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ABSTRACT

A $TUDY OF STORAGE L,ESIONS TN COBD

AND ADT,'I,T BLOOD

Cord and adult blood hlas stored at l+oC in a

citric acid-sodium citrato*dextrose medfum" It rras

observed tl:at i-n the first three days of storage changes

in Lntracellular cation concentratLons were more marked

1n cord blood" Results indlcated that thls could not

be due to dlfferences i-n the hemoglobíns of the two

kÍnds of blood"

The storage of cord and adult blood l,¡i.th

adenoslne was found to result in an increase of

intracellular sodÍurn, a decrease in intnacellular

potassl-um and a decreaso in erythrocyte volume'

The possLble cause of these effects is discussed"
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PART A

TNTRODUCTTON

TIÍE METABOL]SM OF THE ER]TTHROCYTE

The human en¡rbhrocyteo long thorght of as merely

a contalner for hemoglobln, 1g now known to be a complex

metabollzing cel} with a wide variety of enz)Ene systemso

The erythrocyte malntains a high intracell-ular potassLum

and a loi^r lntracellu}ar sodiu11l concentnatlon agalnst

concentnation gnadlents. Glucose and inorganic phosphate

are actlvely transported across the ce1I membrane from the

p3.asmau The ceLl maintains the concentration of rnethaemoglobln

at a low leve! and presetrves lts sha¡le and integrlty for'

appnoximaüely 120 daYs in vlvo"

In no¡:nral subjeets the eelt obtalns the energy for

these functions from the anaeroblc conversion of glucose

to tactLc or pyruvlc aci-ds vla a series of phosphate eetens

of the glycolytic pathway, The depleti-on of glucose, or

the lnhibition of lts nretabolism by enzymo polsons nesults

fn a fa1l of lntracellular potasslum, a irlse 1n intnacellular

sodiun, an f ncrease in methaemoglobin concent¡ratlonu an

aLteratlon ln ceJ.l shape ard flnally ceIl lysis.

Glycolysls: In the enythrocyte¡ gI-ucose

døun tbrough the phosphorl¡lated lntermedlates of

is
the

broken
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FIGURE T

TTM GLYCOLYTIC PATHI.,,TAY
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ENZYT{ES OF TTM GLYCOLII'IIC PATTildAY

lo GLucokinase or hexokinase

2u Phosphohoxose isornerase

3" Phosphohexokinase

4, Aldolase

5, PhosphotrÍose lsomerase

6" 3 PhosphoglycerÍc aldehyde dehydrogenase

7 " Diphosphogi-yceric acld mntase

B, Phosphoglyceric kinase

9" Phosphatase

10o Phosphogl-yceromufase

LI" Enolase

!2" ?yr"uvic phosphokinase

13" Êactíc aeíd dehydrogenase
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Enbden-Meyerhof-Parnas-Cori pathway (Figure f). The red

coll fs unique ln lts 2rJ-diphosphoglycerate concentnatlon,

This compound is a co.renz]rme for phosphoglyceromutase,

and is found 1n trace amounts ln most tlssues; fn the

red eell however appnoxilrnately one half of the organie

phosphate 1s Ln this form" fts functf on 1s unlcror.rn

although it may exlst as a store of energy as dæs cneatine

phosphate'in muscleo

The citríe acfd cyele is not active 1n the

erythr"oeyte, although some of Íts enzlmes are presento

Glucose is not the only substrate that enSrbhnoe¡rtes

can utlliueo Bevilotti (1944) found that Ëhe red eells
of patf ents rÁi th mali6nant tumone decomposed pentoses

aonobieally to lactlc acid, Dische (1951) found that
hemolysates oonverted rlbose phosphates, or the ribose
moioty of nucleosides, to hexose and tnlosephosphates,

Pnankerd and Altman (1954) u and Gabrio, Donahue and Finch

(Lg5il found that adenoslne, guanosÍne and inosLne caused

organic phosphate synthesfs and stimulated phosphate

upüake even in the absenee of glucose.

Adenoslne 1s desmlnated by the ned ceII to inoslne
(Bubinstein, Kashket and Denstedt Lg56)o In the

presence of fnorgar¡1c phosphate, üre nucleoside ls
phosphorylated and spllt to hypoxanthine on guanine by
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EI{ZY${ES OF TTIE ffiXOSE MONOPHOSPEATE ffiI}Iv,I

L, Glucoss-$-phosphato dehydnogenase (Zwischenfermenti

2" Lactonase

3u Phosphogluconic dehydrogenåse

l+, Phosphonlbolsomeraso

5* Phosphoketoepi.menass

6, Transketolase

7 " Tnansaldolase

I, TrÍ-osephosphaËe lsomeraso

9. Aldolaso

lO" Fructose diphosphaËase

llo Hexose phosphate lsomeraso

L2. Ribose phosphate lsonerase

L3" Nucleosl-de phosphorylase

th" Adenosfne deamlnase
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pu.rine nucfeoside phosphorylase (Huennekens, Nurk and

Gabrio - 1956) ' The rlbose-J-*phosphate moiety fs

converted to triose or hexose phosphates vla the hexose

monophosphate shunt (tr'l"gure II)'

In the presence of methylene bluo, erythorcytes

aeroblcally oxldlze glucoseo Br.fn and Yonemoto (1958]

have suggested that it is so oxidlzed vla the hexose

monophosphate shunt, It is doubtful if the shunt has

any physiological importance 1n the mature erythrocyte;

it is lÍkel¡r that some erythrrocyte precursor utillzes

the shgnt ln f ts aerobl-c metabolic system"

Ion- Transport: The concentratlon gradlent s l'¡hl-ch

exist between intracellular and extracellula.r sodl-um and

potasslum are not maintalned by membrane lmpermeablli.ty

but by an active transport mechanism rn¡hj.ch creates a

flux óf lons LnÈo and out of the cetl to counterbalance

a passive dlffuslon along the concentration gradlent,

The actlve transport of ions is linked to

gtycolysf_s and the formation of aTP" Actlve transport

ceases tf glycolysis l-s inhlbited, ATP j-s almost certainly

involved in Íon tnansport since strophanthin, trhich blocks

acû1ve i-on transportu also redu-cee ATP loss i-n incubated

erythrocytes (Dunham, 1957) "
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The active transport of sodil:¡r and potassf um 1s

directly linked, Post and Jolly (L957) found that the

absence of exùernal potassium or absence of internal

eodium would stop the active transport of both ions'

They suggested that two atoms of potasslum are transported

for every three atoms of sodiumo i.rhil.e Harr=ls (1957)

concluded that the ratio is LeZ"

Some ro rkers ( Solomon - 195?, Solomon and Gold*

L954) suggest that the lons are transported by a carrier,

and KÍrschner (L957 ) has found a compoundrphosphatldylserineu

in red eells r¡hi-ch dlstinguishes between sodium ancl potassÍu,rn

and forms e lipfd-solubl-e com'pound ü{lth sodirra"

Phosphate uptake by ihe red blood cellr âs

measi.rred by P32uptake is an active process ainked to

glycolysis by conversion of 3*phosphoglyceraldehyde

tcr lu3 diphosphoglyconate at tho celt sr:rface (Prankerd

and Altman - l95L+) " Orthophosphate lea.¿es the cell by

slou, passlve diffusion"

TTM LESTON OF STORAGE

I¡fhen blood is stored under varylng conditfons,

the red cells eha.nge ln sevenal htaysn Trlhen blood is

stored at l¡oC in eÍtric acld-sodlwn citrate-dextrose



solution (ACD), thene Ís a progressive hydrolysls of

lntracellular phosphate esters, accompanied by a loss

of inorganlc phosphate into the plasmao During stonage,

the ned eel1s lose potasslum, Satn sodiucr, thê rate

of glycolysls decreasese the red ceIl becomes cirenatede

its osmotlc fragÍIlty lncreases, and its in vlvo

survlvaL after t¡ransfusion 1s shortoned" GabrÍ.o,

Stevens and Finch (1954b) and Crawford and Molllson

(1955) found that these changes are reversed 1n theso

eells 1n vlvo following transfusiotl"

Gabrio, Stevens and Fl-nch ( 195ha) termed the

changes in red cel} metabolism during storage the

leslots,of storageo Thoy ellmlnated plasma, leueocytes,

retieuloeytes, hemolysatos, citrate and the gas phase

as eontributlng or alleviating factes in thls 1eslon

(1954a), and shoÍied that these chanþes rolere not nelated

to the Ín vivo age of the cell (1951+). They concluded

that the leslons reflected a derangement l-n the

carbohydrate metabollsm of the rod ceIl, occurring under

stonage eonditlons,

Gibson, Murphyu ScheltlLn and Bees (L956) found

that J-nJ_tvo survival lolas shorten in tb flnst eells

col-leeted j.nto ACÐ" lhey pointed out that ühese ce1ls

are &rddenly placed in a hypotonle medÍura with a lower
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pH anci lotier temperature than exists ln the blood

fn vivo," Collection is.accompanied by foamlng and

turbulence , and cells are damaged by contact wlth

the rrwettingrr surfaces of the contaíner" The

rosulting damage to the ce]ls they cal-led the

of collection.

Iesion

Gabr"lo et al (19551 found that the addltion of

the nucLeosides, adenosineo inosinep or guanosine to

stoned blood increased the uiability of the celJ-st

restored Íntracellular organì-c phosphate levelsr partly

reversed potassium loss and decreased osmotic fragllity"

They suggested that the nuceloside was ph.osphorylated

ancl split at the ce}1 walt to form rÍbose-1-phosphate,

whi-eh was converted to tríosephosphate th.rough part of

the hexose monophosphate shunt¡ âs shotin in Flgure ÏI"

The in vlÈro reversal of storage lesions by

nu-cleosides suggests that the inltia! fallure 1n

metabolisrn during storage occurs during the conversion

of glucose to triosephosphateu since the lesion can be

prevented or reversed by the introduction of a metabol-ite

at the trj-osephosphate levelo Bnownstone and Blanchaen

{fgrT) suggested that the integri.ty of phosphofructokinase

may influence the keeping qualitles of ACD - preserved

blood, and found that adenoslne maintained the activity
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of this enz;rme at a normal level" Gabnlo, HennessêY,

Thomasson and Finch (1955) nave suggosted that a
deerease 1n ATP cai-Ìses a decreased velocity in the

first step of glycolysisu namely the phosphorylatlon

of glucose by ATP. Jorgensen and Chon (1956' L95T'l

have proposed that ceIl darnage durlng collectÍon

activates a dephosphorylation of ATP¡ thereby slowlng

ùhe phosphonylatlon of glucosen

TÍEMOGLOBIN AND RED CELT, METABOLTSM

The maJor component of ned cells 1s hemoglobin¡

wtrích constltutes over 90% of the celLrs dry welghta

Tho hemoglobln of ned cells is ¡xedomlnantly lradultrt

hemoglobln - Hb A" Howeven, some human bLoods contain

othen hemogloblns, srd some of these are aseoclated r¿Íth

abnormal cell structure or üÞtabolfsmu

In slckle ceIl anaemia, much of the hemoglobin is

Hþ S. Bart1ett, Hughes, Barney and Merlow (L955) falled
to f lnd any abnomaalfty in glucose utllizatlon æ

phosphate uptake 1n sickle cellso Sodium and potassium

fh:xos wêre næmalo Hohlever, when the hemoglobin is
de-oxygenated, ttæ co11 i.s distæted, cell potassium

loss ls :rap1d (Tosteson, 1953) and cell sodirf,m Lncneases
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(Clarkson and Malzels o Lg55) " Cell-s containing IIb Se

and those containing another hemoglobin, Tfb 0, have short

survival times when transfused into normal necinients

(Sprague and Paterson, 1956)"

The red cells of the newborn contain varying

amounts of trfetalrt hemoglobin (IIb F), as do the celle

of people r,úth thalassemia, DervichÍan, Fournet, Guinier

and Ponder (L952) found that the red cel-ls of the nern¡born

and of thalassemÍa major and minor have abnormal

ultrastructurese suggesting a dlfferent assoclation of

hemoglobin wlth the lipo-proteins of the ceIl wello

De Luca- and Caruso (f957) found a lor¡ered reÈistance to

saponf-n in red cells contalnlng Hb F" As measured by

the nad19-chromíum techniquer the cells of the newbonn

and those of thalassemia both have slightly shontened

survival t j-nes when transfused to normal sub jects,
(Hollingsworthu tç55; Hamilton, 1950). Thls may be due,

howeveno to the mone rapld elution frora IIb F of the
ÊlÇr'" (Suderman, WhiÈe and fsraels, lg57)"

fsraels, Chutorian, Ðelory and fsraels (Ig5B)

found that the formation of sulfhemoglobin shortened the

life span of rabblt erythrocytes, These results, and

the associai;ion of abnormal hernoglobins îrith defective

red cel-l.se led to the suggestion that hemoglobfn mtght
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play some role in the metabolism of the red cell"

