ity of the eccrine sweat glands. The
nature of the mechanism is largely un-
known. The effect seems to be of a
permissive or facilitatory nature such
that the action of efferent impulses
upon the sweat glands is enhanced.
There may be two explanations: (i)
The local excitatory state of sweat
glands is increased by heat and de-
creased by cold directly or through a
type of axon reflex. (ii) The facilitation
occurs by the interaction of impulses
from heat receptors and efferent sym-
pathetic fibers by some unknown mech-
anism.

Lloyd (72), studying the influence
of temperature upon the response of
sweat glands in the footpad of the cat,
found a shorter latency of sweat emer-
gence with higher local temperature;
he concluded that for each nerve im-
pulse the glands yield an amount of
sweat proportional to the local temper-
ature.

In many studies the influence of
skin temperature on sweating was in-
vestigated by changing the temperature
of large areas of skin or that of the
entire surface; such a change, however,
influences the mean body temperature
and presumably the hypothalamic tem-
perature. Thus, separation of surface
effects and central regulation has been
difficult. We differ with Benzinger et al.
(9) in that our results indicate that
skin temperatures over 33°C have a
marked effect on sweating. Their sug-
gestion that the inhibitory effect of
cooling is produced only by impulses
from cold receptors inhibiting the effer-
ent outflow of the hypothalamus should
therefore be reconsidered.

The local thermal effect on sweat
gland activity appears to be an im-
portant factor in thermoregulatory con-
trol. The magnitude and response time
of the immediate changes in sweating
with variations in mean skin tempera-
ture (6, 7) must have been influenced
by the local excitatory state of the
sweat glands.

W. vAN BEAUMONT
ROBERT W. BULLARD
Department of Anatomy and
Physiology, Indiana University,
Bloomington
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Hepatic Glycogen Depletion in
Amphiuma during Induced Anoxia

Abstract. Giant salamanders, Am-
phiuma means, measuring 240 to 280
millimeters from snout to vent, toler-
ate induced anoxia for 6 hours. After
3 hours of anoxia, hepatic glycogen
units are reduced in size and concen-
tration; after 6 hours the glycogen
units are almost completely depleted.
Greater development and changes in
the density of the endoplasmic reticu-
lum indicate that this structure partici-
pates in the mobilization of glycogen
from the cell.

Recent studies of the respiratory
metabolism of the giant salamander,
Amphiuma means tridactylum, indi-
cated that these animals could tolerate
anoxia for periods up to 13 hours
at 22°C. It therefore appeared that
Amphiuma would be a suitable animal
in which to study depletion of hepatic
glycogen with the aid of the electron
microscope.

Nine animals were placed individu-
ally in a nitrogen chamber filled with
oxygen-free water. A continuous flow
of nitrogen forced the water out of the
test chamber and flushed out exhaled
oxygen. The chamber was placed in a
water bath at 22°C.

Since there was a definite correla-
tion between size and ability to toler-
ate anoxia in this species, only ani-
mals measuring between 240 and 280
mm from snout to vent were used.
Amphiuma within this size limit toler-
ated anoxia for about 6 hours. Ani-
mals were removed after 3 and 6 hours
of anoxia, their body cavities opened,

and comparable portions of liver re-
moved. The tissue was fixed in 2-per-
cent osmium tetroxide buffered in
Millonig’s phosphate buffer (pH 7.6),
embedded in Epon (I), sectioned, and
stained for 10 minutes in saturated
aqueous uranyl acetate and then for
S minutes in lead citrate (2). Ani-
mals maintained in the laboratory for
5 days were used as controls.

As aptly reviewed by Revel, two
basic types of glycogen can be rec-
ognized with the electron microscope
(3). Alpha units are complex con-
glomerates of glycogen particles that
assume a characteristic rosette-shape.
Beta units are smaller and have
smoother edges than alpha units, and
they may be analogous to the glycogen
particles that comprise the alpha units.
Hepatic glycogen in amphibians is
usually distributed as individual parti-
cles (beta units) (3), but this was not
the case in Amphiuma.

Liver cells of the control animals
were packed with glycogen rosettes
(Fig. 1A4). The glycogen was stored
in the cytoplasm and the smooth endo-
plasmic reticulum appeared as short,
transparent areas (cisternae) within
the cells.

In the animals subjected to anoxia
for 3 hours there was an obvious de-
crease in the size and concentration
of glycogen rosettes (Fig. 1B). Also,
the cisternae were considerably length-
ened by the union of shorter sections
to form anastomosing channels. The
edges of the rosettes were smoother
than in the controls, suggesting that the
most externally exposed portions had

dissolved, leaving a smaller, more
rounded unit. At this stage the endo-
plasmic reticulum appeared more

dense than the cytoplasm.

Liver cells of the animals subjected
to anoxia for 6 hours were almost
completely devoid of glycogen (Fig.
1C) and further anastomosing of the
endoplasmic reticulum had occurred.

