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served in animals given high doses of this
polymer is due, in part, to the action to these
amines, then animals previously depleted of
these amines would be less sensitive to the
action of a drug which presumptively acted
vig this pathway. Such may be the case with
hexadimethrine.

Summary. Animals partially depleted of
their histamine and serotonin by pretreat-
ment with 48/80 were rendered less sensitive
to the toxic effects of hexadimethrine. Con-
versely, pretreatment of mice with imidazole
increased the toxic effects of a subsequent in-
jection of hexadimethrine. These results,
coupled to our previous findings(1,2) suggest
that some of the responses to hexadimethrine
in certain laboratory animals may be medi-
ated via histamine, serotonin and heparin re-
lease. It is probable that there are other fac-
tors which may be concerned in the over-all

toxicologic and pharmacologic picture of this
antiheparin agent.

1. Kimura, E. T., Young, P. R,, Stein, R. J,, Rich-
ards, R. K., Tox. & Appl. Pharmacol., 1959, v1, 185.

2. Kimura, E. T.,, Young, P. R, Ebert, D. M,,
ibid., 1959, v1, 560.

3. Parratt, J. R., West, G. B., J. Physiol., 1957,
v137, 179.

4. West, G. B., Int. Arch. Allergy, 1957, v10, 257.

5. Riley, J. F., West, G. B., Arch. int. Pharma-
codyn., 1955, v102, 304.

6. Litchfield, J. T., Jr., Wilcoxon, F., J. Pharma-
col. & Exp. Therap., 1949, v96, 99.

7. Angelakos, E. T., Loew, E. R, ibid., 1957, v119,
444,
8. Maclntosh, F. C., Paton, W. D. M., J. Physiol.,
1949, v109, 190.

9. Telford, J. M., West, G. B., J. Pharm. &
Pharmacol., 1960, v12, 254.

10. Bhattacharya, B. K., Lewis, G. P., Brit. J.
Pharmacol., 1956, v11, 411,

Received December 5, 1960. P.S.E.B.M., 1961, v107.

Diphosphopyridine Nucleotide Binding Effect of Sickle Cell Erythrocytes
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The recent demonstration that erythrocytes
from patients with sickle cell anemia fail ade-
quately to support in vitro growth of certain
hemophilic bacteria(1) suggests the existence
of an unidentified inhibitor in these erythro-
cytes. The present investigations demon-
strate and identify the inhibitory system.

Materials and methods. Blood from 8 pa-
tients with sickle cell anemia, 6 patients with
sickle cell trait, and 5 normal controls was
collected under sterile conditions in standard
(A.CD.) anticoagulant. The blood cells
were immediately washed 3 times with sterile
0.85% saline solution. The washed cells were
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resuspended in physiological saline to a hema-
tocrit value of 40% and incorporated in cul-
ture media. :

Trypticase soy agar and broth (BBL) was
employed for agar plates and broth cultures.
Erythrocyte suspensions were added to the
cultures in a concentration of 4%.

Lyophilized cultures from the American
Type Culture Collection, Washington, D.C.,
were used: Hemophilus influenzae type A
(9006) ; H. influenzae type B (9334); Diplo-
coccus pneumoniae type III (6303); and
Streptococcus salivarius (9756). Hospital
laboratory cultures of H. influenzae type A;
H. influenzae type B; Salmonella monte-
video; S. oramienberg; and S. bareilly were
also employed.

Inocula were prepared from 24 hour broth
cultures. A single 0.04 ml drop of a 1:200 di-
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lution of the broth culture was placed in the
center of each Petri plate and was spread with
a sterile glass stirring rod. Ten replicate plat-
ings were made each time the growth of the
organism was studied. Plates were observed
and growth recorded at 24 hours. Tube hroth
cultures containing 10 ml of media were in-
oculated with 0.04 ml of a 1:200 dilution of a
24 hour hroth culture and growth recorded
at 24 hours. The size of surface colonies was
estimated as +- (barely visible) to 4 +4-+
(larger than | mm in diameter). Since repli-
cate inocula resulted in almost exactly the
same number of colonies (100). no report of
colony numbers was necessary. Growth of
broth cultures was estimated as -+ (barely
visible) to +—+4-—+ (heavy turbidity).

Chocolating of ervthrocytes was carried on
at 80°C. Peptic digestion was done accord-
ing to the method of Fildes(2). Osmotic
fragilitv and alkali denaturation were deter-
mined by the methods of Chernoff(3). Di-
phosphopyridine nucleotide (Assay 95%)
was purchased from Sigma Chemical Co.

