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Enhanced Transdermal Delivery of Procaine Hydrochloride by lontophoresis
: Comparison of Synergic Effect of High Voltage Current and Ultrasound
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ABSTRACT - The purpose of this study was to determine the effects of iontophoresis on transdermal delivery of procaine
hydrochloride in healthy volunteers, as well as to the synergic effect of high voltage current or ultrasound on the efficacy
of transdermal delivery of iontophoresis. Forty healthy volunteers were randomly assigned to four groups topical application
group (TA), iontophoresis group (IT), pre-treatment of high voltage current stimulation with iontophoresis (HVS+1T), and
pre-treatment of ultrasound application with iontophoresis (US+IT). All subjects received procaine iontophoresis on the
forearm using direct current with 4 mA for 15 minutes. All subject was measured the duration of local anesthesia, pressure
pain threshold, pain perception threshold using rectangular wave at 0,2 ms, 1 ms, 50 ms of rectangular current stimulation
after procaine iontophoresis. For comparisons of the sensory characteristics and efficacy of jontophoresis between the
groups, an one-way ANOVA and Kruskal-Wallis were used. The significant difference the duration of local anesthesia were
found between the groups (p<0.001). The local anesthetic duration of IT, HVS +IT were significantly longer than TA.
Meanwhile, the local anesthetic duration of US+1T was significantly longer than HVS+IT, IT and TA group (p<0.05).
Also, the pressure pain threshold, pain perception threshold at 0.2 ms, 1 ms, 50 ms were significant difference between the
groups (p<0.001). All sensory characteristics including pressure pain threshold, pain perception threshold of IT, HVS +1T
was significantly increased than TA, whereas, US+IT was significantly increased HVS+IT, IT and TA (p<0.05). This
study showed that the procaine iontophoresis have increase the duration of local anesthesia concomitantly pressure pain
threshold and pain perception threshold of sensory nerve fibers such as A-B, A-d and C fiber. This findings suggest that the
iontophoresis enhanced the transdermal delivery of drug ions in vivo. The combination of ultrasound application and ion-
tophoresis synergized the transdermal delivery of drug ions. It is suggests that an electric field, mechanical and heating prop-
erty of ultrasound may contribute to synergic effect due to temporary changes of structure in the stratum corneum.

Key words — Transdermal drug delivery, Iontophoresis, High voltage current, Ultrasound, Local anesthesia
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A2F Z27101(Sigma-Aldrich Inc., St. Louis, MO, USA)
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Table I-Description of Treatment Groups
Variable n Age Height Weight BMI
TA 10 23.20+2.39 161.90+390 51.90+4.61 19.80+1.40
IT 10 23.00+1.83 161.90+3.25 52.20+£3.71 19.91+£1.28
HVS +1T 10 23.30+3.89 160.60+5.04 54.30+5.38 21.05+1.85
US+IT 10 23.20+£2.10 162.10+£5.80 51.20+6.25 19.41£1.55
Total 30 23.17£2.67 161.53+4.70 52.57+5.20 20.13£1.67

BMI : body mass index; TA: topical application; IT : jontophoresis alone; HVS + IT: iontophoresis with pre-treatment of high voltage stimulation; US

