
AMMONIUM ION AND PATHOGENESIS PULMONARY EDEMA 42 1 

nitude od change. 
Bipolar reghat ion,  shifting of electrodes, 

use of needle electrodes or coupling of 2 to 
8 felectrodles did not yield any essential im+ 
provemenlt. The changes in the records from 
the base of the skull were silmilhr to those ab- 
served from the cortical area. 

In  4 leqeriments with morphine an adidi- 
tilonzl decrease occurred !to some extent on 
the application of the pain stimulus. Further 
tests were not madfe because pain andl m r -  
phinde2 Itend to produce both flattening of ithe 
middle range of waves which makes reliable 

2 Gibbs, F. A.; and Maltby, G. L., J .  Pharm. and 
E x p .  Therap., 1943, 78, 1. 

interpretation of experimental data practically 
impossible. 

Summary. The possibility of E.E.G. regis- 
tration of pain was examined’ in 17 human 
subjects. A decrease in amplitude of the waves 
was observed, which was more evid<ent in the 
parietal, occipital, temporail and frontal in a 
d(escending order. This change, however, is 
nolt dependent on the mture and degree of pain 
and i t  is not specific as it occurred with cold, 
heat and touch as well. 

We desire to acknowledge the assistance of DP. 
F. A. Gibbs and Mrs. E. L. Gibbs in  certain as- 
pects of this study. 
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Experimental Pulmonary Edema. 11. Pathogenesis of Pulmonary Edema 
Caused by Ammonium Ion.” (17455) 

EATON M. MACMAY, MAXY D. JORDAN AND LOIS L. MACKAY 
From The Scripps Metabollic CEinic, La Jolla, Ca?ifornia. 

Koenig and Koenigl have dlexsbed an 
acute pulmonary edema falllowing the aidminis- 
tration of amlmonium salts to different specils. 
I t  appears lto be specifically a result of the 
ammonium ion. The occurrencte anld gross 
appearance of this edema resembles epineph- 
rine induced pulmonary edema and in an 
efflolrt tmo obtain ilnfloi-mation a b u t  the mechan- 
ism of the ammonium pathiollolgy a study has 
been made of its relation to edema due to 
epinephrine and adrenergic stimuli. 

Experimental. Epinephlrine induced pul- 
monary edema may cbe prevented by adrener- 
gic ‘blocking agen ts.213 Their influenfce was 
observed upon ammlonium piulrnonary edema. 
Unfastled guinea pigs were divilded: into groups 
with the same sex distributlion. All groups 

* This study was supported by a grant from the 
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were lightly etherized to pass a sitomach tube. 
Group 1, the controls, were given a sham dlose 
of 10 cc water per kg body weight. All other 
gnoups received 1200 m g k g  off a 12% solu- 
tion of NH4Cl by oral gavage. Ten minutes 
befrore receiving the ammonium salt groups 3, 
4 and 5 respectivlely rEeived by inltraveinous 
injection1 in 1 cc salinefig; 2 mg/kg of a B- 
haloethylamine, N- (9-fluorenyl) -N-ethy1-B- 
chI~oooethylamine-HlCl (“SKF-501”) ; 2.5 mg/ 
kg N- ( 2-lchloroethyl) -IN-ethylbenzhydryla- 
mine-HC1 (“SY-Z7’), which like “SKF-501” is 
an effective adrenergic blocking agent; and 1.5 
mig/kg of the potent amtihistaminic N-B-ldi- 
met3iylaminopro~yl thi~~iph,~nyla~n~ - HC1 
(“Phenergilir~~~, 3277 R.P.). The presence of 
pu1nmnax-y d e m a  was determined at  an! autop- 
sy by gross inspmtilon and lung weight was 
used as a measure of its extent. 

The summarized data comprise Table I. 
Group 1 was killed with ebher while all of the 
anlimals in the other groiups succumbed with 
convulsions 5-30 minutes after receiving the 
ammonium salt. The two adrenergic block- 
ing agenlts and the antihistaminic all were 
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TABLE I. 
Prevention of Ammonium Chloride Pulmonary Edema in Guinea Pigs with Adrenergic 

Blocking Agents. 

