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ABSTRACP

/~~~
- Granulocytes ~~~~ isolated from the buffy coat of baboon blood

by counterf low centrifugation, -They~were frozen in polyprcpylene tubes 
~~~~~~~~~~~ 7.

in 2.0 ml voluites containing 1 x 1O 7 
~jranu1ocytes. The rtedium consisted ‘ “~~ ‘ ‘

andof 5% DM50, 6% HES, 4% human serum albumin, ~6 i*1 glucose in Norrrcsol-R,
I 

~~
. ,.

~9 r~~4 c  —~~ .~~~.

pH 7.1. Gran u1ocytes,~~~~i oooled to -4°C for 30 minutes, then ~oo1ed at -~~~

4°~ per minute to -800C and stored for 1- to 3 weeks in liquid nitrogen
a,at -l97~~. Cooling rates of 10C and 10 C per minute were less efficacious.

0~~~ 

-

T~.tes were thawed iienually with swirl ing for 130 secor ~s at 42 C in a
- -- r —water bath. The yield after thawing was 

~~ ~ ~~%.

Granulocytes isolated from fresh blood all fluoresced green when 
_

~~~~~.

incubate d with fluorescein diacetate (FDA) . Less than 1% of cells showed

nuclear uptake of ethidiun bromide (EB) . After freezing and thawing , an 
-

average of 79 ± 8% granuk,cytes fluoresced green with FDA and 21 + 8%

fluoresced red with EB. lthout 98 + 2% of the granulocytes isolat ed from

fresh blood e thibited a serum dependent capacity for ingestion of .latex

and yeast. Thawed granulocytes wer e diluted 1:4 dropwise with a r ediun
~Tandcontaining 7% HES, 4% a.lbun in,A 6 nf4 glucose in Nonnosol-R, incub ated with

fluorescent latex or fluorescent zynosan at 37CC for 30 minutes and then

washed twice. After this , 75 + 9 %  of the granulocytes fluoresced green

with FDA, 76 + 5% den~ nstrated senzn—dependent latex ingestion and
67 + 8% ingested zynosan.
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mrrlODtX TI0N

The red blood cells and platelets of baboons (Pa pip anubis) are

similar to those of man. Likewise are conditions for their liquid and

freeze-preservation (1) . The white blood cell di f ferential counts of

baboon and man are also cxznparable (2) .

We have preser ved human granulocytes using 10 to 100 ml volutes of

hut~an blood for the isolation and preservation of 2 x l0~ to 1 x 108

cells (3 , 4 , 5) .

The opportunity to use the baboon to evaluate circulator y properties

of granulocytes notivated us to att anpt to preserve than by freezing .

We have found that the periodic isolation of 1 x i08 granulocytes fran

the buffy coat of 30 ml of baboon blood can be routinely achieved using

counterfiow centrifugation .

This paper reports results of in vitro stodies of frozen thawed

baboon granulocytes.

METHODS AND MATERIAlS

Blood Collection

~ *nty-five ml of blood was collected fran the babo ons (Papio anubi,~~

19 to 24 kg) by venepuncture into a plastic syringe containing 5 ml of CPD

anticoagulant. ~n additional 5 ml of blood was allowed to clot in a glass

tube to thtain serum. The whole blood was transported in the syringe at

ant)ient tarçerature to the laboratory where it was transferred to two 50 ml

polystyrene (Nalgene) tubes and centrifuged at 350 x g for 25 minutes at

room tai~pera ture (22 ± 20C). The plasma was rai~ ved aseptically , and 8 to

- - 
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10 ml of the buffy coat and the upper packed red blood cell layer

rar oved by aspiration. The plasma was added back to the packed cells,

the suspension mixed and centrifuged a second tiire at 3SOxg for 20 mm ,

5-7 ml of buffy coat were raroved and pooled with the cells frori the

firs t oentrifugation . The cxrnb ined mixture was transferred via a syringe

to the mixing chambers connected to the Beckman JE—6 rotor.

Isolation of Granu locytes by Counte rf low Centrifugation.

Granulocytes were isolated in a Beckman JE-6 rotor attached to a

Beckman J -2l centrifuge as descr ibed previous ly (5) . The counterf low

buffer was cai~osed of 0.15 M NaC1, 0.01 M ~~osphate buffe r at pH 7.1.