+IT : iontophoresis with pre-treatment of ultrasound.
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Figure 1-Comparison of local anesthetic duration (AD, mmutes) as-
sessed using pinprick test after iontophoresis with 4% procaine hy-
drochloride solution. There are significant differences between four
groups (p<0.001). *The local anesthetic duration of iontophoresis
alone (IT) and iontophoresis with pre-treatment of high voltage stim-
ulation (HVS +1T) were significantly longer than topical application
(TA)(p<0.05). ** The local anesthetic duration of iontophoresis
with pre-treatment of ultrasound (US+IT) was significantly longer
than topical application (TA), iontophoresis alone (IT) and ionto-
phoresis with pre-treatment of high voltage stimulation (HVS+IT)
(p<0.05). Data are reported mean+standard deviation of local an-
esthetic duration (n=10).
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Figure 2-Percent change in pressure pain threshold (PPT) on th
forearm. There are significant differences between four group
(p<0.001). * Duncan multiple ranges test shows that the percen
change in pressure pain threshold in iontophoresis alone (IT) arx
iontophoresis with pre-treatment of high voltage stimulatior
(HVS+IT) were increased significantly than topical applicatios
(TA)(p<0.05). **Duncan multiple ranges test shows that the percen
change in pressure pain threshold in iontophoresis with pre-treatmen
of ultrasound (US+IT) was increased significantly than topical ap
plication (TA), iontophoresis alone (IT) and iontophoresis with pre
treatment of high voltage stimulation (HVS +1T) (p<0.05). Data ar
reported meantstandard deviation (n=10).
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Figure 3—Percent change in pain perception threshold (PPT) mea-
sured at 0.2 ms. There were significant differences between the
groups (p<0.001). *Duncan multiple ranges test shows that the per-
cent change in pain perception threshold in iontophoresis alone (IT)
and iontophoresis with pre-treatment of high voltage stimulation
(HVS+IT) were increased significantly than topical application
(TA)(p<0.05). **Duncan multiple ranges test shows that the percent
change in pain perception threshold in iontophoresis with pre-treat-
ment of ultrasound (US +1T) was increased significantly than topical
application (TA), iontophoresis alone (IT) and iontophoresis with
pre-treatment of high voltage stimulation (HVS +1T) (p<0.05). Data
are reported mean=standard deviation (n=10).
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Figure 4-Percent change in pain perception threshold (PPT) mea-
sured at I ms. There were significant differences between the groups
(p<0.001). *Duncan multiple ranges test shows that the percent
change in pain perception threshold in iontophoresis alone (IT) and
jontophoresis with pre-treatment of high voltage stimulation
(HVS+IT) were increased significantly than topical application
(TA)(p<0.05). **Duncan multiple ranges test shows that the percent
change in pain perception threshold in iontophoresis with pre-treat-
ment of ultrasound (US +IT) was increased significantly than topical
application (TA), iontophoresis alone (IT) and iontophoresis with
pre-treatment of high voltage stimulation (HVS +1T) (p<0.05). Data
are reported meanzstandard deviation (n=10).
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Figure 5-Percent change in pain perception threshold (PPT) ob-
tained at 50 ms. There were significant differences between the
groups (p<0.001). *Duncan multiple ranges test shows that the per-
cent change in pain perception threshold in iontophoresis alone (IT)
and iontophoresis with pre-treatment of high voltage stimulation
(HVS+IT) were increased significantly than topical application
(TA)(p<0.05). **Duncan multiple ranges test shows that the percent
change in pain perception threshold in iontophoresis with pre-treat-
ment of ultrasound (US +1T) was increased significantly than topical
application (TA), iontophoresis alone (IT) and iontophoresis with
pre-treatment of high voltage stimulation (HVS +IT) (p<0.05). Data
are reported meanztstandard deviation (n=10).
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Table [1-Draize Scores at Anode and Cathode in Topical Application (TA), lontophoresis Alone (IT), lontophoresis with Pre-
treatment of High Voltage Stimulation (HVS + IT) and lontophoresis with Pre-treatment of Ultrasound (US + IT)

Erythema Number
Draize scores* Anode Cathode

0 1 2 3 4 0 1 2 3 4
TA 10 0 0 0 0 10 0 0 0 0
IT 0 2 6 2 0 9 1 0 0 0
HVS +IT 0 1 6 3 0 8 2 0 0 0
US+IT 0 2 6 2 0 9 1 0 0 0
X 25.08 2.167
p 0.000 0.536

All results recorded as number affected.

The Kruskal Wallis H test was used to assess treatment effect using Draize scale scores.
*Point scale (0=no erythema/edema, 1=slight erythema/edema, 2=mild erythema/edema, 3=moderate erythema/edema, 4=severe erythema/

edema).
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