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Fig. 1. The osmotic pressure of aqueous
solutions of Carbowax molecular weight
20,000 as a function of the density in
percent by weight, and the refractive index,
r;, of the solutions at 20°C (72).

lar weight—henceforth referred to as
PVP, C6M, and C20M, respectively—
was attempted by dialysis (5). Osmotic-
ally equivalent quantities of the purified
products were dissolved in Hoagland’s
nutrient solution, which was diluted
four times (Table 1). The magnitude
of the aliquots taken followed from the
relationship between the concentration
and osmotic pressure of aqueous solu-
tions (Fig. 1) as determined by the
thermocouple psychrometer method
(6).

The yield data indicate that nutrient
solutions containing C20M produced
slightly higher fresh weights of kidney
beans than did isotonic solutions with-
out C20M. This observation points to
the absence of effects other than osmotic
ones in the case of C20M. Less likely
would be an alternative explanation im-
plying that the C20M in the one case
and the excess of ions in the other case
exert an osmotic and ionic composition
effect, the sum of which is of approxi-
mately equal magnitude. The lower
yields, and the nonlinearity between
osmotic pressure and yield, of plants
grown in solution cultures containing
dialyzed C6M and PVP, as compared
to the yields of plants grown in isotonic
solutions containing ions only, point to
the physiological toxicity of these com-
pounds.

An efflorescence of white material ap-
pearing on the upper surface of leaves
of kidney beans grown in solutions con-
taining C20M was shown by infrared
analysis (4) to be identical to C20M.
This finding suggests that C20M had
passed through the plant system without
undergoing any breakdown of its basic
structural unit. Comparable transport
of macromolecular substances through
plant systems has been reported (7).
These considerations, in conjunction
with the existing knowledge on - the
structure of polyethylene glycols, render
it improbable that C20M per se might
exert any physiological effect on plant
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growth. The results of a more compre-
hensive experiment (8) support the
viewpoint that purified C20M is physio-
logically inert to the extent that it can
be used to control the osmotic pressure
of plant culture solutions pending the
effect of any interaction between ions
and C20M.

Observations were made pertinent to
this interaction. For this purpose, both
ions and C20M were dissolved in con-
centrations equivalent to 1, 2, and 3
atm of osmotic pressure (Table 2).
With the Beckman No. 78178V sodium
selective electrode (9), the mean activ-
ity of sodium chloride was measured in
the presence and absence of C20M, and
mean activity coefficients were calcu-
lated. The results indicate that an in-
crease in the concentration of C20M
raises the mean activity coefficients of
sodium chloride to well above unity. It
is postulated that the large C20M mole-
cules participate in a process of solva-
tion. The ensuing arrangement of water
molecules would accord a greater activ-
ity to the cations present. The occur-
rence of solvation would also explain
why aqueous solutions of C20M do not
observe Van’t Hoff’s law, complicating
the freezing point depression method as
a way of ascertaining the osmotic pres-
sure of the solutions (see 10).

The interacting effect of C20M on
cations is, of course, mutual. This be-
comes at once clear from a comparison
of the results of osmotic pressure meas-
urements of mixed solutions of ions
and C20M with the results of the corre-
sponding separate solutions (Table 2).
As the jonic concentrations were in-
creased, the measured osmotic pressure
of the ionic solutions of C20M appeared
to be considerably in excess of the sum
of the osmotic pressures of the separate
solutions of C20M and ions. Under the
same circumstances, the relative vis-
cosity of the solutions decreased slightly
for any one concentration of C20M.
Both phenomena may be explained on
the basis of an apparent dissociation of
the long-stretched C20M molecule into
shorter molecules of the same basic
structure under the infiuence of ions, the
decrease of the particle size of the solute
being accompanied by an increase of
the particle density of the solution. This
feature complicates the use of C20M
for controlling the osmotic pressure of
plant nutrient solutions (11).

J. V. LAGERWERFF
GEN OGATA
HaroLb E. EAGLE
U.S. Salinity Laboratory,
Riverside, California
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On the Anomalous Activity of
Thyroxin Analogs in Tadpoles

Abstract. The abnormally high thyroxin-
like activity of certain thyroxin analogs is
due to the use of the unique test route of
immersion. When thyroxin, triiodothyro-
nine, and their propionic and acetic acid
analogs are tested by injection into the tad-
pole, their activities are more comparable
to activity levels established in rat and
man.

It has been frequently reported that
certain side-chain variants of thyroxin
(T4 and triiodothyronine (Ts) showed
many times the activity of thyroxin
when compared for their ability to in-
duce metamorphosis in anura (I). For
example, the compound, 3,5,3’-tri-
iodothyropropionic acid has been vari-
ously reported to be 200 to 300 times as
active as T.. However, the abnormally
high activity of these T. analogs does
not appear in T: activity comparisons
in other in vivo or many in vitro sys-
tems (I, 2). Thus the quantitative as-
pects of the tadpole response to certain
T+ analogs seemed to be unique.

