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ABSTRACT

An optimized additive solution was developed for the post-

thaw preservation of red cells which contained adenine, glucose,

disodium phosphate, and citrate buffer. This solution, called

AS-17, was compared to Miles AS-3 solution in a clinical trial

using 40 subjects (N=20 ea). Fresh-frozen red cells were thawed

and deglycerolized after 1-18 months and subjected to a second

period of storage in either AS-3 or AS-17 solution f•or cs loo . .

3 weeks at refrigerator temperatures. Bth sout e

red cells witih 24-hour survivals in excess of 75%...he -

solution produced improved pH, P50, end 2,3 -Pmain

compared with the AS-3, but both solutions appear ade-.e

weeks of post-thaw storage.

KEY 'vvODS:

blood storage, frozen blood, 2,3-DPG, ATP, post-thaw storage.
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INTRODUCTION

The technology for preserving red cells in the frozen zta'e•.

has been available for two decades, but has been i'ttle used

because it is expensive, and the thawed red cells ust be usecd

within 24 hours of thawing. Red cells may be cryopreserved in

glycerol for as long as vears ýit -- 2V•. A.e .

cells must be deglycerolized by a procedure t-hat.- in_..C.s

with 4sotonic saline c.nta.:ning -10 m-,'d of gluc-se. S zoc -

",wash solution provides -.-a ntrirtional suppcr•t, ..

washing procedure is not recognize-d as a "closed" proceoure, t..

cells must be used wit-thlin '4 hours or be discarded.

Post-thaw preservaticn has . '~-ee. studied to overcoe e-

.lmited 24 hour post-thaw dating period. Moore et al. ,L ,

showed that additives used for nonfrozen stocrage, i.e., ...

(Baxter Inc., Round Lake, 7L), do not work well aft•er

cryopreservation, and that the nutrient mixtures required

reformulation for optimal post-thaw preservation. Myhre and

Marcus (3) evaluated in vitro several currently available red

cell preservative solutions for their ability to sustain red

cells in a post-thaw state and found CPDA-1 to be the most

promising solution. Subsequently, they showed that CPDA-l

supplementation yielded acceptable red cell survivals after 2

weeks of 40C post-thaw storage (3).

In this report, we discuss development of an addi ive

solution based on our earlier data (1), and show rcft c.

clinical trial with this solution and the currentl1 av-aI u•l



Moore-4

AS-3 solution of Miles Inc. (Covina, CA)

MATERIALS AND METHODS

All units of blood were drawn from normal healthy adult

volunteers after obtaining informed consent. The hman tr.a...

protocol was approved and monitored by the Letterman Arnrm

institute of Research Human Use Committee, the .. Mical

Research & Development Cornrand Hu'man UseCom.ittee, a-hi he,...;

Laboratory Clirtical Studies Department. ldeo o

CPDA-i using oversized (800 m1) triple bag sets, n.- frczen

within 2 -ours by the standard miliitary protocol A,] ) . All

units were thawed in a 40 0 C water bath and' a.. . .. "l-..

Haemonetics Model 115 cell washer (Braintree, MA- , using the

military protocol (5).

Test Sclutions

Two test solutions were used -I this study. One ,as the

Miles,Inc. (Cutter) AS-3 Solution consisting of 1.10 a gucose,

0.042 g citric acid, 0.276 g monobasic sodium phosphate, 0.410 c

sodium chloride, 0.030 g ader.ine, and 0.588 g sodium citrate i4

100 ml of water @ pH 5.8. The second solution, denoted AS-1?,

consisted cf two parts which were mixed just prior to use; the

fir .. part (.7A) contained 0.46 g dibasic sodiuum phcsphate, and

0.56 g sodium citrate in 10 ml of water. The second part (17B)
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contained 0.030 g adenine, 1.20 g dextrose, anrd D.0 mg of -_iroC

acid in 50 ml of water. The pH of the combined solut~ionis was

8.3. Sterile bags of the AS-17 solution were prepared by Miles

Inc. for our use in this study.

Vn -tro Studies

Each in vi trS study n by thawIng.

cells, deglycerolizing :he 2ells, and centrifuging (1• r:>

13 min) to repack z:he ceils to a hematocrit of a .

Supernatant saline was expressed off. Then the

solution was added by sterile filtration through a .

and mixed. All units were stored in 600 ml polyvir-y> chlorIde

transfer packs. A time zero sample was taken antee

units were stored at 40C for 3 weeks with weekly mixing

sterile sampling. At the end of the studies all bags ofbo

were cultured to assure sterility. Culturing was done for Iweek

in thioglycolate broth, at 4' and 370 C, both aerobi zaIl- J

anaerobically.

In Vivo Studies

Forty subjects participated in this study. A unit of red

cells from each subject was stored frozen for 1 to 19 months,

thawed, deglycerolized, repacked to Hct=80, then mixed by storile
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splicing with one of the two test solutions (20 subjects each).