SCOPE OF T}IE THES]S

Apart from the growing inportance of blood

storage and transfuslons in medlcíne, the study of

storage lesions provides an insight lnto the m.etabolism

of the erythrocyteo Sínce cord blood (x) dl"ffers

markedly from adult blood ín many respects, it seemed

of interest to sùudy its behavÍour during storage" This

r^ras to obtain j-nformatLon about the lesion of stonage

as well as to provicle a means of observing if the

presence of IIb F affects red celI meùabolism,

The fÍrst part of this wonk consísted of a study

of the storage of cord blood and â comparison of storage

lesions l-n adult and cord blood, The results observed

in thLs r^prk ralsed som@ further questlons relatlng to

cord erythnocïte metabolism, The effect of adenosine on

cord bl-ood stona.ge, as well as a comparlson of the effect
of adenosine on eord blood and adult blood was then

undertaken 1n an attempt to explain somo of the inltial
find ings "

(x) Notet The te:rms fotal blood, cord blood, placental
blood and blood of the newbonn are used interchangeably
Ln the lÍteratuno" The term cord blood will be used
throughout the thesi.so



PART B

ANALYTICAI, METHODS

TNTRACELLULAR SODTTIM AND POTASSIUM CONCENTRATTON

Reference: A,

ReaEents t 1o
#

I
)a

2"

3"

l+"

Zfpunsky, personal communÍcatlon (L957) 
"

De-lonlzed water" Water wag twice

distilled, then passed through Fischer

A¡nber.l-1te MB-3 ion exehange resln. The

water and reagents r^rere stored 1n pyrex

on polyethylene vessels *

Non-Ionfc Dotergento One SrT1" Sterox

CD or Süerox SE (Monsanto Chemlcal Co")

in 100 mls" de-loniged watern

$tock KCL sotution - tO meq. /tfCn,

.7\55 gn. dry KCL in one liter de*

ionized water,

Stock NaCt solution - 25O meq,/NaCI"

7,306 gm. dry NaCl fn one-half llter
de-lonized watero

Standard solutlons r'üere prepared from

the abo ve r.e a"gent s o

Procedure; Blood was centrlfuged at BOO gravities

for flfteen mfnuteso The plasma hras removed for sodium

and potasslu.m analysis and the red cells tnansferued by
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pipette to a glass tube L2 cûlo long and of J mm, internal

bore, This tu.be was centrÍfuged at 1200 gravities for

sixty minutes. F:ol-lowing centrifu-gati-on the tube was

broken about one C!(1, below the top of the red cell IrâSSo

The contents of the larger part of t'he tube Ì^rere washed

with de-ionized water into a 10 mlo volumetric flaskt

using a l-ongr U-shaped #19 needle and a 5 ml-o syringeø

The volumetrlc flask uras filled to the mark with

cle-ionlzed water, and aliquots taken for sodÍum and

potasslum analysis. The dried tube u¡as filled from a

br¡rette to dotermine the volume of red colls useC. Intra-

ceLlular sod1um and potassiu-m determina.Lions uere calculated

assumlng ?- per cent pla.sma trapping (Chaplln and Mol}lson,

tg52,')

Ion concentrations biere obtained uslng a Coleman

Miode1 2l F1ame Photometer fitted with a Model- 22

Gglvanometer, follov,ring the manufaeturer I s lnstructlong 
"

For potassiurn, standards blere prepared for the ranges

0 10, 0 - 5A and O * tOO ITIêQa /ttter" Since r^rlth this

apparatus potassium increases the apparent sodlum value,

the procedure 'hras standardlzed for the range 0 L75

meq"/l Na, with potassiwn backgrounds of 0 u $Qe 100e

L|O and 200 meq"/I K, and experimental values were obtained

by lnterpolatlon,
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$eproducd-b11iüy of t he Procedure; Adutt blood

r,rrhlch had been stored at j.roC 1n ACD fon two weeks was

rnlxed to resuspend tb.e ce1ls. Blood was poured lnto
ton test tubesr ârrd 1nüracelIular sodir¡n and potasslwn

concentnattons detormlned on each s ample. Five

dete¡.minations of sodl-r:rri and potasslum were detenmlned

on the tdrole bloodo

Regjrlt s :

Mean Value Standard
No" of Samples Analyzod fon meq"/I Deyiatio4

5 whole Blood K 37 ^B "55 G,5%)

5 hrhole Blood Na 96 2,7 (z,B%,)

L0 RBC K 6T "6 t"g5 Q,9%,
t0 RBC I{a 37.9 2*3 (6"2/")

PHOSPHATE FRACT]ONS

Refenenceå GomorÍu Go å Jo

27 o 955, t9l+2"

Flskoe CoHu snd

J. Blolo Chem"

1) 10 $ H2so4

2'l I N IÌ2SCI¡*

3) Elon solutions One gmo methyt-

p*åmino phenol su]-phate l_n 100

mlso 316 (w/v) sodiurn bisulflteo

[abo CIin. Medo

Subbanow, Yo3

&' 375u t925'
Reagent q;



t7
h) 5/, (w/v) Na2MoO¡, in water

5) Molybdlc a.cid I Two parts
NarMoOU solution, one part lO N

H.SCI, one part waten

6) Trlehloroacetic acld (fC¿)s

100 gffieo /ttter
Srocedure z ,S or I mI" of sample was flushed

into a tube eontainirg Z ml-u of HZO" Three ml" of
TCA iuer"e added, and the mrxture filtered through whatman
#44 fflter paper fnto a 10 ml' volu,oeùirfc flask, The
tube and pape.r^rere rinsed with a funther I mL, of TcAe
and the filtnate dilu-ted to 10 mI" Fir-trates ü¡ere
frozen tilt used,

-ïnorganlc phosphate (rr¡ An aliquot of the
filtrate was placed fn a ]0 mt, vor-umetr.ic f 1ask, and
2,$ mL of mobydÍc acld solution and I mI. of el_on
solutíon added' Tne volume was made u-p to 10 m10 

',fidthe concentration determlned eor-orimetri_cal]y at 610
mu with a Coleman Junior Spectrophotometer 6A.

Totar Acåd solubLe*Êþ-gg&*-Þs iq¿se) one mr.
of filtraùe wa-s heated wlth r^J nr" cf 10 N Hes'h until
dense fumes ceased cornÍng off" Hro, was addod to discharige
the bror^m color, and the flask heated again *ntil boiring
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stopped. Molybdic acld and elon r¡rere added as above

and the concentnaticn determined"

Easily Ilydrolyzable Phosphate (EH) Thls fraction
ineludes ATP and ADP, and Ls determlned as th.e lncrea.se

in Ínorganle phosphate after 1 mto of TCA fiftrate is
heated ? minutes at 1-0000 r^rith 3 mls e of I II H2SOL"

DåffÍcul-ty Hydr"olyzable Phosphate (DI-I) Th.is

fraction, composed malnly of AMP and hexose phosphatese

is measu.red as the increase in J-norganic phosphate from

7 to 100 minutes at 100oC in l- N H2SO¿,"

Non-Hy_4åo1yzable Phosphate (I,TH) This fnaction,
mainly 2, 3 oiphosphoglyceric acid (Zr3-pfG) fs the

portÍon of BASP not hydrolyzed by heating the TCA

fÍltrate 100 minutes at 10OoC in I N HZSO*,

Reproducibillty of the Pnocedurg; FLve

determj-natlons hrene made of tLre TASP, fp, Z rnÍnute

and 100 minute fnactions of a sample of blood"

Inorganíc Phosphate

?-minute fraction
100 minute fraction
TA$P

Concentratlon
(mgris " P/1-ao cc)

4" B0

7,47

L2,63

23"28

Standard
Deviation

'25 $%1

.h3 ( 6%)

1"04 (B%)

*98 (,1+'Á)
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GLUCOSE

Eggpteleee Nelsone N" Jo Bfolo Chem"

Æ2' 375 (lelù)
Somogyl, M. Jo BLol* Chem*

160, 69 (1945)

Reagents â t) 5% (w/v) ãnso4" 7rt2o

2) .3N Ba(oH)2

3) Nelsonts Reagent

25 w, (Nrl+)2 in [!o mt" frzo

21 mI. corrco HZSO4

3 Sßo Na2AsO4*7H20 Ln Zg mL. HZO

Tb¡e mixture fs incubated at 37oC

for l¡B hourE and f fltered"
[) Somogylrs Reagent

ZB gø. NarHp04

L00 nr1" IN NaOH

40 gil.o Rochell-e salt
B gm, CaSo¡

180 gr1o Na2S04

The mixture is diluted to or¡e

llter and filtered"
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Proceduret 0"1 ml-. of bl-ood was flushed into
3 rnlu of Ii20" ô,2 m1. of ea(OH)Z Ïrere added, followed

by 0"2 mI, ZnSO¡" The solution hrâs filtered i-nto a

25 mL" Folin-.'rfu tubeo Tr¡o rnI, of somogyits reagent r^rere

added, the mÍxtu-re was placed in boil_ing water for 10

minutes, then cooled rapidly. One mI. of Nelsonrs

reagent tras addedu the mi:iture diluted to Zl m!" and the

concontration determined colorimetrically at 500 or 66o

riì1. e

EeproQEclbility of the Procedurel, Ten

determinations irrere carried out on a sarnple stored in
ACD. The mean value obÈai.ned was fuJ mgms "/!OO m.i-,

TIE1'4OGLCBIN

0,1 mln of blood hras diluted ùo 25 ml-" with
Q'L',ß NarCO3, The concentratf on was determined as

oxyhemoglobín col-orimotricalty at !l¡0 mu, usÍng a

CoLema.n 6A Spectrophotometeru

The standard deviatj-on was 11 mgms./tOO mI"e or l+%"
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pH

pH !'ras üoasured with a Beclslrann glass eloet:rode

pH meter. This lnstrumenÈ 1s accurate to o01 pH unLts"

HEMATOCRIT

Hematocrlts hÍere measured with an IntænationaL

Co" hlgh s3reed micno-hematocrit cenÈnífuge" The standard

devfation of twenty determinations r^ras "725%"

MEAN CORPTTSCUL,A,R VOT1JME

Red celI counts were obtalned by df.nect microscopJ-c

countlng Ín an erythrocyte charnber. Mean corpusculan

volt¡cne was deterlrnined as:

MCV = volu¡re of packed cells in 1000 ml"

The mean error of the procedu:eo is Lg%"

AT,KALT RESTSTANT HEMOGLOBIN

Eglenenee: 1nlb.lte, Fo D,, Delony, G, E, and

Israols, ñ" G.å Can, J" Rego

?Qu 23L, L95o "

Pr.ocedUTeå A hemolysato was diluted wítln Lfo

Na2CO3 untl-l Ít had an op&1-cal donslty of ¿9 q 1.1 as

measrir.ed wlth a Bochnan DU speetnophotometer at $lB mu"
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lhe optical density of the f ollo¡+ing solutlons were

measured:

A: Three mls " hemolys ate * 0oó rnts " H2O

B: lhree mlsu hernolysate + 0"ó mLs" "25N NaOH,

measi-red at two mlnute intervals;
Ce Three ml-s, hemolysate + 0o6 mls@ o25N NaOH,

measured aften 2!¡ hou::s.

