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1 | INTRODUCTION
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Abstract

Background: Bipolar, alternating current radiofrequency (RF) conduction using inva-
sive noninsulated electrodes consecutively generates independent tissue coagulation
around each electrode and then, the converged coagulation columns.

Methods: Two pulsed-type RF models at the on-time pulse width/pulse pack of 30
and 40 milliseconds were designed to amplify the early stage of RF-induced tissue
reaction using hairless mouse skin in vivo. Then, structural and ultrastructural changes
were evaluated in hairless mouse skin samples at baseline and immediately 1 day,
3 days, 7 days, and 14 days after treatment.

Results: Immediately after pulsed-RF treatment, a few chrysanthemum-like zones of
electrothermal coagulation and hypereosinophilic collagen fibers were found in the
dermis and dermo-subcutaneous fat junction. Histochemical staining for periodic acid-
Schiff and immunohistochemical staining for type IV collagen revealed marked thick-
ening of basement membranes. Transmission electron microscopy demonstrated that
pulsed-RF treatment resulted in higher electron-dense and remarkably thicker lamina
densa, as well as increases in anchoring fibrils, compared with untreated control speci-
mens. Furthermore, CD31-positive blood vessels were smaller in size with a slit-like
luminal appearance, without excessive damage to endothelial cells.

Conclusion: Our data indicated that pulse-type, bipolar RF energy induces structural
and ultrastructural changes in basement membranes and vascular components in hair-

less mouse skin.
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the frequency of the electrical current, monopolar and bipolar modes
of RF delivery, and the characteristics of electrodes.>** Additionally,

Radiofrequency (RF) devices emitting a high-frequency alternating
electrical current induce selective electrothermal reactions in targeted
tissues. > Patterns of RF-induced tissue reactions have been shown to

vary according to the resistance or impedance of the targeted tissue,
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clinicians have found that continuous- and pulsed-type RF treatments
elicit different RF-induced tissue reactions.” ¢

Continuous-type RF irradiation systems have been used for de-
cades. These systems continuously deliver RF energy over a set con-
duction time to induce selective electro-thermolytic tissue reactions.>”

Continuous RF delivery generates 3 distinctive zones of hyperthermic
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tissue injury, including a central zone of coagulative necrosis, a pe-
ripheral or transitional zone of reversible thermal injury, and normal
surrounding tissue.” In the central zone of coagulative necrosis, a high
current density around invasive penetrating electrodes raises tissue
temperatures between 60°C and 100°C, causing lethal and irrevers-
ible thermal tissue injury.7 Meanwhile, tissue in the peripheral zone,
which surrounds the central zone, reaches temperatures between
41°C and 45°C; the RF-induced electrothermal reactions in this zone
are sublethal, but still vulnerable to further injury.7 The peripheral zone
additionally shows increased blood flow that facilitates the infiltration
of inflammatory cells and induces an immune response.'>*?

Electromagnetic initiation and propagation of continuous-type,
bipolar, alternating current RF-induced tissue reactions have been
investigated in vivo in micropig skin and ex vivo in bovine liver spec-
imens using invasive noninsulated electrodes.® Therein, independent,
cocoon-shaped areas of electrothermal coagulation, called a “Na ef-
fect,” were characteristically found around each electrode (areas of
high current density) upon continuous delivery of RF signals over the
conduction times of 120 milliseconds, 200 milliseconds, 300 millisec-
onds, and 1 second.® At a conduction time of more than 2 seconds,
convergent areas of coagulation appeared throughout inter-electrode
areas with lower current density.® Furthermore, in vivo in micropig
skin and ex vivo in bovine liver specimens exhibited the characteristic
histologic changes of vascular components along the regions directly
between the electrodes without distinguishable tissue coagulation.

In this in vivo study, we aimed to investigate RF-induced skin re-
actions, particularly in vascular components and the basement mem-
brane, at shorter or very closed conduction times that would minimize
electrothermal reactions around each penetrating electrode. However,
we supposed that a single continuous-type pulse of a very short con-
duction time would not deliver enough RF signal to induce structural
and ultrastructural electrothermal changes in in vivo micropig skin or
ex vivo bovine liver tissue. Therefore, pulsed-type RF models were
used to amplify the early stage of RF-induced tissue reaction, and the
time-course effects of RF treatment were investigated using exper-
imental hairless mouse skin, which has properly sufficient vascular
components. To do so, electrical fields of 2 MHz were generated by
2 different settings of pulsed bipolar RF devices: 3 pulse cycles at a
gated on-time pulse width of 40 milliseconds and 5 pulse cycles at an
on-time pulse width of 30 milliseconds, equipped with invasive nonin-
sulated microelectrodes. Then, structural and ultrastructural changes
were evaluated in hairless mouse skin samples at baseline and imme-
diately 1 day, 3 days, 7 days, and 14 days after treatment.

