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h, V., Previous studies (1, 2) concerned with the agents were dissolved in 0.9% saline, using
nj, 93 stabilization of erythrocytes to thermal 0.10 N NaOH to dissolve insoluble com-

labilization by anti-inflammatory drugs em- pounds. The pH of all solutions was adjusted
ployed canine erythrocytes (RBC). Lysergic to 7.4. Three-ml portions of the drug solu-
acid d_ethylamide (LSD-25) and the tions, cooled to 0-5 ° in an ice bath, were

ter. J. steroidal or nonsteroidal anti-arthritic agents added to 3-ml samples of RBC suspension.
stabilized the RBC membrane while very few The solutions were mixed gently by inver-

_oe. compounds representing other classes of sion. Suspensions of RBC were incubated at
pharmacologic agents were effective. The pur- 53° for exactly 20 min without agitation in

M,ed.
pose of the present study was to determine, plastic or glass tubes, placed immediately in
in part, the mechanism of stabilization and an ice bath, cooled, and then centrifuged

mmu- whether RBC from species other than dog (14,000g, 15 min, 2 to 4°)• Th_s yielded

and can be employed. A secondary purpose was to solutions containing released hemoglobin. All
•.l#ia define the effectiveness of methysergide, aJ_ solutions were kept at 2° at all times except

LSD-25 analog, and cyproheptadine, in order for the released hemoglobin solution which

t.L., to ascertain whether antiserotonin agents, in was allowed to attain roe_n temperature prior
). general, can be detected in this system, to determination of its abs,_rbance at 540

arrol, Methods. Human blood (ACD) was col- m_ When absorbance "values greater than
leered from male volunteers. Rat (Sprague- 2.00 were encountered, dilution to readable

Biol. Dawley) and guinea pig blood was ob:ained levels of the control and _arnple tubes with
by decapitation; horse, goat, and rabbit I_BC suspending medium (0.067 M sodium

d 21, blood was collected by venipuncture. Heparin phosphate buffer, pH 7.4, containing isotonic
was used as an anticoagulant except in hu- saline) or saline eliminated loss of such sam-154,
man blood. All blood was used on the day of pies. When RBC are i_zitially resuspended in

Meal. collection. Until use it was stored at 2 to 5° 0.067 M sodium phosphate buffer containing
-. in either an ice bath or refrigerator. Other isotonic safine, control absorbance values are

S26 procedures were similar to those previously seven to tenfold higher than those obtained
described (i, 2). Anesthetized (sodium pen- when RBC are resuspened in phosphate

H., tobarbital, 30 mg/kg iv) mon_el dogs of buffer only (1). This increased hemolysis is
either sex weighing 10-14 kg were used. due to an osmotic effect upon addition of 3

• G., Whole blood was collected by catheterization ml of 0.9% saline, after the RBC have equili-
of a carotid artery using heparin to prevent brated in hyperosmolar solution. Inhibition

136. clotting• The blood was centrifuged at 650g of hemolysis was calculated using the previ-
for 15 min between 0--5°. The volume of ouslyreported formula (1).

erythrocytes (RBC) was measured and Results. Methyserg,.'de (Table I), an anal-
reconstituted as a 40% (v/v) suspension og of LSD-25, stabilizes canine RBC to an
with cold (0-5 °) 0.067 M sodium phosphate extent slightly less than that reported for
buffer, pH 7.4, containing 0.9% saline. Test LSD. That the assay cannot be generally

employed for antiserotonln agents, however,
xDepartment of Pharmacology, University of Mis- is shown by the inactivity of cyproheptadine,

s'_ipli, a potent antiserotonin agent, and the previ-
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TABLE I. Stabilization of Canine Erythrocytes canine RBC membranes by employing !
i by Methysergide. buffers or variable pH indicate that phenyl-
'_ butazone is effective when RBC suspensions !