At higher magnifications the glyco-
gen particles of the rosettes appeared
to be composed of still smaller, punc-
tate particles (inserts, Fig. 1). These
smaller subunits may be either normal
facets of glycogen particles, or the ef-
fects of nonspecific areas of lead depo-
sition; alternatively, they may be
caused by electron-beam bombard-
ment of the specimen (3).

There was definite decrease in the
number of visible subunits per rosette
with increased time of anoxia. Thus,
ten of the largest glycogen units had
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Fig. 1. Sections of liver from Amphiuma
means tridactylum showing depletion of
glycogen during induced anoxia. (4) From
control; (B) from animal subjected to
anoxia for 3 hours; (C) from animal sub-
jected to anoxia for 6 hours (X 5400; in-
serts, X 40,000).

a mean of 29 (18 to 35) subunits per
rosette in the control animals; 15 (10
to 30) subunits per rosette in the ani-
mals exposed to anoxia for 3 hours;
and 9.3 (3 to 16) subunits per rosette
in the animals exposed to anoxia for
6 hours. If these subunits are subse-
quently found to be normal facets of
each glycogen unit, then they are
probably the smallest visible particles
converted to glucose.

The smooth endoplasmic reticulum
is generally considered to be a chan-
neling network, since it is best de-
veloped when the cell is actively se-
creting some substance, for example,
during salt secretion from the gills of
fish (4). During storage periods one
would expect the endoplasmic reticu-
lum to be less developed than during
periods of utilization of the storage
product. Greater development of the
endoplasmic reticulum during anoxia
is probably a response by the cell to
more effectively mobilize glycogen out
of the liver.

Glycogen is generally considered a
quick energy reserve in mammals;
however, when there is complete ab-
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sence of oxygen, death probably en-
sues before hepatic glycogen is mobi-
lized. That some reptiles and amphib-
ians can utilize stored glycogen during
anoxia more effectively than others
suggests that glycolysis may play a
more predominant respiratory role in
these animals than in mammals.

Amphiuma means tridactylum in
southern Louisiana are collected from
sewage and swampy ditches—areas of
low oxygen tension. Many of these
ditches dry out during the summer and
the Amphiuma go underground to
avoid dessication. Under these condi-
tions the animals lower their metabolic
rate and rarely use pulmonary respira-
tion (5).

Stored lipid is at a minimum during
the summer months; even during pe-
riods of maximum storage the amount
stored is extremely low (5), yet Am-
phiuma can withstand starvation for
extended periods (6). Thus glycogen
may be a long-term storage product in
Amphiuma, as in some molluscs, and
may serve as a lipid substitute, since
the oxidation of fats requires more
oxygen per gram than the oxidation
of glycogen. In a habitat of low oxy-
gen tension, glycogen would have a
definite advantage over lipid as a stor-
age product. Possibly a balance exists
between the energy derived from gly-
colysis and the small amount of
aerobic energy that allows these ani-
mals to sustain themselves during ex-
tended droughts. The low metabolic
rate during unfavorable conditions
would also be a sustaining factor.
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Kinin-Induced Parthenocarpy in the
Fig, Ficus carica L.

Abstract. Parthenocarpic Calimyrna
fig fruits induced with a kinin were
identical morphologically to those pre-
viously produced parthenocarpically
with auxin or gibberellin. Thus, the
three types of endogenous hormones
thought to originate in the seeds and to
stimulate directly fruit growth can be
supplied by plant parts other than
seeds.

Kinins occur naturally in a number
of fruits (I, 2). Although they have
been implicated in the cell division
phase of fruit growth (2), it is not
known whether they actually govern
this type of growth. Weaver and van
Overbeek (4) reported that Black
Corinth grape clusters dipped in a kinin
solution 4 days after anthesis produced
berries about three times as large as un-
treated berries. Since no histological
studies were made, it is not known
whether the increase in berry size was
due to stimulated cell division or cell
enlargement, or both. Kinins have not
heretofore been reported to induce
parthenocarpy. However, the synthetic
kinin SD 8339 (4), having the struc-
tural formula shown in Fig. 1, has
proved very effective for promoting
parthenocarpy in the Calimyrna fig.

At concentrations of 100 and 500
parts per million, SD 8339 was applied
in aqueous solution by spraying the
young syconia and foliage or by in-
jecting the fruit with a hypodermic
syringe, the needle being passed
through the ostiole and into the central
cavity which was then filled with 1 to 2
ml of the solution. Three to four fruits
on each of five trees were used for
each treatment. At the time of treat-
ment, the female flowers within the
syconia were receptive to pollination.
Cross-pollination was prevented by cov-
ering the branches bearing the fruits
to be treated with muslin bags. The
bags enclosed the branches for about
2 weeks, the period during which pol-
lination of unbagged fruits by the in-
sect Blastophaga psenes took place.
Bagged but untreated fruits served as
controls. Unless cross-pollination oc-
curs or the syconia are treated with
certain growth regulators (5), they
cease gréwth and wither, and abscission
occurs in about 2 weeks.

As shown in Table 1, SD 8339 was
very effective for inducing partheno-
carpy, particularly when injected into
the syconia. After spraying with SD
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