2 | METHODS

2.1 | Pulsed-type, bipolar, alternating current RF
using noninsulated microneedle electrodes

A pulsed-type, bipolar, alternating current RF device equipped with
noninsulated microneedle electrodes (SYLFIRM; Viol, Kyunggi, Korea)
emitting 2-MHz RF oscillations was utilized to evaluate RF tissue re-
actions on in vivo hairless mouse skin. Two pulsed-type bipolar RF

devices were utilized: one emitting 3 pulse cycles at a gated on-time
pulse width of 40 milliseconds and a power of 3.3 watts/pulse pack
(type A) and the other emitting 5 pulse cycles at an on-time pulse
width of 30 milliseconds and a power of 3 watts/pulse pack (type B).
Both devices utilized 10 mm x 10 mm disposable tips composed of 25
invasive noninsulated microneedle electrodes uniformly arranged in
a 5 x 5 pattern. The microneedles are constructed of surgical stain-
less steel with 24K gold plating for homogeneous RF conduction and
comprise a body diameter of 300 + 10 pm and a pointed microneedle
tip length of 750 + 10 pm.

2.2 | Invivo treatment of hairless mouse skin with
invasive pulsed-type, bipolar, alternating current RF

All experimental protocols were approved by the ethics committee of
the Yonsei University Institutional Animal Care and Use Committee
(2015-0172), and the methods were carried out in accordance with
the approved guidelines. Thirty-six, female, specific pathogen-free,
hairless mice (SKH-1, Orient Bio Inc., Gyeonggi-do, Korea; 6-8 weeks
old) were used in this study. General anesthesia was administered
via an intraperitoneal bolus injection of tiletamine/zolazepam (5 mg/
kg) and xylazine (2 mg/kg). The backs of the experimental mice were
cleansed with a mild soap and 70% alcohol. Then, pulsed-type, bipo-
lar, alternating current RF treatment was performed on the experi-
mental mice at the electrode penetration depth of 3.0 mm over one
pass without overlapping. Neither pretreatment topical anesthesia
nor posttreatment cooling was applied. The experimental mice were
killed for sampling the treated skin in a humane manner according to
standard protocols.

2.3 | Histological and immunohistochemical
examinations

At baseline and at immediately 1, 3, 7, and 14 days after treatment,
skin specimens of full thickness from the hairless mice were ob-
tained for histologic evaluation. Each sample was fixed in 10% buff-
ered formalin and then embedded in paraffin. Hairless mouse skin
blocks were cut along the longitudinal plane to detect the insertion
axes of the microneedle electrodes and RF-skin tissue interactions.
For each treatment setting, 20-30 serial skin tissue sections of 4-um
thickness were prepared and stained with hematoxylin and eosin
and periodic acid-Schiff (PAS). Additionally, tissue sections from ex-
perimental mice were subjected to immunohistochemical examina-
tion for type IV collagen, CD31, and vascular endothelial growth
factor (VEGF). The rabbit anti-type IV collagen polyclonal antibody
(Abcam, Cambridge, UK) at a dilution of 1:200, the rabbit anti-CD31
polyclonal antibody (Abcam) at a dilution of 1:200, and the rabbit
anti-VEGF monoclonal antibody (Abcam) at a dilution of 1:250 were
used as primary antibodies. After washing with PBS, the sections
were incubated in HRP-conjugated secondary anti-sera at a dilution
of 1:100 for 30 minutes. Sections were then lightly counterstained
with hematoxylin. Negative controls were obtained by omitting the
primary antibody.
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2.4 | Western blotting and real-time polymerase
chain reaction

