drates, a relation seems probable between the stimu-
lation in synthesis of starch and the higher level of
the phosphorylated sugars in the growing kernels.
There is every reason to believe that in corn kernels,
as in other plant structures, the enzyme primarily
concerned with starch synthesis is phosphorylase, act-
ing on glucose-1-phosphate. As there is some evidence
of the common occurrence in plants of the enzymes
necessary for the interconversion of the different
hexose phosphates, a greater activity of phosphory-
lase should naturally be considered favorable for
starch synthesis.

The close analogy between the effects on carbohy-
drate metabolism of the hormones naturally released
after fértilization and those of the growth regulators
artificially applied should be emphasized. This anal-
ogy suggests a corresponding similarity in regard to
metabolism.” The fact that the response following
pollination is always somewhat delayed, compared to
the response following hormone treatment, seems to
indicate that fertilization, which in the corn follows-
pollination in about 24 hr, rather than pollination, is
the process responsible for the maximum produection .
of metabolically active hormones (10).
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Rate of Turnover of Epmephrme
m the Adrenal Medulla
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Experiments designed to determine the precursors
and intermediates involved in the biosynthesis, of epi-
nephrine have yielded the observation that the rate of
formation and the normal rate of secretion of adrenal
epinephrine are extremely slow. C'%-labeled. phenyl-
alanine or tryosine administered orally or intraperi-
toneally to rats or rabbits was incorporated into ad--
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TABLE 1

INCORPORATION OF C' FROM PHENYLALANINE AND
TYROSINE INTO PLASMA PROTEIN TYROSINE
AND ADRENAL EPINEPHRINE OF RATS

Specific activity

(cpm/pmole)
=
o % g
o Q
53 5 8§ & &
3 2o @ =9 B
g Ha Sg «8 34
. a"“ . S9 a8 g8 &=
5 B 12} o3 7] g 7] o Q
B Ny : B Hu 88 &2 =&
H X A EBS Ak ME 45
1 Phenylalanine 1 7hr 80 34 <5
2  Tyrosine 1 7¢¢ 110 46 <5 °
3 Tyrosine 6 24¢¢ 700 — 280
4 Phenylalanine .6 24¢¢ 930. 340 180
5 Tyrosine 6 24°¢ 600 450 310
6 Phenylalanine 2 20¢ — — 980
7 Phenylalanine 2 12days 150 610 420

# 3-.Ci4.p-L-phenylalanine (2.6 x 105 cpm/pimole) or Z-CM-

‘D-L-tyrosine (2.0 x 105 cpm/pmole) were administered in doses

of 1 mg/day for the number of days indicated. ,

renal epinephrine much more slowly than into the
tyrosine of plasma protein (Table 1). The resulting
radioactive adrenal epinephrine disappeared slowly
after the administration of the labeled amino acid
was discontinued; the half-life in rats was about 9
days, Estimates of half-life were based upon meas-’
urements of the specific activity of adrenal epineph-
rine® in individual rats which were sacrificed under
Evipal anesthesia at various time intervals after dis-
continuing administration of C¢-phenylalanine (F'ig.
1). In three additional experiments adrenal glands

-were compared in the same rats, the glands being re-

moved one at a time several days apart (Table 2).
In an attempt to stimulate the synthesis of epineph-
rine, the adrenal glands of rabbits were depleted of
epinephrine by the subcutaneous administration of
insulin.* Epinephrine was determined in the adrenals
of individual rabbits sacrificed at various time inter-
vals following insulin administration. The chemical
method used was a modification of the fluorimetrie
procedure of Lund (1), which can measure epineph-
rine in the presence of nor-epinephrine and other cate-
cholamines. It was found that about half of the epi-
nephrine which had disappeared from the adrenal
glands after insulin administration was restored in
72 hr (Table 3) No measurable quantities of nor-

8 A portion of an adrenal extract was assayed for epineph-
rine by the procedure of Lund (1). To the rest of the ex-
tract a measured quantity of nonisotopic l-epinephrine (about
10 mg) was added as a carrier. The carrier was recrystallized
repeatedly until isotopic homogeneity was achieved. In a
number of cases the recrystallized carrier was converted to
a derivative, iodoadrenochrome (2), with no change in iso-
topic composition. The quantity of epinephrine in the adrenal
extract (m), the quantity of added carrier (M), and the
specific activity of the isolated carrier (Cc¢) permit calcula-
tion of the specific activity of the adrenal epinephrine (Ca)
according to the equation Ga—CcM/m, derived from 1sotope
dilution principles.

