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SUMMARY

S-Diethylaminoethyl-diphenylplopylacetate (SKF-525-A), a surface-a,. ,e agent,
× inhibits sickling of erythrocytes from individuals with homozygous sickle cell anemia (SS cells) in

vitro. Sickling was prevented when SS cells were incubated in 3 X 10-4 M SKF-525-A, washed free
of excess drug, and then deoxygenated in humidified nitrogen atmosphere. Polymerization of sickle
hemoglobin and submembrane vesicles could be demonstrated in these cells by electron microscopy.
At 3 X 10-4 M SKF-525-A approximately 10% of the cells lysed. Incubation of pretreated cells at
37*C without added oxygen for 24 hours did not produce significant additional lysis. Irreversibly
sickled cells were unaffected by drug treatment. Preliminary studies suggest that the oxygen affinity
of sickle hemoglobin in the intact cell is not altered by SKF-525-A. It is hypothesized that
inhibition of sickling is the res At oi dr.g-induced alterations of the cell membrane.
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THE EFFECTS OF -DIETHYLAMINOETHYL-DIPHENYLPROPYLACETATE (SKF-525-A)

ON SICKLING IN VITRO

I. INTRODUCTION.

Hemoglobin molecules may bind tightly to the erythrocyte membrane and actually
contribute to its structure. 1 ,2 Abnormalities produced in the interaction of intracellular
hemoglobin molecules can th..s alter membrane structure and function. Deoxygenation and
polymerization of intracellular sickle hemoglobin induces characteristic changes in red cell shape
which are reversible with reoxygenation and depolynrerization. Jensen and Lessin 2 demonstrated
that the unsickling process in some cells may be associated wiih apposition and fusion of the inner
surfaces of the cell membrane. They postulate this membrane interaction leads to fragmentation
and formation of rigid "irreversibly" sickled erythrocytes.

Irreversibly sickled erythrocytes cause increased blood viscosity. Their mechanical
fragility is increased and ,aey are susceptible to erythrophagocytosis. The morbidity of sickle cell
anemia should thus be lessened by the prevention of formation of irreversibly sickled cells.
Prevention of polymerization of deoxygenated sickle hemoglobin would accomplish this as would
interference with subsequent membrane interaction. The present paper discusses the effects of
t-diethylaminoethyl-diphenylpropylacetate (SKF-525-A), a surface-active agent, on cells containing
sickle hemoglobin.

II. MATERIALS AND METHODS.

Reagents and chemicals were obtained as follows: -diethylaminoethyl-diphenyl-
propylacetate from Smith, Kline, and French (Philadelphia, Pennsylvania); trypan blue from Allied
Chemical Corporation (New York, New York); Hanks' balanced saline solution without bicarbonate
(HBSS), pH 6.8. from Grand Island Biological Company (Grand Island, New York); Difco Noble
agar from Difco Laboratories (Detroit, Michigan); stoppered tubes -ontaining 7.5 mg of disodlum
Edetate (EDTA) from Becton, Dickinson, and Company (Rutherford, New Jersey); and
components for Dulbecco phosphate buffered saline (PBS), pH 7.2, from J. T. Baker Chemical Co.
(Phillip-burg, New York). The saline solution used in washing and resuspending cells was
0.9% sodium chloride.

Five milliliters of blood was drawn by syringe, added aseptically to 7.5 mg of disodlum
EI)TA, stoppered, mixed gently, and refrigerated at 4"C. Studies were carried out on samples stored
for less than 96 hours. Blood was obtained from healthy, nonaneinic Caucasian volunteers and
individuals known to have homozygous sickle cell anemia, sickle C disease, and sickle trait.
Erythrocytes from these individuals will tb referred to as AA colts, SS cclls, SC cells, and AS cell'
icpmtxi,.. AA. SS. St. and AS cells were obtained from whole blood samples by centrifugAtion at
750 X g in a Model PR-2 International centrifuge at 4'C for I U iminutes Il buffy COt w".s
removed, and tl;e erythrocytes were washed three times with 5 ml of saline and resuspended in
either 10 mt of saline or IIBSS. Leukocyte contamination of these suspensions was negligible.
I-rythrocyle concentrations were enumerated by 3 Model 6301 laser cytogpaf (B-4ophyslc Systems.
Inc., Mahopac, New York). 3 4

A. F-ffect of SKF-525-A on Sickling.

Washed rthrocytes were suspended to a final concentration of 109 cells/ml in 5 ml of
HBSS or PBS containing 3 x 10"4 M SKF-525-A. Similar cell suspensions without drug were also
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prepared. After incubation for 15 minutes at room temperature, the cell suspensions were
centrifuged. The erythrocytes were washed twice with HBSS or PBS and resuspended in 5 ml of

wspierced with two 19-gauge needles and sealed airtight. One of the needles was connected to a
patccatheter which terminated below the surface of the cell suspension. One hundred percent

nitrogen gas was bubbled through distilled water into the cell suspension through this tubing for
15 minutes to provide a humidified nitrogen atmosphere.* Neutral buffered formalin was then
rapidly added to the cell suspension through a stopcock. A "Y" -shaped connecting tube was affixed
to two or more of the tubes so that control and drug-treated red cells were deoxygenated
simultaneously. The 109o neutral-buffered-formalin fixed-cell preparations were immobilized in
0.8% agar containing 0.4% trypan blue for dark field phase mic.-oscopy. SS cells from each patient
were placed in both HBSS and PBS and each suspension was incubated with and without
SKF-525-A for phase and electron microscopic studies.