A graph was pLotÈed ol 2 1og E_-.C. agalnst tlme
A-C

(minutes), The plot of the denaturatlon of the alkall
resistant fraetlon w&s extrapolated to tlme * o, and

the antl*log of the inËencept yf.elded the IIb F as a per

cenË of total hemoglobin" The neproducLbillty of tfþ
pnocedune is 2%"
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TiM STORAGE OF CORD AI\ID ADULT BLOOD

INTROÐI'CTION

Red cell stonage¡ The value of transfused blood

lies chlefly ln the ability of the er¡rbhrocytes to perform

their gas canrying role 1n the clrculation of the

recípient, Studies 1n blood preservation are therefore

directed primarlly towar.ds the opÈirnal preservation of

the erythrocytes. The survival of these cel-Is 1n the

recfpf.ent ls measured by agglutlnation techniqu_es or

the more recent nadio-chnomium method,

The earliesÈ in vltro critenlon of red cell
survi-va1 was the occurrence of hemolysis, Subsequently

plasma potassiurn and lnor"ganiic phosphate concentrat ione

T"¡ere measuned, Most recently the 1n vitr_o tests of

satisfactory ned cell storage have been the intracellulan
sodltxl a.nd potassium conce.ntnations, the partition of

phosphate esters and the abillty of the ceIl to metabolize

glucos e 
"

Lhe stonage medlr¡n¡ It was noted by Rous and

Tui:ner in 1916 that the addition of glucose to eitrated
blood retarded hemolysis, Later it was observed by

Mal-zels and T¡flttaken (1940), Mollison and young (1942)

and loutit, Mollison and You.ng (1943) tnat loner.ing the
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pH of stored blood increased lts survival, and the

latter authors proposed the cltric acid sodium citra¡e-
dextrose (AOD) preservative solution 1n co'firßon use today"

Characteristics of cord bloods Apart from its
hemoglobln, cord blood differs 1n several respects fr"om

adult blood' Plasma sodium and potassium concentrations

are higher ln cord blood (cylrensward and Josephson, ]-g57),

The cord red ce1ls are larger and mone numerous (l¿,Ij_ntrobes

191+6), ha.ve an increased mechanical fragility (Hsia and

Goldbloom, l-95\) and a different ultrastrureture
(DervÍchian, Fournet, Gu-inier and Poncler, Lg53)" The

cord red cells are less actÍve in cholinesteraseu

glyoxalase, carbonic anhydrase and catalase (Jones, and

Mc0anee, f949) and have a lowen concentration of
methemoglobin reductase (Lonn and Molusky, L7ST) "

Holtingsworth (1995) and Adner and Sjolin (Ig5T')

found that cord erythrocytes tagged r+ith radio chromlum

had â short lifespan when gf.ven to normal aduLt recipl-ents,
zlpr.u:sky (195s) has found that p32lrptuke by cord red eelr-s

is less than that of adult red ce]ls*

The sto¡rage_of gcqd_þloodr The finst reference

to the use of cord bl-ood for transfusion is found l_n en

artÍcle by Rubin ( 1914) n fn I93B Gooda1l, Anderson,

ALtman and McPhafl neported a method for coll-ecting and
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storing cond blood wlth sodluß citrate" Cord blood was

a popular tnansfuslon medium for about ffve years

thereafter, prJ-ncÍpally because 1t t¡as fnee fnom food

allergens and had a hlgh hemoglobfn and red cel-l countE

(Pagee Seage and ldard L9391 " Dunlng thls penlod RotfeLd

(L939 ) notod that plasma potasslran and lnorganlc phosphate

rose more rryldty 1n cord blood than 1n adult blood dunlng

the first five days of stocagec

În Lgfl\a Sjolln studled the behavior¡r of cord and

adutt þlood durfng stonage in glucose end heparln at
l-¡oC anA 37oç. He for¡nd that adutt cel1s hemolysed less

readily, a¡d did not lose potassir¡m for several hours

aften collectÍon, Tho cord erythrocytes hrere more waten

per.meable and lost potasslum lnuredLately after collectÍonu

Sjolln claimed tb.at these diffenences were due to
dlfferences ln the cel1 membraneso

Gneenwalt and Ayers (L956) measured the phosphate

partltíon of oord and adult enythrocytes after twenty-e¡e

days stonage 1n ACDo They dis covened that ín the eord

cells the:re rüas a more marked f all 1n organlc phosphate

concentratlonsu Thef¡r results indlcated thaË thene was

no decrease 1n the TASP concentration of eryth:roc¡rbese âs

ther.e was in adult cells" This decroase 1s caused by tbe

ouËward dlffusion of orthophospb.ate lnto the plasrna

( Rapoport, 1949 ) .
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Effioglobirr_durins storage: Despite 1ts important

role ln transfused bloodn relativoly Iíttle rpnk has

been dono on changes in høroglobin duriag storageu Ðonahue,

Finch and Gabrfo (1956) noted s small drop in oxygen

eapaclty dunlng storage fn ACD, Gullbrlng and Stnom (L956)

dlseovered thåt the hemoglobin - oxyhemoglobf n eurve !'rag

displaced 1n blood stored twenty d ays ln ACD. Tltov (L956)

observed that Bome choleglobin çras fonned after ten days

storage and Berry and Chanutín (1957u L95B) found that
the elecùrophorotlc pattern of hemoglobin was eh¿nged

during storageu

0Eiect of the experi¡aents It was decided to compare

ühe storage properties of cord and adult blood by measuring

thelr lntracellu1ar sodlum and potassÍr¡n concentratlons,

plasma glucose, pH ani inor.ganle phosphate concentnatÍons

durlng stonage 1n ACD. The or^thophosphate pantition Ín
cord blood was lnvestlgated to determlne 1f Greenr.¡alt

and Ayers¡ observaüion that cord erythrocytes did not

lose TASP was velid.
Sínce Ïib F features a resistance to alkalL

denatwation, it r¡as decid,ed to investiage thÍs
charactenlstie in cord blood stored 1n ACD at l¡o0"

METHODg

4_glupqrlsqg_g!;_cqrd and_gqglt lleeg¡ Twenty ml,

of cord blood eras colle cted inÈo an evacuated sterllo
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trrrenty*five ml" flask contaíning fÍve mI" of ACÐ

solutLon (Abbott Laboratorles Ltd")' The blood was

transf eryed i. 3ol ml" portlons to sterile evacuated

tubeso One tube was pr€pared for analysis wlthln
thirty minutes of eollectlon and the remainlng tubes

stored at l¡oc o

380 ml" of adult blood was collected into 120 mL"

of ACD, ar¡i ten mlo portions transferred to evaeuated

sterlle tubeso One üube kras prepared for analysis

id-thln one hour of collection, The renainÍng tubos !üere

stoned undlsturbed at [oC. Tubes of adult and cord bLood

!,rere taken fon analysls after l, 7 u 14, and 28 days

storâgêe

The sarnple s were analyzed for lntracelluLar

sodlum and potassium, whole blood inorganic phosphate

concentration, plasrira glucose and pII.

Qnthoplros-phåte parü:!Þjlsna Three s amples of

cord bLood were colLected lnto ACD and stored at ho0.

The whole blood TASP, plasma TASP and plasma lnorganie

phosphate concentrations were determined on the day of
' eollection ar¡d after 2L days storage" In two othe¡r

samtrllos the lnorganlc phosphate concentration wes deter-

mined ín whole blood ard plasma on tho day of collection
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and after 7s 1l¡ and 28 days storageo Red ceI}

lnor-ganic phosphate concentr"ation was caleulated by

dlfference,

Alkali resistance of hemoglobinr Four to five
ml. of cord blood were collected and ùransferreC to

each of two sterile tubes containing I ml. of ACD"

One tube was centrifuged to sediment the red cellss

the plasma 'hras removed and the cells hemolysed by the

additíon of 1 vol':me of i¿rater. One ml" of the hemolysate

was added to 100 ml, of O,l% sodlum carbonate and the

alkal-i resistant fractfon (Ifb F) and the donaturatlon

nate determined by the method of Wtriùe, Delory and Israols
(1950)" The concentration of the a1kali resistant
fnactLon and the denaturation rate T^rere similarÍIy
detenmined on the hemoglobin j-n the second tube after
It was stored twenty-sne days at lloC, All denatunations

Erere carried out at 21 .5 *. lo0o

RESULTS

The sodium concentratÍon of stored erythrocytes

is tabulated ln Tab1e 14. Durlng four weeks storage

the sodíum eoncentratlon rose from a mean of L2"2 +

"5 meq"h red cells to 2l o5 + 3"1+ tn adul-t blood a1 d



Sample

Adult

TABLE T.

SOÐIUM CONCENTRATTON ]N STOFED ERYTHROCYIES

(meq./1. of red cel-ls)

Days of Storage

I
2

ll
Lþ

SD

]2.,;
11,5

12.0

L2 "3
12"g

l.2,2

å
l.2.5

13 "5
]-5.9

1l+.0

1l+'B

å .5 11.r.1 + 1o0Mean t

Cord 1

2

t

4
rt2

SD

11" 0

Il+" 0

11.0

11,9

11" 2

I}" B

L
22,7

20 "5
L3" 5

16"0

15.0

w,7 t 3,5

lvfean t

tB "4
2\"7

20 "5
12,4

16"2

18" 5

&k

27 "2
20.0

20.7

aLf"6

21" 0

22"7 å 3"1

+ nB

22"I

19 "l¡-

2],g

17,0

22"O

29.5 I 2,2

2L

27,5

29 '6
3r "7
26"O

20 .0

?6,9 : 4,0

+ ["]

?5 "6

2L "g
22.3

23"8

2T "Q

2\,2 ! 2o2

28"

33.0

28.1

27.2

26,L

22"5

?7 "6

29 "7

étl'2

25"1+

Jlr S

27,9

28"0 + 3.6

+ 3'Il

3r'7

32,0

31,9

28 "5

29 "3

30,5 -¡- 1"6

Îu\o



Sample

AduIt

TABI,E 2.

POT/{SSTUM COTTCEI\TTRATION TN STORED ERYTTMOCYTES

(meq"r/1" of ned cells)

Days of stonage

L

2

3

h

2

s,n

g

85'"3

B6'9

83"3

87 "?
83"6

85"3 t 1'BMeant

Cord

2
Br,6

Bh"1

82"5

83"B

Bo oo

81"5 t 2"0

I
2

3

t[

5

SD

99,5

85.B

Bg 
"5

90" B

97 oT

)2oTMean *

I
75"1-

85"3

77 "6

72.1+

76"5

77 "l+

95"6

78" 6

81" B

83. B

B3'o

84"6 t 6.7È 5"7

t4
63"2

64"¡4.

64"2

65.2

73*ll.

66,Lå 4"9

BB "2
Bo, I
72.9

7 6"5

77.4

7 "90

2L

59 "l+

63.L

58,2

56.L

6L"g

59 "B tz.B

æ

54*7

55"9

58,9

52"1+

5L,9

5h"B! 4.2

84.3

69.5

73"L

ó4" 0

7ZøT

72"7 +* 5'B

77.8

6lrF"T

78 "3
60,0

69,o

7,1+ 66"3 t

75"2

49 'z
56.4

61" 0

65"6

6.6 6L"5

+ 2,9

+ 9'l
\,o
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TABLE 3.

pH 0F STORED BL00D

Slmrle

Cond

Adul-t

'ì

2

{

Period of

ot,7
7 *0,1 't 6"72

7 "L3 6"67

7"10 ' 6*73

Stora6e

i14
', 6,64

: ó.?o

i 6,72

(days )

2R
'"' 

I

\ 6"62
t

/ ¿roo)e
i

/ /^
OøOU

t

I
2

7"L3 ,

7 ,tg
6.65

6"61

6 "6L
6"59



Sampte

.A.du]t I
2

?
J

tt

5

Mean + SD

TABI*E h"

TNORGANIC PHOSPITATE CONCENTRATTON OT' STORNP BTOOD

(mgms" P/too m1,)

g

l+,55

4"17

3"9Q

4"50

b" Bo

4,38 t "3r

Cord

?tå

5"3

7,80

7"5

4.6

5.2

6û08 : 1.3

I
2

3

4

5

SD

3'3?

4"07

[. t?
3.Blf

3,85

Dali:s of storage

L

10" B

8"0

9'5
8,3

11,7

9*66': h"r

11.5
1^ n¿wo I

Lzu2

L3"7

12"lf

12.1 t 1.1Mean t

ã.*

8.5

7.76

6"0

7.59 2 1.1+ .30

åb

12c1

13oZ

11" I
J.I¡"3

1l-.6

L2"5

i,.,
L3 '2
L3 "4

:1oh 14.4

et
Bog

EB

Lg.v

u'0
2Q ç7

18" B

2r"3

L9"5 t 1n6

18" O

19" 6

L3,5

L2" 6

L2"u,

L5,7

16" 0

1l+.0

L5 '2
17.1

15'1

18,1

L5.4

t 1n8 t6"2

2A 15

1?oI

1.1+ 18"3 + 1,7

\^'
t¡t
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TABT,E 5"

PTJASMA GLUCOSE CONCENTRATION

IN STORED BLCIOÐ

Each va1 ue 1s expnessed in mgnrs "/tOO m1s" as the

mean and standard devlatlon of three to five samples.

Perlod of stor"age
(days_) . _ :

Cord AduIt

@

+

+

+

+É

+

0

?

7

th

2L

EB

4zr

435

373

?'! o

282

260

17

2L

2lt

L6

3T

??

452

l+10

3BIt

308

265

233

Å0

25

3:.

1L

2L

?6

L

&

+
(d

.é-

+

+



Sample Term of
Storage

1_

TABL}4 6.

ORT]IOPHOSPHATE PARTTTTON TN CORD BLOOD

o
2t

Whole Bl-ood
TASP

21

0
2L

L.

4J "Þ23*7

2]+"5
23 "L

20"0
20. B

(r,rgns "P/].o} ml. )

Plasma RBC Plasma RBC
TASP TASP TP IP

0
14
2ð

0
7

1L
28

6.8

2.8
7.5

?"9
7"2

[h"o
l+2 "ll-

48.5
4J. U

\2,9
37 "3

h"6
5"\
1"8
OsC,

2,L
6"2

2, 80
5" (5
7 "00

:

3.gQ
15 

"14.25oO

4"02
10.9
L2"5
23 "5

Plasnra
Organlc
SgsPþ+!-q

1"0
Lr?

