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This invention relates to methods and appa 
ratus for the treatment of diseases of the human 
skin or other. living tissue, and is more particu 
larlyfconcerned with an improved method and 
apparatus for electrically supplying a suitable 
therapeutic agent to the tissue to be treated. 
A general object of the invention is the pro 

vision of new and useful methods and apparatus 
for electrolytically supplying a therapeutic agent 
to living tissue, particularly human skin, to treat 
disease thereof. 
A particular object is to treat epidermophytosis 

(athlete's foot) or other moldy dermatological 
infection by electrolytic deposition of copper at 
the situs of the infection. 
Another object of my invention is the provi 

sion of a relatively inexpensive, portable and eas 
ily operated apparatus for treating skin or other 
living tissue diseases in the manner described. 
Another object of my invention is to provide 

apparatus for electrolytically supplying a thera 
peutic agent to living tissue which can be used 
safely and without sensory or motor discom 
fort to the person undergoing treatment. Spe 
ci?cally, it is an object of the invention to avoid 
electrically shocking a human being using my 
apparatus. 
Another objept of the invention is the pro 

vision of therapeutic apparatus of the character 
described and. including means for adjusting the 
current to any desired value, and means for 
limiting the maximum current to a value below 
an injurious value without completely inter 
rupting the current. 
Another object of the invention is the pro 

vision of apparatus for electrolytically supply 
ing a therapeutic agent to living tissue from a 
liquid wherein the removal of the tissue from 
the liquid automatically resets the adjustment 
of the circuit in such a way that the sudden 
replacement of the tissue does not result in sen 
sory or motor discomfort to the tissue. 
Another object of my invention is the pro 

vision of an improved method for rapidly and 
inexpensively applying a therapeutic agent in 
particularly emcacious form to living tissue with 
out discomfort to the tissue and without requir 
ing skill or technical directions or supervision. 
Yet another object is to provide a method of 

and apparatus for treating diseased tissue by ' 
electrodeposition of a. therapeutic agent in or on 
such tissue. I 
A further object of my invention is the pro 

vision“ of a method of ‘and apparatus for re‘movi ’ 
ing hair from living tissue. 
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The foregoing and other objects of the' inven 
tion are achieved by the provision of an apps» 
ratus for the treatment‘ of'skinand. tissue dis 
eases which comprise'sin"combinationfarrzelectric 
circuit including a conducting fliquid "capable-‘of 
supplying therapeutic . agent',.and1m'ean's for con‘ 
necting the'ti'ssue as onesielectrodein'the-liquid 
to» e?‘ect application or productioniof therapeutic 
agent thereon, together with means for supply‘ 
ing an electric current to the vcircuit to supply 
the therapeutic agent to the tissues The means 
for supplying current to vthe‘circuit is character 
ized by means providing little or" no ?ow: of 
current immediately upon-ithe completion of the 
circuit, followed by the gradual rise'of current 
flow thereafter,‘ whereby" a 'relativelywvlarge 
amount of current flow can be obtained without 
sensory or motor discomfort‘ to the tissue. 
In accordance with the method of the inven 

tion, I therapeutically treat skin and‘ tissue dis 
eases by placing the tissue‘ to be'treated in. a 
conducting liquid‘ capable of- supplying. thera 
peutic agent, and then connecting ~ the tissue 
as an electrode in an electric circuit in such 
manner that the therapeutic agent will~ be formed 
on or in the tissue to be treated. In accord— 
ance with the invention the current flow in the 
circuit is so regulated as to supply the thera 
peutic agent on the tissue without sensory or 
motor discomfort thereto when the circuit is 
established. In this manner the therapeutic 
agent is deposited in unusually intimate con 
tact with the tissue, so that it is peculiarly well 
adapted to exert its desired effect. 
Although not limited thereto, as will appear 

more fully hereinafter, the invention is particu 
larly adapted to supplying diseased tissue with 
therapeutic agent by electro-deposition phe 
nomena, and will be described in further ‘detail 
with particular reference thereto. 
For a better understanding of the invention, 

reference should be had to=the accompanying 
drawing in ‘which Fig. 1 is a diagrammatic illus 
tration of one embodiment of the apparatus of 
my invention and illustrates the manner of’ its 
use; and Fig. 2 is. aiview illustrating a modi?ed 
circuit for supplying electric current.v 
Referring to Fig. l of the drawing, the numeral 

