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Thermoelectric Device for lontophoresis

A thermoelectric device has been developed for controlled temperature support of
iontophoresis procedures. Its use in standard medical iontophoresis devices significantly
expands their therapeutic capabilities and improves treatment comfort. The proposed device
stabilies the temperature of electrodes and hydrophilic pads in the range from 15 to 45°C with
high control accuracy, optimizing the transdermal drug delivery. The use of controlled heating
or cooling makes it possible to influence the rate of diffusion of drugs, the permeability of
biological tissues, local blood circulation and the efficiency of therapeutic effects. The use of
reduced temperatures for localization of drugs in the zome of influence, reduction of
inflammatory processes and increase of treatment efficiency in various pathological conditions
is especially promising. The proposed thermoelectric device design utilizes Peltier modules, a
heat exchange system, and automatic temperature control, ensuring stable operation in various
modes. The device can be used in conjunction with standard iontophoresis devices without any
design modifications. The developed thermoelectric device enables the implementation of new
temperature-controlled iontophoresis modes, opening up prospects for improving the
effectiveness of physiotherapy procedures and developing new medical technologies.

Keywords: iontophoresis, thermoelectrode, thermoelectric module, thermoelectric device,
heat exchanger, temperature range, thermostat, cooling, heating, biological tissue,
transdermal drug delivery, efficiency of therapeutic effect.

Introduction

Iontophoresis was introduced into medical practice in the early 19th century, when
medicinal substances were first used in combination with direct electric current to affect the
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patient's body. Currently, other types of currents and modified methods of transdermal drug
delivery are widely used.

With iontophoresis, medicinal substances penetrate to a relatively shallow skin depth:
immediately after the procedure, they are found primarily in the epidermis and dermis, with a
small amount also in the subcutaneous tissue. From these biological tissues medicinal
substances introduced via iontophoresis enter the lymph and bloodstream and are distributed
throughout the body, although they primarily accumulate in the tissues and organs of the
treatment area. During iontophoresis, a relatively small amount of medicinal substance enters
the body — approximately 1-10% of its content in the solution located on the thermoelectrode
pad. The amount of substance introduced is significantly influenced by the physicochemical
properties of the medicinal products, the current parameters, the duration of the procedure, and
the temperature of the medicinal solution and tissues in the treatment area [1-3].

Temperature is known to be an important factor significantly affecting the effectiveness
of iontophoresis. In [1], the effect of local cooling before the iontophoresis procedure using a
10-minute ice massage was investigated. Investigation showed that iontophoresis significantly
increased local blood flow, while pre-cooling reduced tissue perfusion, which significantly
affected the concentration of the drug in subcutaneous structures and the nature of its
distribution [4-6]. In [5], the effect of local cooling during iontophoresis of norepinephrine was
studied. It was found that pre-cooling changes the tissue response to the procedure, changes the
temperature thresholds of sensitivity, enhances the response to cold and affects local metabolic
processes in the tissues. The results obtained indicate the possibility of controlling the
therapeutic effect of iontophoresis due to the temperature effect [7-9]. Furthermore, modern
review papers note that factors such as temperature, blood flow, tissue conductivity, and skin
permeability significantly influence the effectiveness of iontophoresis. It has been shown that
temperature changes alter the rate of drug diffusion, ion movement, and the electrical
conductivity of biological tissues, which directly impacts the effectiveness of transdermal drug
delivery [10-18]. The iontophoresis procedure typically lasts 20—30 minutes. Obviously, over
a relatively long period of time, the temperature of the wet pad changes depending on the
ambient temperature, and it can reduce the comfort of the procedure and influence the
effectiveness of drug delivery. For different drugs, there are specific temperature ranges within
which drug penetration is enhanced or therapeutic effects are optimized. For example, some
drugs are better administered at temperatures lower than skin temperature. In particular, in
cosmetology, medicinal substances are administered at temperatures around +17°C. Also, there
are many different designs of iontophoresis devices that allow for variable electrode
temperature. Some of these devices only provide heating of the probes, while others use ice or
cooled pads to cool the electrodes. However, such cooling methods are difficult to control, not
stable enough, and ineffective. All of the above makes the research and production of advanced
physiotherapeutic thermoelectric equipment extremely relevant.

