean survival of cases shown in Table VI cowpared
to those in Table IV arec due to the fact that the procedure for freezing and thawing

used in the cases reported in Table VI varidd in details fron that used to obtain

the data of Table 1V,

Freezing with addition of albumin or dextran alone. It was previously found

(3) that the use of albunin alone as an additive for freegzing of blood resulted in
a survival definitely below that obtained when the red cells were first modified
with the use of lactose followed by freezing with albunin. Three units of blood
were frozen with the addition of albumin alone and two were frozen with the aid of
dextran alone. The results shown in Table VII indicate that the survival of red
cells frozen with the aid of albunin preceded by modification with lactose is signi-

ficantly better than the survival of red cells frozen with addition of albunin alone;




dextran used alone results in & survival considerably below that obtained with

dextran preceded by riodification with lactose.

Lactosc~dextran nixturc and ep-arent coupetitive effect of lactose and albunin.

Good recovery but poor survival is obtained when lactose and dextran are nixed
together before the packed red cellg are added. In a typical experiment o solution
containing 5% lactose and 207 Jdextran was prepared and then to this solution packed
red cells were added. Freezing was obtained in a Teflon bag at =91°C.; the recovery

was 96,1 but the survival was only 23.1%.

~Stalility of Fuczen Red Cells .aiter Thewing and Rasuspension

The stability of nine units of red cells subjected to {reezing and thawing
with lactosc and dextran (sec Table I) was studied. Iimediately after thawing each
unit of red cells was divided in threce aliquots, and treated as follows: 1) allowed
to renmain undisturbed in the lactosc=dextran solution; 2) resuspended in own plasna,
in proportion of 1.9; 3) resuspended in saline solution in proportion 1:9, The
high dilution was chosen to sirmulate the dilution effect of & transfusion in a
75 kg, man, Deternination of the total and free hewoglobin, red cell count,
hematocrit and recovery were carriced out irmediately after resuspension and 24 hours

after storage. Results ara gshown in Table VIII.

The frozen thawed red cclls are relatively stable when left in the original
additive =~ thus, with an {mediate recovery of 93.5% (all losses included),the
average recovery at 24 hcurs was 97,47 (S.D. 0.080) representing an additional loss
of 1,17% (£.D. 0.2). Resuspension in autcplasna of red cells with the same post
freezing rcecovery of 98.57% resulted in an irriediate nean recovery of 87.57% (S5.D. 0.32)
and a 24 hour recovery of 80.6% (S.D. 2.1), With saline solution resuspension of the

sane red cells the irmediate recovery was 77.7% (S.b. 1.3) and at 24 hours 71,77

‘ (SOD. 2.3).
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Resuspension in ncutral citrate, low dextrose solution* resulted in an immediate
recovery of 96.8%, the recovery immediately after frcezing and thawing being 5$7.64%.

At 24 hours the recovery of resuspended cells was 82.1%.

No relationship was found between recovery after resuspension in plasms and

survival posttransfusion.

Dimensional Changes of Frozen Red Cells

Dimensional changes, expressed as M.C.V. have been reported in Tables I to V.
The variations in the mean diameter of red cells, vhen modified with lactose and
frogen with 20% dextran, is shown in Pigure 2. The mean diameter of the frozen,
thawed red cells (5.9 micra) is considerably below that of the fresh ACD cells
(7.1 micra); the aspect of the frozen red cells, smeared and stained, is similar to

that of the ACD cells, but the frozen red cells showed a wider range of diameter.

The use of the Coulter "Particle Size Digtribution Plotter" was attempted, but
the apparatus requires resuspension of frozen cells in saline or Eagle solution,
in both of which the atability of frozen red cells is poor; the apparatus cannot

distinguish well preserved cells from ghosts.

* This solution is used essentially for preparation of red cell suspensions and

washing of red cells:

Trisodium citrate, dihydrate 30,0 gm,
Citric acid, monohydrate 0.050 gm.
Dextrose, anhydrous 1.0 gm.
Water to 1000 =ml,

pH after steam sterilization 7.0




Microscopically, thc lactose treated cells are uniformly reduced in size, about

onc-third showing variably increcased crenation and some being more definitely sphero-

cytic,

Addition of dextran shows complete disappecarance of cranation, the cells remaine
ing smaller than normal but mogily with visible central depression. About ten percent

appear '‘cup' shaped and a similar number are ''drop’ shaped.

