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ORIGINAL INVESTIGATION

Electrochemolipolysis of Human Adipose Tissue
Dana M. Hutchison, MS,1 Amir A. Hakimi, BS,1 Ellen M. Hong, BA,1 Tiffany T. Pham, MD,1 Avin Wijayaweera,1

Soohong Seo, MD,2 Yueqiao Qu, PhD,1 Melissa Bircan,1 Ryan Sivoraphonh,1 Brandyn Dunn, MD, MPH,3

Chung-Ho Sun, PhD,1 Mark R. Kobayashi, MD,4 Sehwan Kim, PhD,5 and Brian J.F. Wong, MD, PhD1,3,6,*

Abstract
Importance: Body fat contouring procedures have increasingly grown in popularity over the years. As such,
there is a need for inexpensive, minimally invasive, and simple fat reduction/contouring technique.
Objective: To examine the acid–base and histological changes in ex vivo human adipose tissue after elec-
trochemolipolysis (ECL).
Design, Setting, and Participants: Panniculus tissue specimens obtained after abdominoplasty procedures
were tumesced with normal saline. Two platinum needle electrodes were inserted into each sample and
connected to a DC power supply. Voltage (3–6 V) was varied and applied for 5 min. Specimens were sec-
tioned through a sagittal midline across both electrode insertion sites and immediately stained with pH-
sensitive dye. A numerical algorithm was used to calculate the area of the dye color change for each do-
simetry pair. Samples were also evaluated utilizing light microscopy (hematoxylin and eosin). An ex vivo
human adipose tissue model was used for evaluating the effects of ECL.
Results: Acidic and basic pH was appreciated surrounding the anode and cathode insertion sites, respectively.
The effect was spatially localized and dose dependent. Statistical analysis of these data showed no significant
difference between the mean area of the pH disturbance generated at the anode compared with the cathode at
3 V for 5 min (6.04 mm2 vs. 2.95 mm2, p = 0.40, 95% CI �4.8 to 11). A significantly greater area of pH disruption
was generated at the cathode versus the anode in groups 4 V for 5 min (14.7 mm2 vs. 5.00 mm2, p = 0.032, 95% CI
0.93–19), 5 V for 5 min (15.5 mm2 vs. 6.72 mm2, p = 0.019, 95% CI 1.6–16), and 6 V for 5 min (22.5 mm2 vs.
10.0 mm2, p = 0.047, 95% CI 0.22–25). Acute structural changes in adipocytes were observed in all specimens.
Vascular damage with adjacent adipocyte necrosis was prominent at the cathode site in group 6 V for 5 min.
Conclusions and Relevance: ECL at the studied dosimetry parameters induced acid and base changes in
human adipose tissue, suggesting its potential use in nonsurgical fat reduction as an ultralow cost alterna-
tive to current lipolytic devices and pharmaceuticals.
Level of Evidence: NA.

Introduction
The popularity of body fat contouring procedures has

grown exponentially over the past few years, with patients

more frequently selecting procedures that are office based,

offer shorter recovery times, and that are less invasive than

traditional liposuction.1 Contemporary minimally invasive

fat reduction modalities include cryolipolysis,2 injectable

deoxycholic acid,3 radiofrequency ablation,4 low-level

laser therapy,5 and high-intensity focused ultrasound.6

The common therapeutic goal underlying these technolo-

gies is targeted reduction of adipocyte cells for long-term

fat volume reduction by inducing apoptosis, fat necrosis,

or a combination thereof.7 However, these modalities re-

quire the use of expensive devices or drugs and can be

technically challenging to operate. As such, there is a

need for inexpensive, minimally invasive, and simple
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fat reduction/contouring technique. One potential solu-

tion is a modification of electrochemical therapy hereon

coined electrochemolipolysis (ECL).

ECL initiates oxidation–reduction (redox) reactions in

tissue through the insertion of two passivated electrodes

into a saline laden (tumescent) surgical field followed

by the application of an electrical potential from a DC

power supply. Electrical energy is converted into chemi-

cal energy through hydrolysis at the electrodes, with

paired redox reactions occurring within the tissue: reduc-

tion of water at the cathode and oxidation at the anode.

