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a return of these substances to or above 
normal levels, have been repeatedly described 
as characteristic of the adrenal response to 
stress. The alterations in cholesterol, ascorbic 
acid and stainable lipids have been considered 
by Sayers and SayersI6 to closely parallel each 
other. Inldeed the obslervation by these work- 
ers of a simultaneous decrease in cholesterol 
and sudanophilic material has prompted them 
to identify the latiter with cholestlerol esters. 
The presenit study shows that it is possible to 
dissociate the sudanophilia from the choles- 
terol content of the adrenal cortex. LL4P, 
eithaer alone or in conjunction with stilbestrol, 
decreases the cholesterol but increases the 
sudanophilia of the adrenal. This suggests 
that (the sudanophilic substance of the cortex 
is probably not cholestserol. Earlier experi- 
ments17 have demonstrated that, under cer- 
tain conditions, purified ACTH can cause a 
similar dissociation. Finally it appears from 
the above data that LAP, given with stilbes- 
trol, markedly inhibits that loss of sudano- 
philic granules from the cortex which is 
characteristic of stilbestrol treatment. 
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Further experiments are under way to study 
the effects of purified corticotrophic prepara- 
tions on the adrenal changes elicited by non- 
specific stress. 

Summary. Tbe adrenal cholesterol and 
ascorbic acid levels were studied in relation 
to the stainable lipids of the gland in rats 
treated with a lyophilized anterior pituitary 
preparation (LAP), given alone or in coa- 
junction with a synthetic folliculoid (stilbes- 
trol) : 

1. In stilblestrol treated rats, an almost total 
depletion of stainable lipids was observed in 
conjunction with low cholesterol and ascorbic 
acid values. 

2.  L*L\P caused accumulation of sudano- 
philic lipids in the adrenal cortex but signifi- 
cantly lowered the cholesterol and ascorbic 
acid levels. 

3.  similar dissociation of sudanophilic 
material from cholesterol and ascorbic acid, 
was even more evident when LAP was admin- 
istered concurrently with stilbestrol. The ef- 
fect of stilbestrol on sudanophilia was coun- 
teracted by LAP. 

4. These observations show that [the corti- 
cotrophic effect of folliculoids cannot be solely 
ascribed to the liberation of anterior pituitary 
corticoltrophin such as is present in LAP. 
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--- Large doses of epinephrine are known to 
cause a fulminating pulmonary edema in a 1 Meltzer, S. J., Am. Med., 1904, 8, 191. 
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workers have claimed that hyp- 
riotics,6 tissue  extract^,^ anitihistaminicss and 
pituitrin9 can diminish or prevent this edema 
flormation. Furthermore, various adrenertgic 
blocking drugs, as well as vasodilator drugs 
have been shown to be capable of reducing the 
mortality which follows toxic doses of epin- 
ephrine in micel0 and rats.11J2 A variety of 
explanations concerning the cause of pulmon- 
ary edema have been based, in part, on data 
relating to the effects of drugs on the toxicity 
of epinephrine. 

The drugs which have been reported to pro- 
itlect against epinephrine-intduced pulmonary 
edema vary widely in properties and several 
are relatively specific in action. If the claims 
.made are true it would suggest that numer- 
ous mechanlisrns are involved in edema pro- 
(duction or that the several protective drugs 
have a common property, whifch seems quite 
unlikely. Preliminary to studies aimed more 
direcltly at the elucidation of (the mechanisms 
involved in the production of pulmonary 
edema and the control by drugs it was con- 
sidered advisable to re-examine the effects of 
some of these drugs on epinephrine-induced 
pulmonary edema under standardized experi- 
mental conditions. 

Drugs were adminisitered as in- 
dicated in Table I to male rabbits weighing 
bletween 2 and 3 kg prior to the intravenous 
injection, in 15 seconds, )of 0.375 mg/kg of 
epinephrine (calculated as the base). The 
epinephrine solution employed (0.1 % ) was 

4 Auer, J., and Gates, 2'. L., J. Exp. Med., 1917, 

sBariety, &I., and Kohler, D., Compt.  rend. Soc. 
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made by dissolving the base in saline with the 
nddition of a few drops of HC1. C'oncentra- 
tions of other drugs in saline were adjusted so 
that a given dose was administered in  0.5 
m1,kg. Control data were obtained concur- 
rently from animals receivins only epinephrine 
or no itreatment whatsoever. Following the 
intravenous injection of epinephrine, the rab- 
bits were observed for 1 5  minutes, a t  which 
time, if surviving. they were sacrificed by a 
sharp blow on the head. -111 lungs were re- 
moved 10 minutes after death, freed of adher- 
ing tissue, blotted on absorbent paper and wet- 
weighed. T h e  indication of effectively alter- 
ing the toxic response to epinephrine was the 
presence of a statistically significant reduc- 
tion in liing weight and or mortality from 
that of the controls rtxeiving only epinephrine 
(Table I ) .  