S o .  of animals 
il-'\ 

Group In group With edema Avg body wt, g Lung wt: g/100 g body wt 

Controls 
1 18 0 736 0.69 2 .ll 

1200 mg NH,Cl/kg 
2 24 24 680 1.50 & .21 

1200 mg KH4Cl/kg preceded by 2 mg/kg of N- (9-fluorenyl) -N-ethyl-B-chlorethylamine" 
3 18 0 645 0.71 2 .11 

1200 mg NH,Cl/kg preceded by 2.5 mg/kg N- (2-chloroethyl) -N-ethylbenzhydrylamine HClt 
4 12 0 685 0.65 .15 

1200 mg NH,Cl/kg preceded by 1.5 mg/kg N-B-dimethylaminopropylthiodiphenylamine HC1$ 
5 1 2  11 676 1.40 .25 

* W e  are indebted to  Dr. Glenn E. 'C'llyot, of Smith, Kline and French in Philadelphia f o r  

t Dr. Leon A. Sweet of Parke, Davis and Co., Detroit, Mich., sent this material (SY-2) to us. 
a supply of this compound (SKF-501). 

$ (Phenergan, 3277 R.P.) supplied through 
Director, Merck and Co., Rahwap, N. J. 

without >influence upon mortality. Since both 
of the adrenergic blocking agents completely 
prevented the ammonium edema but not the 
mortality, we may conclude that pulmonary 
edema need not be the cause of death from 
toxic doses of ammonium salts. The anthista- 
minic was without effect on the ammonium 
edema, which in this respect resembles the 
fulminating pulmonary edema due to epineph- 
r i m 2  

Epinephrineindiced pulmonary edema ap- 
pears to be due to' increased pulmonary pres- 
sure whiclh it produces2 possibly not directly, 
even thlough the vascular tree of the lungs is 
richly supplied with sympathetic fibres, but 
as a result of the high systemic arterial pres- 
sures. The complete protmtion against epi- 
nephrine edema afflorded by adfrmergic block- 
ing ~drmgs~:~ which phar;mamlogically block 
excitatory actions o f  epinephgrine such as v m -  
constriction, is allso true of the ammon8ium 
edema which suggests that the latter might also 
result from adrenergic stimuli. Some years 
ago we suggested4 that the pulmonary edema 
of experimental hypoglycemia might bbe due to 
the release of epinephrine by tlhe adrenal me- 
dulla. If this were true, m$edullectomy of the 

the courtesy of Dr. A. Gibson, Assoc. Medical 

adrenal in the rat, where this procedure is 
feasiblle, mul~d affect the devtehpment of the 
ammonium edema. We tried to test this 
but were unablle to produce this type of pul- 
monary ediema in our rats ( S h a k e r  Strain5). 
Groups of 6 rats each hnd lung weights of 
0.53 t .06 g/100 g body weight (controls), 
0.55 t .07 g/ lW g #body weight (normals re- 
lceiving 0.4 cc 10% NH4Cl/1CKT g body weight 
intraperitoneally) and 0.48 t .09 g/lW g 
body w'eight (demedulllectomized rats receiv- 
ing the same dose of NH,CP), respectively. 
This was equivalent to the dose of amimmium 
salt used by the Koenigs to produce edema. 
in their rats. Nor could we produce p d m n -  
ary (edema in the rat with ammonium salts 
whatever the dlose when given per os as well 
as intraperitoneally. This 2s additional evi- 
dence thbat mortality from ammonium salts is 
nlot nexxssarily a result of the pulmonary 
edlema. which they frequently cause, since our 
rats all died. The same thing was true in 
albino mice of an unknown strain. We also 
are in disagreelmnt with the Koenigs as to 
thte action of ammonium salits in the rabbit. 
They found nlo edema. We regularly found 
lung edema after the administration of am- 

4 Sherrill, J. W., and MacKay, E. M., Arch. Int.  
iuea., 1939: 164, 907. 

oMacKay, L. L., and MacKay, E. M., Am. J .  
Physiol., 1927, 83, 179. 
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TABLE 11. 
Influence of Ammonium Chloride on Blood Sugar. 

