




















































A Comparison o f Crania l and A r t i f i c i a l l y Aroused Impulses 

under t"He In f luence o f Serve B locks . 
1 

I n my former paper conc lus ive ev idences wert* g i ven that im­

p u l s e s a roused "by a r t i f i c i a l s t imu l i in a f r o g ' s s c i a t i c nerve 

can h e suppressed by the t r i p o l a r e l e c t r i c a l block or l i q u i d a i r . 

And at; t h e same time i t was proved that the a f f e r en t impulses 

could "be h l o eked w i th a weaker current t v a n the efferent impulses. 

In t h i s a r t i c l e I s h a l l show: that c e r ebra l impuiees as w e l l as 

those a r t i f i c i a l l y produced can be b locked , and d iscuss the 

r e l a t i v e s t r eng th o f b lock current required f o r each,' Rrwi that 

there a r e both a f f e r e n t and e f f e r e n t f i b r e s in the phrenic nerve . 

A t t h e suggest ion of Dr . C, S. Sherr ing ton , s e ve ra l years 

ago B r * Hyde began experimentinp with the phrenic n e r v e . At her 

re que a t I have repeated and completed her work. I take th is op ­

p o r t u n i t y t o thank her f o r suggest ing th i s question and f o r her 

a s s i s t a n c e . As f a r as I have been able to ascer ta in no one has 
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b l o c k e d the phrenic n^rve impulses e l e c t r i c a l l y . Scheck P f lücker 
/# 

and F r ö h l i c h shut out the impulses o f the vagus by means of e l e e -

t r o t o n u e , but no attempt was made to determine the r e l a t i v e 

s t r e n g t h o f current required f o r th i s anc. f o r impulses s e t up ar t -

i f i c i t x l l y . 
1 • Gruber: 

a . Schenck: P f l ug e r s Archil/ 1906 - Bd. 106 h a f t 8 & 9, 

S 368. 

3 * P f l ü c k e r : P f l u g e r s Archiv 1905 - Bd. 106 ha f t 8 & 9 

S 372. 

4 • F r ö h l i c h : P f l u g e r s Archiv 1906 Bd. 113 ha f t 7 & 8 



The question as to whether the phrenic is a mixed nerve has 
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been invest igated by Schre iber , Henie. P f e t e r , Schwalbe, 
9 10 , 1 1 12 13 
P a l o t , Landow, Aurep and Cybulski, Mislawski, Lur i a , 

14 , 16 

Bag l ion* and Deason <fc Robb* I wish to corroborate some of 

t ^ e i r resu l ts and by a new method show the presence of a f f e r en t 

and e f f e rent f i b r e e in th i s nerve. 

These experiments were conducted on rabb i t s , naroot ised 

with chlora l hydrate . The rabbits vera not fed the day p r e c e d ­

ing the experiment. Under these conditions much l e s s time was 

required for thg drug to take e f f e c t , f o r each k i l o of body 

weight 3/4 grammes of ch l o ra l hydrate was in jected subcutanious-

l y in & 50 > so lut ion which was found su f f i c i en t to cause deep 

narcosis in l e s s than I/2 hour. When the animal was under the 

inf luence of the drug, i t was fastened on an animal ta"bte, p r o ­

v ided with a warm s tage , w i t * a modified cyon rabb i t ho lde r . The 

phrenic nerves were then exposed in the neck, insulated from a l l 

the surrounding t i s sue , and kept warm with R inge r ! s so lu t i on . 
16 

The s l i ps were exposed according to Head's method and a lso kept 

warm with r i n g e r ' s s o l u t i o n . The ca r t i l age with i t s attached 

muscle s l ips was cut from the bone, and along the median l i n e so 

that each muscle s l i p was l e f t attached to ha l f of the ens i f orm 

c a r t i l a g e . The l a t t e r were then fastened with small hooks to 
separate recording l e v e r s through a ser ies of p u l l i d s , This i s 

16 

s im i l a r to Head's method except that no buttons were ueed in 

g i v i n g the muscle s l i p s an a r t i f i c i a l attachment. These l e v e r s 

r e g i s t e r ed diaphragmatic and thoracic contract ions , whi le a 

th i rd l e v e r was attached to the thorax and r eg i s t e r ed pure ly 

thorac ic movements. The curves thus obtained could be r ead i l y 



d is t ingu ished from each o ther , 

The s t imula t ing and block currents were the same as those 

used In my prev ious experiments and there fore need no fu r the r 

exp lanat ion . However, i t may be said th«,t the nerve was s t imu l ­

ated with small insulated platinum e lectrodes with the weakest 

poss ib l e current , The secondary c o i l was 5 l/S inches from the 

primary, which was p r a c t i c a l l y at r i gh t ang les . Sven so an ap­

p r ec i ab l e cont rac t i on r e su l t ed . The diaphragm was st imulated 

with p r a c t i c a l l y the same weak current the secondary c o i l usua l l y 

5 inches from the primary* 

5. Schre iber : P f luge r s Archiv. 1883 Bd XXXI S 577. 

6. Henie : Handbuch der Hervenlehre des Peuschen 1879, 

S 521. 