Accordingly, this reaction generates pH gradients within

the tissue through the production of hydroxide ions at the

cathode and hydrogen ions at the anode, leading to spa-

tially localized biophysical alterations. Our group has pre-

viously described the potential of electrochemical therapy

to reshape cartilage,8–15 and more recently, to modify col-

lagen in dermal skin.16,17

This study is the first to characterize the redox-

induced alteration to ex vivo human adipose tissue. Spe-

cifically, we aim to identify structural changes that occur

after these electrochemical reactions through pH landscape

mapping and histopathological analysis. We hypothesize

that ECL in the subcutaneous layer will trigger a series

of cellular events including cell membrane lysis, saponifi-

cation of triglycerides, and degradation of proteins, ulti-

mately reducing the number and volume of adipocytes

(Fig. 1).

Materials and Methods
This protocol was approved by the University of Califor-

nia, Irvine Institutional Review Board.

Tissue preparation
Large (20 · 12 · 7 cm) composite specimens of human

skin and adipose tissue harvested from eight donors after

panniculectomy procedures were wrapped in phosphate-

buffered sodium-soaked gauze for a maximum of 4 hours

KEY POINTS

Question: How does electrochemolipolysis (ECL) therapy af-
fect human adipose tissue?

Findings: This ex vivo human tissue study found that ECL
causes spatially localized and dose-dependent pH changes
within adipose tissue. Acute structural changes in adipocytes
were observed in all specimens. Vascular damage with adja-
cent adipocyte necrosis was prominent when applying higher
voltage.

Meaning: With future development, ECL may offer a low-cost
minimally invasive method of destroying adipocytes for medi-
cal or cosmetic purposes.

Fig. 1. ECL reaction. (A) Insertion of electrodes into tissue with application of electrical potential converts
electrical energy to chemical energy. (B) Lipolysis of tissue. (C) Adipocyte cell membrane lysis. (D) Saponification of
triglycerides. (E) Nucleic acid and protein degradation. ECL, electrochemolipolysis.
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before processing to optimize viability. Samples were

trimmed with a razor blade to a standard dimension

of 1 · 2 · 1.5 cm. Each individual section was tumesced

with 3 cc of normal saline (0.9% sodium chloride) admin-

istered over six injections, providing a medium for hydro-

lysis and more turgid tissue to facilitate the easier insertion

of electrodes.

ECL intervention
Two platinum needle electrodes (13 mm in length) were

inserted perpendicular to the surface of the dermis into

adipose tissue. A custom three-dimensional printed

acrylic jig placed along the surface of the dermis was

used to space the electrodes 3 mm apart from one an-

other and secure them during insertion and throughout

the procedure (Fig. 2). ECL was applied with current

drawn from a power supply (Agilent, Santa Clara, CA)

at dosimetry parameters of 3 to 6 V exposed for 5 min.

These specific voltage and time parameters were selected

based on unpublished pilot studies that demonstrated ther-

apeutic potential in porcine fat. Current was applied to a

total of 35 individual treatment samples (3 V: n = 6, 4 V:

n = 10, 5 V: n = 11, 6 V: n = 8); no current was run through

the eight control samples.

pH mapping
Specimens were hemisectioned with a razor blade along a

centerline through the anode and cathode needle insertion

sites. One drop of halochromic pH-sensitive dye sensitive

between pH 2 and 10 (Micro Essential Lab, Brooklyn,

NY) was applied to the cut surface. The immediate color

change was captured with a digital single-lens reflex cam-

era (Rebel XS EOS; Canon USA, Inc., Melville, NY), with

the focus set between the electrode sites. Standardized illu-

mination of the samples for photography was obtained by

shining an LED lantern through white fabric to create dif-

fused even lighting. A pH calibration scale and a ruled

scale were included in each photograph.

A custom MATLAB algorithm was developed to

quantify the area of pH perturbations at anode and cath-

ode sites in each image and to obtain spatial pH distribu-

tion data as a function of dosimetry. Specifically, the

photographs were processed using CIELAB, a color

space designed to be perceptually uniform to human

color vision (Supplementary Fig. S1). This algorithm

permits users to determine the region-of-interest (ROI)

of a select color for semiautomatic segmentation. The

mean value of the ROI and the Euclidean distances be-

tween the mean and each pixel within the ROI are then

calculated. Images are segmented based on the boundary

created by pixel values that are 3 SDs away from the cal-

culated mean distance. A hole filling technique is applied

to remove any discontinuities. Finally, the averaged hor-

izontal length and the area are outputted for further anal-

ysis. A two-tailed paired t-test was used to compare the

mean area of pH alteration differences between anode

and cathode sites at each treatment voltage. Statistical

significance was assigned to p-values <0.05.