Results.  Preliminary screening studies
were conducted with surface plate cultures
containing washed erythrocyvtes from patients
with sickle cell anemia (SS). sickle cell trait
(SA) and normal adult blood (AA). Repre-
sentative organisms of the genus Hemophilus,
Diplococcus, Streptococcus, and Salmonclla
were cultured. H. influenzae tvpe .4 and B
organisms grown on media containing SA
or AA ervthrocytes grew well (44--- or
+-+-+-4), however, when grown on media
with SS erythrocytes, growth was poor ().
No similar differential growth pattern was
consistently found with the other microor-
ganisms. The observations with the genus
Hemophilus were confirmed with blood sam-
ples from several different patients and with
freshly isolated cultures. Identical results
were found when blood samples were defibri-
nated instead of being treated with anticoagu-
lant. Because of this inhibition of growth
on media containing SS erythrecytes, all fur-
ther investigations were conducted with the
H. influenzae type B organism.

The physical-chemical properties of repre-
sentative samples of SS, SA and AA erythro-

cvte suspensions were determined. Resistance
to hemolysis in hypotonic salt solutions was
greatest for SS erythrocytes and least for AA
ervthrocytes. Microscopic examination of
agar and broth culture media containing
washed erythrocytes showed no greater he-
molysis for SS than SA and AA erythrocytes.
Resistance to alkali denaturation was greatest
for SS erythrocytes (5-7%) and least for SA
and AA erythrocytes (3.2-3.8%).

The loss of the ability of the SS, SA. and
AA erythrocytes to support the growth of
Hemophilus organisms under various condi-
tions was studied with the surface plate tech-
nic. Samples of each type of washed eryth-
rocyte suspension were permitted to stand
both at room temperature and at 0°C for
variable periods of time before being incor-
porated into culture medium. It was found
that while SS erythrocytes were capable of
supporting minimal (-+) bacterial growth
when immediately incorporated into media,
this capacity disappeared completely if the
erythrocytes were permitted to stand one
hour or more before being added to the me-
dia. Similarly, SA and AA erythrocytes com-
pletely lost their ability to support growth if
permitted to stand 6 hours or more. Hemoly-
sis of any of the 3 types of erythrocytes by
hypotonic salt solution, shaking, freezing,
Aleckle disintegration, or sonic oscillation im-
mediately eliminated the bacterial growth
supporting potential.

Methods of protecting and enhancing the
ahility of the SS, SA, and AA erythrocytes to
support growth of Hemophilus organisms
were demonstrated in several ways by the
surface plate technic. Immediate chocolating
of the washed erythrocyte suspension resulted
in +-+-4-4 growth of the microorganisms
for S§S as well as SA and AA preparations.
This was true even when several hours
elapsed between the time of chocolating and
incorporation of the material in the media.
Peptic digestion of SS, SA, or AA erythro-
cvtes as long as 5 days after the original
preparation of the suspension resulted in
-4+ -4 growth of the microorganisms in
each case. Furthermore, peptic digestion
completely restored the growth supporting ac-
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TABLE L. Stimulation of Growth of H. influenzae Type B by Treated Suspensions of Erythro-

eytes.
Cone. of Erythrocyte suspensions*
erythrocyte Immediate chocolating Peptic digestion
suspensiont 88 SA AA S8 SA AA
1:250 ++++ ++++ ++++ ++++ ++++ +4+++
1:500 ++++ ++++ ++++ ++++ ++++ ++++
1:1000 +++ +++ +++ +++ +++ +++
1:2000 ++ ++ ++ +-+ ++ ++
1:4000 -+ + + + + +
1:8000 0 0 0 0 0 0
1:16000 0 0 0 0 0 0

. * Washed erythrocytes, growth stimulating
ing 6 hr. Bacter_ial growth 0 to ++++.
t Concentration in terms of original erythr

activity of which had been inactivated by stand-

ocyte suspension after addition to 10 ml of broth

-—equivalent in chocolated erythrocytes or peptic digestate. Hemin (1 mg) added to each cul-

ture tube.

tivity of inactive (hemolyzed) SS, SA, or AA
erythrocytes so that media prepared with
any of these preparations resulted in
+-+-F-- bacterial growth. Table I reveals
that restoration of activity with peptic diges-
tion was equal to that activity found with im-
mediate chocolating of the erythrocyte sus-
pensions. Erythrocyte stroma prepared from
hemolyzed SS, SA, and AA erythrocytes by
washing 3 times with saline, filtering, and pep-
tic digestion were similarly capable of sup-
porting 4+ bacterial growth while the
supernatant of preparations so treated was
inactive. Addition of DPN 1 mg% with or
without Hemin 10 mg% to fresh, old or he-
molyzed suspensions of SS, SA or AA eryth-
rocytes resulted in 4--+-- bacterial growth.
Table I demonstrates the greater binding

TABLE 11. Inhibition of Growth of H. influenzae
Type B through DPN Binding by Erythroeytes.