It) indicates a human being having ;a skin dis 
ease, such as epidermophytosis, on his feet. The 
feet are placed in a conducting liquid which 
in this embodiment is an electrolyte l4 contained 
in a tank or basin I 2' of enameled, ‘metal, glass 
or other material not attacked'i‘by the‘ elec 
trolytéi The lelecti‘ols'rte ‘ used‘ in‘ " the ‘practice 
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of the invention is capable of supplying a de 
sired therapeutic agent which is deposited on 
the feet of the human being under the in?u 
ence of current passed through electrolyte Id. 
The exact nature of the material used, the mode 
in which the therapeutic agent is released, and 
the particular agent supplied can vary widely 
and are dependent upon the particular type of 
disease and tissue to be treated. However, it 
is generally desirable to use an aqueous solution 
of a salt or other compound which ionizes to 
form ions of the therapeutic agent which are 
carried to and deposited on the tissue acting as 
an electrode of polarity appropriate to that end. 
Likewise, therapeutic agent may be formed 
through secondary reactions at an electrode, it 
being possible in this manner to form thera 
peutic agents of both organic and inorganic 
character in or on the tissue being treated. It 
will be understood thus that the tissue to be 
treated is caused to act in the electroplating cir 
cuit as that electrode at_ which the therapeutic 
agent is liberated or formed. 
For many purposes metallic salts are desirable 

because of the therapeutic value of metals, par 
ticularly in the state in which they are supplied 
to the tissue by the practice of this invention. 
For instance, in the embodiment being described 
the tissue being treated will act as the cathode 
so that the metal will be deposited thereon. 
Although not restricted thereto, the invention 

may be described with particular reference to 
the treatment of epidermophytosis, commonly 
called athlete's foot, because it is a skin disease 
of common occurrence and has been shown to 
respond to treatment in accordance with this in 
vention. For this purpose good results are ob 
tained by depositing copper at the afflicted area. 
A convenient electrolyte for this treatment is an 
aqueous solution of copper sulfate. Associated 
in insulated relation with the container I2 is an 
anode I6 which may suitably be made of copper 
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because thereby impoverishment of the electro- ' 
lyte of copper ions is avoided. 
The living tissue being treated, which in the 

example shown in the drawing is the foot of 
the human being, forms the cathode of the elec 
troplating circuit. Various ways of connecting 
the cathode electrically into the electroplating 
circuit may be employed in the practice of my 
invention. One convenient manner of achieving 
this result is to provide a second basin 20 con 
taining a solution 22 of an electrolyte in which 
the hands are immersed. One satisfactory solu 
tion for this purpose is a solution of ordinary 
salt. The basin 2!! receives an electrode 24 which 
is connected by a lead 24a to the negative out 
put terminal 26 of a source of electric current. 
Completing the electroplating circuit is a con 
nection l6a from the positive output terminal 28 
of the source of electric current to the anode l6. 
If the basin 20 is made of electroconductive 
material, as for example aluminum, then elec 
trode 24 may be dispensed with, the wire 24a 
being connected directly to the basin. With this 
apparatus copper will be deposited at the af 
fected areas of the feet immersed in the elec 
troilyte l4 when the electroplating circuit is 
established. 
An important .part of my invention is the pro 

vision of apparatus for supplying electric cur 
rent to the electric circuit so that the flow of 
current;in_ the circuit is initially very low but 
builds up gradually to adesired higher value. 
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This prevents the apparatus from affecting the 
living tissue with discomfort through or to its 
sensory or motor nerves. As illustrated in Fig. 1, 
this apparatus may conveniently take the form, 
of a source of electric current, indicated as a 
whole by the dotted box 30 in the wiring diagram, 
which is controlled through a regulator, out 
lined by the dotted box 32 in the wiring diagram. 
The source of current 30 may be adapted to 

operation on either alternating or direct current. 
To this end, a double pole, double throw switch 34 
is adapted to be connected either to the direct 
current supply terminals 36 and 38 or, and 
preferably, to a standard alternating current 
transformer and rectifying circuit. The trans 
forming and rectifying circuit which permits the 
apparatus to be plugged, by way of cord 39, into 
the standard l10-vo1t, 60-cycle house current in 
cludes a transformer, indicated as a whole by 
the numeral 40, a recti?er tube 42, filter chokes 
44, ?lter condensers 46, and a bleeder resistance 
48 connected in the standard manner shown. 
The transforming and rectifying system used in 
the practice of the invention is adapted to trans 
fer the 1l0-volt, 60-cycle house current to 
smooth, non-cyclic, direct current at about 300 
volts. ' 