%Inhibition (+. SE) _of
hemolysis at are prepared in buffers of pH 5.0-10.0,

Table III. A marked loss in stabilization
Drug 5 x 1o-, It 5 × 10-_M by phenylbutazone occurs at lower or

higher pH. At pH 4.0 cells were completely
LSD-25_ 84.2 55.6 destroyed as indicated by their brownish- ]Methysergide 80.0 + 3.6 25.7 -+-8.3
Cyproheptadine. HCl --0.4+_. 1.3_ 2.3 + 1.7 black, "charred" appearance and large in-
Indomethaein 60.8.4- 3.2 19.3 -+-4.6 crease in volume. The latter phenomena were :
Phenylbutazone 74.3 _+2.0 33.0 + 7.7 not noted at pH as high as 11.0. Almost i

-- identical results were obtained when studying _

• Data from a previous report (1). the effect of pH on the stabilizing property !
*Values are based on 4-14 experiments employ- of phenylbutazone 2 using RBC of human

ing four different samples of canine blood, blood types AB, B, and O (all positive). [i
¢ Negative sign indicates labilization. Discussion. Why stored (22 days) human

ously reported (1) inactivity of compounds RBC are not stabilized by the anti- i
such as methdilazine and promethazine which inflammatory drugs is unknown. A large
also manifest in vivo antiserotonin activity amount of RBC potassium, however, leaks
(3). The stabilization of canine RBC by into the plasma after blood has been stored
phenylbutazone or indomethacin (Table I) is for this period of time (5) suggesting an
similar to that found in previous studies increase in membrane permeability. Fresh

(1). Results were similar using human RBC human RBC are clearly stabilized by i la
(Table II)except that indomethacin was phenylbutazone over a pH range of 5.0 to [o

much less active. 10.0. Devenuto et al. (6) using blood from h_
The resistance of RBC from various spe- male or female donors have recently shown dr

cies to thermal labilization was found to be, that proteins from solubilized RBC mem- _ irr
in order of increasing resistance: dog<rabbit branes undergo electr0phoretic changes after gr
<rat<human<guinea pig -- horse<goat. 42 days of storage. The latter may relate to pr
The relative hemolysis of RBC in % was, in membrane defects associated with potassium _ u_
order of increasing resistance: dog, I00; rab- leakage and loss in stabilization by phenylbu- in
bit, 43 ; rat, 33 ; human, 21 ; horse, 13" guinea tazone.
pig, 13; and goat, 9. Anti-inflammatory drugs At pH 4.0 human or canine RBC corn- r

were effective in stabilizing only canine (1, 2) pletely disrupt, turn brownish black, and ap- _ ,.
and human RBC. Human RBC from outdated pear "charred." At pH values of 10 to 11
blood (22 days old), however, were not stabi- marked hemolysis of canine or human RBC
lized. Control absorbance values were 50% is again noted. It thus appears that certain

higher than those of fresh human RBC. chemical groups which ionize at or near pH _ !
Attempts to alter the surface charge of 4.0 and/or 11 are required for the mainte- i

TABLE II, Stabilization of Human Erythroeytes nance of RBC stability and the integrity of ' I
by Methysergide. the proteolipid membrane. Since neuraminic ¢

acid or possibly sialic acid is responsible for
% Inhibition (±SE) oof the surface charge of the RBC, and since it _ ,

hemolysis at contains carboxyl groups (pK near 4.0),
these groups or those of the protein side

Drug 5 X 10-_M 5 X 10-_M chains within the membrane could be in-

Methysergide 62.2 _ 1.0 20.7 + 1.8 volved in maintaining RBC membrane integ- ,
Indomethaein 28.0 -+-0.8 5.4 _ 1.5 rity. In the carboxylate form (pH>4.0) the
Phenylbutazone 74.9 _ 2.3 18.8 -+-5.8 |.

