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high-altitude which did not become frankly
polycythemic.

Since adrenalectomy and hypophysectomy
did not abolish the ulcerogenic effect of trans-
fusion observed in our study, it seems unlikely
that a non-specific stress reaction, usually
thought to be mediated through the pituitary-
adrenal axis(9,10), accounts for the results
we observed.

It is possible that the relative circulatory
stasis present in the distended vasculature of
the polycythemic animals, similar to that dis-
cussed by Brooks(11) in studies on circula-
tory adjustments in human polycythemia
rubra vera, may diminish tissue resistance
sufficiently to allow ulceration even in the
absence of frank thrombosis and mucosal in-
farction. Alternatively, by allowing CO. to
accumulate in the gastric mucosa as a product
of cellular metabolism, stasis may predispose
to ulceration by increasing hydrochloric acid
secretion via the carbonic anhydrase-depend-
ent equilibrium: CO.+ H.O < H* 4 HCOy,
which may be the basic mechanism of gastric
acid secretion as recently demonstrated and
emphasized by Davies(12) and Janowitz(13).
The attractiveness of this latter speculation is
enhanced by the observation that ulcers in
patients with polycythemia rubra vera are
largely (90%) duodenal(2,3), a location that
has been most often associated with gastric
hypersecretion of acid(14).

These findings suggest an interesting paral-
lel between our experimental system and the
patient with polycythemia rubra vera and its
associated increased incidence of peptic ulcer.
Additional studies are in progress to deter-
mine whether gastric hypersecretion of acid
occurs secondary to the induced polycy-
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themia, as we have postulated, or whether, in
its absence, vascular factors alone may initi-
ate ulcer formation.

Summary. Induction of polycythemia by
repeated intravenous injections of homologous
erythrocytes produced gastric ulceration in 26
of 29 rats, including normal, adrenalecto-
mized, hypophysectomized, and sham-operated
animals. An experimental system has there-
fore been developed for the study of etiologic
factors which may parallel those leading to
development of peptic ulcers in patients with
polycythemia rubra vera.
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Effect of Norepinephrine and Epinephrine on Nonesterified Fatty Acid
Concentration in Plasma. (25039)

MicuagL C. ScHoTz AND IRVINE H. PAGE
Division of Research, Cleveland Clinic Fn., and Frank E. Bunts Educational Inst., Cleveland, O.

It has been suggested that the sympathetic
nervous system has a role in regulation of fat
transport(1). Fatty acids are transported in
plasma, partially in nonesterified form(2,3).

Their source in a fasting animal appears to be
adipose tissue(4-6). Injection of epinephrine
increases plasma nonesterified fatty acid
(NEFA) concentration(2,3,7) by enhancing
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FIG. 1. Effeet of epinephrine and norepinephrine
on concentrations of plasma NEFA (Curve 1) and
glucose (Curve 2). M, infusion period of epineph-
rine; [], infusion period of norepinephrine.
hydrolysis of triglycerides to fatty acids in
adipose tissue(8). Recently, it has been
shown that addition of norepinephrine, a
chemical mediator of sympathetic nerve end-
ings, to flasks containing epididymal adipose
tissue enhances hydrolysis of esterified fatty
acids(9). The present report demonstrates
that norepinephrine, as well as epinephrine,
when infused into dogs, raises plasma NEFA
concentration.

Method. Catheters were inserted in each
femoral vein of 4 mongrel dogs, weighing 11
to 13 kg and fasted 24 hours and anesthetized
with sodium pentobarbital. Solutions of
epinephrine or norepinephrine bitartrate in
0.85% sodium chloride, adjusted to pH 5 with
0.1 N HCI, were made just before starting the
infusion. A solution containing 10 pg base/
ml was infused through one of the catheters
at constant rate of 8.4 pg/min. for 10 minutes.
Blood samples were withdrawn from opposite
femoral vein 10 minutes before infusion was
begun, at beginning, and 10, 20, and 90 min-
utes after infusion was started. Five ml of
blood was immediately placed in a tube con-
taining 0.5 ml of 3.8% sodium citrate, and
the sample mixed and chilled in an ice bath.
Plasma obtained by centrifugation was ana-
lyzed for NEFA(10) and glucose(11). The
method of NEFA analysis excluded water-
soluble organic acids.

Results. The data from one typical experi-
ment are shown in Fig. 1. Infusion of epine-
phrine for 10 minutes increased initial plasma
NEFA concentration by about 35% ; followed
by a slight decline 10 minutes after infusion
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was stopped. Repeating the infusion of
epinephrine, in the same dog, gave essentially
the same result. However, infusion of nore-
pinephrine at the same concentration and rate
increased the initial NEFA concentration al-
most 2-fold at the end of 10 minute infusion
period; 10 minutes after infusion was stopped
the concentration decreased slightly, and
within 90 minutes it decreased considerably
but remained higher than the initial NEFA
concentration.