Our continuing interest in the role of
T: in general, and the biochemical as-
pects of anuran metamorphosis in par-
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Table 1. Comparative activity of thyroxin and analogs. Data on rats, taken from Pitt-Rivers
and Tata (1), are based on the oxygen uptake and goiter prevention tests.

Activity compared with thyroxin

Relative
Compound Rat Tadpole activity,
(injection) Rana grylio Rana spp* , injection/
injection (immersion) ~ mmersion T
Thyroxin (T,) 1.0 1.0 1.0 17
3,5,3,5’-Tetraiodo-
thyropropionic
acid 0.1-0.6 3 21-100 1
Triiodothyronine (T;) 1-10 17 5.0-20 i
3,5,3’-Triiodothyro-
propionic acid 0.1-0.5 7 15-300 0.4
3,5,3’-Triiodothyro-
acetic acid 0.3-1.5 7 10-24 3

* Summary of experiments with several species, including R. grylio, R. clamitans, R. catesbeiana,
and R. pipiens, taken from this report and from Pitt-Rivers and Tata (I). f} Calculated from data
as in Fig. 1. Considerable experimental variation was observed in this ratio. } About 100.
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Fig. 1. Comparison of the activity of triiodothyronine, thyroxin, and analogs in Rana
grylio after injection (filled symbols) and immersion (open symbols). The percentage de-
crease in tail length was measured after 5 days at 24°=+1°C. The horizontal scale is a
log-scale of the moles of compound given per gram of tadpole. In the immersion ex-
periments the indicated dose of analog per gram of tadpole was dissolved in 500 ml of
redistilled water containing 0.010M NaCl.
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ticular (2, 3), has prompted a reexam-
ination of this question. Qur conclusion
is that the wunusual activity of T
analogs in tadpoles arises from an un-
usual testing method—immersing the
tadpoles in a solution of the test com-
pound instead of the injection of the
test compound. When the test com-
pounds are administered to the tadpole
by intraperitioneal injection, the rela-
tive activity of the various T. analogs is
comparable to the in vivo activities
found in rat or man.

Relative activities for five compounds
tested by both immersion and injection
in Rana grylio tadpoles are presented
in Fig. 1. The most active compound is
seen to be Ts when injected, exceeding
the activity of 3,5,3’-triiodothyropro-
pionic acid and any of the other com-
pounds tested. The activity of these
compounds in R. grylio after immer-
sion is in general agreement with pre-
viously reported data on other species
(2). The most interesting feature of the
data in Fig. 1 is the great disparity be-
tween activity of both Ts and T. when
tested by both routes. On the other
hand, triiodo- and tetraiodothyropro-
pionic acids show virtually the same
activity regardless of the mode of ad-
ministration. The activity of triiodothy-
roacetic acid is slightly higher after in-
jection.

Similar data, not presented here, were
obtained with two varieties of Rana
pipiens by using the percentage de-
crease in tail height as the morpho-
logical criterion. The divergence be-
tween the activity of Ts when tested
by injection and immersion was not
quite as large, but was still highly sig-
nificant. It is important to note that the
disparity between responses to Ts and T
with the two routes of administration
remains despite some variation in tad-
pole response due to seasonal and pos-
sibly other difficult to control envi-
ronmental factors.

The response of the three different
animals used in evaluating the five
compounds is summarized in Table 1.
It is clearly indicated that the tadpole
immersion test yields the only unique
data. When these compounds are in-
jected, their activity is essentially com-
parable regardless of the test animal
used. In the last column, the ratio of
activity resulting from injection and
immersion necessary for a 20 percent
decrease in tail length is estimated from
the data in Fig. 1. The figures vary
from about 100 for T: to less than I
for the propionic acid analog.

We are currently exploring the im-
plications of the wide difference in the
immersion and injected response to Ts
and T: by injection and immersion.
Tracer experiments with labeled T,
Ts, and propionic acid analogs are
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planned. We are inclined to believe
that the activity after injection gives
a more accurate picture of the com-
parable Tslike activity of T. analogs in
the tadpole using the tail response. Ac-
tivity comparisons should also be made
using other criteria, for example, limb
eruption and growth (4).

The tadpole response after immer-
sion is probably strongly influenced by
relative rates of penetration. Absorp-
tion undoubtedly occurs through the
skin and the gills, since tying off the gut
did not influence the response of the
tadpole to Ts. It is consistent with the
classical rules of permeability that a
compound with only an acetate or pro-
pionate side chain would be more per-
meable than a compound with a di-
valent alanine zwitter ion side chain.
Immersion tests might also be more
subject to difficulties arising from the
instability of compounds (5) and to
adsorption on glass at high dilutions
(6). Finally, it should be added that the
results may help to explain certain en-
hancements and inhibitions of the tad-
pole response in immersion experiments
(7). The many varied and confusing re-
sults obtained in this latter area may be
due to effects on the permeability of T
and T: rather than representing an ef-
fect on the peripheral tissue response
to the tryroid hormone (8).

