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ABSTRACT
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to concentration, and pharmacokinetic changes are regarded as potential candidates for
therapeutic drug monitoring. By using a low-level electrical current to induce electroosmotic
flow, sometimes known as RI, glucose can be retrieved through undamaged skin. Continuous
blood glucose monitoring becomes feasible and simple with the use of this RI-based extraction
approach, which also removes the discomfort and inconvenience that typical fingerstick blood
tests cause diabetic patients. The watch uses a flexible electrochemical sensor patch coated
in Nafion that is fastened to the watchband to trans-dermally collect interstitial fluid at the
wrist. The epidemics of diabetes and obesity are just two of the many causes contributing
to the rising global burden of chronic kidney disease, which is also partially attributable
to better screening. Premature newborns are a vulnerable group of patients that require
close and ongoing monitoring. They are frequently treated with various medications and
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Introduction

arly in the 1970s, therapeutic drug monitor-
ing was implemented with the goals of re-
ducing systemic toxicity, enhancing patient
safety, and customizing dosing regimens.
Medications with a narrow therapeutic in-
dex, undesirable effects related to concen-
tration, and pharmacokinetic changes are regarded as
potential therapeutic drug monitor candidates. The thera-
peutic monitoring approach currently in use is intrusive,
time-consuming, and frequently leads to low patient
compliance. A significant amount of work is being done
to establish novel therapeutic medication monitoring
strategies using screening non-invasive technologies.
One such technique is transdermal reverse iontophore-
sis (RI). Using a needle-free method called transdermal
RI, medications and biomolecules can be extracted via
healthy skin. In the field of medical science that deals
with diagnosis, it has enormous promise. The method
drives both charged and uncharged polar moieties over
undamaged skin by the use of a little electric current [1].
Transdermal RI is a needle-free technique that can be
used to extract biomolecules and drugs via healthy skin.
It holds great promise for the area of medical science
that deals with diagnostics. The technique uses a small
amount of electric current to move both charged and
uncharged polar moieties over skin that is not harmed
[2]. Iontophoretic delivery of drugs would be beneficial
in the treatment of certain skin disorders, such as skin
cancer, psoriasis, dermatitis, venous ulcers, keloid and
hypertrophic scars [3]. By driving charged molecules
through the skin with an electric current, the spectrum
of medications that can be safely administered trans-
dermally may be greatly increased. This mode of admin-
istration is being closely studied concerning higher-mo-
lecular-weight treatments (peptides and tiny proteins, in
particular), which are now only available by invasive in-
jection and cannot be absorbed after oral administration.
Furthermore, the process known as Rl is a noninvasive
method for blood chemical diagnostic monitoring [4].

What is RI?

The goal of the research is to develop non-invasive
techniques for tracking medication plasma levels. Skin
serves as a special entry point for noninvasive trans-
dermal drug monitoring in this competition. To extract
the endogenous chemicals within or beneath the skin,
an electric current could be applied across the skin. The
technique of RI has been used for non-invasive medica-
tion monitoring. Usually, it facilitates the movement of
both charged and neutral molecules by passing a small
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amount of electric current between two skin electrodes
[3]. RI can track the subcutaneous concentration of med-
ications and other biomolecules, as shown by several in
vitro and in vivo investigations [5]. The previous tech-
nology of drug analysis from the extraction chamber has
been supplanted by the development of biosensors, cre-
ating new, more practical, portable instruments. Utiliz-
ing the GlucoWatch for noninvasive glucose monitoring
is one of the most effective uses of RI to date [6]. With a
surface area of around 2 m?, the skin is the biggest organ
in the body and offers a thorough and accessible surface
for drug extraction from the subdermal area. The out-
ermost layer of skin, known as the stratum corneum, is
primarily responsible for the skin’s barrier function and
is made up of dead, flat skin cells. Although many physi-
cal and chemical strategies have been devised, very few
have been successful in breaking through this strong bar-
rier [7]. R1 is one of the techniques that has been created
and is the most promising method according to research.
In the 20" century, RI was developed as a transdermal
enhancement method, mainly for the transport of big,
charged molecules [8]. Drugs can be extracted from
the interstitial fluid by passing a small amount of cur-
rent through the skin, usually using a few skin electrodes
and a conducting base to increase the extraction of both
charged and neutral molecules by various methods. A
suitable equipment is used to collect and analyze the in-
terstitial fluid. Since this technology allows for the non-
invasive sampling of endogenous chemicals, it may find
significant use in medical diagnostics. In RI, the skin’s
negative charge at a pH buffer makes it perm-selective
to cations, which drives solvent flow in the cathode’s di-
rection [9].