0.028 M glucose and 1.2% (W,N) human serum albornin. The osrro lality was

325 nCsnVkg 1120. Approximately 800 ml of this rrediui’t refrigerated at

10°C was flcwed through the chairber (4.5 ml capacity ) at 2080 rpn . The

granulocytes were retained in the elutriation chamber as the other cells

were eluted. The tine required to trans fer the buffy coat into the chairber

and complete the separation of granulocytes was 50 minutes. At this time

the buf fer and effluent tubes were clamped and simultaneously the pump and

the centrifuge turned off. The centrifuge head was ratoved, and the cellular

~~~tents of the elutriat ion char rber recovered by aspiration. (k~ the basis

of whole blood differen tial and Coulter Model F white counts , the average

yield was 5.3 x 1O7 granulocytes. Volume distributions and dried smears

showed the granulocytes contained about 2% rr ononuc lear cells, and approximately

5 to 10% red cells.

Cryopreservat ion of Elutriated Granulocytes.

Three ml of cell suspension conta ining 1.4 x l0~ cells per ml were

maintained in ice water at 40C for 15 to 20 minutes, and then 3 ml of the

- 
— —.-— — —  — --———-~~~~~~~~~ ——- - - - ~~—.--- --- — — ——-— ..- - .
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cryopreservation solution chilled at 40C was added dropwise. The fina l

cc*tposition of the mixture was 5% DM50, 6% lIES, 4% human serum albumin ,

and 6 i*1 glucose in Nornosol-R, pH 7.1. After ccrplete mixing by swirling

for 180 seconds, the contents were divided into three jj !x~ ml aliqucts
7placed in 17 x 100 mn polypro pylene tubes , each containing 1.4 x 10

granulocytes and placed in a 4°C ice bath. The granu locytes were main-

tained at 4°C for 5-10 minutes and then placed in a -80°C mechanical

refrigerator in an inprovised two-step -freezing system. ¶I~io of the

tubes were placed in a metal rack in the bottom of a Harris mechanical

freezer at -80°C where they were kept for 30 to 40 minutes , after which

they were placed in liquid nitrogen at -19 7°C. The third tube was used for

assays of cell counts , volume distr ibutions , and microfltx,rescence of pre-

frozen cells .

The rate of cooling achieved by storage of the polypropylene tube in

a -80°C mechanical refri gerator was 4°C per minute . It was measured by

placing a copper-cons tantan thermocouple wire in the center of the tube

that was put in the -80°C mechanical refri gerator and the tønperatu re

nonitored with a Honeywell Electr oriik III tarperature recorder. l~ st of

the granulocyte samples in this study were frozen as described . Also,

cx~ trol1ed cooling of 1°C and 10°C per minute were carried out using a GV

Planer progra rrin ed freezer R-20l that utilized liquid nitrogen to control the

rates of cooling. The rates achieved by programmed freezing were also

monitored with a thermocouple inserted in the center of the tube. After

free zing , the tubes were stoppered and placed in liquid ni trogen at

-197°C in a Linde LR-40 liquid nitr ogen refrigerator.

- 
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The storag e period in liquid nitrogen for all tubes was 1 to 3 weeks.

Thawing and Washing.

The tubes containing the frozen granulocyte suspensions were removed

from liquid nitrogen and place d irrrrediately in a water bath at 42°C, with

the water above the level of frozen cells. The tubes were shaken manuall y
ice pellet of

while submerged with a circular notion for 120 seconds or until all but an~

3 mm diameter remained. The tube was removed and swirling continued until

the pellet was just dissolved. The tubes were cool to the touch and the

temperature was 80C to 10°C. They were then placed in an ice water bath .

The thawed cells were di luted 1:4 by the dropwise addition (one drop

per 2 seconds for 3 minutes) of three volumes of a solutio n at roan

temperature carposed of 7% HES , 4% human serum aibunin (HSA) and 6 ntl

glucose in Norirosol-R, p11 7.1. The diluted cell suspension was then

tested for stability and function as described below.

Determination of Size Distributions.

Cell suspensions containing 100 ,000 to 150 ,000 granulocytes per ml

were sized in a Coulter r’bdel ZH with a C-l000 Channelyzer and an X-Y rc—

corder. Prior to testing the granulocyte samples , the Coulter aperture

was flushed with the buffered solution that was used to dilute the granu-

locytes or the soluti on that was used to cryopreserve the granulocytes.

The sample volume was 0.1 ml. All solutions were rendered particle-free

by prior filtration thr ough both 0.45 u and 0.20 u filter s in a Coulter

filtration system or with 0.22 u Falcon filters . The counter employed a