Cells trecated with lactose followed by albumin have a more uniform biconcave

appearance than theose treo..d with lactose followed by dextran,

Nesuspension in plasma shows appearance of Iive to ten percent of large spher-
oidal forms and a few ghosts. Very few crenated formss remain., Resuspengion in

saline shows nmore uniforn population, with fewer of the macrocytic forms.

When the aspect of red cells frozen and thawed is corparcd with red cells stored
in ACD for scveral days, the significance of thesc changes is minimized, since the
appecarance of ACD storcd red cells is very heterogcneous, There appears to be no
significant rclationship between survival and oorphological changes revealed by

nicroscopy of stained speciuens,

Effect of the M.C.V. bf Frozoli Cells on Survivaol

The effect of the M.C.V. of red cells on their posttransfusion gurvival has
previously been discussed, It was fourkl that che effect was related to tho nature

of the wechanisi producing the reduction of the M.C.V. (3).
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The present studies indicate that optimal su:rvival is obtained with a M.C.V. of
less than 100; lower values of :he M.C.V, are not necessarily related to improved

recovery or survival, On the other hand, M.C.V. exceeding 100 is gencrally accompaniv.!

by lowered recovery and survival (Figure 3).

O2 Dissociation Curve

We have observed that the oxygen equilibrium curve of one day old blood (in ACD)
was nearly identical with that of f{resh heparinized blood, when corrected in respect
to pH., With storage tlicre wvas a definite shift to the lcft in outdated ACD blood.
ACD cells in fresh heparinized plasma and fresh heparinized cells suspended in ACD

plasma, when corrected in respect to pH gave values which f2ll on the '"normal' curve.

Figurc 4 shows that red ceclls submitted to freezing and thawing with lactosc

followed by dextran behave more lika 20 day old ACD blood than fresh hcparinized

blood., Further studics are in progress.

Cooling and Uarming Vclocities

Definitive conclusions concerning the optimal cooling and warming velocities
have not been reached, due to the numerous changes in the technique. It appears
from the work so far done that very fast cooling, as obtained with liquid Nz, with
the small volumes of blood used results in rocovary and survivel lcoss ontiofac;ory

than obtained with slower rates of cooling.

Fairly satisfactory results hcve been obtained with cooling rates beiween 7 and
8°C./second and the warming ratcs of 5 to 6°C./second. These figures cannot be
considered optimnl; the cooling velocity has been measured between ~4 and =40°C. and
the wvarming velocities between =40 and 0°C, Figure 5 shows a typical temperature
curve obtained from the middle channel of three channels of a Teflon bag during

freczing and thawing of 50 ml. of blood, resulting in optimal recovery.
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Effect of Addition of Dextrcn ¢+. .. Albur..n on the Viscosity of the Blood ard on

3gathe Sedimentatton Rate of Red Cells

Resuspension of pacized ACD red cells in dextren and albumin SOIutions'iﬁ

saline greatiy increases the viséosity. (Figure 6).

Thus, the rélative viscoétty of ACD blood with an hematocrit of 32.7 fas“‘
2f3 centistokes; when the red ceils wecre suspended in iO%.dextran with the samé‘
hematocrit, the relative viscosity was 14.4 centistokes. Likewisc, thé rclntiQé
~viscosity of ACD blood with an hematocrit of 30.5 was 2.2‘ccntistok¢s; when the

red cells were sucpended in 24% albumin with the seéme hematocrit, the relative

“viscosity was 5.7 centistokee.

The rzte of sedimentztion of fresh red cells in ACDysolution is 7 mm./hour.
When packed red cells with ar hcmatoérit of &0 arc rususpcndéd in 501utioys;ofl,
albunin of 3 to 24% or dextren of L to 20%, the rate of scdimentation is 1.2 mm./
ﬁour. The same rate of scdimentat on of red cells ‘s ottained wﬁen éatkcd rcd CCiiSuH"
arc suspconded in saline solutlnn. I» czch instauce, tﬁclrntardntioh 6f15cdimcu;aionl f

of red cells is dué to the locl of plasma globulins, cssontially of f1br1:bgch.

Ageglutinebility of Frozen‘Rcd Cclls

The results of the standard agglutinebility test, which included red ccils
A, Rh positivc, A2‘Rh positivc and two samplcs of O positive Rh cclls indicatcd no
diffcrence between the frozen red cells and the control red cells.  The,study mhdc

with the "Autotechnicon" apparatus showed slight dccrcase between frozer and control

red cclls.