Fig. 2. Experiment design. (A) Styrofoam block with fat specimen held by three-dimensional printed jigs and
penetrated by electrodes. (B) Schematic representation of human tissue. (C) Saline injected into adipose layer
to achieve tumescence. (D) Electrodes inserted into tumesced adipose tissue.
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Histology
Thirty-five ECL-treated samples and eight untreated con-

trol samples of composite skin and adipose tissue were

fixed in 10% formalin in a 20:1 solvent-to-tissue vol-

ume ratio for a minimum of 1 week. Fixed specimens

then underwent automated processing (Tissue-Tek VIP

6-A1; Sakura) according to the standard large breast

tissue schedule at the University of California, Irvine

Medical Center.

Sectioning was performed using a rotary microtome

(HM 340 E; Swerdlick systems) with a disposable knife

blade. Section thickness ranged from 6 to 10 lm. Whole-

mount sections were stained with hematoxylin and eosin.

A light microscope at 10 · magnification captured repre-

sentative images of ECL-treated sites and controls.

Results
pH mapping
ECL induced simultaneous acid–base chemical reactions

at the anode and cathode sites, visualized as pH perturba-

tion (Fig. 3). Acidic pH (red) was appreciated surround-

ing the anode insertion site, and basic pH (blue) was

appreciated surrounding the cathode insertion site, con-

sistent with hydrolysis and generation of hydrogen and

hydroxide ions at the respective electrodes. The effect

was spatially localized and dose dependent.

Automated computer software quantified the spatial

extent (mm2) of pH perturbation surrounding the anode

and cathode insertion sites at each treatment voltage

(Fig. 4). Statistical analysis of these data showed no sig-

nificant difference between the mean area (mm2) of the

Fig. 3. ECL effect on composite human tissue with increasing voltage (V) and constant time (5 min), visualized as
pH perturbation in hemisected samples. Samples are oriented with the surface of insertion site (dermis) along the
bottom. Color change reflects pH alteration at anode (red) and cathode (blue) sites. Universal pH indicator chart
included for reference.

Fig. 4. ECL effect (mm2) on human adipose tissue at constant time (5 min) and increasing voltage (3 V for 5 min:
n = 6, 4 V for 5 min: n = 10, 5 V for 5 min: n = 11, 6 V for 5 min: n = 8). (A) Average area of pH change at anode.
(B) Average area of pH change at cathode.
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pH disturbance generated at the anode compared with the

cathode in treatment group 3 V for 5 min (6.04 mm2 vs.

2.95 mm2, p = 0.40, 95% CI �4.8 to 11]). A significantly

greater area of pH disruption was generated at the cathode

versus the anode in groups 4 V for 5 min (14.7 mm2 vs.

5.00 mm2, p = 0.032, 95% CI 0.93–19), 5 V for 5 min

(15.5 mm2 vs. 6.72 mm2, p = 0.019, 95% CI 1.6–16), and

6 V for 5 min (22.5 mm2 vs. 10.0 mm2, p = 0.047, 95% CI

0.22–25).

Histology
Representative histological images of samples are shown,

demonstrating morphology in the subcutaneous layer

in both control and ECL-treated tissue (Fig. 5). Well-

organized regularly sized adipocytes with clear cyto-

plasm are seen in control specimens (Fig. 5A, F).

Acute structural changes in adipocytes were observed

in all specimens, including the retraction of fat lobules

and rupture of the adipocyte cytoplasmic membrane.

This strongly suggests fat cell destruction, and is ob-

served at anodes and cathodes. The anode site in the

3 V for 5 min ECL group (Fig. 5B) demonstrates the de-

naturation and shrinkage of the fat lobules with extrava-

sated red blood cells. The cathode site shows fewer cell

nuclei. In the 4 V for 5 min ECL group (Fig. 5C, H),

dystrophic changes are observed in the fat with more in-

tensified shrinkage and retraction of the fat lobules than

seen in the 3 V for 5 min group. The anode site in the

5 V for 5 min ECL group shows collapse of the normal

fat lobule configuration, resulting from adipocytic cyto-

plasmic membrane rupture (Fig. 5D). There is diffuse

injury to the fat layer with hemorrhage at the cathode

site (Fig. 5I). Structurally compromised fat tissue stains

eosinophilic at the anode site in the 6 V for 5 min ECL

group (Fig. 5E) and some hyalinization are observed. Vas-

cular damage is prominent at the cathode site (Fig. 5J).

Nearby adipocytes are necrotic, with vacuolization of ad-

ipocyte nuclei and loss of chromatin.

Discussion
Results from our preliminary study indicate that ECL ther-

apy induced using platinum-based electrode needles can

provoke selective damage to ex vivo human fatty tissue.