1"0
1"3

0.8
1,0

¿"24
5" B0

7'*5
Õ" Õþ

\^)
\n.
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Denaturation Rate
sample (min-!)* Fresh Stored

5a5a

5. Bh

l+"67

Ll" B3

5"Bl+

TABT,E 7 "

ATKALT DENAT'T]RATTON O}- Hb F

90
.71
fJ

IA

OU

.74
ti

Alkali-Resistant Hb
(%)

Fresh Stored

1 ["06
2 4'09

3 3.8?

4 4,08

5 4,09

BZ

66

f\r

75

65

l. ^1. ¡ Âñ rt .)r' t rtr'.tvleân {oU{ + øUY 2e}2'r ø22

Ðenaturatlon Rate = 2"3 x log ì,.., Hb concentr.ation e.t 2 mts"
-8Eñlnutes ) '"Hb t
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from It.B + OoB to 30"5 ! Lo6 1n cord blood" In the flrst

three days of storage the mean sodium galn 1n adult

cells îÍas 2.0 : !.2 and in cord cells was 6"7 : 3oB'

These values are significantly dlfferent (P "05) by

ttstudents't t test (Snedecor, 1946) "

Potasslum concentrations are tabulated in Table

2u Ttre lntracellu1ar potasslum concent¡:atlon was hfgher

1n cord bloodz 92"7 ! 5,7 compared to 85.3 + 1'Bo

These valu"es fel1 j-n four weeks to 61 '5 t 9,1 and 54"8 :
2"9 meq,/!, red cells. The cord cells lost 8"3 : l+"0

and the adult cells Z"B X L'2 meq"/!. in the flrst three

days " These values are significantly dlfferent ( P "05) "

The mean eJ:auges ín sodlurn and potasslum values are shown

tn Fi gure I IT "

Talcle 3 shows pH values of stored blood" The

mean pH on the day of collection was J.QB for cord btood

and ?,11+ for adult blood" The pH values dropped 1n four

weeks to means of 6"59 and 6"60. Inorganic phosphate

values are tabulated in Table 4" In adult blood Ùhe

orthophosphate rose from- 4"38 t o31 to l9'5 ! 1o6 and in

the cord blood from 3"85 t o3o to 1B'3 : 1o7 mg'os '/to} mJ-;

during four weeks storage" Frorn. the third to the twenty-

first day of storage the mean level of inorga.nlc phosphate

i^ras higher |n cord blood but this is not statiscally
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slgnifieant o

Table I shor*s the plasma glucose concentnaÈ1ons

of sto¿"ed eord and adurt bloodo The aclurt revel fell
from l+52:18 ta 233 ! 26 mgms,/tOa mlsu; 1n cond blood

from h7r + tT to Z6a + 33 mgms "/toO mlso There was no

slgnlficant diffez'ence in glucose concentration but the

mean varue ferl slightly more in adult bLood dr:ring

sto:rageo

Onthophosphate values are tabulated in Table 6u

rn sampres Luz and 3 the wholo blood rAsp concentr.ati_ons

did noË change signiflcar:try during three weeks stonage,

fn each case there is a decrease tn r-ntnacellulan TASP

and a rise in plasma fASpq

rn samples l¡ and 5u the intracerrurar onthophosphate

rose duning four weeks sùorage fnom 3,9 to zl"o and fnorrr

l+'oe to 23"! mgms "/loo mlso Thene was smalrer rise Ín
plasma orthophosphate from 2uB to ?.0 and from Z,1t+ to
B,85 mgms./Loo mls.

Table 7 shows the ehanges during storage of the
alkali denaturatÍon rate of Hb Fu rn the flve samples

studied, the mean nate felt in three weeks from r+,04 +
-{

"09 to $o35 t "!! min**, The concentr.ation of al_kali
nesistant hemoglobÍn feLl from th:ree to eight per cenÈ.
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Before dlscussing the r.esu_lts, we wi1l lnvestlgate

the po.csibility that I{b F has some effect on the ion

metabol-ism of cond erythrocytes, slnce cord cells lost
potass j-um mone napidly during the flrsË th:nee days of
stonage'

HEMOGLOBTN AND POTASSTUM DIFFUSION

Review¡ Over the years ther"e has been consid enable

intorest 1n the possible lnteractions of sodium and

pofassium with hemoglobln, and there has been some

fndicátion in the llteratu:re thåt the osmotlc actfvity
of these ions is decreased in tb pr.esence of hemoglobln

(Petorse f9!4)" Stnatmann and trrfr,ight (19h6) claimed

that equj-ne hemoglobin retalned potassiumu and moreover

could aecumulate thl-s ion agafnst a eoncentration gnadient"

Recent1y, however, experlment has lndlcated that
there is no such binding" Morris and 'r$rlght (r95h)

found no evidence for the prefe¡rentla1 blnding of

sodfu.¡m cr potassium, no:: of altenatlons in ttrelr
aetivitles by the hemoglobfns of human, horse or dogo

Batlley and Klotz (1951) also showed by dialysis studLes

that neLther ion was bound to horse hemoglobln, and carr
(L956) used a potentiometrlc techníque to dqnonstnate

that neLthen bovlne nor hrmran hemoglobin bound sodium

or potassium, AIl these studies, hotoevere were done
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wlth hemoglobin concentrations very much lor¡er than

those found in the ned cell.

Chromate ion ls more readlly eluted from ilb F

(suderman, White and fsraels, 1957). Ïlb F has a greator

affinlty than Hb A for A1(0If)3 (eetteu I95l+), Otherwise no

studfes have been made on differences in ion binding porrrer

of Hb A and IIb F, To lnvestlgate the possibillty that
the::e 1s some fon binding rlith high hemoglobin concentration,
an<l to search for a possible difference between Hb A* and

Hb F, a dialysis expeníment rdas carried out usÍng

hemoglobin coneentrations comparable to those found in
the cell"

Method ¡ Blood collected in ACD or heparín was

centrlfuged and the plasma and buffy coat removed" The

cells hrere hemolysed by repeated freezing and thawing

until a smear of the hemolysate examined mlcroseopically

showed no lntact ce}ls * Hemolysates were kept trozen
untll used"

Dialysis bags rÁrere naade of Arth.ur Hu Thcnmas

bnand eerlulose, so constructed wtth scotch brand masking

tape that only two square inches of the membrâne r^rere

exposed for diffusion (Figure fV"),
Five m1s" of the h.emolysate o? of KCL solution

T^rere allowed to stand in the bag for fiftoen minutes at
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room tenperatu,rsÊo The bag hlas then suspended in one

and a balf llters of 0"9% G/v) NacL at l+oc or 37oc,

The salj.ne was mechanically stirred and the contents

of the bag stirred periodically by blowlng lnto it

througþ a polyethylene tubeo Diffusion was allowed to

proceed for thirty minutes"

Hemoglobfn concentnatlons hrere determined

colorimetrically and alkalf *resistant hemoglobin (IIb F)

r^ras deternrined by t he method of klhlte, Delory and f sraols

(1950)" Potassium eoncentrations were determÍned with

the flame photometor on 0"1 mI, samples of hemolysate,

removed from the bag at 10 or lt mtnute intervals, It

r^ias found that diffusion was flrst order hrith nespect

to potassiuÍt concentratlon, and the rate constant was

calculated fro¡n the equatf-ont

Rato = 2"3 log,,^ orieinal potassium concent:ration
time (minutes) ^ potassÍum conc-entEatlon

The rate given in ttæ results for each sample is
the ÍÞan of thetwo or three rates calculated from the two

or three potassium determinations"

Results ¡ From Table B, lt may be seen that Ïib A

and llb F do not dlffer 1n any capaclty they migflt have

to bind potassiurn, The mean diffuslon rates f,rom the
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IABI,E B.

POTASS]UM DTFF-I]STON RATES FRO},T KCL SOLÜTIO}T$

AND HM{OLYSATES

'IgmReraf|'lre fIþ uoneo -þ'

Sarnple "c gÍrs o /"
Hþ

q^
uoncê K uonc.

meq */I.
ttafe Uonstan.t

370 40

KCL

Mean
SrÐr

37
37
37
3T
37

lr

4
37

#t
#z
#3
J.!,1,
7T+

#5
li6
#7
JIAiTv

100
100
100

7B
77

r00
100

10

"o538
"o537,053a
"0496,0544

"o52r

"a5?8,00L7

"o295.0318

Ad

Mean
SoDo

ult
fr
#z
.flaTr)
útl+
#5
#6
#7
tfe
#s

2B
3L
25
29
2B
3CI

"527
23

3V
37
37
37
37
4
lf

37
37

91
92
7B
9r"
77
99

100
79
77

"o229
"0283
"otB6
"CIz11+
, o21g

" 
0231

.o225

"o229
o oo30

,00730
"00690

Cord

Mean
s"D,

.o366

.03h0
"o253
"0169
"o207.OIBO

77
77
7B
63
62
5ç
55
65
73

2t
2T
31
¿¿
2q
æ7
34
33
29

#L
#t
tr¿
#3
#4
Æ(.

fia
#7
#B

37
37
3V
37
37
3V
h
t;

37

e5
B5
Bo
99

L10
91
99
9L
9tt

. oo77B
,aQT62

"017L

"o222,0071

mlnutes-1,Rate constants are expressed as
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TABLE 9.

POTASSI-CDI DIFFUS]CN RATES FROM HM,IOLYSATES

Ëample

Bovine I
¿

Rat 1
2

Rabbi.t t
Dog I
Human AdulÈ
(Mean of 7) 83

ilunran Cord
(iifean o-f 6) 93

Potassiwn Diffusion In Vivo
Concentrati.on Rate Exchange Rate

{meq.,/1)

lOob
23 "3
96

L0t
r 1l,¿ÅLi-

7.0

,Q25O 3. B
ø0263 É

"0330 6nO
.0288 q

"0275 3"o

"Q?_3L l"o

"0?29 l-. B

.4222 É

Potassiilra diffusíon ratos are expressed uu *in*lu
The in vivo exchange rates (SLreppard, Lg50) are expressed

as fo iniracellular potassiumr/hour.
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two series are almost identicalt .Q2?9 min"-t ,oo adutt

blood; and .0222 min.-] fo" co¡rd blooclo Horeover, the

potassium diffusion rate from hemolysates of bovine"

canine, rat and rabbit erythrocytes do not differ in
magnitude from those of the human (Table 9) o despite

the lar.ge dlfferences 1n 1n vivo potassium exchange

found by Sheppand (1950).

The potasslum dlffusion rato is not significantly
effected by hemoglobin concentration (r = +"64) or by

Hb F coneentration (r = 4, "67ì-.
It should be noted too thst diffusLon fnom

hemolysates is markedly sl-ower than fnom a KCL solution;
the difference is highly signifieant (P<.01)"

DISCUSSI ON

In the functlonÍng enythrocyte 1n vivo, ion

coneentrations are kept constant sinee pas.síve i-on

flor¡r along the concentration gra.dient is equalled

by ühe activo ion transport of the ceII. Howevetr,

when the celI is cooleda ås 1n storage, metabolism

slov¡s and passive diffusion predominates,

The more rapld change in Lntracellular ion
concentration 1n co¡-d cells may be duo to thnee factors¡
a greater permeabillty of the membrane to passive i.on

flow, å lesíon of the ion transport mechanism, o? a more
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rapld breakdoarn of the metabolic system supplying the

energy for acÈlve ion tnansport,

There is no doubt that the cord red cell nrenibrane

suffers sone damage during colle ction into ACD" By gnoss

inspecÈion, hemolysis uras much ÍÐre marked 1n cord blood

than in adult blood, and it v¡as for this reason that

Sjolin dld not use ACD as a presenvative medi-um" It
would be necessany to corq)are the rates of potassium

eff lux and sodium irrfl'ux ln cord sampl-es collected lnto
ACD and Ínto heparln to determine 1_f permeabllity 1s

niarkedly changed durlng collectlon into ACD" If this
ürere found to be sos it would substanttate Gfbson?s

hypothesls that storage lesions orgfnate in damage suffered
dunlng collection (1956),

The second posslbility, that thene is a lesion of
the ion t:ransport system, could be investigated by

measurirg active cation tnansfer in samples collected

into ACD and into hepari-n.

