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caused an absolute deficiency of glucagon it- 
self, a suppression of the hormone at source, 
wherever this may be. An absolute deficiency 
of a hormone is frequently reflected by an in- 
creased sensitivity to that hormone( 7). The 
exaggerated physiologic response to a small 
dose of glucagon fits in with an absolute 
deficit of this hormone produced by the drug. 
We have found by contrast that exposure to 
the drug causes no significant change in the 
body's responsiveness to insulin. This is also 
in contrast with the improvement in insulin 
sensitivity observed in obese diabetics after 
adequate dietary treatment alone( 7).  

The speed with which the glucose lowering 
effect of the drug is established (10 minutes) 
and reversed suggests reversible interplay of 
enzyme systems. The anatomical integrity 
of the alpha cells after 70 days of intensive 
exposure does not support the original claim 
of the German workers that the drug func- 
tions by destruction of the alpha cells. 

Conclusions. 1. A simple method for gaug- 
ing changes in the output of glucose by the 
liver has been described. Throughout post- 
absorption, there are present in hepatic ven- 
ous blood aperiodic fluctuations in glucose 
which are reflected throughout the major 
peripheral arterial tree. Under the influence 
of the drug, these fluctuations at both sites 
promptly disappear. The quantitated chang- 
ing: rate of outmt of ducose bv the liver after 

Orinase (33% fall in 10 minutes) is drastic. 
A small dose of glucagon by vein immediately 
reverses this trend with a return in exagger- 
ated form of the normal postabsorptive fluc- 
tuations. As a corollary one may infer that 
long use of the drug does not impair liver 
glycogen deposition. 2. It is suggested that 
the site of action of Orinase is proximal to the 
phosphorylase enzyme systems and takes the 
form of a suppression of glucagon production 
at  source with a resulting reduction of glucose 
output by the liver. After 70 days of inten- 
sive exposure to the drug in the normal dog, 
acute signs and symptoms of toxicity are pres- 
ent but no histopathologic changes in the 
liver, kidneys, thyroid, adrends or pancreas 
(including alpha-beta cell ratios). 3. No evi- 
dence was found to suggest that the drug 
works by destruction of the alpha cells of the 
pancreas. 
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Discussions of anaphylaxis generally em- 
phasize the differences in reactions in various 
species of animals. However, Burrage and 
Irwin, by direct microscopic observation of 
the living pulmonary circulation, have shown 
a marked similarity in changes occurlring 
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during anaphylaxis in the rabbit and the 
guinea pig ( 1). They noted pulmonary con- 
striction, clumping of red cells and emboliza- 
tion in both species. This article will describe 
pulmonary vascular changes in the mouse 
during anaphylactic shock. The methods em- 
ployed in observing pulmonary circulation 
were essentially the same as those of Burrage 
and Irwin ( 1 ) . 
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TABLE I. Pulmonary Vascular Reactions in Pertussis-Inoculated Horse Seruni-Sensitized 
Mice R f  tcr Clinlleiige Doses of Horse Serum. 

S o .  of mice S o .  of mice 
reacting” with emboli %. 

Xice cliallenged /Total S o .  /Total KO. sholnng 
Mice seiisitizcd with wit h clialleiigcd reacting reacting emboli 

.03 1111 horse serum, i.p. 

i.1). 

.1 nil pertussis racciiie + .2 1111 horse scruiii, 37/53 TO 19/37 51 

.1 1111 pertussis ~acc ine ,  I d c  1)1 0/15 0 0 0 
i.r. 

* Arteriolar constriction, cluniping of red cells, or enibolization. 

Jlatcrials and methods. Female micet 
weighing 17 to 25 g were sensitized by intra- 
peritoneal injection of 0.1 ml of HernoPhilus 
pertussis vaccine and 0.05 ml of horse serum. 
Challenge doses of horse serum (0.2 ml) were 
administered 10 to 20 days later via the intra- 
venous rotte. Ability of H .  pertussis to in- 
crease sensitivity of mice to active or passive 
anaphylaxis has been well established( 2-4). 
The lung was exposed in the following man- 
ner: the animals were anesthetized with tail 
vein injections of 50-60 mg,’kg of pentobar- 
bital sodium: the 2 7  gauge needle employed 
for injecting the anesthetic was not removed 
from the vein and additional amounts of pen- 
tobarbital sodium were administered when- 
ever necessary: a tracheotomy was per- 
formed and a 20 gauge needle was inserted; 
the needle did not fill the tracheal lumen thus 
allowing gases returning from the lung to es- 
cape through the opening in the trachea as 
well as through the animal’s nose and mouth; 
the flow of oxygen was adjusted until respira- 
tory movements ceased: the mouse was then 
turned to the left lateral position and tied 
down securely to the animal board: an in- 
cision was made at  the level of the siphoid 
process extending from vertebral column to 
the costal angle: vessels were ligated and mus- 
cles were divided down to the thoracic cage; 
a small puncture was made between fourth 
and fifth ribs into the pleural cavity and oxy- 
gen flow was adjusted so that minimal col- 
lapse of the lung occurred: the initial punc- 
ture wound was then extended dorsally to the 
sacrospinalis group of muscles, and the fourth 
rib was ligated and excised exposing the mid- 
dle lobe of the lung. The oxygen flow was 

t From Tumblebrook and Carworth Farms. 

