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volume were unchanged during absorption of
erythrocyte antibodies and purification. The
final preparation was electrophoretically pure,
gave a single 6.76 peak on the ultracentrifuge,
and was structurally unaltered as evidenced
by in vivo traces studies, and immunoelectro-
phoretic analysis. In vivo toxicity did not oc-
cur during long term intravenous administra-
tion of the purified preparation. The resultant
lymphopenia was equal to that achieved with
whole serum containing two times the gamma
globulin and 7 times the total proteins.
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Antagonism of Intravenous Digitoxigenin Lethality by Reserpine
Pretreatment in the Mouse.* (32151)

G. L. Lace anp J. L. Sprattt (Introduced by G. L. Plaa)
Department of Pharmacology, College of Medicine, University of Iowa, Iowa City

Dick et al(l) reported increased ar-
rhythmias from digitalis in patients receiving
reserpine therapy. Roberts et al(2) reported
that reserpine treatment increased the amount
of acetylstrophanthin required to produce
ventricular arrhythmias in the dog. On the
other hand, Nash et al(3) reported that
ouabain lethality was decreased with reserpine
pretreatment in rats. Takagi et al(4) also
reported decreased lethality of digoxin with
reserpine pretreatment in dogs. From these
various reports, it would appear that al-

* Supported by USPHS Research Grant GM-09784
and Training Grant 5T1-GM-141.

t Research Career Development Awardee of US
PHS (GM-K3-5271) and Markle Scholar in Aca-
demic Medicine.

though reserpine may increase the possibility
of arrhythmias induced by digitalis glycosides
it also decreases lethal potential of the glyco-
sides.

Considering the known central and periph-
eral effects of reserpine, the current study was
therefore undertaken to investigate possible
effects of reserpine on the lethality of digitoxi-
genin. The latter compound was selected since
it is a potent convulsant and was the most
toxic of wvarious structurally-related com-
pounds when intravenously administered to
the mouse(5).

Methods. Crystalline digitoxigenin was ob-
tained from Lachat Chemicals, Inc., Chicago,
I, and was dissolved in a final solution of
47.5% ethanol in 0.9% saline. Solubilized
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reserpine, supplied as Serpasil in water for in-
jection, was supplied by Ciba Pharmaceutical
Co., Summit, N. J. Norepinephrine was
freshly prepared in 0.99% saline as a 100 pg
per ml solution.

Adult male Swiss-Webster mice, weighing
20-30 g, were maintained in local animal
facilities for at least 4 days prior to use.
Wayne Lab Blox and tap water were allowed
ad libitum both before and after injection and
each animal was used only once. All agents ex-
cept norepinephrine were injected in a dose
volume of 2 ml/kg. Digitoxigenin and nor-
epinephrine were administered by tail vein,
whereas the reserpine was injected sub-
cutaneously in the scruff of the neck. The
norepinephrine dose was 100 ug/kg.

At least 3 dose levels of digitoxigenin with
at least 20 animals per dose level were used
for each comparative study. Control injections
with the digitoxigenin vehicle caused only
mild depression and any animals with ques-
tionable tail vein injections were immediately
discarded. All animals used in a given com-
parison were injected with digitoxigenin at
24 hours following their reserpine or saline
pretreatment. When it was necessary to pool
data, numbers of animals and the digitoxi-
genin doses were equally represented (a)
during a given 24-hour experimental period
and (b) from one 24-hour experimental
period to another. All animals were observed
for 24 hours following the digitoxigenin in-
jection. Median dose 50 values and potency
ratios were computed on the accumulated data
using probit analyses as described by Finney
(6). Fisher exact probability analysis(7) was
performed on the data shown in Table I.

Results. Reserpine was administered in

TABLE I. Comparison of 24 Hr Adrenalectomy
vs 24 Hr Reserpine Pretreatment on Digitoxigenin
Lethality in the Mouse.

No. dead
Treatment No. animals
Reserpine pretreatment 5/20 )*
Saline control 18/20 )
Adrenalectomized 17/20 |
Sham operated 19/20 |

* Reserpine significantly different from all other
treatments at p <0.05. No other significant com-
parisons.
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FIG. 1. Effect of 24-hour reserpine pretreat-

ment in antagonizing the 24-hour lethality of
digitoxigenin in adult male mice. Curve extrapolat-
ed toward zero survival since 100% mortality was
obtained when saline replaced the reserpine pretreat-
ment.

varying doses 24 hours prior to a known lethal
dose of digitoxigenin (5.75 pmoles/kg). The
effect of this pretreatment on the lethality of
digitoxigenin is shown in Fig. 1. The reserpine
pretreatment had a protective effect on di-
gitoxigenin lethality at the lower dose, reached
a peak at 1.25 mg/kg of reserpine and then
declined to no protection at 10 mg/kg. Thus
1.25 mg/kg of reserpine was used in further
studies of the protective action of this com-
pound on the lethality of digitoxigenin.

Fig. 2 shows the 24-hour LDj, values for
digitoxigenin with and without reserpine pre-
treatment. The reserpine significantly in-
creased (p<0.05) the LDj;, approximately
2-fold. It was assumed from these data that a
possible explanation for the reserpine protec-
tion was the depletion of catecholamines.
This was then tested using 2 groups of mice,
both pretreated with reserpine. One group re-
ceived digitoxigenin alone and the other group
received intravenous norepinephrine (100
pg/kg) immediately before the digitoxigenin.
The 24-hour LDsy’s are shown in Fig. 3. Tt
can be seen that the intravenous norepi-
nephrine administration did significantly (p<
0.05) antagonize the protective effect of
reserpine. Although the LD5o’s are not identi-
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FIG. 2. Mortality produced by intravenous digitoxigenin with and without 24-hour reserpine pre-

treatment in adult male mice.