How does RI work?

Analytes are also extracted by electroosmosis in RI.
Sodium ions in the interstitial fluid are the main charge
carriers through the skin because the skin has a net nega-
tive charge at neutral pH. This sodium ion migration
causes a net convective solvent flow in the direction of
the cathode [10]. In RI, analytes are also extracted using
electroosmosis. Since the skin contains a net negative
charge at neutral pH, sodium ions in the interstitial fluid
are the primary charge carriers through the skin. There is
a net convective solvent flow in the cathode’s direction
as a result of this migration of sodium ions [11]; how-
ever, the volume of solvent flow is directly proportional
to the potential gradient between the electrodes [12]. The
electroosmosis transport is the basic mechanism under-
lying the RI extraction of glucose, a neutral and polar
substance. Furthermore, this convective flow reinforces
the transport of cations while acting against that of an-
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ions. Thus, extraction of a cationic analyte will always
be easier than that of an anion of similar physio-chemi-
cal and pharmacokinetics properties [13] (Figure 1).

The success of RI technique

Many research scientist groups have been motivated
by the RI extraction technique’s success in clinical tests,
and this technology is now the focus of the current study.
Numerous endogenous chemicals have been studied to
broaden the application of this approach, including urea,
prostaglandin, lactate, phenylalanine, amino acids, and
lithium.

Lithium is a low molecular weight cationic chemical
with a greater effective plasma concentration that is used
to treat bipolar illnesses. To determine if it would be pos-
sible to extract this chemical, in vitro investigations were
conducted. Excellent correlation and quick extraction
from a physiological buffer were shown by the obtained
results. Urine in plasma monitoring may be used to look
into renal failure in people with diabetes and high blood
pressure [14]. Noninvasive lactatemia monitoring is in-
teresting as a performance indicator in sports training as
well as for the comfort of very sick patients. Lactate is
a suitable candidate for reverse iontophoretic extraction

Figure 1. Principle of RI [14]
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since it is a tiny, relatively concentrated anion. Both in
vitro and in vivo extractions are quick and simple. Mean-
while, chloride could be extracted simultaneously in vivo,
and it could be used as an internal standard to calibrate
lactate reverse iontophoretic fluxes [15]. Another study
used a unique model that resembles a newborn’s epider-
mal barrier to evaluate the possibility of RI in extracting
theophylline and caffeine. In vitro experiments were con-
ducted on full-thickness and tape-stripped porcine skin.
High-performance liquid chromatography (HPLC) was
used to measure the amount of medication extracted ev-
ery hour while the electric potential was applied for five
hours. Theophylline and caffeine may be extracted using
this approach, as the results showed considerable drug
extraction after iontophoresis [14] (Figure 2).

Advantages of RI

RI has the potential to effectively and noninvasively
sample analytes that possess the necessary properties,
according to the findings of numerous studies. RI has
been developed, supporting its potential for therapeutic
drug monitoring. The creation of GlucoWatch has dem-
onstrated its enormous potential for glucose monitoring.
The creation of this technique offers diabetes patients ex-
cellent care. This technology is critical for research pur-
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Figure 2. RI overview [16]

poses and other ways that patient care can be improved
and pain and discomfort can be reduced. There are not
many real-world issues that need to be worked out be-
fore this technology is used extensively. RI is a viable
method for therapeutic drug monitoring that is expected
to demonstrate a high degree of miniaturization, sensi-
tivity, and specificity in the future. This will probably
become the most effective noninvasive technique used
shortly to monitor chemicals in the body, taking the role
of a blood sample [14].

Applications of RI

The applications of RI are as follows: Blood glucose
monitoring; diagnosis and monitoring of chronic kidney
disease (CKD); monitoring in premature neonates; lith-
fum monitoring; extraction of transdermal biomarkers.

