
process of new synthesis of neurosecre- 
tory granules. 

3) This method of emptying the 
neurosecretory axons within a very 
short, experimentally controlled period 
of time offers many advantages for 
the study of the dynamic aspects of 
the neurosecretory process. 
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Neurosecretory Cell: Capable of 

Conducting Impulse in Rats 

Abstract. Electric stimulation of the 
rat neurohypophysis in situ evoked the 
unit action potentials in the supraoptic 
nucleus. Compound and unit action 
potentials were recorded from the iso- 
lated neurohypophysis after electric 
stimulation. The application of solutions 
high in potassium or devoid of sodium 
made the neurohypophysis inexcitable. 
Mammalian neurosecretory cells have 
the neuronal properties of generation 
and conduction of action potentials. 

As discussed by Bern and Yagi (1), 
the question of whether mammalian 
neurosecreitory cells have the ability to 
generate and conduct action potentials 
has not yet been solved. The mam- 
malian neurohypophysis contains a very 
small number of nerve fibers; these 
range from sympathetic nerve fibers 
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small number of nerve fibers; these 
range from sympathetic nerve fibers 
running with the posterior median hy- 
pophysial artery into the neurohypophy- 
sis (2), to the nerve fibers running 
within the hypothalamo-neurohypo- 
physial tract originating in hypotha- 
lamic nuclei other than the supraoptic 
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and paraventricular nuclei which send 
the neurosecretory fibers into the neuro- 
hypophysis. Moreover, not all neurons 
in the supraoptic and paraventricular 
nuclei are neurosecretory ones (3). Be- 
cause of this anatomical situation, the 
possibility that the recorded impulses 
from supraoptic or paraventricular nu- 
clei (4) and from the stalk of the neural 
lobe (5) might be derived from non- 
neurosecretory cells has not been ex- 
cluded. In the present study we aim to 
indicate the capability of impulse con- 
duction of rat neurosecretory cells by 
recording the antidromically conduct- 
ed impulses from the supraoptic nu- 
cleus of the hypothalamus after electric 
stimulation of the neural lobe. The ex- 
periment on the isolated neurohypophy- 
sis was also conducted to examine 
the excitable nature of the membrane 
of neurosecretory cells. 

For the in vivo experiments, the areas 
of the hypothalamus and hypophysis 
of five female rats anesthetized by in- 
traperitoneal injection of urethane (1.5 
g per kilogram body weight) were ex- 
posed from the ventral side with mini- 
mum bleeding. The rat was placed on 
its back, and artificial respiration was 

employed after an intramuscular injec- 
tion of about 0.6 mg of tubocurarine 
chloride. With this procedure, loca- 
tions of recording and stimulating elec- 
trodes can be identified under the dis- 
secting microscope (6). For the in vitro 
experiments, 11 albino rats (body 
weight, 160 to 280 g) of both sexes 
were anesthetized and decapitated for 
removal of the neural lobe. The iso- 
lated neural lobe and a small piece 
of the attached stalk were placed in a 
vessel containing about 10 ml of 
Locke's solution. The solution was kept 
at 37?C and aerated continuously. 

A stimulating current of spike shape 
(duration, 0.07 msec) was applied by 
an Aika E-1 stimulator attached to a 
pair of bipolar electrodes of silver 
wire, insulated by a glass capillary of 
about 0.3 mm OD. Bipolar electrodes 
of the same type were used for re- 
cording compound action potentials in 
vitro. Unipolar recording of unit ac- 
tion potentials was made with a silver 
microelectrode, similar to that used by 
Yagi and Bern (7), which was con- 
nected to an amplifier through a 
cathode follower. The action potentials 
were amplified by an EB-10 amplifier 
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(Fig. 1B). Some units, however, did 
not respond to the stimulation. The 
duration of uni;t spikes was 1 to 2 
msec. A rough estimation of the veloci- 
ty of antidromic conduction along 
the hypothalamo-neurohypophysial tract 
was 1 m/sec. This figure is com- 
parable to the values of 0.5 m/sec in 
fish hypothalamic neurosecretory fibers 
(8), 1 m/sec in fish caudal neurosecre- 
tory fibers (9), and 0.6 to 1.4 m/sec 
in the cat hypothalamo-neurohypophysi- 
al tract (5). Our estimate includes er- 
rors arising from regarding the latent 
time between the stimulus and the 
spike potential as conduction time and 
from assuming the surface distance to 
be the length of the fiber. Changes in 
spontaneous firing frequencies were ob- 
served in these units after an infusion 
of hypertonic or hypotonic solution. 
The presence of antidromic responses 
indicates that the observed unit action 
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Fig. 1. Unit action potentials recorded 
from the isolated neural lobe (A) and 
from the supraoptic nucleus (B). (A) An 
electric shock of 55 volts was applied to 
the stalk region of the neurohypophysis in 
vitro. Vertical calibration indicates 50 Av. 
(B) An example of impulses conducted 
antidromically along the hypothalamo- 
neurohypophysial tract. Stimulation of 15 
volts was given to the neural lobe in situ. 
Vertical line represents 100 uv. Time 
marks are equal to 1 msec. 
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Fig. 2 (left). Effects of high potassium solution (A) and sodium-free solution (B) on the compound action potentials recorded from 
the rat neural lobe in vitro. Aa and Ac record the effects of Locke's solution (stimulus intensity, 50 volts) before and after an ap- 
plication of high-potassium solution (56 mmole/liter) in which no action potential was evoked by 70 volts stimulation (Ab). Ba 
and Bc were recorded before and after treatment with sodium-free solution in Bb. Stimulus intensity was 5 volts in Ba and 50 
volts in both Bb and Bc. Each unit of the time mark represents 1 msec, and the vertical bar indicates 50 Av. Fig. 3 (right). 
Compound action potentials of the neural lobe in vitro. (a) Action potential in Locke's solution; (b) maintenance of excitability 
in the modified Locke's solution (NaC1: 104 mmole/liter, KCI : 5.6 mmole/liter, sucrose: 100 mmole/liter); (c) action potential 
abolished in the high-potassium solution (NaCl, 104 mmole/liter; KC1, 56 mmole/liter); (d) restoration of the excitability in 
Locke's solution. Stimulus intensities are 10, 20, 100, and 100 volts for a, b, c, and d, respectively. Vertical calibration indicates 50 
,uvolt. Each unit of time mark equals 1 msec. 

