
of the embryos and placentae was observed 
following administration of high doses of 
ethicmine to pregnant rats. A similar dolse oif 
methionine had no apparent effect by itself 
while a colmbination of methionine with ethio- 
nine resulted in about a 50% reduction in the 
resorptive effect of ethionine. The sequential 
destruction of the tissues of placenta and em- 
bryo) associated with the ethionine-induced re- 
solrption is described. 
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,\drenergic Inhibition and Lethal Effect of Bacterial Endotoxin in bdice. 
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R. A. MCLEAN AND L. JOE BERRY 
Smith Kline and French Labs., Philadelphia, and Bryn Mawr College, Bryn Mawr, Pa. 

Participation of epinephrine or related sub- 
stances in the sequelae of bacterial endotoxin 
administration has been suggested( 1-3). 
Adrenergic blocking agents such as phenoxy- 
benzamine HCl have been used against trau- 
matic shock with some success in laboratory 
animals, though with less in man. They have 
been largely ineffective against bacterial endo- 
toxin. Recently several new ways of affecting 
sympathetic reactivity have been described. 
The following study tests the ability of some 
of the presently available types of adrenergic 
inhibitioln to alter lethal effects olf injected 
epinephrine and of bacterial endotoxin admin- 
is tration. 

Methods. Survival after intraperitoneal 
epinephrine was determined by the technic of 
Loew and Micetich(4) and results were evalu- 
ated by the method of Litchfield and Wil- 
coxon ( 5 ) .  Data from selected dose levels 
were used far comparison in Table I. High 
doses of epinephrine with low expected survi- 
vals were used when protection was antici- 
pated and the reverse when sensitization was 
indicated. The significance of difference be- 
tween results from these selected doses was 
judged by the Rank Correlatioln method of 
Wilcoxon (6) .* Doses of synthetic l-epineph- 

* Kindly computed by Dr. Irving Sher of Smith 
Kline and French Labs. 

-_____ 

rine bitartrate were calculated as rng/kg free 
base. The blocking agents were given as 
salts, also on a mg/kg basis. Difco crystalline 
lipopolysaccharide from E.  coZi was used in 
the endotoxin studies. I t  was dissolved in py- 
rogen-free saline and given intraperitoneally 
on the basis of total mg/mouse (not,/kg) . Av- 
erage weight of the male CF-1 mice used in 
this study was about 20 g. For reference pur- 
poses 2 SD5", or SO./;, survival, doses were de- 
termined otne hour af ter epinephrine in nolrrnal 
untreated male CF-1 mice. These were 8.0 
(5.41-1 1.8) and 7.8 (6.45-9.44) nig/kg i.p. 
respectively. Another series received an in- 
traperitoneal saline blank (0.1 cc:/lO g of 
mouse) 24 hours before epinephrine. SDS0 
here was 7.6 (6.39-9.04) mg/kg i.p. Obvi- 
ously, the susceptibility of the animals to 
eninephrine was essentially unchanged. We 
did find that mice were adversely affected if 
one intraperitoneal injection followed soon 
after another. For short term testing we used 
subcutaneous or oral premedication followed 
by intraperitoneal epinephrine. 

ResuZts. A. Eijects on lethaE ac,tion of in- 
jected epinephrine. It is recognized that le- 
thal actions of toxic doses of epinephrine are 
very different from circulatory collapse and 
shock. However, as a preliminary step in our 
study we tested the ability of the several 



92 AI)HEKEIZGIC IXHIBITIOS A K I )  BACTERIAL ENDOTOXIX 

forms of adrenergic inhibition to oppose the 
acute toxicit!. of injected epinephrine. 

The results of this first phase of our inves- 
tigation are sumniarized in Table 1. On the 
left are tjrpes oi adrenergic influence which 
lire thought to be produced and on the right. 
survival under thesc conditions. Saline 
blanks were run for control. The marked pro- 
tection by phenoyybenzamine and reciprocal 
activity of cocaine parallel the well-known 
autonomic effects of siniilar doses of these 
drugs as demonstrated b j r  blood pressure and 
nictitating membrane responses in anesthe- 
tized cats and dogs. Blockade of the peri- 
pheral adrenergic excitatory mechanism in the 
first case and sensitization in the second ap- 
pear to be indicated. Site of action here is 
probably the vascular smooth muscle. 