Rrsuits und discussion. The lunzs of 
epinephrine-treated rabbits were markedly 
hemorrhagic and edematous and weighed 
double that of normal lungs. &A froth!. fluid, 
L ~ S U ~ ~ J -  uncolored but sometimes salmon 
colored, frequently completely filled the 
trachea and bronchi acd appeared to account 
for the respirator!. embarrassment cyanosis 
and asphyxial convulsions which preceded 
death. Fluid frequently escaped from the 
nostrils and mouth during asphyxia1 convul- 
sions or when survivors were killed 15 minutes 
after injectifon of epinephrine. This fulmin- 
ating, severe pulmonary edema was probably 
the main cause of death which oocurred in 
3 to 15  minutes in 61% of the 18 control 
animals. Pretreatmenit with a variety of 
drugs was instituted in attempts to prevent the 
edema. During each daily experiment several 
control rabbits and several rabbits treated with 
each drug were included, thus yielding data 
which could be pooled and compared (Table 
1 ) .  

Barbiturates.  Luisada'j reported that hyp- 
notics in general were capable of reducing the 
mortality and pulmlonary edema induced with 
epinephrine in rabbits. He believed that such 
drugs protected by suppressing a central com- 
ponent of a contributory pulmonary vascular 
reflex which was brought about by epinephrine 
or the resultant severe hypertension.F The 
results hepein reported with pentobarbital in 

a near anesthetic dose and phenobarbital in a 
sedative dose do not support such a clonten- 
tion. Seither of these barbiturates exerted 
any protective action under coniditions which 
appear to be essentially i'dentical to those de- 
scribed by Luisada. Phienobarbital actually 
caused a significant increase in lung weight 
and the data suggest an increased mortality. 

ilnfihistaminics. Experiments conducted 
by Staclb':; indicate that epinephrine may 
cause the release of significant amounts of his- 
tamine in the body. If the toxic effects of 
large doses of epinephrine in rabbits are ac- 
centuated by histamine released from tissues, 
i t  would be expected that pretreatment with 
anti h is taminics would confer protection. 

The treatment with Pyranisamine (Nleoan- 
tergan maleate+), a potent and specific anti- 
histaminic did not prevent the increase of 
lung weight or reduce mortality due to epi- 
nephrine (Table I ) .  S-P-Dimethylaminopro- 
pylthiodiphenylamine.HC1 ( Phenergan, 32 77  
RP) t administered intravenouslv likewise af- 
forded no protection, although larger doses in- 
jected subcutaneously reduced mortalilty but 
did not decrease pulmonary edema. This sug- 
gests that death in rabbits due to epinephrine 
is not attributable solely to pulmonary edema, 
or that undetected decreases in degree of 
edema were sufficient to reduce mortality, 

These data do not confirm ithe results re- 
ported by Halpern et aL8 who found that the 
same large doses of Phenergan under essential- 
ly the same experimental conditions complete- 
ly protected rabbits from the toxic effects of 
epinephrine. ReuseJ4 using the same doses of 
Phenergan in guinea pigs, reported ,that this 
drug reduced mortality due to epinephrine, al- 
though the protection conferred by Phenergan 
was nat complete. H e  states that immediate- 
ly after epinephrine, the treated animals 
showed signs of respiratory embarrassment. 
While this suggests the presence of congestion 
and edema, no routine examinaition of the 
lungs was made. However, the lung weights 
of 3 such animals were somewhat above nor- 

13 Staub, H., Ezperientia, 1946, 2, 29. 
t Supplied tlrlrough the courtesy of Merclr and  

14 Reuse, J. J., Conipt. rend. SOC. d e  hid., 1948, 
Co., Rahway, N. J .  

142, 638. 
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mal, even at  2 hours aftler epinephrine. 
,4tropine. Various  author^^?^ have claimed 

that atropine protects against epinephrine- 
induced pulmonlary edema. Phenolic ethers 
of amino alcohols, possessing atropine-like 
properties as well as antihistamine and epi- 
nephrine blocking properties, are said to pro- 
t e ~ t . ~  On the ather hand, signlificant protec- 
tion by atropine has been deniedGJ" 

