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TABLE I. Survivad Time Response of Hypophysectomized Ruts Weighing 80 to 150 g Given
0.5 mg of Endotoxin Intraperitoneally Followed Immediately by Intravenous Injection of Cor-
ticotropin (ACTH).

Total dose of corticotropin in milliunits

0.0 0.5 1.5 4.5
Mean Mean Mean Mean
No. survival No. survival No. survival No. survival
Day Sex rats  time, min, rats  time, min. rats  time, min. rats  time, min,
1 g 6 + 149% 5 1138+ 1955 11 1457+ 82F 0 160.8 + 12.1*
2 % 9 + 10.8 7122 T+ 107 11 1488 = 9.1 10 140.8 = 6.4
} $ 9 + 0.4 6 130T =175 71054 + 105 71967 = 315
4 Q 9 24 77 O IaT.0+11.2 9 1658 +11.2 11 168.7 = 10.8
5] 4 T i L AL 3 118.0 + 109 6 161.8 = 22,4 8 173.2+19.1
Combined 40 + S84 32 1400+ 6.6 44 146,00 £ 5.6 45 166.1 += 7.2
* Stand, error of mean, o -
approximately 0.3 and 1.0 for hydrocortisone 4. Thomas, L., Smith, R. T., ibid., 1954, v80, 810.
and corticotropin. respectively. 3. The effect 5. Levitan, H., Kendrick, M. I, Kass, E. H,, ibid,,
of sex and age of animals and time of admin- 1956 v93, 306. _ _
istration on response to hydrocortisone were 6. Halberg, F., Spink, W. W., Bittner, J. J., En-
studied. decrinology, 1936, v39, 380.

7. Gass, G. H.,, Umberger, E. J., Fed. Proc., 1957,
1. Lewis, L. A, Page. 1. H., J. Lab. Clin. Med., V106, 299.

1946, v31, 1325, 8. Holzbauer, M., J. Physiol., 1957, v139, 294.

2. Dorfman, R. I, Hormone Assay, p323, Edited 9. Finney, 1. J., Statistical Method in Biological
bv C. W. Emmens, Academic Press, 1950. Assay, Hafner Publishing Co., 1952, p77.

3. Geller, P, Merrill, E. R., Jawetz, E., Proc. Soc. —
Exp. Bior. axp Mkbp,, 1934, v86, 716. Received October 31, 1958, P.S.E.BM.,, 1959, v100.

Urinary Excretion of Beta Aminoisobutyric Acid (BAIBA) in Irradiated
Human Beings.* (24548)

J. R. Rusing, E. P. Croxkrre, V. P. Bonp, T. M. FLIEDNER
(With technical assistance of (*. F. Dohan. Jr.)
Medical Department, Brookhaven National Laboratory, Upton, N. Y.

Recently a previously unknown amino acid, duria has been reported following total body
beta-aminoisobutyric acid (BATIBA) has been irradiation(5,6). Analysis of the amino acids
identified in human urines by Crumpler. Dent  studied indicated that glycine and taurine
et al.(1), and Fink et @l.(2). Further studies were excreted in increased amounts from pre-
by Fink using C' labeled thymine indicate sumed protein catabolism. Pyrimidine me-
that BAIBA is a product of thymine metabol-  tabolites such as BAIBA have not been
ism(3,4) (Fig. 1). Since thymine is a pyri- studied previously to our knowledge following
midine peculiar to deoxyribonucleic acid total body irradiation, however. Awapara(7)
(DNA). it appears likely that under certain  noted increased BATBA excretion followed
circumstances BAIBA excretion may reflect nitrogen mustard or local x-ray treatment in
alterations in DNA metabolism.  Aminoaci-  some leukemic patients. In June 1958, in the

* Research supported by U. S. Atomic Encray cour.s:e of an'i.ndustria] operati9n involving
Comm. uranium, a critical geometry accidentally oc-

The authors are greatly indebted to M. Brucer curred. Eight individuals nearby were ex-
and G. Andrews for their interest and cooperation. posed to the resultant mixed neutron and
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gamma radiations. Five of the 8 persons were
heavily exposed and developed early sympto-
matology. The remaining 3 with less exposure
had no symptoms. A full description of the
incident and the clinical courses of the in-
volved personnel has been reported by Brucer
and Andrews(8). The present studies con-
cern measurements of these irradiated sub-
jects, in whom large masses of radiosensitive
tissues were undergoing dissolution and altera-
tion.

