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Abstract

To support translation of microneedle patches from pre-clinical development into clinical trials, 

this study examined the effect of microneedle patch application on local skin reactions, reliability 

of use and acceptability to patients. Placebo patches containing dissolving microneedles were 

administered to fifteen human participants. Microneedle patches were well tolerated in the skin 

with no pain or swelling and only mild erythema localized to the site of patch administration that 

resolved fully within seven days. Microneedle patches could be administered by hand without the 

need of an applicator and delivery efficiencies were similar for investigator-administration and 

self-administration. Microneedle patch administration was not considered painful and the large 

majority of subjects were somewhat or fully confident that they self-administered patches 

correctly. Microneedle patches were overwhelmingly preferred over conventional needle and 

syringe injection. Altogether, these results demonstrate that dissolving microneedle patches were 

well tolerated, easily usable and strongly accepted by human subjects, which will facilitate further 

clinical translation of this technology.
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1. Introduction

Microneedle patches contain hundreds of microneedles less than one millimeter long to 

deliver drugs and vaccines into skin. The patch contains an array of microneedles attached to 

an adhesive backing to facilitate application to the skin. In a dissolving microneedle patch, 

the microneedles dissolve in the skin within minutes, thereby delivering the drug contained 

in them and not generating sharps waste. Microneedle patches are being developed as an 

alternative to conventional needle-and-syringe injections due to the expectation of ease of 
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administration, good tolerability in the skin and strong patient acceptance. This study is 

designed to assess these expectations.

Microneedle patches have previously been studied for delivery of a number of drugs and 

vaccines in pre-clinical studies, but limited information is available about the use of 

dissolving microneedle patches in human subjects [1-7]. Microneedle patches are typically 

designed either as coated microneedle patches made of solid metal, silicon or polymer 

microneedles coated with drug that is released upon dissolution of the coating in the skin or 

as dissolving microneedle patches containing solid, dissolving microneedles made of water-

soluble materials that encapsulate the drug and release it when the microneedles dissolve in 

the skin.

Coated microneedle patches are being evaluated in clinical trials for delivery of parathyroid 

hormone to treat osteoporosis [8], glucagon to treat hypoglycemia [9] and zolmitriptan to 

treat migraine [10]. Dissolving microneedle patches are being evaluated in clinical trials for 

delivery of parathyroid hormone as well as for influenza vaccination [11].

Previous clinical trials involving microneedle patches have used high velocity insertion 

devices, which can improve reliability of microneedle penetration into skin, but add 

additional bulk and cost to the microneedle device. In this study, we are examining the 

usability of dissolving microneedle patches without the use of an applicator in human 

subjects; the microneedle patches are applied with thumb pressure only. To our knowledge, 

no other study has evaluated the puncture and delivery efficiencies of dissolving microneedle 

patches in humans or the acceptability preferences regarding vaccination using dissolving 

microneedle patches. As dissolving microneedle patches continue being developed for 

clinical translation in the coming years, it is important to fully characterize the insertion and 

dissolution of microneedles in humans.

The goal of this study is to evaluate skin tolerability, usability and acceptability of dissolving 

microneedle patches in human subjects to further clinical translation of microneedle patches 

for delivery of drugs and vaccines. This work was specifically designed to prepare for a 

phase 1 clinical trial of influenza vaccination using microneedle patches of a similar design 

[12]. We therefore developed placebo dissolving microneedle patches (i.e., not containing 

vaccine) and conducted a human study to assess reactions in the skin after microneedle patch 

application, determine microneedle patch delivery efficiency in investigator-administration 

and self-administration, and carry out a survey about participants' preferences concerning 

microneedle patch administration.