The thfu"d explanatlon of ttre npre marked change

in 1on concentration i.n cond er¡rbhrocytes is that ther"e

1s an earlien deerease 1n the source of energyo This

would be hand to evaluate" Glycolysis continues l-n cord

cellep a$d as 1¡111 be sho¡nr later, tLrene Ls ATP r.emainlng
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after three weeks storage'

The close proximity of t he observed pH values

of cord and adult blood lndleate thet pH is noÈ a facto¡r

!n tb more marked ion Lesfon, of cord ceLls" Kashket,

Rubinstein and Ðenstedt (1956) nave suggested that the

acld pH during ACD storage may be a contributÍng factor

to the lesion of stot"age, sl-nce the enzJrmes hexoklnase

and gJ-ycerate-213-diphosphatase have an optlmum pH of

7"8 and '? 'Q respectivelY"

The diffusion experiment indicates that Ïlb F is

not a eontnibuting faetor to potassiwn loss fnom the

cord enythrocyte, The most lnteresting observation here

is that potasslum does not dlffuse as rapldly froro a

hemolysate as from a salt solution' It may be that pores

ín the cel}'ulose membrane are blocked by ceII constj-tuents,

or that potasslum ls bound to sollxs substance in the

hemolysate that lowers its dlffuslon nateu

It should be noted that the inorganic phosphate

concentratlone on tire day of collection T/'Iere much hlgher

than the rfnonnalrt val-ues of trno mgms'/I00m1u, slnce 1n

shed blood at room tem¡ærature phosphate esters

breakdown to orthophosphate readily" hre aree therefore,



4B

noù i^rarranted in measuring changes in lnorganic phosphate

from the inÍtial vaIue" hFe cannot, thereforee confirm the

observatÍons of Rotfelt ano Greenwalt and Ayers that
i.norganÍ-c phosphate i-s formed more rapúdly in cord blood,

Howevere r^re shall note 1n a later series of observations

that the intracelluLar lnorganic phosphate concentration is
significantly higher in cord cells after storâgeo

The gluco.qe values lndlcate that glucose

metabollsm ls of the same orden of rnagnitude Ín cord blood

as in adulL but the results dp not al_low us to determirre

1f there is a signifleant difference in glucose

utllj-zation' The use of plasma glucose concentrations is
possÍbly not vaLid as â criterion of red cerl metabolismo

and the ulrolo blood glucose values would have been

pneferable 
"

The results of the orthophosphate diffusion
experiment cannot be reconcíled with the findings of

Greenwart and Ayerso There is no approciable change in
the TASP concentnatlons of whole blood durlng storage,

indicating that the phospholipid fnactton does not

contrlbute to the acid solu-bIe phosphate fraction.
There ls an increase of the TASP plasma and a

coruesponding decrease of intr¿ce1lular TASP, the organlc

phosphate eoncentration i_n plasma remained constant

within the error of the procedureu
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ït 1s appanent that in cord blood as ln adultn

storage results 1n a decrease l-n intracellr-iIar phosphate,

due to an outward diffu-sion of cnthophosphate along a
concentration gradient .

The drop 1n alkali resistant hemoglobin may be

due to the formation of methemoglobin F which is not

alkaline resistantu However, there is no explanatlon

for the lncrease in the rate of denaturation,

Our results indicate that in cord blood there Ís a

defect in ion metabollsm and other. workers have reported

differences in phosphate metabolismn Gabrio and her co-

workers reportod that adenoslne reversed stonage lesÍons

Ín stored adult bIood, replenishing phosphate esters and

improvlng lntracellular cation concentratfons, It was

th.erefone decided to lnvestigate the effects of adenosine

on the storage lesion of the cord erythrocyte,
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REVIEI'I

Adenoslne and tLx' etora$e l-gsioni In thelr
experlments wLth adenoslne, Gabnio and hen co-rÀrorkerg

incubated adenosine hrlth blood after two or thnee weeks

storage, and at two on ühnee week lntervals thereafter.
In each case they fourd a repletlon of Íntracellu1an

organie phosphate during incubation and a highe:r

concentnation of organic phosphate dunlng subsequent

storage of adenoslne treated samples" These r,¡onkers used

adenosine eoncentrations of 25 x LO*3 moles/liter of red

celLs¡ or appr"oximately 1O x 1O-3 moles/ttter of r.rbole

blood "
Rubinsteln, Kashket and Denstedt (1956) etored

blood in ACD contaÍning sufficient adenosine to glve a

final concentratlon of O,t+% (appr.oxlmately 15 x 10-3

molesr/Liten of whole blood)o They found that adenoslne

maintained a low lnorganic phosphate concontnation and

a high level of zs3-D?Gs ATP and hexose phosphates

through thl-nty-three days of storage" Prar¡kerd o956')

also added adenosine on tho day of collection (5 x 10*3

molos/l1ter of in¡hole blood) and found that adenoslne
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rrrainteined a hlgher organlc phosphate leve1 but dld not

have any effect on the ATP concentratÍon. These

contradictory results Índicate that nucleoslde concent:ration

may have an s.ppreciable effeet on the nature of the

phosphate partitlonn

Prankend also found that adenosine did not change

the glucose utillzation of stored er¡rthnocytes. Thls

esrees r,uith Gabriots f indÍnge that the re-synthesls of

organÍc phosphate with nucleosides anises mole for mole

solely from the ribose moloty of adenosineo

Gabrlo and her co*workers reported little on the

effeet of nucleosidos on lntracellular Íon concentrati.on"

In one experiment, adenosine was added after twenty-one

days storage, and it wEs noted that the adenosÍne treated

sample had a hlgher lntracellular potasslum content after
a fr¡rther sevon and twenty-one days" In anothen

communlcati.on (Donahue, Finch and Gabrio, L956) u they

roported thatã rr., o determinations of the sodÍum-

potassium gnadlent also lndieated imp::oved chemical

characterj-stics of the erythnoeyte when compared wLth

control blood stored 1n ACD aloneotr Here the authore

gs.ve no numerical resu-lts'

Rublnstein of a]- Q956) did not measure ion

concentratj-ons in their experiments" P::anker"d (I956t
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reporÈed that adenoslne had no effect on lntnacellular

sodir.trn and potassium concentrations' Weisburg and

Kap1an (1958) in a brief corsnunfca.tion etated that

inosine (1,8 gns"/l}o mL" of blood or approximately
a

L5 x 10-' moles/llten) cau-sed plasma potassium values

to rise more rapidly' in sarnples stored r¡ith that

nucleosideo Cn tho other hand, Lange, Escobar and

Crosby (L956) found Èhat lnosine dÍd not effect plasma

sodium or potassitxn'

Ade-nosine.and catj-ofr transporta Kabn and Cohen

(1957 ) süu-died the effects of nucl-eosides and related

compounds on active potassium transpo:rt of erythroc¡rbes

j-ncubated at 37oC after storage at l¡oC' They found

that adenosine and lnosíne augmented tnansport at

concentrations lor¡er than 5 x J:O-3 moles/literu

Inoslne reached a plâtoau of augmentatlon at this

eoneontration while adenosine lnhibited transpont at

higber concentnations' Adenlne inhiblted potassir¡n

transport at a} I concentratlons while hypoxanthine and

inosine-mono-phosphate i/üere without effect. Extracellular

ATp above 3 x 1,0*3 mole s/Lttør also inhibited potassium

transporf '
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Kahn and Cohen dlsregarded the possibility that adenoslne

per' se Ínhibits potassium transport. They suggested that

at coneentråtj-ons over 5 x 1O-3 moles /titer the deamj-naÙion

of adenosine by adenosine deamÍnase 1s rate-limited by

the concentrati_on of the enzJmle" Tiren adenosi ne is

transforrned by some phosphorylase to rlbose-phosphate

and tra.nsport-inhlbiting adenine" Thl-s is conbr"ary to

the findings of GabrÍo et al, Ru'oinstein et-gl and

Prankard who have found that adenosine is converted

quantitatlvely to hypoxanthine via Ínosine. The reaction

is much sloiøer at l+oc than at 37oc"

Substances which inh-ibit active lon transport

across the cel-I membrane nray be divided into three

groups.

L Enzyme inhibitors, such a.s sodÍLì.rn fluoride ano iodoacet&c

acld, These substances block the glycolytic pathway, thereby

depriving the cell of the high-energy phosphates necessary

to maÍntain active ion transPort'

II Ïon transport lnhibj-tors, such as ihe cardiac

glycosides. These substancos Ïrlock active sodlum and

potassiuln transport dírectly" They have no effect on

glyeolysis and are not affected by nucleosídes"

fIf. fon transport inhlbitors which stimulate the
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formation of organic phosphate. There is only one

such conrpound reported. Jones (1958) founA thåt

deoxy-cortlcosterone glucoside Íncreased the total

phosphate and ?I3-DPG concentration of erythroc}Æes,

whlle increaslng potasslum }oss and sodiun intake" Ïle

found no appreeiable change in c o11 si zeø

The results obtainod by Cohen and Kahn with

adenosine place it in"the ssme class uiith the adrenal

horrnoneo although there i s no apparent simllarity between

the two"

It qras declded to observe the effects of adenoslne

on cord erythroeyte metabollsm both during and after

storage at l4oC by storlng blood trith adenosine, or

incubating blood with adenosine after three weeks storage"

This would determine whether!

1) Adenosj-ne removes the dlfferences previously

noted between cord and adult blood dunlng

s torage t

2) Adenosine has any effect on lntracel-l-ular

sodium and potasslum concentrations.

Tffi REVERSIBTLIT]r OF TNE STORAGE TE STON

&eview¿ Slnce the erythrocyte membrane is only

sllghtly perrreable to the- passlve diffuslon of inorganic
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phosphate, there is an accumulation of this ion fn the

red ceIl durirg storage due to the breakdown of organic
phosphate esters o However if c el1s are then incubated

¡lat 37"C, glucose utilization ls enhanced and organj_c

phosphate 1s formedu loruering the corEentratÍon of

inorganic phosphate. If adenosine Ís added before

incubation, the decrease Ín inorganÍ.c phosphate is more

marked" Gabrlo et aI (L955) termed this the in vitro
reversal of the storage lesion.

Gneenwalt and Ayer s (L956) found that cord

erythrocytes after fourteen days storage coul_d rê-
synthesize organi.c phosphate u.pon incubation, In
blood storage, red cells are discarded after three
weeksu when theÍr survÍval- 1n the recj_pient is 7O%"

since t?ris is the conventional'rliferr of stored bIood,
it was thought to oe of interest to compare the abirities
of cord and adult erythrocybes to f onn orga.nic phosphates

at this time and especially to note the effects of
adenosfne,

Method: Co::d and adul_t bl_ood was stored for
t,¡renty-one days in ACD at l¡oc, After that timeo samples

were divided fnto three ml" fractions. To one r{âs added

0,1 ml, of ACD, Thfs fraction (A) was centrifuged and
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TABI,E 10

TäE RSPI,ETION 0¡' oRGAI{ rC PHOS?HATES ÐURING

]NCUBATTON OF STORED BLOOD

TP

EH

DH

NH

rASP

Inorganlc Phosphate

Easily Hydroly2able phosphate

Difficulty Hydrolyzable phosphate

Non-I{ydrolyzable phosp hate

Total acid Soluble Phosphate

All concentrations are inngmso P per 100 mIø packed red

blood cel1s "

Blsod stored 21 days

Blood stored 21 days, incubated l
houn at 3Voc

B1cod stored 21 days, lncubated wlth
adenosine I hour at 37oC

A

B
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TABLE lOA

ADULT BLOCD

Sample

I

TP

T9. B
u'B
8.6

20,0
12. B

16" O

13"6

17.4
LL"7
7"6

16.0
13 "63*2

2L,O
18.0
6"3

19 o0
16,0
i+,8

L9.2
th" 6
4"8

2008
14" o
4"1

20"8
15" B
5'6

EA

\"2
5"Q
9'ö

)oo
LI"2

9"2
6;4

DH

L19
2"0

2"2
I l,Åo¿+

108
1.3
7.3

2"r
L,5
6"3

NH

B,o
Boz

11. L

13"8
LL,5
17"0

6.6
B.o
16" B

7,8
r?.1+
L602

5"8
]-'2,o
16"t

7.2
12" B

L5 ca

l,2"6
th.6
1é" B

TASP

34 "4
32"6
36" I

A
B
rr

A
B

A
D

B

A
B

ll'
B
rr

ð
B

A
B
c

A
B

4

B
c

?

I
fl

6

I

10

2.ll
1"6
606

9"2
11,7
T1. B

Þ"6
11" 6
9"8

3L,2
35.2

36.1+
34.7

3[.6
3B,h
3h"B

3"7
9.2

9o0
L3,3

6"2
L3.7

Õ"J.

37 "5
38"2
JooJ

33 "2
30 "232"8

30,0
29,6
29,6

2r5
1"h
4.8
2"4
1"0
5.2

eB" 0
28,4
3I"o

32"2
30, B

3t"6

36.CI
35"5
36.O

1"4
1.1+
4,6

oB
208
5"1+

1,0
3'9
BoCI

106

"45,6

3"8
L"2
oo)

Ln6
L"2
5"6

3"L
2"8
5"9

"B
"23.4
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Sample

I

10

IP

20.0
L5 "66.6

2L"O
18"2
8.0

NÏ{

11.6
13"1
]-6.2

1lo2
6.4

19"0

9o9
lo "2L6.6

5c á.

