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2 Lower critical solution temperature

3 Upper critical solution temperature
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! Screen printing

2 Close loop and open loop control systems
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1 Wound dressing

2 Polymerization
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#include <TimerOne.h>
#include <LiquidCrystal.h>

LiquidCrystal Icd (14,13,12,11,10,9);

#define UP_Key
#define Down_Key
#define Element
#define Temp_Set_Min
#define Temp_Set_Max
#define UP_Key Press (digitalRead (UP_Key )==07?1:0)
#define Down_Key Press ( digitalRead ( Down_Key )==0?1:0)

#define Element_ON digitalWrite ( Element , 1)
#define Element_OFF digitalWrite ( Element, 0)
#define Difference 1.0

#define PTC_PIN A5

#define PTC_Value_Degree analogRead (PTC_PIN)
float Temp_Set =15, Temp_Real ;

#define OVERSAMPLENR 1

#define PGM_RD_W(x) (short)pgm_read_word(&x)

const short temptable_1[][2] PROGMEM = {

23
25
27
28
31
33
35
38

P e A Ay Ay A Ay Ay

* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR
* OVERSAMPLENR

300
295
290
285
280
275
270
265
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16
15
8
15
40
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41 * OVERSAMPLENR
44 * OVERSAMPLENR
48 * OVERSAMPLENR
52 * OVERSAMPLENR
56 * OVERSAMPLENR
61 * OVERSAMPLENR
66 * OVERSAMPLENR
71 * OVERSAMPLENR
78 * OVERSAMPLENR
84 * OVERSAMPLENR
92 * OVERSAMPLENR
100 * OVERSAMPLENR
109 * OVERSAMPLENR
120 * OVERSAMPLENR
131 * OVERSAMPLENR
143 * OVERSAMPLENR
156 * OVERSAMPLENR
171 * OVERSAMPLENR
187 * OVERSAMPLENR
205 * OVERSAMPLENR
224 * OVERSAMPLENR
245 * OVERSAMPLENR
268 * OVERSAMPLENR
293 * OVERSAMPLENR
320 * OVERSAMPLENR
348 * OVERSAMPLENR
379 * OVERSAMPLENR
411 * OVERSAMPLENR
445 * OVERSAMPLENR
480 * OVERSAMPLENR
516 * OVERSAMPLENR
553 * OVERSAMPLENR
591 * OVERSAMPLENR
628 * OVERSAMPLENR
665 * OVERSAMPLENR
702 * OVERSAMPLENR
737 * OVERSAMPLENR
770 * OVERSAMPLENR
801 * OVERSAMPLENR
830 * OVERSAMPLENR
857 * OVERSAMPLENR
881 * OVERSAMPLENR
903 * OVERSAMPLENR
922 * OVERSAMPLENR
939 * OVERSAMPLENR

260
255
250
245
240
235
230
225
220
215
210
205
200
195
190
185
180
175
170
165
160
155
150
145
140
135
130
125
120
115
110
105
100
95
90
85
80
75
70
65
60
55
50
45
40
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{ 954 * OVERSAMPLENR . 3}
{ 966 * OVERSAMPLENR .30
{ 977 * OVERSAMPLENR ., 25}
{ 985* OVERSAMPLENR .20 )
{ 993 * OVERSAMPLENR , 15},
{ 999 * OVERSAMPLENR .10
{ 1004* OVERSAMPLENR , 5 },
{ 1008*OVERSAMPLENR , 0 }
}

void setup()

Serial.begin (19600) ;

Icd.begin (16,2);
Icd.setCursor( 0, 0);

Icd.print (" Drug Delivery ") ;
Icd.setCursor(0,1);

Icd.print (" System(D.D.S.) ") ;
delay (2000 ) ;

pinMode (UP_Key , INPUT_PULLUP);
pinMode ( Down_Key , INPUT_PULLUP);
pinMode ( Element , OUTPUT  );

Icd.setCursor( 0, 0);
Icd.print ("D.D.S. ") ;

Timerl.initialize ( 1000000 ) ;
Timerl.attachlInterrupt ( timerlsr) ;

void timerlsr()

{
Temp_Real = analog2temp ( analogRead (PTC_PIN) ) ;

¥

void loop()

{
String Massage ;

#4



if (UP_Key Press && Temp_Set < Temp_Set Max )
Temp_Set ++;

if (Down_Key Press && Temp_Set > Temp_Set_Min))
Temp_Set --;

Icd.setCursor(7,0);

