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In our studies of interoceptor reflexes in different 
pathological conditions, we have assumed that the 
changes found depend to a certain degree on central 
functional changes, and in particular,on alterations in 
the excitability of the vasomotor center [9, 10]. 

In the present work we have studied the action of a 
direct current on the vasomotor medullary center in 
order to study changes in the interoceptor reflexes as re- 
lated to the functional condition of the center. 

METHOD 

Acute experiments were performed on cats to 
study pressor reflexes following stimulation of the 
mechanoceptors of the stomach and urinary bladder. 
In some experiments, we studied blood pressure changes 
resulting from stimulation of the pressor region of the 
medutIa. This region usually occupied the cranial third 
of the medulla, a result which agrees with results pub- 
lished by R. Alexander [15]. The electrodes were ap- 
plied to the dorsal surface of the brain, lateral to the 
median sulcus of the rhomboid fossa on each side. 

Part of the occipital bone was removed, and some 
of the cerebellum either excised or else pushed aside 
by means of a special spatula. The current was pro- 
vided and controlled by storage cells or dry cells (BAS), 
a switch, wiper-arm, a resistance box, and a rheostat, 
which was used for gradually switching the current 
on or off; the current and voltage were measured by 
meters. 

In the first ten experiments, the skin was not 

damaged, and the medulla was not exposed; the ac- 

tive electrode consisted of a chlorided cylinder 3 or 5 

mm in diameter containing a nonpolarizable paste; it 

was attached to the skin over the occipital foramen. In 
the second set of 42 experiments, a nonpolarizable 
brush electrode (Zn-ZnSO4) was used, and,according 

to the experiment,was placed at various positions be- 
tween the middle of the rhomboid fossa and the obex. 

When studying the "central pressor response," which 
develops when the pressor region is stimulated with an 
intermittent current "from a stimulator, direct current 
was applied to the extreme caudal area of the brain. In 
the first set of experiments, the indifferent electrode 
was a plate measuring 4 X 3 cm, covered with silver 
chloride, and in the second, it was a zinc disk measuring 
2.8 cm in diameter; it was fixed by a rubber band placed 
over a piece of gauze moistened in Ringer's solution be- 
neath the jaw, or sometimes over the shoulder region. 

In the first set of experiments, the current varied from 
0.fi to 100 ma, and in the second, from 0.025 to 16 ma. 

The traces given below of the most typical experi- 
ments,performed with the direct current values reported 
in the text, are those of the second set of experiments. 

RESULTS 

In both sets of experiments, a marked phasic change 
in the interoceptor reflexes occurred when either the 
positive or the negative pole of a direct current supply 
was applied to the medulla. 

As can be seen from Pig. 1, when the anode was 
first applied at a current of 0.2-0.6 ma, the pressor re- 
flexes due to stimulation of the stomach and urinary 
bladder were increased (traces 3-7). Subsequently, the 
interoceptor reflexes were definitely suppressed at a 
current value of 0.8 ma, the effect being particularl~ 
marked at currents of from 3 to 5 ma (traces 10-15). 
The suppression was maintained for 20 minutes after the 
polarization was removed (trace 16, recorded after a 5 
minute interval). 

With these current values, a similar phasic respome 
occurred in the "central pressor reaction." It can be 
seen from Fig. 2 that,when anodic stimulation is ap- 
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Effect on Interoceptor Reflexes and the "Central Pressor Reaction" of Cathodic  St imula t ion  of the Medulla  a t  a 
Current of 0.5-3.5 ma (Experiment of May 13, 1958) 

T ime from be-  Duration of 

Experimental  ]ginning of the cathodic  s t im-  
procedure procedure (in ulation ( in 

minutes) minutes) 

Ini t ia l  conditions - - 

Cathodic st imulatio~ 
of 0.5 ma 4 4* 

Cathodic st imulation 
of 2.5 ma 1 23* 

4 26 

7 29 
I 0  32 
14 36 

Cathodic st imulation 

of 3.0 ma 4 4 2 ' *  
7 45 

13 51 

Cathodic st imulatio~ 

of 3.5 ma ! 53* * * 
4 56 

After switching off 
polar iz ing current 2 

5 
9 

23 
28 

33 

�9 Before ca thodic  s t imulat ion at  2.5 ma,  cathodic 
utes a t  1 ma.  
�9 *[14], p. 349. 

Magnitude of pressor react ion 
(in m m  of mercury) 

when pressure 
region of medu l -  
la was s t imu-  
la ted at 50cps,  

10v,  0.05 msec 

23 

23 

34 

26 

22 

18 

11 

7 

No reac t ion  
13 

17 

17 

when pressure 
in b ladder  raised 
to 40 mrn of 
mercury 

m 

9 
8 

19 

w 

17 

5 

Pressor 1 
Depressor 1" * * * 

Remarks 

n 

w 

I First phase 

1 

Second phase 

Depressor 3**** 

8 

w 

current was appl ied  for 11 minutes at  0.5 ma , and  for 7 rain-  

* * * A cathodic  current of 3 ma had been appl ied  previously for 1 minute.  