Table I shows that a large intravenous in- 
jection of atropine sulfate partially prevented 
{to a signiificant degree the increase of lung 
weight, Mortality was not significantly dje- 
creased probably because of the small num- 
ber of animals employeid. However, doses 
less than 5.0 mg/kg did not protect, and the 
dose necessary to confler protection was rela- 
tively large consildering the potency of the 
agent. In  addition, the protective effect of 
atropine is slight when compared to that pro- 
duced by the adrenergic blocking agents. 

I t  has been 
shown (that N- ( 2-bromloethyl) -N-ethyl-l-na- 
phthaIenemethy1amine.HBr (SY-28) is a po- 
tent adrenergic blocking agent,lG9l7 as well as 
one of {the most potent histaminle antagonis'ts 
known.16 A closely related compound, N- 
( 2 -c hlo rlolelthy 1 ) -N- ethyl b4enzhydr y lamine .HC1 
(SIT-2) is a specific adrenergic blocking 
agent.Is Both of these compounlds, in com- 
paratively small doses, prevented death and 
pulmonary edema due to epinephrine in rab- 
bits, as is shown in Table I. I t  is empha- 
sized that these were the only drugs studied 
which completlely protected the animals 
against the toxic effects of epinephrine. 

Other adrenergic blocking agents are capa- 
ble of reducing epinephrine-induced pulmon- 
ary edema. Rothlinl recently reputed that 
ergotamine had such properties. Dibenamine 
anld various other derivatives of P-chloroethyl- 
amine, benzyl-imidamline (Priscol ) land yo- 

Adrenergic blocking drugs. 

____- ___- - __ 
15 Rothlin, E., Beport  before Eleue?ith Intewm- 

tionui! Congress of Military ,Kedicinc nnd Phar. 
macy, Bade, June 2-7, 1947. 

IGLoew, E. R., and Micetich, A., J .  Plaarm. and 
Rxp. Therap., 1948, 94, 339. 

17 Stone, C. A., and Loem, E. R., J .  Plzarm. and 
Brp, Therap., 1948, 94, 350. 

18 h e w ,  E. R., and Micetich, A., Fed.  Proc., 
1947, 6, 351. 

himbine, when given orally, reduced the toxi- 
city of epinephrine injected intraperitoneally 
in rnice.l0 Under these conditions, the diox- 
an=, 883F and 933F, were ineffective follow- 
ing moderate doses in mice.1Q Presumably the 
protective action of most adrenergic blocking 
drugs in mice is due to the prevention of pul- 
monary edema since increased lung weighits 
were readily (demonstrable after epinephrine 
inje~t i0n. l~ 

We believe the data obtained from rabbits 
and herein presented and the findings reported 
for mice,1° ratsl1JcJ5 and rabbits,6 reveal 
clearly that pulmonary eldema and mortality 
following epinephrine administration are most 
effectively reduced by vasodilator drugs which 
are p hysiolog icaj ant ag onlis ts of epinephrine 
and by adrenergic blocking drugs which phar- 
macologically block exclitatory actions of epi- 
nephrine such as vasloconstriction and the re- 
sultani hypertension. 

A more direot examination of the acute 
hypertensive action of epinephrine, and of 
the pressures within pulmonary vessels and of 
the effect of drugs thereon would appear to be 
the most promising approach to elucidation of 
factors involved in epinephrine-inlduced pul- 
monary edema. Hamilton, Woodbury, and 
Vogt20 recorded pressure changes in the pul- 
monary artery and vein of the unanesthetized 
dog after large, but non-fatal, doses of epi- 
nephrine and observed a rise of pressure in! 
both. They (concluded that the increased pres- 
sures weredue to failure of lthe left ventricle as 
a result of the high arterial pressure. Further- 
more, direct observations of the heart by Auer 
anld Gates,4 Johrnson,21 and Barach, et aLZ2 
indicate that the left ven<tricle fails in the rab- 
bit as well. This suggests that a high pul- 
monary circulatory pressure prevails after tox- 
ic #doses of epinlephrine and could account for 
the rapid transudation of fluid into the lungs. 