Regardless of whether the source of current 
supply is from direct current or recti?ed alter 
nating current, the positive side thereof is con 
nected, as shown in‘ Fig. 1, through a resistance 
52 of approximately 15,000 to 20,000 ohms, an 
on-and-off switch 54, a fuse 5B, and a milliam 
meter 58 to the positive output terminal 28. The 
milliammeter 58 is adapted to read approxi 
mately from zero to 15. milliamperes. The nega 
tive side of the source of electric current is con 
nected to a condenser 62 of approximately 2 
microfarads capacity which is shunted by a re 
sistance 64 of approximately 6 megohms. The 
condenser 62 and resistance 54 are connected to 
the grid 66 of a three-element vacuum tube 68 
and are also connected through a resistance 10 
of approximately 11/2 megohms to the plate 12 
of the vacuum tube and then to the negative 
output terminal 26. The heater 14 of the vacuum 
tube is operated by any suitable source of electric 
current and may be conveniently connected in 
the manner shown in the wiring diagram so that 
the switch 34 will energize the heater regardless 
of whether alternating current or direct current 
is used as the source of current supply. 
The cathode 18 of the vacuum tube 68 is con 

nected through a variable resistance 80 of ap 
proximately 50,000 ohms to a variable tap 82 on 
the bleeder resistance G8 which is conveniently of 
about 10,000 ohms. 

It is believed that the operation of the ap 
paratus just described will be evident to those 
skilled in the art. However, briefly reviewing the 
operation, if the apparatus is used where 
ordinary house lighting current is available, the 
switch 34 is thrown to the alternating current 
position and the transformer and rectifying unit 
is plugged, by way of cord 39, into the house 
lighting circuit. If direct current is used the 
switch 34 is thrown to the direct current side 
and, of course, direct current at approximately 
300 volts is applied to the terminals 36 and the 
proper heater voltage to the terminals 38. 
Now assuming that the living tissue to be 

treated is the foot or feet of the human being 
It), the human being places his foot or feet in 
the basin I2 and his hand.- or hands in the basin 
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20. 'I'hereupon, the switch 54 is thrown to con 
nect the source of electric current to the electro 
plating circuit. However, it should be under 
stood that the switch 54' may be closed prior to 
placing the hands in the basin 20, as will be evi 
dent as the description proceeds. 
The" ?ow of electric current in the electro 

plating circuit after the closing of the switch 54 
is relatively small and minute and may be in the 
nature of one or two milliamperes. However, this 
current ?ow gradually builds up until it may 
reach as much as 15 milliamperes. This action 
is due to the valve control of the vacuum tube 
68. Speci?cally when the electrode circuit is 
open the voltage across the tube is zero. Conse 
quently ‘the voltage across the resistors 70 and 
64 and the condenser 62 is zero, making the 
potential of the grid of the tube 58 to have the 
same potential as the negative side (bottom) of 
the bleeder resistor 48. Since the cathode has 
the same potential as the tap on the bleeder, the 
grid 66 must be at a negative potential with re 
spect to the cathode ‘I8. If the electrode circuit 
is now closed a potential is established across 
the resistance capacitance circuit (10-64-62). 
At the instant of closing the circuit all of this 
potential appears across the resistance 10. This 
potential causes a current to flow through the 

' resistance 10 which divides between the resist 
ance 64 and the condenser 62. As this current 
continues to ?ow it builds up the voltage across 
the condenser 62. This charging effect of the 
condenser permits a gradual rise in voltage of 
the grid 66 with respect to the cathode 18. This 
rise in grid voltage causes a change in the plate 
to cathode resistance of the tube. This gradual 
change in resistance insures a gradual rise in 
plate current and consequently a gradual rise 
in the electroplating circuit. This gradual build 
up in the current prevents sensory or motor dis 
comfort to the human being connected in the 
electroplating circuit. 
The copper sulfate in the electroplating circuit 

forms, of course, positive copper ions and negative 
sulfate ions. The positive copper ions are car 
ried to and deposited on the tissue to be treated, 
namely, the foot or other part of the human be 
ing [0, which acts, in effect, as a cathode, and the 
negative sulfate ions are deposited on’ the anode 
I6 where they form more copper sulfate due to 
the fact that the anode I6 is formed of copper. 

