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: DEVICE FOR GENERATING AN ELECTRICAL VOLTAGE OF PREDETERMINED
WAVEFORM, IONTOPHORESIS APPARATUS _FOR  TRANSDERMALLY
ADMINISTERING MEDICINAL PRODUCTS AND ELECTRICAL STIMULATION
APPARATUS, WHICH APPARATUSES ARE EQUIPPED WITH SUCH A DEVICE,

The present invention relates to a device for generating an electrical voltage
of predetermined waveform and, more particularly, to an iontophoretic apparatus
for transdermally administering medicinal products equipped with such a device.

Apparatuses for administering medicinal products by iontophoresis have

10  been provided which are designed for causing ionised molecules of an active
principle, which hereinafter will be called "medicinal product" or "drug", to
penetrate through the skin of a patient, the flow of the ionized molecules being
forced by a potential difference set up between two adjacent areas of the patient’s
skin. By way of example of such apparatuses, mention may be ‘made of those

15  described in Documents WO-A-88/08729 and FR-A-2,656,223.

The quantity of medicinal products thus absorbed by the patient per unit
of time is clearly dependent on the electrical current which is created by the
applied potential difference and which traverses the patient’s skin on passing from
one area to the other. Studies have shown the benefit of an accurate control of the

20 strength of this current, which can be set up or cut off for predetermined
successive time periods, or amplitude modulated according to pulses of
sinusoidal, triangular, sawtooth or square waveform, according to various
programmes for administering medicinal product which are adapted to particular
treatments, to particular molecules, etc. Reference may be made in this regard to

25 thearticle entitled "Study of the mechanisms of flux enhancement through hairless
mouse skin by pulsed DC iontophoresis" by Pikal and Shah, published in the
journal "Pharmaceutical Research”, volume 8, No. 3, 1991, pages 365 to 369 and
to the article entitled "Facilitated transdermal delivery of therapeutic peptides and
proteins by iontophoretic delivery devices" by Chien and others, published in

30 "Journal of Controlled Release", 13, 1990, pages 263 to 278. As is explained in
these publications, the prolonged application of a DC voltage to the skin causes

an electrochemical polarisation of the latter especially because of a capacitive
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of predeterm ned waveformand, nore particularly, to an iontophoretic
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the form of lightweight compact bracelets which can be fixed without discomfort

10 to the patient’s arm, for several hours, for example. Such bracelets have to
comprise a reserve of medicinal products to be administered and means for
generating an electrical voltage suitable for ionophoretic assisting the migration of
the ionised molecules, constituting the medicinal product, through the patient’s
skin. The reserve of medicinal products may be constituted by a hydrogel filled

15  with the ionised form of the medicinal product and placed between the patient’s
skin and at least one of the two electrodes between which a voltage of
predetermined waveform is applied. The means for generating this voltage should
ideally, as has been seen above, be capable of delivering voltages of very varied
waveform, frequency and amplitude, and in a programmable manner so that the

20 apparatus can be used very flexibly. The electrical power supply to the apparatus
must preferably be set up by batteries in order to ensure the autonomy of the
patient, which necessitates taking into account the limited lifetime of these
batteries and providing means for raising the voltage delivered by the batteries,
the transdermic and iontophoretic administration of medicinal products currently

25 requiring instantaneous voltages of 10 V or more. These constraints, combined
with those of compactness and low weight make the design of such apparatuses
difficult.

In particular, in order to constitute waveform-programmable voltage
generation means, it is possible to consider using a digital-to-analog converter, the

30 digital input of which is supplied by a control device such as a microprocessor,
the latter successively providing the converter with digital values reflecting the

amplitude of successive segments of any voltage waveform. Unfortunately, taking
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treatnments, to particular nolecules, etc. Reference may be made in this
regard to the article entitled "Study of the nechanisns of flux enhancenent
t hrough hairl ess nouse skin. by pul sed DC iontophoresis" by Pikal and Shah,
published in the journal "Pharmaceutical Research”, volume 8, No. 3, 1991,
pages 365 to 369 and to the article entitléd "Facilitated transder mal
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prol onged application of a DC voltage to the skin causes an el ectrochem cal

pol ari sation cbst anrd the betk efthecapparstupeburthermotie,aa digitabta-avalog converter is
comparable to a class B amplifier, that is to say an amplifier acting over one half-
5 period of the waveform only and therefore having an efficiency substantially less

than 100%.

The object of the present invention is therefore to produce a device for
generating an electrical voltage of predetermined waveform, which can be used
in an iontophoretically-assisted apparatus for transdermal_ly administering

10 medicinal products, which does not have the drawbacks of the known solutions
mentioned hereinabove, which is particularly lightweight, compact and supplied
by electrical batteries so as to be autonomous and able to be worn by the patient,
without discomfort, for long periods of time.

The object of the present invention is also to produce such a device,

15 and such an apparatus allowing complete programming of the waveform of the
applied voltage and of the programme for delivering the medicinal product, so as
to make the apparatus very flexible to use.

A further object of the present invention is to produce such a device
and such an apparatus which allow the generation of AC waveform pulses, in

20 order especially to ensure the migrations of the medicinal product in the two
successive directions of the current thus set up.

The object of the present invention is furthermore to produce such a
device and such an apparatus which enable the applied current or voltage to be
regulated so as to compensate for the time variations in the patient’s resistance, as

25 it is seen by the apparatus between two electrodes for applying the voltage which
it develops.

These objects of the invention, as well as others which will appear on
reading the description which follows, are achieved with a device for generating
an electrical voltage of predetermined waveform, comprising a switched-mode

30 power supply equipped with an electronic switching member, the closing of
which controls the power supply to an inductor which discharges, when the

member reopens, into a capacitor at the terminals of which the output voltage of
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2 effect observed in the horny layer, this polarisation causing a decrease
in the electrical current associated with the ionophoretic transfer of the
i oni sed nol ecul es constituting the nedicinal product, and therefore a
reduction in the quantities of nedicinal product which are administered per
unit of time, with respect to the desired duantities. A known solution to
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which a voltage of By virtue of the use according to the invention of a switched-mode
power supply controlled by a counter, a compact, lightweight and autonomous

10 device is obtained, making it very flexible to use in terms of available waveform.

According to a preferred embodiment of the device according to the
invention, the counter is a down counter counting down from the loaded number
and equipped with a zero-detection output controlling the opening of the
switching member for the predetermined time interval, this member being

15  constituted by a transistor, the zero-detection output of the counter being looped
back to an enable input of the counter in order to trigger a new down-count from
the number loaded. '

According to an advantageous characteristic of the device according to
the invention, the latter furthermore comprises means for stabilizing the current,

20  which are interposed between the capacitor of the switched-mode power supply
and an external load supplied by the voltage delivered by the device. This
arrangement enables the current flowing into the patient to be made substantially
independent of the resistance of the latter, which is important for controlling the
quantity of medicinal product administered per unit of time.

25 Advantageously, the device furthermore comprises means for reversing
the direction of flow of the current in an external load, these means being
activated on detecting the loading into the counter of an image number of a zero
crossing by the desired waveform of the output voltage from this device, this
waveform being an alternating waveform having symmetrical half-waves, of which

30 the image numbers of only one half-wave are loaded into the storage means.

According to another advantageous characteristic of tHe device

_ according to the invention, the latter furthermore comprises means for regulating,
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voltage generating device according to the present invention. Advantageously, a
reserve of medicinal products is arranged against each of the two electrodes in

10  order to permit a delivery of the medicinal product in the two directions of flow
of the current between these electrodes.

Other characteristics and advantages of the present invention will
emerge on reading the description which follows and on examining the attached
drawing in which:

15 - Figure 1 shows diagrammatically the voltage-generating device
according to the invention,

- Figure 2 is a diagram of a particular embodiment of the connections
set up between a microprocessor and a counter forming part of the device
according to the invention,

20 - Figure 3 shows, in more detail, that part of the device according to the
invention which is controlled by the output of the zero detector of the counter of
Figure 2 in order to supply the electrodes of an iontophoretic apparatus for
transdermally administering medicinal products according to the invention, and

- Figure 4 explains, by way of example, the generation of a sinusoidal

25 voltage by the device according to the invention.

Referring to the diagram of Figure 1, it appears that the device
according to the invention essentially comprises a switched-mode power supply
1 controlled by a counter 2 which is itself connected to means for storing and
loading numbers, which means are constituted by a microprocessor 3, for

30 example. The switched-mode power supply is conventionally constituted by an
inductor L, arranged in series with a transistor T, of the p-channel MOS type,

_between a reference voltage source V. and an earth line 4. A diode D, is
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3 r{:ss Y ssary high output voltage nentioned hereinabove,

t hi s S the use of a converter in a separate casing, which
increa the bul k of the apparatus. Furthernore, a
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to say an anplifier acting over one half- period of the waveformonly and

t her ef h ff tialhy |
oot Db Aot Fobh SR, BRRKE o (ot e o Ye 1018 comman i the | or
cont roltl i ng t tRluetral, At fthé Bfail of tRORatOUT, £d, dnRUMEREHH P 8derminal
converter.

of a capacitor C; which is arranged between the diode and the earth line 4. The

operation of such a switched-mode power supply 1 is conventional. The current

5 in the inductor L, increases each time the transistor T, is conducting, with a slope

which is determined by the value of the inductance and that of the voltage V.

When T, stops conducting, the energy stored in the magnetic field of the inductor

L, is transferred into the capacitor C, through the diode D,. At each transfer, the

voltage between the terminals 5 and 6 of the capacitor C, increases incrementally

10 énd can, in the absence of a load connected between the terminals 5 and 6, reach
a very high voltage.

According to the present invention, the switched-mode power supply 1
is controlled by a "zero-detection" output of the counter 2, which can, for
example, be an eight-stage synchronous down counter. Each time the counter

15 passes throu.gh zero, a pulse of determined duration appears at this output and
causes the transistor T, to conduct, which triggers the increase of the current in
the inductor L,.