2. Materials and methods

2.1 Fabrication of dissolving microneedle patch

The microneedle fabrication process has been described previously [13]. In this study, 

microneedle patches contained 100 conical microneedles measuring 650 μm in height and 

200 μm in base diameter positioned in a ∼1 cm2 area that were adhered to a medical-grade 

tape (3M, St. Paul, MN) that incorporated a force-feedback indicator that made a clicking 

sound when a force greater than 10 lbf is applied. The microneedles were composed of 50% 
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(w/w) polyvinyl alcohol (molecular weight 31 kDa) and 50% (w/w) sucrose. Microneedle 

patches were stored for 2 to 4 weeks in a sealed foil pouch with silica gel desiccant (5 g of 

desiccant) at room temperature (20 – 25 °C) and humidity (30 – 60% rh) until used at the 

time of study. Each patch was visually inspected under a microscope before and after storage 

to verify the integrity of the patch and the microneedles.

2.2 Study approval and study subjects

This study was approved by the Georgia Institute of Technology Institutional Review Board 

and informed consent was obtained from all participants. To be eligible, participants had to 

be healthy non-pregnant adults with normal skin, no known problems with pain perception 

and no known allergies to the materials used in the study. Participants could not have 

previously seen or worked with microneedle patches to be eligible for the study. Fifteen 

subjects (seven females and eight males), ages 18 - 57 were recruited from the Georgia 

Institute of Technology and other sites in Atlanta, GA.

2.3 Experimental design

Participants received three microneedle patches – one self-administered and two 

investigator-administered. Participants were provided a brief overview of the study and 

watched a short instructional audiovisual presentation on self-administration of microneedle 

patches. An outline of the microneedle patch administration process is shown in Figure 1.

Each participant first self-administered a microneedle patch to his or her forearm without 

assistance from the investigator. After the patch removal, the investigator stained this skin 

site (see below). The investigator then applied two microneedle patches to the participant, 

one on each forearm. Only one of these skin sites was stained by the investigator. The site 

not stained was used to make measurements of skin tolerability (see below). The two stained 

sites were used for usability measurements (see below).

Participants then answered a survey about microneedle patch administration to assess 

acceptability of the microneedle patches. Participants returned to the study site 1, 2, 3, 4 and 

7 days after microneedle patch administration for skin tolerability measurements.

2.4 Skin tolerability measurements

Skin tolerability was measured using the skin scoring scale listed in Table S.1 (see 

Supplementary Material). The scale was adapted for microneedle patches using established 

guidelines for vaccine clinical trials and clinical testing of transdermal patches [14, 15]. The 

skin site was scored for pain, tenderness, erythema (size and intensity) and swelling on a 

grading scale of 0 to 4. Pain and tenderness were scored based on the participant's response 

whereas erythema and swelling were measured by the investigator.

Participants were asked if they felt any pain at the skin site after microneedle patch 

administration was complete. This pain was assessed separately from the pain during 

microneedle patch application, which is addressed in usability measurements. Tenderness 

was defined as any pain felt at the skin site when the investigator gently touched the skin 

site. Erythema size was measured using a ruler scale and intensity by visual observation of 
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the skin site. Since there was no erythema scale for microneedle patches already in place, the 

investigator was trained on erythema measurements using guidelines and training available 

for Psoriasis Area Severity Index (PASI) scores [16]. Swelling was measured by the 

investigator by gently moving the thumb over the skin site to notice any raised surfaces on 

the skin. The investigator recorded a numerical score for each of these criteria and 

photographically imaged the skin at each time point.

2.5 Skin staining and microscopy to measure usability

Usability was measured in terms of microneedle puncture efficiency by skin staining 

(percentage of microneedles that penetrated the skin surface) and delivery efficiency by 

microscopy (percentage volume of microneedles that dissolved after administration).

To measure puncture efficiency, skin was stained using gentian violet 1% solution (Humco, 

Texarkana, TX). Immediately after microneedle patch administration, gentian violet was 

pooled on the skin site, dabbed dry with gauze after 1 min and cleaned with alcohol after 10 

min. The stained skin site was imaged and microneedle puncture efficiency was measured by 

counting the number of stained skin punctures, which appeared as blue dots. It has been 

previously shown that the number of stained skin punctures visible after microneedle patch 

insertion is correlated with skin puncture by measuring trans-epidermal water loss [17].

