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Fig. 1. Relation of hypocalcemic response to log dose of acid extracts of ultimo:
branchial glands of chicken Gallus domestica and a small shark Squalus suckleyi.
Each point represents four to six rats. For comparison, the response to a standard
preparation of calcitonin from beef thyroid and the estimated response to extracts

of fresh hog thyroid (10) are indicated.

refer to an international standard
(Thyroid Calcitonin~Standard A) pre-
pared and made available by the Divi-
sion of Biological Standards, National
Institute for Medical Research, Medi-
cal Research Council, London., The
relationship between response and the
logarithm of the dose is shown in Fig.
1. The slopes for calcitonin from these
three different sources are essentially
parallel, suggesting similar biological
activity. From these curves, the cal-
citonin extracted per gram of chicken
ultimobranchial was estimated to be
130 MRC units as compared to 15
units per gram of dogfish ultimobran-
chial, and 2.6 to 4.3 units per gram of
hog thyroid (10). The low value for
the latter is not surprising, since ulti-
mobranchial cells make up only 1 to 2
percent of the mass of hog thyroid.

The fall in plasma calcium level 1
hour after the injection of extract from
one-tenth of a chicken ultimobran-
chial (0.5 mg) was 1.65 = 0.30 mg
per 100 ml; the fall after administra-
tion of extract from one-fourth of a
dogfish ultimobranchial (4 mg) was
292 =* 0.19 mg per 100 ml. There
was no detectable hypocalcemic effect
from injection of extracts from 200
to 500 mg of chicken or dogfish thy-
roid.

The absence of detectable calcitonin
in the thyroids of these animals, to-
gether with the very high level in the
ultimobranchial glands, strongly sug-
gests that in birds and elasmobranch
fishes calcitonin is an ultimobranchial
rather than a thyroid hormone. This
is consistent with the view that calcito-
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nin is produced by the C cells of the
mammalian thyroid (4), and that these
are of ultimobranchial origin (5). It is
also interesting that the other calcium-
regulating glands, the parathyroids,
arise from a very similar embryological
anlage in more anterior branchial
pouches. The presence of calcitonin in
the most primitive (elasmobranchs) and
advanced (birds and mammals) verte-
brates possessing ultimobranchial tissue
suggests that this must be one of the
fundamental vertebrate hormones. In-
deed, phylogenetically the ultimobran-
chials and calcitonin appear to precede
the other two important factors in cal-
cium regulation, bone and parathyroid
hormone. In mammals, calcitonin ap-
pears to act primarily on bone to in-
hibit osteolysis. It will be interesting to
determine the action of this hormone
in elasmobranchs in which there is no
boney skeleton.
D. H. Corpr
D. W. CoCKCROFT
YANKOON KUEH
Department of Physiology,
University of British Columbia,
Vancouver 8, Canada
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Photoperiodic Control of
Hamster Testis

Abstract., The response of the testes
of juvenile and adult hamsters to vari-
ous photoperiods was examined, The
testes of juvenile animals reached ma-
turity regardless of the light cycle on
which the animals were raised. How-
ever, the testes of adult hamsters re-
quired at least 12.5 hours of light per
day to maintain spermatogenesis and
prevent degeneration. This is one of
the few demonstrations of a response
suitable for study in investigations of
the photoperiodic control of testicular
function in a laboratory mammal.

Seasonal breeding patterns in the
field have long been observed and are
well documented for most mammalian
species (I). To insure production of
the young at the time of year most
conducive to survival, accurate syn-
chronjzation of reproductive ' activities
with the environment is essential. Most
attempts to explain the observed cor-
relation of reproductive activity with
season invoke day length as the con-
trolling factor. For, of all the environ-
mental cues which indicate seasonal
change, the duration of light per day
is the most reliable.

The controlling role of light has
been demonstrated by extensive experi-
mental work on the timing of estrus in
several mammalian species (2). How-
ever, only a few studies have considered
photoperiodic influences on the male.
Bissonnette (3) subjected male goats,
which normally breed on the short
days of autumn, to a short photoperiod
in the spring. As a result of this treat-
ment mature sperm were produced at
a time when the seminal epithelium is

~ normally quiescent. Ortavant et al. (4)

showed that testis weight and sperm
production in the ram was maximum
on a photoperiod of LD 8:16 (5).
Photoperiods shorter or longer than
8 hours resulted in loss of testicular
weight, as well as in decrease in
spermatogenesis. Several studies have
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Fig. 1 (above). Response of hamster testes
to different photoperiods. The abscissa for
the stage data (see text) is identical to
that against which testis weight is plotted.
Points for testis weight are group means,
and the bars above and below them are
standard deviations. The number accom-
panying some of the points of stage data
indicates the number of animals at that
stage. (A) Response of the right testis of
juvenile hamsters after 1 month of treat-
ment. (B) Testicular response of adult
hamsters after 6 weeks of treatment. Testis
weight is an average of the weights of
left and right testis. (11).

