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posure to a given carcinogenic agent than is adult subcutaneous 
tissue in the “static state” of a fully developed rat exposed to a 
similar dose of the same agent. 

Thus, as in the case of epidermoid carcinoma produced by tar 
and sarcoma produced by the subcutaneous injection of dibenzan- 
thracene and benzpyrene, the age of the animal bears little or no 
relationship to the latent period in the production of sarcoma by 
subcutaneous injection of methylcholanthrene. 
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Meltzer and Auerl observed that epinephrine causes dilatation of 
the pupil much more readily after the corresponding superior cer- 
vical ganglion has been excised, in rabbits. By means of the “para- 
doxical” pupil reaction, Joseph and Meltzer2 demonstrated lilieration 
of epinephrine from the adrenals on stimulation of the splanchnic 
nerves. This was confirmed by E l l i ~ t t , ~  who found that dilatation 
of the pupil and retraction of the nictitating memlirane, resulting 
from electrical excitation of the splanchnic nerve, (lo not occur in 
the absence of the adrenals. 

Following these qualitative observations, Stewart and Iiogoff4 
employed the eye reactions (pupil dilatation, retraction of nictitating 
membrane and widenino of palpebral aperture), sensitized by cor- 
responding superior cervical ganglionectomy, for quantitative studies 
on the epinephrine output of the adrenals. A method of “auto- 
assay” was devised based upon reactions of the sensitized eye when 
adrenal vein blood was collected in a “cava pocket” for a given time 
and then released into the circulation. The intensity of the epine- 
phrine reactions was measured by intravenous injection5 of appro- 
priate amounts of epinephrine. 

In our experience with various biological test objects used for 
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detecting epinephrine, it \vas observed that sensitivity of the reagent 
usually increases in the course of an experiment. An increase of 5 
to 25 o r  more times may occLir af ter  the test object has been used 
for an hour or  two. This  is quite common with segments of rab- 
bit’s intestine and uterus. In earlier 1vot-k we observed increased 
sensitivity to epinephrine with the so-called “deiiervated” or  sensi- 
tized eye reactions Iiut not o f  such magnitude as was seen with in- 
testine segments. 

The present report wiII show that it is possible to increase sensi- 
tivity o i  tlie tlenervatetl e ~ - e  to  e1)inephrine to such a degree that the 
reactions can lie utilized for tletection of epinephrine in small amounts 
in 1)lootl-serum or  in saline d u t i o n s .  Quantitative estimation of 
the epinephrine concentration in the liquid can be made by com- 
paring the reactions ivith those oI)tained Iiy injection of epinephrine 
solutions of different concenti-atioii~. Up this method it \\ as fount1 
1)os4lile t o  detect. Ivith wrtainty, epinephrine in serum or in 
phy-iological saline solution in dilutions oi 1 :1OO.OOO.OL)O to  
1 :.iCO.OOO.OOO. Sometinies the sensitivity is not so great antl OC- 
casiona11)- an animal niay yield reactions with even higher dilutions. 

L’roccdurc. The method tlepencls upon further sensitizing tlie eye 
to  epine1)hrine after it has already been sensitized by superior cer- 
vical ::aiiglionectom~~. This  is acconiplishetl lip repeated injections 
o i  epinel)hrine in  amounts suflicient to elicit small but definite reac- 
tions. Cats \\-ere used .5 or  6 (lays to 2 iveeks after unilateral ex- 
cision of the superior cer\-ical ganglion. Sensitive reactions have 
I~eeii olitaitietl up to ahout a nioiith af ter  ganglionectomy. The  
animal i. anesthetized (urethane, 0.75 to 1.0 gni. per kg. lmody weight 
by stomach tuI:e). A portion o f  the femoral o r  external jugular 
vein i: exposed antl a loose ligature is adjusted to  facilitate injection 
into the I-ein. The  caroticl artery on the side of the sensitized eye 
is similarly l)reparetl. i l  syringe ivith a very small hypodermic 
needle is used for the injections. 

I<l)inephrine in saline solution is injected intravenously at  inter- 
vals of almit  5 minutes. \Vhen it is observed that the reacting 
structures are liecoming more sensitive the injections are made 
directly into the carotid artery on the side of the sensitized eye. T h e  
injections are repeated, as in the case o f  the intravenous injections, 
until $ensitivity of the rzacting structures is markedly increased. 
When this occurs the animal can be used for assay of a n  unkno\vn 
which contains an epinephrine concentration within the range of 
sensitivity of the test object. 