7084 aperture and was set at an amplification of 1; an aperture current of 2;

an e~~lusion of 4; lower threshold 1; and upper thre shold 99. The settings

for the thanr ~ 1yzer were: count control - external, count range 1K,

- ---- -- — —S.- ______________ - —
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base channel threshold 1, window width 100 . The instrument was calibrated

with 2 0  u and 4.6 u polystyrene particles. Granulocyte counts were made

by integra t ion of the nunter of cells Within the granulocyte distribution

(5) . Granulocyte counts in whole blood and other samples were also made with

a Cbulter Counter ?t del F blood cell counter after lysis of red cells with

zap- Isoton, a reagent of Coulter Diagnostics . Red blood cell contamination

of isolated grarzulocytes was counted as the difference in ccunts between

the non—treated and Zap-Isoton-treated aliquots at a 500 fold diluti on.

Microfluorescence of Cytoplasm and Nuclei of Granulocytes.

The reaction of granulocytes with fluorescein diacetate (FD1~) and

ethidium bromide (EB) in Hank ’s balanced salt solution (HE SS) without

calcium and magnesium was perfor med as described previously (5 ,6) .  About

1 x io6 granulocytes from elut riated buffy coat (EBC) and var iously

treated i .e. ,  prefrozen (PF) , prefrozen incubated (PFI) for 20 minutes

at 37°C, postthaw (PT) , postth aw diluted (P~ID), and postthaw diluted and

incubated (P~IDI) for 20 minutes at 370C ,were mixed in proportions of

0.05 to 0.25 ml with 0.50 ml of a m ixture of fluores cein diacetate and

ethidium bromide . Wet mounts were made at roan temperature and the cells

were viewed within 1 minute with an Olympus Vanox transmission microscope.

A green exciter filter (G533) was used for identification of the granu -

locytes and fluorescence was viewed after switchin g to a UV exciter fi lter

(Sdiott BG—l2 ) and a blie barrie r filter (Schott OG-530). Esterase activity

in the cytoplasm of granulocytes was measured as the percent of cells

showing green fluorescence of the fluorescein liberated fran fluorescein

diacetate. The percentage of cells with red fluorescent nuclei due to

- 
- — —
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uptake of ethidiu n bromide was also recorded . Two hundred cells were

counted.

Ingestion of Fluores cent Latex and Ethidium Treated Zyrrosan.

Elutriated granulocytes and thawed , diluted and washed granulocyte

suspensions were tested for phagocytic properties by assessment of their

capacity to ingest latex and Zynosan particles . A stock solution of

fluorescent latex (Fluolite DS—5005) , cbta ined f ran ICI , Finland , was
with

washed three times with distilled water and diluted serially (1: 1 M

phosphate-buffered saline (PBS) . Following each dilution the particles

were recovered by centrifugation in a Sorval centrifuge spun at 7 , 700xg

for 20 minutes . The washed particles were resuspended in an equal volume

of PBS and stored at 4°C. The washed latex particles were mixed with

human granulocytes and autologous serum, and ingestion measured. The

particle mixture was then diluted serially and re-tested with various

Pt~ concentrations until a particle to cell ratio was found at which greater

than 90% of the granulocytes isolated fran fresh blood phagocytized the

latex. A 1:16 dilution of latex arxl a PMN number of 1.5 x io6 gave full

activity when serum was present , and essentially no reaction in the absence

of serum. t~~tails of this test and its dependence on seru m and in~~ noglcL;ilins

will be described els~~ihere. For the ingestion testing , 0.5 ml samples

containing 1.5 x 1O6grP~nu1ocytes in HBSS containing Ca++ and Mg-H- were

incubated at 37°C for 30 r~iinutes with 0.5 ml of autologous serum containing

0.025 ml of fluorescent latex particles as previously described (5) . The

incubation volume was 1.025 ml. Granu locytes were then washed twice by

dilution slowly drop~ise with 2.05 ml of cold 7% HES , 4% lISA and Nornosol buffer

~1T~ 
-

~ - 
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and centrifuged at 250 x g for 10 minutes. ~-t st of the supernatant

containing free latex particles was removed. The pellet was resuspended

in a 0.5 ml HESS buffer containing fluoresce in diacetate and ethidiun

bromide as before, wet mounted slides were prepared, and 200 cells were

counted . The percentages of granulocytes demonstrating green cytcplasmic

fluorescein, red f luorescent ethidiu mn stained nucle i, and ingested latex

were determined. The nurth ers of latex particles ingested by the gra nu-

locytes were divided into four groups: (1) zero , no particles , (2) low,

