
zymatically inactive, dissociable, mixed 

complex: 

PPO-Cu + n MBT --> (PPO-Cu) (MBT)n 
Active enzyme Mixed complex of 

with attached copper unknown composition 

The exceptionally low concentrations 
of MBT made it difficult to obtain a 
conclusive explanation for the abrupt 
reversal of inhibition. The oxidation of 

dopamine to dopamine quinone prob- 
ably proceeds slowly throughout the in- 

hibitory period, catalyzed by trace con- 
centrations of active enzyme in equilib- 
rium with the inactive complex. The 
quinone formed then reacts with the 
free MBT to form the 'disulfide. We 
prepared MBT disulfide by chemical oxi- 
dation (10) and established that it is 
noninhibitory. Thus, the free MBT in 
the system is continually oxidized 
throughout the inhibition period and ef- 

fectively removed from the system as 
the noninhibitory disulfide. Alternative- 
ly, the quinone could react with MBT 
to form a noninhibitory compound of 
thiazole and quinone (7, 11). In either 
case, as the free MBT concentration 
approaches zero, the equilibrium in the 
reaction shown will be displaced to the 
left, increasing the concentration of ac- 
tive enzyme. This further increases the 
rate of MBT oxidation (or reaction) 
and accelerates the dissociation of the 
inactive complex of enzyme and MBT, 
accounting for the abrupt reversal of 
inhibition. Failure to return entirely to 
the uninhibited rate at higher MBT 
concentrations may be explained by the 
partial inactivation of PPO by the 
quinone products. Phenoloxidases are 
notorious for such product inactivation. 

Further studies of this unique inhibi- 
tion, particularly the establishment of 
the precise structure and properties of 
the complex of enzyme and MBT could 
well provide the key to the mechanism 
of phenolase action. 
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cause correlated changes in testes, 
cloacal glands, cloacal foam, and re- 
productive behavior of male Japanese 
quail. The cloacal protrusion may serve 
as a convenient external index of andro- 
gen, permitting repeated measurement 
without operation on or killing of the 
animal. 
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(Coturnix coturnix japonica) for many 
types of biologic research has been 
demonstrated repeatedly; several studies 
have been made of their reproductive 
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Photoperiodic Control of the Cloacal 

Gland of the Japanese Quail 

Abstract. Changes in photoperiod 
cause correlated changes in testes, 
cloacal glands, cloacal foam, and re- 
productive behavior of male Japanese 
quail. The cloacal protrusion may serve 
as a convenient external index of andro- 
gen, permitting repeated measurement 
without operation on or killing of the 
animal. 

The usefulness of Japanese quail 
(Coturnix coturnix japonica) for many 
types of biologic research has been 
demonstrated repeatedly; several studies 
have been made of their reproductive 
system and its response to various 

photoperiods (1). When males have 
been studied, the size of their testes 
has been the standard criterion of re- 
productive condition. However, the re- 

productive system of the quail has a 
distinctive feature, the cloacal gland, 
which has not been described in any 
other species or subspecies, or been sys- 
tematically studied in this subspecies 
(2). This unique structure, present in 
both sexes of C. c. japonica, is especial- 
ly noticeable in the male because in 
the reproductively active individual the 
gland swells, causing a large protrusion 
just posterior to the cloacal vent. 

The cloacal protrusion of many male 

passerines, in breeding condition, ap- 
pears similar in relative size and exter- 
nal appearance, but its cause is quite 
different. In passerines the protrusion 
results from increased convolution of 
the sperm ducts (3). 