Massage +="Set:" ;

Massage += Temp_Set ;

Massage.remove ( Massage.length () -1);
Icd.print ( Massage ) ;

Icd.setCursor( 0, 1);

Massage = """ ;

Massage +=" Real:" ;

Massage += Temp_Real ;

Massage.remove ( Massage.length () -1);

Massage +=" ;

Icd.print ( Massage ) ;

delay (100 ) ;

if (Temp_Real < Temp_Set - Difference )
Element ON ;

else
Element OFF ;

static float analog2temp ( int raw )

{

if(temptable_1 '= NULL)

float celsius = 0;
uint8_ti;
short ( * t)[][2] = (short ( *)[][2])(temptable_1);

for (i=1; i< (sizeof(temptable_1)/sizeof( * temptable_1)) ; i++)
Y-



{
if (PGM_RD_W(( * tt)[i][0]) > raw)
{
celsius = PGM_RD_W(( * tt)[i-1][1]) +
(raw - PGM_RD_W(( * tt)[i-1][0])) *
(float)(PGM_RD_W(( * tt)[i][1]) - PGM_RD_W(( * t)[i-1][1])) /
(float)(PGM_RD_W(( * t)[i][0]) - PGM_RD_W(( * tt)[i-1][0]));
break;
}
}

I/ Overflow: Set to last value in the table
if (i == (sizeof(temptable_1)/sizeof( * temptable_1)) ) celsius = PGM_RD_W(( * tt)[i-
1101D;

return celsius;

}
return ((raw * ((4.93 * 100.0) / 1024.0) / OVERSAMPLENR) * 1.0) + 0.0 ;

}
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CO® Arduino function

reset
digital pin 0 9
digital pin 1 GE®
digital pin 2
digital pin 3 GID
digital pin 4
VCC
GND
crystal
crystal
digital pin 5
digital pin 6
digital pin 7
digital pin 8

@."/r

ATMEGA328_DIP J jiiS g S

ATmega328P pin mapping

PC6
PDO
PD1
PD2
PD3
PD4
vCC
GND
PB6
PB7
PD5
PDB6

PD7
PBO

A

Arduino function O0®

PBS ! -
PB4 | m.

analog input 5
analog input 4
analog input 3
analog input 2
analog input 1
analog input 0

GND

analog reference

AVCC
digital pin 13
digital pin 12

PB3 : | QD digital pin 11

digital pin 10
D digital pin 9
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Abstract

Using a topical drug delivery system with the ability to exert control over drug release
rates can reduce treatment time and increase the rate of healing in skin diseases and
chronic wounds. Traditional systems are generally passive because of their
uncontrollability. In the present study a drug-carrying wound dressing with the aim of
controlling drug delivery rate to the wound bed was studied. This system generally
includes a drug delivery system, stimulation system and control system. The wound
dressing is operated in such a way that by generating heat from a flexible microheater,
the thermoresponsive drug carriers stimulate and so the drugs are released in a

controlled manner to the target site.

The irritable set consists of a thin hydrogels sheet, containing thermoresponsive
NIPAM microparticles. Therefore, a flow focusing device was designed and fabricated
by photolithography, and then the thermoresponsive microparticles were produced
using it. Because of the similarity of triple distillation water with water-soluble drugs,
the drug release was evaluated using it. So, first the microparticles were loaded with
triple distillation water and then were surrounded in a hydrogel sheet. In order to
control drug release rate, a gold and a gold-titanium microheater were separately
fabricated on PDMS and PMMA substrates. In the characterization section, the
microchannel performance was evaluated. The results showed that the droplets are
produced uniformly. The 10% NIPAM flow was used as the intermittent phase and the
liquid paraffin as a continuous phase. Increasing the ratio of the mass flow rate of
discontinuous to continuous phase from 0.14 to 0.84 demonstrates increasing droplet

diameter from 360 to 515 pm.

The sensitivity of the microparticles to temperature was also examined by applying
controlled temperature to the microparticles. The results showed that increasing the
temperature from 18 °C to 32 °C reduces the droplet diameter up to 40%. Also

examination of the performance of flexible microheaters showed that PMMA can be
AY



used as a suitable substrate. The results of electrical resistance measurements showed
that the PDMS substrate is not suitable for gold sputtering. Also, the electrical
resistance of gold and gold-titanium microheaters was measured about 220 and 150

ohms respectively.

Keywords: Wound dressing, Microparticles, Drug carriers, Thermoresponsive

polymers, Lithography, Deposition
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