During infusion of epinephrine changes in
the glucose concentration of plasma paralleled
changes in NEFA concentration. In contrast,
norepinephrine produced little change in
plasma glucose concentrations although large
changes in NEFA concentrations were noted.

Similar results were obtained in 3 other ex-
periments. Reversal of the order of epine-
phrine and morepinephrine administration
had no effect.

Discussion. White and Engel(9) have
shown that both norepinephrine and epine-
phrine at same concentration stimulate hy-
drolysis of neutral fats to fatty acids to the
same extent in adipose tissue incubated in
vitro. Similar observations have been made
by us. Therefore, it would be expected that
infusion of epinephrine and norepinephrine
into animals would have the same effect on
plasma NEFA. However, in all 4 experi-
ments, the increase in NEFA was greater
when norepinephrine was infused. It is pos-
sible that the difference in response of plasma
NEFA is due to faster destruction of epine-
phrine, or to an inhibitory effect of increased
plasma glucose concentrations after infusion
of epinephrine on release of NEFA from adi-
pose tissue(5).

That infusion of norepinephrine and epine-
phrine produces an increase in plasma NEFA
concentration suggests that these compounds
may function as circulating hormones, acting
directly on adipose tissue to regulate fatty
acid mobilization. This suggestion is sub-
stantiated by the observation that adipose
tissue from adrenalectomized rats, incubated
in vitro, undergoes less hydrolysis of esterified
fatty acids. The fact that norepinephrine is
more effective than epinephrine is consistent
with the hypothesis that sympathetic nervous
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system is involved in regulation of fat trans-
port due to release of norepinephrine at nerve
endings in adipose tissue.

Summary. Concentrations of nonesterified
fatty acids and of glucose in plasma were de-
termined before and after infusion of epine-
phrine and norepinephrine into dogs. At the
same concentration and rate of infusion, nore-
pinephrine produced a greater increase in non-
esterified fatty acids.

AppExpuM: Since completion of this manuscript,
we found that Laurell, S, Christensson, B., Acta
Physiol. Scand., 1958, v44, 248 reported increased
plasma NEFA in human subjects following norepi-
nephrine injection.
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Periarteritis in Rats Given Single Injection of 4-Fluoro-10-methyl-1,2-

benzanthracene.*

(25040)
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Periarteritis nodosa has been recognized in
patients for almost a century(1), and an eti-
ology of hypersensitivity has been invoked
(2-4). Thus, the disease sometimes appears
to follow administration of foreign sera(4,5).
and similar lesions can be induced in experi-
mental animals by foreign proteins(6-11). A
number of clinical cases of periarteritis nodosa
have been ascribed to hypersensitivity reac-
tion to various drugs (i.e., sulfonamides(12)
and iodides(13)). Similar vascular lesions
have been induced in experimental animals
by a few compounds of low molecular weight.
Periarteritis was observed in rats and mon-
keys stressed by unilateral nephrectomy and
high salt diet and then given 9-fluoro- or 9-
chloro-2-methylcortisol (14-16). Anemic in-
farction of lungs was found in rats treated
with certain halogenated hydrocarbons such
as hexachlorotetrafluorobutane(17). In a

* This investigation was supported by grants from
Nat. Inst. Health, USP.H.S. and Alexander and
Margaret Stewart Trust Fund. Assistance of Stanley
Miczio is gratefully acknowledged.

study on carcinogenicity of various fluorinated
derivatives of 10-methyl-1,2-benzanthracene
(10-Me-BA) 1 all rats injected subcutaneously
with 2.14 mg of 4'-fluoro-10-Me-BA died
within 8 weeks. A marked degree of vascular
changes as found in lungs and kidneys, and
pulmonary lesions appeared to cause death.
Development of these lesions was followed in
a second series of rats, and data for the latter
experiment form the subject of this report.
Materials and Methods. Male adult albino
rats of Holtzman stock? with average initial
weight of 250 g were maintained in screen-
bottom cages in groups of 2 to 4 and were fed
Purina Laboratory Chow ed lib. Each rat
received a single subcutaneous injection of
0.2 ml of tricaprylin (previously dissolved in
petroleum ether and extracted with alkali to
remove traces of free acid) or 0.2 ml of tri-

{ Carcinogenicity studies are being made in collab-
oration with Dr. Melvin Newman of Ohio State
Univ., to whom we are indebted for hydrocarbons
used.

1 Holtzman Rat Co., Madison, Wis.