To measure delivery efficiency, microneedle patches were imaged using brightfield 

microscopy (SZX12 Olympus, Center Valley, PA) before and after administration, and the 

microneedle dimensions were measured to calculate the volume dissolved after microneedle 

patch administration. Since placebo microneedle patches (i.e., containing no drug or other 

active substance) were used in this study, it was not possible to assay the microneedle 

patches for delivery efficiency of a drug or other active, and therefore this method of 

usability from staining and microscopy was used.

2.6 Survey about microneedle patch administration to measure acceptability

Participants answered a short questionnaire to solicit information about the acceptability of 

microneedle patches for delivery of drugs or vaccines. We surveyed the subjects about pain 

during microneedle patch application, confidence during self-administration and subject 

preferences regarding microneedle patches, conventional intramuscular injection and 

conventional oral delivery using pills.

Pain during microneedle patch administration was reported by participants using a visual 

analog scale from 0 (no pain) to 10 (worst pain ever). Participants were also asked to score 

their confidence during self-administration of microneedle patches on a score of 1 to 5 using 

the following scale: (1) I'm confident that I applied the patch incorrectly, (2) I'm somewhat 

confident that I applied the patch incorrectly, (3) I do not know if I applied the patch 

correctly or incorrectly, (4) I'm somewhat confident that I applied the patch correctly, (5) I'm 

confident that I applied the patch correctly.

Subjects were then asked their preferences regarding obtaining medications by microneedle 

patches versus hypodermic needles and microneedle patches versus conventional oral 

delivery by pill.
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2.7 Statistical methods

Statistical analysis was carried out using Prism software version 5 (Graphpad, La Jolla, CA). 

P values < 0.05 were considered significant. Average values of delivery efficiency by 

microscopy were analyzed using a paired t test.

3. Results

3.1 Skin tolerability

We studied skin tolerability of microneedle patch administration to identify and quantify 

local reactions in the skin that can occur. These reactions may be associated with the patch 

administration process and the patch excipients left in the skin after microneedle dissolution. 

This study did not assess the possible additional effects of delivery of a drug or other active 

to the skin. The investigator administered one patch onto the subject's skin and the skin site 

was monitored, imaged and scored once per day for 7 days.

Figure 2 shows a series of images from a representative subject after microneedle patch 

application. Immediately after microneedle patch application on Day 0, a rectangular area 

corresponding to the size of the microneedle array exhibited mild erythema. Faint redness 

was also seen in a circular area around the rectangle, corresponding to the area where the 

patch adhesive backing contacted the skin. On Day 1, redness from the adhesive backing 

was fully resolved and the rectangular area decreased in redness and size. For the subject in 

Figure 2, all erythema resolved by Day 4. There were no other skin reactions or adverse 

effects noted, and overall the microneedle patch was well tolerated.

We quantified skin reactions noted after microneedle patch application over time in Figure 3. 

Subjects were asked if they felt pain or tenderness at the skin site. Pain in this case was 

assessed after microneedle patch application was complete, which differs from possible pain 

experienced during microneedle patch insertion, which is addressed in the context of the 

usability analysis below. None of the subjects reported pain at the skin site after microneedle 

patch application on Day 0 through Day 7. Only one subject (out of 15) reported tenderness 

at the skin site on Day 0 which was fully resolved by Day 1. This tenderness was reported of 

Grade 1 (i.e., mild discomfort to touch, on a scale of 0 to 4). None of the other subjects 

reported tenderness at the skin site at any time.

The investigator also scored the skin site for erythema and swelling. Erythema was scored 

based on size and intensity. Based on size, erythema, when present, was always of Grade 

0.5, which corresponds to a size equal to or less than the patch. As noted in Figure 3A, 

erythema was present in 100% of subjects on Day 0 and 80% of subjects on Day 1. 

Erythema continued to subside over time with 13% of subjects having erythema on Day 4 

and, by Day 7, erythema in all subjects was fully resolved.

