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Fabrication of Risedronate Sodium-Loaded Dissolving Microneedles and Evaluation of Its Therapeutic
Effects on Postmenopausal Osteoporosis

LIANG Junhui', SU Anyu', YANG Yawen’, LI Yaxin', BIAN Yingtong', DENG Shisen', YUAN Qiuhong',

WANG Lisheng] * (1. School of Chinese Materia Medica, Guangzhou University of Chinese Medicine, Guangzhou 510006, China;
2. Faculty of Life Sciences & Medicine , Imperial College London, London SW12AZ , United Kingdom)

ABSTRACT . OBJECTIVE To prepare risedronate sodium ( RIS)-loaded dissolving microneedle (DMN) and evaluate its efficacy
in preventing postmenopausal osteoporosis. METHODS The preparation process of RIS-DMN was optimized by Box-Behnken design
of response surface methodology. The appearance, solubility, mechanical property, safety and transdermal effect of RIS-DMN were
characterized by scanning electron microscope, intradermal dissolution test, puncture test, skin barrier recovery test and in vitro perme-
ation test. The pharmacodynamic evaluation of RIS-DMN was performed in ovariectomized osteoporosis model rats. RESULTS The
optimal formulation were determined to be 45% for solute (mixed with 1: 0. 86 PVP K30 and CS) and 55% for solvent. It was found
that the RIS-DMN have good physical characteristics and properties, and showed great effects in regulating the level of Ca**, P**and
alkaline phosphatase ( ALP). Meanwhile, the RIS-DMN showed great effects in repairing bone microstructure and improving bone den-
sity in ovariectomized osteoporosis model rats, as similar as oral administration. CONCLUSION The RIS-DMN has stable quality,
convenient use and precise efficacy, shows great potential in the treatment of postmenopausal osteoporosis.

KEY WORDS:: risedronate sodium; bisphosphonate ; dissolving microneedle; osteoporosis; response surface
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Tab.1 Variable design in soluble microneedle response surface
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Tab.2 Scoring criteria for the physical characteristics and properties of dissolving microneedle ( DMN )

Project

Standard for evaluation

Microneedle body
morphology

Film-formation

Tip hardness

Backing performance

Number of bubbles

Microneedle body

integrity rate

Severe bending or majority fracture (0 -3 points). Bending or a few breaks (4 - 10 points). Slightly curved, does not affect the use (11 —13
points). No bending and no breaking (14 — 15 min)

Can not form film, after drying in the mold is broken slag (0 —2 points). After drying and curing, it becomes film — like, has severe shrinkage or is
easy to break (3 —5 minutes). Slightly crumpled or cracked after drying and curing, but does not affect the use (6 — 10 points). After drying and
curing, a complete array of microneedles of moderate thickness is formed (11 - 15 min)

Can not Pierce aluminum foil (0 -1 score). It could puncture aluminum foil but could not puncture rat skin, and the tip of the needle broke (2 -5
points) . Can puncture aluminum foil and rat skin without breaking the tip (6 — 10 minutes)

The backing is obviously crumpled, and the pressure is fragile (0 —2 points). The backing has no obvious shrinkage, but presents a curved bulge,
and is fragile (3 -6 points) under excessive pressure. Flat backing without wrinkling, pressure is not easy to break (7 —10 points)

Filled with a large number of bubbles or forming many empty needles, so that microneedles cannot be used (0 —1 score). There are a few bubbles or
slightly empty needles (2 -5 points). There is a small amount of bubbles but it does not affect the use (6 —9 points). No visible bubbles (10
points)

A large number of needle bodies are missing, making microneedles unusable (0 =1 score). Half of the needle body is missing (2 -3 points). A

small amount of needle body missing, does not affect the use of (4 —9 points). Absence of needle body (10 points)
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Tab.3 The formability score of soluble microneedles in response surface experiment was designed based on PVP K30, CS and water

dosage
Variables Responses
Run  PVP K30 Cs Liquid Microneedle body  film-formation  Tip hardness Backing Number of ~ Microneedle body Total points
X/g Xy/g X3/ % morphology (15) (15) (10) performance(10)  bubbles(10)  integrity rate(10) (70)
1 1 2 65 13 8 9 8 6 10 54
2 3 2 55 13 12 7 7 6 6 51
3 3 3 65 14 10 8 9 5 6 52
4 3 1 55 13 12 7 8 5 4 49
5 2 3 55 10 7 8 4 7 6 42
6 1 3 45 13 11 6 8 7 9 54
7 3 1 65 12 12 8 8 6 9 55
8 1 1 45 14 10 8 9 9 10 60
9 1 3 65 13 8 10 8 8 8 55
10 2 1 45 13 12 8 7 10 7 57
11 2 2 55 10 14 4 8 10 10 56
12 2 3 65 12 7 6 5 9 9 48
13 1 2 55 12 14 5 8 9 10 58
14 3 2 65 14 13 8 8 10 10 63
15 2 1 65 13 8 8 6 10 9 54
16 1 3 55 12 6 4 6 8 9 45
17 3 1 45 8 11 6 7 6 10 48
18 2 3 45 12 12 1 6 9 10 50
19 3 2 45 10 7 3 5 5 9 39
20 1 2 45 10 12 4 8 9 9 52
21 2 1 55 10 12 7 9 8 9 55
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Tab.4 Different model fitting in soluble microneedle response surface experiment

