interest as a simple laboratory tech-
nique for the production of tracer C13.
The possible application of the high-cut
method to the enrichment of other iso-
topes is being considered.
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Lung Volume of
Amphibian Tadpoles

In 1949 Witschi (1) described, in tad-
poles of the genus Rana, a pair of
fibrous strands which connect the round
windows of the otic capsules with the
bronchi. In the following year (2) he
noted that larvae of Xenopus possess
small diverticula of the bronchi which
also come into contact with the round
windows of the ears. Witschi called these
structures bronchial columellae and
bronchial diverticula, respectively.

It occurred to Witschi (I, 3) that
these connections of the gas-filled lungs
with the ears might serve for the trans-
mission of pressure changes, particularly
sound vibrations. In order to make quan-
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Fig. 1. Relation of applied pressure differ-
ence (P,—P.) to lung volume increase
(Va— V1) in larvae of Rana and Xenopus.
The calculated original lung volume is in-
dicated in cubic centimeters at each graph.
Note that one curve for Xenopus repre-
sents two animals (2V:1=0.056 cm®).
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titative statements about sound and pres-
sure reception by the lung, the lung vol-
ume is an important quantity to be
known.

Since dissection of the lungs and sub-
sequent determination of their volume
introduces uncontrollable errors because
of manipulation, it was decided to de-
vise a technique for measurement in the
living animal.

Let a specimen of Rana species be
swimming free in a vessel under atmos-
pheric pressure P,. The volume of the
animal’s lung may be denoted by V..
Then, if the vessel is partially evacuated
to pressure P, the volume of the lung
(assuming passive behavior of this or-
gan) will increase to V,, such that

ViP,=V.P,

(temperature T  constant). By suitable
manipulation, this expression may be re-
stated

_ P _
Vl_(P1_‘P2 1) (V2 Vl)

Since P; and P, are krown, it is neces-
sary to know only (V,-V,), or the in-
crease in volume. To measure this quan-
tity, one or more animals were enclosed
in a small vessel completely filled with
water. Through the stopper of this ves-
sel, a calibrated capillary protruded,
which was approximately half filled with
water. Thus, the only free air present in
the system is the air in the lungs of the
animals. This small vessel was put in a
larger vessel, in which a volume of water
served as a temperature buffer, so that
no changes in temperature would occur
during an experiment; a thermometer
was added to check this. The large ves-
sel was then evacuated to a preset pres-
sure in the range of 56 to 76 cm-Hg, and
the rise in level of the fluid in the capil-
lary was measured. Since the capillary
was calibrated, the rise in level could be
read directly as 10-2 ml increase in vol-
ume.

It was assumed that the lung expanded
passively; if this assumption is correct,
the same value for ¥, must obtain from
any set of P, and P,, or in a graphical
representation, the relation (P,-P,)
versus (V,—V,) should be a straight
line. For each animal or set of animals,
such a straight line was obtained. Fig-
ure 1 shows four cases, two of Rana
catesbeiana and two of Xenopus laevis.
It is apparent that the slope of a par-
ticular relation is determined by the
initial volume, V.,, which is.indicated in
the graph. In a series of measurements
on single Rana catesbeiana larvae of
stages 28 to 29 (Witschi, 4) values of V,
ranged from 0.14 to 0.42 cm3, with the
mean at 0.28 cm?. Xenopus laevis larvae
of similar age were measured in groups
of three, four, and ten individuals, and
the total lung volume was divided by the
number of animals. Thus, values of V',

ranged from 0.020 to 0.034 cm® with
the mean at 0.026 cm?®. Since Rana lar-
vae are heavier than water and tend to
sink to the bottom, while Xenopus lar-
vae are lighter and have to make con-
tinuous effort to keep from floating up
(5), one is led to infer that Xenopus
larvae carry relatively more air than
Rana tadpoles. It is then meaningful
to express the lung volume as percentage
of body volume. Therefore, the body vol-
ume of the animals was measured before
each pressure experiment by dropping
them in an appropriate graduated cylin-
der and noting the rise of the meniscus.
Thus it appears that Rana larvae have
an average lung volume amounting to
2.3 percent of body volume; Xenopus
larvae, on the other hand, maintain an
average of 3.7 percent air.

From these results, it is possible to
obtain an upper and lower bound of the
specific gravity of the tadpole as a
whole. Assuming a floating condition.
(specific gravity, 1.0000), where the air
just cancels the weight of the tissue in
excess of the weight of an equal volume
of water, one may calculate from the
quoted percentages that the specific grav-
ity lies between 1.020 and 1.034.

