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Design of pharmacodynamic monitoring system based on
acupuncture differential thermometry
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Abstract: To control drug effects by detecting temperature difference between biologically active point (BAP) and intact area of
skin for treatment of mental illness, a device is developed for monitoring the temperature of BAP and the dose medication and
its change in real time to increase effectiveness of treatment. Two electrodes by Foll R method are used and BAP is determined
based on topographic anatomical reference points. The temperature values are measured by integral thermometers DS18B20.
the received data are processed and temperature difference is calculated and displayed under the control of microcontroller At-
mega32 . The obtained data confirm the correlation between the temperature difference indicators BAP C7, Gi4 and neurologi-

cal scales assessing severity of mental illness. The experimetal results show that the temperature difference can be criteria for e-

valuating the effects of drugs, which is the basis for computer control systems of of medical process of mental patients.
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0 Introduction

New psychotropic drugs can not fully solve the
problem of optimal mental health treatment. The
most important reason for reducing the effectiveness
treatment of schizophrenia and depressive disorders is
the emergence of drug resistance. To optimize the
treatment of mental illness, it is necessary to use a
device to determine the intensities at the beginning
and in the end as well as the maximum intensity of
each taking medicationt.

There are many different ways to assess drug
effects, of which dynamic assessment of subjective
sensations of the patient and objective signs of illness
need additional examination methods. Each method
evaluates the results of the treatment. The most ap-
propriate method is acupuncture diagnosis. In this
case, by recording one or another indicator of biolog-
ically active points (BAPs) , the states of internal
organs, functional systems and the whole organism

can be evaluated because BAPs have a temperature
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difference from the surrounding skin™.

Actual problem of psychiatry and clinical pharma-
cology on searching the ways and means to optimize
the treatment of depression was solved by recording
every second temperature difference between BAP
C7, Gi4 and intact area of skin at a distance of 1—
1.5 cm from BAPs using the microprocessor temper-
ature logger, namely differential thermometry. The
developed non-invasive method of monitoring psycho-
tropic drug effects allows to monitor the status of
regulatory processes of body after taking psychotrop-
ic drugs.

In Ref. [ 3] Fedorov B A described the possibility
of measuring the temperature difference between the
BAP and intact area of skin in a clinic. Using this ap-
proach, the authors showed the possibility of correc-
tive treatment for mental patients. However, in this
case, the changes in the functions of the meridian
could not be established because only stationary sta-

tus of BAP at a particular time was assessed™. In
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this paper this problem can be solved by recording
the temperature difference between BAP and intact

area of skin every second during 120 s.

1 System design

The thermopuncture device can find BAP, read the

values of integral thermometer, calculate the temper-

ature differences between BAPs and intact points,
save the data in non-volatile memory with an option
transfer to PC for further processing and long-term
storage in a database’™. Functionally it consists of
searching BAP module, temperature measuring mod-
ule, registration module of thermograms, LCD out-

put module and microcontroller, as shown in Fig. 1.
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Fig. 1 Block diagram of system structure

BAPs can be found by using two electrodes—active

and passive onest®.

By controlling proposed device,
resistance of the skin in place just as BAP is supposed
to be found, can be etected easily and definitely.
The registration block processes the measurement
data by integral thermometers, to convert the data to
digital code and transmit them to microcontroller.
The microcontroller processes received data, calcu-
lates temperature difference and displays the informa-
tion on the display screen in real time for visual con-
trol AT of BAP. The recorded information in device
memory via universal asychronous receiver-transmit-
ter (UART) microcontroller can be transmitted to
computer via universal serial bus (USB). The data
are stored in computer in form of thermograms for

detailed analysis and preservation in the database.

2 Hardware design

The core of this system is microcontroller AT-

MEGA 32, and it contains all necessary interface

modules for communication with peripheral compo-
nents of the system, non-volatile electrically pro-
grammable memory (EEPROM) and UART with the
necessary converters RS232 or USB for connection to
PC. The microcontroller has been selected in order to
modernize mobility and improve device, through a lot
of work of temperature recorder, reducing the overall
dimensions of the device and power consumption. It

has the maximum capacity, low voltage and speed”.