The sterile closed-bag systems were combined with a Haermonetics

SCD 312 sterile splicer (Braintree, MA) . A time zero sample was

aseptically drawn for in vitro analysis, and the red cells were

stored at 30 C for either 14 or 21 days, thus, N=10 for each time

and for each solution. On the 14th or 21st day 20 ml of red

cells were tagged with 20 pCi of chromate using the single label

procedure of Moroff, et al. (9). The chromium was purchascd in

20 4IC i d o ses f rom M >aIIi n ck r c -ft P ha rma C e-;tcujaI C-cr Z ',a F ranz:S~

CA . On the day of infusion, a second sample was also taken f-r

supporting in vitro tests. Eight days prior to infusin 20 -1 f

the stored red cells were removed via a satellite bag and

cultured by the hospital microbiology lab to assure sterility.

Culturing was done as before. Survival data were analyzed as

pre-iously reported (7). Pregnancy tests were done on all

females two days prior to infusion.

In Vitro Assays

We measured P50 on a Hemox-analyzer (TSC Medical Products,

Huntington Valley, PA) and "blood" pH under anaerobic conditions

on a Corning Model 170 (Medford, MA) pH/blood gas analyzer. Red

cell morphology index was measured using the method of Hogman

(8). Assays for red cell ATP, 2,3-DPG, glucose, and supernatant

hemoglobin, K*, and Na* were done as before (7) Statistical

analyses (t-tests) were done either on EXCEL 4 (Microsoft,
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Redmond, WA), or NCSS 5.0 ,Kaysville, UT)o

RESULTS

In Vitro Develocmenc of AS-17

Our earlier studies ý') showed that post-t.hawed e ce-is

stored better in an azditve solution •wh•ich o - eren:

quantities of n 'utrients than are used in curre..- additive

• .i in• -. .-

e Ievr&t e p, Hw~qe c o',ý ~--i= v e; I I v i'r - s t o rar 7e zrm e~- e -

systemý was O-pt-miwzCe eyx'-rimentaýýI fes-zntecn

described previousl 40j. The resultin. sclution prc-

100% retention of red ce 1 AP and 2,3-DPGFor 3 weeks n-- :

shown) . However, because of the high pH of the trisoci.

phosphate (additive pH = 11.3) the solution was not compatible

with the PVC plastic bag systems used in blood ';rocess•.• . Many

attempts were made to find an answer to this packaging probl er ,

but none were deemed successful. This incompatibility precluded

development of the t-risodium phosphate solution ,'SP- and ftroee

us to substitute disodium for TSP to produce a stable solution

,pH = 8.3) . This modified solution was designated as AS-17 fcr-

the clinical trial.

The results of in vitro studies with AS-17 and AS-3 are

shown in Figure 1. The disodium phosphate (DSP) containing

additive solution was significantly superior to AS-3 in

maintenance of both red cell ATP, which partially correlates • tn
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viability, and red cell 2,3-DPG which correlates with red cell

function. Cell lysis, morphology, and supernatant i< were smi:.ilar

to each other and within the ranges accepted for nonfrozen red

cell storage systems (data not shown).

In Vivo Study

The in vivo, or clinical trial, study was des "edo to st;a

two major questions. What are the time limits fcr using AS-a

,ost -thaw preservative? And, as the in vir data suggest, is-

the AS-17 solution supericr to AS-3, Jn both `he ieno.h of

storage time it provides arnd the functional pron-ies r: tn:

resulting red cells? Storage time is determirned b' the ",A

requirement that the mean 24-hour post-transfu; ion1.7n Su.rvival o

the red cells be at least 73%.

Table 1 shows the results of the in viva C :ar_ n of c

and AS-17. Both solutions exceed the FDA cutoff of 75% survival

at 14 and 21 days. There are no significant differences in the

two solutions at either time period; however, AS-17 appears

slightly better at 21 days, where one outlier ,S = 50%) lowered

the mean value and spread the variance. Life span of the infused

cells is normal and not significantly diffeie•, b.. ...n

solutions. The Index of Therapeutic Effectiveness, defined as

freeze-thaw recovery times 24-hour survival is also acceptable

through 21 days and was not significantly different between the

two solutions.

The in vitro data are presented in Table 2. Freeze-thaw
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recovery was excellent, u-:elajir'g 94% of tJe red c-'1s1s. The",

of cells stored in AS-IT- was significanrty h: ..er thLan "

stored in AS-3 due to the higher initial pH and buffering

capacity of the discdium. phosphate. Hematocrit was also hsiher

in t-he AS-17 units: ue to the reduced ,olume cf the ai•.,•

so.in(60 vs s3mTeA,-I a e o snowe

signf~cantly highler viso2,-G

values were sinfc Ii oE:, on'-V ~~14 uer

asSIum evels were s:Zi.:; 1 1r cr r:z .-c :cr ee 1 :c-Co a ::

"a 1o - res and war ---
•-aload-cer-uni: oas.is . "--• was c-c ::3i: --

storage time. unl un

from saimples draw-:n S days -crc r- and i ca-v Z:It-fSIus:on.