The counter 2 is itself loaded with a number or "vector" defined over

eight bits, for example. The vector is delivered on parallel data inputs 7 of the

20 counter in order to load an upper bound of the down-count performed by the
counter. Thus the time interval separating the appearance of two successive pulses
at the "zero-detection" output depends on the value of this number or vector. By
bringing these pulses closer together in time, the charging rate of the capacitor C,
is accelerated whereas, by moving them apart, this charging rate is decreased. It

25 may be envisaged thus being able to give the voltage available between the
terminals 5 and 6, which is delivered to a fixed external load (not shown), any
form defined by a sequence of values of a "vector", which values are successively
loaded into the counter in order to vary the time interval separating two -
consecutive pulses for causing the transistor T, to conduct.

30 The sequence of the values of the vector corresponding to a given
waveform, sinusoidal, triangular,
square or sawtooth for example, symmetrical or otherwise, thus constitutes a

sequence of numbers, each of which is an "image" of one of the successive
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counter is connected to a clock 8 and supplied between the voltage source V¢
and the earth line 4.

10 By way of example, in Figure 4 is shown, the sequence of values of the
vector which can be used for obtaining a sinusoidal waveform always assuming
that the power supply is applied to a fixed external load. A high value of the
vector (110, for example) has the effect of setting up a long counting period and,
consequently, a low excitation frequency of the switched-mode power supply,

15  which results in a low output voltage. A vector of lower value ensures a shorter
counting period, a higher excitation frequency of the switched-mode power
supply and therefore an increased output voltage. By rapidly varying the vector
cyclically, it is possible to generate any waveform including constant levels,
triangular or rectangular pulses, sawteeth and sinusoids. For the generation of a

20 symmetrical and sinusoidal alternating waveform, such as that shown in Figure 4,
it is possible to generate the second half-wave of the waveform by simply
reversing the direction of passage of the current in the external load, which
reversal is obtained by means which will be described below, the sequence of the
values of the vector (110, 060, 044, etc.) for only a half-wave then being put into

25 store.

According to an advantageous characteristic of the device according to
the invention, the latter comprises particularly simple means for varying the
frequency of the waveform set up; it suffices to regulate the rate at which the
microprocessor loads the counter with the successive values of the vector.

30 It will be noticed that the duration of the pulse for causing the transistor
T, to conduct is equal to the period of the signal delivered by the clock 8 which

sets the rate of the counter 2, this duration thus being fixed very accurately. The
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possible to deliver an output voltage greater than the input voltage. This is

5 necessary in the application, described below, of the invention to an iontophoretic

apparatus for transdermally delivering medicinal products, which has to be

powered by small batteries in order to be able to be worn by a patient, without

discomfort. In such an application, it is necessary to be able to reach, as has been

seen above, voltages greater than 10 V with two 3 V batteries for example, and it
10 is therefore necessary to use a voltage-raising switched-mode power supply.

Reference is now made to Figure 2 of the attached drawing which
shows in more detail the means used for loading a vector value into the counter
2, from the microprocessor 3. By way of non-limiting example, the counter 2 is
constituted by an eight-stage synchronous down counter having the reference

15 74HC40103 in the catalogues of the SGS Thomson Company, while the micro-
processor used is that having the reference M50927E in the catalogues of the
MITSUBISHI Company.

Each of the eight lines of the parallel input 7 of the counter has been

shown, each loaded via a resistor (R, to Ry), as is conventional. The outputs S, to

20 S,; and P, to P, of the microprocessor supply these lines, which are connected to
the pins 4 to 13 of the counter. A crystal clock 8 supplies the counter via an
inverter 9, and the microprocessor directly on its clock input XIN. The resetting of
the microprocessor and of the comparator can be controlled by a RESET terminal.
A reference voltage source 10 supplies the microprocessor. As concerns counter

25 2, the "zero-detection" output is looped back to an enable input EN2, as in the
diagram of Figure 1.

Figure 2 further shows two lines, "bridge A", "bridge B", respectively
connected to outputs D, and D, of the microprocessor and two lines, ADC1 and
ADC2, connected to inputs KO and K1 of the microprocessor which are equipped

30 with built-in analog-to-digital converters. The roles of these four lines will be
explained in conjunction with the examination which will follow of the diagram

shown in Figure 3.
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which is connected between electrodes 13 and 14 forming, in a particular
10 application of the invention, part of an iontophoretic apparatus for transdermally
administering medicinal products.

Such an apparatus is constituted by arranging, in a casing capable of
being held by a bracelet on a limb of a patient, a device for generating an
electrical voltage according to the present invention and one or more small-scale

15 electrical batteries such as lithium batteries for the power supply to the device.
The electrodes 13, 14 are connected, possibly in a separable manner, to the
output terminal of the circuit of Figure 3. At least one of these electrodes is lined
with a reserve of the medicinal product to be administered, such as a hydrogel
loaded with the ionised form of this medicinal product, this hydrogel being

20  applied against the skin of a patient to be treated. The two electrodes then face
two adjacent areas of the patient’s skin and the voltage developed by the device
according to the invention causes, when it is suitably oriented, a migration of the
ionised molecules of the medicinal product through the patient’s skin, migration
forced by the electric field set up between the two electrodes, which extends

25 under the patient’s skin.

Up to now, the invention has been described in its application to an
iontophoretic migration of medicinal products. Of course, it is clear that the
invention extends to any transdermal administration of medicinal products
transported electrically through the skin, whether by iontophoresis or by

30 electroosmosis, for example, or by a combination of both these effects.

The circuit of Figure 3 is designed to carry out various functions

particularly useful in the application described hereinabove.
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Indeed, the base of the transistor T, is held at a voltage proportional to that of the

terminal 5 of the capacitor C, by virtue of the bridge R,,, R;. The voltage at the
terminals of the emitter resistor R,, is then proportional to that prevailing at the
terminal 5 less a constant value determined by the emitter/base voltage of the

10 transistor T,. The voltage at the terminals of the emitter resistor R,, in turn
determines the emitter current and, thereby, the current in the collector of this
transistor. This current is substantially independent of the collector resistance
which is partially determined by that of the patient, as "seen" between the
electrodes 13 and 14. The stabilization means described make the strength of the

15 current flowing into the patient (and therefore the flow rate of medicinal product)
substantially independent of the patient’s resistance, which may vary from one
subject to another. The presence will also be noted of a capacitor C, connected
in parallel with the resistor R,, the combination constituting a filter which
smooths the output of the switched-mode power supply 1.

20 As has been seen hereinabove, the device according to the invention
also comprises means 12 for reversing the direction of the current in the external
load, between the two electrodes 13, 14, which enables alternating waveforms to
be generated consisting of two symmetrical half-waves with the aid of the store of
vector values corresponding to one half-wave only. Figure 3 shows that these

25 means 12 are interposed between the transistor T, and the electrodes 13, 14. The
means 12 are constituted by a bridge of four transistors T,, T,, T, T, arranged so
as to supply the external load by a diagonal, the bases of two transistors T,, T of
a first (pnp) type being coupled to the collector of the other two transistors T,, T,
of a second (npn) type, the conduction states of which are reversed on detection,

30 by the means for loading a number corresponding to the zero crossing of the
waveform.

Of course, the transistor bridge could also be used for generating
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current of the devi ce. The invention thus nakes it possible to
constitute an apparatus for transdermallyldelivering nedicinal products, of
the type conprising at |east two el ectrodes brought into contact with two
adj acent ar eawaweforms haning asymmefsicalehalf-cycless sbe entiter wavafoinctheal havingitect
havi ng electrb§§&h¥dtransported nol ecul es which is arranged agai nst at

| east one of € electrodes in order to cone into contact with the

patient's skin, thesdhelissesofahefinaBteryin] TedrdYedgeetitel ednnettddn® the
el ectrical - vol ta?e generating device according to the present invention.

Advant ageous| gollegtors ffthe tiansigtoss €i,nlal VipredsierssRi.sR arrespegtivelygdnadiasemeh of
the two elgct fades, dfoRrier. LA BSifbifedby Bs X, Obribie BTeehd AspRlRly
transmitted by the microprocessor 3 (see Figure 2). The electrodes 13, 14 are
connected to the collectors of the transistors T, and T, along a "diagonal" of the
bridge. In the embodiment shown, the storage means and the means for loading
the values of the vector are combined in the microprocessor and the latter is
10 furthermore equipped with means for detecting the value of the vector which
corresponds to the zero crossing by the waveform, these means triggering the
transmission of the "bridge A" and "bridge B" signals. It is clear that, when the
transistor T, is made conducting by the transmission of a bridge A signal, the
conduction of the transistor T, triggers that of T, the current leaving the collector
15 of the transistor T, passing into the patient from the electrode 14 towards the
electrode 13. The current passes in the other direction when the microprocessor
triggers the conduction of the transistors T, and T,.

in the application of such a device to an iontophoretic migration of

medicinal products, the dual-direction migration which is thus possible to obtain
20 is advantageous when two electrodes are used, each associated with a reserve of

medicinal product, compared to an apparatus comprising a single reserve -

associated with one of the electrodés only, it is possible to double the flow rate

of medicinal product. For a same flow rate, the latter is set up from two separate

areas of the patient’s skin, which makes it possible to reduce the latter’s irritation
25 due to the transdermal effect.

According to another advantageous characteristic of the device
according to the invention, the latter may be equipped with means making it
possible to provide a closed-loop regulation of the voltage or of the strength of the
currents which are applied to the patient between the electrodes 13 and 14. The

30 patient’s resistance may, in fact, vary over time, during the treatment, in particular
on account of the polarisation of the horny layer of the skin, despite the

depolarising effect of the application of pulsed voltages which limit this polarisa-
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of the current between these el ectrodes. O her characteristics
and advantages of the present invention will energe on reading the
description which follows and on exam ning the attached draw ng i n which:

- Figure 1 shows diagranmatically the voltage-generating device accordi ng
to the invention, - Figure 2 is d2Ziagramof a particul ar

enbodi ment of the_connections set up between a microprocessor and a counter
formng part 8ent Ahisgessistancgcvasiaiongmay lead to vadatiormin the voltage or giugreng 3

shows, in nor >t aj | .4 that rg. Vi ce accondin .the ipnvention
whien i s cont FBPfadie e rhiteh By 4 pledidtih EFreBR R B Whikh T ¥Rt
Figure 2 in ofdest ﬁe?fcﬂ'ma@"dbrtdlﬂyﬂ ectrodes of an iontophoretic apparatus
for transdermal |y admi ni stering nedicinal products according to the

i nvention, and Accordipg &e fre ipveRiiomissh resjstepse wriatipaspredeteied with
ener at i ong of 4 NUS 0l | {,a | ce ' :
serr a1 o f uf 4P s 2! U299 LBISIAR SRR B e ansrer

that the devi bedaedQr rr? TePat the poineNS @it €6 sespettivdly, viaims lineSABCT and
swi t ched- node power supply
ADC2, respectively.

