
than the percentage increase in the 
rate of urine excretion. The rate of 
potassium excretion was only slightly 
increased. These renal responses to 4- 
leucine-oxytocin were consistently dem- 
onstrated in four experiments with a 
dose range from 0.5 1Ag per 100 g to 
0.7 /Ag per 100 g of body weight. 
Figure 1 shows the results from one 
typical experiment. 

In three other experiments, rats with 
marked water diuresis were given a 
continuous infusion of arginine-vaso- 
pressin (synthetic) to suppress water 
diuresis. The infusion rate was adjusted 
to produce and maintain a 50- to 60- 
percent inhibition of water diuresis. 
Under our experimental conditions, the 
priming dose of arginine-vasopressin 
was between 0.025 and 0.04 milliunit. 
The infusion rate was between 0.0035 
and 0.006 milliunit/min, with a flow 
rate always less than 0.05 ml/min 
delivered by a Harvard infusion pump. 

Arginine-vasopressin infusion re- 
duced the output of urine, increased 
the urinary osmolality to hyperosmotic 
levels, and reversed clearance of free 
water to reabsorption of free water. It 
had either no effect or caused a slight 
increase in osmolar clearance (Cosm) 
and excretion rates of sodium, potas- 
sium, and chloride. 

When, under the influence of vaso- 
pressin infusion, a steady state was 
achieved, simultaneous infusion of 4- 
leucine-oxytocin (priming dose 0.5 
jMg per 100 g of body weight; an infu- 
sion rate of 0.05 to 0.20 tg per 100 g 
per minute) caused a marked diuresis. 
Urine output was increased to or above 
the initial level of water diuresis before 
vasopressin infusion. Osmolality of the 
urine decreased, and the urine became 
hypoosmotic. Free-water reabsorption 
was decreased in all three experiments, 
and in two of these experiments, it 
was reversed to free-water clearance; 
in effect the antidiuretic action of 
vasopressin was inhibited. Since the un- 
avoidable effect of alcohol on the 
determination of osmolality tends to 
minimize the calculated reduction in 
free-water reabsorption, the absolute 
effect of 4-leucine-oxytocin on this is 
even greater. Osmolar clearance and 
excretion rates for sodium, potassium, 
and chloride were all increased. Natri- 
uresis and chloruresis were the most 
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fusion varied from 15 to 60 minutes, 
and after its cessation, the anti-ADH 
effect subsided accordingly in 10 to 30 
minutes. Figure 2 shows the results of 
one experiment. 

Thus 4-leucine-oxytocin is a potent 
natriuretic-diuretic polypeptide and 
also has an antivasopressin activity. It 
has only a slight kaliuretic activity. The 
natriuretic-diuretic property of 4- 
leucine-oxytocin is not unique. Oxy- 
tocin at low doses can produce natri- 
uresis and diuresis in rats (2, 4, 5); 
but at high doses, it is definitely anti- 
diuretic. The uniqueness of 4-leucine- 
oxytocin is its lack of antidiuretic 
activity and its antivasopressin activity. 

Brunner et al. (5) and Sawyer and 
Valtin (6) have shown that at certain 
doses oxytocin inhibits the antidiuretic 
response of rats to vasopressin. In 
these experiments, the inhibition was 
partial, and the free-water reabsorp- 
tion was not measured. Therefore, 
Sawyer and Valtin (6) could not ascer- 
tain whether the inhibition is a specific 
antagonism or is simply the impact of 
oxytocin natriuresis-diuresis superim- 
posing on the vasopressin antidiuresis. 

Although the experiments reported 
herein are not extensive, we do have 
sufficient data to provide a meaningful 
discussion of the mechanism of the 
renal actions of 4-leucine-oxytocin. 

First, it can be concluded that the 
natriuretic-diuretic activity of 4-leucine- 
oxytocin is not vasopressin-dependent, 
since this effect was demonstrable dur- 
ing water diuresis in water-loaded rats 
anesthetized with ethanol. It can be 
assumed with reasonable certainty that 
the release of endogenous vasopressin 
in rats during water diuresis was effec- 
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Several observers have noted oscilla- 
tions, with periods of 20 to 30 minutes, 
in the rate of transpiration and carbon 
dioxide exchange in various species of 
plants (1). It has been confirmed that 
these oscillations are associated with 
fluctuations in the diffusive resistance 
of the stomata. This suggests that the 
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tively blocked by the water load and 
the added ethanol. 