then increased in order to allow the lung to 
expand and fill the thoracic cage. Only a 
minimal amount of blood should be lost in 
this whole procedure. Following exposure of 
the lung, the animal was placed on a stand 
and the edge of the lung was transilluminated 
by the quartz rod method of Knisely(5). 
Light from a 500 watt projection bulb was 
transmitted through a fused quartz rod simi- 
lar to the one described by Hoerr (6) .  Ringer 
solution at  38°C flowed out from the tip of 
the rod and the edge of the lung rested on this 
stream of Ringers. bkroscopic observations 
were made through a Leitz binocular stereo- 
scopic microscope using a 1 2 5  lens and 12X 
wide field oculars. The microscope was 
mounted on a special adjustable stand (Amer- 
ican Optical) and motion pictures were taken 
with a Cine Kodak Special camera mounted 
on an adjustable tripod. 

Results. Pulmonary blood flow was noted 
before and after an intravenous challenge 
dose of horse serum. The data in Table I 
list the observed changes. Of 53 sensitized 
mice, 3 7 (70%) showed at  least one of the 
following phenomena after the challenge dose 
of horse serum: (a)  sludge (clumping of the 
red cells) ; (b) arteriolar constriction; and 
(c) embolization. Embolization occurred in 
19 (51%) of the reacting mice. In most 
cases the emboli were small and multiple, but 
in 5 instances a large single embolus which 
filled the lumen of a 50-1 50 mp pulmonary 
arteriole was seen to shoot by. We were for- 
tunate enough to obtain a film of one of these 
large emboli. Of 1 5  non-sensitized mice, i.e. 
mice injected with only pertussis vaccine, 
none showed any of the changes which were 
observed in sensitized animals after challenge 

- 
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doses of horse serum. I t  seems unlikely that 
the emboli observed in sensitized mice were 
air bubbles. Air emboli were observed in mice 
injected via the tail veins with saline contain- 
ing air bubbles. Air emboli have thick, 
clearly visible refractile outer boundaries. In 
contrast. the outer edge of the embolus seen 
in anaphylactic animals was not a t  all dis- 
tinct. In addition, air emboli were visible 
in the pulmonary circulation immediately 
after the injection of an air bubble into the 
tail vein. The emboli in anaphylactic mice 
did not appear until a few minutes after the 
challenge dose of antigen had been adminis- 
tered. 

It should be mentioned that in the majority 
of cases administration of challenge doses of 
horse serum was not followed by death of the 
animal. 1-asoconstriction, embolization and 
sludge were observed, but conditions returned 
to normal in a few minutes. In contrast, chal- 
lenge doses of horse serum invariably killed 
80 to 100% of pertussis-inoculated horse se- 
rum sensitized mice which were not subjected 
to the procedures of anesthesia, exposure of 
the lung and oxygen insufflation. It seems 
likely that the combination of anesthetic and 
oxygen had a protective effect in mouse ana- 
p hylaxis. 

Discussion. Our observations of pulmonary 
vascular changes in mice during anaphylactic 
shock are very similar to the observations in 
rabbits and guinea pigs reported by Burrage 

and Irwin ( 1 ) . Our results are also consistent 
with those of McMaster and Kruse(7) who 
described vascular changes in the ears of mice 
during anaphylaxis. The latter noted vascu- 
lar spasm, clumping of cells and plasma skim- 
ming. I t  is possible that the pulmonary phe- 
nomena observed during mouse anaphylaxis 
account for the symptoms observed in the in- 
tact animal, namely cyanosis and respiratory 
embarrassment. At present the nature of the 
pulmonary emboli which have been seen is 
unknown. Our current hypothesis is that 
they are clumps of leucocytes sticking to an 
antigen-antibody precipitate. 

Summary. Ar'teriolar constriction, clump- 
ing of red cells, and embolization have been 
noted in the pulmonary circulation of mice 
during anaphylactic shock. 

We are indebted to Dr. Melvin H. Knisely for his 
encouragement and his many helpful suggestions. 
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The delineation of Ithe specific amino acid, 
salt and vitamin requimrements of a mouse 
fibroblast (strain L)  and of a human car- 
cinoma (strain HeLa) (1-6) has permitted the 

continuous propagation of these cells in a 
medium containing only demonstrably essen- 
tial growth factors, in which the omission of a 
single amino acid or vitamin, of glucose or 

cer Institute of N.I.H., US. Public Health Service. ported the successful isolation and propaga- 