If the therapeutic agent to be deposited upon 
the tissue is other than copper, it will be under 
stood that the electrolyte and anode l6 are formed 
to achieve the desired electroplating operation. ' 
Thus, zinc, silver, gold, or other metals might be 
used to treat speci?c disease conditions, in which 
event-appropriate salts are used to form the elec 
trolyte. Particularly, the electrolyte is selected 
so that the desired therapeutic agent is supplied 
to the tissue by ion deposition, by reaction ef 
fected thereby, or by other phenomena referred 
to hereinafter. The anode is generally formed of 
a material which combines with the other ion of 
the electrolyte to renew the electrolyte solution, 
although this is not essential. 
An important feature of the electric circuit 

described, and more particularly of the regulator, 
indicated as a whole by the numeral 32, is that, 
once the circuit is broken, as, for example, when 
the human being l0 removes his hand or foot from 
either the container I2‘ or the container 20, the 
circuit is immediately put in its initial condition. 
In other words, the original conditions of the cur 
rent supply circuit are established with the vacu 
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um tube 68. acting, as a valve to permit only a. 
very small ?ow of electric current in the circuit 
when it is reestablished with a subsequent gradual 
buiidinganpofthe-amount of current flow. Thm 
characteristic of my improved apparatus allows 
the human being to remove his hands or feet from 
the containers l2 and 20 to look at them or for 
any other reason, and thereafter the hands or 
feet can be immediately returned to the container 
without subjecting the person to sensory or motor 
discomfort due to the making of the electric cir 
cuit. Thus, electric shocks in the use of the ap 
paratus which might frighten or injure the person 
being treated are eliminated. 

In the operation of the apparatus described the 
current ?ow can be adjusted by adjusting the re 
sistance 80. The initial setting of the variable 
contact 82 on the bleeder resistance 48 also has 
an effect on the current, as will be apparent. The 
rise of current is determined by the character 
istics of the resistances 64 and ‘I0 and by the con 
denser 62. Of course, the maximum current ?ow 
is also determined by the applied voltage and the 
characteristics of the resistance 52, tube 68 and 
the tissue. 

It will be appreciated that in the actual practice 
of my invention the current supply and regulator 
apparatus is installed in a small neat box which 
is readily portable and of attractive appearance 
and on which all switches and controls are handy 
for operation. 
The form of my invention shown in Fig. 2 of 

the drawing is very similar to that illustrated in ' 
Fig. 1 with the exception that two vacuum tubes 
marked 68a and 68b are used and grid biasing 
is obtained by the use of a small'C-battery' 90 
which is connected to the grids of the vacuum 
tubes as shown. A variable resistance 80¢ per 
forms the same function as the'resistance 80 
shown in Fig. 1. A condenser 9| is connected in 
parallel with the resistance 80a. The operation 
of the circuit shown in Fig. 2, and the ?ow, of cur 
rent to the terminals 26a. and 28a, is exactly the 
same as that of the apparatus shown in Fig. 1 
and above described. Brie?y, the two vacuum 
tubes 68a, and 68b act as valves controlling the 
flow of electric current in the electroplating cir 
cuit. Originally the negative biasing of the grids 
of the vacuum tubes holds the initial electric now 
in the electroplating circuit to a very small 
amount. Thereafter the current flow builds up 
gradually as the negative biasing action of the 
grids is reduced until a point is reached where a 
fairly large amount of current is ?owing in the 
circuit. 

I have discovered that my apparatus can be 
used for removing hair by placing a needle in the 
skin beside the hair and applying a small amount 
of current ‘to the needle for several minutes. In 
using my apparatus to this end I connect a large 
resistance 95, for example, of 300,000 ohms, in 
series with one of the current supply 'leads (see 
Fig. 2). The resistance 95 is connected to a 
terminal 95. Thus, when the apparatus is used 
to remove hair terminals 96 and 260 are em 
ployed instead of the regular terminals 26a. and 
28a. The resistance 95 may be used with the ap 
paratus of Fig. 1, as will be understood. 
From the foregoing it will be recognized that 

the objects of my invention have been achieved 
by the provision of methods and apparatus for 
electrically supplying a therapeutic agent to liv 
ing human tissue. The methods and apparatus 
herein disclosed are relatively inexpensive and 
easily operated or practiced. Danger of electric 
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improved‘ method‘ and - apparatus are ‘character; 
ized'bya gradual building-upoi the flow of» cur 
rent-in the electroplating circuit so that sensory 
and'imotor discomfort to the livingtlssue is avoid 
ed- while effecting the most e?i'cient type of de 
positinglaction. 
Asrane-example of the therapeutic value of my 

invention, I have: found that in the treating of 
epidermophytosis with copper sulfate-solution as 
an electrolyte, in a treatment lasting for twenty 
minutes’and with a ?ow of about 12 milliamperes 
of current, ?nely divided copper is carried into 
the skin with very bene?cial therapeutic action. 
The copper acts as a highly effective fungicide, 
and even in an acute. infection the blisters and 
vesicles usually-disappear after the ?rst treat 
ment'with my apparatus, and the ordinary case 
of‘ epidermophytosis. or ringworm infection is 
usually cleared up after several. treatments of 
approximately twenty minutes with my appara 
tus; A very old and stubborn infection may re 
quires, greater number of treatments. 