5.8
1? "8
i-0,6
10.6
t7 "ll

B"B
11. B

16, I
lr"B
7"D

L5 "2
?,8
9"?

L2"2

7u0
12,0
11. B

608
lf,-,2
LA"2

9'B
L3'2
tg"B

4.8
l-1.0
20 *B

TASP

38 "234"6
JOsd

34" g
3l+" ö
36,0

31.0
3l+o 0
36"6

35"8
36"0
36,1+

A
B
U

A
B
^

A
B

A
B

A
B

A
B

A
B
c

,\

B
U

A
B

A

B

B
l1

Ã

¿

I

t,l

2

6

7

9

11

TABLE ]-OB

CORD BLOOD

E}T ÐH

1øQ
001
6u2

108
3.2
5"\
1"0
108
6"6

3o2 L' B6"8 5"4B'0 4r2

36,h
32" 6
l+0 

"l+

4.0
6.O
7"2

2"1*
li. B
B"o

3"0
2o1
3"2

3o0
0"¡+
h,B

Lrz
1"0
5"5

1.8
0"8
3"5

I"i[
2"6
4.8
1"0
3"1+
5'7
l'\ A

3o0
4oI

21"4
L7 "69"6

19"8
16,0
6"6

20 "62L"?
7"7

22,8
22":l+
7"4

25,4
22"11
7"7

23'\
rg.2
5.3

20 
"BL9 "2600

L9.2
ILt' B

i"B
2L,g
1? *Lf
4"7

25,8
13"4
4r2

)ø4
3"2
2ø2

1"2
1"0
5"8

0,8
Lr2
7*o

0"6
l"B
6"0

o"2
lu2
2"O

Iob
0"lt
Aøé.

l¡-"6
0.4
5,\
0oB
200
2*B

Q16
toO
3"4

2"O
1"2
4"4

ttlE:\

36"0

32"4
32"2
36"1+

33 "2
30 "l+
37,O

5L.4
32oö
28.tl

32,O
2B@0
z9 '2
32"6
36,o
33,0

32,Q
29,2
32"8

L2



Adu,!L*E1ooq

Stored 21 days

fncubated 37oÇ

Incu-bated s adenosine

Nou of
Ëespf-e-q

10 19"0

10 14" B

A ÉAv )ev

tord Blood

Stored 2I days
ll

r a-v^lncìfÞaleq J ( u

TABLE lOC

Incubnted + adenosine Lz

I3

+

1"9

201

rA.Lo v

EH

12

L2

)+"ll

5,2

7'3

+

.¡-

+

21"7 ! 2"1

18"1 + 2o9

4"4 + 3"c

ttH

3*o
l. r'4"2

2nB

1"8

]. B

OoU

+

+

'r'

3o2

2ø4

NH

o6

og

L"2

r

+

+

B"l + 3"1

l-1,6 L 2"3

l4-7 å 3"3

1"1

2"Q

1.6

I '-b
1,6

5,r

TASS

+

T

+

L"2 8,1

1"LL ]0,1

Lo7 16,1+

33"1{-:3.1
l,^lJJ,+ X JoÞ

33,5 + 2"6

+

+

+

lo2

al1o4

2o9

33,7
¿ ¿ tì

34.9

+

:
+

2,3

2o7

3"1+

\tr.\o
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a portion of Fa cked cells pnepared for phosphate analysls.

To two other fnactions were added 0.1 ml" of ACÐ

(B) or 0n1 ml. of ACD eontaining 2.5 x IO-5 moles of

adenosine (0)" Ehese fra.ctions htere lncubated for one

hor¡r at 37oC, then portions of packed eells takon for

phosphate analysls. Samples i^Iere analysed f or the

f ollowing fractj.ons:

1) Inorganlc phosphate

2) Easily hydrolyzable phosphate - mainly ATP and ADP

3) Difflculty hydrolyzable phosphate - mainly AMP and

hexose phosphate

4) Non-hydrolyzable phosphates - mainly 2t3-dipttosphoglyceric

acid

Results: The data for adult and corC samples are

given ín Tables LOA and 108, and thre neans er'¡d standard

deviations are eorpiled j.n 10C,

Aftor three i.reeks storage at [oC, the mean lnorganic

phosphate concentration of cord erythrocytes 1s 2r."7 t 2"I

ngms,/tOO m1so, wh1le that of adu1t cells 1s 19"0 I I"9"

The oasily hydrolyzable fraction ls 2o3 :1'1 Ln cord

ceIls and l+"4 t 3'0 in adult ceL1s" ïn each caser the

difference betweon adult and cord blood is statístical1y

signifícant (P<"01)" There is no statf stleal- dlfferenee
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between adult and cord blood in the other fractions.

Ðr:ring Íncubation, the inorgani-c phosphate values

fall ll-"21 t 1'9 and 3,65 t 3'2 mgns"/100 mI" in adult and

cord ce]ls. Thu addition of adenosine resu-Its in falls of

t3"6 t 2"2 and 14.9 : 2,6 mgms,,/100 ml, 1n adul-t and cord

cells. There is no significant difference in the inorganlc

phosphate changes cord ard adu.lt blood"

CORD BL00D l4llTH ADEIIOSIi{ET}M STORAGE

Method:

Serl_qs IL Sampl-es of blood were collected in ACD

and transferred 1n Ju 5 ml-. fractions to sterile

evacua.ted tubes* Control ùubes contained no

additive while adenosine tubes contained su.fficient

nucleosioe in Onl ml" of water to give a final

concentraÊ1on of J:2.5 x 10-3 moles/titer of r,ùrole

blood" Samplos hrere stored inrnediately at [oC.

f ntracellu1a.r sodium and potassÍu-n, hematocritst

inorganic and non-hydrolyzable phosphate fractions

and pH rnÌere measured on the day of col]ectlon and

aftor sevene fourteen and twenty*slgþ¡ days of

storage. Glucose concentrations vlere measurod on

the day of collection and after twenty-oight days

s torage o

of

OF



Time of Storage
( days )

0

7

1l+

2B

C ont¡ro1

7.04 t ,06

'o,69 t .oL

6,67 * "l-B

6,ó1, + -ol+

62

Adenosine

6"73 I .19

6,71 I "14
6,67 I "r4

TABLE T1

pII 0F CORD BLOOD STORED IüITH ADENOSINE

Serles f (12 x 10-3 moles adenosine)

P,g

Values are mean and standard deviation of five samples,
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TABT,E }2.

GLUCOSE CONCENTRATION IN CORD BLCOD STORED V.ITTH ADENOSTNE

Serles ï"

Penfod of Stonage
_ (days )

Glu-cos.e Conc entrati ons

l+lr8 + ¡3
2L5 t, l+6

218 .t 48

0

2B

28 + adenosine

Values are expressed in mgrns,/LOA m1s* tlhole blood,

and represent the mean and standard deviations of five

samptre s.



64

TABLE 13A

HM4ATOCRTTS OF STORED BLOOÐ

Series I (iri.,5 x tO-3tul adenosine)

Period of Storage (days)

ControL

Cond I
2

â

t.+
f./

Adul-t I
Adenosine

Cord 1

/

f̂

t,+
¿t-
-¿

Adult I

l. r¿ ?r
42o2

A^ rl

2Þo j

l+5 "5

42" 0

4a "5

L
l+4"5

5(;."5

5)+,a

4Jn2

\7 "6

40"o

3B,0

50.5

4)n2

42,0

)1øU

)2e2

l+4.5

lÊ .r

I+9'o

52.o

33 "0

)'1 o2

JY"5

46,0

44êÞ

38,0

¿2qÞ

â1. f)4ø 2

28

44

Þ4,5

50 "5

46 "5

[3' o

39 "5

}L

39 "5

h9.o

39 "0

32"5

¿2ø2

3[oo
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TABLE

HEi\,fATOCRTTS G'T

t¿ser]-es J.J- (Þ ¡c

138

STORED BLOOD

lO*3M adenoslne)

Contnol,

Cord l-

2

3

.{du.l-t I
2

Adenoslne

Cord I
2

?.,

Adult 1

2

g
45

45

5o

39 "5
Ii3.o

Ith "5

4J+'5

I+9.5

39 "5

42.5

"B
44"0

h4,5

47.0

39 ^O

J+2.0

42uo

l+1.0

1+5"5

3]+,5

37 "0

_Pericd of Stonage (dayei

L
l¡(

I+5

49 '5

lù.0
1+3"5

:u"t

43. o

l+2eo

l+T "5

36"5

39,5



Soqles I
$ Cord

! Cord +
adenosine

I Adult

I Adu.lt +
adenosino

l+9.5

40,5

,Senies fI
3 Cord

3 Cor-d -l-

adenosÍno

2 Adult

2 Adult +
adenosfne

g

: 7.6

Tü}4ATOCRITS OF STORED BLOOD

TABLE 13C

Period of Storage ( dayll

47 "6

41'3

40"0

35"5

L
+

46 "5

|i1,0

7"3

I z'7

: 7ol

4b. /

37.2

39.5

)4"2

&
t 9"2

t 8"5

4o oÞ

46" 0

+

+

2"6

30

47.3

34, f
39 "5

34.0

2B

+

4ó : 2,9

45 I 3.r
40"0

38. Q

4"6

+ l-0"0

\5 : 2"!

43 ¡ 2"6

Ja .5

55 "Þ

O.
(}.
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TABLE 1l+.

HEI"TOGLOBTN CCINCENTRATTON OF CORD PIASMA

(gns. Ib/100 mlso plasma)

SerÍes f

Pqf_+oc oq_ Storese ( da

Samplg g llr-(Ççntrrol'! @
Cord L *X7 ,25 'J-B

2 "07 n 19 "L5

3 "08 "L+2 "2L

h .09 .13 "23

5 ð "30 "33

Ivlean "10å"0J "26t"lI "22L"O7
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TABLE LíA

SODTUM CONCEI,TTRATTONS OF STORED RED CET,LS

(meq"/to i:êd blood cells)

Series I

Cord

Adult

Cord

Adult

Contnol
%

I
2

3

4

5

]-

æ
à+

37

3o

?lr

30

33

+>

4?

lr 1

4t
lrl

+Þ

37

36

38

4t
30

3l+

L
1g

t7

16

20

ltf
r-8

g

19

L2

13

14

]1

15

Period of Storage (days)

+_
23

?g

2q

27

25

Adenosine

1

3

4

2

L

35

37

J)

39

26

31



Cord

Adult

Cord

Adult

g

Ll-,5

LO,5

11,0

l_2,1

10" 3

7

lr"o
Lr"6

15 "2

A+"2

27 "2
32"r

23,8

26,3

2L "7

2Q "4
18" 0

32"3

35 "t
33"1

2l,l
ZLf*0

69

4-
27 "5
¿2"J

22"L

28,0

34"0

3\u3

26.6

h0.8

29. B

40" B

SODTT]}{

Qontrcl

TABÍ,8 L5B

GONGE\TTRAT]O}TS OF STORED RED Ctr.,LS

(meq"/I" ned blood cells)
Eeries If

Pefiocl of Sto¡:age (days)

I
2

I

L

¿

Adenos lne

I
2

3

I
¿.



No" o-f Sa¡_nples

s"gt-esl
¿, uolso

$ Cord +
12.5M adenosine

1 Adult

1 Adult f
12.5i\t adenosine

Series ff
3 Cord

3 Corci +
$M adenosine

2 Adult

2 Adult .&

$M adenosj-ne

SODIUM

TABT"E

CONCENTRATICN

(meq "/L, ned

g

13

Ë

t5

10"4 L7: e3

30 t 5"8

1B

31

15c

OF STORED RED Cm,tS

bl-cod cells )

Perlod of Stonage (days)

L

11,0 å 0"7

11 "2

27 +

+

L5.g

27 "B

2"7

6.137

25

t o"l+

t 5"0

2B

4tl
J7

31 1 5,1

4\ Y 2,7

33

ì+5

23,g

)Jo2

L9 "?

1CøO

t 2"5

t 4.7

33 "7 ! 2"r

34,2 t 11

3r,5

JÞø J {
O
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TABIE 164

POTASSIUM CONCENTRATTON OF STORED RED CTLLS

(sLeq."/t" rêd blood cells )

Series I (72.5M adenosine)

Perioo of Storase (daysL

ConLqo]*

Cord I
?

J

lr

¿
h/

Adult 1

Adenosi-ne

Cord t
¿.

3

lr.l.