The voltage V, picked up at the mid point 15 of a divider bridge R, R,,

connected between the collectors of the transistors T,, Ts and earth is supplied to

10 the input KO of the microprocessor, whereas the voltage V, at the emitters of the
transistors T,, T, is delivered to the input K1 of the microprocessor, which
converts them into digital values.

The voltage V, enables the microprocessor to calculate the voltage on
the input electrode of the current passing into the patient, whereas the voltage V,

15 applied to the resistor R,; placed between the emitters of the transistors T,, T, and
earth enables the current i = V,/R,, passing into the patient to be calculated. The
microprocessor then calculates the patient’s resistance R:

R = (V,-V,)i

From the variations in the patient’s resistance which may thus be

20 observed, the microprocessor carries out closed-loop control of the voltage or
current applied to the patient by increasing or by decreasing the value of the
vector which is provided to the counter so as thus to keep the desired voltage or
current strength value. The feedback thus obtained also makes it possible to
enable a halt or a modification to the stimulation of the patient to be ordered in

25 the event of excessive or insufficient voltage, intensity or resistance, measured on
the patient.

An iontophoretic apparatus for transdermally administering medicinal
product has been constructed comprising a voltage-generating device in
accordance with the present invention. Powered by two lithium batteries of the

30 2430 type, the apparatus makes it possible to deliver to the patient a current
which can be regulated between 0 and 1 mA, continuously or according to any

waveform pulses, possibly bipolar and having a frequency up to 80 Hz for a
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1 controlled by a counter 2 which is itself connected to nmeans for storing
and | oadi ng nunbers, which neans are constituted by a m croprocessor 3, for
exanpl e. The swi tched- node power supply is conventionally constituted by an
6 -inductor L[err] arranged in series with_a transistor T[err] of the

p- channel MOS type, between a reference Jéltage source V[err] and an earth

line 4. A diode er IS unted,. forward bia et ween on the one
hand, the poi ﬂpugjﬁﬁg%f friangitlar Vayeferrand Hptp gﬁfg"zt fb?"t?%‘aﬁ?' é{YQYeg?m’cshéhe
transistor T[ @ﬁfr]ent‘gﬂgtair%ﬁ bRfheh radaagﬂbeae.t ﬂ{aﬁ]ﬁﬁ?s oA, @%gaa%tsefan%?”]

which is arranged between the "diode and the ear ne 4.
ranging up to 20 kQ. It is possible for these results to be obtained by virtue of the

characteristics and advantages of the present invention explained hereinabove and

5 especially by virtue of the technique for loading a sequence of values of the

"vector" into the counter which enables any waveform to be configured very

flexibly. The closed-loop regulation using software stored into the microprocessor

and the accurate measurement of the patient’s resistance enable the current

passing into the patient to be regulated very accurately, which compensates for

10 the possible losses in the circuit. The use of a voltage-raising switched-mode

power supply, controlled by a counter, enables an accurate, small-scale voltage

source to be used. The use according to the invention of a bipolar waveform, in

combination with two electrodes each lined with a hydrogel filled with medicinal

products to be delivered to the patient, makes it possible to ensure this delivery

15 in both directions of flow of the current, through two different areas of the

patient’s skin, which technique increases the tolerance of the patient to the
iontophoretic current.

Of course the invention is not limited to the embodiment described and
shown, which has been given by way of example only. Thus it is possible to

20 replace the down counter used by an up counter, by means of adaptations which
immediately spring to mind to the person skilled in the art.

More generally, the invention is applicable to apparatuses for
transdermally delivering medicinal products, relying on phenomena other than
iontophoresis, for example electroosmosis. Furthermore, the device for generating

25 an electrical voltage according to the invention may also be incorporated into an
apparatus for electrically stimulating the skin or organs such as nerves or muscles
for therapeutic purposes such as, for example, the treatment of pain by
transcutaneous neurostimulation or the activation of healing processes by
stimulation of the injured skin, or even the muscular training or reeducation by

30 transcutaneous electrostimulation of muscles.
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operation of such a sw tched-node power supply 1 is conventional. The
curriuulm"mmﬁulllmmmr or L[err] increases each time the transistor T[err]
is c sl ope which is determined by the value of the

i nduct'anée and"tHat *of the voltage V[err].., When T[err] stops conducti ng,
the energy stored in the magnetic field of the inductor L[err] is

transferred into the capacitor (err] tttr%%qmsthe diode Dierr]. At each

transfer, the voltage between the term and 6 of the capacitor
Clerr] increades incri2ewcd frigenetidg@areledtricdlhveltags efipredetermihedhdacefonact ed
between the termnals 5 and 6, regch a very high voltage.

h . . .
According to FREPHSESeAL SWitchaskmare Rowers aipRiKeH) nefitiPReheritl Apiejectranic
controll ed by @i = tarqns wH& Fh@,s ' vt
exanpl e, be a%‘ﬁ"etfgﬁg??tgﬁ{é’?é;ﬁ'c r}eggrgg@%dgim éou%tegﬁggégékpwéﬁ'ggf@pctguﬁ er
passes thrdughdimtar, (L3 whichedisthatgase whenetthednembeo req@npeaingo at capaciton(@,put

The current 1 At tederANAR B WA (e outbut voltdze ofhe deviseappsatss chirdglericed
caded M1 SR e b ol S o) B g
| oad an upper ateoimmages fof tshecedsiva segraents é the prasbtdyninéd waveform, (b) a clocked
digital counter (2) and (c) means (3) for successively loading this counter (2) with
10 each of the numbers of the sequence considered as a bound of the count
performed by the counter (2), the latter cyclically controlling the closing of the
switching member (T,) for a predetermined time interval, each time the count
performed reaches the bound thus fixed.
2. Device according to Claim 1, characterised in that the counter is a
15 downward counter (2) counting down from the number loaded and equipped with
a zero-detection output controlling the opening of the switching member for the
predetermined time interval, this member being constituted by a transistor (T,).
3. Device according to Claim 2, characterised in that the zero-detection
output of the counter (2) is looped back to an enable input of the counter, in
20 order to trigger a new down-count from the number loaded.
4, Device according to anyone of Claims 1 to 3, characterised in that the
means for successively loading the counter with each of the numbers of the
sequence are constituted by a microprocessor (3).
5. Device according to Claim 4, characterised in that the storage means are
25 programmable according to various sequences of numbers for obtaining as many
distinct predetermined wave forms.
6. Device according to Claim 4, characterised in that the storage means are
incorporated into the micro-processor (3).
7. Device according to anyone of Claims 1 to 6, characterised in that it
30 furthermore comprises current-stabilizing means (11) interposed between the
capacitor (C,) and an external load supplied by the voltage delivered by the

device.
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counter. Thus the vaI separating the appearance of two successive
pul ses at ‘ ﬂ“ g“ﬁg“ n" out put depends on the value of this nunber
or vector. Se pulses cl oser together in tine, the charging
rat-e of the capacrtor Cerr] is accelerated wher eas, by noving them apart,
this charging rate is decreased. It may be %nvrsaged t hus berng able to

i h | i o b t |
delvered 1o 211 xeq REVEF ASFORERIS RRIChouactered by thau e fald sapitizing
sequence of Vahels @mpriseLEhMistor MY, e BAUSSWRICH i$ €665&ted B thd mﬂigemtnt 0

the counter in order to vary the ti fe i nterval separat | n? two consecutive
pul ses for caw§iantesisty bmdﬁﬁ(&&,din)'l'{:mnqdad)tocthedtecmrnals of tikheapmifoetiCp, af

the val ues of rtesrfs o 1tzohmrt1 g He gﬂrqe#tgdel?ve?e@ by “the transistor (T,) to the external
5 load.

9. Device according to anyone of Claims 1 to 8, characterised in that it

comprises means (12) for reversing the direction of flow, into an external load, of

the output current of the device, these means being actuated on detecting the

loading into the counter (2) of an image number of a zero crossing by the desired

10  waveform. |
10. Device according to Claim 9, characterised in that, in the case of an
alternating waveform having two syhmetrical half-waves, the storage means are
loaded with the image numbers of one half-wave only.

11. Device according to anyone of Claims 9 or 10, characterised in that the

15  said reversing means (12) are constituted by a bridge of four transistors (T, T,, T;,
Te) arranged so as to supply an external load by a diagonal, the bases of two
transistors (T,, T;) of a first type being coupled to the collectors of the other two
transistors (T,, T,) of a second type, the conduction states of which are reversed
on detecting, by the loading means, a number corresponding to the zero crossing

20 by the waveform. _

12. Device according to anyone of the preceding claims, characterised in
that the loading means comprise means for varying the loading frequency of the
numbers of the sequence and thus the frequency of the output voltage of the
device.

25 13. Device according to anyone of Claims 4 to 12, characterised in that it
comprises means for closed-loop regulation of the voltage or the strength of the
output current of the device.