Full-thickness skin samples from the mice were homogenized in
lysis buffer, and a total of 50 pg of protein per sample was analyzed
by denaturing 10% sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis. Prepared samples were immunoblotted with
anti-VEGF antibody (Abcam). Signals were revealed using en-
hanced chemiluminescence. Additionally, tissue samples were
homogenized in TRIzol reagent (Invitrogen Life Technologies,
Carlsbad, CA, USA), and total cellular RNA was extracted from
tissue samples. RNA was reverse transcribed, and the result-
ing cDNA was synthesized from 500 ng total RNA using TaKaRa
RNA PCR Kit Ver.2.1 (TaKaRa BIO INC., Shiga, Japan). Total RNA
was reversely transcribed with the TagMan Reverse Transcription
Reagents (Applied Biosystems, Foster City, CA, USA) according to
the manufacturer’s protocol. Relative mRNA levels were quanti-
fied with the fluorescent TagMan technology. Polymerase chain
reaction (PCR) primer and probe specific for murine VEGF-A (assay
ID; Mm00437306_m1) were obtained as TagMan Gene Expression
Arrays (Applied Biosystems). Glyceraldehyde 3-phosphate de-
hydrogenase and p-actin were used as endogenous controls to
normalize the amount of sample RNA. The real-time PCR was per-
formed with equal amounts of cDNA in the GeneAmp 7700 se-
quence detection system (Applied Biosystems) using the TagMan
Universal PCT Master Mix (Applied Biosystems). Reactions were
incubated at 50°C for 2 minutes, at 95°C for 10 minutes followed
by 40 cycles of 15 seconds at 95°C and 1 minute at 60°C. Water
controls were included to ensure specificity. Each experiment was
performed triplicate.

WILEY--

2.5 | Transmission electron microscopy

For transmission electron microscopy (TEM), the specimens were
fixed in 50 mM sodium cacodylate buffer (pH 7.4) that contained 2%
glutaraldehyde in paraformaldehyde for 30 minutes at 32°C, post-
fixed in 1% osmium tetraoxide for 2 hours at 4°C, and dehydrated by
treatment with a graded series of ethanol. Then, the isolated biopsy
specimens were treated with propylene oxide, embedded in Epon
according to standard procedures, and localized in semi-thin sec-
tions. Sections were cut using Ultracut R Ultratome (Leica, Wetzlar,
Germany) and were counterstained with 8% uranyl acetate and lead
citrate. TEM was also performed using a JEOL JSM 1011 microscope
(Tokyo, Japan) operating at 80 kV. Eight to ten pictures of each speci-
men were taken.

3 | RESULTS

3.1 | Invivo tissue reactions after invasive, pulsed-
type, bipolar RF treatment of hairless mouse skin

First, we evaluated histologic changes in hairless mouse skin over the
duration of 14 days after invasive, pulsed-type, bipolar RF treatment
(Figure 1). Immediately after the treatment, a few chrysanthemum-
like zones of electrothermal coagulation were found in the dermis
of skin specimens from mice treated with 3 pulse cycles at a gated
on-time pulse width of 40 milliseconds and a power of 3.3 watts/
pulse pack (type A-RF treatment group). Collagen bundles within the
coagulation zones were basophilic and feathery, and each coagula-
tion zone could be morphologically subdivided into approximately
3 distinguished zones of differing degrees of tissue coagulation. No

FIGURE 1

In vivo tissue reactions from invasive, pulsed-type, bipolar RF in hairless mouse skin. (A-D) Pulsed radiofrequency (RF) treatment
with 3 pulse cycles at a gated on-time pulse width of 40 milliseconds and a power of 3.3 watts/pulse pack (Type A). (E-H) Pulsed RF treatment
with 5 pulse cycles at an on-time pulse width of 30 milliseconds and a power of 3 watts/pulse pack (Type B). (A) Insets show magnified areas
of chrysanthemume-like zones of electrothermal coagulation on day 0 and (B) hypereosinophilic collagen fibers with cellular infiltration on day
1. (E, F) Type B-pulsed RF induced distinguishable hypereosinophilic collagen fibers in the deep dermis and around the dermo-subcutaneous
fat junction (arrows). Post-RF (A, E) day O, (B, F) day 1, (C, G) day 7, and (D, H) day 14. Hematoxylin and eosin stain, original magnification x100,
scale bar = 200 pm; inset, scale bar = 100 pm
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remarkable focal zones of coagulation necrosis were observed along
the epidermis and dermis throughout serially sectioned specimens
of mouse skin treated with 5 pulse cycles at an on-time pulse width
of 30 milliseconds and a power of 3 watts/pulse pack (type B-RF
treatment group). Distinguishable hypereosinophilic collagen fibers,
however, were found in the deep dermis and around the dermo-
subcutaneous fat junction in both treatment settings, compared to
skin at baseline. Furthermore, the thicknesses of the epidermis and
dermis increased, and dermal collagen density also notably increased
on days 3, 7, and 14.

