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Preparation and characterization of dissolving microneedles with
nano-enhanced mechanical properties

BAO Yang-yang, LIU Zhe, LIU Yong, MA Feng-sen’

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

Abstract: In this paper, the effects of the blend of nanoparticles and microneedle matrix materials on the
mechanical properties of dissolving microneedles were studied mainly, so as to construct microneedles with excellent
mechanical properties. Different kinds of nanoparticles (calcium carbonate, hydroxyapatite, silica), particle sizes
(20, 60, 100 nm) and the proportion of prescription (2%, 6%, 10%) were blended with the matrix material [polyvinyl
pyrrolidone (PVP), poly(1-vinylpyrrolidone-co-vinyl acetate) (PVP/VA)] to form dissolving microneedles. The
effects of nanoparticles on the elastic modulus and hardness of the microneedles were investigated using a
nanoindenter. The results showed that the elastic modulus and hardness of PVP microneedles were significantly
improved by nano-calcium carbonate (P < 0.001), and the elastic modulus and hardness of PVP/VA microneedles
were significantly improved by nano-hydroxyapatite (P < 0.001). When the particle size of hydroxyapatite was
20 nm, the elastic modulus of PVP/VA microneedles was (10.6 + 1.0) GPa, and the hardness was (0.47 + 0.06) GPa.
As the size of the nanoparticles increases, the mechanical performance of the microneedles decreases. When the
mass proportion of nano-hydroxyapatite increased from 2% to 6%, the elastic modulus and hardness of the

microneedles were significantly improved (P < 0.001), but the effect of continue increasing the proportion of
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nanoparticles on the microneedles was not significant. The nano-enhanced PVP/VA dissolving microneedles has no

irritant effect on intact skin and has a slight irritation to damaged skin, but they disappear completely after 72 h.

Animal experiments have been approved by the Laboratory Animal Welfare and Ethics Committee of Zhejiang

University of Technology. Therefore, the nano-enhanced dissolving microneedles has good biological safety. To

sum up, it is necessary to select the appropriate kind of nanoparticle, particle size, and prescription ratio when

microneedles constructing with a given matrix material, so as to effectively improve its mechanical performance.

Key words: dissolving microneedle; nanoparticle; nanoindenter; elastic modulus; hardness
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Table 1 The assessment of skin irritation degree
Stimulus response Point

Erythema

No erythema 0
Mild erythema (barely visible) 1
Moderate erythema (obviously visible) 2
Severe erythema 3
Fuchsia erythema to mild eschar formation 4
Edema

No edema 0
Mild edema (barely visible) 1
Moderate edema (obviously raised) 2
Severe edema (skin uplift 1 mm, clear contour) 3
Severe edema (skin swelling over 1 mm and enlarged) 4
Highest total score 8

Table 2 The evaluation of skin irritation degree

Point Evaluation

0-0.49 Non-irritation
0.5-2.99 Mild irritation
3.0-599 Moderately irritation
6.0 - 8.00 Severe irritation
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Figure 1 The appearance (A, B) and morphology (C) of microneedles
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Figure 2 Measurement results of elastic modulus and hardness of thin sheets formed by polyvinyl pyrrolidone (PVP) and different

nanoparticles. A: Load force versus displacement diagram; B: Hardness test results; C: Elastic modulus measurement results. Hap: Nano-

hydroxyapatite; Avg: Average. n=6,x£s. P <0.001 vs PVP group
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Figure 3 Measurement results of elastic modulus and hardness of thin sheets formed by poly(1-vinylpyrrolidone-co-vinyl acetate) (PVP/

VA) and different nanoparticles. A: Load force versus displacement diagram; B: Hardness test results; C: Elastic modulus measurement
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Figure 4 Measurement results of elastic modulus and hardness of thin slices formed by PVP/VA and Hap of different particle sizes. A:

Load force versus displacement diagram; B: Hardness test results; C: Elastic modulus measurement results. n = 6, x+s 'P<0.05 "P<
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Table 4 The result of skin irritation. n = 4

Table 3 Investigation results of microneedle penetration perfor-

mance. 7 = 3. "P<0.001 vs dissolving microneedles

Microneedle type Penetration depth/um  Average/pum
Nano-enhanced dissolving 414.59 409.28™
microneedles 405.03
408.22

Dissolving microneedles 357.19 349.75
344.43
347.62

U I 21 1R R
5 RERIBMEER

B R PP R 4 AN S s . i B R )
P S0 500 5 SRR, 9K 3 iR 1Y) R PR T R S
THCET Byt T 5 0 R IR TG A, 40 oK B i 1 T A
TR O B4 Bz Ik R AT A FEE SR, L B ) B K, R JEk
ZEHE 5K B2 I, 2 72 bR S B K

g

ARSI 32 I I 40 K IR I AN [R] g oK R (Fil
e RLAR) DAASIR] &7 L5 et 35 o A Rt LV T B 1k
G f e A e B, R T AN KR o 288 R A% DA R b T
b EEO R R RE R . 25 R B, PR ER IR A5 X PVP il
EbrERe B A W YRR, i H A g KR PVP R
BESZIA A K. 7T B 2 DX 9 9 K B R 45 1) 45 25 1 5 PVP
PR JE (C=0) RAEMBAEH, W4 & g%,
WA REE S & T 5 PVP 2B T R 7 24, it 2 AL
HIEE T T ST M RED; X F PVP/VA kT, 9K 52 5L
TR AT FL P B T I 2 5, T oAt 4 Kok X M R
WA K o A 82 R 9K F2 35 85 K A1 5 PVP/VA T 1k
SUEE, NI AL 5 45 4 B R 2% . (0 B4 5 RS 6
ERPERESR T, T i — B SR TG .

8 SR B, AR o A KR 18 5 T A P B R E
YT AL G T I PR B A R o T STHRE IR AR 2 B
AR AR Z M2 & AR RS 2i 2 &, 22 S 30T
TR U B B 22 5. TRI, 1) 4% P MRl 75

Time/h Test group Control group
Damaged skin Complete skin Damaged skin Complete skin
1 1 2 2 1 0 0 0 0 0 1 0 0 0 0 0
24 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
72 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Table 5 The evaluation results of skin irritation. n = 4

Damaged skin nano-enhanced

Complete skin nano-enhanced

Damaged skin blank Complete skin blank

Time/h microneedle group microneedle group microneedle group microneedle group
1 1.5 0 0.25 0
24 0.5 0 0 0
72 0 0 0 0
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