/

Adult I

0

ro2

90

9l+

96

107

85.0

k
79

B1

90

BO

77

Bl-"8

6h

63

zAlv

60

7o

67

åu

B3

72

7B

73

76

63"9

5e

52

62

(lr./+

56

64.2

eg

6tl

,6

56

63

56

56"8

r'I22

l{4

4B

lt'7+l

IB

48,0
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TABLE ]68

POTASS]UM CONCENIRÆ ION G' STOIìED RED CELLS

(meq./L, ned blood cells)

Series II (5 x fO*3M adenosine)

Period of Storace (daw )

Control.

Cord l-

ô
¿.

1
J

Adult 1

-4.

Adenosine

Cord 1

2

3

Adult I
2

g
Blr*-

9l+.2

82,4

B0 "4
85 "7

L
75"O

T3 '6
7 6,9

68. B

24" J

)0" I

ila
64,2

75"8

69 "J-

63"9

72,8

21øU

5],0
25e$

6l+,1+

65 "a

eå

OCoÞ

7o"5

60 "2
56"8

59.o

4Õoþ

Iió"6

l+B,lt

ll . 
^24n'1

22 o2



Sample s
'#&

Series I

5 Cond 9T "g

5 Cord +
ICollvl aCienOSl-ne $¿

1A<lutt 85.0

I A<iult +
l,2"5 M adenosine q

ftu¿-es-II
3 Cord 86.7 * 5"6

3 Cord *

POTASSTUM

TABItr 16C

CONCENTNATTOI{ OF STORED RED CELI,S

(meq,/I" ned blood eeLls )

Peri ocl of St orage ( days )

g

t.6"7

5 I{ adenosine

2 Aciult

2 Adult +
$ M adenosine

7

Bl + I,o

/- , / rJof + Qo)

er,Ã

67

Þ4

83" I

76't

57 *_

63 "g

64.2

75"2 t r"7

60"4 È 1"3

6B"l+

4"4

4*o

2B

67 "7

5?"8

57,9

6)+"7

59 + I+.L

4g t 4"r
56.8

48"0

t 6,11

r -1 oo

64,4 t 5,3

4T"B t 2^6

55 "2
-t\¡)
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s

6
U'

Þ-
o

FTGUAU V
.,.t1: ':i:f'- "
i.l.,..rr'rr...

--'------
---'/-o"'-

7 t4
STORAGE T¡ß*€ - DåY*q

¡iir.

I]WRA,CETEUT,AR TON CO NCgNTBAT]ON

DTjRTNG STORAGE OF

BLOOD I¡,f TTH ADDTÐ ADM\IOSINE

rt,.....r,,l
i.f. :riiììr rì , '"

I i.t-:::Ìt | .

i 
ri :t 'i' :l'l:ì

lìr]'r'i:: ::l

clri.NGE$ tN

CORD

Each value is the mean of five sarnples



Ng. of Sa{t-ples

Ëert"S_J

7 Cord

7 Coird +
¿nÊLéø)LvI Aqenosl_ne

TABLE 17 A

PHOSPIil,TE PART]T]ON TN STORED BLOOD

NON-IIYDROLYZABLE PHOSPHAT]I' ( SnRf US I )

(rngnis .P/ntl, blood )

I .Adult

I .Adiùt +
J,2.lNI adenosine

0

15,30 t 1.41

Period of Storaple (Oavs)

I2"7Q

3

7 "5Q

13"8

t 2,64

+ 3.41

9"10

L2"65

¡&

5 "4-J

L2 "4

t 3 "l.t8

: 2"42

5 "ze

10.10

2B

1"61+ t L,39

r1"7 1 4,Br

o,35

g 
"35

-J\rt



9.q+trel

7 Cord

I Adult

3 Cord

2 Adu1t

g

3'26 + 
"l+4

3"?'

2"Q7 t "41

3.05

TABT,E 17B

INORGANTC PHOSPHATE TN STORED BTOOD

(mgns "P/IQo m}'.)

Adenosi-:3e

7 Cord 'l-

12mM adenosine

I Adult +
12mM adenosi-no

3 Cord '*
$rnÌû adenosi ne

2 Adu1t +
5mt'{ adenosi.ne

7

9'53 t 1"83

6.60

g.B0 t 1.0

!gl: lgl- o-!--:Þ t o r gåe*GCXÐ

u
14"0? t 1"Bo

I0, 80

15.8 t 1"1

00 0>

3"99

3" 90

2 ??
JE )J

+ 1.64

?B

19.65 * 1"40

u"60
20.0 + 1.4

L6 "20

h"llL

lr" 50

t 3,9 10.9 t 1*5

B_65

t 1.60 5u79 + I"ZL

B"85

1[,3 t 2,I

L6.2O 
d
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TABÎ,,E 18.

TI{ORGANTC PHOSPH¡.TE CONCET\TTRATION

Series ffI

Adenosine

No" of Sq¡iples Control fir*i/Altev L4 ottY,,,/liten

l-¡ adulË 14,1 t L.5 7"4 : 1,6 3,0 * *4

7 eord 14"6 t 2,0 11,8 + 1"1 3.9 + 
"l+

Phosphate concentration ln mgms ,/tOO mls o whole

blood after fourteen days storage,
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SerÍes fÏe Samples of blood 'h¡ere collected in

ACD and transferred in 3.5 mlo fractions to

evacuated tubesn Control tubes contained 0.1 mI.

of ACD, Sample tubes eontained suffi-cä-ànt

adenosine in ACD to give a final concentration of

5 * lO^: moles/liter of whole blood" Samples were

stored inmedi ately" Hematocríts, inorgani-c

phosphate, and lntracellul-ar sodlum and potassÍum

concentration i,,Iere determined on the day of

collection and after fourteen and twenty-eight

days of storage at l4oC"

Ëerj-es IIf l Control bubes eontained 0u2 mI" of ACD"

Sample tubes contalned sufficient adenosj-ne in 0"2 mI.

of ACD to give a final- coneentrati-on of 5 x fO-3 or

¡-.Z,5 x tO-3 rnoles/Liter of whole blood. Samples T¡rere

stored inmediately at l-¡oC" Inorganic phosphate

levels were measured after. fOurteen days storage.

Eesul'þli pH values for the blood samples of Serles

I are shown In Tabl,e 11" The mean pH of five cord samplos

collected into ACD was ?"01+ å "06e and fe]l to 6n6L + 
"04
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after for:r weeks stonage" The addition of 12o5 x l0-fu
adenosine slgnificantly (p<.or)¡ ralsed tho pIÍ dr.æing

storage, and the mean value of adenosine tneated samples

aften four. weeks storage was 6,67 ! ,Ih"
Gru-cose concentrations of the blood are shown in

Table 12' on the day of colleetion, the conÈrol samples

had a mean concentratlon of þaB 1 JJ rngms,/loo ml, Thfs
value f ell during f or.¡r weeks storage to zLí t 46 mgms.r/

100 alo The storage of blood wlth adenosine did, not
significantly effect glucose metaborism, and the
concentration was Z1B g l¡B mgms./100 ml,

The hematoerlts of ffve cond and one adult sarnple

Ín Series I are tabulatecl fn Table I3A rr¡hile those of
th::ree cord and two adul.t sarnples of serÍes rr are
tabulated in Table 138" The means and standard
deviations aro compited in Table l3C.

ïn Serf es Ts tho mean hematocrit fell from l+g,5 t
7"6 to 47,3 t 4"6 in four weeks storage; d'r.ing this tlme
the adenosÍne tneated sampres felr to 3h"1 t 10o0,
fn Series If, the shrlnkage is not so manked; the
hematocrit feIl from 46,5 ! Z.T to I¡!"0 + Z"I fn four:
weeks ano adenosl-ne treated samples shrank to
43"0 t 2o6,
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?]asnra hemoglobfn concentrations ane llsted j_n

Table 1[. The mean hemoglobin conc ent rati on j-n plasma

on the day af collection iiras "tO g oO3 gns,/tOO nJ-s"

After -two weeks ste'age it was "261"11 in the control
samples and ,22 ! "OT in ttæ adenosine samples,

The sodium a:d potassíum concentrati.ons of red

cells dur:i rrg st orage Ín Series I ar¡d Seri_es f T are

tabulated 1n Tables 15 AuBrC and 16 AeB and C" The

intracellular sodium concentnations rose during storage

fr"om 13 t o4 meq./!o to 3L t 5.1- in Series f and from

11"0 + "7 to 33"7 + 2ol Ín Senies II of tlæ cord samplesu

ïn the adenosíne treated samplesu the sodium concentratÍon

was much hÍgher after fourweeks storage - lf4 ! 2,7 and

34"2 t 11 in ttæ two series" The sodium concentrations

hrere slgnifleantly diffenent 1n the adenosine treated
samples (P<.01). It should also be noted that the

sodium content was much hlgher in Series I aoenosine

sam¡llo than in Series II o

In Table 16C, 1t may be seen thåt adenogÍne caused

the potasslum concentration to become slgniflcantly
Jower (P( .01). fn Senies 1, the concentration fell to

59 y 4"t in the controls ar d to hg å l+"I l-n the adenosine
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samples after four r¡eeks stonage from an inltial
concentratl-on of 97"9 å 6uf meq"/!"

The mean change in sodlum and potassium values

of five SerÍes f sample s is shown 1n Flgu:re Vo After
four weeks storage the mean sodi-rxn gain was LB and

31 meq o/I. u and the mean potassiu+ loss nas 38,6 and

59,3 weq,h" in the controls and adenosine semples

respectively.

Table 17 A shobrs the 2,3-DFG concentna.tion 1n tho

sarnples of Series I, Th.e concentration fell from

L5,3O t I,l+1 to L,64: 4"39 during for.i¡' weeks stonage

i^ihile adonosine maintained a htgh level of 11"7 * l+"BI

ngms,/J:AO mL" The 213-ÐPG concentra-tion Ín the adult

sample felt from I?,7O to 0"35, r,rhile adenosine

produced ã. concentration of g"35 after four vreeks.

Inorgani.c phosphate concentrations are shown in
Tab1e lJB" In Sories I, ürlth the hlgher adenosine

concent¡.ation, the orth.ophosphate concentr"a.tion roso

fnom 3.26 + "lili- to 19"65 + 1.40 in seven eor.d samples

and fro'm 3"2 to 17"60 in an adult sample du-ring for-lr

weeks storago. In samples stoned ç¡ith adenosine, the

values only rose to 5" 79 t L.ZL and B.B5 mgms ,/toO mlso

In Series II, the effect of adenosine was less markedu
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In three cord samples, inorganic phosphate rose from

2,O7 !.41 to 20,0 + 1"J4 Ín controls and to 16"3 ! Z,L

in adenoslne samples aftor fourweeks storage,

After fourteen days storage with L2,5 x t0-3 i't

adenosine, the inorganic phosphato values Ín cor"d and

adult blood hrere A'9 t "l¡ and 3.0 t "l¡ mgms"r/100 ml.

after two weeks storage.

the values were IL"B + I"L

Wlth only 5 x rc-3lvi adenosine,

and 7.l+ t 1" ó mgms , l00 mI"

NUCLEOSTDES AND RED CELL VOLUME

The lowenfng of hernatocrit values by adeno.sÍ.ne,

noted in the preceeding section, has never been reported.
Before discussing possible câL1ses of this phenomenon, tt
r^ras decided to determine if this property was shared by

other nucleosides, and whether it arose from impurlties
1n. the a.denosine or from breakdown produ-cts formed from

adenosine during autoclaving,

Itg_!ègq_s Adenosine, inosine, and guanoslne

(NutritÍona] Blochernicals corponatlon) rÂrere pnepared in
the concentration I mg. /l^t, of double distilred water.

A portion of these solutions was autoclaved at llloC for
thirty minutes' The solutÍons T^rere dil-uted 250-fold ín
pH 7 buffer (tseeknrann ll35\l) and ùhe absorption spectra
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determined over the range 210-300m-l using a Bock¡:.an DK-l

Recording Spectrophotometer. The position of the maxima

and minima 'hrere compared to the published valu-es of Beaven,

Holiday and Johnson (1955)'"

lf00 ml" of adult blood Ïrere collected ínto 100 ml.

of ACD, and 10 mI" a}lqu-ots hiere transferued to sterile

eva.cuated ùubes. Control tubes contained "2$ rrt;-"o of ACDg

and samples tubes contained sufficient nucleoside suspended

in ,25 mL of ACD to glve a final nucleoside concentration

of 5 or Ll.l + 1O-3 moles/liter of whole bLoodn A sample of

blood was also collected 1n heparin" Samples were stored

in'ritredlately at [oC.