, Itwill be runderstoodthat various modi?cations 
are within the scope of the inventiom Thus, 1: 
where the therapeutic agent is formed by~ an 
anion,‘ or by reaction at an anode, the tissue‘ is 
connected as anode; Likewise, onefoot, in the 
example chosen», may be connected as anode and 
the other'as cathode, by direct contact with ‘leads 
I60. and 24a, to treat a single diseased foot, or- to 
treat bothv feet by reversal of the connections 
after ‘thecathode-connected foot has been treat 
ed su?iciently: Again, the feet may be placed in 
separate basins if desired- for any reason, one con- ‘ 
tainingran anode and the other. a cathode, or 
both. containing anodes Hiv in the-example of 
Fig. 1.: Other modificationsrwill occur-to those 
skilled inthe art. 
Theinvention has been describedin detail with 

reference to supplying therapeutic agent by elec 
trodeposition phenomena, with or‘ without sec; 
ondary reactions, from electrolytes.v 
understood; however, that it is not restricted 
thereto but-is applicable generally to the- use of 
the electric current for supplying tissue’ with 
therapeutic agents. For example, the therapeu 
tic agents may be supplied to the tissues by the 
phenomena of electrophoresis or of electro— 
osmosis instead of by electrodeposition. Thus, 
the electrolyte It may be replaced by a liquid 
having a therapeutic agent colloidally dispersed 
therein which migrates by electrophoresis to the 
tissue under the influence of theelectric current 
supplied to the electrodes. Or, a therapeutic 
liquid or solution thereof may be caused to enter 
the tissue by electro-osmosis when current is sup 
plied to the electrodes. In such instances the 
electrodes are connected appropriately, as will be 
understood, according to the charge of the colloid 
or' of'the agent being supplied by the osmotic 
process. 

It‘ will be 
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shock or disoomforthas-been'clim-i-natedl, and-Ymy; The use: of‘ the» phenomena-o1! electrophoresis?‘ 

and electro-osmosis involves the movement-mil? 
charged carriers in a liquid medium which there» 
fore possesses conductance just as, considered 
broadly, ions impart conductance to a true elec 
trolyte. Hence all such liquid media used in the 
practice of the invention may be considered as 
conducting liquids even though ionic conductance 
is not involved. That is, in all such instances 
there is relative movement in a liquid medium to 
supply therapeutic agent to tissue, whether the 
movement be by ionic migration, electrophoresis, 
or electro-osmosis. 
From what has been said it will be understood 

also that the invention is applicable to supplying 
therapeutic agents not only at the surface of ex 
posed tissue, e. g., the skin, but also within tissues 
or to the blood stream. 
While in accordance with the patent statutes 

I have particularly illustrated and described my 
improved method and apparatus, it will be under 
stood that I am not to be limited thereto or there 
by but that my invention is de?ned in the ap 
pended claims. 

I claim: 
1. Apparatus for. controlling the supply of -elec- 

tric current to living tissue which comprises a 
vacuum. tube, a source of current supply, means 
adapted to connect one side of the current supply 
to the living tissue, means connecting the other 
side of the current supply‘ to the cathode of 'the 
tube, means adapted to connect the plate ofthe 
tube to the living. tissue, and means for biasing 
the grid of the tube negatively so that the flow 
of current in the tissue is small when the circuit 
is ?rst-established and. yet buildsup gradually 
due to the inherent gradual reduction of the-neg-' 
ative biasing of the grid, said last-named means 
including a resistance and condenser connected 
in parallel between the grid and the side of the 
current supply connected to the cathode of'the 
tube, and a resistance connected between the 
grid and. the plate of the tube. ‘ 

2. Apparatus for controlling the supply of elec 
. tric current to living. tissue which comprises a 
vacuum'tube, a source of current supply, means 
adapted to connect one side of the current supply 
tothe living tissue, means connecting the other 
side of the current supply to the cathode of the 
tube, means adapted to connect the plate of the 
tube to the living tissue, and means for so biasing 
the grid of the tube negatively that the ?ow of 
current in the tissue is small when the circuit is 
?rst established and yet builds up gradually due 
to the inherent gradual reduction of the ‘nega 
tive biasing of the grid and that, when the ?ow 
is stopped, the circuit is immediately returned to 
its original condition. ‘ 

ALBERT G.~ CONRAD. 