3.2 | Effects of invasive, pulsed-type, bipolar RF on
basement membranes

Toinvestigate structural changesin the basement membrane follow-
ing pulsed-type, bipolar RF treatment in mouse skin, the expression
of type IV collagen and PAS was evaluated. Immunohistochemical
staining for type IV collagen highlighted moderate thickening of
the basement membrane, which was evident from 3 days after
both type A- and type B-RF treatment, compared with untreated
control skin (data not shown). By days 7 and 14, marked expres-
sion of type IV collagen in the basement membrane was found in
both type A- and type B-RF treatment groups, although the ex-
pression thereof was more remarkable with type B-RF treatment.
Histochemical staining for PAS also revealed moderate increases in
the thickness of PAS-positive areas along the BM at posttreatment
day 3, compared with untreated control skin, in both type A- and
type B-RF treatment groups (Figure 2). Furthermore, PAS-positive
thickening of basement membranes was greater at posttreatment
days 7 and 14 in both type A- and type B-RF treatment groups,
although it was more prominent in skin treated with type B-RF

treatment.

3.3 | Transmission electron microscopic
features of the basement membrane

Using TEM, we further evaluated structures of the dermo-epidermal
junction, including the plasma membranes of basal keratinocytes,
lamina lucida, lamina densa, and sublamina densa fibrous com-
ponents in hairless mouse skin treated with each of the invasive,
pulsed-type, bipolar RF devices. In untreated control skin, the lam-
ina densa appeared as a thin and electron-dense rim in the base-
ment membrane (Figure 3). After treatment with the type A- and
type B-RF devices, the thickness of the lamina densa increased
remarkably beginning on day 3. TEM at posttreatment days 7 and
14 exhibited higher electron-dense and remarkably thicker lamina
densa in both type A- and type B-RF-treated skin specimens, com-
pared with untreated control skin. Increases in anchoring fibrils
were noted on day 14 in hairless mouse skin treated with type B-RF
treatment. Comparing the 2 invasive, pulsed-type, bipolar RF de-
vices, we found that type B irradiation induced more remarkable
increases in the thickness of the lamina densa, especially on days
7 and 14.

3.4 | Effects of invasive, pulsed-type, bipolar RF on
vascular components

Immunohistochemical stain for the panvascular marker CD31 re-
vealed normal distention of CD31-positive blood vessels with a
smooth luminal surface in control mice skin. Meanwhile, immediately
and 1 day after RF treatment in both the type A- and type B-RF treat-
ment groups, the CD31-positive blood vessels shrank in size and
exhibited luminal structures with a slit-like appearance in the subcuta-
neous fat layer, but not in the dermis, compared with untreated con-
trol skin (Figure 4). The small, collapsed, slit-like CD31-positive blood
vessels were noted throughout the dermis and subcutaneous fat layer
on days 3 and 7 in both the type A- and type B-RF treatment groups.
At 7 days after type B-RF treatment, collapsed vessels were still ob-
served in the upper dermis, while in the deep dermis, vessels appeared
to be congested and distended. These vascular component features
in the dermis and subcutaneous fat layer were more remarkable on
day 14, compared with day 7, particularly with type B-RF treatment.
Nonetheless, no signs of excessive damage to vascular components
were found for either RF device, and the density of CD31-positive
dermal vessels over time was comparable between control mice and

RF-treated mice.

3.5 | Effects of invasive, pulsed-type, bipolar RF on
vascular endothelial growth factor expression

To examine whether the post-RF treatment alterations in the der-
mal vascular components were associated with altered expression of
VEGF, we assessed VEGF expression in the hairless mouse skin by
real-time PCR and western blot analysis. Down-regulation of VEGF-A
mRNA expression was found in both type A- and type B-RF treatment
groups at posttreatment day 14, compared with untreated control
skin, although the difference lacked statistical significance (Figure 5a).
Western blot analyses, however, revealed transient over-expression
of VEGF protein immediately after treatment that was gradually
suppressed over the following 14 days in the type A-RF treatment
group, compared with untreated control skin. In the type B-RF treat-
ment group, over-expression of VEGF protein remained throughout
the 14 days after treatment, compared with untreated control skin
(Figure 5b). Further investigations of VEGF-A expression revealed
comparable levels of VEGF-A protein in control and type A-RF treat-
ment skin. In the type B-RF treatment group, VEGF expression in
epidermal keratinocytes and dermal vascular components was com-
parable between untreated control and treated skin, whereas VEGF
immunoreactivity was markedly stronger in dermal fibroblasts, com-

pared with control skin (Figure 5c).