-4n opposite condition is produced by the 
3 .  4-dichloro analog of isoprotereno1.t This 
substance has been shown to block inhibitory 
adrenergic responses( 7 ) .  It also blocks the 
cardiac stimulant effect of adrenergic sub- 
stances (8) .  This latter response is unaffected 
by blockers of escitatory adrenergic receptors. 
for example, by phenosybenzamine. 3.4- 
Dichloroisoproterenol may well interfere with 
some of the metabolic processes initiated by 
epinephrine and which are related to vasd i la -  
tion rather than vasoconstriction. 
kg of 3,4-dichloroisoproterenol were given 
subcutaneously to the mice one hour before 

Co., Indianapolis. Ind.  

Ten mg 

t Generously supplied by T)r. I. H. Slater. Eli Lilly 

the intraperitoneal epinephrine. From the 
results obtained in various species by the au- 
thors cited abcve such a procedure sholuld es- 
tablish the characteristic effect of this com- 
pound. I t  did not protect against 9 mg/kg 
of epinephrine. In  fact, 257: of the control 
animals survived and only 20% of the treated 
animals were able to withstand the epineph- 
rine. This difference is not significant in 
the rank correlation test. To  check whether 
this difference was real. a larger number of 
mice were used and dose respnnse curves were 
calculated for animals treated as described 
above and for parallel controI groups dosed 
with saline. These lines were not parallel but 
this was not surprising. The  EDRo for saline 
controls was 6.5 (5.0-8.4) mg/kg epinephrine 
i.p.. while comparable figures for animals pre- 
treated with 3,4-dichloroisoproterenol was 
4.3 (2.9-6.3) mg/kg. This difference is sig- 
nificant (p  = 0.074).* Clearly, pretreat- 
ment with this type of peripheral adrenergic 
blocker has reduced ability of the mice to sur- 
vive acute lethal effects of injected epineph- 
rine. 

A unique type of adrenergic inhibition was 
recently described by Exley(9). 2,6-Xyly- 
loxyethyltrimethylammonium brolmide, or 
TM 10, was shown to produce some form of 
blockade of the terminal sympathetic nerve 
endings. An interference with enzymes on 
the metabolic pathway to1 epinephrine and 
norepinephrine has been suggested. What- 
ever the made of action, the net result appears 
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* Nndotosiii lo t  nuiti1)er. 
t Physiological salirie hla irks sii bs ti t 11 t ytl for  1) retrea ti11 ~ I I  t with the :t(l wrw rgi c i 1111 ihi to rs, 

to be reduced sympathetic reactivity. The 
term sympatholytic would seem to fit this 
compound. A dose of 10 mgjkg subcutane- 
ously, which should be effective according to 
Exley’s results, failed to olffer protection when 
given one hour before the challenging dose of 
epinephrine. If given 24 hours ahead molre 
treated animals survived than did saline con- 
trols. However, the difference was not sig- 
nificant by the rank correlation method. If 
active a t  all T M  10 is certainly far less effec- 
tive than phenoxybenzamine in this test. 

-4 very different type of adrenergic influ- 
ence is produced by reserpine. We found lit- 
tle or no evidence of peripheral adrenergic 
bllockade when this alkaloid was tested in cats 
and dogs as noted above. At the same time it 
m,arkedly reduces excitability of the peri- 
pheral vasculature and is widely used in hu- 
man hypertension. Recently a number of 
investigators have attributed its inhibition of 
vascular excitability to release of catechol 
arnines such as epinephrine and norepineph- 
rine from associated chrolmaffin tissue. In 
our series of survival studies the effectiveness 
of‘ this type of adrenergic inhibition was 
evaluated against acute lethal effects of epi- 
nephrine injected into mice. The results are 
included in Table I. Reserpine increased an 
expected survival of only 3576 after 12  mg,l 
kg of epinephrine to 70%. This difference is 
significant. In the series of m e r  a- hundred 
mice from which these data were taken more 