Figure 3B charts the score of erythema intensity on a scale of 0 - 4 over time. Representative 

examples of Grade 1 and 2 erythema seen in the study are shown in Figure 3C. On Day 0, 

13% (2 out of 15) subjects had very slight erythema (Grade 1) while 87% (13 out of 15) 

subjects had mild erythema (Grade 2). On Day 1, 47% (7 out of 15) subjects showed Grade 

1 erythema and 33% (5 out of 15) subjects showed Grade 2 erythema. From Day 2 onwards, 
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erythema, when present, was only Grade 1. None of the subjects showed Grade 3 or Grade 4 

erythema at any point in the study.

In addition, none of the subjects showed swelling at the skin site at any time during the 

study. Overall the patches were tolerated very well in the skin with only mild transient 

erythema that resolved fully by Day 7, almost no tenderness and no pain or swelling.

3.2 Usability

We next determined if microneedle patches could be inserted and dissolved in the skin in a 

reliable manner. We also determined if subjects could self-administer microneedle patches 

after only brief training.

Figure 4A charts the puncture efficiency as measured by the percentage of microneedles in a 

given patch that inserted into the skin after investigator-administration and self-

administration. Figure 4B shows an example of the subject's skin stained with gentian violet 

after microneedle patch application. The blue dots show the number of sites that were 

punctured in the skin during microneedle patch application. The mean puncture efficiency 

by skin staining was 99±1% after investigator-administration and 98±2% after self-

administration, which indicates that microneedle insertion efficiency was excellent, 

independent of who administered the patches.

Figure 5 charts the delivery efficiency as measured by the percentage volume of 

microneedles in a given patch that dissolved after patch administration. The mean delivery 

efficiency by microscopy was 74±11 % after investigator-administration and 67±23 % after 

self- administration (Figure 5a). These two values were not statistically different from each 

other (p = 0.16).

Often, microneedles are not filled with drug, but have drug preferentially toward the 

microneedle tip. If the upper 50% of the microneedle volume toward the microneedle tip 

(i.e., the upper 516 μm of the 650 μm-long microneedle) contained drug, then 100% of 

investigator-administered patches and 87% of self-administered patches would have 

delivered their full dose. Together, this suggests that overall usability was similar between 

investigator-administration and self-administration after brief training.

3.3 Acceptability

We studied acceptability of microneedle patches by surveying the subjects about pain during 

microneedle patch application, confidence during self-administration and subject 

preferences regarding microneedle patches compared to conventional intramuscular injection 

and oral delivery by pills.

Figure 6A shows the pain score reported by subjects during microneedle patch 

administration. Fourteen out of the 15 subjects reported a pain score of 0 or ‘no pain’ during 

microneedle patch administration. One subject reported a pain score of 1 (on a scale of 0 to 

10). This indicates that microneedle patch administration was not considered painful.
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Figure 6B shows the confidence score reported by subjects during self-administration of 

microneedle patches. Among the subjects, 53% (8 out of 15) reported that they were 

confident that they had applied the microneedle patch correctly (score of 5), and 33% (5 out 

of 15) subjects reported that they were somewhat confident that they applied the 

microneedle patch correctly (score of 4). Only 14% (2 out of 15) subjects reported that they 

did not know if they applied the microneedle patch correctly or incorrectly (score of 3). 

None of the subjects reported that they thought that they applied the patch incorrectly (score 

of 1 or 2). Therefore, 86% of the subjects were somewhat or fully confident that they applied 

the microneedle patch correctly (confidence score of 4 or 5).

Figures 6C and 6D compare the preferences reported by subjects concerning microneedle 

patches versus conventional delivery methods. Figure 6C shows that 93% (14 out of 15) of 

subjects would prefer to obtain their medication by a microneedle patch as compared to a 

conventional intramuscular injection. Only one subject reported a preference for 

intramuscular injection over microneedle patch. That subject stated that the longer wear time 

of the microneedle patch as compared to intramuscular injection was the primary reason for 

preferring intramuscular injection. This indicates that microneedle patches were 

overwhelmingly preferred over intramuscular injections.