In Japanese quail there is no such 
increase; rather there is considerable 
growth of the glandular tissue lining 
the wall of the cloaca just posterior to 
the cloacal opening. Microscopically the 
gland appears as columnar epithelial 
cells lining a network of tubules or 
lumina. When the enlarged cloacal pro- 
trusion (Fig. 1, left) is gently com- 
pressed, a white foam, having the ap- 
pearance and consistency of meringue, 
is expressed from the cloaca (Fig. 1, 
right (4, 5). During copulation the foam 
is transferred into the female's cloaca, 
but little else is known about it; there is 
still no clear evidence showing that the 
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Fig. 1. (Left) External appearance of the plucked cloacal protrusion. (Right) Squeez- 
ing of the protrusion expresses the cloacal foam. 
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Figure 2 shows that the amount of 

al gland is really the source of the foam and the sizes of the cloacal pro- 
No sperm are found in foam ob- trusion, cells in the cloacal gland, and 

I by squeezing the cloacal protru- the testes all start to decrease during 

the 1st week and, with the possible 
exception of the gland cells, reach or 

approach low asymptote within 3 to 4 
weeks of transfer from long days 
(16L: 8D) to short days (8L: 16D). 
The close relations among the several 
variables were confirmed by rank-order 
correlations: area of cloacal protrusion 
correlated +.83 with weight of the left 
testis (p < .005), +.73 with the size of 
epithelial cells (p < .005), and +.54 with 
weight of foam (p < .05). 

Figure 3 shows histologic changes in 
the cloacal gland during decline in the 

reproductive condition. As the testes' 
tubules shrink and spermatogenesis 
stops, the cloacal gland's epithelial cells 

get shorter and the lumina shrink (Fig. 
3, a and b), causing the decline in size 
of the cloacal gland and cloacal pro- 
trusion (Fig. 3, c and d). The same 

changes occur in reverse order, and at 
about the same rate, when the males 

regain breeding condition after transfer 
from short days to long days (7). 
Castration has the same effects on the 

sion, but foam taken from the female's 
cloaca after copulation is well mixed 
with sperm (6). I now report ithe re- 

sponse of the cloacal gland to changes 
in photoperiod; I relate this response to 

change in size of the testes, the com- 
mon criterion of the reproductive con- 
dition of males. 

Fifteen adult male quail were ran- 

domly assigned to five groups of three 
after having been housed for at least 
2 months on a cycle of 1-6 hours of 

light and 8 hours of darkness (16L: 8D). 
On day 0 one group of three males 
were killed, and the others were trans- 
ferred to 8L: 16D. Each week there- 
after another group were killed; just 
before death each male's cloacal pro- 
trusion was measured and the foam 
was collected in an airtight bottle for 

weighing. The protrusion was measured, 
with an ordinary millimeter ruler, from 
the cloacal vent to the posterior edge 
and laterally at the widest point; the 

product of these measurements yielded 
the area of the protrusion. To facilitate 
measurement, all protrusions were 
plucked before the start of the ex- 

periment. After death the testes were 

Fig. 3. Histologic changes in the cloacal 
glands of male Japanese quail before (a) 
and 4 weeks after (b) transfer from 
16L:8D to 8L:16D (x 235). Cross sec- 
tion of cloacal gland, showing organiza- 
tion before transfer (c) and gross changes 
after transfer (d) (X 23). 
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cloacal gland as does transfer from 
long days to short days, and treatment 
by replacement of androgen stimulates 
the cloacal gland just as does exposure 
of the males to long days (5, 7). 

These data indicate that activity of 
the cloacal gland is androgen-depend- 
ent, and that the cloacal protrusion 
is a reliable indicator of the male's 
gonadal response to changes in photo- 
period. The size of the protrusion cor- 
relates highly not only with testicular 
indexes of reproductive condition but 
also with behavioral criteria such as 
copulation and crowing (7). 

Thus the cloacal protrusion of a male 
quail can be used as a convenient ex- 
ternal index of androgen; unlike meas- 
urement of the testes, the method re- 
quires no surgery; like the testes, the 
protrusion is closely related to behavior- 
al and other physiological indicators of 
breeding condition. Such an index is 
especially useful in experiments requir- 
ing repeated measurements over time, 
as well as in studies (for example, in 
the field) in which surgery may inter- 
fere with the variables being observed. 

BENJAMIN D. SACHS 
Institute of Animal Behavior, 
Rutgers-The State University, 
Newark, New Jersey 07102 
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Silicone Rubber: Oxygen, Carbon Dioxide, and Nitrous Oxide 
Measurement in Gas Mixtures 

Abstract. Pressure changes, arising from counter diffusion of gases through 
a sealed silicone rubber tube, may be used to measure tension of gases in a 
mixture. When the tube is initially filled with one of the gases, and the mixture 
surrounds it, the pressure rise is related to the tension of the remaining gas. 