Model SD CV/% e Adjusted R? Predicted R? PRESS Result
Linear 5.14 9.83 0.324 5 0.205 3 -0.010 5 670. 80
2F1 4.46 8.54 0.580 6 0.400 9 0.0422 635.76
Quadratic 0.969 0 1.85 0.984 4 0.9717 0.9326 44.76 Suggested
Cubic 0.802 8 1.54 0.995 1 0.980 6 0.858 8 93.76 Aliased

RS EMEBCE B KR P AR A A A VT R BT = AT

Tab.5 Regression coefficient and variance analysis of model parameters in soluble microneedle response surface experiment

Source df Coefficient estimate Sum of squares Mean square r P
Model 9 653.48 72.61 77.33 <0.000 1
Intercept 1 60. 44
A-PVP K30 1 3.26 131.32 131.32 139. 86 <0.000 1
B-CS 1 -1.24 19.1 20.34 0.000 9
C-Liquid 1 -1.29 21.89 21.89 23.32 0.000 5
AB 1 4.06 59.21 59.21 63. 06 <0.000 1
AC 1 1.11 7.84 7.84 8.35 0.014 7
BC 1 -0.2222 0.313 7 0.313 7 0.334 1 0.574 9
A? 1 -2.00 11.37 11.37 12.11 0.005 2
B2 1 -2.50 17.76 17.76 18.92 0.001 2
c? 1 -6.78 190. 82 190. 82 203.23 <0.000 1
Residual 11 10.33 0.938 9
Cor Total 20 663. 81

LK
§IL KIS 552754
20620420, % ST TR IR,
Ly 'l"" L 'l"i'oo'O:Q
° o | KERIHICS Q5K
3 3 | ‘..o,go
> > 'S

A —PVP K30 Fil CS X bt BOIBAL I s B — PVP K30 IR & X BT OB AR 5 C — CS A0 & X T IE R R0
A —the effect of PVP K30 and CS on the scores for physical characteristics and properties of DMN; B — the effect of PVP K30 and liquid on the scores for physical characteris-

tics and properties of DMN; C — the effect of CS and liquid on the scores for physical characteristics and properties of DMN.

B 1 x4k K 7 7 180 A0 I 0E A A 28 T R 4 T 8 M 4T (RIS-DMIN) J 0 1 % vy 7= &

Fig. 1 Three-dimensional response surface plots showing the effects of variables ( formulations of DMN) on the scores for physical

characteristics and properties of RIS-DMN
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6. 78X,’ ~(2)
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IRFECRJZE HAS b lf 6 200 45 o 2 R A B BAR
17

(]
¢

o

OO0 e

A - L ( x50) 3B - HHAJRIFBIBORIE ( x 100) .
A —the top view of the needles( x50) ; B —local enlargement of the needles( x100).

B2 RIS-DMN i3 & E X UL A
Fig.2 Morphology of RIS-DMN observed under SEM

3.2.2 TN R AR ILE 3, MEE T
PARAE R BRRZ PR 455 B B[] 0% 34 G 7% i e 32 3 ¥
Hafn. B3 AL AR S min BHEHAE HEEEA B
IV A 5 1 30 min Ji5, O BT LT 58 2 15 A
FEUIL I EC 7 1 RIS-DMN ] 4 b i 517k 88 78 K
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20 min 30 min
3 RIS-DMN #£ k B #F Bk 1E B 5 B B T8 B V4 A 1 L
( x40)
Fig. 3 Dissolution of RIS-DMN in rat abdominal skin at differ-
ent time( x40)

K, G ES A RIEIRI . K WRALIE i P A B )
TR F JER S B e o IR () R B, ARl i B LY
ARA TR, BE 7 P Y RIS-DMN 25 24 J5 % K2 ik 1
SO ] 300, B2 IR 5 B I RE AT AE S A [R] P A5 2
WA

A - aluminium foil; B - ex vivo rat abdominal skin.
4 RIS-DMN % #| 5L 5 1A
Fig. 4 RIS-DMN puncture
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120 min 240 min

B S RIS-DMN {E /& & fik Bt I 1% 2 1% L
Fig. 5 Recovery of skin barrier after RIS-DMN puncture
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A = 25 ARG B ~ RIS-DMN i Bz i ; C - RIS ARIEXS M

A - blank sample collected from IVPT; B — medicated sample collected from IVPT; C - RIS standard.