Figure 6D shows that 20% (3 out of 15) subjects would prefer a microneedle patch over 

conventional oral delivery by pill for obtaining medication, while another 20% reported that 

they did not care either way. The remaining 60% (9 out of 15) subjects reported that they 

would prefer obtaining their medication by a pill over a microneedle patch. This indicates 

that although oral delivery was preferred, a significant fraction of subjects found the 

microneedle patch to be similar or better than oral administration.

4. Discussion

The goal of the study was to evaluate skin tolerability, usability and acceptability of 

dissolving microneedle patch administration in human subjects to further clinical translation 

of dissolving microneedle patches.

In this study, microneedle patches were very well tolerated in the skin with only mild, 

transient erythema that resolved within 7 days. This excellent tolerability may be due to 

microneedle formulation using biocompatible materials (i.e., polyvinyl alcohol and sucrose) 

and the minimally invasive nature of microneedle patches. It is, however, important to note 

that the microneedle patches used in this study were placebos and did not contain any drug 

or vaccine. The presence of drug or vaccine within the microneedle patches could change the 

incidence or intensity of skin reactions. Tolerability in the skin should also be dependent 

upon the materials used for microneedle patch fabrication and the properties of these 

materials upon dissolution in the skin. For example, a prior study reported significantly 

greater erythema associated with application of dissolving microneedle patches composed of 

hyaluronic acid and containing influenza vaccine in human subjects [11].

This study also showed that 98% – 99% of microneedles in a given patch punctured the 

skin's surface based on data from skin staining, which leaves little room for improvement. 
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Based on microscopy analysis, about 70% of the volume of microneedles was dissolved 

after microneedle patch administration. Because the microneedles were made of highly 

water-soluble materials and there was a patch wear time of 20 min, we believe that the 

portions of the microneedles that penetrated the skin were fully dissolved in the skin. We 

therefore expect that the incomplete dissolution of the microneedles in this study was due to 

incomplete penetration of microneedles to their full length into skin, which is consistent 

with prior observations in animal skin in vivo and ex vivo [11, 13, 18]. Further optimization 

of microneedle patch geometry, materials that comprise the microneedle patch, the force of 

microneedle patch application, patch wear time and other factors, could lead to greater 

delivery efficiency. Alternatively, because drug encapsulation in the microneedle need not be 

uniformly distributed, drug encapsulated in microneedles could be located preferentially 

toward the microneedle tip, thereby enabling complete drug delivery even with incomplete 

microneedle dissolution (e.g., by localizing all of the drug in the upper 70% of the 

microneedles, a 70% microneedle dissolution would correspond to 100% drug delivered).

For most subjects, investigator-administration and self-administration delivery efficiencies 

were similar to each other with no statistically significant difference overall. However, there 

were certain subjects (e.g., subjects 5 and 13) where self-administration delivery was much 

lower than investigator-administration. That being said, there were also subjects for whom 

self-administration yielded more efficient delivery than investigator-administration. Future 

studies should expand upon these proof-of-concept results to assess self-administration 

protocols in larger populations and using microneedle designs that are further optimized for 

simple, reliable administration.

Microneedle patches were well accepted in this study, with no pain of insertion reported by 

almost all subjects, and were overwhelmingly preferred over intramuscular injection. This is 

consistent with previous studies reporting less pain from microneedle administration 

compared to injection [17, 19, 20] and reporting overall preference of microneedle patches 

over drug or vaccine delivery by injection [19, 21-23].

The large majority of participants were at least somewhat confident that they self-

administered the microneedle patch correctly, and none reported that they thought they had 

applied the patch incorrectly. Almost all participants preferred microneedle patch 

administration to intramuscular injection and some preferred the patch to oral 

administration. This indicates that offering microneedle patch administration for medications 

that otherwise require injection could be a strategy to increase patient compliance with these 

therapies.