Average blood sugar concentration-mg 70 * 
f \ 

1 2 3 t  4$ 
NH4Cl preceded NH,Cl preceded by 

Time in min. Controls NH4Cl by “ SKP-501”  tetraethylammonium 

0 112 132 
1 0  116 216 
17 118 
20 
22 272 
24 120 296 

140 
224 
208 
260 
256 
272 

136 
206 

220 
2 44 
282 

* 3 unfasted guinea pigs in each group. 
t Doses of NH4C1 and ‘ ‘ SKF-501 ’ as in Table I. 
3 Dose of tetraethylammonium bromide 1 0  mg/kg subcutaneously. 

monium chliolride and it was prevented ‘by the 
adrenlergic blolckiing agents. The control lungs 
always appeared much more edematous than 
their weighit would, indicate. We have oftlen 
noted a disprolpdon between1 the extent of 
edema and the amlount of fluid1 which1 collected 
in the alveoli and brmahioles. Groups of 
flour 2 kg rabbits were given 1.25 g/kg of 
25% NH4C1 by stomach tube. Two groups 
were given the Iblocking agents in thle same 
dose used in1 tlhe guinea pig experimmts. The 
lungs of Group 1 (controls) averaged 0.46 g, 
Group 2 (NH4Cl treatled) 0.71 g, Group 3 
(NH4Cl preceded by “SKF-SOl”, see Group 
3, Table I) 0.45 g and Group 4 (NH4Cl 
preceded by “SY-Z”, see Grolup 4, Table I) 
0.42 g/100 g body weight, respectively. There 
was no edema except in! the lungs of Group 2. 

Amrnonium salts might exert an adrenergic 
effect by dlirect action on sympathetic nlerve 
endings, or by direct or reflex central stimula- 
tion. Ammonia has long been known as a most 
effective means of stimulating the brain me- 
dulla reflexlyG anld in adldiition >to lung edema, 
the Koenigs have flound pathology resulting 
from fatal doses of ammonium sallts. Hyp- 
notics have )been claimed to prevent lung edema 
due to e~inephcrine.~ Ethyl ether produces an 
anesthesia characterized by complete paralysis 
of the motor rjeflex ceeters in thle cord and 
some depression, wf ‘the medullary centers. 
When our animals were continued under a 
deep ethler anesthesia in place of stopping the 

GSollman, T., A Manual of Pharmacology, 3rd 
ed., p. 859, W. B. Saunders Co., Philadelphia, 1928. 

7 Luisada, A., Arch. Exp. Path., 1928, 132, 313. 

anesbhetic after the light etherization used for 
gavage lto give the amrnolnlilum chloride, they 
lived as long as similar un>anlesthetiaed cm- 
trols and died withiout the usual convulsions 
typical of toxic doses of ammonium salts. 
Pulmonary edlema was always absent. The 
average lung weight of 4 etherized ammonium 
chloriide pigs wasl 0.57 in comparison with 1.34 
g/lOO g M y  weight for a similar group of 
non-etherized NHLC1 contrails. We interpret 
this as evidence in favor od the ammoaium-in- 
duced pulmonary edema being a result of re- 
flex or direct stimulation of the medullary 
centers which( rlesults in, an outflow of exces- 
sive adrenergic stimuli. The stimuli do not 
necessarily act on the pulmonary circulation 
primarily but as in epinephrine pulmonary 
edema3 may produce left heart failure with an 
increased pulmolntary venous pressure and the 
inevita’ble edema. 

The administration of ammoniulm chloride 
Gauses a marked hyperglycemia which might 
ibe interpreted as due to8 a release of epineph- 
rine by the adrenal mledulla. However am+ 
monium salts have been r e p ~ r t d ~ ~ ~  to have 
no effect on adrenzl release of epieephrine andl 
they may induce a hyp’erglycemia in adrend- 
wtomized rabbits.1° Wle have found (Table 
11) lthat neither an ladrenergic blocking agent 
nor tetraethlammonium which blocks the re- 
lease of epinephrine by the adsrenal medullall 
influeaces the hyperglycemia due to ammoni- 

rend. Soc. biol., 1925, 93: 1156. 
8 Houssay, B. A., and Molinelli, E. A., Cornpt. 

9 Shoji, J., Tohohu J .  Exp. Med., 1937, 30, 259. 
10 Satake, P., Tohoku J .  E x p .  Med., 1926, 8, 26. 
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um salts in guinea pigs and conclude that the 
carbohydrate disturbance is not directly re- 
lated to  the mechanism of the pulmonary 
edema. 