14. Apparatus for transdermally delivering medicinal products, of the type
comprising at least two electrodes designed to be put in contact with two adjacent

30 areas of the skin of a patient, a reserve of a medicinal product having electrically
transportable molecules being arranged against at least one of the electrodes in

order to come into contact with the patient’s skin, characterised in that the
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7 | nusoi dal, triangular, square or sawtooth for exanple,
synﬁﬁ'ﬂ'ﬁ&ﬂj"i“ﬂwﬁlw se, thus constitutes a sequence of nunbers, each of
whi che I's "ali "#f one of the successive segnents into which a
wavef orm may be chopped up. This sequence of nunbers is preserved in
storage means which may, preferably but notl@xclusively, be internal to
the mcroprocessor 3. The latter is duly programed in order to set the
rate of the dePf%P?eﬁ)Precm egéwgg w@qtt?éti&gﬁ\t@ acqardingdotanyope ef Chaimsy
“revolving" betyeen the maxi mum val ue | oaded and the value 0, the counting
resuming inmmediatel’y on each 0 crossing on account of the |ooping of the
zer o- det ect i on150ut putAgparatus actordifig taldlaim i1dpsupplied by & rievice’according to
Conventionally, as sh , tge i;r?u ter is connected to a cl ogck, 8 and .
Suppl i ed bet weBAYRRROULIAmMES too ] hatecterisefdniihet L HseRvel ofedicinal products ispy
way of exanpl earrhfgdd SgdiRstledch oTtR¥MwoldIEctRgfedence of val ues of the vector
whi ch can be used %or Obt ai ning a sinusoi dal waveform al ways assum ng t hat
t he power suppl$.is apjppasatus acaofding do eyenaadf Clairds 14 hndhi 5;adupplietl bha
ggf} od gﬁgo T Q6P Ring? R 'ASint 1 thathceSfited B9 B St OB Tl for
measuring the voltage and the current flowing into the patient between the two

electrodes so as to calculate the patient’s resistance, seen between these two
10  electrodes, and means for correcting the numbers successively [oaded into the
counter (2) in order to compensate for the influence of a variation in this
resistance on the voltage or the current flowing into the patient.
17. Apparatus according to Claim 16, characterised in that the calculating
and correcting means are incorporated into the microprocessor (3).
15



consequently, a low excitation frequency of the sw tched-node power supply,
which results in a |l ow output voltage. A vector of |ower value ensures a
shorter counting period, a higher excitation frequency of the sw tched-node
power supply and therefore an increased output voltage. By rapidly varying
the vector cyclically, it is possible to dgeherate any waveform i ncl udi ng
constant levels, triangular or rectangul ar pul ses, sawteeth and si nusoi ds.
For the generation of a symmetrical and sinusoidal alternating waveform
such as that shown in Figure 4, it is possible to generate the second

hal f-wave of the waveformby sinply reversing the direction of passage of

the current i Dévie ensk egdadraliffdan Weleetidab Vesitge ioF PRICHIERHNBY WRRBforM)i Ch

wi |l be described bel ow, the sequence of the val ues of the vector (110,
060, 044, et cigntpphorehicyapparaius qu/atWSdn@nalbead@rrpstenngntr@ecbcmabproducts and

rventi on, > ¢ el MARARN ZBBAARS R terielfes R REPERTI P o

frequency of Hbgicwaveformset up; it suffices to regulate the rate at which
the m croprocessor | oads the counter with the successive val ues of the

vect or. It wll be noticed that the duration of the pulse for
causi ng the transistor

ABSTRACT

10
The device comprises a switched-mode power supply (1) equipped with
an electronic switching member (T,), the closing of which controls the power
supply to an inductor (L,) which discharges, when the member reopens, into a
capacitor (C,) at the terminals of which the output voltage of the device appears,
15 characterised in that it comprises (a) storage means for recording a sequence of
image numbers of successive segments of the predetermined waveform, (b) a
clocked digital counter (2) and (c) means (3) for successively loading this counter
(2) with each of the numbers of this sequence considered as a bound of the count
performed by the counter (2), the latter cyclically controlling the closing of the
20 switching member (T,) for a predeterminéd time interval, each time the count

performed reaches the limit thus fixed.
Figure 1

25
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8 T[err] to conduct is equal to the period of the signal delivered by the
clock 8 which sets the rate of the counter 2, this duration thus being

fixed very accurately. The
thé duration of the base pulse nmultiplied by the value of the vector,

I ncreased by one unit.

power supply 1 is of the type which nmakes it

pul se repetition period is variable, equal to

It will be further noticed that the switched-node
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possible to deliver an output voltage greater than the 'nWMSSﬁQEttl-@ég%eeﬂ-hbﬁaced

i's necessary in the application, described below, of the inv

i ont ophoretic apparatus for transder mal | y delivering nedici nﬁ!l "HMH ﬂml"

whith has to be powered by snmall batteries in order to be ab

by a patient, wi thout disconfort. In such an application, it is necessary

to be able to reach, as has been seen above, voltages greater than 10 V

with two 3 V batteries fqr exanple, and it ms t herefore necessary to use a
LLON)

vol t age-rai si ng switched-ppnde powssr—s ) Ref erence i s now nade
to Figure 2 of thelattac Y dr awjngwhich in nore detail the neans

used for. | oadi ng alvector Vﬁ| ue u@ u 2, fromthe m croprocessor
3. By way of non-limtin anpl g, .1 is constituted by an

ei ght - st agessynchr pnous do cou t 0 gooNe refer encd@74HC40103 in the
cat al ogues Z Bhe $GS Thdms®F Tohpiwyl | N&/t hle mi cro- rocessor used S
t hat havin J -ﬂ’ 1} fe cCal gl ogues—oF
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MITH SUCH A DEVICE

The present invention relates to a device for generating an electrical voltage
of predetermined waveform and',' more particularly, to an iontophoretic apparatus
for transdermally administering medicinal products equipped with such a device.

Apparatuses for administering medicinal products by iontophoresis have
been provided which are designed for causing ionised molecules of an active
principle, which hereinafter will be called "medicinal product" or "drug", to
penetrate through the skin of a patient, the flow of the ionized molecules being
forced by a potential difference set up between two adjacent areas of the pati'ent's
skin. By way of example of such apparatuses, mention may be made of those
described in Documents WO-A-88/08729 and FR-A-2,656,223.

The quantity of medicinal products thus absorbed by the patient per unit
of time is clearly dependent on the electrical current which is created by the
applied potential difference and which traverses the patient’s skin on passing from
one area to the other. Studies have shown the benefit of an accurate control of the
strength of this current, which can be set up or cut off for predetermined
successive time periods, or amplitude modulated according to pulses of
sinusoidal, triangular, sawtooth or square waveform, according to various
programmes for administering medicinal product which are adapted to particular
treatments, to particular molecules, etc. Reference may be made in this regard to
the article entitled "Study of the mechanisms of flux enhancement through hairless
mouse skin by pulsed DC iontophoresis” by Pikal and Shah, published in the
journal "Pharmaceutical Research”, volume 8, No. 3, 1991, pages 365 to 369 and
to the article entitled "Facilitated transdermal delivery of therapeutic peptides and
proteins by iontophoretic delivery devices" by Chien and others, published in
"lournal of Controlled Release", 13, 1990, pages 263 to 278. As is explained in
these publications, the prolonged application of a DC voltage to the skin causes

an electrochemical polarisation of the latter especially because of a capacitive

i 2 NOv 199%
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with bdilt-in anal og-to-digital converters. The roles of these four lines
w ll be explained in conjunction with the exam nation which will follow of
t he di agram shown in Figure 3. In this figure, three units have
been encl osed by broken lines, respectively corresponding to the

swi t ched- node power supply 1 described herei nabove, to current-stabilizing
means 11 and to neans 12 for reversing the direction of current in the

ext ernal | gHect abseryagkin die haenyt tayesi thisopolRtisatfort hausing actecteasedia thener

nver t Pl ITEAr Cbifertabsfad (R ShET1orioheleh drence R kmies  or m

part of neamdedudes toestithtrgethd medicmditprodued ahbethersféend rédudtiod votheage
applied to this external | gad which is connected between el ectrodes 13 and

14 for ni ng9uantitiespefr fegiaing! RIpAHEtcwhidnarss administareshnperounit grtimer with
o OBRT iR Ao R TS B oh B R SR o
using pulsed DC voltages providing times for depolarising the horny layer.

For the iontophoreti.cally assisted transdermic administration of
medicinal products, it is currently sought to produce delivery apparatuses taking
the form of lightweight compact bracelets which can be fixed without discomfort
to the patient’s arm, for several hours, for example. Such bracelets have to
comprise a reserve of medicinal products to be administered and means for
generating an electrical voltage suitable for ionophoretic assisting the migration of
the ionised molecules, constituting the medicinal product, through the patient’s
skin. The reserve of medicinal products may be constituted by a hydrogel filled
with the ionised form of the medicinal product and placed between the patient’s
skin and at least one of the two electrodes between which a voltage of
predetermined waveform is applied. The means for generating this voltage should
ideally, as has been seen above, be capable of delivering voltages of very varied
waveform, frequency and amplitude, and in a prograrﬁmable manner so that the
apparatus can be used very flexibly. The electrical power supply to the apparatus
must preferably be set up by batteries in order to ensure the autonomy of the
patient, which necessitates taking into account the limited lifetime of these
batteries and providing means for raising the voltage delivered by the batteries,
the transdermic and iontophoretic administration of medicinal products currently
requiring instantaneous voltages of 10 V or more. These constraints, combined
with those of compactness and low weight make the design of such apparatuses
difficult.

In particular, in order to constitute waveform-programmable voltage
generation means, it is possible to consider using a digital-to-analog converter, the
digital input of which is supplied by a control device such as a microprocessor,
the latter successively providing the converter with digital values reflecting the

amplitude of successive segments of any voltage waveform. Unfortunately, taking
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being held by a bracelet on a linb of a patient, a device for generating an
el ectrical voltage according to the present invention and one or nore
smal | -scale electrical batteries such as lithiumbatteries for the power
supply to the device. The el ectrodes 133 14 are connected, possibly in a
separabl e manner, to the output termnal of the circuit of Figure 3. At

| east one ofntd hegoust dat nedesaryshighnedtput tvoltage anenticheds hefetnateiecithial
product to be adm ni stered, such as a hydrogel |oaded with the ionised form
of this medsdutian lgadsdeche UshpEa GPRYRIERS N FeseRgraip SRYIBE \@(B&mg@rqaﬁ@ Rin of

a patient tE’ogJ??gHrtﬁ@tbgﬂik Jla%? arﬁ!ﬁcﬁﬁ%@(?[rggﬁl fﬂﬁl%lfag-té-%’alagjc%ﬁ@ hoBgas Of

the patient I'n and t he voltage devel op evice according to the
i nventi on ceeoraparablehtera class B amplifie) thatois it@ sayedn ampiifigr attirghowdr driechalfoni sed

nol ecul es of th di ci ngl progduct, through the patignt's skin, mn.gration
forced by ¢ peried gbthe; waysferrd o8 anh thsselRERFAYIRG 3D @ﬁ%@ﬁ%@@}'a 1sh

extends undgr opatient’s skin. Up to now, the invention has

been descri thlu Nn1ts application to an iontophoretic mgration of

medi ci nal product sFroth dooument DE{A-B S 3dl 461, itt ik &khowinetoi usesiirage nesaherdd t o

any tr ansdeg rcrgtlmt%lg mr'rc]:ioﬁ%rcr) mig%'e wcavg}%)crjrincci:fr%ﬁelz vglrtggdeug&t%ut of a PWM controlled
converter.