2.1 Microcontroller

Microcontroller provides a two-wire serial interface

(' TWI)
ADT7420, which is designed to measure the skin

for contact with digital thermometers
surface temperature with an accuracy of 0.2 “C in
the temperature range from —10 to 85 C with U, of
3 V, ultralow temperature drift of 0. 007 3 °C, power
saving with 1 sample per second mode of 700 uW in
normal mode and 7 yW in shutdown mode™ , as

shown in Fig. 2.
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Fig. 2 Connection diagram

Microcontroller provides a two-wire serial interface
2S for contact with real-time clock DS1307"", The
date and time of medical research are simultaneously
recorded to EEPROM together with the values of AT
for each research. The input-output ports of micro-
controller are connected for 2 X 16 LCD display (2
lines, 16 characters) for visual control of temperature

by means of controller HD44780.
2.2 Searching BAP module

Searching BAP must keep smooth without any
push to move the probe (active electrode) on the
skin, holding the passive electrode in hand. As an in-
dicator, searching BAP uses LED as signalization a-
bout finding biologically active point, as shown in
Fig. 3.

The block of searching BAP generates a signal to
microcontroller system, then microcontroller informs
users of necessary messages about LCD display,

sound and light alarmst*.

of microcontroller Atmega32

aHLl

Fig.3 Schematic diagram of searching BAP
2.3 Power supply

The supply voltage of the microcontroller, ther-
mometeres, real-time clock and LCD is 3. 3 V provid-
ed by stabilizer. Voltage supply for searching BAP
block is 9 V. To convert the voltage from 3. 3 to 9
V, an integrated DC/DC converter DA2 is used, as
shown in Fig. 4.

For the purpose of patient safety from electrical
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shock main power supply of this device, use a lithi-
um-ion or lithium-polymer battery with the DC volt-
age of 3.6—3.7 V. Chip DAI1 is controlled by batter-
y charge signaled by the indicator that the battery is

low, charged or absent. The battery of main power
supply is charged by AC adapter only in a period

when measurements are not performed on a pa-
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Fig. 4 Schematics of power supply

3 Software design

Programming is implemented using C languaget'',

The flowchart is shown in Fig. 5.
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Development software includes programming find-
ing BAP and data processing, temperature measure-
ment and temperature difference calculation, data

output to LCD and program main menu screen.

4 Experiment results

To evaluate the drug effects in real time BAP C7,
meridian of heart, and Gi4, meridian by means of
large intestine'’”, thermometry is consistently per-
formed to all patients once a day simutaneady, at the
same time, during 120 s, in the following order: 1)
on the day of hospitalization, 2) on the 7th day, 3)
on the 14th day of treatment. The obtained data were
compared with the baseline data registered at admis-
sion to hospital.

All patients depending on the applied treatment
were divided in two groups. The first group is con-
trol group, and the patients of this group received
The

second group is the main group, and patients received

drugs for standard pharmacotherapy (SPT).

SPT together with additional drug for the treatment

of schizophrenia-flyuanksol .
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Recorded data memory fixed in the form of graphs
are displayed on the computer screen. To evaluate
obtained thermograms, 14 indicators are used. At
this stage, it can be found that the most sensitive pa-
rameters that reflect the chage of AT of BAP a 8 main
indicators™* ;

1—The total number of positive and negative chan-
ges (TNPN);

2— The number of positive and negative changes in
one minute (NPN/min) ;

3— The number of positive changes in one minute
(NP/min) ;

4—The number of negative changes in one minute
(NN/min) ;

6 — The duration of the positive changes in one mi-

nute (DP/min) ;

7— The duration of the negative changes in one mi-
nute (DN/min) ;

13— The frequency of horizontal segments for one
minute (FHS/min) ;

14— The length of horizontal segments for one mi-
nute (LHS/min).

