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maintained during the after-potential and outlasts the 
after-potential at the same depolarizing level if the pulse 
duration is prolonged beyond the end of the after-poten- 
tial. The spike of the action potential is not modified by 

the middle-frequency current flow, but deformation of the 
late failing phase appears. The negative after-potential 
cannot appear because of the formation of a plateau, and 
final repolarization is postponed to the end of the middle- 
frequency pulse. 

Further  experiments demonstrated the local nature of 
the initial depolarization which occurs during the utiliza- 
tion time of middle-frequency pulses (see Figure 1). This 
was shown by comparing the shape of the action potential 
recorded at the site of stimulation with tha t  obtained on 
the same fibre stimulated at a distance of 25 mm from 
the site of recording. In experiments to be reported in 
detail in a later paper, it was also shown that  application 
of middle-frequency pulses to muscle immersed in sodium- 
free Ringer's solution, no longer produced local depolari- 
zation, and hence no action potential. This may suggest 
that  middle-frequency stimulation causes primarily an 
increase of the sodium permeabili ty of the membrane 
that  consequently leads to an increase in sodium influx 
across the cell membrane. 

Fig. 2. Effect  of pro longat ion  of middIe-f requency pulses beyond 
ut i l iza t ion  t ime on the shape of the t r ansmembrane  po ten t ia l  change.  
Three responses of the same fibre to pulse dura t ions  of 1, 10 and 30 
msee at  same vol tage  (upper b e a m  wi th  scale on the left) recorded as 
t r ansmembrane  po ten t ia l  (lower b e a m  wi th  scale on the left). Note  
t h a t  compared  wi th  1 msee response (ut i l izat ion time) the pulses of 
10 and  30 msee dura t ion  cause a ma in t a ined  depolar iza t ion af ter  the 
spike, w i thou t  deforming the l a t t e r  and  postpone the final repolariza-  

t ion to the end of the middle-f requency pulse. 

Zusammen/assung. Der Froschsartorius wird mit Mitten 
frequenz(20 kHz)-StromstSssen quer gereizt. Die Reiz- 
antwort wird mit  intracellulXrer Mikroelektrode am 
Reizort abgeleitet. Die lokale Depolarisierung und die 
daraus sich ergebende AuslOsung des Aktionspotentials 
werden auf ihre Abh~ngigkeit yon St~rke und Dauer der 
l~eizimpulse untersucht. 

T .  KUMAZAWA 

Physiologisches Institut der Universitdt Ziirich 
(Switzerland), February 15, 1966. 

Effects  of  A n g i o t e n s i n  on the  S u p e r i o r  Cervica l  
G a n g l i o n  of the  Cat  

HAEFELY et al. 1 have recently reported that  very low 
doses of bradykinin and angiotensin produce an inhibition 
of synaptic transmission in the superior cervical ganglion 
of the cat. 

In this paper, we wish to report a dose-effect relation- 
ship obtained with minute quantities of angiotensin on 
the same preparation. 

Material and methods. The effects of preganglionic cer- 
vical sympathetic nerve stimulation were estimated 
either by recording nicti tating membrane contraction 
with an isotonic myograph transducer or by the oscillo- 
scopic measurement of the amplified postganglionic nerve 
action potentials. Close retrograde intra-arterial injections 
were made towards the superior cervical ganglion through 
a polyethylene cannula inserted into the ipsilateral lingual 
artery. 

Results and discussion. When angiotensin was injected 
towards the ganglion in amounts too small to contract 
directly the nictitating membrane (0.5-10 ng), contrac- 
tion of the ipsilateral membrane was nevertheless elicited. 
Section of the postganglionic trunk or extirpation of the 
ganglion abolished this contraction, whereas it was not 
prevented by bilateral adrenalectomy. Hexamethonium 

(0.1-1 mg) as well as atropine (100-200 /~g) effectively 
blocked membrane contraction induced by angiotensin 
(0.5-10 ng) or by preganglionic stimulation. However, 
hexamethonium, in similar amounts, failed to abolish the 
contractions obtained when higher doses of the hormone 
were applied to the ganglion (0.1-1 #g), as previously 
observed by LEwis and REIT 2. 

In addition to stimulating the postganglionic fibres, 
angiotensin may alter ganglionic transmission when in- 
jected towards the ganglion at a concentration insufficient 
to elicit membrane contraction. In the course of stimu- 
lating the preganglionic nerve with submaximal shocks 
(0.1 sec square waves at a frequency of 15-25 c/sec during 
5 sec every 2 min), a retrograde injection of angiotensin 
(0.01-0.1 ng) resulted in a one- to fourfold enhancement 
of the response to subsequent stimulations. The response 
was evaluated by measuring nicti tating membrane con- 
tractions or by recording postganglionic action potentials. 
In some preparations, this potentiation of synaptic trans- 
mission lasted for 3 h or more (lower tracing, Figure). 