Silicone Rubber: Oxygen, Carbon Dioxide, and Nitrous Oxide 
Measurement in Gas Mixtures 

Abstract. Pressure changes, arising from counter diffusion of gases through 
a sealed silicone rubber tube, may be used to measure tension of gases in a 
mixture. When the tube is initially filled with one of the gases, and the mixture 
surrounds it, the pressure rise is related to the tension of the remaining gas. 

The properties of silicone rubber in- 
clude both a high permeability to all 
gases and a significant differential per- 
meability between these gases (1-3). 
Recently it has been shown that these 
properties also hold true for anesthetic 
vapors and gases (4). While pursuing 
our studies on diffusion of gases and 
anesthetic agents through silicone rub- 
ber, we observed that when a sealed 
silicone rubber tube filled with a gas 
to which it is relatively impermeable 
is surrounded by a gas to which it is 
highly permeable, changes occur in 
pressure within the tube. Initially there 
is a rapid rise, followed by a short 
plateau before its slow exponential de- 
cline to the base line. These changes 
in pressure can be explained by the 
differing rates of permeation of the 
gases on either side of the membrane. 
The rapid rise would represent the in- 
ward diffusion of the highly permeat- 
ing gas from without, while the plateau 
and slow fall would indicate progres- 
sive loss by outward diffusion of the 
less permeating gas. Consequently, the 
partial pressure of the highly perme- 
ating gas in the external mixture should 
be a function of both the rate and the 
height of the initial rise in pressure 
within the tube, thus providing a meth- 
od for measuring the partial pressure 
of that gas. 

To test this hypothesis, a silicone 
rubber tube of 50 cm length, 3 mm in- 
ternal diameter, and 5 mm external 
diameter was attached to a sensitive 
pressure transducer at one end. A long 
inlet and a short outlet tube at the 
other end allowed a known gaseous 
mixture to be introduced and sealed off. 
This tube was then placed in a glass 
cylinder through which the atmosphere 
to be measured was circulated. In the 
first experiment, mixtures of varying 
concentrations of highly permeating 
nitrous oxide and less permeating ox- 
ygen were used as external atmospheres, 
while the tube was filled with 100 per- 
cent oxygen. 

In order to establish an accurate 
base line, continuous flow of gases 
was maintained both inside and out- 
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base line, continuous flow of gases 
was maintained both inside and out- 

side the tube until it had been clamped; 
thereafter, readings of pressure were 
taken at 60-second intervals. Five dif- 
ferent concentrations of nitrous oxide 
in oxygen were tested, namely, 100 
percent, 75, 50, 25, and 5 percent. 
Each was run three times (Fig. 1). We 
decided that the rise in pressure be- 
tween the 1st and 2nd minutes after 
the tube was sealed would be the most 
accurate indicator of nitrous oxide per- 
meation, because during this period a 
quasi-steady-state flux inward of nitrous 
oxide had been reached, following an 
initial unstable period during which 
saturation of the membrane occurs. 
When this reading for each gaseous 
mixture was plotted against the per- 
centage of nitrous oxide in that mix- 
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ered (Fig. 2). 

We further found that this held true 
for other gas mixtures. In the second 
experiment, nitrogen filled the tube 
while varying concentrations of oxy- 
gen and nitrogen were used as the ex- 
ternal atmosphere. This was achieved 
by adding either of these gases to room 
air, which was considered, for the pur- 
poses of the experiment, as essentially 
a two-gas mixture. Oxygen is known 
to be approximately twice as permeating 
as nitrogen (1). The recorded rise in 
pressure in the tube could therefore 
be related to the oxygen tension in 
the external atmosphere. The proce- 
dure described in the first experiment 
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Fig. 1. Pressure within the sealed silicone 
rubber tube for varying concentrations of 
N20 in 02, plotted against time. 
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