4 After insulin administration the blood sugar levels fell
to negligible values in 2-8 hr and returned to normal by 8 hr.
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epinephrine were found in the glands at any time. In
rats also the synthesis of adrenal epinephrine was
found to be slow after its depletion by the adminis-
tration of insulin.

' These findings in rats and rabbits are in general
agreement with the slow rate of synthesis found by
the isotopic experiments. However, they are contrary
to the observations of West (3) who, using physio-
logical assay procedures, found that adrenal epineph-
rine in rabbits fell rapidly after insulin administra-

TABLE 2

COMPARISON OF SPECIFIC ACTIVITIES OF ADRENAL
EPINEPHRINE IN INDIVIDUAL GLANDS

N REMOVED SEVERAL DAYS APART
. clupuea  Specific
“after activity - Bsti-
. diseon- of mated
Expt. Adrenal tinuing adremnal half
Cté.ph enyl- epine- life
alanine* phrine  (days)
(days) (epm/pmole)
16 Left 3 600 .~
Right 14 260 -
17 Left 3 830 12
" Right 10 560
18 Left - 3 940 3
Right 10 500

* Rats were glven 1 mg of C#-p-L-phenylalanine/day for
12" days.

tion and returned to normal values within 8-10 hr.
It is possible that the diserepancy between our find-
ings and those of West lies in some other substance in
adrenals which assays as epinephrine by physiological
assay. This substance cannot be nor-epinephrine, be-
cause the rabbit adrenal gland contains only traces
of this compound.

The basal rate of secretion of epinephrine from the
adrenal gland may be calculated from the data on its
- rate of turnover. Assuming a half-life of 9 days in

1000 cg——T—"T T T T T T T
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Fic. 1. Radioactive decay of adrenal epinephrine. Measure-
ments were made on adrenals isolated from individual rats

.at various time intervals after discontinuation of administra-

tion of 3-C4-pD-L-phenylalanine. The curve was fitted to the
data by eye, and it gives an approximation of the rate of
radioactive decay.

the rat, a value of 0.002-0.004 ug/kg of body weight/
min is obtained. This value is a maximum one, since
it is assumed that epinephrine in the adrenal gland is
not chemically altered. The values determined from
our isotopic studies are much lower than the basal
values of 0.04-0.10 pg/kg/min reported for dogs (4),
but. are in fair agreement with the values of 0.007-
0.008 caleulated from data reported by Vogt (5) for
the denervated adrenal gland of the cat. It is conceiv-
able that not all the epinephrine formed in the adrenal
gland is pooled with the stored epinephrine before
being secreted. A comparison of the, specific -activity
of secreted epinephrine with epinephrine found in
storage in the adrenal gland would decide this point.
Studies in this laboratory have shown that the epi-

TABLE 3
EFrECT OF INSUL.IN ON THE CONCENTRATION OF EPINEPHRINE IN RABBIT ADRENAL GLANDS*

Time in hr after insulin administrationt

0 2—4 8-11 24 48 72
749 390 113 445 263 640
1220 210 531 220 370 687
1010 479 523 800 534
) 888 572 82 430 901
Micrograms of epinephrine/g of - 989 342 163 440
adrenal gland 921 225
- 1107 283
833 ’
847
1400
Mean + standard error of the mean 1026 + 61 357 +50 282 + 100 333 +109 464 + 87 690 + 75

] Hach value is based on an analysis of the combmed adrenal glands of an individual animal. The animals were all males

weighing about 2 kg.