5. Conclusions

This study evaluated skin tolerability, usability and acceptability of dissolving microneedle 

patch administration in humans. The microneedle patches were well tolerated in the skin 

with mild erythema that resolved fully within seven days and caused no pain or swelling. 

Microneedle patches were administered by hand without the need of an applicator, and 

delivery efficiencies were similar between investigator-administration and self-

administration. Microneedle patch administration was not painful, and the large majority of 
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subjects were somewhat or fully confident that they self-administered the patch correctly. 

Microneedle patch administration was overwhelmingly preferred over conventional needle 

and syringe injection for delivery of medications.

Altogether the results of this study show the feasibility of using dissolving microneedle 

patches for investigator-administration as well as self-administration for future applications 

in drug and vaccine delivery in a well-tolerated and preferred manner that offers an attractive 

alternative to conventional hypodermic needles.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Procedure to apply a microneedle patch to the skin. (A) The subject or investigator picks up 

the patch and removes the protective cap. (B) The subject forms a fist in the other hand and 

then the subject or investigator places the patch on the forearm. The subject or investigator 

pushes on the patch with the thumb and continues to apply force until hearing a ‘click’ 

sound, indicating that enough force has been applied. (C) The subject leaves the patch on the 

skin for 20 min, after which the subject or investigator peels the patch off the skin and the 

investigator saves the patch for additional analysis.
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Figure 2. 
Representative images of the site of microneedle patch application on the skin over time. 

Inset shows magnified images of the skin site. Day 0 is immediately after patch application 

and removal. These images are all from the same subject.
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Figure 3. 
Skin tolerability after microneedle patch application. Skin sites were monitored and scored 

over a period of one week. (A) Summary of the prevalence of skin reactions at different time 

points. Percentages indicate the presence of skin reactions. (B) Intensity of erythema in the 

skin after microneedle patch application. Column bars show the percentage of subjects with 

different grades of erythema. None of the subjects had Grade 3 or 4 erythema scores. (C) 
Representative images of skin showing Grade 1 and Grade 2 erythema.
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Figure 4. 
Puncture efficiency of microneedle patch application as determined by the percentage of 

microneedles that punctured into skin. Skin sites were stained with gentian violet dye and 

the number of dots were counted to measure the number of microneedles that punctured into 

the skin. (A) Puncture efficiency of microneedle patches after investigator-administration 

and self-administration. Column bars represent the average percentage of microneedles that 

inserted into skin with standard deviation error bars shown. (B) Representative magnified 

image of a stained skin site showing a 10 × 10 array where the microneedles punctured into 

skin.
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Figure 5. 
Delivery efficiency as determined by the percentage of the volume of microneedles that 

dissolved during microneedle patch application to the skin. Microneedle patches were 

imaged by brightfield microscopy before and after insertion into the skin and image analysis 

was used to determine the volume of microneedles dissolved. (a) Volume of microneedles 

dissolved is interpreted as a measure of the dose delivered, i.e., if a drug or vaccine had been 

incorporated into the full volume of the microneedles. Each bar represents the result from an 

individual subject. The data are presented in descending order of investigator-administered 

delivery efficiency. The ‘average’ bars represent the averages of the 15 individual bars, with 

standard deviation error bars shown. (b) Percent of subjects that delivered more than 50% of 

the volume of the microneedles.
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Figure 6. 
Acceptability survey results from subjects concerning microneedle patch administration. (A) 
Assessment of pain during microneedle patch administration scored by subjects on a visual 

analog scale (VAS) of 0 (No pain) to 10 (Worst pain ever). (B) Confidence of subjects during 

self-administration of microneedle patches scored by subjects on a scale of 1 (least 

confident) to 5 (most confident); see Methods for details. (C) Preference of subjects for 

application of microneedle patch as compared to intramuscular injection for delivery of 

medications. (D) Preference of subjects for microneedle patch administration as compared to 

oral administration by conventional pill for delivery of medications.
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