*.* * * Pressor-depressor change of blood pressure. 

pl ied to the medul la  for 22 minutes at  0.5 ma or 1 
minute at  0.8 ma~ there is a marked increase in the 

response to s t imulat ing the pressor region of  the medul la  
by a 25cps a l ternat ing  potent ia l  of 10 v (traces 5-7). 
When the polar iz ing current is increased to 0.8 ma or 

to 3 ma,  which causes a very marked effect ,  t he ' cen t ra l  

pressor reac t ion"  to the same stimulus is first reduced,  

and then comple t e ly  suppressed (traces 8-10). After 

the constant current hadbeen  switched off for a few 
minutes,  there was no response to the stimulus ( t race 11), 
and not until  24 minutes after did a feebly  shown pressor 
response develop interceptor  ref lexes .  

The same phasic change in interoceptor  ref lexes,  

as well  as the "central  pressor reaction," was observed 
when ca thodic  s t imulat ion was appl ied.  The fol low- 

ing exper iment  will  serve as an example  (see table).  I t  
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Anode 0.2 ma t7 .4 , ,~ t  r 
1 .~-en 

9 

,node 0.4 ma 0.6 m . . _  a 1~__ l l , ]  lzzl L ~ - - "  . A n o d e  0.8  rna  

~o~ I 
".3 m~' 

Fig. 1. Biphasic change of interoceptor reflexes in response to anodic s t imulat ion of 
medul la  at a current of 0.2-5 ma.  Experiment of Mar, 29, 1958: t ,  3, 5, V, 9, 11, 12, 
13, 15, 16 " r e f l e x e s  obtained in response to increasing pressure in urinary bladder to 
60 mm of mercury; 2, 4, 6, 8, 10, 1 4 -  reflexes in response to increasing pressure in 
stomach to 40 mm of mercury. Curves, from above downward: Pressure in organ; 
arterial  pressure; respiration; zero line of arterial  pressure (also stimulus marker);  
appl ica t ion  of polar izing current; 5-sec  t ime-marke r .  

can be seen that the first phase, consisting of an ini t ia l  
increase,  and the second, comprising the subsequent 
suppression of interoceptor reflexes,  took place  at the 
same t ime  as the corresponding change in the exc i t ab i l -  
i ty of the part  of the medul la  which mediates  the pressor 

response. 

From the results obtained i t  follows that when the 

polar iz ing current is appl ied to the medul la ,  the phasic 

change in the interoceptor reflexes depends on an a l te r -  
at ion of the condit ion of the cent ra l  part of the reflex 
arc. The effects of anodic and cathodic s t imulat ion 
are approximate ly  the same,  the difference being only 
in the re la t ive  strength of the action: Phasic changes 
of the interoceptor reflexes and their suppressiot~ de-  

veloped more rapidly after cathodic, than after anodic,  

st imulation.  For cer tain current values,  i t  was, there-  
fore, possible to observe a difference between the a c -  
tion of posit ive and negative poles. However,  since 

the cathode reduces interoceptor  reflexes,  when i t  was 

replaced by an anode,an increased pressor response and 

a return of the reflexes previously suppressed by app l ica -  
tion of the cathode could once more be observed (Fig. 

3; compare traces 6 and 7 with trace 9)  
However, the restoration of the anodic act ion on 

the reflex exc i t ab i l i ty  of the medul la  during recovery 
from cathodic depression took place  only for those values 
of current for which the anode itself  exerted no depress- 
ive effect .  For instance, after reflex depression had 
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2.o~ t---J ,]3y' L--- 
Anode 0.1 ma 

.._____ ~.Z//Anode 0.8 ma 

9 I /0 I I 71 I IZ I 13 

Anode 3 ma 

Fig. 2. Biphasic change of the "central  pressor react ion"  following the 
appl ica t ion  to file medul la  of direct  current from an anode (0 .1-8  ma). 
Experiment of Apr. 26, 1958. Curves, from above downward; respiration; 
ar ter ia l  pressure (this l ine also represents s t imulat ion of the pressor region 
of the medul la  at 25 cps 10 v 0.05 m s e c ) ;  5-see t ime-marke r .  

been induced by cathodic t reatment ,  when using a 
current of 12 re%it was not possible to restore intero- 
ceptor reflexes by appl icat ion of the anode, although 
when polar izat ion was withdrawn, the reflexes once 
more appeared,  and gradual ly  returned to their in i t ia l  

level .  
I t  must also be added that  the phasic changes in 

the interoceptor  reflexes,which we have just described 

as following the appl ica t ion  of ei ther cathode or anode 

to the medul la ,  do not occur if  strong currenm equal  to 
the higher values used are appl ied iustantaneously. 
When this was done, both poles caused an immedia t e  
fal l  and subsequent e l imina t ion  both of interoceptor  re-  

flexes and of the "central  pressor r eac t ion . "  
Since the t ime that Pfl[fger's law was published 