Erythrocyte suspension*

DPN added (ug) SS SA AA
0 0 0 0

10 0 + +
20 0 ++ ++
40 0 +++ 4+
80 + ++++ 44+
100 ++ 4+
200 +++ +4+++  ++++
400 ++++ 444+ 44+
800 ++++  +4+4++ 444

¥ Washed erythroeytes, growth promoting activ-
ity of which had been inactivated by standing 6 hr.
Baecterial growth 0 to + -+ 4+ 4.

DPN added 2 br before suspension was intro-
duced into broth,

effect of SS erythrocytes when compared to
SA and AA erythrocytes.

Discussion. The results of the experiments
demonstrate that DPN required for growth
of H. influenzae type B is normally present
in SS, SA, and AA erythrocytes in amounts
sufficient to support heavy bacterial growth
when added to suitable media. However, in
the case of SS erythrocytes DPN is almost
completely removed shortly after the sample
is obtained from the patient and is totally un-
available after standing for one hour. DPN
is initially available from SA and AA erythro-
cytes in quantities capable of stimulating
heavy bacterial growth but becomes com-
pletely bound in 6 hours. Differnces in avail-
ability of DPN would appear to be associated
with the greater binding capacity demon-
strated to be present in SS erythrocytes.

The site of binding is the stroma of the
erythrocyte. Immediate chocolating of any
of the fresh preparations alters the erythro-
cytes so that binding is prevented. The
bound DPN can be completely released by
peptic digestion of the preparation. Only
minimal quantities of bound DPN are re-
leased by chocolating and only from the SA
and AA erythrocytes. Hemolysis greatly
augments binding, apparently by exposing
stromal sites of binding. Spontaneous he-
molysis however does not appear to be re-
sponsible for the increased binding of DPN
by SS erythrocytes as these cells are more re-
sistant to hemolysis by hypotonic salt solu-
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tions and they show no greater number of
hemolyzed erythrocytes when observed di-
rectly in the culture medium. Interestingly.
incorporation of SA and AA erythrocytes into
culture media apparently inhibits binding of
DPN sufficiently to permit release for bacte-
rial growth.

Inactivation of DPN (V factor) in blood
of animals has been discussed by Lwoff and
Lwoff(4). These observations were extended
to include several animal species by Krum-
wiede and Kuttner(3). Further information
comparing various species was reported by
Waterworth(6). These observations have
lead to the hypothesis that DPN is enzymati-
cally destroved(6) and evidence for a DPN
splitting enzyme has been reported by Den-
stedt(7) and others.

The information reported here concerning
the effect of human SS, SA, and AA erythro-
cytes on growth of H. influenzae type B does
not appear compatible with the hypothesis of
a DPN destroying enzyme. Instead. the pres-
ence of a system of reversible erythrocyte
stromal binding of DPN is supported by the
fact that: 1. Hemolysis immediately removes
DPN, 2. Chocolating prevents removal of
DPN, and 3. Peptic digestion completely re-
leases DPN. The differences between SS
erythrocytes and SA or AA ervthrocvtes are
due te the more rapid and extensive binding
of DPN which occurs with the SS cells. The
actual mechanism of the bond requires fur-
ther investigation. Preliminary experiments
suggest that the binding is not enhanced, re-
tarded or reversed by the presence of human
albumin or pH changes between 4.5 and 8.5.

Summary. Experiments are reported which
demonstrate that DPN required for growth of

I. influenzae type B is normally present in
equal amounts in erythrocytes from patients
with sickle cell anemia, sickle cell trait, and
normal adults. This material disappears with-
in one hour from sickle cell anemia erythro-
cvte preparations and in 6 hours from sickle
cell trait and normal adult erythrocyte prepa-
rations. The difference in rate of disappear-
ance is caused by the greater DPN binding
capacity of sickle cell anemia erythrocytes.
Hemolysis stimulates binding of DPN; choc-
olating prevents binding; and peptic digestion
frees bound DPN. The site of the bond is
the stroma of the erythrocyte.
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