1—5 particles , (3) medium, 5—iS particles , arid (4) high , more than 15

particles per cell.

A stock suspension of Zymosan (Sigma) was prepared by suspending 1 gram

of the yeast and 200 mg of ethidium bromide in 2 ml of 0. OIN phosphate-

buffered saline (PBS) . After 0.5 hours at room tartperature the suspension

was washed 5 times with 10 volumes of PBS and finally resuspended in 10 ml

of PBS buffer. Ingestion by granulocytes was studied in the same way as

with latex. Granulocytes (1.5 x 106 in 0.5 ml) were incubated for 0.5 hours

at 37°C with 0.5  ml of autologous serum to which0.02 5 ml of ethidium treated

Zynosan had been previously mixed and incubated . The granulocytes were

washed twice by dilution with 7% lIES , 4% lISA, and Normosol; they were

centri fuged , the supernatant solution was removed; the FDA-ethidiun reagent

added; and 200 Ce1 i.s were ceunted. Ingestion was categorized as (1) zero ,

no particles ; (2) M, phagocytic, 1-5 particles , and H , phagocytic)5 particles .

Incubations.

Granulocytes were inctk ated for twenty minutes at 37°C at two stages of

preservation to assess their stability as measured by volume changes and

- 
•~ 
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percentages of FDA and ethidium positive cells. In the tables these are

represented as PFI (incubated in cryopreservati ve solution with 5% Et ’tSO)

and p’mi ( thawed, diluted to 1. 3% rx~iso and incubated ) . For particle ingestion

studies , separa te aliquots of the thawed , diluted suspensions were incubated

with particles for 30 minutes at 37°C followed by two washin gs to remove

exogenous particles prior to microscopic examination .

Materials.

Hydroxyethyl starch (CryoHE s, 40% W/V in 0.15 M NaCl, McGaw Laboratories ,

Irvine , CA. ,  Lot #P023 03C) , prepared by dissolving 42.7 g of powder in 70 ml

of distilled water and adjusting the volume to 100 ml , was diluted with

Noriro sol-R to prepare freezing and washing solutions , 6% for freezing and

7% for washing. A]Jxinin was cbtained fran Hyland Laboratories (Buninate , 25%

solution , salt poor , normal serum albumin U.S .P . ) .  Normosol-R, pH 7.1 (Abbott

Laboratories , North Chicago, IL) is an electrolyte solution containing cations,

rr~LJ/ liter , Na-140, K-S, Mg-3, Anions Cl-98 , Acethte -27, gluconate-23, tota l

148 , nOsm 295 per liter . ZylTosan (S. cerevisiae) , fluorescein diacetate, and

ethidium bromide were cbtained f ran Sigma themical Co. , St. Louis, ~ ).

Phosphate buffered saline was made by diluting 0.11 N phosphate buffer ,

pH 7.1, 10 tu nes with 0.15 rI N~~1.

_ _ _ _ _ _ _ _ _  
______________
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RESULTS

The results of 17 separate freezing experii~ents with granulocytes

isolated fran five baboons (four fem ale , one male) show good in vitro

recovery and furcticii after freezing and thawin g (PT) , dilution (P’ll)) , and

incubation (PTD I) . Baboon granulocytes frozen with 5% I?I SO, 6% HES, 4% albumin ,

6 n-i4 gltxose, and Nornosol, at a cooling rate of 4°C per minute produced the

best recovery of cells with stable n~ nbraries and phagocytic function (Table I)

of the formulations tested . Table I

The yields of cells after freezing were estimated fran granulocyte counts

before and after freez ing using the Model F Coulter Counter and fran the

integration of the counts in volume distributions before and after freezing

using the Coulter ZH Counter and Channelyzer. About 98% of the granu locytes

were recovered in the thawed (PT) , the thawed diluted (PlO) , and thawed diluted

and incubated (P1DI) samples. The nuclei 21 ± 8% of the thawed granulocytes

(PT) were permeable to the ethidium bromide dye, suggesting this percentage

of recovered cells was irreversibly damaged. C~ subsequent dilution to reduce

11450 and incubation at 370C for twenty minutes (PTDI) this percentage increased

to 25 ± 9%. Alternatively after separate incubation of the tha wed, diluted cells

with latex for 30 minutes at 37°C ar id two washes to remove extracellular particles ,

76 ± 5% of the recovered granulocytes ingested particles , the average sun of

high (H) , medium (M) , and low (L) values . Moreover , 54 % s1x~~ d a high capacity

(H and M) for latex ingestion. The yeast experiments s1~~~ed that 67 ± 8% of

granulocytes ingested Zynosan particles (Table I) in reasonable agreement with

the latex data . The only condit ions under which particle ingestion could be

re~liab1y estimated were for granulocytes in the elutriated and thawed, diluted

- 
- ____________________________________________________________ -



F 14.