Blood glucose monitoring

Glucose can be extracted through intact skin by elec-
tro-osmotic flow (RI process) upon the application of a
low-level electrical current [17]. An electric current can
be used to drive charged molecules through the skin, po-
tentially expanding the range of drugs that can be safely
applied trans-dermally. Higher-molecular-weight treat-
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ments, peptides, and small proteins, which are now only
accessible by invasive injection and cannot be absorbed
orally are being intensively researched in connection to
this mode of administration. Moreover, RI is a noninva-
sive technique for tracking blood chemical diagnostics
[18]. Strict blood glucose management lowers the inci-
dence of long-term problems in both type 1 and type 2
diabetes. Multiple daily blood glucose tests are necessary
for these strict control regimes to monitor insulin dosing.
For many diabetics, strict glucose control has the disad-
vantage of increasing the risk of hypoglycemia [19].

Devices use to monitor blood glucose by RI method

The devices that are used to monitor blood glucose by
the RI method are GlucoWatch biographer and smart-
phones.

GlucoWatch biographer

Intensive glucose management regimens would be
substantially aided by a system that offered an easy and
automated way to perform frequent glucose readings to-
gether with hypo- and hyper-glycemic alerts. Non-inva-
sive measures are highly desirable since many patients
would prefer to have fewer finger sticks made to gather
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blood samples. Presently, Cygnus, Inc., located in Red-
wood City, CA, USA, is developing the GlucoWatchl,
a biographer gadget that possesses these features. RI is
a unique technology used by this device to extract glu-
cose via the skin, where an amperometric biosensor de-
tects it. The biography is a compact wristwatch that has
a digital display, electrical circuitry, and sampling and
detection modules. Clinical experiments have examined
the GlucoWatch biographer’s capacity to measure glu-
cose in individuals with diabetes. The device’s working
principles are explained in this report together with the
findings of the clinical trials. By applying a small electri-
cal current, glucose can be removed through undamaged
skin using a technique known as RI or electro-osmotic
flow. We have recently developed a gadget called the
GlucoWatchl biographer that combines an in-situ glu-
cose sensor with iontophoretic extraction. Using a sin-
gle blood glucose measurement as calibration, clinical
results with this device demonstrate close tracking of
blood glucose throughout a range of 2.2 to 22.2 mmol/L
for up to 12 h. The biographer’s measurements are typi-
cally 18 min behind blood glucose values. GlucoWatch
biography readings and blood glucose have a linear con-
nection (r=0.88), according to an examination of data
from 92 diabetic people in a controlled clinical setting
[18]. For a maximum of 12 h, the GlucoWatch® blood
glucose meter (Cygnus, Inc., Redwood City, CA, USA)
offers automated, frequent, and noninvasive blood glu-
cose readings. Through unbroken skin, the gadget col-
lects glucose, which is then measured using an ampero-
metric biosensor. When compared to serial fingerstick
blood glucose measurements, clinical trials conducted in
arange of settings have demonstrated that the biographer
gives reliable and exact glucose measurements. In the
home context, the mean difference between these values
was 0.26 mmol/L (r=0.8). The therapeutically appropri-
ate A+B zone of the Clarke Error Grid contained more
than 94% of biographer readings. At low glucose levels,
a small positive bias is seen in the biographer’s readings.
The coefficient of variation percentage indicates that the
precision of a biographer is roughly 10%. Up to 75%
of hypoglycemic episodes were identified by the biogra-
pher’s low glucose warning feature with a low false alert
level. Using the GlucoWatch® biographer to monitor
trends and patterns in blood glucose levels is a safe and
efficient way, which should help many patients achieve
better glycemic management [20]. The choice of a low-
glucose warning level that will sound an auditory alarm
determines how well the hypoglycemia alert functions.
The best way to assess the alert function’s performance
is to examine the receiver operator characteristic curves
[21].

December 2024. Volume 10. Number 4

Principle of GlucoWatch biographer

Drug delivery through transdermal application has
been accomplished for more than a century employing
electrical current passing through the skin. This method
is known as RI because the glucose in the GlucoWatch
biographer is transported in the other direction, from the
skin outward. Because glucose is uncharged, electroos-
mosis is the method of transport. The pH of the skin is
net negative at physiological levels. Na+ ions thus make
up the bulk of current carriers through the skin. Convec-
tive solvent flow caused by the migration of these Na+
ions moves uncharged substances like glucose in the
direction of the iontophoretic cathode. The biosensor
chemistry makes use of direct measurement of H,O, pro-
duced when glucose oxidase oxidizes glucose [22]. This
device extracts glucose through intact skin via RI where
it is detected by an amperometric biosensor [23]. Glu-
coWatch biographer incorporates three distinct technolo-
gies: glucose sample measurement using an amperomet-
ric biosensor, glucose sample extraction using RI, and
data conversion and verification resulting in the glucose
reading being displayed [18] (Figure 3).