than half the animals survived a t  all dose lev- 
els up to a dose of 30 mgjkg of i.p. epineph- 
rine. In another experiment an SDSo of 
198 (158-247) rng,‘kg of epinephrine was ob- 
tained about 6 hours after an intraperitoneal 
dose of 10 mgjkg of reserpine. This is nearly 
2 5  times as high as the control. Clearly, res- 
erpine provided some form of protection in 
our experiments. In contrast, Luduena et al. 
(10) found no protective effect in rats after 
pretreatment with reserpine 1 mgjkg, but 
their pretreatment time was only 3 hours. 
Failure of iproniazid to influence toxicity is 
apparent in the table. With a graded series of 
epinephrine doses an SDr,,, of 8.2 (6.7-10.0) 
mg/lrg of epinephrine was olbtained 24 hours 
after intraperitoneal administration od iproni- 
azid 1010 mgjkg. This is almolst the same as 
the normal and saline control SD’s mentioned 
earlier. The impjication is that the protective 
effect of reserpine does not result from release 
of catechol amines. Possibly the direct 
smooth muscle depression described by Gillis 
and Lewis( 11) may be responsible for the ob- 
served protection. The findings are a t  vari- 
ance with results of Borowitz and North ( 1  2 )  
who found augmented toxicity on the part of 
epinephrine after iproniazid pretreatments. 
They stress the importance of a slow, pro- 
longed administration of epinephine. They 
also used 24 hour survival. These 2 factolrs 
may explain the difference between their find- 
ings and ours. 
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€3. Sumiwil aficr bartcriul endotoxin ad- 
i n  ilti is t ru t io PI . E sp e r i men t s with ad r en er g ic 
blocking drugs such as phenoxybenzamine 
have offered little promise of clinical useful- 
ness when employed against bacterial endo- 
toxins. Some prolongation of survival time 
has been obtained, but lethal outcome was 
not materially altered. I t  was therefore of 
considerable interest to us to test these newer 
forms of adrenergic inhibition against pure 
crystalline endotosin. Doses and pretreat- 
ment times used were considered adequate to 
establish the particular type of block or in- 
hibition characteristic of the compound being 
studied. The results of this series of tests are 
summarized i n  Table IT. 

Blockade of the excitatory adrenerb' ric re- 
ceptors by phenoxybenzamine has not pro- 
vided a degree of protection which is signifi- 
cant a t  p 0.05. Like results were obtained 
after sensitization of these receptors with co- 
caine. Somewhat higher doses were required 
to produce a 50% mortality in each case and 
low order protective effects are possible. A 
useful degree of protection is not apparent. 

In  the case of the next compound, 3,4- 
dichloroiscproterenol, however, survival was 
significantly increased. This substance 
blocks peripheral adrenergic inhibition. 

The sympatholytic compound T M  10 
seems to offer no protection, a t  least as i t  was 
used in our experiment. Additional tests 
with 24 hour pretreatment time were also 
negative. Catechol amine release by reser- 
pine, or accumulation after iproniazid, did not 
improve survival. 

Discussion. The principal point in the 
foregoing account where questions might he 

raised is in the matter of dosage and pretreat- 
ment time. In  the case of phenoxybenzamine 
and cocaine the obvious results in Table T 
verify their effectiveness a t  doses and times 
employed. Their peripheral site of action in 
the vascular smooth muscle excitatory system 
does not seem to be germane to the problem 
of protection against endot oxin. 

