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3 of the animals received a third infusion 
directly into the portal vein by the angios- 
tomy technic, and the volume of fluid neces- 
sary to make the animal vomit was recorded. 
Some of the animals received more than one 
test involving a single method of infusion. 

Results and discussion. A comparison of 
the tolerance of animals to glutamic acid ad- 
ministered either intravenously or directly 
into the portal system is presented in Table I. 
Nore glutamic acid could be administered into 
the portal system without the animals vomit- 
ing than could be given into the peripheral 
venous circulation. In a single case (Dog 2 )  
the glutamic acid solution was injected into 
an intestinal vein isolated under local anes- 
thesia and a greater tolerance was found for 
the amino acid when given in this manner 
than when administered into one of the leg 
veins. 

Since there was no constant difference in 
either the blood amino acid nitrogen or the 
urea plus ammonia nitrogen dependent on 
the route of administration these data will not 
be presented. Also there was no level of blood 
amino acid nitrogen following the glutamic 
acid infusion which was uniformly associated 
with vomiting. 

This work was initiated on the assumption 
that free glutamic acid could be partially de- 
stroyed or removed by passage through the 
liver. Thus if an infusion of this amino acid 
were permitted to pass first into the liver it 
should be better tolerated than if it were 

given into a peripheral vein. The present 
study supports this view. The vomiting which 
followed the intraportal infusions may signi- 
fy that the capacity of the liver to remove 
this substance is exceeded. Friedberg and 
Greenberg have reported the partition of 
amino acid nitrogen among the various tissues 
of the rat 15 minutes after the intravenous 
administration of glutamic acid. They found 
that the amino acid is slowly cleared from 
the plasma and at  the same time the cuncen- 
tration of the amino acid nitrogen in the liver 
approached a control value. This could be 
interpreted as showing that free glutamic 
acid is rapidly being destroyed or conjugated 
in the liver. 

A method is 
p r s e n t d  by which the spleen may be readily 
transplanted subcutaneously in dogs and used 
for intraportal infusions. 

Dogs could tolerate more glutamic acid 
solution without vomiting when it was given 
either intrasplenically or directly into the 
portal vein by using the angiostomy technic, 
as compared to the peripheral venous adminis- 
tration. 

The increased tolerance to glutamic acid 
solution when given intraportally is attributed 
to the direct passage of these amino acids to 
the liver where they may be removed from the 
circulation. 

Summary and conclusions. 

-- -- ___ 
j Friedberg, I!’., and Greenberg, D. Y., J .  Biol. 
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TABLE I. 
Effect on Organ Weights* of Exposure t o  Stress Under a 15% Partial Pressure of Carbon Dioxide. 

Adrends Spleeu Thymus Lymph nodes 
Group Trea tmcnt (mg) (mg) (mg) (mg) 

-- 
9.1 f 1.1 

I1 Spinal cord transection 17.9 f 2.5 472.9 f 72.9 160.4 f 9.6 5.7 2 0.7 

I11 Immobihaahon 13.9 2 1.7 274.6 f 48.4 136.1 f 8.9 6.4 f 1.6 

8.9 2 1.6 IV Spinal cord transection 11.6 f 1.0 539.1 f 102.8 127.5 * 16.1 

I None 9.3 f 1.1 731.6 f 41.9 167.6 2 14 

+ I!% c p 2  

+ 15% COf 

+ normal COX 

+ normal COP 
T Iuimobiliration 15.4 2 2.9 414.0 f 41.9 95.3 f 13.8 7.2 f 0.4 

1'1 15% CO2 without ot.her 16.1 f 1.1 645.1 f 250 149.0 f 32.4 10.1 2 1.1 
form of stress 

- ~ __- 
The uican organ weights are expressed per 100 g of final body weight. 

cortex previously observed to follow acute or 
chronic exposure to decreased barometric pres- 
sure alone."ls These investigators according- 
ly suggest that the stimulus responsible for 
the aderenal response during anoxia, is the 
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alkaline shift of the acidLbase balance which 
results from hyperventilation and the follow- 
ing acapnia.'S The object of this study was 
to examine whether this mechanism, i.e. alka- 
h i s ,  represents a necesary factor to the initi- 
ation of the alarm-reactionm or whether it is 
to be considered as but one form of non-spe- 
cific stress. 