GlucoWatch mechanism

By applying RI, the biographer collects glucose via the
skin. An electrochemical biosensor is used to analyze the
extracted sample, and a low-level electric current is ap-
plied across the skin between an anode and a cathode
[24]. The migration of sodium ions in the direction of the
cathode is the primary source of the current. Convective
transport, or electroosmosis, is the mechanism by which
uncharged molecules, like glucose, are transported [25].
The amount of glucose extracted at the cathode has been
demonstrated to correlate with blood glucose in diabetic
subjects [26]. In the biographer, the extracted glucose is
measured by an amperometric biosensor using the detec-
tion of H,O, generated by the glucose/glucose oxidase
reaction [27]. After a 3-h equilibration period, the biog-
rapher uses a fingerstick blood glucose measurement
to produce results every 20 min following calibration.
This single-point calibration is utilized to translate future
biosensor measurements into glucose readings, taking
into account variations in skin permeability and biosen-
sor sensitivity. The biography software has an algorithm
for processing signals built-in [28]. The biography soft-
ware’s data integrity screens identify erronecous data
points that come from open or short circuits, excessive
background currents, and electrical noise, among other
sources. When there are data points that do not meet ob-
jective a priori criteria, a glucose reading is ignored (or
skipped). Additionally, skin conductance and skin tem-
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Figure 3. Schematic diagram of the operating principles of the GlucoWatch biographer [18]

perature sensors are included in the biography. The lat-
ter is closely associated with the quantity of perspiration
on the skin’s surface. The glucose measurement can be
complicated by significant temperature variations or the
presence of glucose in perspiration. For this reason, the
measurement for that cycle will be omitted if the output
from either of these sensors is over a predefined thresh-
old. Thus, these data-screening techniques shield against
potentially erroneous glucose levels [29].

Diagnosis and monitoring of CKD

The global burden of CKD is increasing, due to several
factors, such as the pandemics of diabetes and obesity,
but partly due to improved screening [30]. For those al-
ready on dialysis, frequent monitoring of blood urea is
also performed to determine the efficacy of the treatment
[31]. Measurements of elevated urea and creatinine lev-
els are the main basis for the clinical diagnosis of CKD.
It is impossible to postpone the beginning of end-stage
renal disease and the corresponding mortality and mor-
bidity without this vital monitoring data. Renal replace-
ment therapy (or hemodialysis [HD]) is necessary as the
condition progresses. Enhancing the management of
high-risk patients, such as those with diabetes and hy-
pertension, as well as monitoring them during HD pres-
ents challenges, as does avoiding the clear drawbacks of
traditional blood collection, which include the require-
ment for trained personnel, discomfort, and infection
risk. The primary means of making a clinical diagnosis
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of CKD is through measurements of high urea and cre-
atinine levels. Without these crucial monitoring data, it is
impossible to delay the onset of end-stage renal disease
and the associated mortality and morbidity. As the illness
worsens, renal replacement therapy (also known as HD)
becomes required. Improving the care of high-risk pa-
tients, with diabetes, hypertension, and so on, along with
keeping an eye on them during HD are difficult tasks.
Traditional blood collection has disadvantages, such as
the need for skilled personnel, discomfort, and infection
risk [32]. After applying a 0.8 mA current to the skin
for 2 h, the urea collected iontophoretically can be used
to separate patients with CKD from healthy volunteers.
Subcutaneous urea concentrations in both healthy people
and CKD patients are in balance with plasma urea under
steady-state settings [33]. Hence, extracted subdermal
interstitial urea could be considered to reflect blood urea
[36].

Mechanism

The mechanism is based on three main steps: RI, sam-
ple analysis, and statistical analysis.