potentials were derived exclusively from 
the neurons in the supraoptic nucleus 
which send their axons into the neural 
lobe. If we assume that the observed 
unit action potentials are derived from 
the non-neurosecretory neurons in the 
supraoptic nucleus (whose axons have 
not been proved histologically to termi- 
nate in the neural lobe), they could 
be some sort of secretomotor fibers, 
judging from their response to osmotic 
stimuli. This possibility, however, is 
unlikely because no structural evidence 
has ever been found for the presence 
of secretomotor fiber in the neural 
lobe (10). The present results, there- 
fore, reasonably lead us to conclude 
that the mammalian neurosecretory 
cells are capable of impulse generation 
and conduction. 

The unit (Fig. 1A) and compound 
(Figs. 2 and 3) action potentials of the 
electrically stimulated neurohypophysis 
were recorded by a unipolar mi- 
croelectrode and a bipolar electrode, 
respectively. The compound action po- 
tential disappeared (Fig. 2 Ab) after 
application of a solution in which the 
potassium concentration was raised to 
ten times as much as that 'of the nor- 
mal Locke's solution. Excitability of 
the neurohypophysis was observed 
(Fig. 2 Ac) after the potassium-rich 
medium was replaced by normal 
Locke's solution. It was observed that 
under these experimental conditions, 
excitability could usually be maintained 
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for more than an hour. The action 
potential was maintained in the solu- 
tion containing low sodium and low 
potassium concentrations (Fig. 3b), 
whereas the successive application of 
the solution of low sodium and high 
potassium abolished the action potential 
(Fig. 3c). The high potassium concen- 
tration, rather than the low sodium 
concentration in the medium rich in 
potassium, was the cause of the loss of 
action potential. 

The effect of sodium-free Locke's 
solution, wherein NaCl was replaced 
by 308 mmole/liter of sucrose, can 
be seen in Fig. 2 Bb. Fig. 2 Bb 
shows that the excitability was abolished 
in the absence of sodium. The neural 
lobe in vitro requires the low potas- 
sium and high sodium concentrations 
to respond to electric stimulations. Al- 
though the movement of the tissue dur- 
ing exchange of the medium made it 
difficult to continue the recording from 
the same single unit, no unit spikes 
were ever observed in solutions high 
in potassium or devoid of sodium. The 
time course of the response is very 
short, therefore the observed responses 
probably cannot be attributed to the 
glial cells (pi;tuicytes), because the 
electric response of glial cells in tissue 
culture is reported to be of much 
longer duration (11). Accordingly, the 
disappearance of elecitric responses in 
media high in potassium or devoid 
of sodium suggests that neurosecretory 

cells have the same membrane activi- 
ties as non-neurosecretory neurons. 
Our results reasonably lead us to> con- 
clude that the mammalian neurosecre- 
tory cells have full neuronal function 
along with their glandular function. 

KINJI YAGI 
Department of Physiology, Yokohama 
University School of Medicine, 
Yokohama, Japan 

TAKEHIKO AZUMA 
KOJIRO MATSUDA 

Department of Physiology, University 
of Tokyo, Tokyo, Japan 

References and Notes 

1. H. A. Bern and K. Yagi, "Proceedings of the 
Second International Congress on Endocrinol- 
ogy," Excerpta Med. Intl. Congr. Ser. No. 83, 
577 (1965). 

2. W. E. Dandy, Amer. J. Anat. 15, 333 (1913). 
3. G. W. Harris, Neural Control of the Pituitary 

Gland (Edward Arnold, London, 1955), pp. 
190-193. 

4. B. A. Cross and J. D. Green, J. Physiol. 
(London) 148, 554 (1959); C. McC. Brooks, 
J. Ushiyama, G. Lange, Amer. J. Physiol. 
202, 487 (1962); I. Suda, K. Koizumi, C. 
McC. Brooks, Jap. J. Physiol. 13, 667 (1963); 
C. McC. Brooks et al., J. Physiol. (London) 
182, 217 (1966). 

5. T. Ishikawa, K. Koizumi, C. McC. Brooks, 
Amer. J. Physiol. 210, 427 (1966). 

6. W. Zeman and J. R. M. Innes, Craigie's 
Neuroanatomy of the Rat (Academic Press, 
New York, 1963). 

7. K. Yagi and H. A. Bern, Gen. Comp. En- 
docrinol. 5, 509 (1965). 

8. E. R. Kandel, Fed. Proc. 21, 361 (1962); J. 
Gen. Physiol. 47, 691 (1964). 

9. M. V. L. Bennett and S. Fox, Gen. Comp. 
Endocrinol. 2, 77 (1962). 

10. K. Kurosumi, private communication. 
11. W. Hild and I. Tasaki, J. Neurophysiol. 25, 

277 (1962). 
12. Aided by research grants Nos. 94816 and 

710225 from the Ministry of Education of 
Japan. 

13 June 1966 

779 

I 