7. P e t e r : Archives Generales 1871 XV I I . 

8 . Schwalbe : Lehrbuch der U eu ro l og i e , Srlongen 1881. 

9 . Pa lo t : Montpe l l i e r Medical Mai 1866 r e f . Virchow 

Hirsch, 1866. 

10. landois: Page 214. 

1 1 . Aurep and Cybulski : P f luge rs Archiv. 1884 Bd XXXII 

p 243. 

12 . Mislawsky : Cen t ra lb l a t t 1901 Bd XV* Ho. 17 p 481. 

13 . I ur ia : Journal de Phys i o l o g i e e t de Pa tho l og i e 

Generale 1901 Vo l . 3, p 818. 

14. B a g l i o n i : Cen t ra l b l a t t 1902 Vo l . XVI Uo. 23, p. 1. 

15 . Deason <sc Robb: American Jour, o f P h y s i o l . 1911 Bd XXVI I I 

p 57. 

16. Head: äng. Jour. of P h y s i o l . 1889. \ol. X. p. 1. 
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St imulat ion .— 

At the beginning of eao^ experiment the e f f i c i e n c y of 

the s l i p s was always t es ted with a weak current. Small insulated 

platinum e lec t rodes were then placed on the phrenic, avoiding 

compression or s t re tch ing of the nerve. Upon st imulat ing vitfc. 

a ve ry weak current a contract ion of the sxip on the same s ide 

resul ted as lonp as the «stimulus acted. The e lectrodes were 

then applied to the 1st branch and then to the 2nd. In every 

case a la rge insp i ra to ry phase of the same s ide o f the diaphragm 

was obtained. In a fsw cases when st imulat ing the phrenic or 

i t s branches, a r e f l e x contract ion on the opposite s ide resu l ted 

when c los ing the c i r c u i t , and in a few cases when c i r c u i t was 

broken. This r e f l e x , no doubt, was inhib i ted l a t e r by the 

l a r g e r contract ion and stronger stimulus of the s ide s t imulated. 

P l a t e I . Curves 1. a,b & c and 2. a. 

Cerebral impulses b locked. 

The block e l ec t rodes were then placed on the phrenic 

nerve , arranging the s p l i t zephyr f i b res as out l ined in my 
1 

former paper. I t was found that when the block c i r c u i t was 

c losed , the muscle s l i p s d id not contract . ( 2 . 8 ) 2 v o l t s were 

s u f f i c i e n t except in one case when ( 1 . 4 ) 2 v o l t s blocked the 

cran ia l impulses. P l a t e I I . Curve 4. a. 

1« Gruber. 

When the f i r s t or second branch of the phrenic was 

stimulated with a very weak faradic current ( c o i l almost at 

r i gh t angles, secondary 5 l/8 inches from the primary) a con* 

t r a c t i on r e su l t ed . But as soon as the block c i r c u i t was o losed, 



and then st imulated under the same condi t ions , no contract ion 

was obta ined. I t was found that when a wlook was obtained f o r 

cerebra l impulses, i t was a lso e f f i c i e n t f o r impulses se t up by 

a ve ry weak e l e c t r i c a l current . P l a t e I I . Curve 4. a. In one 

case , on ly , d id th is f a i l , when the c ran ia l impulses were shut 

out with ( 1 . 4 ) 2 v o l t s , th i s Wcxs not s u f f i c i e n t to b lock the 

weakest e l e c t r i c a l st imulus. 

L iqu id A i r . 

As a con t ro l f o r blocking cran ia l impulses l i q u i d a i r 

was employed. A f i b r e of absorbent cotton was dipped in l i q u i d 

a i r and then appl ied to the nerve. Th is , in every case , shut 

out the c r an i a l impulses as we l l as the impulses aroused by 

e l e c t r i c a l s t imu la t i on , but f a i l e d to do so , when the area was 

no l onger f r o z e n . P l a t e IT Curve 3 b. 

A f f e r en t f i b r e s . 

I , t o o , found the phrenic to be a mixed nerve . When 

the nerve or i t s branches were st imulated, in many cases a con­

t r a c t i on o f the oppos i te s ide resu l ted , at th^ c l os ing of the 

current which r e f l e x , no doubt, was l a t e r inh ib i ted by the s t rong » 

er contrac t ion and stimulus of the s ide st imulated. P l a t e I . 