EARL FRIEDEN
G. WAYNE WESTMARK
Department of Chemistry, Florida
State University, Tallahassee
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Nature of “Sex-ratio”
Agent in Drosophila

Abstract. Several lines of evidence im-
plicate small spirochetes, presumably
treponemata, as etiologic agents in the
production of the maternally transmitted
“sex ratio” condition (SR) in Drosophila
nebulosa, in D. willistoni, and in strains
of D. melanogaster into which the SR
condition has been artificially transferred.
The presence of treponemata in the hemo-
lymph of adult females of these species is
completely correlated with the production
of unisexual progenies and like this con-
dition is dependent on the genotype of the
host and of the infectious agent.

A condition of unisexual (or near
unisexual) progenies in Drosophila
known as “sex-ratio” (SR) has been
intensively studied in a number of
species by several investigators (/) who
showed it to be maternally transmitted
and dependent on an agent variously
interpreted as a plasma gene, cytoplas-
mic particulate, or virus (2). The
pattern of transmission has been estab-
lished in D. bifasciata, D. equinoxialis,
D. nebulosa, D. paulistorum, D. pro-
saltans, and D. willistoni (3), and in
all except the first it has been shown
that the stability and persistence of the
condition is also dependent on the nu-
clear genotype of the flies. In D.
bifasciata and D. equinoxialis this con-
dition has been shown to be tempera-
ture sensitive and subject to thermic
cure (4). The unisexual progenies are
a consequence of disturbances of de-
velopment in male zygotes which lead
to 50 percent egg mortality (5). The
pattern of disturbance and the stage of
onset are strongly influenced by the
genotype of the zygote, and there is
evidence that female as well as male
zygotes may be affected (6).

That the “sex-ratio” agent is of an
infectious nature (even though the con-
dition is not contagious) was demon-
strated in experiments in which the
condition was transferred by injection
of ooplasmic materials from SR strains
into previously normal strains of D.
willistoni and D. equinoxialis (7). In
the course of such experimental in-
fections the condition makes its appear-
ance after an incubation period of 10
to 12 days in many or all of the infected
females. In some instances the condition
may only make its appearance in later
generations after a period of latent
transmission (8). A thorough study of
the course of several such infections
showed that the otherwise normal
daughters of injected females may
transmit a sporadic and nonspecific
zygote lethality which can be carried
through more than 20 generations of
their descendants (9).

A study of the distribution of the
“sex-ratio” agent in tissues and organs

of SR adults of D. willistoni demon-
strated its presence in ovary, fat body,
flight muscle, and in exceptionally high
concentration in hemolymph (10). The
agent was also found in high concen-
tration in the hemolymph of the rare
surviving sons of SR females in this
species. Further, the agent may be
present in latent form in flies of appar-
ently normal strains of D. willistoni,
as shown by infections produced from
injections of extracts of such flies into
other females of the same strain. At-
tempts to separate and concentrate the
infective agent of D. willistoni by cen-
trifugation and ultrafiltration of extracts
of flies showed that the activity (as
measured by frequency of infections)
of supernatant fluids from whole-fly
homogenates is not reduced on passage
through a Millipore filter of pore size
0.3 4, but is cut to about one-third by
passage through a Millipore filter of
pore size 100 my (11).

Microscopic examination of the he-
molymph of females of D. nebulosa
and D. willistoni giving strictly unisex-
ual progenies shows the regular pres-
ence of many very fine filaments which
are more numerous in older than in
newly emerged flies. These filaments,
which are absent from the blood of
normal females of both species, are in
constant motion in fresh preparations
of hemolymph mounted in Crown im-
mersion oil. They are visible only with
dark-field or phase-contrast microscopy
and in thin preparations can be seen
to be of the order of 0.1 to 0.2 y in
diameter and to average 4 to 5 4 in
length, although occasional individuals
may be 8 to 10 y in length. In favorable
freshly mounted preparations, waves of
sinusoidal or helicoidal movement are
seen to pass along the length of the
filaments, giving them a regular spiral
appearance. In such preparations the
filaments remain visible and active up
to 48 hours at 25°C, although they
become increasingly granular and fuzzy-
edged, and evidences of spiralizing
vanish. During this time there is an
increase in the number of minute gran-
ules free in the hemolymph. At the end
of a week’s time the hemolymph prep-
arations contain principally such small
granules, evidently derived from the
filaments. The granules appear to have
a minute, almost invisible, tail or flagel-
lum and maintain an active movement
distinguishable from Brownian move-
ment. Similar small active granules are
numerous in the blood of rare surviving
sons of SR females. Occasional granules
of this sort are encountered in the
hemolymph of most normal females
and males.

The most satisfactory permanent
preparations have been obtained by
fixation of small drops or smears of
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