B. Effect of SKF'-55-Aonell Lsis.

Washed red cells (AA, SS, SC, and AS cells) were suspended in 10 mil of HBSS and the
red cell concentration vias determined. SKF-5 25-A was added to paired I-mi aliquot samples in
concentrations of I X 10 -4, 3 X 10-4, and 5 X 104 M SKF-525-A. The paired samples with C, ug
and a pair of I-mI aliquot samples without drug were incubated at room temperature for 10 minutes
and centrifuged, and the supernatant was aspirated. The cells were washed twice with I ml of saline.
cen h ifuged, and brought to a final volume of 10 ml with saline. The cell concentrations of these
samples were determined. The percent hemolysis was obtained by dividing tile average cell count lit
each drug concentration by thle average cell count of the samples incubated without dJrug,
multiplied by 100.

Four saznp'es of both AA cells and SS cells were prepared and incubated with thle above
three concentrations of SKF-525-A and without drug for 10 minutes at room temperature, washed
twice In 1-mi aliquvts of saline, and resuspended in I fil of saline, Mineral oil was layered of) thle
top of tile suspensions and the preparatlong were incubated for 24 hour., at 37T,. Asvptic handling

K or thle samples wais carried out. Thew mineral oil was aspirated and the ccei3 wore diluted to 10 sill
with saline and counted. The percent cell lysis was determnined as above.

Tile effect of duiration of incubation of a given concentrition of SKF-525-A onl cell
lysis was examined. SS cells were incubated as pairted samples without drug and with 3 X 104 MI
SKF-5 23-A for 10, 30. and 60 minutes at room temperature.

C. Effect of SKF-525-A onl Heirfesaobin StfuctuVC and Red Cell Membrane.

The effect of SKI-525-A onl hemoglobin structure and red cell membruane was
detevmi.wx y c acit r ~ ujk Qtfx SS cells were preparcd in trnth HUSS and PBS ai
outlined above with tue exception that fixation of cells wast obtaincd by the addition of
Sit araldehyde instead of neutral buffered fornialin. After immersion in 2.5% glutaraldehyde in
0. 15 Mt cactodylate buffer for 2 hoti at 00C. the cells were washed three times with 0. %11
cacodylate bufftir containing 5% sucrose. Cell pellets were postfixed in Caufleld's fixitive5 for
30 minutes at 0"C, rapidly dehydrated through ascending concentratitw*is of ethanol,. and etaihvbed
in epoxy resin.'

606120. A. P"WCtoaai aa~tk*- 1973.
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Ultrathin sections prepared with an LKB Ultratome® were counterstained with
aqueous solutions of uranyl acetate followed by lead citrate. Grids were viewed in an RCA,
EMU-4 electron microscope at an accelerating voltage of 50 kilovolts. All electron micrographs were

prepared by Fotorite® automatic processing.

D. Effect of SKF-525-A on Oxygen Affinity.

Washed SS cells were incubated for 15 minutes at room temperature with and without
3 X 10-4 M SKF-525-A in PBS, washed twice with saline, and resuspended to comparable
concentrations in the patient's own plasma. Oxygen saturation, P0 2, PCO2, and pH were measured
in a co-oximeter combined with a Model 313 blood gas analyzer (Instrumentatirn Laboratory, Inc..
Watertown, Massachusetts) and the P5 0 was determined. 7

III. RESULTS.

Sickling of SS cells is inhi.ited by pretreatment of the cells with 3 X 10-4 M
SKF-525-A for 15 minutes as demonstrated in figure 1. Deoxygenation of pretreated SS cells results
in predominantly cup-shaped, ovoid, and spherocytic erythrocytes (figure 1,B) rather than sickled
formq (figure IA). Sickling is not prevented if the concentration of SKF-525-A is I X 10-4 M or

less. Inhibition of sickling occurred whether the SS cells were pretreated with 3 X 10-4 M
SKF-525-A in phosphate buffered saline, pH 7.2 and osmolarity 307 milliosmols, or in Hanks'
solution, pH 6.8 and osmolarity 286 milliosmols. Treatment with SKF-525-A did not alter the
shape of SS cells after they had become irreversibly sickled.

SKF-525 A induces tell lysis. The amount of cell lysis increases with increasing
concentrations of drug (figure 2). The presence of sickle hemoglobin within the red cells appears to
offer protection against drug-induced lysis, At 3 Y 10,4 M SKF-525-A, a concentration of drug
sufficient to inhibit sickling, only 10% of SS cells lysed, as compared to 50% of AA cells. The
differences in degree of lysis for AA cells and SS clls at 3 X 10.4 M and 5 X 10-4 M SKF-525-A are
significant (P<0,5). AS and SC cells containing one-third to one-half as much sickle hemoglobin
respond in a manner similar to SS cells. There is no statistical difference in degree of lysis of AS, SC.
and SS cells at any one of the drag concentrations.