Curves 1 a, 1 c & 2 a« When the motor impulses were blocked 

and the phrenic st imulated c e n t r a l l y to the b lock, there was o b ­

ta ined a change in ra te and amplitude of the r e sp i ra t o ry move­

ments of the oppos i te s ide as indicated by the curves secured., 

from the s l i p , P l a t e I , Curve 3 a. «jh® ^ m thing was found 

true when the phrenic was cut and the centra l end st imulated. 

St imulat ion o f the per/foTretua, with in tac t phrenic is fo l lowed by 

a change o f ra t e and f o r ce of contract ion on both s ides of the 



diaphragm. This , however, may be due to af ferent Impulses from 

other nerves to the r e sp i r a t o r y centre . P la te I I , Curve 5. 

Summary, 

1. Cranial impulses in the phrenic as wei l as impulses 

s e t up a r t i f i c i a l l y can be blocked by the t r ipo lar bloc£ and 

l i q u i d a i r , 

2. With but one except ion , the same strength of block was 

required f o r c ran ia l as f o r impulses set up by very weak e l e c ­

t r i c a l s t imu l i . The minimal block was ( 2 . 8 ) 2 v o l t s . 

3 . The phrenic nerve i s a mixed nerve containing both a f ­

f e r en t and e f f e r en t f i b r e s . This was d e f i n i t e l y proved by s t im­

u la t ing the nerves c e n t r a l l y to block and thus causing a change 

in the rate and f o res of contract ion of the opposite §^iP of the 

diaphragm. 



explanat ion of Curves, 

A l l curves read from l e f t to r i g h t . The upper curve is ob­

tained from the f i g h t s l i p , the lower from the l e f t s l i p . The 

middle curve i s that o f the thorax. The down stroke in the up­

per and lower curves i s i n sp i r a t i on , in the middle one, exp i ra­

t i o n . The up stroke in the upper and lower ex, i r a t i o n . In the 

normal animal when the middle l e v e r went up the other two went 

down and when the middle l e v e r went down the other two went up. 

P l a t e I C u r v e 1 a # 9. St imulation of the r i gh t phrenic . S^ 

secondary c o i l 5 inahes from the primary. In t^ is curve a r e ­

f l e x contract ion can he seen on opposite s i d e . Insp i ra to ry phase. 

P l a t e I . Curve 1 b # 10. St imulat ion of the _et branch of the 

r i ght phren ic . S = Secondary c o i l 5 inches from Primary. 

P l a t e 1 Curve 1 c # 1 1 . St imulat ion of the 2nd branch of the 

r i gh t phrenic . S s secondary c o i l 5 inches from the primary, 

Also a r e f l e x at break on opposite s i d e , 

P l a t e I . Curve 2 a # 10. St^n '^o f 1st branch of r i gh t phrenic 

showing a r e f l e x contrac t ion on opposite curve. S ^ Secondary 

c o i l was 5 inches from the primary. # 9 Stimulation of r i gh t 

ph ren i c « 

P l a t e 1. curve 3 a . # 9 . St imulat ion of r i gh t phrenic , secondary 

c o i l 5 inches from pr imary. 3? - L iqu id a i r f r e e z e . S - Stimula­

t ion of phrenic , secondary over primary. This shows a change in 

f o rce and r a t e of contract ions on the opposite s i d e . 

P l a t e I I . Curve 4. # 2 8 . ^ Blocking of c rania l impulses with 

KLncV | 0 # 3 ) 2 v o l t s . 280 = Block out # 10. •=. St imulation of f i r s t 

branch of r i gh t phrenic with secondary c o i l 5 1/8 inches from 



primary. # 2 6 - B l o c k ( 4 ) 2 v o l t e . 26%. Block c i r c u i t broken. 

# 24^B lock current ( 2 . 8 ) 2 v o l t s 2 4 ° ^ Block out. # 22=Block 

current strength, of ( 1 . 4 ) 2 v o l t s . This as may be been was ne i ther 

strong enough to block the cran ia l nor the weak e l e c t r i c a l . 

P l a t e i t Curve 31? u,; - L e f t phrenic was frozen and shut out the 

normal impulses. Only pah s i ve curves remain 

P l a t e Curve b # 4. - St imulat ion of the pentimfcun of the l e f t 

s ide o f the body. #4° ~ Stimulus rerøo /ed . This shows a change 

in both curves , # 5 - Stimulation oi the pew'tdndun of the r i gh t 

s ide of the body. 5 *i stimulus removed. This a lso shows a change 

in the curve on both s ides o f the diaphragm. This current was 

weak Secondary 4 l/2 Inches from the primary. 



Puhl. 
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