4 | DISCUSSION

Pulsed-type RF systems generate thermal and/or nonthermal
tissue reactions according to pulse rates and pulse periods be-

tween pulse packs.g'10 Pulsed-type RF devices can deliver high RF



FIGURE 2 Effects of invasive, pulsed-type, bipolar RF on basement membranes. (A-D) Type A-RF treatment group, (E-H) type B-RF
treatment group. (C, D, G, H) Skin specimens present increased thickness of periodic acid-Schiff (PAS)-positive areas along the basement
membrane (BM) on posttreatment days 7 and 14, which is more remarkable in the type B-RF treatment group. Post-RF (A, E) day O, (B, F) day 1,
(C, G) day 7, and (D, H) day 14. PAS stain, original magnification x400, scale bar = 50 um

FIGURE 3 Transmission electron microscopic features of basement membranes. (A-D) Type A-RF treatment group, (E-H) type B-RF
treatment group. (C, D, G, H) Transmission electron microscopy (TEM) photographs present remarkable thickening of lamina densa on
posttreatment days 7 and 14, which is more remarkable in the type B-RF treatment group. (A) Inset comprises a TEM photograph of untreated
control mouse skin. (H) Prominent increases in anchoring fibrils (arrows) in hairless mouse skin on day 14 after type B-RF treatment. BK, basal
keratinocyte; D, dermis; HD, hemidesmosome; KF, keratin filament; LD, lamina densa. Post-RF (A, E) day O, (B, F) day 1, (C, G) day 7, and (D, H)

day 14. Scale bar = 500 nm

voltages in targeted tissues through gated delivery of RF oscilla-
tions that minimizes nonselective electrothermal reactions aris-
ing from lethal temperatures.>*® Pulsed-type RF energy of a high
signal amplitude stimulates the flow of ions, eliciting changes in
cellular and subcellular structures. Furthermore, pulsed electric
fields have been found to induce electroporation by modulating
cell membrane permeability for use in electro-chemotherapy and
gene transfer.81° However, the effects of invasive, pulsed-type,
bipolar, alternating current RF energy on the skin, which is a multi-
layered, adnexa-rich, heterogeneous tissue, have not been fully
elucidated.

In this study, RF-induced reactions in in vivo hairless mouse skin
were investigated at shorter or very closed conduction times that
would minimize the appearance of Na effect around each penetrat-
ing electrode using the pulsed-type RF device with the same setting
of 2-MHz RF oscillations as in our previous study.® Furthermore,
because our study group previously revealed Na effect upon con-
tinuous delivery of RF signals over the minimal conduction time
of 120 milliseconds, we designed pulsed-type RF device with the
pulse width of single pulse pack much shorter than 120 millisec-
onds (30 and 40 milliseconds), but total on-time pulse width 120
and 150 milliseconds to fit the study purpose. Thereby, 2 different



FIGURE 4 Effects of invasive, pulsed-type, bipolar RF on vascular components. (A-D) Type A-RF treatment group, (E-H) type B-RF treatment
group. (A, B, E, F) Vascular components small in size and with a slit-like luminal structure (arrows) in the subcutaneous fat layer and distended
blood vessels with a smooth luminal surface (arrowheads) in the dermis on days 0 and 1. (C, G) Small and collapsed vascular components
throughout the dermis and subcutaneous fat layer on day 7. (D, H) Small and collapsed blood vessels in the dermis and distended blood

vessels in the dermis on day 14. Post-RF (A, E) day O, (B, F) day 1, (C, G) day 7, and (D, H) day 14. CD31-immunohistochemical stain, original
magnification x100, scale bar = 200 pm
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FIGURE 5 Effects of invasive, pulsed-type, bipolar RF on vascular endothelial growth factor expression. (A) Real-time polymerase chain
reaction analysis indicates the down-regulation of vascular endothelial growth factor (VEGF)-A mRNA expression in both type A- and type B-RF
treatment groups at posttreatment day 14. (B) Western blot analysis reveals tissue expression of VEGF-A in type A- and type B-RF treatment
groups. (C-E) VEGF expression in epidermal and dermal components. (C) Untreated control, (D) type A-RF treatment on day 14, and (E) type B-
RF treatment on day 14. VEGF-immunohistochemical stain, original magnification x100, scale bar = 200 pm

settings of pulsed-type, bipolar RF devices were utilized: one to emit pack and the other to emit 5 pulse cycles at an on-time pulse width
3 pulse cycles at a gated on-time pulse width of 40 milliseconds, of 30 milliseconds, 60 000 RF oscillations/pulse pack, and a power