The LDs without reserpine was 4.0 wmoles/kg with 95%

confidence limits of 4.4 and 3.6. The LDs with reserperine was 7.5 umoles/kg with 95% confidence
limits of 8.2 and 6.7. The potency ratio was 1.9 with 95% confidence limits of 2.1 and 1.6.

FIG. 3. Effect of norepinephrine on the reserpine antagonism of digitoxigenin lethality in
adult male mice. The LDs with reserpine and with norepinephrine was 3.3 umoles/kg with 95%
confidence limits of 3.7 and 3.0. The LDs with reserpine but without norepinephrine was 6.1
pmoles/kg with 95% confidence limits of 6.7 and 5.5. The potency ratio was 1.8 with 95%

confidence limits of 2.1 and 1.6.

cal to those reported in Fig. 2, the potency
ratios are approximately the same as those of
Fig. 2.

The possibility of synergism between digi-
toxigenin and norepinephrine was ruled out
by another experiment with 2 groups of mice.
One group received an intravenous saline in-
jection followed by digitoxigenin, while the
other group received intravenous norepi-
nephrine (100 pg/kg) followed by digitoxige-
nin, Probit analysis resulted in no significant
difference between the two LDs’s, thereby
indicating that this dose of norepinephrine did
not alter the lethality of digitoxigenin.

Another question tested was whether the
depletion of catecholamines from the adrenal
medulla was the primary source of protection.
Adrenalectomized mice, sham operated mice,
reserpine treated mice (1.25 mg/kg), and
mice treated with subcutaneous saline were in-
jected with digitoxigenin (5.75 wpmoles/kg)
24 hours later. The results shown in Table I
indicate that only reserpine preatreatment sig-
nificantly (p<C0.05) altered the lethality of
the digitoxigenin.

Discussion. As presented in Fig. 1 and 2,
it can be seen that 24-hour reserpine pre-
treatment significantly lowered the lethality
of intravenous digitoxigenin. The most ef-
fective dose for the antagonism of digitox-
igenin lethality was 1.25 mg/kg although
there is no obvious reason for the peak
reserpine effect at this dosage. The convulsant
action of digitoxigenin was also antagonized.
All of the animals that died from the digitox-
igenin convulsed violently prior to death,
whereas survivors did not convulse. Since the
mechanism of digitoxigenin convulsions is
still subject to discussion(5) these data can-
not necessarily be interpreted as indicating a
specific central protective effect of reserpine.
In this regard, Foerster et al(8) did not ob-
serve any effect of reserpine on the neuro-
toxicity of g-strophanthin or cymarin in the
mouse.

The antagonism of reserpine’s protective
effect by the injection of a large dose of
norepinephrine immediately prior to the digi-
toxigenin (Fig. 3) would suggest that the
depletion of catecholamines by reserpine may
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be responsible for the protection. The
studies of lversen et al(9) showing decreased
cardiac uptake of H3-norepinephrine in
reserpinized rats at 24 hours were performed
with a comparable dose of norepinephrine.
Likewise, Pokrovskaya(10) found decreased
myocardial sensitivity to cardiac glycosides
in both intact and decapitated frogs which
were treated with reserpine. However, Tanz
and Marcus(11) have questionel whether the
myocardial catecholamine content necessarily
reflects the physiological responses of this or-
gan. In addition, Spann et @/(12) have more
recently noted that depletion of cardiac nor-
epinephrine stores by reserpine did not alter
the inotropic response of cat papillary muscles
to strophanthidin.

The data of Table I indicate that the de-
pletion of catecholamines from the adrenal
medulla cannot suffice as the sole explanation
for these observations. The depletion of brain
catecholamines by reserpine may explain this
protection although other mechanisms cannot
yet be disregarded.

The competent technical assistance of Mr. Gene
Rostermundt is gratefully acknowledged.
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Antibody Formation at Various Times After Previous Treatment of Mice
With Endotoxin. (32152)

Henry H. FREEDMAN, ALFRED E. FoX, AND BENJAMIN S. SCHWARTZ
Department of Microbiology, Warner-Lambert Research Institute, Morris Plains, N. J.

The number of hemolysin-forming spleen
cells increases after injection of bacterial
endotoxin into normal mice(1). This increase
fails to occur in mice previously made endo-
toxin-tolerant by a series of daily doses, al-
though the response to specific antigen, sheep
red blood cells, is unimpaired (2). In addition,
endotoxin has an adjuvant effect, elevating the
specific immune response when injected to-
gether with sheep red blood cells(2). There
are reasons for believing that these stimu-
latory effects of endotoxins on pre-existing
hemolysin-forming cells may not be attributa-
ble to cross-reacting antigens, but rather to
the cytotoxicity of endotoxins with release of

stimulatory DNA breakdown products(2-5).
Whether cytotoxicity of endotoxins reflects
a direct primary toxicity or has an immune
basis is presently unresolved(6). The present
report extends previous studies on the in-
fluence of endotoxin on antibody formation
and supports the hypothesis that reactivity to
these ubiquitous antigens is conditioned by
previous exposure.

Materials and methods. Female CD-1 or
C57Bl/6 mice, weighing 18-20 g, were used.
Protein-containing Boivin type endotoxins
(ET) of Salmonella abortus equi, Salmonella
typhosa, Serratia marcescens and Escherichia
coli (Difco), and protein-containing and pro-