The object of the present invention is therefore to produce a device for
generating an electrical voltage of predetermined waveform, which can be used
in an iontophoretically-assisted apparatus for transdermally administering
medicinal products, which does not have the drawbacks of the known solutions
mentioned hereinabove, which is particularly lightweight, compact and supplied
by electrical batteries so as to be autonomous and able to be worn by the patient,
without discomfort, for long periods of time.

The object of the present invention is also to produce such a device,
and such an apparatus allowing complete programming of the waveform of the
applied voltage and of the programme for delivering the medicinal product, so as
to make the apparatus very flexible to use.

A further object of the present invention is to produce such a device
and such an apparatus which allow the generation of AC waveform pulses, in
order especially to ensure the migrations of the medicinal product in the two
successive directions of the current thus set up.

The object of the present invention is furthermore to produce such a
device and such an apparatus which enable the applied current or voltage to be
regulated so as to compensate for the time variations in the patient’s resistance, as
it is seen by the apparatus between two electrodes for applying the voltage which
it develops. _

These objects of the invention, as well as others which will appear on
reading the description which follows, are achieved with a device for generating
an electrical voltage of predetermined waveform, comprising a switched-mode

power supply equipped with an electronic switching member, the closing of
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10 triansported electrically through the skin, whether by iontophoresis or
by el ectroosnosis, for exanple, or by a conbination of both these effects.
The circuit of Figure 3 is designed to carry out various functions
particularly useful in the application glescribed herei nabove.

Thus, the circuit conprises the nmeans 11 for stabilizing the current 11

ggl %?Lﬁd WehitR &dpolsStHe pbiRF SuPFP R GRTRELGLP Wiich TRitHardell when fHae base

member reopens, into a capacitor at the terminals of which the output voltage of
the device appears. According to the invention, the latter comprises a) storage
means for recording a sequence of numbers which are images of successive
segments of the predetermined waveform, b) a clocked digital counter and ¢)
means for successively loading this counter with each of the numbers of the
sequence considered as bound of the count performed by the counter, the latter
cyclically controlling the closing of the switching member for a predetermined
time interval, each time the count performed reaches the bound thus fixed.

By virtue of the use according to the invention of a switched-maode
power supply controlled by a counter, a compact, lightweight and autonomous
device is obtained, making it very flexible to use in terms of available waveform.

According to a preferred embodiment of the device according to the
invention, the counter is a down counter counting down from the loaded number
and equipped with a zero-detection output controlling the closing of the switching
member for the predetermined time interval, this member being constituted by a
transistor, the zero-detection output of the counter being looped back to an enable
input of the counter in order to trigger a new down-count from the number
loaded.

According to an advantageous characteristic of the device according to
the invention, the latter furthermore comprises means for stabilizing the current,
which are interposed between the capacitor of the switched-mode power supply
and an external load supplied by the voltage delivered by the device. This
arrangement enables the current flowing into the patient to be made substantially
independent of the resistance of the latter, which is important for controlling the
quantity of medicinal product administered per unit of time.

Advantageously, the device furthermore comprises means for reversing
the direction of flow of the current in an external load, these means being
activated on detecting the loading into the counter of an image number of a zero
crossing by the desired waveform of the output voltage from this device, this
waveform being an alternating waveform having symmetrical half-waves, of which

the image numbers of only one half-wave are loaded into the storage means.
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is connected to the mid-point of a resistor bridge Rerr], Rerr],
connected to the termnals of the capacitor (Jerr], a resistor R err]
arranged on the emitter of the transistor T2 limting the current delivered
by this transistor to the external |oad. |Indeed, the base of the transistor
T2 is held at a voltage proportional té® that of the termnal 5 of the
capacitor Cerr] by viftue of the bridg err err The vol tage at the
termnals of the 8GFeHHiNE rt@s|@PmefRPéY¢qtage9U§h§hafﬁﬁ@ﬁé%‘¢|©Pd-het gevigat

e 1 er 1 beeor 1B 1 BIrBhioh, 8 ety SR e LOBRATEAE (F3ealatiill, ¢ o
the emtten a:lesadstomp Ric?voltagewsrithd atretigthif thé het;&mcmrent ofutheaddviand,

t hereby, the curri in the oIIec or  of HL?S transistor. This current is
substantial l'y ind E%riﬂ\é?ﬂt'%‘f thusemakes écpessinledpseamtititaran APParaps: oral | v

deter m neqy %ééfilenﬁéllypﬁel‘i%% b&i nal B¢ Olod&cﬁ3 érbf th@tt)‘(ﬁ‘egﬁogrfs ﬁsuﬁé %ﬁﬁéa@f’ﬁﬁo 13 and

14. The sta I zat1’'on nmean escri the s e current
flow ng i mlecttclsdiesrlnbugmtm(aimmd:t&mdi owe atlheea‘:’d areas of thegkimelda patierit, par oduct )

substanti al | epe ent . of atle t's resistance, which m ry from
one subj ed€s rMe 8tm cmﬁher#@ge \¥Bg fedricallydransperded modgculescy M\ I or

Comactd g T SRU1 b Vo E
suppl y 1. the patient’s skin, these electrodes being supplied by the output of the electrical-
voltage generating device according to the present invention. Advantageously, a
reserve of medicinal products is arranged against each of the two electrodes in
order to permit a delivery of the medicinal product in the two directions of flow
of the current between these electrodes.

Other characteristics and advantages of the present invention will
emerge on reading the description which follows and on examining the attached
drawing in which:

- Figure 1 shows diagrammatically the voltage-generating device
according to the invention,

.- Figure 2 is a diagram of a particular embodiment of the connections
set up between a microprocessor and a counter forming part of the device
according to the invention,

- Figure 3 shows, in more detail, that part of the device according to the
invention which is controlled by the output of the zero detector of the counter of
Figure 2 in order to supply the electrodes of an iontophoretic apparatus for
transdermally administering medicinal products according to the invention, and

- Figure 4 explains, by way of example, the generation of a sinusoidal
voltage by the device according to the invention.

Referring to the.diagram of Figure 1, it appears that the device
according to the invention essentially comprises a switched-mode power supply
1 controlled by a counter 2 which is itself connected to means for storing and
loading numbers, which means are constituted by a microprocessor 3, for

example. The switched-mode power supply is conventionally constituted by an
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As’ has’been seen her ei nabove, the device according to the invention also
conprises neans 12 for reversing the direction of the current in the .
external |oad, between the two el ectrodes 13, 14, which enables alternating
waveforms to be generated consisting of€§mo symmetrical hal f-waves with the
aid of the store of vector values corresponding to one half-wave only.

Figure 3 shinductdrat, 4 dmﬂaih?ielzfvﬁﬁeafréﬁs?srt&o?egfl?ﬁémghg? dmg'étf” T2

and the el ectrodes 13, 14. The neans 12 are constitut Jg dge df four
transi st or shetyveensa reirene weltagegeelirse \ag ardl snpednth tline éxtdediade Dyad by a

di agonal , t%ﬁ?@a‘? %omaravgaste{i?rﬁsé{v%e%r <S)n -It-fgxé o;g l?afnd, the point common to the
inductor L, and to the drain of the transistor T, and, on the other hand, a terminal
of a capacitor C, which is arranged between the diode and the earth line 4. The
operation of such a switched-mode power supply 1 is conventional. The current
in the inductor L, increases each'time the transistor T, is conducting, with a slope
which is determined by the value of the inductance and that of the voltage V..
When T, stops conducting, the energy stored in the magnetic field of the inductor
L, is transferred into the capacitor C, through the diode D,. At each transfer, the
voltage between the terminals 5 and 6 of the capacitor C, increases incrementally
and can, in the absence of a load connected between the terminals 5 and 6, reach
a very high voltage.

According to the present invention, the switched-mode power supply 1
is controlled by a "zero-detection" output of the counter 2, which can, for
example, be an eight-stage synchronous down counter. Each time the counter
passes through zero, a pulse of determined duration appears at this output and
causes the transistor T, to conduct, which triggers the increase of the current in
the inductor L,.

The counter 2 is itself loaded with a number or "vector" defined over
eight bits, for example. The vector is delivered on parallel data inputs 7 of the
counter in order to load an upper bound of the down-count performed by the
counter. Thus the time interval separating the appearance of two successive pulses
at the "zero-detection" output depends on the value of this number or vector. By
bringing these pulses closer together in time, the charging rate of the capacitor C,
is accelerated whereas, by moving them apart, this charging rate is decreased. It
may be envisaged thus being able to give the voltage available between the
terminals 5 and 6, which is delivered to a fixed external load (not shown), any
form defined by a sequence of values of a "vector", which values are successively
loaded into the counter in order to vary the time interval separating two
consecutive pulses for causing the transistor T, to conduct.

The sequence of the values of the vector corresponding to a given
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a first (pnp) type being coupled to the collector of the ot her two
transistors T[err], T[err] of a second (npn) type, the conduction states of
whi ch are reversed on detection, by the neans for | oading a nunber
corresponding to the zero crossing of the waveform O cour se,
the transistor bridge could also be used for generating waveforns having

asymret ri calalefbim Ciiglisdidalf ftRn mta},re waveform t hen havi ng to be stored.
The bases of the transistors T|lerr], T[err] are respectively connected to

the col | ects@iugrePr sawtaathrfor sxamplersymmetricaleor ]othe;ll_';lwise_:,?_ghss uosstl%??tes H N

| f.the t Istors, T4, re controlle y
b e a- eabE bt gLt SREnTe Which [ER) TraRSiel iond of e Giccessive
m cr opr ocesggments(ifRewhidhud waddfornNRayebe ehbsePup.3Thid dediicBcE BPRBAILRF tO the

col l ectors of the transistors T3 and T5, along a "diagonal" of the bridge.
In the enbdéiRfRIRrveshéustoragr means aybichemay, arefershly butinet feaclusivelyi, g t he

{ur ¢ nor mor ANt b e i ipBRERLRTS, he latle B GV PREFSEF i Brorereoslig wii ch
cor r espondsatemftthe dekivery of tasi valuey td the dRINMErOMS lakidilesmstRaD Srdvbhgser | ng
the between the maximum value loaded and the value 0, the counting resuming

immediately on each 0 crossing on account of the looping of the zero-detection

output back to the "enable" input of the input 7. Conventionally, as shown, the

counter is connected to a clock 8 and supplied between the voltage source V.

and the earth line 4.