The other substances affecting excitatory 
mechanisms also failed to olfer protection. 
Thus T M  10, which should reduce responsive- 
ness of terminal sympathetic nerve endings, 
did not increase survival significantly. The 
dose used was reported by Exley(9) to cause 
marked relaxation of the nictitating mem- 
brane in cats. The  effect came on within an 
hour and lasted more than 24 hours. Reser- 
pine, by depleting catechol amines from chro- 
mafin tissue, reduces overall reactivity of 
efferent sympatho-adrenal nervous pathways. 
I t  did not protect the mice against endotoxin. 
Six and a half mg/kg of reserpine largely de- 
pleted rabbits' ears of catechol amines in 48 
hours according to Burn and Rand( 13). Shi- 
niamoto et al.( 14) report significant protec- 
tion of rabbits against Shigella endotoxin by 
doses of reserpine ranging from 1.0 to 5.0 mgJ 
kg. Our dose in Table I1 is high but smaller 
doses (1, 3 or 5 mg/kg) also failed to protect. 
The deleterious effect of the 10 mg/kg dose 
suggested in Table I1 may result from fluid 
loss and poor alimentation. Finally the re- 
ciprocal effect of catechol amine accumulation 
brought about by monolamine oxidase inhibi- 
tion on the part of iproniazid also had no pro- 
tective action. The  dose of 100 mg/kg should 
allow a considerable build-up of epinephrine 
and norepinephrine in 24 hours according to 
Pletscher ( 15). 

The one case of clear cut protection in 
Table I1 is that of 3,4-dichloroisoproterenol. 
Fig. 1 represents a dose-response curve ob- 
tained with mice pretreated with this com- 
pound, 10 mg/kg SC, 1 hour bel'ore and 18 
hours after graded endotoxin doses. This is a 
very interesting finding. Moran and Per- 
kins (8)  reported that this substance blocked 
cardiac effects of epinephrine. These may be 
metabolic effects rather than muscular ex- 
citant effects involving receptors according to 
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Mohme-Lundhollm ( 16).  Carbohydrate me- 
tabolism may be involved. 

Sziininnry. 1 ) Protective effects of various 
types of adrenergic inhibition have been 
tested against lethal action of injected bac- 
terial endotoxin in mice. 2 )  Preliminary ex- 
periments substantiated abilities of phenoxy- 
benzamine to block lethal effect of injected 
epinephrine and olf cocaine to augment its 
toxicity. 3,4-Dichloroisoproterenol also in- 
crea,sed lethal effect of epinephrine. T M  10, 
or 2,6-xylyloxyethyltrimethylammonium bro- 
mide had no effect acutely but offered low or- 
der of protection when given 24 holurs before 
epinephrine. Reserpine also protected when 
given 24 hours in advance. Iproniazid was 
without effect. 3 )  Against bacterial endo- 
toxiin from E .  coli the only compound to give 
significant protection was 3,4-dichloroisopro- 
terenol. This substance has been shown by 
previous workers to block inhibitor and vaso- 
dilator effects of epinephrine and related cate- 
chol amines. Such effects are probably meta- 
bolic in nature and may concern carbohydrate 
metabolism, 
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Placental Transfer and Fetal Tissue Uptake of MgZs in the Rabbit.* (261020) 

JERKY K. AIKAWA AND PAUL L). RKUNS 
(With the technical assistance of Jacqueline Z. Reardon, Dale R. Harms and 
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The factors regulating the metabolism of 
magnesium are obscure and very little is 
known about the placental transfer of this ion 
or its uptake in the fetal tissues. The purpose 
of the present study in rabbits was to inves- 
tigate, by use of a radioactive isotope of mag- 
nesium ( Mg28), the maternal-to-fetal transfer 
of magnesium and uptake of the isotope by 
various maternal and fetal tissues. 

"This work was supported in part by contract 
between U. S. Atomic Energy Comm. and the Uni- 
versity and in part by a grant-in-aid from Playtex 
Park Research Inst. 

Material and methods. Pregnant domestic 
albino rabbits, between 25 and 30 days of 
gestation, were anesthetized with sodium pen- 
tobarbital given intravenously in a dosage of 
40 mg/kg of body weight. After a tracheo- 
tomy had been performed, the carotid artery 
was cannulated and an indwelling polyethyl- 
ene catheter, connected to a reservoir of he- 
parin, was inserted. 

MgZs was then injected into the marginal 
vein of the ear as a solution of magnesium 
sulfate, prepared according to it metihd previ- 