Materials and methods. Frozen 24 hour
urine aliquots were thawed and processed for
BAIBA measurement using a modification of
the method described by Awapara and Sato
(9). Ten ml aliquots of the urines were mixed
with 1 g portions Darco G-60 charcoal and
heated briefly in a water bath. Following cen-
trifugation 6.0 ml of the charcoal treated
urines were placed on Dowex-2 columns (pre-
viously converted to the hydroxide form) for
desalting. After the urinary supernatants had
entered the resin beds, the columns were
washed with cold boiled distilled water until
the effluent became neutral.
were then eluted with enough 4N acetic acid
to collect 10 ml. Eluates were lyophilized and
resultant dried materials dissolved in 1 ml
portions of distilled water. These concen-
trates were frozen in preparation for chroma-
tography. Two-dimensional chromatography
was used for identifying BATBA. Ten lambda
(.01 ml) of the concentrates were spotted on
8 inch squares of Whatman No. 4 paper held
in the frame described by Datta ¢t @l.(10).
Solvent I was the organic phase of n-butanol,

The columns
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acetic acid and water (5:1:4) and solvent 2
consisted of 2,4, lutidine saturated with water.
After drying, the papers were sprayed with
ninhydrin reagent and the color developed by
heating at 100°C. Known amounts of BAIBA
of varying concentrations were dissolved in
water and chromatographed simultaneously.
BAIBA was readily identified by Rf measure-
ment (Rf 1 == 0.45 = .02; Rf 2 = 0.32 =
.02). Color intensity and size of the ninhy-
drin spots were graded 0 to 5 by 2 indepen-
dent observers. Semiquantitative estimation
of BAIBA in urines in puM/L were performed
by comparison with standards and calculated
on the basis of 24 hour urine volumes. Du-
plicate determinations were reproducible.
Tdentical amounts of BATBA have been added
to BAIBA “negative’” urine and also to equal
volumes of water and then processed as above.
Analyses of the urine samples always showed
lower BATBA content than BATBA in water
samples. The reasons for this are under study.
The BATBA detected in the experimental
urines thus does not represent all of the
BAIBA actually excreted. However the
losses we believe are uniform (7).

Results. Table T shows the measured daily
urinary BATBA levels of 8 individuals hos-
pitalized after radiation exposure. BAIBA is
expressed in pM/Liter of urine. The 24 hour
urine volumes are also recorded. The first
urine samples for these studies were obtained
on third day after exposure. BATBA excretion
was ranked according to quantity excreted.
then the exposure doses supplied bv Brucer
and Andrews(8) were compared to this order.
The fair parallelism of excretion with dose is
evident. Tn Fig. 2 is shown the total M
BATBA excreted per day in these patients.

Discussion. The data presented demon-
strate that there is an apparent increase con-
siderably above normal in BATBA excretion in
irradiated human beings. There are good in-
dications that the excretion pattern is dose
dependent. Tn our laboratory, maximum ex-
cretion in urines of normal individuals and
in urines of patients with non-neoplastic dis-
ease has been between 0 to 150 uM/Liter of
urine. Awapara(7) states that BAIBA excre-
tion in normal individuals is an uncommon
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TABLE I,

BAIBA 1N IrrapIATED HUMANS

Urinary BAIBA Excretion in 8 Patients following Irradiation.

Patient 1 + 3 3 2 6 7 8
Estimated exposure in rads(7)
Neutrons 66 57 55 45 39 14 8 4
Gamma 210 182 175 143 114 43 34 17
Total 276 239 230 188 163 bYs 42 21
BATBA excretion, xM /1, and 24 hr urine vol
Day 3 A4 9200 34 1975 24 3390 0 3150 4 2320 24 1410 0 1220 0 2040
4 44 1300 34 1035 34 1610 24 1980 24 2290 0 1360 0 2940 0 3480
5 34 17000 24 1840 24 2015 4+ 2250 4 2420 * *
6 34 1980 " 1970 T 1270 + 1360 0 2815
h 24 18500 7 16300 T 1780 4+ 3080 4 2575
8 2680 + 1870 2600 + 3420 + 2560
0 = <75 uM/1 BAIBA approximately, * No further specimen reeeived.
+ = 75 idem
24 = 125 a
34 = 250 ”
++ = 500 ”

event. These observations are consistent with
more quantitative observation on normals by
Fink ¢t al.(11). There has been some varia-
tion in technics. However. we are quite con-
fident that the amounts excreted by the ir-
radiated human beings are significantly ele-
vated. in spite of the semiquantitative nature
of the method. Current studies on irradiated
dogs showed a great increase in animals re-
ceiving 400 r whole-body irradiation appear-
ing within 18 hours after exposure. BAIBA
was not detected pre-irradiation and in nor-
mal dog urines. Investigation of the suggested
dose dependency is underway in dogs.