1 W. HAEFIgLY, A. Hf3RLIMANN, and H. THOENEN, Bioehem. 
Pharmac.  14, 1393 (1965). 
G. P. LEwis  and  E.  REIT, J.  Physiol .  779, 538 (1965). 
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Very  low doses of angio tens in  had  an opposi te  effect  
since 0.0001-0.01 ng of the  ho rmone  inh ib i t ed  cont rac-  
t ions induced b y  pregangl ionic  s t imula t ion  (upper  t racing,  
Figure).  This inh ib i to ry  effect  was p r even t ed  by  d ihydro-  
e rgo tamine  (500 yg to  1 mg), a f inding which  could impli-  
cate  norep inephr ine  in the  synap t ic  effects of angiotensin .  
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Effect of angiotensin on transmission ill the cat superior cervical 
ganglion. Contractions of the nictitating membrane induced by sub- 
maximal preganglionic stimulation applied for 5 see every 2 min at a 
rate of 15 c/sec. Upper tracing: injection of 0.01 ng of angiotensin. 
Lower tracing : injection of 0.1 ng of angiotensin. Time marker: 1 min. 

The effect  of angio tens in  on ganglionic t ransmiss ion  
therefore  appears  to be dose -dependen t ,  a p h e n o m e n o n  
also no ted  by  HAEFELY et al. L The idea t h a t  angio tens in  
modif ies  synap t i c  t ransmiss ion  b y  faci l i ta t ing the  release 
of acetylchol ine  a t  the  pregangl ionic  nerve  endings  is 
compat ib le  w i th  these  resul ts  3. 

Rdsumd. E n  quant i t6s  inf6rieures & 10 p icogrammes ,  
l ' angio tens ine  inhibe  la t r ansmiss ion  synap t ique  du gan- 
glion cervical  sup6rieur du chat ,  e t  cet  effe t  est  antagonis6  
par  la d ihydroergo tamine .  E n  quant i t6s  sup6rieures & 10 
p icogrammes,  l ' angio tens ine  facilite la t r ansmiss ion  
synap t ique ,  e t  de plus, s t imule  d i r ec t emen t  les cellules 
ganglionnaires .  
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Testicular Degeneration in Rats by Carbon 
Tetrachloride Intoxication 

Induc t ion  of hepa t ic  lesion 1 and hepa togen ic  d iabe tes  2, 
ac t iva t ion  of s y m p a t h e t i c  nervous  sys t em a along wi th  an 
increased release of ca techol  amines  f rom adrenal  medul -  
la 4, and adrenal  cort ical  h y p e r t r o p h y  and  hype r func t i on  5 
by  carbon te t rach lor ide  have  previously  been  described.  
Gonadal  inhib i t ion  has  been  no ted  in ra t s  af ter  s t ressful  
s t imuli  - such as in jec t ion  of alloxan, thyroxine ,  reserpine,  
chlorpromazine,  10% neu t ra l  formal in  and ep inephr ine  or 
norepinephr ine .  The p resen t  expe r imen t  has therefore  
been  devised to see whe the r  ca rbon  te t rachlor ide  has any  
in terfer ing action in the  tes t icular  phys io logy of rats.  

Twelve adul t  ra t s  were selected for the  exper iments .  
Six of t h e m  received 0.3 ml/100 g carbon  te t rach lor ide  

and coconut  oil mix ture  (1:1) by  the  in t raper i tonea l  
route.  The remain ing  six s imilar ly received only  coconut  
oil of an equal  amount .  B o t h  the  groups of animals  were 
allowed to ea t  and dr ink  ad l ibi tum. On the  15th day  of 
the  exper iment ,  animals  of the  expe r imen ta l  (CC14- 
t rea ted)  and control  (oil-treated) groups were sacrificed. 
The testes,  seminal  vesicles and  the  p i tu i t a ry  of the  ani- 
mals  were excised and immed ia t e ly  weighed on a tors ion 

1 V. A. DRn.I., Pharmac. Rev. 4, 1 (1952). 
2 C. M. LEEVY, C. M. RYAN, and J. C. FINBERG, Ain. J. Med. 8, 290 

(1950). 
3 D. N. CALVERT and T. M. BRODY, Am. J. Physiol. 798, 669 (1960). 
4 T. M. BRODY and D. N. CALVER% Am. J. Physiol. 198, 682 (1960). 
s A. CHATTERJEE and N. R. BARDHAN (to be published) (1965). 

Effect of CC14 on testes, seminal vesicle and pituitary weights ill rats 

Group No. 
of 
rats 

Body 
weight 
(g) 

Weight of testes Weight of seminal vesicles 

Actual Relative Actual Relative 
(g) (g/100 g) (rag) (mg/100 g) 

Weight of Pituitary 

Actual Relative 
(rag) (mg/100 g) 

Control 

Experimental 
(CC14-treated) 

6 153 ~ 5.12 ~ 2.36 ~ 0.11 ~ 1.55 q- 0.04 ~ 472 ~ 15.42 ~ 309.5 i 5.90 ~ 5.0 ~ 0.25 ~ 3.23 • 0.09 ~ 

6 150 Z= 6.83 1.48 ~ 0.21 0.98 • 0.12 191 :~ 28.60 127.2 ~ 17.11 7.3 q- 0.42 5.0 -r 0.14 

Means S.E.M. 