Summary 1. The  acute pulmonary edema 
which follows the administration of ammon- 
ium salts to guinea pigs may be entirely pre- 
vented by pri'or administration of the adren- 
ergic blocking agents, S- (9-fluorenyl) -N- 
ethyl-B-chloroe thylamin e-HC1 ("SKF- 50 1 ' I )  

and K- ( 2-chloroethyl) -S-ethyl-~benzhydryla- 
mine-HC1 ("SY-2"). Less marked lung 
edema is produced in rabbits by ammonium 
chloride and it is also prevented by the block- 
ing agents. 

2. A potent antihistaminic agent, S - B -  
diimethylamino-propylthiodiphenylamine- HCl 
("Phenergan-3277 R.P."), was without [effect 
on the incidence of ammonium pulmonary 
edema, which in this respect as well as the 
manner it is influenced by adrenergic block- 
ing agenlts, resembles epinephrine-induced 
p ulimona r y edema . 

3. A central nervous system depressant in 
the form of conltinluous ether anesthesia pre- 
vents the occurrence of arnmonlium pulmonary 
edema. Along with thse effect of adrenergic 
(blocking agents this is construed as evidence 

11 Morrison, J. L., aird Fari,;i L'. ('. H., ~ ' R O C .  K O ~ ~ .  
--- ___---- -- 

EXP. BTcI,. ,4s11 l t s u . ,  1949, 51, 23.3. 

for the. mlechanism of this edlema being due 
to adr'energic stimuli of reflex or direct central 
stimulation origin. 

4. ,Ammonium salts cause a striking hyper- 
glycemia. Sin'ce adrenergic blocking agents of 
the type used as well as tetraebhylamonium: 
which blocks epinephrine release by the adren- 
al medulla fail to prevent the hyperglycmia 
response it is believed that ammlon3um hyper- 
glyceniia is not directly related to thle edema 
formation. 

5. Although puhonary  edema sometimes 
may be the cause of death frtolm toxic doses of 
ammonium salts, this is not true in the 
Slonaker strain of rats or our strain of albino 
mice bo'th of which fail tlo develop edema. Nor 
is this the cause of death in guinea pigs or 
rabbits when an  adrenergic blocking agent is 
used to prevent the edema, as thse animals 
succumb as a result of other effects olf the 
ammlonium ion. 

Addeiidurn : When this manuscript was ready for 
submissicn to the Editors, an artiele by the 
Koenigs (Koenig, H., and Koenig, R., Am. J. 
Physiol., 1949, 158; 1) on  the pathogenesis of 
ammonium pulmonary edema appeared. Insofar 
: is  our obscrv:itions are similar: the conclusions are 
para1lL 1. 
__ -_____ ~- _________ 
K w r i u d  Scl't. 30, 1949. P.S.E.B.M., 1949, 78. 

Effect of Adrenal Cortical Extract and of X-Radiation on Serum Proteins 
of Mice. (174586) 

It has been reported previously fr'om this 
laboratory that chronic injections of pituitary 
adrenotlrophlic hlormone in mice prolduced an  

* Research Fellow, Dcpartiiient of 111teni:tl 
Medicine, Yale Univei.sity School of Mrdicinv, 
New Raven, 1946-4'7 ; present address, I)cp:i~t- 
ment of Internal Medicine, Hitclicock Clinic, 
Hanorer, N. H. 

t Present address: School of Medicine, Univer- 
sity of California a t  Los Angeies, IJOS Angelcs, 
Calif. 

increase in the total serum pr0teins.l More- 
over, a single injectioln of adr'enotrophin or of 
adrenal cortical stleroids in oil in rabbits was 
observed !to cause an  elevation of circulating 
p- and 7-globulins within a few hours after 
hormone admini s tra tion.2 Electrophoretic 
analysis alslo revealed an increase in: these 

1 White, A., and Dougherty, T. F., Pa@c. sot. 

ZWhitc, A., and Dougherty: T'. F., Efidoc.r.inoZ- 
EXP. BIOL AND Mm., 1944, 56, 26. 

ogy, 1945, 36, 207. 