A measurement was carried out to de-
termine the specific gravity of Xenopus
larvae in the following manner. A small
number of larvae were homogenized in
a known volume of water. The total
volume was determined after homoge-
nization, which thus yielded the volume
of tadpole tissue. From this 1-cm?® sam-
ples were weighed; after correction for
the added water, these weighings aver-
aged at 1.025 for the specific gravity of
Xenopus larval tissue (6).
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Leaching of Carbohydrates from
Plant Foliage as Related to
Light Intensity

Modern use of radioactive isotopes
has effectively demonstrated the loss of
mineral nutrients from plant foliage by
leaching with aqueous solutions (I, 2).
In addition, large amounts of organic
materials, principally carbohydrates, can
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Fig. 1. Loss of carbohydrates from bean leaves by leaching with distilled water as related
to light intensity. (Top) Hourly variation of light intensity in foot candles; (bottom)
average hourly carbohydrate loss in micrograms per leaf.

be leached from leaves (I, 3). During
the course of leaching studies at our lab-
oratory, an interesting relationship be-
tween carbohydrate loss and light inten-
sity has been noted and is herein re-
ported (4).

Bean seeds (Phaseolus vulgaris, var.
Contender) were germinated in sand,
and the seedlings were transferred to
aerated cultures containing half the
nutrient intensity of Hoagland’s stand-
ard solution (9). After 2 weeks, an en-
tire primary leaf, while still attached to
the intact plant, was immersed in 130
ml of distilled water in a flat vessel.
Leaves on six plants were used for repli-
cation. At hourly intervals for 24 con-
secutive hours, including the natural
daylight and dark periods, the solutions
in the vessels were drawn off and re-
placed with fresh distilled water. The
solutions containing the leaf leachate
were evaporated on a steam bath to a
standard volume of 10 ml and analyzed
colorimetrically for carbohydrates (6).
The plants were harvested at the end of
the leaching period; the leaves which
had been leached were removed, and
dry weights were determined. Light in-
tensities were recorded during the ex-
perimental period.

The results of the study are presented
in Fig. 1. The upper half of the graph
shows hourly variations of light intensity
in foot candles, and the lower half shows
the hourly losses of carbohydrates. in
micrograms per leaf. The two curves
are remarkably similar, showing an ap-
parent direct relationship between light
intensity and the leaching of carbohy-
drates. It will be observed that greatest
removal of carbohydrates occurred dur-
ing the periods of highest light intensity.
Only small losses occurred during dark-
ness. The total loss of carbohydrates dur-
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ing the 24-hour period was 7.5 mg per
leaf, which was 4.8 percent of the dry-
weight equivalent of the leached leaves.
Variation among the replications was
slight in both total and hourly losses.
The principal carbohydrate leached
from bean leaves under similar condi-
tions has been identified as a galactan
(1).

To substantiate further the relation-
ship between carbohydrate loss and light
intensity, two variations were introduced
into the afore-described experimental
procedure: (i) the leaf being leached
was left exposed to light, and the re-
mainder of the plant was covered with
a black cloth; and (ii) the leaf being
leached was covered with a black cloth,
and the remainder of the plant was ex-
posed to light.

In general, the results were similar to
those reported earlier in this paper.
When the leaf was left exposed to light
(variation i), loss of carbohydrates
paralled the intensity of light; and when
the leaf was covered with the cloth
(variation ii), carbohydrate losses were
constantly low and did not fluctuate with
the changes of light intensity. Further,
although the temperature of the leach-
ing solution and the covered leaf (vari-
ation 1ii) rose somewhat during the
hourly intervals, no relationship between
these rises and the carbohydrate loss
could be determined. This tends to show
that the light intensity, and not the tem-
perature increase, was the factor asso-
ciated with carbohydrate loss from the
leaves.

Two hypotheses may be suggested to
explain these phenomena. First, increased
solar radiation stimulates the photosyn-
thetic activity of the leaf. Since newly
claborated carbohydrates are readily
water soluble, they are in a condition to

be easily leached immediately after
manufacture. Second, the mechanism of
carbohydrate removal may be affected.
There is evidence that the number of
plasmodesmal connections from the cells
to the leaf surface increases in the light
(7). The plasmodesmata may aid in es-
tablishing a pathway for carbohydrates
to be leached from the leaf.

Varying amounts and intensities of
rainfall occur in different parts of the
world and at different seasons of the
year. In addition, many modern agri-
cultural practices—for example, over-
head irrigation, mist propagation, syr-
inging, and spraying—involve the appli-
cation of aqueous solutions to above-
ground parts of plants. It has been
shown that more than 400 kg of carbo-
hydrates per acre can be removed by
rain from the foliage of apple trees dur-
ing a single growing season (3). The
close relationship between light intensity
and carbohydrate losses by leaching and
the significance of these losses, especially
at critical times in plant development,
await further evaluation.
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Thyroxine Effect on Melanophore
Contraction in Xenopus laevis

While working with lathyrism in the
South African toad, Xenopus laevis
Daudin, we observed that tadpoles be-
came blanched when they were treated
with thyroxine solution. A series of ex-
periments was then designed to investi-
gate the role of thyroxine in the color
control mechanism of this species (/).

It is well known that in both adult
and larval Xenopus, removal of eyes
results in expansion of the epidermal
melanophores (2). Figure la illustrates
a skin preparation from a newly blinded
tadpole showing the expanded melano-
phores. When such animals are placed in
L-thyroxine-Na solution of various con-
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