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Influencing factors and evaluation methods of skin microchannels
formation and closure after microneedles application

LI Rong-rong, WANG Yuan, LIU Zhe, XIU Xue-liang, LIU Yong, WANG Yan-ni, MA Feng-sen”

(Biologics and Biomaterials Laboratory, College of Pharmacy, Zhejiang University of Technology, Hangzhou 310014, China)

Abstract: As a novel transdermal drug delivery technology of minimally invasive, safe and efficient,
microneedles have received increasing attention. The microchannels formation by microneedles onto the skin is a
prerequisite and key for microneedles to deliver drugs. However, there is still a lack of systematic evaluation in
skin microchannels. This review summarized influencing factors and evaluation methods in microchannels forma-
tion and healing by microneedles, including geometric parameters, materials for preparation, drugs, penetration
parameters, differences among the skin of subjects, and presence or absence of occlusion. This review provides
reference for other scholars to further study the effectiveness and security of microneedle applications.
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Figure 1  Schematic figure of applying microneedles to the skin
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Figure 2 Factors affecting the formation and closure of skin microchannels after microneedles application
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Table 1 Methods to evaluate the formation and closure of skin microchannel

Method Principle Step Advantage Disadvantage Reference
Dyeing method Observe the size of the microchannel through the  Apply the dye to the skin before Simple, rapid Delayed [13-15]
diffusion of dye or after microneedles application
Liquid bandage The microchannels were non-invasively imaged ~ Apply the liquid bandage after Simple, intuitive Poor surface [16, 17]
by the liquid bandage to create an inverse replica ~ microneedles application replication
of the skin surface
Histological The depth and shape of the microchannel are Draw materials, fixation, Intuitive, imaginal ~ Complicated,  [18, 19]
sections reflected by the morphological structure of dehydration, embedding, deformational
different cell tissues displayed after histological section, staining
section
Scanning electron Using secondary electron signal imaging to Coat the object with a conductive  High resolution, Expensive, [20]
microscopy (SEM)  observe the morphology of the sample material and observe high magnification complicated
Ultrasound scan Ultrasound is transmitted to the subcutaneous Put the skin tissue in the Non-invasive, safe  Low definition  [20]
through the coupling agent, and intradermal ultrasound skin scanner and
materials of different densities have different observe the ultrasound image
degrees of reflection on the ultrasound. The
transcutaneous reflected ultrasound is converted
into electrical signals and processed by the
system into ultrasound images
Computed CT scan produces 3D volume data, which is Place the skin tissue in X-ray for  Intuitive Expensive, [21, 22]
tomograhy (CT) composed of a series of X-ray images taken at scanning radioactivity
different rotation angles. It is processed by the
computer and converted into a scanned image
of the object
Confocal laser Observe the microchannels morphology through  Apply the fluorescent dyes to the  Intuitive, Invasive, [23-26]
scanning microscopy the distribution of fluorescent substances in the skin before or after microneedles in vivo and expensive
(CLSM) skin. Fluorescent substances must be introduced  application in vitro
into biological samples before observation
Optical coherence Basing on local optical backscatter. Its measuring ~ Place the biological sample under  Non-invasive, Expensive, [27, 28]
tomography (OCT)  depth up to 2-3 mm. It may be difficult and the probe of OCT and feed back invivo and in complicated
complicated to control the light refraction to the computer real time
difference of the scanning object
Transepidermal The higher the TEWL value, the more water is The probe is placed on the skin, Sensitive, Many [29-32]
water loss (TEWL)  lost through the skin. When the microneedles and the sensor measures the simple influencing
pierce the skin, it will increase the loss of skin relative humidity percentage and factors,
surface moisture, and the TEWL value will converts it into a TEWL value expensive
increase rapidly. With the slow recovery of the
skin's barrier function, the TEWL value will
gradually decrease to the baseline level
Resistance The stratum corneum is formed by densely Putting the skin in a complete Simple, cheap It is difficult [33]
method packed inactive keratinocytes embedded in circuit, and the decrease in to observe
highly ordered lipids. It is hydrophobic, resulting  resistance value feedbacks the small
in greater resistance to ion transport, which is degree of skin damage resistance
manifested as a high resistance of the stratum changes

corneum. After the puncture, the skin resistance
will decrease
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Figure 3

Schematic figure of microneedles shapes. A:Cone;
B: Pyramid; C: Pencil (pyramid); D: Pencil (cone); E: Arrow; F:
Cross
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Figure 4 In vitro skin insertion capability of microneedles
(MNSs) containing 0, 25, 50, and 75 wt% hydrogel after exposure
to a relative humidity environment of 55% for 3 h. The left column
shows the bright-field micrographs of porcine cadaver skin after
MNs insertion and staining with blue tissue marking dye. The
right column shows the corresponding histological section of MNs
puncture sites. (Adapted from Ref. 57 with permission. Copyright
© 2015 Acta Materialia Inc)
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Figure 5 Effect of space of microneedles on the formation and
closure of microchannels. A: TEWL; B: Methylene blue staining.
n=6,x+s. ~P <0.001 vs space 600 um (0 h). (Adapted from Ref.
65 with permission. Copyright © 2021 Acta Pharmaceutica Sinica)
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