Second, 4-leucine-oxytocin has an 
antivasopressin activity. This is shown 
by the ability of 4-leucine-oxytocin to 
reduce the vasopressin-induced free- 
water reabsorption and to reverse it to 
free-water clearance. The present ex- 
periments, however, do not provide 
data to indicate whether the 4-leucine- 
oxytocin inhibition of vasopressin is at 
a receptor level or is due to the inhibi- 
tory activity of 4-leucine-oxytocin on 
renal sodium reabsorption at a certain 
segment or segments of the nephron 
which, in turn, affects the concentrating 
capacity of the kidney. 
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net CO2 exchange during the oscilla- 
tions is normally controlled by the 
supply of CO2 to the chloroplasts. We 
report fluctuations in the CO, exchange 
which are not directly related to the 
oscillations in diffusive resistance. 

Measurements were made of CO2 
exchange (by differential infrared gas 
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Carbon Dioxide Exchange in Cotton: 

Some Anomalous Fluctuations 

Abstract. Anomalous depressions in carbon dioxide exchange were observed in 
cotton leaves that were exhibiting oscillations in transpiration under controlled 
conditions of environment. The depressions occurred only when leaf temperature 
exceeded 37.5?C and when the leaf diffusive resistance was minimum. Stomatal 
control of the supply of carbon dioxide to the leaf does not seem to be implicated 
in the effect. 
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Fig. 2 (right). Oscillations in the rate of C02 exchange as influ- 
enced by leaf temperature; X, 37.5?C; 0, 40?C; and '0, 42.5?C. 
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analysis), transpiration, leaf tempera- 
ture, and /-ray transmission (to indi- 
cate variation in water content of the 

leaf) of the third of six leaves of a 
cotton plant previously grown for 2 
months in a controlled environment. 
This leaf was enclosed in a chamber 
in which the light level (wavelength 
0.4 to 0.7 A/) was 100 watt m-2 and 
CO2 concentration was 300 ? 10 vol- 
umes per million. The occurrence of 
oscillations was irregular, but in this 

experiment oscillations were initiated by 
a 5-minute dark period during normal 

light hours. 

The leaf resistance was calculated by 
the vapor-exchange method (2) from 
data on leaf temperature, specific hu- 

midity of the air, and the rate of trans- 

piration. This resistance, which includes 
stomatal and cuticular components, is 

expressed as the resistance to water 

vapor exchange in units of seconds per 
centimeter. 

During the experiment, leaf tempera- 
ture was increased from 32.5? to 
42.5?C in steps of 2.5? and then de- 
creased in the opposite sequence, the 

temperature at each level being main- 
tained constant throughout three or 

four successive oscillations in the rate 
of transpiration. Temperature of the 
leaf was controlled by continuous ad- 

justment of the temperature of the am- 
bient air; temperature of the stem and 

remaining leaves of the plant was 

approximately 23?C and that of roots 
30?C throughout the experiment. The 
roots were in an aerated, modified 

Hoagland nutrient solution. 
At all temperatures, oscillations in 

the rate of transpiration were closely 

approximated by a simple harmonic 
wave with a period varying between 22 
and 26 minutes (Fig. 1). Oscillations 
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of CO, exchange and transpiration were 
similar at leaf temperatures up to 
37.5?C. At 37.5?C the peak of the 
curve representing CO, exchange be- 
came flattened, and at 40?C a sharply 
decreased rate of exchange occurred 
over a period of 4 minutes when the 
rate of transpiration was near its maxi- 
mum (Fig. 2). The decrease was still 
more marked at 42.5?C, the exchange 
being positive during an interval of 
about 2 minutes. The behavior of the 

plant at any given temperature did not 
exhibit hysteresis, the phenomena ob- 
served being independent of the direc- 
tion of the preceding change of tem- 
perature. The depressions were noted 
in ten oscillations. 

