
cation; Thomas D. Wood, chairman, Joint Committee on 
Health Problems in Education, National Education Asso- 
ciation and American Medical Association ; Willard W. 
Beatty, director of education, U. 8 .  Office of Indian 
Affairs, rccently president, Progressil-e Education Associ- 
ation; Frank P. Graham, president. Unirersity of North 
Carolina; R. A. Kent, president, Uiliver+ity of Louis-
ville; Roy G. Ross, general secretary-, International Coun- 
cil of Religious Education; Donald J. Co~~,ling,president, 
Carleton College; F. L. Bishop, Highway Education 
Boald; John Q. Rhocles, president, Association of Motor 

Vehicle Administrators; Roger TT~illiam Riis, pnblic rela- 
tions counsel; W. Roy Bleg, execlitire secretary, Allied 
Youth; Thomas H. hlacDonald, chief, United States 
Bureau of Public Roads; Russel E. Singer. general man 
ager, dnlelican Auto~nobile Assoclntion; Samuel Thonle. 
iittorne?; Thomas D. Thacher, attornev; Percy J:ick~on, 
attorney; I-Iarold B. Hoslrins, vice plesiclent, Cannon 
Pclllls, Inc.; Edward W. Freem?n, vice plesident. Snrhar 
Process Company; Edr~ili C. Jameson, p~esident, Ha'nll- 
ton Fire Insurance Co.: Graham Edgar, vice-president, 
Etllyl Gas Corporation. 

SPECIAL ARTICLES 
I N F L U E N C E  O F  A D R E N A L E C T O M Y  ON teen hours before the injection of A.P.E. subcu-

A N T E R I O R  P I T U I T A R Y  KETO- taneously and of salirle intraperitoneally. Follox-ing
G E N E S I S  IN R A T S  the injections, the urine was collected for  eight hours 

IN1934 Long and Lukensl first described experi- 
ments revealing that adrenalectomy produces a marked 
reduction in the ketone body excretion of the depan- 
creatized cat. Siiice then a number of investigators 
have reported that adrenalectomy siiililarly affects the 
ketonuria consequent to phlorhizin iii t~xicatioii ,~ 
p regna i~cy ,~fasting3 ancl the administration of extracts 
of the aiiterior pituitary gland.3a"his reductioii in  
ketonuria has beeii attributed to a decrease in ketone 
body formatioil consequent to the removal of the 
adrenal cortex. However, several other interpreta-
tions of the decrease in Betonuria are possible rvithout 
having recourie to the hypothesis tliat the adrenal 
cortex, or its honnoiie, is essential for  ketogenesis. 

The observation made incidentally by XacIiay and 
Barnes3 that the adrenalecto~nized ra t  mag derelop a 
ketoiiemia after the administration of an extract of 
the aiiterior pituitary gland wggested to us that the 
adrenals may not be essential to the ketogeiiic activity 
of anterior pituitary es t~ac t s .  F o r  that reason, a 
series of studies was s t a ~ t e d  to in~est igate  more closely 
the blood and urinary ketone body content of normal 
and adrenalectomized animals treated ~v i th  a crude 
extract of the anterior pituitary gland. 

Rats mere adrenalectoinized forty-eight hours before 
the administration of a crude extract of beef anterior 
pituitary glands (A.P.E.), and were given normal 
saline "ad lib" daring the interval. No attempt mas-
made to maintain these animal? for  periods longer 
than forty-eight hours before administering A.P.E., 
since we did not desire the secondary effects of a n  
adrenal insufficiency to interfere with eflects attribut- 
able to the absence of the glands per se. A11 animals, 
normal and adrenalectomized, yere fasted for  seven-

1C. N. H. Lone and F. D. W. Lukens, SCIEKCE, 
569, 1934. 

- 79: 

2 G. Evans, Am. Jour. Physiol., 114: 297, 1936. 
8 E. &I.MacKay and R. H. Barnes, Am. Jour. P7?#siol., 

118: 184, 1937. 
4 E. G. Fry, Endoorinolog?~, 21: 283, 1937 

aiid its ketone body conteiit determined by the method 
of Van Slgke and Fitz. At  the end of the eight-hour 
period, the aiiimals Trere bled from the aorta and the 
blood ketone body content was determined by the same 
method. 

Our data, sunirnarized iii Table I, indicate that in 
the absence of the adrenal glands, A.P.E. admiiiistra-

TABLE I 
-- 

Espefimenral 
group 

No. 
ofrats 

A~erage
weightgms. hours 

Blood
ketones* 
8 hours
afterA,I>.E. 
mgm

ner cent. 

Urine
ketones* 
8 hours
after

A.F.E. 
nlgm per
100 gnl 

* Expressed as acetonc. 

tion is relatively ineffective in producing a ketonuria; 
ail observation which is in accord with that of others. 
IIowever, the blood ketone body content indicates no 
apparent distmbance in the ability of adrenalectom-
ized rats to manufacture these substances. I n  fact, 
if anything, the blood ketone content of the adrenal- 
ectomieed rats is greater than that of the normal 
animals. That of the adrenalectomized rats is 5.7 mgm 
per cent. higher than that of the normal group, the 
ratio of the difference of the iiieans to  the standard 
error of this difference being 2.53. 

