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niately 55-106?, LD 50/30 acute dose and 
the siniilar results in dogs( 1 7 )  ;ire i n  distinct 
contrast to the results in mice in which simi- 
lar doses have produced drastic effects on fer- 
tility. 

Two hundred and six 12-week-old swine 
from non-irradiated parents, from irradiated 
parents, and from an irradiated boar and non- 
irradiated sows showed no significant differ- 
ence in sensitivity to X-rays as measured by 
30-day lethality. Lethality was essentially 
identical for each group as was survival time, 
hematological response, weight change, clini- 
cal signs of radiation sickness and gross 
changes at autopsy. 

Szimnary. LD 50/30 values for 12-week- 
old offspring from non-irradiated swine, from 
irradiated swine, and from an irradiated boar 
and non-irradiated sows were not significantly 
different. Survival times for progeny of the 
different parent categories were not signifi- 
cantly different and were within the usual 
range for midlethal irradiation. Other re- 
sponses were similar in each group. 
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Interaction of Histamine, Serotonin and Heparin with Hexadiriiethrine 
Bromide, a Mast Cell Fragmentor. (26521) 

EUGENE T. KIMURA, PATRICK R. YOUNG AND RICHARD K. RIcmws 
Ilivision of Experimental Therapy, Ahbott Laboratories, North Chicago, Ill. 

We reported (1 ,2 )  that hexa.dimethrine bro- 
mide (Polybrene”), an anti-heparin agent, 
caused disruption of tissue mast cells in the 
rat both in vitro and in vioo. It was sug- 
gested that histamine, serotonin and heparin, 
presumably released from these fragmented 
tissue mast cells, might perhaps be factors 
contributing to the symptomatology of this 
polymer following its injection in large doses. 

* 1 ,S-dimethyl-1,5-diazaundecamethylene polymetho- 
l)romicle, A t h o  t t. 

This present study was undertaken to ex- 
plore further the possible role of these mast 
cell components as they affect the toxicologic 
response to this anti-heparin agent in mice, 
rats and guinea pigs. To this end, experi- 
ments were run to ascertain whether deple- 
tion or accumulation of either or both of these 
amines by prior pretreatment with suitable 
agents could alter the subsequent response oi 
the aninids to a lethal dose of this polymer. 
Mcthods. To deplete most of the tissues 

o f  the rat of their histamine, 5 injections of 
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polyniysin H sulfate’ were given intraperi- 
toneally over a M a y  period according to  the 
method of l’arratt and \Yest ( 3 ) .  Animals 
weighing between 150-1 80 g were injected 
with a single dose of 2.5 mg/kg of polymyxin 
B on the 1st day, 2 doses of 5 mg:/kg on the 
2nd day and 2 doses of 7.5 mg:/kg on the 3rd 
day. On the fourth day, the animals were di- 
vided into groups of 10 and injected intrave- 
nously with various dose levels of hexadime- 
thrine. Controls were run concurrently on 
saline treated rats here and in all subsequent 
tests: all survivors were observed for 1-2 
weeks. 

An intraperitoneal injection of reserpine, 10 
mg ’kg. was given to rats ( 160-180 g) to tle- 
plete most of their tissues of their serotonin 
( 4 ) .  Hesadimethrine in graded doses was 
given to groups of these rats 24 hours after 
reserpinization in order to establish its LW,,, 
following this pretreatment. 

Rats weighing between 90-1 10 g were in- 
jected intraperitoneally twice daily for 5 days 
with compound 48/80 to deplete the tissue 
mast cells of the rat of their histamine, he- 
parin and possibly serotonin (4.5). The ini- 
tial dose on the 1st day was 100 pg/rat: the 
doses were then increased by increments of 
100 pg each day to reach a dose of 500 pg by 
the 5th day. On the 6th day. the animals 
were divided into groups of 10 and intrave- 
nous LI.):,, determined for hexadimethrine. 

To simulate, in part, the pharmacolo,’ VIC re- 
sponses of the animals toward 48 ’80. groups 
of rats were pretreated with both polymysin 
R sulfate arid reserpine prior to hexadinie- 
thrine. Pretreatment regimens for both drugs 
were as described previously, except that one 
less injection of polymyxin was given to these 
animals. 