Fig. 2 (right). Representative sections from
normal and degenerate testes (about X
160). (A) Stage 6; full spermatogenesis.
(B) Stage 5; fewer sperm are being pro-
duced, and sloughing of seminal epithelium
into the lumen is evident in about 50 per-
cent of the tubules of a given section. (C)
Stage 4; there is loss of ordered cell divi-
sion within the seminal epithelium, ab-
sence of spermiogenesis, shrinkage of tu-
bules, and shrunken appearance of inter-
stitial cells. (D) Stage 2; the lumina have
disappeared, the primary spermatocyte is
the predominant germ cell, and further tu-
bule shrinkage has taken place.
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shown testis function in ferrets to be
photoperiodically controlled. Compari-
sons of effects of full photoperiods
with those of skeleton regimes in the
male ferret have indicated that LD
2:10:2:10 can effectively replace an
LD 14:10 cycle in maintaining repro-
ductive activity (2). Hoffman and
Reiter (6) have shown that LD 16:8
maintained spermatogenesis whereas
LD 1:23 produced testicular involu-
tion and loss of spermatogenic activity
in hamsters. Such studies establish the
influence of light on the reproductive
function of the mammals examined.
However, the way in which light
effects the synchronization of breeding
cycles is as yet undetermined. A de-
scription of the reproductive response
to a range of different photoperiods is
preliminary to an examination of the
mechanisms of photoperiodic control.

Four-week-old male hamsters were
subjected to experimental photoperiods
(7). Figure 1A shows the testicular re-
sponse of these hamsters after a 1-
month exposure to various photoperi-
ods. The testes of most of the ham-

sters attained adult weight and full

spermatogenic activity (Fig. 2A) on all
light regimes. Apparently juvenile ham-
sters are able to attain reproductive ma-
turity regardless of the photoperiod on
which they are raised. Indeed, sperma-
togenesis is found even on LD 2:22
and in constant darkness.

Fig. 1B illustrates the very different
testicular response of intact adult ham-
sters to different photoperiods. These
animals were maintained in the lab-
oratory until after they reached sexual
maturity (at approximately 10 weeks
of age) on a photoperiod of LD 13:11,
They were then transferred to the ex-
perimental regimes for 6 weeks and
subsequently killed. The relationships
of testis weight and histological stage of
spermatogenic activity to the experi-
mental photoperiods show clearly that
maintenance of testis size and sper-
matogenic activity are photoperiodical-
ly controlled. The testes of hamsters
receiving less than 12.5 hours of light
per day were small and histologically
degenerate, whereas testes of most of
the animals maintained on longer day
lengths were relatively large and func-
tional. These data indicate a critical
day length of about 12.5 hours for the
photoperiodic control of testis mainte-
nance in adult hamsters (8).

Histological evaluation of the de-
gree of degeneration was based on a
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minimum of 20 serial cross sections
(9) from the middle of the right testis
from each animal. Between 250 and
300 cross sections of seminiferous
tubules are present in each section.
Stages were assigned on the basis of the
following criteria: type of germ cells
present; diameter of the seminiferous
tubules, appearance of the interstitial
cells, and the degree of sloughing of
the seminal epithelium. Degenerative
changes, when present, were observed

uniformly throughout a given section,
as well as in all serial sections of the
tissue examined. With respect to the
above criteria, the histological degen-
eration appeared identical in all ani-
mals regardless of previous history (for
example, a stage-3 testis produced by
LD 2:22 is indisinguishable from a
stage-3 testis from an animal main-
tained on LD 12.5:11.5) (Fig. 2).
The relationship between testis
weight and stage in Fig. 3 shows that
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Fig. 3. Relationship between testis weight and histological stage. Numbers beside
points indicate number of animals per point. Stage 1 represents a quiescent immature
testis and is included for comparative purposes. This stage (resting spermatogonia
only) was not observed in any degenerate adult testes.
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weight is an accurate indication of
function in the degenerating testis.
There was no relationship between
body weight and testis weight within a
stage or among individuals on the same
light regime. Likewise, body weight
and photoperiod were not related,
Thus, we are dealing with a response
elicited specifically from the reproduc-
tive system by the photoperiodic treat-
ments,

Past experimental studies of the
mechanism of photoperiodic control of
reproduction have used birds almost
exclusively (10). A photoperiodic re-
sponse suitable for rigorous experimen-
tal manipulation has not been available
in a laboratory mammal. With further
work, aimed at identification and elimi-
nation of the sources of the wide vari-
ance observed in our data, it should
be possible to use the photoperiodic
response of adult hamster testes as a
means of experimentally studying pho-
toperiodism in mammals.