These surprising fluctuations in CO, 

exchange by the leaf when the level of 

light, concentration of CO,, and leaf 

temperature were constant, and the leaf 
diffusive resistance minimum, could be 
due to partial inhibition of photosyn- 
thesis, a stimulation of respiration, or 
both. Respiration is known to increase 
with an increase in temperature (3) 
but leaf temperature was constant dur- 

ing any one oscillation. The anomalous 
fluctuations occurred only at the higher 
temperatures. While the influence of 
temperature on the rate of respiration 
could account for a general reduction 
in the rate of CO, exchange, it cannot 
be invoked to explain the sudden efflux 
of CO,, unless this efflux was under 
stomatal control. 

Stomatal control of CO, diffusion 
offered the main control of CO, ex- 

change at leaf temperatures up to 
37.5?C and during part of each oscilla- 
tion at higher temperatures. It is clear, 
however, that another mechanism lim- 
ited CO, exchange at higher tempera- 
tures, as this exchange was depressed 
when the leaf diffusive resistance was 
minimum (Fig. 3). Other resistances to 
CO2 transfer are involved in CO2 ex- 

change (4), and it may be that they are 

temperature-dependent. If the rate of 
photosynthesis was limited by another 
resistance, then a leveling rather than a 
periodic depression would be ex- 
pected. 

The influence of leaf temperature on 
the rate of CO, exchange was also ob- 
served under conditions when the leaf 
diffusive resistance was constant. In 
these experiments the stomatal diffusive 
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resistance (Fig. 3). Furthermore, in 
one experiment leaf temperature was 
maintained at 42.5?C for 6 hours with 
a low leaf diffusive resistance without 
a significant change in CO, exchange. 
In contrast, there was a significant 
reduction in the rate of CO, exchange 
at the lowest leaf resistance during 
oscillations in stomata at 42.5?C. 

The only parameters, beside leaf 
temperature, we could link to this de- 
pression were a lowered level of plant 
water and high rate of transpiration. 
Carbon dioxide exchange was closely 
related to transpiration up to a rate of 
6 x 10-G g cm-2 sec-1, but at higher 
rates of transpiration the rate of ex- 

change declined (Fig. 4). The rate of 
transpiration may have influenced pho- 
tosynthesis through lowered water con- 
tent of the leaf, but the depressions of 
CO exchange often occurred without 
any consistent reduction in leaf water. 
If the depressions are directly related 
to the water relations of the plant, it 
would appear that the rate of flow of 
water rather than the content of water 
in the leaf has influenced the photo- 
synthetic process. This suggestion can- 
not be valid unless we suppose that the 
effect is dependent on temperature, as 

high rates of transpiration occurred 
without influencing the rate of CO2 
exchange at lower temperatures. Under 
steady-state conditions, the leaf re- 
sponds to increasing water stress mainly 
by increasing stomatal diffusive resist- 
ance, so that the special condition, 
noted during the oscillations, of a high 
transpiration rate with a low content of 
plant water is unlikely to occur under 
steady states. 

The effect is difficult to explain but 
may be due to variation in water con- 
tent between organelles within the leaf, 
encouraged by temperature-dependent 
permeability changes, high transpiration 
rates, and low content of plant water. 
This could alter the volume, structure, 
or the capacity for ion exchange of the 
chloroplasts, and thus influence the 
photosynthetic capacity of the leaves. 
A particular explanation could be the 
effect of water content of chloroplasts 
on the reversible uncoupling of photo- 
phosphorylation from electron trans- 
port of the photosynthetic process 
(see 5). 
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virginiana (the North Anmerican opos- 
suln) is uniquely suited for studies of 
mammalian limb replacement. By 
transplanting nervous tissue to the limb, 
regeneration has been successfully in- 
duced in this mammal. 

In lower vertebrates at least two fac- 
tors, nervous (1) and hormonal (2), 
are decisive in determining whether or 
not regeneration will occur after limb 
amputation. Investigators have used this 

knowledge to induce regeneration in 
typically nonregenerating appendages of 
adult anurans (frogs) (3) and reptiles 
(lizards) (4). However, previous at- 
tempts to induce mammalian limb re- 
generation have been disappointing (5). 
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Fig. 1. Histological detail of newborn 
opossum hindlimb. Arrows indicate level 
of amputation (X 36). 
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