To test the possibility of histamine poten- 
tiation by hexadimethrine, groups of mice 
weighing between 20-22 g were pretreated for 
1 hour with either 2 or 6 mM/kg of imida- 
zole, subcutaneously. Animals were then di- 
vided into groups of 20 and given hexadime- 
thrine, intraperitoneally, to establish its com- 
parative LDZo following this pretreatment 

t Burroughs Wellcome & Co., Tuckahoe, N. Y. 

regimen to inhibit diamine oxidase, i.e., his- 
taniinase. Thus, several fixed doses of the in- 
hillitor were pitted against the dose-mortality 
curve of hexadimethrine. 

A similar pretreatment regimen was fol- 
lowed in mice using semicarbazide, another 
diamine oxidase inhibitor. Doses of 12.5 and 
50 mg/kg were given subcutaneously to 
groups of mice 30 minutes prior to hexadime- 
thrine given intraperitoneally at various dose 
levels. 

As an ancillary study, a second series of 
mice was pretreated further with 10 and 25  
mg,;kg of chlorcyclizine hydrochloride, orally, 
1 hour prior to imidazole. The rationale un- 
derlying this multi-pretreatment schedule 
stemmed from the hypothesis that the anti- 
histaminic agent would perhaps counteract 
the histamine released by hexadimethrine and 
protected from inactivation by imidazole. 
‘Thus, a subsequent injection of hexadime- 
thrine would perhaps be able to exert its ef- 
fects without the histamine component enter- 
ing the picture. 

Using a specie more susceptible to hista- 
mine, groups of guinea pigs, 200-300 g, were 
pretreated, intraperitoneally, with 10 and 2 4  
mgikg of chlorcyclizine, 90 minutes prior to 
being pitted against the dose-mortality curve 
of hexadimethrine, intravenously. A second 
series of animals was pretreated for 4 hours 
with 15 mg-/kg of the antihistaminic, intra- 
peritoneally, then challenged with a lethal 
dose (22 mg/kg) of hexadimethrine, intra- 
venously. 

As an ancillary experiment, mice (20-22 g) 
in groups of 10 were pretreated intravenously 
with varying doses of either heparin sodium 
( 150 U.S.P. units//mg) or with “inactivated” 
heparin: to compare their prophylactic po- 
tencies against the anti-heparin agent given 
at  a fixed dose of 5 6  mg/kg, intravenously, 
equivalent to 2 X LD50. 

The molecular weight of the hexadime- 
thrine used in this study was 6000. 

Male Scientific strain mice and male Holtz- 
man rats were used in all these studies. The 

$ Batch #1582-82, “inactivated” by boiling in 
0.08 N HCI for 3 hours and containing only 2.5-3 
U.S.P. unitdmg. 
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TARTIE T. Effect, of rkplet,jon of Tissue Amines on Hexadimctliriiie Rromitle Toxicity in Rats, 
I.V. -~ 

~T~~x;ltlinietliriiie broinitle 1 1 1  )N, €3 
Toxicity ratio x - 

A 
111 nig/kg (95%) ( ; . I , . )  

Prc t.rentmcii t (1 1-11 gs" C:oiitrols (A j Pretreated ( R  j (95% c.11. j 

Polyuiiyxin J3 20.0 ( I  7.2-23.2) 24.5 (20.4-29.4 j 1.23 ( .98-1.53) 

_ _  __ 

48/80 19.5 (17.4-21.8) 26.0 (22.0-30.0) 1.33 t ( 1.11 -1.60) 

Reserpine 20.0 ( 1  7.3-22.8) 23.0 (21.7-24.4) 1.15 (1.00-1.32j 
Polymyxin I3 + reserpiiie 23.8 (20 .5253)  18.5 (14.5-23.7) 1.23; ( .95- 1.59) 

A 
* See text for dosage regiineii. t Sigiiificniitly different. $ Toxicity ratio of -. rj 

method of Litchfield and Wilcoxon( 6)  was 
used for all statistical calculations. 

