goever. Upon cessation of breathing ammonia, the NPN
drops regularly to the normal value, but at a slower rate
than it was absorbed. It was thought at first that there
would be an increase in the urea content of the blood
through conversion of ammonium carbonate into urea,
but such does not seem to be the case. An examination
of the urine for excess urea and ammonium salts over the
normal gave no further clue. The amount of increase
in the urea or ammonium salt formed by the ammonia
inhaled would be insignificant compared to the normal
amount exereted in a 24-hr sample.

TABLE 2

CARBON DIOXIDE-COMBINING POWER OF THE
BLOOD PLASMA

Time (min) Volume (% CO,)

Series I
0 56
120 57
180 57
Series IT
0 52
90 48
Series III
0 52
60 53
120 50

The data are presented in the hope that more work will
be done on this problem.
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Inhibition of Mitotic Poisoning by
meso-Inosito]*
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The studies briefly reported here stem from several
observations recorded in the literature. The strong in-
secticidal agent, y-hexachlorocyclohexane (Gammexane)
has a cytological effect on Allium Cepa similar to that
of colchicine. It produces the phenomenon known as
c-mitosis, which is characterized by the arrest of nuclear
division in the metaphase and, on longer exposure, forma-

TABLE 1

TUMOR FORMATION

Medium* Medium*
The carbon dioxide-combining power of the blood (mM/liter) (mM/liter)
plasma apparently is not impaired by the accumulation Inhibit. S Tumorst Inhibit. ¢ Tumorst
of ammonia, as is illustrated in Table 2. Mi:"ﬁc ing Mitotie - "7, o
poison agent poison agent
’E l l [ l l 0.025 -(2) 0.035 + (4)
£a c G
W — 0.25 +(4) 0.35 cer +(3)
o c G
2D 0.25 0.33 + (2) 0.035 0.33 +(3)
$O C mI G mI
ui E.\l_ —— 0.25 3.3 - (6) 0.035 3.3 - (5)
o C mI G mI
a. 0.25 2.0 +(2) 0.35 3.3 +(3)
a o c ) G mI
o) - 0.25 3.3 +(2) 0.035 3.3 +(2)
o C dar G ar
J0o ™~ -(5) 0085 20 +(8)

o or— — G s .
- 0.66 -(2) oo 0.25 -(2)
L] ] g :

30 60 90 120 |50 * C = colchicine ; G =Gammexane; ml =meso-in witol; dl =
d-inositol ; S =p-sorbitol.
TIME ( Ml NUTES) t +=tumors on all roots; +=small tumors on some of the
F1e. 2. Change in blood pressure with time upon roots ; —=no tumors. The figures in parentheses indicite the

exposure to gaseous ammonia.

The pulse rate, determined at regular intervals during
each experiment, was found to be constant. Blood pres-
sures taken on the subject showed a regular drop after
the first 35 min of inhalation. A typical determination
is shown in Fig. 2.

No attempt is made to explain the mechanism of the
absorption of ammonia by the blood, The authors feel
sure, however, that it is a chemical process and not a
physical one. It seems to be a second-order reaction.
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number of bulbs examined.

Other isomerie hexachlorocyclohexanes
The

tion of c-tumors.
are either ineffective or only slightly active (5).

1This work was supported in part by a grant from the
American Cancer Society on the recommendaticn of the
National Research Council Committee on Growth.

2 Now geneticist, Division of Fruit and Vegetable Crops
and Diseases, Bureau of Plant Industry, Soils, and Agricul-
tural Engineering, USDA. The investigation was begun at
the Department of Botany, Barnard College, New York,
where the author was employed.
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same agent interferes with nuclear division in Para-
mecium caudatum and produces distorted forms of
growth (3). Regardless of the exact sterical configura-
tion of the various hexachlorocyclohexanes, they are all
analogues of the corresponding hexahydroxy compounds,

For the study of the effects on mitosis, 10 bulbs with
a large number of roots were selected. From 2 to 5
roots were removed from each bulb for each of the 16
individual experiments recorded in Table 2. All roots
were exposed for 4 hrs at 19° C to mixtures of the various

TABLE 2
CYTOLOGICAL EFFECTS*

Experiment No.

. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Mitotic 025 25 025 025 25 0.25 0.25 0.035 0.35 0.035 0.35 0.35 . o . _
Media POISOD C C C C C C C G G G G G
(mM/- .
liter) T 33 3 33 3 38 __ __ 33 33 3 33 33 33 _
18 - mI mwmI mwmI § 4l mI § aI mI § aI
agent
Bulb No. Per cent affected metaphases per root
I 82 90 18 24 94 72 100 T4 94 26 86 90 2 4 14 10
II 76 94 12 22 82 18t 94 84 82 20 90 94 6 2 12 8
III 80 96 6 14 72 86 96 86 92 14 84 86 10 6 10 6
Iv 82 86 12 10 18 84 88 84 92 18 86 84 6 10 16 12
v 94 94 20 6 30 84 90 86 90 20 96 86 12 4 6 10
VI 80 - 92 16 6 18 82 92 80 94 14 94 94 10 12 4 6
VII 76 92 20 10 30 78 94 82 90 10 90 90 6 10 6 10
VIII 86 96 18 2 18 80 90 78 96 10 96 96 12 14 4 4
IX 86 90 18 10 66 86 96 82 86 18 90 94 12 4 10 8
X 84 94 16 6 16 78 90 84 96 18 94 90 4 6 6 8
Average 83 92 16 11 44 75 93 82 92 17 91 90 8 7 9 8
* See Table 1 for abbreviations used.
T Other roots of the same bulb showed c-mitosis.
the inositols, which are of great biological interest. The mitotic poisons and inhibiting agents in small vials. The

remarkable specificity of meso-inositol as an essential
agent in the growth of microorganisms has been dis-
cussed repeatedly (6, 9). The important specific influ-
ence of the relative sterical positions of the substituent
hydroxyls in the various inositols was demonstrated re-
cently with respect to the enzymatic oxidation of these
stereoisomers (4). )

It has now been found that meso-inositol is able to
inhibit the metaphase arrest and tumor formation induced
in Allium Cepa by colchicine or by Gammexane. This
effect appears to be specific; d-inositol and D-sorbitol are
inactive.

Onion buibs were placed with their bases resting on
the rims ;.i,ﬁ glass jars filled with tap water. Roots ap-
proximately 2.5 em long were formed in 3 days. For
the observation of tumor formation, the entire bulbs
with sbotsstill attached were transferred to jars contain-
ing the various mixtures of mitotic poisons and substances
being tested as inhibiting agents and kept at 18°-25° C
for 48-72 hrs (Table 1). Colehicine, U.S.P. (Inland Al-
kaloid Co., Tipton, Indiana, or Merck & Co.), and the sub-
stances tggféd as inhibiting agents were employed as
aqueous selutions. y-Hexachlorocyclohexane (obtained
through the “courtesy of Dr. J. P. Baxter, Imperial
Chemical Industries, Ltd., Widnes, England) was made
up as a.0.033 M solution in ethanol and diluted with
tap water to the desired concentrations.
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roots were then killed with absolute ethanol and acetic
acid (3:1), and propiono-carmine smears were prepared
for microscopic examination. The first 50 metaphases
were counted and classified. All metaphases in which the
chromosomes were split, but still attached at the eentro-
mere, were considered as affected, i.e. as c-mitotic (see
Figs. 1 and 2).

Whereas y-hexachlorocyclohexane, because of chemical
similarities, ecould have been suspected of acting as a bio-
logical antagonist of meso-inositol, this does not apply
to colchicine. Even in the case of Gammexane the evi-
dence is not entirely clear. In some instances meso-
inositol has been reported to overcome the inhibition of
microbial growth by this agent (I, 2). In other bio-
logical systems, however, no such effects were observed
(7, 8). Tt is possible that these disecrepancies would dis-
appear if different amounts and proportions were tested.
That the ratio of mitotic poison to inhibiting agent is
not the only factor is shown by a comparison of Experi-
ments 3 and 5 in Table 2.