Mean corpuscul-ar vol-umes T^iere determined on a

control a.nd the hepariniçed samples on the day of coll-ectÍon"

Hematocrits uere determined on controls and sâmples after

fourteen and twenty-eight days storage at l-¡oC. Since

there was no henroJ-ysis, the red cell count was assumed

to be that of the inltial contno] samples, and the

MCV t s ürere deterrnined 
"

Resul ts; The "oositions of the maxima and minima

for ultra-violet absorption are tabulated 1n Table 19"

The proximit¡'r of the values to the published values

indicate that the nucleosides were pure" Neilher the



Adenosine

Ad enine

Gua.nosine

fnoslno

G'uanine

Hypoxanthlne

XanthÍne

POSIT]ON OF ABSORPTTON

?ub11shed

Á Max

259

^/ ^¿o¿

253

248

2ì+6 s276

2?O
-J/

266

Value

Á Mln

TABLE 19

I{A.ÏIMA A]'ID MTN]MA

Determined

â Max 4 Min

227

224

2a+

224

22.+,263

223

239

259

¿.>¿

e¿ç

CF NUCLËOSTDES

227

¡l*

223

ezLr

Deûormined after
Auto claving

^ 
Max á Min

259

252

zl+ç

?27

¿¿J

221+

CoF



Sample Day O

Tieæer:is--g'e.L

TABTJ] 20*

MCV! s 0F RED CELLS STORED !',TfH NUCï,EOSTDES

(l[c\r EXPRESSED ïN CUB]C MICROIVS)

I BIr 114

a.

Dqr-lL

ACÐ Adenosine Q,uanosÍne Inosf ne
5__j5]Æ- _5 tz"s* á__12,å

l0l+ 98 90 95 gg 101 9B

q2 109 106 100 92 105 103 105 loo

Ð-sx-eq.

ACD Adenostno
5 t2,5

lol 98 90

103, 98 91 101 IOt

Quanosino
5 L2"5

99

ïnoslne
5 L2"5

99 9899

100 101

@\r\
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optical densities nor the posiùions of maxÍma and mfnima

I^rere changed by autoclavÍng,

Table 2Q shows the MCVrs of tr,rio samples of adult
brood stored with nucreosides. víl th I x ro-31.t adenosÍne,
shrinkage 'hras from three to six cubic microns; with

. .?L2"5 x 10 -lt'f adenosine - eleven to fourteen cubic microns
more than the control values on the corresponding day, Viith
the exception of ! x ro-3pt guanosine on da.y 1l+ Ín sampre lftu
j-nosine and 6uanosine did not Lower the hematocrit as nmch as

adenosine of coruespondíng concentration"

DISCUSSI C]\i

may

be noted in Tables r0A and loB that there was a wide
variatlon betr¡een sampl6s in the effect of incubation.
Paankerd (1955) has pointed out this varlabitity, but
can offen no explanatlon for it" These deviations r^rere

probabl-y increased by the dífficulties in obtaining an

accurate aliquot of packed red cel1s@

The cord samples hao. a sta.tístically Lr-igher

concentration of orthophosphate and a lower coneentra.tion
of easiry hydrolyzable phosphates than adult red cellso
This å.grees with the r.rork of Greenwalt and Ayers (1956)
who claimed that non-hyclrolyzable phosphate fractions

The qeversibility of the storage lesione It
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fell more rapÍdly fn cord blood, and inonganic phosphate

rose more nap-idly during three weeks storage in ACD at
lLot,

tord and adult blood did not dfffen in ttreir
organÍc phosphate synthesís during incubatLon" Thls

fndicates that the abílity of cord ceLrs to synthesfze

organic phosphates 1s not less than that of adul-tso rn
thi-s case, the raore rapid falr*off of phosphate esÈers

duning stonage woul-d not be due to a decreased production
but an increased utilåzatr.on of Lrish erxerty phosphates

in cord blood"

Adenosine and phosphate metabollsm: Both prankerd

(1956) anc Rubinstein et al (L956) craimed that adenosine

had no significant effecË on grucose consumption in
stored blood" rt has been suggested that glycorysis
slor,üs in stored blood due to a decrease of ATp avaflable
fon the phosphorylation of glucoso. since adenosÍ_ne, in
sufficlent quantitles, increases ATp concentrati-on, it
shoul,d resurt in an increase ln grucose consumptj.on, This

apparently 1s not the câsoo

The phosphate values ol¡tained in Series f, with
a

l.2"5 x 10-)14 adenosíne, lndicate that at thj-s concentnation
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the nucleoside malntains a high 2rJ DPG and low

orthophosphate concentration comparable to adult blood"

The inorganic phosphate concentra,tions of adenosine treated

samples in Series II Ìirere higher than in Series I. In

Series fII, although a nigh nucleosiae ccncentration

abolíshes differnnces'oet'¿een cord and adult bloodu the

loner concentration ís not as effective in cord blooci in

reversing the lesion in phcsphate metabolism.

r,r,le have already noted that Ru-binstein and Prankerd

used dffferent nucl-eoside concentrations and obtained

different phosph.ate partiùion resu-lts" The results

obtained here further indicate that nucleoslde

concontrat j-on is an i-rnportant factor in reversing

the lesion of storage" This is especially true in cord

blood where, apparently, a 1ow adenosine concentration

is not as effectivo as in edult blood"

Adenosine and ion metabolism¡ The plasma

hemoglobin concentration in adenosj-ne treated samples

i/,ras slightly less than that of the controls" This was

probably du.e to a dilution of the pigment due to the

decreased hematocrit. Irr any case, it indicates that

the lor^rering of the hema.tocrlt Ls not oue to hemolysÍs
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buË.to L shrinkage of red bl-ood co1ls.

A decrease 1n erythrocyte size must be due to

the loss of water, Sj-nce the membrane is freely permeable

üo water, the cell shrinkage úre have noted must be due to

a decrease in the nwrber of ions Ln the ceIl, resultlng
ln an e fflux of water to maintain osmotic pressur€o

Our ultra-violet absonbtlon studfes Índicate that
the cell sh:rlnkage and altered íon metabolisnr were not

caused by impuritles, but stem from adenosíne, Since

Gabrio et aL, Rubinstein et al and Prankerd have all
found tLg.t adenosíne is converted to inosine and

h5rpoxanthine, and not to adenine, it appears from

studyirg our results and thcee of Kahn and Cohen that
adenosine pgq._Je s oT lts adonine molety, inhlblts active
potassium transport" Sinco the celI membrane 1s less
permeable to sodiu¡r than to potassÍum, there is a deerease

in total lntracellu1ar cation, and henee a deerease 1n

cell si zeo

Hariris and Maizels, (].952) have pointed out ùhat

a human erythrocyte tra cking an active potassj.um transpont

system would shrink and becøre so acid inside that the

abllity of hemoglohi-n to transpont r.esplratory gases

would be impaired" $o attempt was nade to determine the

intracellular pH of the adenosine treated sampleso
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It is nesessary to determj.ne trhy our results

differ from those of Gabrlo et aI and Prankerd. Gabnlo

lncubated the blood ånd adenosine for one hour at 37oA,t

Prankerd does not state if he incubated hls samples

prior to stcrâSê¡ but lt woul¿ appear from h-iE catj.on results

that he dld" fn these cases, the adenosine r+ould be

:rapidly converted to the innocuous lnosine" Hotreveru

1n our experiment, trlthout prlor lncr:bation, the

adenosino is only slowly converted to inoslne at l4oc,

ard therefore, espeeíalIy at hlgh concentnationss mey

neadily inhlbÍË the active potassiua transport" pi{

values indicate that at least some adenoeine is deaminated"

The suggestion that the adenosj-ne per se on lts
adenine moloty is ühe lnhLbiting agent is supported by

Kahn and Cohenrs obsenvation that extracellular ATP,

r,rhich is not do-aminated, esn also inhibit transport"

Iqtre cannot telI Íf the slfght RBO shrfnkage in
two sænples with j-nosine and guanosir¡e is due to an

osmotlc effect or an lnhlbition of ion metabolism. ff
these nucleosldes have a marked effect on potassium

tnanspor-tu they would then have some d'lsadvabtages as

metabolie adjuvants dur.ing storage" lühÍle they may

stimulate onganle phosphate transport and prolong ned
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cell vlability, the hlgh plasma potassium concentration

would be dangorous in a masslve transfusÍono Gabrlo

and her co-Írorkers found that adenosine stÍrnulated

phosphate esten fæmation equally well 1f it was not

i-ncubatedo Howevere our ¡:esults show that incubati-on

might be very important in the use of nucleosldes as

red ceI} nutrients dr.:rirg blood preservatlon"
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CONCLUSION

DTSOUSSION OF RESULTS

ït mlgtrt be well to dlscuss ou¡ nesults in ltght
of our onigÍna1 aim and scope of. the projecto This was

two-fold: to compare the storage lesion in adult and

cord blood, ârrd to flnd lf lib F had any effect on cell
metabollsm.

Our results seem to lndícate thåt the 1esions of
stonage l-n cord and adult blood do not differ in nature

but only ln degneeu especially during the first few

days of stæâgoo It may bo that the cord erythrocyte

ls depleùed more rapidly of some metabolite, @ thaÈ it
ås more susceptf ble to the ttleslon of collecti-onm"

ouir lncubatlon ercperlment indícates that the f ault does

not lle i.n a reduced abl-I1ty Ín cond cells to synthesize
phosphate esters.

The statement that the losions do not differ in
nature is bonne out by Èhe fact that adenosine, at

suffÍcient concentnation, comects the resion f-n phosphate

metabolLsm equally well in cord and adult bloodo

Ehe obsenvation tbât Iib F loses its atkall
resistance during storage cannot be explafned by pnesent
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knowledge, It ls interesting to spoculate that

hemoglobin structure may bo maintained by erythrocyte

metabolÍsm. However thls lies outside the scope of the

thesis, and Ís probably not lmportant ln the problem of

malntaining red cell vlability durlng stonageo

We have gatned no posi tive knowledge about the

posslble effects of hemoglobin on red qell metaboLism"

Our results indlcate that it has no effect on potasslum

diffusion, Funther experlmonts were planned to test

the effect of hemoglobln on blood storage, blt these

were abandoned 1n favour of work on nucleosfdes and

ceIl catlon concentratlonsG

This latten s tudy was not envisaged in our

o:rf-glnal å.im, but it was carried out for two reasorlso

The first 1s ËhaË thre llteratr¡re contains eontnadietory

results of the action of nucleosldos on cation concentrati-on.

Our results indicate that the lon transport may be affeoted

both by adenosine cmcentration and by the treatment of

the blood sample before stæ89€a

Secondlye sodium and potassium transport and

exchange is lmportant 1n many branches of physiology,

and the red cell- is a popular modium for testing the

effects of transport inhibitors, such as ttÞ cardiac

glycosides,
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The dlscovery ùhat with adenosine hre may Itdivorcetl

glycolysts and ion transport is very interestingo It 1s

genenally stated that dr.rrlng storage active catlon

transport ís slowed because of a decnease in avaiable

high energy phosphates" However i+ith adenosin.e, the

phosphate esters are kept at a high eoncentrati-on wLrile

cation lesj-ons are either not effected (Prankerd) or

!ìrorsened" ThÍs contradictory offect of adenosÍne on

phosphate and catíon metabolism durlng storage deserves

further study"

The fact that adenosi-ne may block active ion

transport may be of some pra.ctical value ín studying

catlon fluxes in erythnocytes' lfhereas some transpont

inhibitors poison glycolysis, or have no effect on it,

adenosine might be useful experimenüally to block active

ion transport while maintaining phosphaË'e metabolism at

nor"mal leve1s for prolonged periods of tlme"

Our results indÍcst@ that both phosphate

metabolism and cation transport are sensitive to

nucleoslde concentration, and to incubation prior to

sto::â,gêo Thls mây explain the contradictory results noted

in the llterature "
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SU}[}'IARY OF RESULTS

lu Tlie lesions of storage vrere studied in cord

and adult blood samples stor"ed at l¡oC Ín ACD' Durlng

the fi:rst few days of storage the cord erythrocybes

lose more potassium and gain more sodiìnn than adult red

cell-s, AÍter bhis period i;here is no significant

difference in ion concentration changes 
"

2" During storage the::e Ís a decrease in

intracellular TASP in cord erythrocytes due to an

outwaz'd diffusion of orthophos;ohateo

3, There is a decrease in the characterisilc

a1kali resistanee of Hb F in cord blood during storage'

l+. The nature of the hemoglobin has no effect on

the diffusion of potassiunr fron a hemolyseteo Results

indicate that potassium is not bound to hemoglobin since

hemoglobj.n concentra.tion has no effect on the dÍffusion

rate. This suggests that Hb F is not a eontribu'i;ing

faetor in the ion metabolism of cord erythrocytes'

5, After three weeks storage at l¡oc, cord red

eells do not differ fron adult, ceIls Ín their ability to

resynihesize organlc phosphates.

6* With the experimental method described,

adenosine caus es red cells to los e potas si unr, ga.ln

sodium and shrink in size during storage at I¡oC. The
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resji.lts oÍ Kahn and Cohen indicate that thls l-s caused

by the lnhibitory offect of adenosine on potassii¡tt

transport¿
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