Resd t s .  Table I shows that pretreatment 
of rats with either polymyxin B or with reser- 
pine failed to alter significantly the subse- 
quent LDoo values for hexadimethrine ob- 
tained in these same animals. Toxicity ratios 

. were 1.23 and 1.15 for polymyxin B and for 
reserpine pretreatmen ts, respectively . How- 
ever, pretreatment with 48/80, which is re- 
ported to deplete both mines,  significantly 
decreased the toxicity of hexadimethrine given 
subsequent to this prophylaxis. The intra- 
venous LDS0 for hexadimethrine controls in 
this series of experiments was 19.5 mgJkg 
while LDao value for 48/80 pretreated ani- 
mals given the anti-heparin agent was 26 mg/ 

Concomitant pretreatment with polymyxin 
B and reserpine did not, however, simulate 
the prophylactic response obtained with 48,' 
80 pretreatment alone. On the contrary, 
there was increased sensitivity towards hex- 
adimethrine in these animals when it was 
given after the dual chemical assault by these 
2 pretreatment agents. The LDZo value for 
hexadimethrine in this series of experiment 
was 22.8 mg/kg while that for the multi-pre- 
treated group was 18.5 mg/kg. That this 
dual pretreatment regimen may have yet 
shown a subtle protective effect was inferred 
from several observations. There was ab- 
sence of the characteristic edema of the ex- 
tremities as induced by hexadimethrine; on- 
set of death was delayed up to 7 days in the 
pretreated group while deaths occurred dur- 
ing the second through the fourth days in the 
control groups, albeit final mortality ratio was 
greater with the pretreatment. 

kg. 

The data in Table TI show that subcuta- 
neous pretreatment of mice with imidazole a t  
a dose level of 2 mM/kg, equivalent to one- 
sixth of its LDS0 (and to LDo), did not ma- 
terially affect hexadimethrine bromide tox- 
icity. Increasing the pretreatment dose to 6 
mM/kg, equivalent to one-half LDao (and to 
LDo.,), significantly increased the sensitivity 
of the animals toward a subsequent dose of 
the anti-heparin agent. Thus, control animals 
showed a LDS0 value of 46 mg/kg while the 
LDSo value for imidazole pretreated mice was 
about one-half, Le., 22.5 mg/kg. Pretreat- 
ment of mice with semicarbazide, another di- 
amine oxidase inhibitor, a t  dose levels of 12.5 
and 50 mg/kg did not alter the dose mortality 
curve of hexadimethrine. 

Pretreatment of mice with 10 and 25  mg/ 
kg of chlorcyclizine, equivalent to about 1/55 
and 1/10 of its LDBo, caused a slight antago- 
nistic action towards the toxicogenic effect of 
imidazole on hexadimethrine. This was more 
evident with the lower dose of the antihista- 
mink wherein pretreatment with 10 mg/kg 
caused a slight decrease in the imidazole in- 
duced toxicity of hexadimethrine from a 
value of 22.5 mg/kg to 34 mg//kg. However, 
the magnitude of this protective effect was 
not pronounced. 

Again, intraperitoneal pretreatment for a 
period of 90 minutes with 10 and 2 1  mg./kg 
of chlorcyclizine did not decrease hexadime- 
thrine toxicity in guinea pigs. Rather, an in- 
dication of additive toxicity was evident at  
the higher dose of chlorcyclizine. Further- 
more, intraperitoneal pretreatment for 4 hours 
with 15 mgjkg of chlorcyclizine had no pro- 
tective effect against a lethal intravepous dose 
of hexadimethrine. 
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A. In mice: 
Imidazole f! 

9 J  (i * 
(:hlorcyclizi 11 c l 0 ~ l l r : I l  

Chlorcycliziiir? 
+ iinjdazolc t i  

+ imidtlzolt? ti 

. ) .- -. b - ( I  r:i I 

13. In giiiiiva pigs : 
(’hlorcq‘cliziiie 1 0 :  

f t  24 

( Iiitmperitoneal) 
4i.O (42.8-49..5) 41.0 (37.3-45.1) 1.1 (1.0-1.3) 
I ~ i . 0  (4?.S-49.,7) 22.5 (19.1-26.6) 2.01 (1.7-2.4) 
4S.O (45.7-v-iO.4) 34.0 (31.5-36.7) 1.4 (1.3-1.f;) 

4X.0 (4,?.;;-5U.!j) 25.0 (22.7-27.5) 1.9t (1.7-2.1 ) 

( Intruve11ous) 
1S.H (18.1-19.(i) 18.5 (17.7-19.4j 1.0 ( .9-1.1) 
18.8 (IS.I-l!b.tij  14.8 (13.4-1G.3) 1.3 (1.2-1.4) 

111i11td to be 11 n;M/kg (10.2- i  1.8 ). 
t Sigiiificantly diff’ereiit. 
$ Intrapw. dose which protects against n l ~ o u t  

Table I11 shows that “inactivated” heparin. 
containing only 2.5-3 U.S.P. units/mg of 
heparin, was only half as potent as ‘:regular“ 
heparin sodium (150 U.S.P. unitsjmg) as a 
prophylactic agent against hexadimethrine 
given at  a dose level of twice its LDZo. 