2 Less stabilization of canine RBC at low pH by
"Based on 4 to 8 experiments using 1-day-old phenylbutazone was reported while this paper was

blood from two different donors, both A pos. beingprepared (4). t
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)ylng TABLE lII. Effect of pH oil the Activity of Phenylbutazone.
enyl-
sions Human RBC; % inhibition Canine RBC; % inhibition
10.0, (_ SE)" of hemolysis at (+_ SE) of hemolysis at
_tion

0r pH 5 X 10-_M 5 X 10-_:lf 5 X 10"_M 5 X 10-_M

etely 5.0' 60.2 -- 2.8 11.3 _ 2.5 70.0 + 7.9 --3.9 + 3.2_
nish- 6.0" 77.6 __.1.7 12.4 +__4.9 58.7 ___6.6 2.7 +__4.8
_. in- 7.0* 79.9 _ 1.1 31.3 +__5.6 68.3 ___7.1 25.1 -4- 4.9
were 7.4- 74.9 _+ 2.3 18.8 +_ 5.8 73.8 _+ 3.0 1_.0")+13.,"
most 8.0" 76.0 -4-2.1 36.0 __+4.3 91.2 +__0.4 27.9 -+- 1.9

lying 9.0d 68.0 + 3.0 26.4 +_8.0 64.5 +_ 4.5 i3.5 _+ 6.2
_erty 10.0" 67.0 + 3.9 17.9 _+ 7.6 66.5+_ 1.1 7.1 _ 1.6
iman 11.0d 29.7 __+6.4 18.1 __-8.5 6.6 _+ 2.7 8.6 -4- 0.7

, Baaed on 4 to 8 experiments using 2 different samples of human blood (A pos) and 2
tman samples of canine blood.
anti- ' Erythroeytes reconstituted as a 40% (v/v) suspension in 0.067 M sodium acetate buffer
large containing 0.9% saline.
eaks " As above (b) in 0.067 M sodium phosphnte buffer.
:ored 'As above (b) in 0.067 M glyeine buffer.

an "Negative sign indicates labilization.
'resh

by latter groups could contribute to stability by ed from 43 to 23% a-helix when the tempera-
0 to forming hydrogen or ionic bonds with the ture was increased from 26 to 85 °, i.e., ran-
[rom hydrogens of nonionized thiol or phenolic hy- dora coiling occurs.

Lown droxyl groups, or the positive charge of On the basis of the experiments reported
Iem- imidazolium, epsilon-ammonium or guanidino herein the following mechanism of action of_fter

groups of amino acid side chains of other phenylbutazone is suggested. Phenylbutazone
:e to proteins. If these latter groups, with pK val- (pK_ ca. 4.5) penetrates and accummulatesdum

ues of approximately 10 to 11, except for in the RBC membranes.Its enolate group, or
'Ibu- imidazolium (pK 7) and guanidino (pK 12) carboxylate groups in the case of other anti-

groups, were involved in stabilizing RBC inflammatory agents (1, 2), interacts with
ram- membranes by interaction with carboxylate membrane proteins and thus stabilizes the

ap- groups, then the cells should become unstable membrane by the same type of interactions

11 at or near pH 4.0 or 10.0; they do. discussed above for carboxylate groups of
{BC In agreement with this hypothesis, Ham et normal membranes. That anti-infammatory
:tain al. (7) have shown that heating human drugs can stabilize proteins is well known
pH RBC at 49 ° for 60 min (pH 7.4) results in (9). Salicylic acid, acetylsalicylic acid, me-

inte- increased osmotic and mechanical fragilities, fenamic acid, flufenamic acid, indomethacin,
¥ of formation of microspherocytes due to bud- oxyphenbutazone or phenylbutazone (the lat-
dnic ding or outcroppings of the RBC, increased ter two compounds contribute phenolic hy-

for vicosity of RBC and decreased filterability droxyl equivalent groups or acidic enolate
:e it through microfilters (8.0 to 8.7 _). The functions), and namoxyrate (1) may stabi-
L0), formation of microspherocytes due to bud- lize the RBC membrane by a similar mecha-
side ding yields a 30% increase in the number of nism.

in- cells. Increases in viscosity can also be ob- In addition" to the required chemical prop-
_teg- tained with heated hemolysis (sonic, freeze- erties of antiarthritic compounds implied in
the thawing) products. Thus this latter pheno- this hypothesis, certain solubility characteris-

:[ by menon may relate to the conformational tics and dimensions (to fit into the mem- !
was changes in RBC membrane proteins noted by brane) are needed. A compound must be