Quantities ranging from 0.1 cc. to 1.0 cc. of the epinephrine solu- 
tions are used. usually beginning with 0.25 cc., 0.5 cc. ant1 1.0 cc. 
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in the intravenous injections. I t  is rarely necessary to use more than 
0.5 cc. quantities in the carotid artery injections. Concentrations 
of epinephrine should be such as to yield small hut unequivocal reac- 
tions. In the beginning it usually requires about 0.5 CC. of 
1 :1,000,000 to 1 :2,000,000 to cause a distinct reaction when injected 
intravenously. At this stage reactions of the same intensity are 
produced by solutions of epinephrine 10 to 20 times as dilute, if 
injected into the carotid artery. A reaction obtained by injecting 
a given amount of epinephrine solution in a certain concentration is 
olitained with half that amount if tlie concentration is double or with 
double the amount if the concentration is half the original. 

A much greater increase in sensitivity is ultimately produced by 
direct injections into the carotid artery than by the intravenous in- 
jections. \\7itli injections of 0.2 cc. to 0.5 cc. quantities, epinephrine 
concentrations of 1 : 100,000,000 to 1 :200,000,000 commonly can 
be detected with certainty ; sometimes concentrations of 1 :300,000,- 
000 to 1 :500,000,000 have been detected and in one case definite 
reactions were olitained with solutions containing 1 :1,6Oo,OOO,OOO 
epinephrine. The maximum sensitivity lasts for a while ant1 then 
gradually diminishes. Quantitative determinations should be made 
as soon as tlie increase is large enough. They can lie repeated i f  
further increase in sensitivity occurs. 

Usually the iris is the most sensitive of the reacting structures. 
Sometimes, however, the nictitating mem1)rane reacts more readily 
and the widening of the palpehral aperture is also more definite than 
the pupil dilatation. This is often the case when the pupil is already 
considerably dilated before the epinephrine is injected. In a good 
reaction a!l of the structures participate. I t  should be remembered 
that substances other than epinephrine might occur in some blood 
specimens which may cause dilatation of the sensitized pupil. In 
this respect the intestine and uterus method is more reliable than the 
method under discussion. W e  have found, in one instance, that 
systemic Mood-serum obtained from an animal in poor condition 
and under asphyxia caused a small pupil reaction which, however, 
was not difficult to distinguish from a larger epinephrine reaction. 

The reaction to epinephrine in serum is the same as when the 
dilutions are made in saline solution. In case of intra-arterial in- 
jections the reactions occur in about 2 to 4 seconds; with intravenous 
injection they appear in about 6 to 15 seconds, according to the 
condition of the circulation in the animal. I t  is important that the 
rate of injection lie constant in all observations. Especially in case 
o i  the intra-arterial injections, is it necessary to avoid sudden in- 



jection since tlie sudden increase in pressure may result in a spurious 
dilatation of the pupil. On the other hand, if the injection is too 
slow the reaction may fail, particularly when working with high 
dilutions of epinephrine. It should be aimed to introduce the iiia- 
terial at about the same rate as that of the blood flow in the blood 
vessel. -4 mechanical device has been found useful for this purpose. 

We have compared the results of assay of epinephrine in  serum 
of adrenal vein blood and of systemic lAood to which epinephrine 
was added, using this method and the rabbit intestine method as em- 
ployed by Stewart and Iiogoff. The results obtained by the two 
methods compared remarkably we11 in practically every instance. 

Since it is known that the epinephrine in blood is contained in the 
plasma or serum,5 it is possible, by using serum for the tests, to study 
problems reIated to hyperepinephremia alleged to exist in various 
diseases. Any concentration of epinephrine found in tlie serum 
would correspond to about half that concentration in  the whole 
blood. Thus, the test object. \\-hen sensitized to the degree found 
possible in the present investigation, could detect epinephrine i n  the 
systemic circulation i f  li~perepineplireiiiia exists. Studies on the 
relation of the adrenals to hypertension and on the existence o i  cle- 
tectable quantities of epinephrine in the circulation are in progress. 
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In the past there has been no reference in the literature to tlie use 
of air instead of oxygen in the semi-portable type of basal metabo- 
limeters which are comnionly used clinically. Yet, obviously, there 
may be certain advantages to using air instead of oxygen in a clin- 
ical metabolimeter. An article describing an air-using machine has 
just been published in a South -1merican periodical by a doctor in 
Mexico City.‘ In certain parts of the world, oxygen is expensive 
and difficult to obtain. 

I t  has been definitely shown‘ that the oxygen tension of the air 
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