Therefore, the purpose of this work is to create a thermoelectric device for iontophoresis,
which will significantly increase the effectiveness of treatment, expand the functionality of
existing physiotherapy systems, and improve the comfort of the procedure.
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Technical characteristics and design features of a thermoelectric device for
iontophoresis

A promising direction in the development of thermoelectricity is the development, creation
and manufacture of thermoelectric devices for medicine [19-28]. In particular, the efficiency of
iontophoresis devices can be significantly improved by using thermoelectric cooling and heating,
providing a controlled temperature regime for the administration of drugs. As shown above,
temperature significantly affects the effectiveness of iontophoresis, changing blood flow, biological
tissue permeability, diffusion rate, and drug ion movement. The use of cooling before iontophoresis
allows for changes in tissue perfusion and drug concentration in the injection area, while local
heating can enhance drug penetration into biological tissues. Thus, the use of controlled temperature
regime is a promising approach to improving the efficiency of iontophoresis procedures. Therefore,
the Institute of Thermoelectricity of the National Academy of Sciences and the Ministry of
Education and Science of Ukraine has developed a thermoelectric device for iontophoresis that
maintains the temperature of the electrode plate and hydrophilic pad within a range of (15 +45) °C
with an accuracy of +0.5°C.
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Fig. 1. Schematic diagram of a thermoelectric device for iontophoresis
1 — water pump, 2 — expansion tank, 3 — heat exchange system,
4 — jontophoresis thermoelectrode (anode), 5 — hydrophilic pad for drugs,
6 — iontophoresis electrode (cathode), 7 — Peltier modules,
8 — power supply and thermal control of the heat exchange system, 9 — switchboard,
10 — electrical and liquid connectors, 11 — thermoelectrode heating unit,
12 — standard iontophoresis device
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As can be seen from Fig. 1, the thermoelectric device for iontophoresis consists of probe
electrodes, a control unit including a heat exchange unit with thermostats, and a standard unit - the
iontophoresis device. The probe electrode is made of a thin, flexible lead plate, on the outside of which
a resistive heater, a tubular liquid heat exchanger, a temperature sensor are attached, and a conductor
is connected to the iontophoresis device. The probe electrode is made of a thin elastic lead plate, on
the outside of which a resistive heater, a tubular liquid heat exchanger, a temperature sensor are
attached, and a conductor is connected to the iontophoresis device.

To improve the thermal contact of the heating element, heat exchanger and temperature sensor
with the probe plate, its outer side is filled with silicone sealant. The hoses of the tubular heat
exchanger are connected to a thermoelectric liquid cooler with a circulation pump. The probe itself,
via a cable and plug, is connected to a standard iontophoresis device.

The electrical conductors of the temperature sensor and heating element are galvanically
isolated from the probe's lead plate, ensuring the electrical safety of the procedure. The probe is
temperature-controlled in the "on-off" mode within the specified temperatures. The thermoelectric
liquid cooler is made as a separate unit, which uses Peltier modules with heat removal from the hot
side using a radiator with a fan.

Tabl
Technical characteristics of a thermoelectric device for iontophoresis -
Technical characteristics of device Parameter values
Time to enter the mode, min 10
Continuous operating time of the device, hrs 8
Operating temperature range, °C 15+45
Maximum device power, W 150
Device supply voltage, V ~240
Thermoelectrode dimensions, mm 150x80x%5
Dimensions of heating control unit, mm 80x70x110
Dimensions of cooling control unit, mm 200%200x80
Weight of heating control unit, kg 0.75
Weight of cooling control unit, kg 3
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The cooler has its own temperature control system for the coolant, which is typically distilled
water. The response time of liquid heat exchangers is quite high, so when cooling the probes to
temperatures below body temperature, the liquid is first cooled to a temperature below the required
value, after which a resistive heater within the probe itself ensures that the hydrophilic pad temperature
is precisely adjusted to the set value. This design of the probes is simple, reliable and convenient for
sterilization, as the probes withstand standard sterilization procedures. For the option of using the
probes only in the heating mode, the cooling unit may not be used. This mode of operation is used
much more often in clinical practice. The technical parameters of the thermoelectric device for
iontophoresis are given in the table.

Fig. 2 Shows the appearance of an experimental sample of an iontophoresis device.

Fig 2. Appearance of heated probes for iontophoresis

The thermoelectrode design is as close as possible to standard ones, allowing the
developed thermoelectric device to be used in conjunction with standard iontophoresis
equipment already in use in medical institutions. Furthermore, the use of thermoelectric
temperature control enables the implementation of new treatment modes, including
temperature-controlled iontophoresis, cryo-iontophoresis, and combined heating-cooling
modes, opening up the possibility of increasing the effectiveness of physiotherapy procedures.
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Conclusions

1. A design of a thermoelectric device for iontophoresis has been developed with the possibility
of controlled heating and cooling of electrodes in the temperature range (15 + 45) °C with
an accuracy of 0.5 °C, which ensures stable conditions for conducting physiotherapeutic
procedures. It has been shown that the use of controlled temperature regime during
iontophoresis allows influencing the permeability of biological tissues, blood circulation, the
rate of diffusion of drugs and the effectiveness of their transdermal administration, which is
confirmed by modern experimental studies. The proposed design of the thermoelectric
device allows for the implementation of new physiotherapeutic modes, in particular,
thermally controlled iontophoresis, local cooling, and combined heating-cooling modes.