state. ti’iso in excess of 1.25% , or conditions which caused granulocytes to

swell, produced high percentages of ethidium positive cells incable of ingestion .

Omissions of entries in Tables I and II are due to these restrictions.

About 80% of the thawed , and thawed diluted granulocytes produced

fluorescein. After incubation of diluted suspensions for 20 minutes at

37°C reactivity with fitorescein diacetate was reduced to 75 ± 9%.

The cooling rates of 1 and 10°c per minute performed with the CV

Planer ar id liquid nitrogen produced curves with a plateau of 9 minutes
0 0for 1 C per minute , and ro plateau for the 10 C per minute rate for the

range + 4°C to -80°C (Figure 1) . Storage of granulocytes in test tubes Fig. 1

in a -80°C mechanical refri gerator achieved a cooling rate of 4°C per

minute with a freezing plateau of four minutes .

Granulocytes frozen at 1°C per minute or at 10°C per minute showed

reduced membrane stability (Table II) . In three experim ents in which Table II

granu ].ocytes were cooled at 10C per minute , the thawed , diluted and

incubated granulocytes had an average of 32% ethidi un positive cells. About

76% had the capacity (H+M FL) for latex ingestion and 54% (H+L ) for yeast

ingestion. Freezing at 10°C per minute was clearl y less efficient (Tab le II )

.as less cells were recovered after thawing and these had greater percentages

of ethidium positive cells and were less phagocytic.

Granulocyte Ivoltire distr ibutions were measured after elutriation of

buffy coats (EE3C) , after addition at 4°C of cryoprotective solution to

th~ granulocytes (PF) , after incubation of the granulocyte-cryoprotective

suspension at 37°C for 20 minutes prior to freezing (PFI) , and when thawed

(PT) , diluted (Pm) and incubated (PIDI) . They are shcwn for a typical exper-

ii~ent in Figure 2.

- 
- 
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In the typica l experiment the shape and area under the volume distribution ~Fig.

curve reflect the stability of the granuiccyte population to osmotic stresses

applied dur ing the procedure. The volume of the granulocytes was kept

smaller than normal pri or to freezing , and granulocytes that were incubated

at 37°C prior to freezing showed an increase in granu locyte voUme ,measur ed

b~’ the increa 5e in median channel nurber fran 49 to 53 (Figure 2 ) .  The value

47 (PT) means that afte r freezing and thawing the volume was the sane as

before frozen. Dilution at controlled rates with the wash solution medium

increased the volume somewhat of the thawed-diluted granulocytes (PID) to the

orig inal volume of the elutriated grariulocytes (Figures 2 and 3 ) .  Sub-

sequent incubation at 370c for 20 minutes produced no further volume change

(PIDI) (Figure 2 and 3) .  In the experiment shown in Figure 2 , the nlJr&)ers

of granulocytes within the volune distribution demnonstrate that 97%

survived freezing and thawing (8.7/9.0) and 88% survived the freeze-thaw-

dilution-incubation procedure (7.0/9.0) . ?‘~ dian channel numbers averaged

for all experiments in Table I are plotted in figure 3. They verify that

the volume changes at each stage were substantially the sane as the typical

experiment shown in figure 2.

DISCUSSICt~I

We have previously cbserved swelling and cell loss during liquid pre-

servation at 40C (3) and damage due to a swelling effect caused by 11450 (7) .

Swelling of gra riulocytes to volumes greater than normal can be presumed to

result from an increase in the permeability of the cell n~~t)ranes to water .

In previous studies volume distributions had been especially heipful for

determining the stability of nurine marx~~ cells and the optimum conditions

- — _ _  - 
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for their preservation (8) . Therefore , a goal of the research described

here was to maintain cell volume smaller than normal during elutriation

of granulocytes and during the manipulations required to preserve them.

This was done by using hypertonic media . The importance of the principle

of volume control is clearly demonstrated by the data of this paper which

shows that its application is a key to cryopreservation of granulocytes.

The magnitude of 70% functional baboon granulocytes after thawing

and washing approached that found with sedimented human cells when

measured by exclusion of trypan blue , percentages of myeloperoxidase

positive cells , and inhibition of growing cultures of E. Coli (4) .

French and associates (9) reported similar results after freez ing dog

granulocytes with DM50.

In separate studies with human granulocytes, we have found that

all components of the cryopreservative solution contributed to the