Experimental. Forty-eight male albino 
rats of the Wistar strain weighing between 120 
and 140 g at the onset of the experiment were 
subdivided into 6 groups of 8 animals. All 
experimental groups were fasted for the dura- 
tion of the exposure. Group I received) no 
treatment and served as a normal control 
group. Groups I1 and I11 were submitted 
respectively, under a 15% partial pressure of 
carbon dioxide, to 2 different forms of dress: 
spinal cord transection for Group I1 and1 im- 
mobilization on a board for Group 111, both 
usually giving a well marked response within 
24 hoo~rs.2~-~3 Groups IV and V, which 
served as experimental conltrols, were exposed 
to the same types of stress under normal at- 
mospheric conditions, while the animals of 
Group VI were subjected, without any addi- 
tional alarming agent, to the elevated (15%) 
carbon dioxide tension. 

A well ventilated decompression chamber 
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TABLE; 11. 
Probability That the Differelice Between Mean Organ Weights Shown in Table I Might Have 

Occurred by Chance (I?).* 
Group 11-1 11-IV 111-T 111-V IV-I v-I VI-I 

-4drenals <.01 <.05 <.OS >.2@t >.lot <.05 <.01 
Spleen <.Ol >.2ot <.01 >.2ot >.lot <.Ol <.Ol 

Lymph Nodes <.Ol >.lot <.02 <.05 < .02 >.lot >.20 t 

- ___ 

Thymus >.20t >.lot <.Ol <.05 <.05 <.05 <.03 
-- __ - - 

* From Fisher’s table of T values. 
t Difference not st:itistirally significant. 

of the R.C.A.F. standard model was used for 
maintaining a constant composition of the at- 
mosphere, namely, COZ, 15%: 02, 19%: Nz, 
6670 at  a pressure of 760 iiini HG. and under 
normal hygrometric conditions. Samples of 
the gaseous mixture were analyzed at intervals 
by the Haldane method. The animals were 
killed after 38 hours by exposure and the 
adrenals, spleen, thymus and pelvic lymph 
nodes were weighed in the fresh state and 
histologically examined. 

The results are summarized in 
Table T. The probability of a chance occur- 
rence of the differences in the means of the 
experimental groups (11, I11 and VI) from 
those of the normal control group ( T )  and 
the experimental control groups (I\- and V ) ,  
is indicated in Table IT, in which we have 
taken as significant those differences for which 
the probability of occurrence by chance is not 
greater than 0.05. An increase in the weight 
of the adrenal glands is evident in both ex- 
perimental and experimental control groups. 
In all but Group IV, this increase represents a 
significant deviation from the untreated con- 
trol group. Conversely, the spleen, thymus 
and pelvic lymph nodes show in most groups, 
a significant decrease in weight which roughly 
parallels the increase in adrenal weight. The 
organ weights of Groups I1 and 111, which 
were exposed to stress under a 15% pressure 
of carbon dioxide, are not sign8ificantly dif- 
ferent from those of Groups IV and V which 
were submitted to the same damaging agents 
under normal atmospheric conditions. The 

ResuEts. 

adrenal hypertrophy and the splenic and 
thymic involution of Group VI which was ex- 
posed ‘to 15% carbon dioxide without addi- 
tional damaging agent, are significant. The 
histological examination of the organs revealed 
in all but Group I various degrees of lipid de- 
pletion in the coxtex of the adrenals and1 of 
nuclear pyknosis in the lymphatic organs. 
These changesi have been repeatedly described 
in connection with exposure to any non-spec 
cific damaging 

Conclusion. Our results disprove the pos- 
sibility that an alkaline shift of the acid-base 
balance is the necessary prerequisite for the 
development of the alarm-reaction, as the 
response of the organs (adrenals, spleen, thy- 
mus and lymph nodes) was of the same order 
in animals submitted to high and normal car- 
bon dioxide tensions. The adrenal cortical: 
hyperplasia as well as lymphatic tissue involu- 
tion of the animals exposed, without other 
change in their environment, to a high car- 
bon dioxide atmospheric tension, imply that 
this factor is in itself an alarming stimulus, 
perhaps through its action on the acid-base 
balance of the bloodiz 

This work was subsidized by a grant from the 
Commonwealth Fund of New York. The author is 
also indebted t o  Drs. L. Brouha, L. P. Dugal and 
A. Desmarais of tho Institnt d’Hygi&ne et de 
Biologic hunininr, Unirersitb Laval, for the use 
of their decompression chamber. 

24 Selye, Hans, J .  Clin. E&crinol., 1996, 6, 117. 
25Waud, R. A., Tr. Roy.  800. Canada, Sect. V, 

Siol. Sc., 1944, 38, 103. 