(1889), i t  has been usual to suppose that  the cathode in-  
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Fig. 3. Restoration of the effect  of anodic s t imulat ion with a constant current of 
5 ma on interocept ive  reflexes during the development  of cathodic  depression (0.2- 

5 ma). Reflexes recorded during increase of pressure in bladder  to 80 mm of merc -  
ury. Curves as in Fig. 1. 

creases exc i t ab i l i ty  of nervous structures,while the 
anode depresses it. The results we have obtained do not 
fi t  into this framework of ideas. I t  must be emphasized 

that many authors have pointed out the error in Pflgger's 
conclusions. B. F. Werigo [3] confirmed that  cathodic 
depression follows immed ia t e ly  after increase of exc i t -  
ab i l i ty  by a cathode,  and la ter  [4] he stated that  "ca t -  
electrotonns causes a gradual reduction in exc i t ab i l i ty  

which follows the course of the po la r i za t ion , ' *  whereas, 
in the case of the anode, in a l l  probabil i ty  the exc i ta -  
b i l i ty  is raised. 

B. F. Werigo saw that the reason for his disagree-  
ment  with pflgger was that  the lat ter  had not taken into 
consideration ei ther  the summation of the branches of 
the cathodic polar iz ing and s t imulat ing currents or the 

reduction of the anodic test current where the ascending 
direct  current is in the opposite direct ion to the s t imula t -  
ing current ( i t  is known that an intermit tent  current ex-  
erts a s t imulat ing act ion only at  the point of exi t  from 
the nerve). Werigo's conclusions were confirmed by 

B, I. Khodorov, who found that "true changes in the ex-  

c i t ab i l i ty  of the nerve at the poles, as our experiments 
have shown, were the reverse of those reported by 
Pfl~/ger." I" Werigo and Khodorov's refutation of Pflffger's 
statements has been discussed in de ta i l  by D. N. Nasonov 
[8], who has shown the necessity for reconsidering the 
classic assumptions regarding the act ion of positive or 
negat ive poles. 

Pfl[/ger's explanat ion of the reverse changes of ex-  
c i tab i l i ty  of nerves after cessation of a constant current 

has also been cr i t ic ized,  on the grounds that he con-  
fused the t ime of recovery of the in i t ia l  level  of po la r i -  

zat ion with the duration of postcathodic depression [16]. 
We must also note reports in which emphasis has been 
placed on phasic exc i t ab i l i ty  changes following anodic 
or cathodic s t imulat ion of nervous structures [2, 5, 6, 7, 

12, 14], In experiments by N.V. Goltkov and V. L. 
Merkulov [5], and by B. P. Ushakov and his co-workers 
[12], in which smal l  currents were applied at  ex t reme-  
ly short t ime intervals,  there was found to be a s imi la r -  

*t4], p. 213. 
~-[14],p. 349. 
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ity in the phasic excitability changes following the ac- 
tion of either an electrotonns or cateleetrotonus on the 
nerve. 

The absence of any qualitative difference between 
the action of anode and cathode under certain conditions 
has also been pointed out by other authors [1, 13, 18]. 
There are many reports that the cathode has a stronger 
effect than the anode [5, 7, 11, 12, 17]; for this reason 
all cathodic phasic changes take place more quickly 
and at smaller current strengths than do those produced 
by the positive pole [5, 12, and others]. According to 
N. V. Golikov and V. L. Merkulov,this clear-cut quant- 
itative difference between the action of the positive 
and negative poles has been the reason why several 
authors ha,~e concluded that the actions were opposed, 
and that the cathode exerted a parabiotic,and the anode, 
an antiparabiotic effect. 

The results which we have obtained agree entirely 
with those of authors who observed the same type of 
phasic change of excitability in response to the action 
of either pole, the effect from the cathode being 
stronger. It must be noted that, in our experiments on 
the interoceptor reflexes, there could be no summation 
of the polarizing and the stimulating currents, because 
the stimulus used was that of a reflex. The similarity 
in the changes in the interoceptor reflexes and the 
"central pressor reaction" indicates that experimental 
conditions were such that there was no physical reaction r 
between the constant current and the stimulus applied 
to the medulla. The same conclusion is indicated by 
the fact that in our experiments restoration of the 
"central pressor reaction" and interoceptor reflexes al- 
ways took place gradually. In the first moments after 
switching off the constant current, these reactions, as a 
rule, remain the same as at the end of polarization. 

The course of the changes of the interoceptor re- 
flexes which followed alteration in the functional condi- 
tion of the central portion of the reflex arc is similar to 
those which we have described previously in certain 
general pathological conditions [10]. 

SUMMARY 
Acute preparations of cats were used for a study of 

interoceptor reflexes involving blood pressure changes, 
and of the pressor reaction which developed in response 
to polarization of the medulla oblongata. It was found 
that both cathode and anode elicited essentially similar 
phasic blood pressure changes. Because of its relatively 
weaker effect, the anode restored reflexes (within cer- 
tain limits) which had been depressed by previous ca-  

thodic stimulation. 
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