By way of example, in Figure 4 is shown, the sequence of values of the
vector which can be used for obtaining a sinusoidal waveform always assuming
that the power supply is applied to a fixed external load. A high value of the
vector (110, for example) has the effect of setting up a long counting period and,
consequently, a low excitation frequency of the switched-mode power supply,
which results in a low output voltage. A vector of lower value ensures a shorter
counting -period, a higher excitation frequency of the switched-mode power
supply and therefore an increased output voltage. By rapidly varying the vector
cyclically, it is possible to generate any waveform including constant levels,
triangular or rectangular pulses, sawteeth and sinusoids. For the generation of a
symmetrical and sinusoidal alternating waveform, such as that shown in Figure 4,
it is possible to generate the second half-wave of the waveform by simply
reversing the direction of passage of the current in the external load, which
reversal is obtained by means which will be described below, the sequence of the
values of the vector (110, 060, 044, etc.) for only a half-wave then being put into
store.

According to an advantageous characteristic of the device according to
the invention, the latter comprises particularly simple -means for varying the
frequency of the waveform set up; it suffices to regulate the rate at which the
microprocessor loads the counter with the successive values of the vector.

It will be noticed that the duration of the pulse for causing the transistor
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transnission of the "bridge A" and "bridge B" signals. It is clear that,
when the transistor T4 is made conducting by the transm ssion of a bridge A
signal, the conduction of the transistor T[err] triggers that of T[err],
the current leaving the collector of the transistor T2 passing into the
patient fromthe el éctrode 14 towards th®& el ectrode 13. The current passes
in the other di recti on when t m cr opr.ocessor trlggergythe Rduc n of

h
1ahe t ransi stlot@ CPPEuet) is &ﬁHah‘t[OetEF]Pe”Od of the signphdelivereg) %%16’&5
t
evice 10 anydqnl ?;RQQ{f?}t,é %%EF ?,tsfh?ﬂdﬁ’nfatlgﬁqh% gé’ibgn%?ai ac a%elaYnt he cous

dual -direction mgrati 0SsSI |s
when two el ectrodes are used' each associated with a reserve of nedici nal

product, conpared to_an apparatus co I’ISI a . single reserve associ,at ed
W th one of PURE EARStiPHReT Q}{ﬂ'? varigb Eqﬁl ey BURRGEBI & thfo bEFOPUISR o of

medi ci nal  prady #led %glrth% WA of It vE@tto? thFI@d ﬁ‘tbéfe{)né Tniteit \NHI beHHthép

separate areas patient's s It possible to reduce the
| atter's irmnotiaéd dmatcthe Mt@hd—rﬂm@pdwenubpplyf &ds .of the type whidkcowkes rig t o

anot her advant eous aracteristic of the devi,ce accordin
Mventi on.  PREBIz, 1o deluy 88 QuBibyeees Sreateatm e i vollage: This i

necessary in the application, described below, of the invention to an iontophoretic
apparatus for transdermally delivering medicinal products, which has to be
powered by small batteries in order to be able to be worn by a patient, without
discomfort. In such an application, it is necessary to be able to reach, as has been
seen above, voltages greater than 10 V with two 3 V batteries for example, and it
is therefore necessary to use a voltage-raising switched-mode power supply.

Reference is now made to Figure 2 of the attached drawing which
shows in more detail the means used for loading a vector value into the counter
2, from the microprocessor 3. By way of non-limiting example, the counter 2 is
constituted by an eight-stage synchronous down counter having the reference
74HC40103 in the catalogues of the SGS Thomson Company, while the micro-
processor used is that having the reference M50927E in the catalogues of the
MITSUBISHI Company.

Each of the eight lines of the parallel input 7 of the counter has been
shown, each loaded via a resistor (R, to Ry), as is conventional. The outputs S, to
S, and P, to P; of the microprocessor supply these lines, which are connected to
the pins 4 to 13 of the counter. A crystal clock 8 supplies the counter via an
inverter 9, and the microprocessor directly on its clock input XIN. The resetting of
the microprocessor and of the counter can be controlled by a RESET terminal. A
reference voltage source 10 supplies the microprocessor. As concerns counter 2,
the "zero-detection" output is looped back to an enable input EN2, as in the
diagram of Figure 1.

Figure 2 further shows two lines, "bridge A", "bridge B", respectively
connected to outputs D; and D, of the microprocessor and two lines, ADC1 and

ADC2, connected to inputs KO and K1 of the microprocessor which are equipped
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12 possible to provide a closed-1oop regulation of the voltage or of the
strength of the currents which are applied to the patient between the

el ectrodes 13 and 14. The patient's resistance nmay, in fact, vary over
time, during the treatnment, in particulg@r on account of the polarisation of
the horny layer of the skin, despite the depolarising effect of the

appl i cat i owithf bpild-iaeahamg-lt(ﬁd'?&al/\bbmmirm The Ft'blés)[ E@'tﬁésiietsﬂmrtliir%%- w]ihlb‘é:t
resistance varjation may |lead to variatjons in the voltage or curren

appl i ed t o€XMaINsdtin&Gonjunstiesiwith hheexarainatiar avhiely wil foliey afdhesdiagiamhe

t r eat ment Eﬁuﬂﬁﬁnﬁﬁ*ﬁ€§UEd correctly. _ According to the invention
such resistance variations are detected with

In this figure, three units have been enclosed by broken lines,
respectively corresponding to the switched-mode power supply 1 described
hereinabove, to éurrent—stabiliziﬁg means 11 and to means 12 for reversing the
direction of current in the external load. The base of the transistor T1 of the
switched-mode power supply 1 is connected to the "zero-detection" output of the
counter 2 via an inverter 17.

The two aforementioned lines ADC1 and ADC2 form part of means for
the closed-loop control of the current or the voltage applied to this external load
which is connected between electrodes 13 and 14 forming, in a particular
application of the invention, part of an iontophoretic apparatus for transdermally
administering medicinal products.

Such an apparatus is constituted by arranging, in a casing capable of
being held by a bracelet on a limb of a patient, a device for generating an
electrical voltage according to the present invention and one or more small-scale
electrical batterie; such as lithium batteries for the pbwer supply to the device.
The electrodes 13, 14 are connected, possibly in a separable manner, to the
output terminal of the circuit of Figure 3. At least one of these electrodes is lined
with a reserve of the medicinal product to be administered, such as a hydrogel
loaded with the ionised form of this medicinal product, this hydrogel being
applied against the skin of a patient to be treated. The two electrodes then face
two adjacent areas of the patient’s skin and the voltage developed by the device
according to the invention causes, when it is suitably oriented, a migration of the
ionised molecules of the medicinal product through the patient’s skin, migration
forced by the electric field set up between the two electrodes, which extends
under the patient’s skin.

Up to now, the invention has been described -in its application to an
iontophoretic migration of medicinal products. Of course, it is clear that the

invention extends to any transdermal administration of medicinal products

e
11
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the aid of voltages V[err], V[err] picked up upstream and downstream of the

transi stor

. bridge T3, T4, T5, T6, at the points 15 and 16 respectively,
the lines ADC1L and ADC2, respectively.

Vi a

The voltage V[err] picked

up at the md point 15 of a divider bridge R err] R err] connected between
the collectors of the transistors T2, T3pand earth is supplied to the input

KO of the m croprocessor,

transi stors trifispdried leteticalibr ehlrdught e iskipyt wikgthet bynenamtmpmnes)semschy

whi ch converts themi nto dig

whereas the voltage V2 at the emtters of the

e V1 enabl es

| |
the mi cropr@&@é@@ﬁmpaswr @ﬁ@@?@ Y\%S@@B@aﬁﬁ"ﬂﬁbofm&ﬁv trode of the
current passing i ntﬂ'net f"tdfeﬁ%Hre"‘@efseﬁEsngﬁ@q ‘f? LRBE oliE v%PiBhb Stinktfodshe

resistor Rerr] pl aced Ween

emtte

he t'ransistors T4, T6 and

earth enabl Qﬁrﬂdmarwweaﬂtmltheavbﬁcatianuatnﬂ)ed)hemmaj)avaro the patient to be
cal cul ated. The m croprocessor then cal cul ates the patient's resistance R
R (kV - V2)/i, k being equal to [err]

Thus, the circuit comprises the means 11 for stabilizing the current 11

delivered to the patient, these means comprising a transistor T, the base of which
is connected to the mid-point of a resistor bridge R,, R,; connected to the
terminals of the capacitor C,;, a resistor R,, arranged on the emitter of the
transistor T, limiting the current delivered by this transistor to the external load.
Indeed, the base of the transistor T, is held at a voltage proportional to that of the
terminal 5 of the capacitor C, by virtue of the bridge R,,, Ry;. The voltage at the
terminals of the emitter resistor R,, is then proportional to that prevailing at the
terminal 5 less a constant value determined by the emitter/base voltage of the
transistor T,. The voltage at the terminals of the emitter resistor R,, in turn
determines the emitter current and, thereby, the current in the collector of this
transistor. This current is substantially independent of the collector resistance
which is partially determined by that of the patient, as "seen" between the
electrodes 13 and 14. The stabilization means describ.ed make the strength of the
current flowing into the patient (and therefore the flow rate of medicinal product)
substantially independent of the patient’s resistance, which may vary from one
subject to another. The presence will also be noted of a capacitor C, connected
in parallel with the resistor Ry, the combination constituting a filter which
smooths the output of the switched-mode power supply 1.