SUZANNE GASTON
MICHAEL MENAKER
Department of Zoology,
University of Texas, Austin
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Cholinergic Binding Capacity of

Proteolipids from Isolated Nerve-Ending Membranes

Abstract. The capacity for binding dimethyl d-tubocurarine-Ct% was studied
in isolated nerve-ending membranes from cerebral cortex and myelin. After
treatment of the membrane with organic solvents most of the radioactivity was
recovered in the extract. Preliminary evidence indicates that dimethyl d-tubocu-
rarine-C*1 is not bound to lipids or glycolipids. While the proteolipids of myelin
have a low binding capacity, the results obtained with the nerve-ending membranes
rich in acetylcholinesterase suggest that the cholinergic receptor may be a special

tvpe of proteolipid.

Advances in cell fractionation of the
brain have led to the separation of dif-
ferent types of nerve-ending mem-
branes and to a study of their recep-
tor properties by the use of cholinergic
blocking agents. Those membranes
which are richer in acetylcholinesterase
also have a higher binding capacity
for dimethyl d-tubocurarine-C*, H?#-
alloferin (alcuronium chloride), and
hexamethonium labeled with C!! on the
methyl groups. For example, in those
separated in a gradient at 1.0M sucrose
(that is, M; 1.0) the uptake of dimethyl
d-tubocurarine-C1* is seven times higher
than that in the total particulate
fraction of the cerebral cortex (7). The
treatment of such membranes with the
non-ionic detergent triton X 100 leads
to the solubilization of most of the
acetylcholinesterase (2), but in the sedi-
ment the binding capacity of the origi-
nal membranous fraction is not re-
duced (3). The detergent also produces
a considerable solubilization of pro-
teins; however the proteolipids, as de-
fined by Folch () by their solubility

in a mixture of chloroform and meth-
anol (2 :1), are recovered in the resi-
due (5). Electron-microscopic study of
this residue reveals that most of the
nerve-ending membrane disintegrates
but that the junctional complex, com-
posed of the two synaptic membranes
and other macromolecular components,
persists intact (6). These findings opened
the possibility of isolating the receptor
substance having the binding capacity
for cholinergic blocking agents.
Nerve-ending membranes rich in ace-
tylcholinesterase (fractions M; 0.9 and
M; 1.0) from cerebral cortex and myelin
(fraction M; 0.8) from white matter or
brain stem were treated with dimethyl
d-tubocurarine-C!* (Table 1) and the
binding capacity was determined (7).
The control pellet was extracted with
a mixture of chloroform and methanol
(2 : 1) (4), and the radioactivity in the
residual pellet and the extract was meas-
ured. Treatment with these organic sol-
vents completely inactivated acetylcho-
linesterase and removed most of the
radioactive material from the residual

Table 1. Uptake of dimethyl d-tubocurarine-C** and proteins in submitochondrial fractions of
the central nervous system of the cat. The fractions in 0.32M sucrose were incubated for 15
minutes at 22°C (/) with dimethyl d-tubocurarine-C** (25,000 count/min per milliliter) and then
centrifuged at 100,000g for 30 minutes. The sediments were then washed three times with
sucrose for 5 minutes each. Samples of the control pellet and of the extract were measured
in a Nuclear-Chicago scintillation counter. In each case the counts per minute were related
to the protein content determined in each tube. Subfractions containing nerve-ending mem-
branes from the cerebral cortex (M, 1.0 and M, 0.9) (/) were compared with fractions con-

taining myelin (M, 0.8) from white matter (experiments 1 and 2) or midbrain (experiment 3).

Control pellet

Chloroform-methanol

(2 :1) extract Ratio
Fraction Content T T T, . b
Protein Protein . Protein Protem' “a
(mg/e (count/min (mg/g) (count/min
878) " per mg) (a) &) permg) (b)
Experiment 1
M, 1.0 Nerve-ending 1.32 10.460 0.13 140.307 14.0
membranes
M; 0.8 Myelin 25.20 5.838 7.20 18.850 3.2
Experiment 2
M, 1.0 Nerve-ending 0.93 16.744 0.08 160.100 9.5
membranes
M, 0.8 Myelin 17.90 6.948 9.80 14.734 2.1
Experiment 3
M, 0.9 Nerve-ending 0.68 19.617 0.12 141.458 7.2
membranes
M, 0.8 Myelin 8.00 12.788 5.00 18.092 1.4
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