80 000 RF oscillations/pulse pack, and a power of 3.3 watts/pulse of 3 watts/pulse pack.
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The skin shows electrical properties consistent with those of
semiconductors.’* As a multi-layered tissue with a number of dif-
ferent appendage structures, the skin exhibits various current
densities that significantly affect tissue impedance and permittiv-
ity. Thus, theoretically, conductive RF energy can be utilized to se-
lectively treat vascular components of differing electrical current
density.® Previously, our study group found that bipolar RF-induced
tissue reactions are propagated preferentially along the outer lay-
ers of dermal vascular components and perivascular structures,
which normally exhibit high current density, between electrodes
in continuous-type RF treatment.® Thus, in this study, we intended
to focus on structural and ultrastructural changes in vascular com-
ponents and basement membranes induced by pulsed-type RF
treatment. Herein, pulsed-type bipolar RF elicited vascular collapse
without damaging endothelial cells or causing remarkable electro-
thermal coagulation in the dermis. The pulsed-type RF-induced
selective activation of electrical currents on and around vascular
components persisted longer in the upper dermis than in the deep
dermis and subcutaneous fat layer. This led us to suggest that pulsed-
type delivery of invasive, bipolar, alternating current RF exerts more
selective, subcellular, electromagnetic, thermo-modulating effects
on the basement membrane and vascular components, compared
to those achieved through selective electromagnetic thermolysis by
continuous-type bipolar RF.

In the present study, dermal tissue coagulation in the shape of
a chrysanthemum was observed only with the 3-pulse RF device.
Each coagulation zone could be morphologically subdivided into
approximately 3 distinguishable zones of differing degrees of tis-
sue coagulation. In previous studies on continuous RF treatment,
we typically observed cocoon-shaped zones of electrothermal co-
agulation of a relatively homogeneous nature using both insulated
and noninsulated penetrating electrodes.>® However, unlike our
previous studies, which were conducted using in vivo micropig skin
and ex vivo bovine liver tissue, the present study was conducted
using in vivo hairless mouse skin. This may account for the differ-
ence in the patterns of dermal tissue coagulation observed in this
study.

Electric fields are endogenously generated during wound healing
after disruption of the epithelial Iayer.is'16 These electrical fields de-
termine the direction and speed of epithelial cell migration and induce
electrotactic responses to dermal fibroblasts and inflammatory cells in
a voltage- and time-dependent manner through phosphatase and ten-
sin homolog and phosphatidylinositol-3-OH kinase—y.15 Additionally,
noninvasive, pulsed electric fields have also been shown to stimulate
the secretion of multiple growth factors, thereby leading to the pro-
liferation of epidermal cells, as well as new collagen and vessel forma-
tion. In the present study, we found that the electric fields generated
by invasive, pulsed-type, bipolar alternating current also increased the
thicknesses of the epidermis and dermis with new collagen formation.
We suggest that the induction of endogenous electric fields after dis-
ruption of the epithelial layer upon penetration of the microneedles
and the delivery of exogenous electrical fields may have contributed
to these microscopic changes.

7
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5 | CONCLUSION

Our observational study outlined structural and ultrastructural
changes in in vivo hairless mouse skin upon delivery of pulsed-type,
bipolar, alternating current RF signal via noninsulated micronee-
dle electrodes. The pulsed-type delivery of RF signal at a very short
conduction time induced a resistive electrothermal response, start-
ing from the margins of dermal components, such as the basement
membrane and blood vessels, just prior to the occurrence of the Na
effect around each electrode. However, whether pulsed-type, bipolar,
alternating current RF can induce irreversible destruction of targeted
vascular components, however, remains to be elucidated. Although
the characteristics of hairless mouse skin do not exactly coincide with
those of human skin, our findings suggest that pulsed-type RF devices
can be used to investigate invasive, bipolar, RF-induced skin reactions

elicited over various RF conduction times.
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