S i m m a r y .  1. Pulmionary edema and mortali- 
ty induced in rabbits by intravenous injections 

19 Unpublished observations. 
20 Hamilton, W. F., Woodbury, R. A., and Vogt, 

21 Johnson, S., PROC'. SOC. EXP. BIOL. ~ S D  MED., 

22 Barach, A. L., Martin, J., and Eckinnii, M., 

E., Am. J. Phylsiob., 1938, 125, 130. 

1937-28, 25, 181. 

Ann. Iiit. LVed., 1938, 12, 754. 
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of epinephrine were completely prevented by 
comparatively small doses of adrenergic block- 
ing drugs. X- (2-bromo'ethyl) -&'-ethyl-l-naph- 
thalenemethy1amine.HBr (SY-28) and K- ( 2 -  
chloroethyl) - X - ethylbenzhyidrylamine.HC1 

2, Tt would appear unlikely that epinephrine 
toxicity and the pulmonary edema involved 
are importantly related to histamine release 
from tissues since the antihistaminics, Pyran- 
isamine (Seoantergan maleate) and I'hener- 
gan (3277  R P ) .  failed to prevent edema al- 

(SY-2). 

though large subcutan-eous doses of Phener- 
gan reduced mortality. 

3. The barbiturates, pentobarbital sodium 
and phenobarbital sodium did not decrease 
mortality or edema. 

4. The available evidence indicates that 
epinephrine toxicity is most readily reduced 
by vasodilator drugs which represent physio- 
logical antagonists, and by adrenergic block- 
ing drugs which are pharmacological antagon- 
ists of epinephrine. 

Rcccircrl Xpi.il 19, 1949. P.S.E.B.M., 1919, 71. 
- - _ ~  _ _  - - 

17105. Myelination of the Hypothalamus and Its Relation to Thermoregula- 
tion in the Hamster.* 

Correlation of the ability to regulate body 
temperature in a cold environmenlt with pro- 
gressive myelination of the hypothalamus has 
been previously demonstrated in albino rats.l 
The ability of rats to maintain body teniper- 
ature is acquired a t  ages ranging between 18 
and 30 days. The earlier literature indicat- 
ing that function of fiber tracts in the central 
nervous system may be dependent upon mye- 
lination of their component nerve fibers was 
briefly reviewed in a previous rep0rt.l 

In  (the present report the results of an in- 
vestigation of myelination in the hypothala- 
mus of the hamster and the development of its 
ability to regulate against cold are presented. 
The investigation seemed indicated in view of 
the fact that hamsters are more immature a t  
birth than rats. 

Methods and materials. Six litters of Syr- 
ian hamsters were used in the present study. 
Their body temperatures were recorded by 
means of a Brown electronic continuous record- 
ing potenltiometer and 'copper-constantan ther- 
mopiles. The thermopiles werle inserted into 

* Supported bp x grant frolll the Ofice of S a v a l  
~ ~ ~ - 

Research. 
3 Buchauan, A. R., and Hill, R. M., PRoe. R w .  

EXP. BIOTA. AND MED., 1947, 66, 602. 

the colons of the animals to a depth of 4-5 
cm. A\nirnals varying from 6-71 days of age 
were subjected to environmental temperatures 
of 58°C for periods varying from 30 minutes 
to 20 hours. After exposur,e the hamsters 
were anesthetized and perfused with 3%% 
potassium dichromate followed by Regaud's 
solution. The  brains were thlen removed, di- 
vided in thfe median sagittal plane and placed 
in 5% potassium dichromate where they re- 
mained for 10 days days a t  a temperature of 
37-39°C. After washing, dehydration, em- 
bedding: and sectioning a t  20 p they were 
stained according to the method of Ulett, DOW, 
and LarselL2 Sections were made in the para- 
sagittal plane to permit study of all areas of 
the hypothalamus (rostral, caudal and middle) 
in each section. Representative secltions from 
the lateral hypothcalami of all members of a 
given litter werle stained en masse and myelin 
was quantiftated by means of a Photovolt elec- 
tronic photometer as  previously described.l 
I n  only two instances, because of the difficul- 
ty in procuring large litters of hamsters, was 
a litter-mate control sacrificed with the ex- 
perimental animals. 

_I___ ~ _ _ _ ~  
2 Ulett, G., DOW, R. 5.) and Larsell, O., J .  Comp. 

Neur., 1944, SO, 1. 