None of the comparative LDEo slopes 
showed any significant deviation from paral- 
lelism (Tables I and 11). 

Discussion. The failure of combined pre- 
treatment with polymyxin and reserpine to 
decrease hexadimethrine toxicity may be ex- 
plained on the basis of additive toxicity from 
these 2 pretreatment drugs. Reserpinization 
of rats already subjected to polymyxin pre- 
treatment caused a further debilitation in 
these animals. In contrast, pretreatment with 
a single drug depleting both mines,  namely, 
48/80, actually increases the resistance 
against hexadimethrine. 

A relatively high dose of imidazole was re- 
quired to exert significant effect on hexadime- 
thrine toxicity (Table TI). That the resultant 
TABLE 111. Comparative PD,, Values of Hepariii 
Sodium and “Inactivated” Heparin vs 2 X LD,, 
of Hexadimethrine Bromide, I.V. (56 mg/kg) 111 

Mice. 

Calculated I.V., (nig/kg ) 

z‘s 2 X I&, Iicsntli~iietl~~iilr, Pretrentniciit 
drug I.V. (5cj nig/kg) 

Heparin sodium 52 
‘ ‘ Tnzlcbivated ’ ’ heparin 90 

2.5 lethal doses of histamine, intravenously. 

toxicity ratio was only of the order of 2.0 
would be in accord with previously docu- 
mented findings that histamine does not play 
a major role in rodents as i t  does in some 
other species. 

Results obtained with imidazole and semi- 
carbazide pretreatment would tend to sup- 
port the data of Angelakos and Loew( 7 )  that 
of a large series of histaminase inhibitors, only 
iniidazole was capable of significantly poten- 
tiating histamine toxicity in mice. 

The finding that an antihistaminic was of 
little or no value against hexadimethrine tox- 
icity in guinea pigs and mice substantiated 
our earlier findings( 1,2)  that pretreatment 
with antihistaminic agents was able only par- 
tially to alter the character of the hypoten- 
sive response to hexadimethrine in dogs. 
MacIntosh and Paton(8) have pointed out 
that although antihistaminic drugs are able to 
antagonize the circulatory effect of histamine 
liberators, their antagonism is only of a lim- 
ited nature. 

Previous experiments (4,9,10) have shown 
that a pretreatment regimen with 48/80, 
polymyxin and reserpine can deplete most of 
the tissues of the rat of their histamine and/ 
or serotonin. Our previous reports ( 1 ,2 )  
showed hexadimethrine capable of fragment- 
ing tissue mast cells in the rat both in vivo 
and in vitro. If the symptomatology ob- 
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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 
via 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. 
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Diphosphopyridine Nucleotide Binding Effect of Sickle Cell Erythrocytes 
On in vitro Growth of Hemophilus infiuenirae." (26522) 

JOHN LOUIS SEVER+ (Introduced by David Yi-Yung Hsia) 
Chicago Children's Memorial Hospital and Department Microbiology, Novt hwestern University 

Medical School, Chicago, Ill. 

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.C.D.) anticoagulant. The blood cells 
were immediately washed 3 times with sterile 
0.85% saline solution. The washed cells were 

*Aided by a grant from Otho S. A. Sprague 
Memorial Inst. Laboratories, Children's Memorial 
Hospital. 

t Present address: Nat. Inst. Health, Bethesda, 
Md. 

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: HernoPhilus influenzae type A 
(9006) ; H .  influenzae type B (9334) ; Diplo- 
coccus pneumoniue type I I I  (6303); and 
Strcptococcus salivarius (9756). Hospital 
laboratory cultures of H .  influenzae type A ;  
H .  irzfhenzae type B ;  Salmonella monte- 
video; S .  oranienberg; and s. bareilly were 
also employed. 

Inocula were prepared from 24 hour broth 
cultures. A single 0.04 ml drop of a 1 : 2 0 0  di- 