. 1 1.8 units of insulin/kg of body weight were administered subcutaneously The control animals were injected wlth saline

664

SciENCE, Vol. 117




nephrine in the venom gland.of the tropical toad Bufo
marinus turns over even more slowly than the epi-
nephrine in the rat adrenal. From the biochemical
standpoint the slow rate of synthesis of epinephrine
in the adrenal gland and in the toad venom gland dis-
courages the use of these tissues as sources of active
enzymes involved in epinephrine synthesis. It is pos-
sible that the rate of turnover of adrenal nor-epineph-
rine may differ from that of epinephrine. This is new
being investigated.

Details of the chemical and isotopie procedures will
be presented in a subsequent paper.
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Comments and Communications

On Some Recent Experiments with
Supercooled Water

IN a paper published in 1944 Rau (1) reported the
supercooling of water to —72° C by the successive
freezing and melting of water droplets.in an apparatus
which depended upon a dry-ice acetone mixture for

eooling. This extremely low. temperature prompted-

Cwilong (2) to repeat this work, but he was unable
to confirm Rau’s results.

During a program on ice physies conducted at the
Commonwealth Engineering Company under the au-
spices of the United_States Air Force (3) this experi-
ment was repeated.

Using a dry-ice and acetone coolant, a drop of
known size was frozen and melted with care to avoid
evaporation. The drop was frozen a few times at the
same temperature, frozen at a lower temperature, be-
came elongated, and finally did not freeze when the
temperature was lowered to —60° C. However, when
the identical experiment was repeated using liquid
nitrogen as the coolant, a freezing temperature eould
never be obtained which was lower than — 6.5° C. The
drop remained hemispherical throughout ten:or more
repeated freezings and did not elongate.

These. data, therefore, indicate that the water in
Rau’s experiment was contaminated with acetone, as
suggested by Cwilong; and that the determination of
a — 72° C nucleation temperature for pure water is in
error. This conclusion is further substantiated by the
work of Cohen and Van der Horst (4) who were able
to obtain. ice crystals of similar configuration to those
obtained by Rau, when they froze dilute acetone-water
solutions.

Recent experimental ﬁndmgs by Smlth Johannsen
(5) have established that considerable supercooling of
bulk water is possible if one takes care to cool the
water drqp in an apparatus where no air-solid inter-
face below 0° C is in contact with the bulk water. In
the Smith-Johannsen apparatus, where a water drop-
let is cooled on the céntral region of a plastic surface,
which in turn rests upon the top of a cooling bar,
nucleation has been found to begin at about —20° C.
Using this apparatus we were able to obtain .dabé,:simi-
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lar to that reported by Smith-Johannsen and by
modifying the apparatus to accommodate considerably
larger volumes of water, we found that freezing tem-
peratures of —35° C could frequently be obtained.
These extremely low values, we feel, are due to heat-
transfer effects' within the bulk water and will be the
subject of further investigation.
CARL BERGER
CHARLES M. SAFFER, JR.

Commonwealth Engineering Company of Ohio
Dayton, Ohio
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A Substitute for Drawing Ink in the -
Preparation of Diagrams for
Photographic Reproduction

IN seeking a substitute for India or drawing ink in
the preparation of graphs, charts, line drawings, and
similar items for photographic reproduction, it was
found- that the peneil “Mars. Lumograph”. (J..S.
Staedtler, Inc.) was most satisfactory. Material pre-
pared with this peneil photographed exceedingly well
because of the flat, black line it produced. This was
especially true if a high contrast ilm was used, such
as Reprolith or Kodolith. These pencils eome in vary-
ing degrees of hardness, but the one giving the best
over-all results was the EXB grade. For filling in solid
areas, as in histograms, however, the EX-EXB grade
is recommended. Major advantages over ink are as
follows: (1) neatness, in that erasures may be made
without frayed or fuzzy lines; (2) increase in speed
of preparation, because the need for inking the pen-
ciled drawing is eliminated; (3) ease in handling, be-
cause the amount of drawing equipment is reduced,
and consequently less knowledge of drafting is re-
quired; and (4) the degree of blackness produced
matches typewriting..done with a fresh ribbon, and
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