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ABSTRACT

This paper describes a microneedle skin patch to detect biomarkers in the dermal interstitial fluid (ISF)
for point-of-care (POC) diagnostics. The patch has microscopic needles that access dermal ISF by bypass-
ing the stratum corneum and acting as conduits for fluid flow. Fluid flow out of the skin is driven largely
by a pressure difference between the ISF and the outside pressure. By applying enhanced pressure gradients,
the device can extract microliter quantities of fluid within minutes from ex-vivo pig skin and in-vivo rat
skin to be used for further clinical analysis.
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INTRODUCTION

POC diagnostics is a rapidly developing industry in an era of decentralized healthcare systems. POC
diagnostic devices measure specific biomarker levels in a body fluid in a reliable, accurate and easy-to-use
setting. Body fluid sampling is the first step to developing an integrated POC diagnostic device.
Conventional sampling techniques are not well suited for a simplified sampling approach. There is a need
to develop a simple, easy-to-use sampling platform to extract body fluid. Although dermal ISF is a
promising source of biomarkers [1], limitations in existing technology to harvest ISF have constrained its
use in commercial diagnostic device.

Microneedles are microscopic needles with dimensions less than one millimeter. Conventionally
microneedle patches are used for drug delivery applications [2, 3]. However, they can also access dermal
ISF by bypassing the skin’s outer barrier layer of stratum corneum and acting as conduits for fluid flow [4].
Since microneedle patches facilitate safer handling and require minimal training, they are well suited for
use as diagnostic or monitoring systems that would otherwise require expertise of collecting painful blood
samples and clinical testing. Previous attempts to extract interstitial fluid using microneedle patches have
been largely unsuccessful because of low extraction rates and/or inaccurate measurements [5-9]. Our goal
is to design and build a microneedle patch that can reliably and reproducibly extract a clinically relevant
volume of ISF (~1-10 pl) in under 5 min.

THEORY

Microneedles penetrate through the skin’s outermost layer, the stratum corneum, to the dermis which
is the deepest layer of skin and the central source of dermal ISF. For extraction of ISF, the fluid needs to
flow through the skin and out through the microneedles themselves or the pores created by the microneedles
up to the skin surface (Figure 1).
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Figure 1: Schematic of microneedles penetrating the skin and the flow of dermal ISF through the skin
into the microneedles and then to the skin surface. Reproduced with permission from Pradnya Samant.

This fluid flow is governed by a concentration or pressure gradient. There are several mechanisms of
fluid flow — diffusion, capillary force, innate pressure gradient, and externally applied pressure gradient.
By calculating estimated flow rates for each of the mechanisms of fluid flow, we previously found that an
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externally applied pressure gradient would be the most effective way to achieve a higher flow rate. This
study is motivated by these findings.

EXPERIMENTAL

We developed a microneedle patch that reliably and painlessly penetrates the skin. The needles are
made from stainless steel and are fabricated by wet-etching lithographically defined patterns in the shape
of microneedles. The microneedle patch consists of two layers of metal stainless steel microneedle strips.
Absorbent paper is sandwiched in the center and held together by adhesive layers.

Figure 3: (A) Schematic showing components of microneedle patch with absorbent material sandwiched
between 2 layers of stainless steel microneedles held together with adhesive. (B) Cross section of fully
assembled microneedle patch. (C) Image of the fully assembled patch. Reproduced with permission from
Pradnya Samant.

To extract ISF from skin we tested the patches in ex-vivo pig skin and in-vivo rat skin (with IACUC
approval). The patch was inserted into skin and left for 2 min. The patch was taken out and an external
transverse force between 0-20 Ibf was applied on a 1-2 cm? area around the site of the microneedle patch
insertion for 2-20 min.

RESULTS AND DISCUSSION

The stainless steel microneedles reliably and reproducibly penetrated the skin. Use of externally ap-
plied force was successful in drawing out ISF from both ex-vivo pig skin and in-vivo rat skin compared to
no force being applied and use of vacuum to create a negative pressure gradient It is observed that the
amount of fluid absorbed is dependent on the amount of force exerted as shown in Figure 4.
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Figure 4: (A) Effect of application of external pressure to draw out ISF against no applied pressure
and application of vacuum, (B) Weight loss % of pig skin on application of varying external forces
over time. Reproduced with permission from Pradnya Samant.

Extraction of fluid through in vivo rat skin over time is shown in Figure 5. The force applied was 10
Ibf. The amount of fluid extracted through in vivo rat skin is lower than that of ex vivo pig skin because rat
skin is thinner than pig skin and has lesser fluid content than ex-vivo pig skin saturated with fluid.
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Figure 5: Extraction of ISF from in vivo rat skin. Reproduced with permission from Pradnya Samant.

CONCLUSION

We have demonstrated that we can extract clinically relevant volumes of interstitial fluid through skin
in a reproducible manner using a novel microneedle patch. After additional development and characteriza-
tion, this device can be integrated with other microfluidic devices for analysis that can be adapted to con-
tinuous or time-averaged measurements.
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