Through mathematical data processing arithmetic
mean (M), standard error of the arithmetic mean (&£
m) are calculated. The data is considered reliable
with a significance level of p<C0. 05,

By analysis of indicators BAP C7 on the 7th day of
treatment in both groups, similar changes are ob-

[16]

served in indicators towards increase"'®’, as shown in

Table 1.

Table 1 Main indicators differential thermometry BAP C7 on the 7th and the 14th day
BAP C7
Indicators Control group Main group

1st day 7th day 14th day 1st day 7th day 14th day
1 42+£1.7 44, 9+1.85 40.441.79 36.841.43 44,441.93" 29.9+1.88"
2 20.1840.92 21.9940. 90 19.62+1.06 17.98+0.73 21.464+1.13" 14.53+0.89"
3 9.95+0.48 10.92+0. 46 9.76=+0.59 9.09=0. 38 10.69+0.59" 7.24+0.46"
4 10.23+0.45 11.07+0. 45 9.85+0.49 8.89+0. 36 10.77+0.55" 7.28+0.48"
6 10.14£0. 44 11.46£0. 48 10. 15£0. 64 9.2340. 38 11.124+0. 66~ 7.39+0.43"
7 10.33+0. 47 11.514+0. 6 10.3340. 56 9.1440. 37 11.22+0.73" 7.48+0. 44"
13 11.96£0. 88 13.27£0.73 11.69=+0.52 10. 06£0. 59 11.52=£0. 65 8.5%0.51
14 39.0540.92 36.5441.05 39.0441. 20 41.1440.74 37.184+1.26" 44,654+0,86"

Note: * means p<0.05 compared with that on the 1st day

For the treatment only by a standard set of drugs
based on the overall dynamics of the increase, signifi-

cant difference is not obtained. For the indicators de-
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scribing the process of meridian functioning only by
standard pharmacotherapy, significant changes in

treatment process are not fixed, as shown in Fig. 6.
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Fig. 6 Dynamics of indicators differential thermometry BAP C7

For the indicators of BAP Gi4 by differential ther-

mometry in the control and the main groups up to
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14 days, the main parameters on the 1lst, 7th and

14th day are shown in Table 2.

Table 2 Main indicators BAP Gi4 on the 7th and the 14th day by differential thermometry

BAP Gid
Indicators Control group Main group
1st day 7th day 14th day 1st day 7th day 14th day
1 31.6+1.63 36.8+1.75" 33.3%1.69 32.55+1.63 39.56+1.77~ 45.56+2.10"
2 15.3640.77 17.86+0.76" 16.1940.9 15. 76 +0. 66 19.01+0.82" 22.15+1.11*
3 7.5940.43 8.88+0.42" 7.9840.49 7.88+0. 34 9.5+0.38" 11.07+0.56"
4 7.814+0.35 8.98+0.35" 8.240.43 7.88+0.33 9.540.47* 11.08+0.56*
6 7.9340. 46 9.09+0.39" 8.340.41 8.1440.4 9.83+0.48" 11.34+0.63"
7 7.974+0.43 9.324+0.44" 8.39+0.47 8.23+0. 44 10.05+0.71" 11.29+0.58"
13 11.41£0.71 11.94=+0. 59 11.2+0. 65 9.37£0.6 10. 86=+0. 57 12.38+0.67"
14 31.5840. 88 29.0540.81" 30.841.07 43.1440.9 39.65+1.18~ 36.8841.20"

Note: * means p<_0.05 compared with that on the 1st day

On the 14th day in the treatment, the indicators of
differential thermometry due to flyuankso continues

to increase. In standard treatment group, increasing
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rate occurs on the 7th day, and then on the 14th day

indicators return to the original tevel, without signif-

icant differences™™, as shown in Fig. 7.
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Fig. 7 Indicators of BAP Gi4 by differential thermometry

Evaluation of drug effects for the treatment of pa-
tients was conducted in view of both the data from
temperature difference by thermometry and the eval-
national
institute of health stroke scale (NIHSS) (Goldstein
L Betal., 1989), the Original scale (Gusev E T et

al. , 2001), the scale of mental and emotional status

uation of clinical and neurological scalest®,

of the feeling, activity, mood (FAM) (Doskin V A
et al. , 1973) and the scale of social adaptation Bartel
(Bartel D W et al. , 1965).