The controls used with the autotechricen studics'ihcludcd:pure albumin

solutions versus a mixturc of cells frozen and not frdzcn (sce Tablc 1X).
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DISCUSSION

In bsscssing the possible benefits of any attcapt to imprdvc rcd ééli
preservcetion, the end use of the material oust be defincd. Ic was prcviously
‘shown that thc simple addition of lactose dcxtran mixtures to uholc blood pcrm1ts
freezing and storing at lov tempcratures for a period of at lcust threo ycaru,ﬂx
with - . .. +val 24 hourc posttranv‘v"ion averag1ng 777% cf tho original ar;unt of
red cclls obtained from the conor ( 2 ). >thn large quantlt;cs of such rco qulls
need be ﬁranéfused, considerat ion nust be given to lectose toxicity. fraﬁsfus;qns
6f blood stored with eaddit:on of lactdse hcvc shom thctyls‘gm.'ofklactosc‘;;vcn?
at onc time are centirely well tolefctcd (11 ); not mucH is>known about‘thg
toxicity of lactosc in nan. Hcﬁchr, removal by centrifﬁgatioﬁ 5f the sﬁp@rnttant
pldsma-lactcscndcxtran soluticn vould pernmit tfanSfusion cf scvcralfuni§s cf,
blood thus prcservcd. Except under special ccnditicns,’this simpic bperctichkaQid

nct cntail speeizalized apparatus cr a great deal of tinc.

There are, however, couditions in which it would be desirable to trensfusc

blosd, preserved at low tenperaturc, without nced of any preparation other than

‘ thewing. Obviously, this would apply to nilitary mcd'cine and to any forn qu

massive casualtics.

The primary purposc of the present study wvas to find cdditivés wthﬁ ﬁavc,h
prdtcctivé cffcet on red colls Cur o the process of frCczing and‘thawing but which
arc non-toxie to the human, tic final goal being the dcvclopnent of a tcéhdique"
vhich would permit thc transfusion of frozenm blood after thqﬁing withcutnddition$1 
preparation, or would yicld cclls which after thawing could bc rcsuspcngcd‘aﬁd
sibrédlfor a pcriod of time with conventional rcfrigciation. ‘wc‘aiso‘ﬁishéd tb‘
‘dctcrmine the feldtionship between cell size exprcsscc as H.C;Vf andufﬁe retc Qf

survivel, to obtain a method for in vitro screcning.
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Teflon containers werce f.nai’: clozen hecanse of the stmplicity of technique,

‘thc‘stability of the material and thc uniformity of the high recovery rate.

We did not fully invcstigate the steoility of the ftbzen red cclls bcyondx
24 hours; the stability in mcdia other than saline solution andjplasmn; the effcct
of the cooling and warming rates; tlhic cffect of shakin, duringkfrcczinb cndrthaﬁing‘

the stability of the red cclls after prolonged storage at 10w’tcmpératurcy

Results indicate that dcutran, and to a losser cxteﬁt albumin,‘pdgsc$S‘go§d
protective propertics for red cells, and that the red cclls thus processcdbhave
fair posttr#nsfusiqn survival ratc and have an oxygen dissociated iuth>c0mparablc’ 
to storcd ACD blood. Howcver, it wou;d eppear that both purificd human alvenin
and dcxtraﬁ posscsé such probcrties only when added to red cells which han boen
pruviously modif{cd with lactosc. It remeined to beAcxplcincd vhy w;th the high
rate bf rcecovery of red cells frozen and thawed -.ich albumin or Cextrnn'alonc; 
the po#ttrénsfusion survival siould be pocr. (Sce Teble VII) Likcwisc; it 18
;difficult to cuplein vhy ool rLcu~;ry Lut pocr\survlvél Qasyobtéincd whcﬁ'1a§tosé‘

and Jdextran were mixed togel.. r | e o Zins the packeld red cells.