The mechanism of production of increased
BAIBA excretion is not clear. Studies by Car-
avaca and Grisolia(12) suggest that BAIBA
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l).ul\ urinary BAIBA cexcretion after ir-
radiation,

1G22,

may arise in part directly from sources other
than thymine such as carbamyl amino acids.
However, the significance of this pathway in
mammals needs further evaluation. The pat-
tern of excretion seen here follows the exten-
sive necrosis of radio-sensitive cells of lymph
nodes, bone marrow and GI tract. DNA de-
struction is manifested by pyknosis, phagocy-
tosis and disappearance of large amounts of
Feulgen staining material. The pathway of
destruction of DNA after radiation injury is
not known. It is however a potential source
of urinary BAIBA after irradiation. It has
been shown that intravenous H? thymidine in
human beings and other animals is either in-
corporated into DNA or catabolized(14).
Therefore in respect to this pyrimidine deoxy-
riboside there are at least 2 pathways by
which it is utilized. It is believed that some
of the thymidine not incorporated into DNA
is promptly degraded through a series of steps
to BAIBA.t Accordingly when total DNA
synthesis is decreased from any cause, me-
tabolism of thymine compounds may be
shunted towards BAIBA production.

These alternatives are subject to experi-
mental attack. If the BAIBA comes from de-
struction of cells by irradiation and if DNA

t Chromatography of urine from one of our pa-
tients who received intravenous H3 thymidine was
done by Dr. George Gerber at the University of
Rochester, School of Medicine and Dentistry, Div. of
Exp. Radiol. He has isolated and characterized tri-
tium containing BATBA from the urine.
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in cells were labeled before irradiation with
H?* thymidine, some of the BAIBA excreted
after irradiation should have a tritium label if
DNA breakdown contributes BATBA. In-
creases of urinary BATBA detected following
irradiation may prove useful in early detection
of serious exposure.

Summary. 1. Beta-aminoisobutyric acid
(BAIBA) has been found in increased
amounts in urine from a group of human be-
ings accidentally exposed to serious radiation.
2. BAIBA levels excreted appear related to
the estimated doses received. 3. The impli-
cations of BAIBA excretion as related to DNA
metabolism and irradiation-induced aplasia
are discussed.
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Anticonvulsant Effect of Dilantin Sodium by Intravenous Administration

in Mice.

(24349)

CHARLES R. ENsor, BARBARA BOHNER AND GrRAHAM CHEN
Research Division, Parke, Davis & Co., Detroit, Mich.

Dilantin sodium®+* given intravenously
has, in recent years, been advocated for treat-
ment of status epilepticus and prevention of
seizures in neurosurgery(1,2). The principal
advantage of Dilantin, as contrasted to hyp-
notic and anesthetic agents, is high anticon-
vulsant potency unaccompanied by depres-
sant effects on the respiratory mechanisms.
Because the recommended dose of 250 mg of
intravenous Dilantin sodium was found in
some cases incapable of promptly suppressing
epileptic seizures, the question has been raised
as to whether this lack of prompt anticonvul-
sant effect could be a result of insufficiency in
dosage or might be caused by some factor
which delays its action on the central nervous

* Dilantin® is trademark applied to dihpenylhydan-
toin by Parke, Davis & Co.

system (personal communication). Accord-
ingly, rate of onset and duration of anticon-
vulsant effect of Dilantin on electrically-in-
duced seizures were investigated in mice at
various dosages following intravenous admin-
istration.

Methods. The drug (Steri-Vial Dilantin
sodium), dissolved in water, was injected via
the marginal tail vein of male albino mice
weighing 18 to 22 g. Electroshock as de-
scribed by Toman, Swinyard and Goodman
(3) with slight modification (4) was employed
to produce convulsive seizures. The anticon-
vulsant effect of Dilantin was determined ei-
ther (a) by finding a dose of the drug re-
quired to abolish the tonic-extensor seizures
in 50% of the mice (PDjo) when a fixed cur-
rent strength was chosen to induce convul-