RI

In patients with arteriovenous fistula, RI was per-
formed with the non-dominant arm or the non-fistula
arm. Patients undergoing hemodialysis were tested
during dialysis. Peritoneal dialysis patients were dried

PBR
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Figure 4. RI set-up [35]

before examinations. A MIC2® iontophoresis driver
(Moor Instruments Inc., Wilmington, DE, USA) was
used to deliver a constant current of 250 pHA between
two electrodes placed approximately 10 cm apart on
an abdominal forearm that had been previously cleaned
and defatted at 70 °C ethanol. The anode was an inactive
gel electrode and the cathode was prepared from 1 mM
TRIS (hydroxymethylaminomethane) buffer at pH 8.75
at 37 °C in a 1.5 mL chamber. The buffer contacted the
skin over an area of 3.8 cm?. After 30 min, the controller
was automatically turned off and the cathode chamber
buffer (sample) was emptied into an Eppendorf flask.
The skin was dried and the cycle was repeated at least
five times for each subject and dialysis duration in HD
patients. Where possible, one run was performed before
starting dialysis (pre-dialysis sample) and after complet-
ing dialysis (post-dialysis sample). During HD, blood
was drawn every 30 min from the arterial port. In others,
a single blood sample was taken by venipuncture at the
end of the session. Blood samples were collected in eth-
ylenediamine tetraacetic acid tubes, centrifuged at 770 g
for 10 min, plasma was aliquoted, and all samples were
stored at -80 °C until analysis. Any pain, discomfort, skin
irritation or damage resulting from application of the
iontophoretic current and its duration and severity were
recorded (Figure 4).

Sample analysis

Urea is measured using a colorimetric urease and glu-
tamate dehydrogenase method with a lower detection
limit of 0.5 mM. As the urea concentrations in the ion-

December 2024. Volume 10. Number 4
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tophoretic buffer were much smaller (of the micromolar
order), this required a sensitive assay and the diacetylm-
onoxime method of urea assay described by Friedman.
[36].

Statistical analysis

The GraphPad Prism® Software version 5.0 (GraphPad
Software Inc., La Jolla, CA USA) was used for statistical
analysis. The Mean+SD are used to express the results.
The t-test (for regularly distributed data) and the Mann-
Whitney test (for nonnormally distributed data) are the
two test types that can be employed in statistics [35].

Monitoring of premature neonates

Premature neonates represent a fragile patient popula-
tion, often subjected to intensive clinical care and mul-
tiple drug therapy, which must be monitored carefully and
continuously. The difficult and painful nature of repeti-
tive blood sampling, particularly in this population, has
provided considerable impetus for the development of
noninvasive methods for monitoring blood analytes. RI,
a relatively new technology already used for the transder-
mal monitoring of blood glucose levels in adults, may be
particularly well-suited to exploit the unique properties
of preterm neonatal skin. The underdevelopment of the
premature infant’s epidermis, and more specifically the
stratum corneum, results in an increased permeability to
molecular transport [37]. Therapeutic drug monitoring, or
measuring plasma drug concentrations while a patient is
under treatment, is a useful tool for clinicians to optimize

Sami H, et al. Reverse Iontophoresis. PBR. 2024; 10(4):279-290.
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patient therapy. However, this procedure is only employed
in certain circumstances because of its expense and time-
consuming nature [38]: 1) For drugs with a narrow thera-
peutic range (and therefore a high risk of toxicity) 2) In
the absence of clinical response (e.g. due to pharmaco-
dynamic variability), 3) To individualize treatment (due
to interindividual variability in drug pharmacokinetics),
and 4) For vulnerable patient groups requiring more care-
ful drug concentration (e.g. in the elderly, neonates and
premature infants). Continuous monitoring of premature
infants is an important therapeutic issue. Due to prematu-
rity and related complications, they are often treated with
multiple drug therapies. However, minimal processing is
also recommended [39] because every medical procedure
performed on a premature newborn raises the possibility
of infection and intensifies energy and heat losses. As a
result, noninvasive monitoring techniques, like trans-
cutaneous gas collection, are recommended [40]. The
technique has the advantage of being noninvasive and
therefore warrants consideration as an alternative to blood
sampling for drug monitoring. To date, the major applica-
tion of RI has centered on the development of a device
(the GlucoWatch Biographer, Cygnus, Inc., USA) for the
continuous monitoring of blood glucose levels in diabet-
ics [41]. Other applications have been envisaged for both
drug monitoring (e.g. clonidine and theophylline) [42].
Because of its limited therapeutic range, theophylline is
a great choice for therapeutic monitoring in premature in-
fants. It is given for the treatment and prevention of apnea,
coupled with caffeine, another methylxanthine. Caffeine
is N-methylated theophylline in preterm infants, at steady
state, the concentration of the latter is approximately one-
third that of the former; neonates have been shown to
maintain this proportion consistently over a range of post-
conceptional ages, from 28 to 42 weeks. [43].