BE6 RISHAMTEFHETHRIRAE
Fig. 6 HPLC chromatograms of RIS in different samples
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Fig.7 In vitro cumulative permeation profile of high/low-dose

RIS-DMN across rats’ abdominal skin. n=3,x +s
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&6 & (X7 E RIS-DMN #y Zit &t 8- o B A I & 4L
Tab. 6
high/low-dose RIS-DMN released per surface area of the rats’

Mathematical models for the cumulative amount of

skin (Q,) versus time data

Group  Model FEquation Parameter 2
High-dose zero-order F=kg ¢ ko =9.670 0.482 3
first-order =M« [1-Exp(-k; +¢)] Kk =0.418, M=32.22 (0,9659
Higuchi ~ F=ky - 1% ky =64.555 0.680 8
Low-dose  zero-order F'=kg + ¢ ky=6.751 0.8193
first-order  F=M « [1-Exp(-ky )] £ =0.139, M=169.36  0.991 2
Higuchi  F=ky - 15 Fy =40.812 0,948 2

T cho — FRBERCEL R by — —PREHGE L W8 by - Higuehi REGE - W
B A R 25 A R 7 RS R R A A AE Al s M - SRS HL

Note:ky — the zero-order release constant; k| — the first-order release constant;
ky — the Higuchi release constant; k —a constant that varies with different drugs or

different prescription or different release conditions; M — the cumulative parameter.

ALP JKF By 5200 . SR T AR AAH B, X BRZH KRR if
T Ca’ " S B F AR (P <0.01) , BLEH45 7 7
RIS-DMN fEGEIRAT 15 B 45 25 HHBL Y Ca®* /K- [1]
PTRER (P <0.05) , 3R B RIS 4525 7] X4t Op 5478 B
Jo B B AN RE AR I 5 [ A A R L . XTIRAE S
BFARLAKBRIMTE P K FEAGI %R, mrlE
RIS-DMN 284 — & PP #5568 1 (P <0.05)
BRI R ALP KOV 5 ML B 3% i 5 R
KRR, BT, Al K EUALE ALP A2 4k LA E
HA BRI . A58 Hoxt BRZH ALP 7K-F-AH L
e T AR W T (P <0.01) , R B 0P HL47 R AR 7]
RS K BUE % B2 KR T . m k& DMN 5
HEH A KB ALP /K344 e [ml 9, 3R B RIS 45 24 g
W0 B SR BRSBTS A E K BB AR, e D
{7 RIS-DMN BB RO il i3 (P <0.01) 3%
W28 B i 2 ) RIS 45 25 RERE S 4 10 L 10 B B o
FAREAE T o

F7 RIS-DMN 3 57 5 4 I 5 & B MM E A Bt % Ca®" |
Pt B M B B (ALP) K P8y %, n=5x+s
Tab.7 The effects of RIS-DMN on the serum levels of Ca’*,

3 . . . _
P’* and ALP in ovariectomized rats. n=5,x s

Group Ca2* p3+ ALP
Sham 2.291 +0. 0422 1.565 £0. 1541 20.596 +8. 5492)
Control 2.063£0.037%  1.411£0.159%)  42.393 +13.3879
DMN-Blank 2.045 +0.0379 1.555 +0. 075 38.922 +6,992%)
DMN-Low 2.067 £0.056%  1.535£0.063 30.610 +4.7011
DMN-High 2,140 £0.037D%  1.408 £0.082%)  23.526 +4.904%)
Gavage 2.173 £0.06924)  1.496 +0. 107 27.138 +6. 0392

PG REARIE, D P <0.05,2 P <0.01; 5 FARMAME, P <0.05,
4P <0.01,
Note: VP <0.05, 2P <0.01, compared with control;3) P <0.05,9P <0.01,

compared with sham.

TR 27 s 2024 1 8 J155 59 0 16 11

3.4.2  EHEEENE ASTRALH R R I G R
K8, ST AL, X IR 4K BB 95 5 o
(P <0.01),5%“3. 4. 1" F ALP i iat B3,
3 ANEAAUN K BB % B it (P <0.05) 3
AR R R T A B T o 3 (P < 0.01) 568
RIS-DMN X 5158 434 65 B Jo i 0 i A5 78 K Ry 85
AR THE S s 25 R

0.32
0.30
0.28

0.26

BMD/g.cm™

0.24

0.22

SR AL, P <0.05,2 P <0.01; 5 F AL, > P <0. 01,
DP<0.05,2 P <0.01, compared with control; )P < 0.01, compared with

sham.

B8 RIS-DMN xf §F & 4 B J5 & JUoi #h 42 A BB % 2
(BMD) ¥, n=5,x+s

Fig.8 The effects of RIS-DMN on the BMD of femurs from

ovariectomized rats. n=5,x £s
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i ) L
Control DMN-Blank

DMN-Low DMN-High Gavage

A =R 20 A5 TEIS 5 B — K 100 ARG 5 25 (R ARERAIOR IR, JR (5 K AR /N, S (i S B A M s T S5 M 0 24

A —at 20 x magnification; B —at 100 x magnification; The yellow circles indicate the magnified areas. The black arrows indicate trabecular bones. The green arrows indicate

empty bone lacunae and adipocytes.

9 RERAWARKEFER
Fig.9 Histopathology of the rats’ femurs
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