Glaser et al. (8). In the latter experiments sufficiently lipid soluble to prevent complete

membrane proteins were shown to be convert- passage through the lipid layer of the mem-
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brane, but not completely insoluble in water observed when RBC were incubated at pH
so that solution of the drug cannot be at- 5.0 through 10.0. Much less stabilization was

tained. Salicylate is relatively water soluble, noted at lower or higher pH; at pH 4.0,
passes through the membrane very rapidly complete RBC destruction occurs and

: (10, 11) and is active only at more than 10 phenylbutazone is ineffective. Guinea pig, Pote:

: times the highest concentration of phenYlbu- rat, rabbit, horse, and goat RBC were not
tazonestudied(I). stabilizedbytheanti-inflammatoryagents.

!
Since RBC of rabbit, rat, horse, guinea The authors gratefully acknowledge the collection

--!:: pig, or goat are not stabilized by the anti- of human blood by Dale Wade and Jackie Gordon
inflammatory agents, a mechanism of action and the technical assistance of Matthew Brown.

as proposed above for the interaction of anti- Deoxy:
: inflammatory drugs with proteolipid mem- 1. Brown, J. H., Mackey, H. K., and Riggilo, D. affect co,
, branes is not entirely tenable. Thus unaffect- A., Proc. Soc. Exp. Biol. Med. 125, 837 (1967). Dr. R. S

" 2. Brown, J. H., and Mackey, H. K., Proc. Soc.

ed RBC of the species noted above also have Exp. Biol. Med. 128, 504 (1968). nary inv
proteolipid membranes. Some specific corn- 3. Brown, J. H., Mackey, H. K., Riggilo, D.A., that thi
pounds which react with the drugs may be and Schwartz, N. L., J. Pharmacol. Exp. Ther; 161, induced
present in canine or human RBC but may be terial mt' 243 (1968).

i absent in the unaffected RBC. Another ex- 4. Mizushima, Y., Sakai, S., and Yamaura, M., observed
, planation for the lack of stabilization is that Biochem.Pharmacol.19, 227 (1970). the AT

the proteins in the membranes of these RBC 5. Bick, M., and Crosby, W. M., Med. I- Aust. skeletal
are conformationally dissimilar to those of 1967,61 (1967). was dem
human or canine RBC. Thus they may con- 6. Devenuto, F., Ligon, D. F., Friedricksen, D.H., ates the .
tain more carboxylate groups and increasing and Wilson, H. L., Biochim. Btophys. Acta 193, tractions

the number of such groups due to anti- 36 (1969). muscle a
inflammatory drug hinding cannot increase 7. Ham, T. H., Sayre, R. W., Dunn, R. F., and the mec_

.! their stabilizing, membrane interactions fur- Murphy, I- R., Blood 32, 862 (1968). plored.
:! ther. s. Glaser, M., Simpklns, H., Singer, S. J, Sheetz, This I

M., and Chan, S. I., Proc. Nat. Acad. Sci. U.S.A. 65, tractile
, Summary. Phenylbutazone inhibits hemol- 721 (1970).

ysis of canine or human erythrocytes (RBC) 9. Mizushima, U., and Kobayashi, M., J. Pharm. could r_
I : when suspensions (40%) of RBC are incu- Pharmacol. 20, 169 (1968). cholate

bated at 53° for 20 min in 0.067 M sodium lO. Schanker, L. S., Johnson, J. M., and Jeffrey, . ternatiw
i phosphate buffer containing isotonic saline. I. 1, Amer. 1. Physiol. 207, 503 (1964). brought

i Methysergide and indomethacin are also 11. Schanker, L. S., Nafpliofis, P. A., and .Tohn- centrati,effective but indomethacin is much less effec- son, J. M., J. Pharmacol. Exp. Ther. 133, 325 latter h'.
tive in stabilizing human than canine RBC. (1961). relative

i Stabilization of RBC by phenylbutazone was Received Sept. 1, 1970. P.S.E.B.M., 1971, Vol. 136.
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