The cffect of drug on lysis of SS cells appeared to be maximal at 10 minutes. The
percent lysis did not increase when the cells were Incubated with SKF-525-A for 30 or 60 minutes.
The anount of lysis was not increased with either AA or SS cells after incubation for 24 hours
under ndneral oil after a I 0-minute ' ubation with SKF-525-A.

Deoxygenation by exposure to humidified nitrogen atmosphere produces aggregates of

polymerized hemoglobin characteristic of sickled cells (figure 3,A). In the. SKF-525-A-treated cell
(figure 3.11), the aggregates of polymerized hemoglobin appear shorter and more numerous than in
unlr-z'ted sickled cells. In untreated sickled cells, the hemoglobin aggregates appear to run within
t0.: plane of the axis of distortion (figure 3.A), whereas, in the SKF-S25-A-treated cells, consistently
fewer strundi of polymeried hemoglobin appear to be in the plane of distortion of the cell
(figure 3,B). Submembrane vesicls are apparent in drug-treated sickled erythrorttes bit "t in
untreated cells. The vesicles become more numerous and larger as the concentration of SKF-525-A
is increased. The alterations in the electron microscopic appearance are similar whether PBS or
HBSS was used.
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44.

A. SS cells incubated without SKF-525-A.

* 4

B. SS cells from same patient pretreated with
3 x< 10-4 M SKF-525-A.

Figure 1. Photomicrographs (Nomarsky Optics) of Fonnalin-Fixed
SS Cells after ..,posure for 15 Minutes to liumidirledI Nitrogen Atmosphere (Maugnification~, 450 X)
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After incubation for 24 hours tinder mineral oil at 370C, no significa~nt polymerization
of hemoglobin is seen in either drug-treated or untreated SS cells. Submembrane vesicles are
apparent in the SKF-5 25-A-treated cells but not in the untreated-cell preparations.

IV. DISCUSSION.

I Phenothiazines8 and corticosteroids 9 have been shown to inhibit sickling in vitro,
probably on the basis of membrane stabilization.9 SKF-525-A is a surface-active agent and stabilizes
the erythrocyte membrane.' 0,1 1 The present study was thus undertaken to evaluate its effects on

sickling iY vitro.

The effect of phenothiazines and steroids o- cell membrane stability is dependcrnt on
drug concentration. Lysis occurs at higher concentrations and stabilization occurs at lower
concentrat ions. The molar range of effective concentrations for membrane stabilization is
narrow.t 2.13 SKF-5 25-A adsorbs to the erythrocyte membrane' 0,1 1 as do the phenothiazines. 12
P-owever, in contrast to the phenothiazines, SKF-525-A has been shown to stabilize erythrocyte
membranes against the effects of hypotonic saline solutions over the wide range of 10' to
10-4 Mi

Exposure to 3 x 104 M SKF-525-A for 15 minutes inhibited sickling of SS cells but
did not alter the appeanince of so-called "Irreversibly" sickled cells. Only at smiall amiount of cll1
lysis occurred. Sickling was not inhibited at I X 10 -4 M SKF-525-A, a concentrtion knownl (o
stabilize erythrocyte mnembranes. 1 IInhibition of sickling was not affected by variations of p11 and
osmolarity used in these studies. Since the cells had been washed free of unadsortwd drug, the
~nhibitory effect onl sickling was not primarily osmiotic. H-owever, sec:ondary drug-induced
alterations of cell permeaubility cannot bc excluded.

Otlier investigators1 ,1 have indica ted anl intraction betweeni polynirrizod s.ickle
hemlolobinl and the red cell ilemrbraneo which ditters fromi the rclationship fmund in A A u.
SKF- 525-A-in dtied membranne chAnges tire suggested by the finding!; of igfi. cvif ly.%is of
drug-treated AA cells. Tis lytic offcct is altered by the presence of' "ickle hemloglohbm. Irhase
microscopic itudie-, show that sickling has been prevented in SKF-525-A-treatcd doycae
SS cell% Although the. electon tnicroscopic studies demonstrate polynietized -sickle hemnoglobin and
mlbinlembtrlc vesicles Within the cells (figure 3. A and Hi), The prescsce of submettibratic Veicivs in
the absenct of p9lynizeid sickle hemoglobin qgregates in SS cels kept for 24 hours under oil
further supports a inemvbrane mediated effect.

Met (fijnirc 4). D~enaturation of cell tnembrane protein Is not vledou a a faciilto. rmv ~ b

of sickling by the drag ajiears to tic related o the effect of SKF-5 25-A onl _l1 nietnhrane. Tuie
molecular basis of the drung effect r-emains to IV identified. Mliial usefulness of SKI:525.4 AIn 11hC
prcvention of sickling in rvv ie. dependent on low drug toxicit) and Ivsitence (if the
demonstrated drug-induced mnembrane changes. SKF-525-A-inducod inhibition of sickling cokild
thus be thme revult of either drug therapy or cxtracorliorcal treatment and reinfumon of drug-treated
SS cells.
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