One possible explanation of these data is that pre- 
sented by &facI<ay and Baraes,%ho postulated that 
adrenalectomy results in  an increased ketolysis, which 
in turn is responsible for  the decrease in ketonuria. 
I-Iomever, the fact that the blood ketone content is a t  
least as  great in our adrenalectolnized aninials as  it is 
i11 the normal group makes it obvious that irrespective 
of drhether lietolysis is or is not inc~eased, the same 

5 E. 3f. MacRay and X.H. Barnes, Am. Jozir. Pltysiol., 
122 : 101, 1938. 
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degree of ketonuria should occur in both instances. 
Since a decreased ketonnria occurs in adrenalectomized 
animals and since ketogenesis apparently is undis-
turbed, ketolysis can not be regarcled as the factor 
responsible for  the decreased ketonuria. 

A more plansible explanation for  the discrepancy 
between the ketone body excretion and the blood 
ketone level is that following the removal of the 
adrenal glands, the renal threshold for  ketone bodies 
is markedly increased. Thus, even with identical blood 
ketone levels the adrenalectomized animal will excrete 
less ketone bodies than will the normal. This is in 
accord with the observations of many investigators 
who have demoxlstrated that adrenal insafficiency is 
characterized by marked abnormalities in  renal fnnc- 
t i ~ n , ~and hence it  is not surprising that these renal 
disturbances manifest theniselves by an inability of the 
kidney to maintain its normally low thresliolcl for  
ketone bodies. 

Our data suggest the conclusion that the adrenal 
gland per se is not essential fo r  the ketogenic activity 
of extracts of the anterior pituitary gland and that 
an increase in the renal threshold for  ketone bodies is 
responsible fo r  the decreased ketonuria observed in 
the adrenalectomized animals treated with A.P.E. 
However, this does not exclude the possibility that in  
late stages of adrenal insufficiency secondary changes 
in liver function ensue, with a consequent decrease in 
ketogenesis. These and other studies will be published 
in greater detail elsewhere. 

I .  ARTHURMIRSKB 
METABOLICLABORATORIES, 


IKSTITUTEXEDICALRESEARCH,
FOR 

THEJCSVISHHOSPITAL,CIXCIXNATI,OHIO 

T H E  C H E M I C A L  N A T U R E  A N D  N O M E N - 

C L A T U R E  O F  C H O L I N E  D E R I V A T I V E S  


CONSIDERABLEconfusion exists as regards the nomen- 
clature and understanding of the chemical nature of 
compounds of the choline type. Choline is a n  organic 
homologue of ammonium hydroxide, but the name sug- 
gests an amine. Perhaps because of this inappropriate 

CH, 
\+

CI-1,-N-CH2-CH20H [OH] 
/

CH3 
name it is not generally appreciated that choline, like 
tetramethyla~nmonium hydroxide, is a very strong 
base, comparable with the caustic alkalies. Like 
sodium hydroxide, choline reacts with hydrochloric 
acid to form a chloride, a term which should be used 
in preference to "hydrochloride." Like sodium chlo- 
ride, in a.qneous solution the chloride salt of choline 
is neutral in reaction and dissociates into cations and 

6 A. Grollman, "The Adrenals," pp. 170 and 180. 
Williams and Willcins Company, Baltimore, 1936. 

anions. Strictly speaking, choline salts should no 
more be termed "choline" than should sodium chloride 
be referred to as  "sodium." or ammonium chloride as  
"ammonium." The term "choline hydrochloride" is 
incompatible with the structure of this "onium" coni-
pound and the use of such terminology (by research 
workers and manufacturers) contributes to the er-
roneous idea that the chloride salt contains loosely 
bound hydrochloric acid which should be neutralized 
before biological use. It is obvious that these coni-
inents apply eqnally forcibly to the various derivatives 
of choline such as acetylcholine, ('mecholyl," etc. 

Ordinary nitrogenous compounds containing tri-
(co)valent nitrogen form L'salts" with hydrochloric 
acid by the addition of the hydrogen ion through a 
covalent link (shared electron doublet), making the 
molerule a cation and enabling it  to hold the chloride 
ion by electrovalency. Such "salts" are ternled hydro- 
chloricles, although the nomenclature appears to have 
no justification except that of common usage, fo r  
"salts" with other than simple halogen acids are not 
so designated, for  example, codeine phosphate, strych- 
nine nitrate, etc. 

I n  compouncls of the choline type the four-covalent- 
one-electro-valent state is constant, an anion being 
ever present, whether it be hydroxide, chloride or  
bicarbonate. Snbstances of this type are classified as  
onium compounds and the names of the salts are  
derived in the same manner as  are those of sodium 
hydroxide; for  example, choline chloride, trimethyl- 
8-hydroxyethylarsoninm bromide, tetramethylphos-
phonium sulfate, etc. 

The importance of the charged nitrogen atom is 
evidenced not only by c1erivative.es of choline, but also 
by such biologically significant compounds as vitamin 
B, and the nicotinic acid amide portion of the coen-
zyme system. 

The nomenclature of the biological oxidation prod- 
ucts of choline is unfortunate. Betaine aldehyde, the 
primary product of oxidation, has a particularly uiide- 
sirable name, since it implies that the compound pos- 

CII, H 

sesses the properties of a betaine, which is not the 
case. I n  aqueous solution betaine aldehyde and its 
salts are electrolytes, dissociating into cations and 
anions. 

The name "betaine" (pronounced bB' tic in) is 
generically applied to a large group of compounds 
having a zwitterion structure similar to that of the 
compound termed betaine specifically, the latter being 
the secondary oxidation product of choline. 