overall efficiency of freezing and thawing of baboon granulocytes

(to be published ) . As previously thserved (4) Normosol was found to

improve the stability of thawed granulocytes. When Nor riosol was added

to 5% 11450, HES, and 4% albumin, an inprovenent in stability and function

of thawed baboon granulocytes of about 10% was observed.

Our data suggest that cooling rates of 1°C and 10°C per minute were

rot optimum to prevent cellular damage, whereas the cooling rate of 4°C

per minute produced the best results for the cryopreservative solution

employed. Leontovich (10 ) studied the influence of different rates of

freezing between 1°c ar id lO0C per minute on the preservation of granu-

locytes in 15% glycerol. Rates between 3°C and 5°C per minute produced

the greatest number of thawed cells which e~~1uded eosin and freezethaw

— —w-— - .
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granulocyte recovery of 79%. At these rates plateaus of 3-4 minutes in the

cooling curves were cbserved. Our rate agrees substantially with the

Russian study.

The ccx~positon of the washing solution was determined by exper ments

designed to maintain a smaller than normal cell volume and to prevent

swelling. In Figures 2 arKi 3 the th~a’jed diluted (P’ID) and thawed, diluted

and incubated (PWI) granulocytes showed minimal change in cell volume.

When volume measurements are used in conjunction with ethidiun bromide

reactivity, they provide sensitive and reliable indicators of granulocyte

stability.

The uptake of ethidiuzn brcxnide by granulocyte nuclei, producing intense

red flucrescence def ines granulocytes which are nonfunctional and thus

non-viable. Similar observations have been described for granu locytes by

Dankberg arid Persidsky (6) . In a later paper describing use of fluorescein

diacetate as a test for membrane integrity, Persidsky and Bailli (11)

cmmented that frozen thawed granulocytes with 90% manbrane integrity in

the microscopic FDP1-ethidiun binuide-zynosan test were inactive phagocyticafly.

In this paper we were unable to measure particle ingestion by thawed granu-

locytes when fl4SO exceeded 1.3% . Also, in a previous study with human granulocytes,

we demonstrated inhibition of myeloperoxidase activity by DM50, which was

removed by washing (4) . We suggest , therefore , that removal or reduction of

rtiso frczn thawed granulocytes, which we monitor with volume measurements

and microf luorescence, is a critical factor in maintaining stabi lity and

phagocytosis. Swelling introduced during cell washing results in ethidium

uptake and loss of function. This can account for the discrepancy in the data

of the two laboratories .
Granulocytes preserved by freezing can be used for in vitro tests of granuloc’yte

ccxrpatibility necessary to ensure the safety arid effic~~y of granulocyte transfusion

to alloim.inized patients.
- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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22.

FIGJRE 1

Cooling rates of granulacytes of P. anubis. Temperature was monitored

with a cc~per cons tantan therrrocouple wire fixed in the center of the tubes and

recorded with a Honeywell temperature recorder . The freezing rates of 1°C ,

and lO0C were achieved in the CV Planer programed freezing rate controller

that used liqui -l nitrogen . The rates recorded (solid) are plotted together

with the programed rates (dotted ) . The curve for 4°C per minute was derived

by rvnithring temperature in granulocyte suspensions in tubes placed in the

bottcrn of a mechanical refrig erator at -80°C as described in Mathods .
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24.

FIGURE 2

The vol~xte distributions for the stages of a typical experiment. !the

treatments (EBC, PF, PFI, PT, Pm , AND PTDI are descr ibed in the Netbods

and Materials Section . The percentages of fluorescein diacetate-positive

and ethidium-positive cells are given to the right of the curves . N~xrbers

within the distributions are the numbers of granulocytes (divided by 1,000)

in the 0.1 ml aliquot counted by the Chan nelyzer. The numbers above the

peaks are the median channel n~urbers (midrange ) of the populations . Percentages

of phagocytic granulocytes are shown for L latex , Y yeast.
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26.

FIQJRE 3

Madian channel numbers of babo on granulocytes (P. anubis) after

isolation by elutriat ion and after each procedure; EBC, PF, PFT , PT, PID ,

PTh I are the sane as given in the text and tables. The bars represent

~~~~ ± S.D.
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