2. It was established that the developed thermoelectric device can be used in conjunction with
existing models of standard iontophoresis equipment without the need for their structural
modification. The use of thermoelectric Peltier modules provides compactness, reliability and
high accuracy of temperature control, which increases the effectiveness of treatment and comfort
of procedures. The proposed approach opens up prospects for the creation of new medical
technologies of thermally controlled iontophoresis, which can be used in physiotherapy,
rehabilitation medicine, cosmetology, dermatology and other areas of medical practice.
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TepMmoesaexkTpuuHuii npuajg aas ionogopesy

Pospobneno mepmoerexmpuunuii npunad 01 KEPoBAHO2O0 MEMNEPAMYPHO20 3d0e3neyenHs.
npoyedyp ionogopesy, SUKOPUCIMAHHS K020 ) CKIAOi CMAHOAPMHUX MEOUYHUX anapamie
ioHoghopesy 0036015€ CYMmMESO pOWUPUMU IX MEPANeBMUYHE MONMCIUBOCHE MA NOKPAWUMU
Komehopmuicms npogederHs npoyedyp. 3anponoHosanutl npucmpiii 3abesneuye cmabinizayio
memnepamypu eiekmpoois ma 2iopo@iibHux nNpPokIadox y oianasowni 6i0 15 0o 45°C i3
BUCOKOI0 MOYHICIIO Pe2YIO8aHHS, WO 00360JA€ ONMUMIZYBAMU NPOYeC MPAaHCOePMATbHOZ0
88€0eHHsL IIKAPCLKUX PEeYOBUH. 3ACTMOCYBAHHS KEPOBAHO2O HAZPIBAHHS ADO OXON00NCEHHS 0AE
MOJAICTUBICMb  GNAUBAMU HA WEUOKICMb Ou@py3ii TKAPCOKUX Npenapamis, NPOHUKHICHb
0I0N0TUHUX MKAHUH, TOKATbHUL KPOBOODIe Ma epexmueHicmb mepanesmuynozo 6Niuey.
Ocobnugo nepcneKmusHUM € BUKOPUCMAHHA 3HUMCEHUX meMnepamyp O JOoKami3ayii
JIKAPCLKUX Npenapamis y 30HI 6NIUGY, 3MEHUIeHHs 3aNaibHUX Npoyecie ma nioeuueHHs
ehekmusHOCMi JKY8AHHS NPU PI3HUX NAMONOSTYHUX CMAHAX. 3anponoHO8aHA KOHCMPYKYIs
MepMOoeNeKmpUuyHo20 npunady 6a3yemovcs Ha euxopucmantui mooynie llenvmobe, cucmemu
MENnI000MIHY Ma A8MOMAMUYHOZ0 MEPMOPERYIIO8AHH, WO 3abe3nedye cmabiltbHy pobomy
npucmporo Y pisHux pesxcumax. Ilpunao modice SUKOPUCIOBYBAMUCL —CYMICHO  3i
CMaHOapmHuMu anapamamu ionoghopesy b6e3 ix KoncmpykmueHoi mooughixayii. Pospoonenuii
MepMOeNeKMPUYHULL NPUNA0 O00380JIA€ DEANi3y8amu HOBI pPeXdCUMU MepMOKEPOBAHO20
ionoghopesy, wo 8iOKpusae nepcnekmusu niOBUUEHHs eghekmusHoCmi Qiziomepanesmuynux

npoyeoyp ma CMEOPeHHsl HOBUX MeOUYHUX MeXHONO02ILL.

Keywords: ionoope3, TepMOCIEKTPOa, TEPMOCTCKTPUIHIA MOIYITh, TEPMOCICKTPHIHUH
npuiIaa, TEIIOOOMIHHHK, TeMIepaTypHUH [iarna3oH, TEPMOPETYISATOpP, OXOJIO/DKCHHS,
HarpiB, OioJoriyHa TKaHWHA, TpaHCAEPMAllbHA JOCTaBKa JIKAPCHKUX PEYOBHH,
e()eKTHBHICTb TEPaNIeBTUIHOTO BILIHBY.
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