It is too early to speculate on the mechanism of the
remarkable cytological effect of meso-inositol reported
here. Additional poisons of mitosis, including those
affecting other phases of nuclear division, will have to be
examined before the conclusion that meso-inositol is in-
volved specifically in the metaphase, or perhaps in the
formation of the spindle, is justified. It is not unlikely
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that the cellular component with which colchicine and
Gammexane interfere is not meso-inositol itself, but a

Fi16. 1. Metaphase in Allium Cepa treated with
0.00035 M Gammexane and 0.033 M d-inositol solution,
showing failure of the d-inositol to inhibit c-mitosis.
(Magnification, approximately 1,000 x.)

substance to which it gives rise and the formation of
which is prevented by the mitotic poisons in question.

Allium Cepa treated with 0.000035 M Gam-
mexane and 0.0033 M meso-inositol solution, showing

F1G. 2.

inhibition of c-mitosis.
1,000 x.)

(Magnification, approximately

Experiments on these and other aspects will form the
subject of a detailed communication which will appear
at a later date. :
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Biosynthesis of Radioactive Drugs
Using Carbon 14

E. M. K. GEILING, F. E. KELSEY,
B. J. McINTosH, and A. GANz2

Department of Pharmacology,
The University of Chicago

The therapeutic dose of many important drugs is so
small that neither the compound itself nor its possible
breakdown products can be detected in the body by ordi-
nary chemical or biological methods. Incorporation of
radioactive isotopes into such drugs makes possible
studies of their distribution and fate in the animal
organism because of the great sensitivity of the isotope
tracer technique. Obtaining the organic compound con-
taining the isotope constitutes the major practical diffi-
culty in the application of this technique to biological
problems. At the present time many of the needed com-
pounds can be prepared only by biological synthesis.

This report deals with our experiences in obtaining
radioactive digitoxin and nicotine from the medicinal
plants Digitalis purpurea and Nicotiana rustica.

Plants were grown from seed and transplanted into
suitable containers containing soil, sand, or crushed mica.
Growth was supported by an inorganic nutrient solution
containing caleium nitrate (0.1%), magnesium sulfate
(0.06%), potassium nitrate (0.05%), potassium acid
phosphate (0.04%), ammonium sulfate (0.01%), and
smaller amounts of other salts needed in trace amounts
(2). As soon as the young transplanted plants were
sufficiently well established, they were sealed in a closed
system, usually consisting of two battery jars placed
with their open ends in apposition. Suitable holes were
drilled in the glass jars for the introduction of nutrient
solution and of radioactive carbon dioxide, for the attach-

1This work was aided by grants from the Life Insurance
Medical Research Fund, the U. S, Public Health Service, and
the Dr. Wallace C. and Clara A. Abbott Memorial Research
Fund of the University of Chicago.

Because work of this kind involves many techniques un-
usual for the pharmacologist and because certain precautions
must be taken when radioactive substances are used, we con-
sulted numerous colleagues in our own University and else-
where. Among the many who aided us, we should acknowl-
edge especially the help of Dr. Austin Brues, chief of the
Biological Division, Argonne National Laboratory, and Drs.
Wright Langham and Lloyd Roth, Los Alamos Scientific Lab-
oratory, who instructed us in the procedures used in the
assay of radioactive carbon and in the necessary precautions.
Dr. Crooks, of the U. 8. Department of Agriculture, offered
helpful hints concerning the culture of these plants and also
furnished us with seeds. Dr. Burris, of the University of
Wisconsin, kindly gave us the benefit of his experience with
technics in plant culture and in the study of plant respira-
tion. Prof. Ezra Kraus, chairman of the Department of
Botany, University of Chicago, gave us many suggestions and
also placed at our disposal the facilities of the University’s
greenhouses, where the chief gardener, Mr. Michael Costello,
was indispensable to us in the seeding, transplanting, and
care of the plants in the greenhouse. We are also grateful
to the Lilly Research Laboratories and to the Sandoz Chem-

ical Company for generous supplies of the pure glycosides.
2 Lederle Fellow in Pharmacology.
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