As has been seen hereinabove, the device aécording to the invention
also comprises means 12 for reversing the direction of the current in the external
load, between the two electrodes 13, 14, which enables alternating waveforms to
be generated consisting of two symmetrical half-waves with the aid of the store of
vector values corresponding to one half-wave only. Figure 3 shows that these
means 12 are interposed between the transistor T, and the electrodes 13, 14. The
means 12 are constituted by a bridge of four transistors T;, T,, Ts, T4 arranged so

as to supply the external load by a diagonal, the bases of two transistors T, Ts of
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From t.he variations in the patient's resistance which may thus be observed,
the m croprocessor carries out closed-loop control of the voltage or
current applied to the patient by increasing or by decreasing the val ue of
the vector which is provided to the counter so as thus to keep the desired
vol tage or current strength value. The figedback thus obtained al so nmakes it
possible to enable a halt or a nodification to the stinulation of the
patient to ldirst{pepktyperbeimg cevslot tothexsitssong the ot wivbi teinsistors 3l t Bge,
ntensity Of raesseicgr% Pncp%’) tyr{zee?%#er (e:gn urz:titorr}esta'?éast c|>fe v%i'ch are reversed on detection,
by the means for loading a number corresponding to the zero crossing of the
waveform.
Of course, the transistor bridge could also be used for generating
waveforms having asymmetrical half-cycles, the entire waveform then having to
be stored. |
The bases of the transistors T,, T are respectively connected to the
collectors of the transistors T,, T, via resistors R,,, R,s respectively. The bases of
the transistors T,, T, are controlled by "bridge A", "bridge B" signals respectively
transmitted by the microprocessor 3 (see Figure 2). The electrodes 13, 14 are
connected to the collectors of the transistors T; and T, along a "diagonal” of the
bridge. In the embodiment shown, the storage means and the means for loading
the values of the vector are combined in the microprocessor and the latter is
furthermore equipped with means for detecting the value of the vector which
corresponds to the zero crossing by the waveform, these means triggering the
transmission of the "bridge A" and "bridge B" signals. It is clear that, when the
transistor T, is made conducting by the transmission of a bridge A signal, the
conduction of the transistor T, triggers that of T, the current leaving the collector
of the transistor T, passing into the patient from the electrode 14 towards the
electrode 13. The current passes in the other direction when the microprocessor
triggers the conduction of the transistors T, and T,.
In the application of such a device to an iontophoretic migration of
medicinal products, the dual-direction migration which is thus possible to obtain
is advantageous when two electrodes are used, each associated with a reserve of
medicinal product, compared to an apparatus comprising a single reserve
associated with one of the electrodes only, it is possible to double the flow rate
of medicinal product. For a same flow rate, the latter is set up from two separate
areas of the patient’s skin, which makes it possible to reduce the latter’s irritation
due to the transdermal effect.
According to another advantageous characteristic of the device

according to the invention, the latter may bé equipped with means making it
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13 ) An iontophoretic apparatus for transdermally adm ni stering
nmedi ci nal product has been constructed conprising a vol tage-generating
device in accordance with the present invention. Powered by two lithium
batteries of the 2430 type, the apparatus nakes it possible to deliver to
the patient  a current which can be regulidted between 0 and 1 mA,
continuously or according to any waveform pul ses, possibly blpolar and
having a fr Qqsb‘d:uieyo povide 8¢ldsed{laop segslatiopaif dae vmitagerora:tﬁ@m strengtlv of them and
up to 2 kHz are _wavefo the .current o C e to
bot ¢ or t hancBTRS HATCE afe St Butre Ranentbsiest Ahé alpciradsn, T3 BT 4. e

possi bl e f opafidiiseesiandd &aP,QntfﬁctObiﬁldWQtlmé uuruhgﬁx@ifreéth@neharp%&t&narst ics
and advantages of the present invention explained hereinabove and

especi al |y By agqount off thehpotasisationyeé ther hpuwtilavgr ofs thruskive dﬁsmtal th\@s of

the "vector"” to . he.c t wavef,or e ured
very 11 ext oAgPOlaiang RSBt aPRlalicR o ces YR RY PRV bTE Ple SRR S e
i croprocesggh. TR febistapes WarthGorPRsH (deRy vafattda@ lﬁ%bemlta%er&stéﬂré’rﬂce '
enabl e the current gas& ng into the patient to be regul ated very

accur at el y, applieshtogberpatient: eytsidsrpredeteproinediegionsbeyand whidhetheitreatment The
use of a Volstﬁ"‘oqe;ierrf%'rr%laé'%o?r‘é“cﬁ;?hed ode

According to the invention, such resistance variations are detected with
the aid of voltages V,, V,, picked up upstream and downstream of the transistor
bridge T,, T,, Ts, T, at the points 15 and 16 respectively, via the lines ADC1 and
ADC2, respectively.

The voltage V, picked up at the mid point 15 of a divider bridge R, R,,
connected between the collectors of the transistors T,, T and earth is supplied to
the input KO of the microprocessor, whereas the voltage V, at the emitters of the
transistors T,, T, is delivered to the input K1 of the microprocessor, which
converts them into digital values.

The voltage V, enables the microprocessor to calculate the voltage on
the input electrode of the current passing into the patiént, whereas the voltage V,
applied to the resistor R:; placed between the emitters of the transistors T,, T, and
earth enables the current i = V,/R,; passing into the patient to be calculated. The
microprocessor then calculates the patient’s resistance R:

R = (kV, - V,)/i, k being equal to m
R,

From the variations in the patient’s resistance which may thus be
observed, the microprocessor carries out closed-loop control of the voltage or
current applied to the patient by increasing or by decreasing the value of the
vector which is provided to the counter so as thus to keep the desired voltage or
current strength value. The feedback thus obtained also makes it possible to
enable a halt or a modification to the stimulation of the patient to be ordered in
the event of excessive or insufficient voltage, intensity or resistance, measured on

the patient.
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power supply, controlled by a counter, enables an accurate, snmall-scale

vol tage source to be used. The use according to the invention of a bipolar
waveform in conbination with two el ectrodes each Iined with a hydrogel
filled with nmedicinal products to be delivered to the patient, nakes it
possible to ensure this delivery in botA3directions of flow of the current,
through two different areas of the patient's skin, which technique

i ncreases the tol efdnhientephengtic sapamtis foo transdermallypachministering) mediginal

O course the_ jinyventian is not. |jimt to .t he _enbqdi nent scri bed and
Shown " whi AT DB Hedrd dAtbiryiBh  E6imbAshRe a5 YBe R Herpie (AiGe B,
repl ace t he adeyydascwithrtheSResepy irdfendBnC PeWeRid b YwoHARRIND bafeke! &ft thens

whi ch i mredi ately spring to mnd to the person skilled in the art.

More gener alR¥30 type thevahmarats insakes ot ipessible toodeliysirtat theepatient a current

transder nal del Lveri I 1C] t r ' ‘ ql her
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i ncorporated into an apparatus far -electrica lK stinmulating the skin or

or gans suchsg_\gscﬁégk,@s trigngias waveform and up to 2 kHz for square waveforms, the

current obtained being accurate to better than 0.05 mA, for skin resistances
ranging up to 20 kQ. It is possible for these results to be obtained by virtue of the
characteristics and advantages of the present invention explained hereinabove and
especially by virtue of the technique for loading a sequence of values of the
"vector" into the counter which enables any waveform to be configured very
flexibly. The closed-loop regulation using software stored into the microprocessor
and the accurate measurement of the patient’s resistance enable the current
passing into the patient to be regulated very accurately, which compensates for
the possible losses in the circuit. The use of a voltage-raising switched-mode
power supply, controlled by a counter, enables an accurate, small-scale voltage
source to be used. The use according to the invention of a bipolar waveform, in
combination with two electrodes each lined with a hydroge! filled with medicinal
products to be delivered to the patient, makes it possible to ensure this delivery
in both directions of flow of the current, through two different areas of the
patient’s skin, which technique increases the tolerance of the patient to the
iontophoretic current.

Of course the invention is not limited to the embodiment described and
shown, which has been given by way of example only. Thus it is possible to
replace the down counter used by an up counter, by means of adaptations which
immediately spring to mind to the person skilled in the art.

More generally, the invention is applicable to apparatuses for
transdermally delivering medicinal products, relying on phenomena other than
iontophoresis, for example electroosmosis. Furthermore, the device for generating
an electrical voltage according to the invention may also be incorporated into an

apparatus for electrically stimulating the skin or organs such as nerves or muscles

This is the replacement sheet

Date: j 2 NOV w



14 for. therapeutic purposes such as, for exanple, the treatnent of pain by
t ranscut aneous neurostinulation or the activation of healing processes by
stinmulation of the injured skin, or even the nuscular training or
reeducation by transcutaneous el ectrost i1HuI ation of nuscles.

for therapeutic purposes such as, for example, the treatment of pain by
transcutaneous neurostimulation or the activation of healing processes by -

stimulation of the injured skin, or even the muscular training or reeducation by

transcutaneous electrostimulation of muscles.
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CLAI M5 1. Device for generating an
eI ectr ngﬂm lﬂﬂ redeterm ned waveform conprising a swtched-node
power ed with an el ectronic switching menber (T[err]), the
cl osing of whi cH' cont Fol s the power supplyy to an inductor (L[err]) which
di scharges, when the nenber reopens, into a capacitor (Cerr]) at the
termnals of which the out put voltage glAlMS devi ce appears, characterised

in that it conpri ses gjstora ge nmeans for recording a sequence f nunbers
whi ch are images ofD e\ae,e geveragegﬁe#!e;tma wnléagﬁ@fomﬁéaﬁrrﬁw ¥ (b)

| ocked d
Thi's count er “(ETRITHE aoiitcbpofies BowaF 03pt Y oBLishUESERT AHCHCERR. 09,
bound of the csqutthnrrgemfeﬁfb@empythéfwowafwnm(hZ&ontt&etH@ dwer supply ealahy
controlling the closmg of the switchi ng menber (T[err}? for a

pr edet er ni ned ipduetor flnbmjuch disgharges nehem dhe irmbesdieppeife dntoea CBRACIGNe
bound thus fi ﬁeg atthe terj;?ﬂ}{élg oGP dutodt FiEgh: of B HLRE! S5tkdrd) that

t he counter

characterised in that it comprises (a) storage means for recording-a sequence
of numbers which are images of successive segments of the predetermined
waveform, (b) a clocked digital counter (2) and (c) means (3) for successively
loading this counter (2) with each of the numbers of the sequence considered
as a bound of the count performed by the counter (2), the latter cyclically
controlling the closing of the switching member (T,) for a predetermined time
interval, each time the count performed reaches the bound thus fixed.

