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SUPPLEMENTARY INFORMATION 1: TEMPERATURE EFFECTS
OF PULSED ELECTRIC FIELDS
To evaluate the temperature effects of pulsed electric fields (PEF) we
developed a following electo-thermal model.

Geometry
PEF was delivered using contact electrodes we ablated a surface area
(A) of 0.0001m2 of a dorsal skin of Sprague Dawley female rats.
During the treatment, the skin was clamped between the electrodes
as appears on Fig. 1a. The distance between the electrodes (L) was
0.002m. Skin density was approximately 1100 (kg m�3); therefore,
the mass of a treated skin section was calculated as follows in
Equation (S1):

m ¼ A�L: ðS1Þ

Electro-thermal model of skin heating by pulsed electric fields
The heat supplied to the skin by each electric pulse is calculated as
appears in Equation (S2):

Q ¼ IðnÞVtp ðS2Þ
where Q (Joule) is the heat supplied to the skin by each pulse (n);
I(Amp) is the current during the pulse, V (Volt) is the applied
voltage. Currents during each pulse were measured for the 40 ani-
mals (Fig. 1c). To model the effects of electric fields, we used non-
parametric regression (described in the Methods section) to con-
struct the equation that described current (I) as a function of pulse
number (n). The derived expression appears in Equation (S3):

IðnÞ ¼ 0:482n0;352: ðS3Þ

The temperature increase of a treated skin section, immediately after
the application of electric field is calculated using Equation (S4):

Tpn ¼
Q
mcp

þ Tin ðS4Þ

where m (gr) is the mass of a skin section on which electric fields are
applied; cp is the heat capacitance of skin; Tpn (K) is the temperature
of the treated section of skin immediately after the treatment; Tpi (K)
is the temperature of the treated section of skin immediately after
pulse delivery.

The thermal properties of skin used in this model, and the initial
conditions appear in Table 1S.

Next, to decide on the heat conduction model, we calculated the
Biot number as appears in Equation (S5):

Bi ¼ hL
2k

: ðS5Þ

The calculated Biot number in this problem is 0.01; therefore, we used
Lumpted Capacitance Heat Conduction approximation as follows:

Tcn ¼ Tenv þ ðTpn � TenvÞe�BiFo ðS6Þ
where Tcn (K) is the temperature of the treated skin (with N pulses)
section after a cooling period; Tenv (K) is the environmental tem-
perature; Bi is Biot number and Fo is Fourier number, calculated as
appears in Equation (S7):

Fo ¼ kt
�cpðL=2Þ2

: ðS7Þ

To obtain the temperature of skin during PEF treatment we solved
Equations (S2)�(S4) and (S6) simultaneously for 180 pulses, delivered
in groups of 45 at 2Hz with a pause of 30 s between the groups.

Table 1S Skin thermal properties and environmental conditions during the experiment.

Model parameter Sign Value Ref.

Rat skin heat capacitance cp 3000 based on1,2

(J kg�1 K�1)
Convection heat transfer coefficient h 4 based on3

(W m�2 K�1)
Skin thermal conductivity k 0.4 based on2,4,5

(W m�1 K�1)
Environmental temperature (K) Tenv 298 measured
Initial temperature of the Tin 303 measured
skin before treatment (K)
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a b

Figure S2 Histological analysis of rat skin 1 week after PEF. (a) H&E staining. Shown is regeneration of epidermis (insert arrows), hair follicles (insert
arrows) and sebaceous glands (arrows). Epidermis is multilayer (insert arrows). No significant inflammatory infiltration is observed. Scale bars: 500 μm,
insert 200 μm. (b) Masson's trichrome stain. The collagen network structure is similar to normal skin (Fig. 3f). Regenerating sebaceous glands and hair
follicles are shown by arrows in the insert. Scale bars: 250 μm, insert 200 μm.
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