In our protocol, injecting normal saline into adipose tis-

sue to the point of tumescence is critical. Fat tissue is an

electrical insulator; untreated adipose tissue restricts the

flow of current, limiting hydrolysis, and thus reducing

the overall effect of ECL treatment.18 In contrast, saline

conducts electricity, allows current to flow between elec-

trodes, and splits water molecules. ECL injures adipocytes

and this effect is spatially limited and dictated by dosime-

try. Triglcyerides are likely saponified as well, but this re-

quires techniques that are beyond the scope of this study.

pH mapping revealed an increase in effect area with

increasing voltage, suggesting that the dosimetry pa-

rameter (along with electrode geometry) may be fine

tuned to treat a desired volume of subcutaneous tissue.

At each voltage, the area of pH change at the cathode

Fig. 5. Hematoxylin and eosin staining of subcutaneous layer. ECL was performed at increasing voltage with a
constant duration of 5 min. Representative microscopic fields of untreated control (A, F); anode sites of 3 V (B), 4 V
(C), 5 V (D), 6 V (E); and cathode sites of 3 V (G), 4 V (H), 5 V (I), and 6 V ( J) are depicted. Images are shown at
10 · magnification.
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(base site) was consistently larger than the anode. This

direct acid–base dose–response relationship is consis-

tent with previous studies on electrochemical therapy

and is likely due to the generation and migration of

chemical species down both their concentration and elec-

tropotential gradients.8,17,19

Histology
Histological evaluation of control subcutaneous tissue

revealed unilocular adipocytes of regular shape and size.

A high amount of vascularization was noted within the

layer, with multiple capillaries in close contact with each

adipocyte. Prior research suggests that death of blood ves-

sels associated with fat tissue leads to targeted apoptosis

of bordering adipocytes.18 In our study, we noted acute

vessel damage due to ECL treatment coinciding with ad-

jacent fatty tissue injury. We confirmed loss of adipocyte

nuclei at the anode and cathode sites, with rupture of adi-

pocyte membranes, hyalinization, and variation in adipo-

cyte shape and size. Based on these findings, we propose

that adipocytes treated with ECL undergo immediate cell

death through necrosis rather than apoptosis. Nevertheless,

damage to the surrounding blood supply may lead to ex-

tended adipocyte destruction over time, and pH-mediated

injury to adipocytes may not be evident in ex vivo studies.

In vivo, the actual extent of tissue injury may be larger.

Future studies are ongoing to explore the long-term thera-

peutic effects of ECL.

Limitations of our study include the inherent delicate

and fragile nature of adipose tissue, which lacks a defined

collagen framework. Specimen sectioning is technically

difficult and contributes to the nonuniform distribution

of the pH dye. We utilized a computational algorithm

to better gauge the ROIs and to provide a largely unbi-

ased account of color changes secondary to pH changes.

In addition, we were blinded to the clinical history of our

patients. Specimens were collected from a heterogeneous

patient population who differ in status of weight loss

(acute vs. chronic), history of prior bariatric surgery, hor-

monal status (pre- vs. postmenopausal), age, and overall

health at time of surgery. Each of these factors alter adi-

pocyte size and number and can thus influence the thera-

peutic effect of ECL.20,21

This pilot study introduced the acute electrochemical

and histopathological effects of ECL on ex vivo human

adipose tissue. ECL is a low-cost simple-to-use technol-

ogy that may serve as a novel minimally invasive outpa-

tient fat reduction therapy. It is important to note that

clinical implementation of the technology would utilize

a needle-based approach inserted perpendicular or paral-

lel to the surface of the skin, traversing the dermal layer

and exposing the electrodes to the dermis. Our nonpub-

lished pilot studies in ex vivo human skin have shown

that dermis conducts electricity and we postulate that

there is potential for skin injury. Our laboratory is cur-

rently developing simple insulating measures at the inser-

tion site to protect the dermal layer during ECL. Further

studies are required to optimize needle placement and der-

mal insulation, investigate the long-term effects of ECL,

and better understand the therapeutic value of ECL be-

tween heterogeneous adipose tissues. Work in in vivo an-

imal studies as well as needle electrode design is ongoing

and will offer further insight into the potential clinical ap-

plication of ECL.

Conclusions
ECL caused cellular injury in human adipocytes and

nearby vessels in ex vivo human adipose tissue. With fu-

ture development, this technology may offer a low-cost

minimally invasive method of destroying adipocytes for

medical or cosmetic purposes.
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