Mechanism

Alittle, controlled electrical current is applied to the skin
during RI. Either electromigration of charged species to
the electrode with the opposite polarity, electroosmosis
of neutral molecules to the cathode, or possibly a mix of
the two for cations, is the mechanism of extraction [4].

Lithium monitoring

Lithium monitoring is essential to ensure efficacy as
well as to prevent adverse effects [44]. A therapeutic re-
sponse, such as in the treatment of manic episodes, is
not apparent until two to three weeks following the start
of treatment, even though steady-state plasma concen-
trations of the drug are reached in a matter of days [45].
A blood test known as the “standardized 12 h li+ serum
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concentration” is required for lithium monitoring. This
means that patients must have their blood drawn early in
the morning, approximately 12 h after their final dose of
the previous day and before their first administration on
the monitoring day. Therefore, one may argue that a fully
noninvasive method of lithium monitoring would help
bipolar patients adhere to their treatment plans and live
better. Although the wide inter- and intraindividual vari-
ability of the saliva/plasma concentration ratio has been
suggested as an alternate matrix for lithium monitoring,
this approach’s utility is severely limited [46].

Mechanism

In iontophoresis, two transport processes are involved.
Ions travel over the skin carrying charge and are drawn
(attracted) to the electrode with the opposite polarity dur-
ing electromigration. A net solvent flow from the anode
to the cathode is known as electroosmosis, and it greatly
improves cationic transport and allows for considerably
better penetration of neutral molecules (like glucose)
[47]. RI has been used to monitor lithium in vitro. This
cationic medication is tiny, mobile, and a great fit for ion-
tophoretic extraction. Utilizing electromigration, lithium
is moved at a flux to the cathode or negative electrode. In
the presence of competing co-ions, the transport number
of a given ion is proportional to its concentration [13].
This is the case in RI, in which the physiologic milieu
provides a panoply of competing co-ions under these
circumstances [45].

Extraction of transdermal biomarkers

Lithium has been observed in vitro using RI. This cat-
ionic drug is small, easily transportable, and ideal for
iontophoretic extraction. Lithium migrates to the cath-
ode, or negative electrode, at a flux rate through elec-
tromigration. The transport number of a particular ion
in the presence of competing co-ions is proportional to
its concentration [48]. The most common types of skin
cancer are non-melanoma skin cancers, which include
squamous cell carcinoma and basal cell carcinoma [1].
Melanoma-related skin cancers, on the other hand, are
less common but more dangerous because they can
spread to other organs, and they are also one of the fast-
est-growing types of the disease [49]. The current gold
standard for diagnosing skin cancer mostly uses visual
examination of a lesion, tissue sampling, and staining.
The features of the lesion and the experience of the doc-
tor are two elements that affect this approach’s accuracy
[50]. Tt is critically necessary to create a supplemental
or alternative non-invasive technology to identify skin
cancer in its early stages. Such an approach would help
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to decrease the number of unnecessary biopsies and pro-
vide justification for when surgical intervention is neces-
sary because it would have improved specificity and sen-
sitivity [51]. In the case of actinic keratoses and Bowen’s
disease, it can eventually develop into squamous cell
carcinoma [52]. Since persistent inflammation is a risk
factor for cancer, identifying inflammatory biomarkers
can help diagnose the disease before it manifests. Our
understanding of the biomarkers linked to inflammation
and cancer, such as interleukin 6, interferon-gamma, tu-
mor necrosis factor-a, the enzyme indoleamine-2, 3-di-
oxygenase, and mutations in the BRAF gene, continually
expands [53-55]. However, the modulation of the im-
mune response is greatly aided by the degradation of the
important amino acid tryptophan (Trp) via the kynuren-
ine (Kyn) pathway [56], and changes in the Trp/Kyn ra-
tio are associated with several diseases, including cancer
[57]. Their polar nature raises concerns about whether
enough can be extracted promptly to enable quantifica-
tion later on, but their tiny molecular weights make them
potentially good candidates for topical sampling [58]. RI
greatly improved the extraction of Trp and Kyn, espe-
cially in the anode-to-cathode direction. Once the skin’s
natural Trp is present. An alternate and more realistic
(i.e. structurally stable) receptor into which Trp and Kyn
could be extracted worked well: a fully hydrated, semi-
solid, bi-continuous lipid cubic phase. More research is
needed to fully understand RI as a comparatively non-in-
vasive technique for sampling tiny biomarker chemicals
associated with inflammation and cancer [59].
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