2. Device according to Claim 1, characterised in that the counter is a
downward counter (2) counting down from the number loaded and equipped
with a zero-detection output controlling the closing of the switching member
for the predetermined time interval, this member being constituted by a
transistor (T,).

3. Device according to Claim 2, characterised in that the zero-detection
output of the counter (2) is looped back to an enable input of the counter, in
order to trigger a new down-count from the number loaded.

4, Device according to anyone of Claims 1 to 3, characterised in that the
means for successively loading the counter with each of the numbers of the
sequence are constituted by a microprocessor (3).

5. Device according to Claim 4, characterised in that the storage means
are programmable according to various sequences of numbers for obtaining as
many distinct predetermined wave forms.

6. Device according to Claim 4, characterised in that the storage means
are incorporated into the micro-processor (3).

7. Device according to anyone of Claims 1 to 6, characterised in that it
furthermore comprises current-stabilizing means (11) interposed between the
capacitor (C,) and an external load supplied by the voltage delivered by the

device.
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a zerommﬂmmmnﬂmulm controlling the closing of the sw tching menber for
the predetérnindd imd interval, this nmenber being constituted by a
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(3). 5. Devi ce accordi ng ;o Cl-aim 4, characterised in that the storage
Q

means are progalnmfalssistosd \
obt ai ni ng as naaY.d flgnct predeterm ned wave forms. 6.

Himiing the eurrenislebivened yethedfansisidre(Ts) toothe

Devi ce according

to Gaim4, characterised in that the storage means are incorporated into
the nicro- prockssorDédge accordingevam®naCsfoCimeg 1t 8inattusctefised ini that & to 6,
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2) tor reversing the direction of flow, into an external load,

of the output current of the device, these means being actuated on detecting

the loading into the counter (2) of an image number of a zero crossing by the

desired waveform.

10.  Device according to Claim 9, characterised in that, in the case of an

alternating waveform having two symmetrical half-waves, the storage means

are loaded with the image numbers of one half-wave only.

11.  Device according to anyone of Claims 9 or 10, characterised in that the

said reversing means (12) are constituted by a bridge of four transistors (T;, T,,

Ts, Te) arranged so as to supply an external load by a diagonal, the bases of

two transistors (T;, T5) of a first type being coupled to the collectors of the

other two transistors (T,, T¢) of a second type, the conduction states of which

are reversed on detecting, by the loading means, a number corresponding to

the zero crossing by the waveform.

12.  Device according to anyone of the preceding claims, characterised in

that the loading means comprise means for varying the loading frequency of

the numbers of the sequence and thus the frequency of the output voltage of

the device.

13.  Device according to anyone of Claims 4 to 12, characterised in that it

comprises means for closed-loop regulation of the voltage or the strength of

the output current of the device.

14.  Apparatus for transdermally delivering medicinal products, of the type

comprising at least two electrodes designed to be put in contact with two

adjacent areas of the skin of a patient, a reserve of a medicinal product having

electrically transportable molecules being arranged against at least one of the

electrodes in order to come into contact with the patient’s skin, characterised

in that the electrodes are supplied by the output of the device according to

anyone of Claims 1 to 13.
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capacitor (CJerr]) and an external |oad supplied by the vol tage delivered

Bgv}[ 22 gg\émammm "lu:”m,“m characterised in that the said stlgbi I8| zing

means conpri‘se®a trahsiSstér (T[err]), the base of which is connected to the
md point of a resistor bridge (Rlerr], R7[err]) connected to the termnals
of the capacitor (Cerr]), a resistor (H%rr]) limting the current
ccor ding Lo ahgoncABParEl S aroring o Cla Aceemlisstiby  dewdce PECOTGE ses
means (12) for iyl cticiginish e idlt | &HakferRbd i Bt ' BletvéDs ﬁé&ﬁfﬁ?br&&%&

is arranged against each of the two electrodes.

16.  Apparatus accordfng to anyone of Claims 14 and 15, supplied by a

device according to Claim 13, characterised in that it comprises means for

measuring the voltage and the current flowing into the patient between the

two electrodes so as to calculate the patient’s resistance, seen between these

two electrodes, and means for correcting the numbers successively loaded into

the counter (2) in order to compensate for the influence of a variation in this

resistance on the voltage or the current flowing into the patient.

17.  Apparatus according to Claim 16, characterised in that the calculating

and correcting means are incorporated into the microprocessor (3).
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of "the’‘output current of the device, these means being actuated on
detecting the loading into the counter (2) of an inmage nunber of a zero
crossing by the desired waveform 10. Device according to Caim?9,
characterised in that, in the case of an alternating waveform having two
symmetrical half-waves, the storage neans are |oaded with the inmage
nunbers of one hal f-wave only. 11. Devl ce according to anyone of C ains
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L Tleods3-7 TS
17 JfﬁsSh E%Eéhs ‘facc r.di ng to Cl-aim14, supplied by a device according to

anyone 0 characteri sed in that a reserve of nedicinal
produc , agal nst ‘each of the two electrodes. 16. Apparatus
accor of Clains 14 and 15, supplied by a devi ce according to
Caim 13 char acterl sed in that it congrises neans for nea -the

vol tage and the current flow ng into the patient between t fj,H\MpC; @‘Q’T’T

so as to calculate the patient's resistance, seen ween th LR
el ectrodes, and nmeaPRYICBIF sl 0 essi vel é;}gjg into.
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the counter (2) in GAWENG ROPRED ﬁEbe%EFQ_EH_eM&fI uence

this resistance on EWWWW YIYERAG i'ntd the-patient. 17.
Appar at us accor di ng APBARATAG M E0 1 PREBAW itk SYGHE AdDEMCERat t hd cal cul ati ng and
correcting nmeans are incorporated into the mcroprocessor (3. .

The present inventicn re’ate< t0 a devica for generating an electrical voltage
of predetermined waveform and, more particularly, to an iontophoretic apparatus
for transdermally administering medicinal products equipped with such a device.

Apparatuses for administering medicinal products by iontophoresis-have
been provided which are designed for causing ionised molecules of an active
principle, which hereinaiter will be called "medicinal product” or "drug”, to
penetrate through the skin of a patient, the flow of the ionized molecules being
forced by a potential difference set up between two adjacent areas of the patient’s
skin. By way of example of such apparatuses, mention may be made of those
described in Documents WO-A-88/08729 and FR-A-2,656,223.

The quantity of medicinal products thus absorbed by the patient per unit
of time is clearly dependent on the electrical current which is created by the
applied potential difference and which traverses the patient’s skin on passing from
one area to the other. Studies have shown the benefit of an accurate control of the
strength of this current, which can be set up or cut off for predetermined
successive time periods, or amplitude modulated according to pulses of
sinusoidal, triangular, sawtooth or square waveform, according to various
programmes for administering medicinal product which are adapted to particular
treatments, to particular molecules, etc. Reference may be made in this regard to
the article entitled "Study of the mechanisms of flux enhancement through hairless
mouse skin by pulsed DC iontophoresis” by Pikal and Shah, published in the
journal "Pharmaceutical Research”, volume 8, No. 3, 1991, pages 365 to 369 and
to the article entitled "Facilitated transdermal delivery of therapeutic peptides and
proteins by iontophoretic delivery devices" by Chien and others, published in
"Journal of Controlled Release", 13, 1990, pages 263 to 278. As is explained in
these publications, the prolonged application of a DC voltage to the skin causes

an electrochemical polarisation of the latter especially because of a capacitive



DEVICE FOR GENERATING AN ELECTRICAL VOLTAGE HAVING A
PREDETERMINED WAVEFORM AND IONTOPHORETIC TRANSDERMAL DRUG
DELIVERY APPARATUS, EQUIPPED WITH SUCH A DEVICE

The present invention relates to a devica for generating an electrical voltage
of predetermined waveform and',- more particularly, to an iontophoretic apparatus
for transdermally administering medicinal products equipped with such a device.

Apparatuses for administering medicinal products by iontophoresis have
been provided which are designed for causing ionised molecules of an active
principlé: which hereinaiter will be called "medicinal product” or "drug”, to
penetrate through the skin of a patient, the flow of the ionized molecules' being
forced by a potential difference set up between two adjacent areas of the patient’s
skin. By way of example of.such apparatuses, mention may be made of those
described in Documents WO-A-88/08729 and FR-A-2,656,223.

The quantity of medicinal products thus absarbed by the patient per unit
of time is clearly dependent on the electrical current which is created by the
applied potential difference and which traverses the patient’s skin on passing from
one area to the other. Studies have shown the benefit of an accurate control of the
strength of this current, which can be set up or cut off for predetermined
successive time periods, or amplitude modulated according to pulses of
sinusoidal, triangular, sawtooth' or équare waveform, according to various
programmes for administering medicinal product which are adapted to particular "
treatments, to particular molecules, etc. Reference may be made in this regard to
the article entitled "Study of the mechanisms of flux enhancement through hairless
mouse skin. by pulsed DC iontophoresis” by Pikal and Shah, published in the
journal "Pharmaceutical Research”, volume 8, No. 3, 1991, pages 365 to 369 and
to the article entitled "Facilitated transdermal delivery of therapeutic peptides and
proteins by iontophoretic delivery devices" by Chien and others, published in
"lournal of Controlled Release”, 13, 1990, pages 263 to 278. As is explained in
these publications, the prolonged application of a DC voltage to the skin causes
an electrochemical polarisation of the latter éspecially because of a capacitive
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DEVICE' FOR GENERATING AN ELECTRICAL VOLTAGE HAVING A
PREDETERMINED WAVEFORM AND IONTOPHORETIC TRANSDERMAL DRUG
DELIVERY APPARATUS. EQUIPPED WITH SUCH A DEVICE

ABSTRACT

The device comprises a switched-mode power supply (1) equipped with
an electronic switching member (T,), the closing of which controls the power
supply to an inductor (L,). which discharges, when the member reopens, into a
capacitor {C,) at the terminals of which the output voltage of the device appears,
characterised in that it comprises (a) storage means for recording a sequence of
image numbers of successive segments of the predetermined waveform, (b) a
clocked digital counter (2) and (c) means (3) for successively loading this counter
(2) with each of the numbers of this sequence considered as a bound of the count
performed by the counter (2), the latter cyclically controlling the closing of the
switching member (T,) for a predetermined time interval, each time the count

performed reaches the limit thus fixed.

Figure 1
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