The analysis revealed that the severity of neurolog-
ical deficit on the 14th day leveled in the control
in

group only by standard treatment, as shown

Table 3.

Table 3 Change in patients indicators of neurological status in control and main groups (MEm. n=10)

Control group Main group
Scales
Before treatment After treatment Before treatment After treatment

NiHSS 11.740.73 9.440.88" 11.340.58 6.84+0.7%
Original 36.5+1.09 38.6+1.23 37.2+1.13 42.5+1.35"

F 2.09+0. 14 3.454+0.267 2.0940.12 4,1540.29"

A 2.26+0.1 3.52+£0.24" 2.24+0.13 4.22+0.25*

M 2.01+0.11 3.45+0.29* 2.2340.18 4,2940.31"
Bartel 48.5+3.58 59.5+3.20* 47.784+3.27 72.5+3.27*

Note: * means p<_0. 05 the difference is valid compared with the values obtained before the treatment

On the NIHSS scale, overall total score decreased
by 19. 7% (p<<0.05) and on the Original scale it in-

creased only by 5. 8% (p<C0.05). The patients in

the main group, the results of the recovery of neuro-
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logical deficit are more important, the NIHSS scale
overall score summary is decreased by 39.8%
(p<<0.05), on the original scale is increased by
14.2% (p=<<0.05).

In the course of statistical processing of the materi-
al, correlation analysis was carried out™™ between
the changes in indicators of temperature difference
between BAP and the dynamics of neurological sta-
tus, psycho-emotional state and the level of quality of
life, produced in the framework of the canonical anal-
ysis, describing the closeness of the relationship be-
tween the multidimensional elements of two sets of
jointly distributed random variables. The rank coeffi-

cient of Spearman correlation is calculated by-*-

Table 4 The overall results of canonical

~6>,(D)
n(n®>—1°

where n is number of ranked features (indicators of

R, =1

tested patients); D is the difference between the
ranks of two variables of each tested patients; and >J
(D*) the sum of squared differences ranks.

Correlation coefficient can vary within the range
from 1 to — 1. If the coefficient is close to 1, it
means that both rows practically coincide, and if this
ratio is close to —1, it is possible to speak about the
complete inverse relationship.

In the course of the analysis, there is high correla-
tion dependence in both groups, as shown in
Table 4.

analysis of control and main groups

Control group Main group
Indicators scales C7 scales  Gid Indicators scales C7 scales  Gid
Canonical significance Ry 0.999 " * 0.999" * Canonical significance Ry 0.999** 0.989**
Number of variables 6 14 6 14 Number of variables 6 14 6 14

Note: * % means p<_0.01

According to received data, it can be concluded
that the overall measurement of the six neurological
scales corresponds to a change of fourteen indicators
of BAP C7 and Gi4 by differential thermometry cor-
relation between the differential thermometry BAP
and the changes of neurological status, psycho-emo-
tional state and the level of quality of life has been i-
dentified. As an important indicator, every second
temperature difference between BAP and intact area

of the skin can be used to assess the drug effects.

5 Conclusion

The indicators of BAP by differential thermometry
can be criteria for evaluating the effects of drugs.
which revealed the most information and reflect the
process of cunctionalizing the meridian and the regu-
latory impacts that occur in the body during treat-
ment. The monitoring system of action psychotropic
drugs individualize the treatment of mental illness
and timely track necessity to change the dosages of
drugs. Using this method in clinical practice gives
not only medical, but also economic effect, reducing
the time of hospitalization.

The use of the developed algorithm in the treat-

ment process of depressive states in clinical practice
should optimize the treatment as well as objectify the
selection of a remedy and its dosage, which is the ba-
sis for computer control systems of of medical

process of mental patients.
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