Pcssible explanaticns i this phensmonon have boon an;stigated. In onc
expérimeut‘;cd cells from ACD blood were washed tirec tines with ccldbsalfﬁc’cﬁd
then subnitted to the cffect of lactosc, follewed by freezing end thdw!ng?uith‘
dextran.  The rccévery‘uas 97.0 an’ that of control rcd cclls ftOm‘tﬁc'sanL unit
of blcod treated with lactcese without previous washing was 96.6. stcvér; thc
M.C.V. at thc-cnd of the proccss wes féund tc be 20 for the washed téd'éclls aﬁd
v92 for the unwashed contrcl cells. This suggestcd that tiic prcséncc of pl&srﬁ
prgtcins lesscns the effcctivencess of lactose in controlling the re-entry of ﬁatcr

in the red cells.
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If waé also observed that red cells aﬁell more when reéuspehéedbih plaama than
shen resuspended in salt solution after thawing (see Tahble VIII). This phenoﬁénoﬁ :
:ouid be attribufed to a change of the cells' surface induccd‘By lac:oae; whiéh "
tcaqltcd in a diminished permeability of the red cells to water after théﬁing, o
;his effeét being apparently reduccd in the presence of albumin and of dextrén;
fhe 1ncrcased'fed cell size in turn vas congiderad as decreésing the chancea for

jurvival,

Subsequent experiments, however, lad us to consider the possibility that the
liffercnces noted between recovery and survival might simply be due to a variablc’:
jegreé of stability of tho chromium =ag in the prosence of various adai:;ves.' Inl

1 tfcéted'

1 typical éxpcriment packed red cclls from ACD blood werc tagged with Cr
~1ith lactose followed by dextran and then submitted to the'standard procadurc of

'Ercézing and thawing. The red cclls were then twice washed with cpld neutral citrate

o volution and rcsuspended with the same solution. The hemoglobin of tha original :

:aggcd red cells, before alditives, freezing and thauing, had a npecifié activity
f 4,500,868 counts/l gram of hemoglobin., The hemoglobin of the luperhatunt aftet
‘esuspengion in neutral citrate dexcrose solution had a specific actiViﬁy of

),185,900/1 gm. of hemoglobin, indicating the probable presence ofkfree'cﬁtomium.  

In a similar experiment ool cagsin weg oneried out on fhé packcd féé czlls
»btaincd'after freezing and thawing, bUt‘before vashing, Aftéf wnahing:tﬁé Iosnvof‘
iemoglobin of the intact red cells averaged 12.8%; the radioactivity loﬁs‘waé 24,3%.
,n‘in‘vtvo‘cxperiment was set up to simulate the resnlts of thclin vitro study;- The
ed cells were frozen and thawved using lactose folloued}by dextran exnCt1§ éa the |
ases rcported on Table IV, except that tagging oi red cclls was dbhe‘after fréezing
nd’thlwing. The recovery was 96.15%; the survival was bnly 43; or‘héarly‘S's.D. léqo |
han thé>mcan obtained vhen’tngging was done on the packed ACD red cells befdre‘freézing‘l
nd thaving. :




These rcsults suggest the neéessity to re-cvaluate the poattrdncfusién‘survival
by a technique other than the Cr5! tagging. Preliminary studies indicate that the
nonagglutinable red cell method using an automatic apparatua 1aywé11 applicable to

transfusions from 100 ml. to 500 ml. These studies are under'way;

SUMMARY

"~ Dextran and albumin exert a protective action for red cells during freezing‘and :
thaving, with a recovery rate of 93.5 and 98.57 rcspectively.k A mean survival of

- 69.140f red cells was obtained 24 hours posttransfusion when the red cells were

previously treated with lactose.

There is cvidence that under the cxperimental‘conditions; the CtSI tag is'lhbile;

1. sttrongfusion swivival needs te be litcriil 8 by other methods, such as the

nonagglutinable ccll technique.
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ANTI-A

ANTI-D

ANTI-D

ANTI-D

SALINE SERUM SLIDE SERUM SLIDE SERUM
MANUAL AUTOA  MANUAL AUTOA MANUAL AUTOA CELLS WASHED 3X
CELLS CELLS AUTOA
WASHED 3X WASHED 1X .
END 50% END 50% END 50%
POINT POINT POINT
P.s. A“ * i
N-F 256 256 64 - - 128 - - 2048 1024
No end
F 512 128 64 - - 64 - - 2048 1024
No end
H.M. 52 +
N-F 256 64 16 - - 64 - - 2048 1024
No end
F 256 32 16 - - YA - - 20.8 1024
No end
M. s. 0 *
N-F - - - 16 - - 2048 512 2048 2048
No end
F - - - 16 - - 2048 512 256
No end
V.DeP O +
N-F - - - 16 - - 2048 2048 - -
No end ‘
F - - - 16 - - 1024 512 - -
N=F = Not frozen
F = Frozen
Table IX. Agglutinability of frozen and not frozen control cells.
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