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Microneedles (MN) have been developed for transdermal delivery of compounds such as vaccines and drugs 

[1] or as sensors for detection of biomarkers [2]. Here, we present the first steps in the development of a novel 

method for diagnosing allergies using allergen coated MN as a possible alternative to the well-established skin 

prick test. Our long-term goal is to deliver specific allergens to sensitized mast cells in the interstitial fluid of 

the dermis and to simultaneously measure the induced allergic reaction in a quantitative manner using the same 

MN as a biosensor. In this pre-study, we established a method for intradermal delivery of peanut and birch 

allergens using coated MNs. The allergic response was visualized using Evans Blue staining in Brown Norway 

(BN) rats. 

 

First, chips containing three in-plane Si MNs were fabricated using two subsequent steps of maskless UV-

lithography and deep reactive ion-etching from the back- and frontside of a 350 µm thick double side polished 

Si wafer, respectively. The chip design, fabrication process and a SEM image of the MN tips are shown in Fig. 

1. In a previous study, MN geometries and dimensions were optimized to ensure the mechanical stability of 

the MN, facilitate skin penetration, and minimize tissue damage. The final total length of the pencil-shaped Si 

MN was 1000 µm, the width 400 µm, and the thickness 180 µm. 

For the next part of this study, a simple dip-coating procedure was established using a texture analyzer (TA) 

(TA.XTplusC, Stable Micro Systems). The MNs were attached to the TA probe using a 3D printed MN holder 

and slowly dipped into the coating solutions for 10 s. The coating solution [3] contained phosphate buffered 

saline (PBS) with 1% w/v carboxymethyl cellulose (CMC) and the desired concentration of the compound to 

be delivered. A surfactant was intentionally disregarded as most surfactants can cause skin irritations, which 

could interfere with the measurement of the allergic reaction. The amount of coating on the MN was 

investigated using FITC-dextran which was released into microtiter plate wells and measured fluorescently 

(PerkinElmer 2030 Multilabel Reader, VICTORTM X4, software version 4.00). A MN coated with FITC-

dextran (Olympus BX53, CellSens Dimension 1.15 Ver. 2.2) as well as the released amount for different 

coating concentrations are shown in Fig. 2A and B. 

For the animal experiments ethical approval was given by the Danish Animal Experiments Inspectorate with 

the authorization number (2020-15-0201-00732-C1). The experiments were overseen by the University’s in-

house Animal Welfare Committee for animal care and use. For the first animal experiment and proof-of-

concept of intradermal delivery with MN, the compound 48/80 which activates mast cells in its vicinity was 

used to simulate an allergic reaction [4]. For this study 8 BN rats were used. The MNs were coated with 

different concentrations of 48/80 and compared to an intradermal injection of 48/80 as a positive control and 

an intradermal injection of PBS as a negative control. The BN rats were sedated and 2 µL per weight (g) of 

1% Evans Blue, which binds to hemoglobin and stains the blood blue, was injected into the tail vein. When an 

inflammation occurs and the blood accumulates in a specific area, a blue coloration can be observed. The 

outcome of this study indicated that the MN delivered the 48/80 and initiated a reaction as shown in Fig. 2C 

and D even if the delivered amount was very small. 

The results indicate successful delivery of 48/80 to mast cells in the dermis. Next, we will investigate actual 

delivery of allergens in BN rats. The long-term goal for our method is not only to deliver an allergen, but also 

to measure the allergic reaction in a quantitative manner using the same MN, which is delivering the allergens. 

  



 

 

 
Figure 1. A) Process flow for MN fabrication. B) Schematic illustration of chip with three MNs. C) Tilted 

view of three MNs with optimized triangular tip shape. 

 

 

 

 

 
Figure 2. A) 10x magnification of a MN coated with 10 µg/µL FITC-dextran. B) Released amount of FITC-

dextran from MN coated with different FITC-dextran concentrations. C) An example of a BN rat skin 

sample placed in its original size with MN punctures colored by Evans Blue. The solutions were delivered 

with MNs except where “intradermal injection” is listed. D) Graph of the blue intensity from figure C 

measured using ImageJ 1.52a relative to the intensity of the 48/80 intradermal injection. 
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