DISCUSSION

Th e uIti ma te goal our work is to oprcuc-ce a ooss-tn

preservation solution which w.ill allow declv:_erchized red -ells

to t_ stored a secon--.:e at. ref rigera•io .er. t s as

as 3 weeks. This extýended- time would greatlY isnrease the

utility of frozen cells. The US military has a program to

stockpile frozen group 0 cells for emergency use. A 3 wet

dating on the thawed orodu-ct-v, would improve iogistical fexif.....

for using these cells. Ou, r earlier studies indicated that

frozen-thawed cells do not store as well as fresh cells, and the

currently used additive soiutions performed poorly during Ir
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%-itro studies. We decided to reoptimize - he co:rmorilv ý;ce-

mixt--ures of red -11 n ýnso cbtain a -_uxture ncoon

maintained - j cell ATP, enhnan-ced the probability of good

viab 4iity, and mairnta-ned 2,33-DIP- tc ensure good ox-yg'on

d~ivery. Such a system wa-s -dev'elped, as rnent ione' boe

Pa-ial by using toP - -r-.-do uncpht arfd

ThIS solution had a pH _.3 :c,,;hen. mixed Iihb~

p r ad-.:cued a fin a'. pH of .4 -C Ca -anda i nna7 ea:

blood bags are not stable at pH 11.3, anid after many

cco z.ia t io n of a s t a-' e s c I Iccn a, ie rand Z.--. ~.-

>. C=orolnused by ub itoD'S:P frTSP in th'e f.n .

t:heriFo\Tn reducing the in~u~o pht .,wic

-1-blod bag. 'The "-cost wa lo%,er pH a-nJ loss cf-: Z u

abii-ty to maintai ;-,z-?

A second issue we r es olved wa_=s r ed c e I yoa Isr~

cells are stored in, preservation syýstems ccntaining e: "-her

m,:annitol or ciltrat~e to retard_ iys's. Botlh are fo:..

However, after red -ell-s Ihave been fr-ozen and thawve ýan:

much 'Less effective i n retardlng lys-s. Citrate mjto'-

control lysis during extended post-th~iaw storage.

Since the modifications in ou-,r additive sclutl"O We .

it closer to the frorm,`lation of A-wedid the 4n a

comparison study of these t-wo Soc±u -i;. From ~'~-

prcdicted that AS-?? oul produce bet~ter vaii
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than AS-3 at deliver nc; oxv en throughout the i-'-

period. From the in vivo study we found that both solo:.

oýrodouced good vlabilitv -o 2- days, exceeding teEi n r .

~:--<:f ,-ant:-. b--c er -, -- g . sccit es 21 d ,vs .- '::

-iffr e e :.' s .. . ' " . . - A .- • - , i-a-

These studies will be reported later.

c h e r A -Z 3

"r. e re-, ce Is -•ýays after thawin::.

superior to the CDA-I a'_Fh, whic hs

a. •-Owhno found 14-day survzvals of ,76% in L,- e

-aleri had Pre-stored the fresh cells up to Y week at 4 r

f r.ee.zI.n , which :a have had a negative eet, 72

final viability.

Another import.ant factor in optimizing pos

quality is the need to repack the red cellso a c.t-

... t.o• adding any type of additive system. -s Ztep

dramatically reduces lvsis (as much as 20-fold),

is still required. Thre reas.'ns are not ciccr, Ii .

concentrat ions used withot repacking do not o " 1
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lysis.

These studies demonstrate the potential of 3-week st-thaw

preservation of deglycerolized red cells. A standardized,

closed method must still be developed to repack the

deglycerolized cells and combine them wi. th the additive system

because our approach of ster-ie splicing and manrual

centrifugation is too cu.rnberscme for routine hlgh-volumýeue

The ideal approach would be to mo-d4ify the del_ .iz Inc" •-'• •

procedure to produce a packed en- orozuct. Stues n tI: r

are in progress in several labs. -outine ps-aw e

would make the military frozen stockpile syste: re<-workable :or

unplanned emergencies, and should appeal to many ; ':!ian tlcc.l

centers for similar reasons.
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Figure Caption-s

Figure 1. Mean levels of AT rand 203-D?2 during an in v:-ro

comparison of post-thaw preserved red cells storedi in MLiles AS-3

solution (Nutricel) or in an experimenta soli AS ... )

containing phosphate as the isccdium salt (?SP) N - ca-h.
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MEAN IN VIVO DATA _SD

SAMPLE 24-HR SURVIVAL LIFE-SPAN ITE

(Percent) (Days) '.Percent)

AS-3, 14 DAY 85±5 61±11 8C,±6

AS-3, 21 DAY '1+8 65±7 72±9

"AS-17, 14 DAY 86±4 67_7

17 21 DAY "> 1 ....

eachil
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