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Prescription process and in vitro study of transdermal patch and
microneedle combination formulation of progesterone

LIU Can", HE Hong-ji**, SU Wen-jun', HUANG Jia-min', DONG Xue', SHEN Qi"**, WANG Mei'**

(1. College of Pharmacy, Xinjiang Medical University, Urumgqi 830017, China; 2. Karamay Food and Drug Inspection
Institute, Kelamayi 834000, China; 3. Engineering Research Center of Xinjiang and Central Asian Medicine Resources,
Ministry of Education, Urumgqi 830017, China; 4. Xinjiang Key Laboratory of Natural Medicine Active Components
and Drug Release Technology, Urumqi 830017, China)

Abstract: To prepare a progesterone pressure-sensitive gel patch combined with a microneedle to enhance
drug release, HPLC was used to determine the preparation's progesterone content. One-way and orthogonal
experiments were used to optimize the patch's prescription. Adhesion, sensory evaluation, cumulative release, and
cumulative penetration were used as evaluation indices. Three microneedles with varying needle heights were made
using 3D printing, and the cumulative penetration of the patch and microneedles was calculated and compared with the
patch alone. The orthogonal experiments showed that the optimal prescription for the patches was Duro-Tak 87-2677
pressure-sensitive adhesive (87.5%), tributyl citrate (2%), isopropyl myristate (5%), dibutylated hydroxytoluene
(0.5%), and drug (5%). The patches were prepared according to the optimized prescription, resulting in good patch
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formability and adhesion. In the transdermal penetration test, the cumulative penetration of the patch was 52.35 +

7.88 ug-cm” at 24 h, and the cumulative penetration of the patch in combination with 500, 750, and 1 000 pm

microneedles was 226.01 + 7.46, 278.78 + 6.59, 422.95 £ 16.81 pg-cm?, respectively. The experiment was approved
by the Experimental Animal Ethics Committee of Xinjiang Medical University (IACUC-20220725-8). The optimal

patch prescription was screened through one-way and orthogonal experiments, and the transdermal penetration

effect of patch and microneedle combination preparation was better than that of single use, which can effectively

increase the in vitro transdermal penetration of the drug, and the above study provides a theoretical basis for the

application of transdermal patches of progesterone.

Key words: progesterone; patch; microneedle; extracorporeal penetration; permeation promoter
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Tablel L, (3*) orthogonal test factors

Drug Permeabilizer Plasticizer

Level . Blank
loading/% dosage/% dosage/%
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Table 2 Sensory evaluation R table

Index Score Grading criteria

Uniformity 0-20 According to the uniformity of the dispersion of the paste, whether there are bubbles, and whether there are particles,
20 points are scored: 20 points are scored for uniform dispersion, no bubbles, and no particles; trace bubbles,
uniformity is 12 points; a small number of bubbles, basically uniform and consistent is 4 points; a large number of
bubbles, the thickness is obviously uneven, and the consistency is 0 points

Ductility 0-20 Score according to the difficulty of paste coating: 20 points for very easy coating; 12 points for easier coating; 4 points
for better coating; very difficult to coat is scored as 0 points

Skin follow-up 0-20 Stick the plaster on the wrist, shake it vigorously 10 times, and score it according to the tightness of the wrist: 20 points
will be scored if the tight fit does not fall off, and 0 points will be scored if it falls off 5 times or more

Peelability 0-20 Score according to the difficulty of peeling the paste and whether it is painless: 20 points for easy peeling and

painlessness; 12 points for easy peeling and slight pain; the pain sensation that is difficult to peel is obviously 8 points;

the pain of peeling difficulty is obviously 0 points

Repeated peeling  0-20  Stick the paste to the wrist, remove and paste it 3 times repeatedly, and score according to the tightness and residue of

and residue levels

the 3rd time on the wrist: 20 points will be scored if it is tightly attached and there is no residue; 12 points for a tighter

fit and no residue; 8 points for a tighter fit with residue; it is difficult to fit and all residues are recorded as 0 points
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Table 3

Sensory evaluation of different pressure-sensitive

adhesives
Score

Index Duro-tak Duro-tak Duro-tak

87-2677 387-2287 387-2051
Uniformity 12 12 20
Ductility 12 12 12
Skin follow-up 20 20 20
Peelability 20 20 8
Repeated peeling and residue levels 20 12 8
Total score 84 76 68
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Table 4 Results of adhesive force determination with different drug loading

Tack (the largest

Drug load/%
rug joadrze ball number)

Stickiness

Appearance

4 23
4.5 23
5 23
55 22

> 30 min, displacement value: 1.2 mm
> 30 min, displacement value: 1.1 mm
> 30 min, displacement value: 1.8 mm

> 30 min, displacement value: 2.3 mm

Transparent colloid, no bubbles, no crystal precipitation
Transparent colloid, no bubbles, no crystal precipitation
Transparent colloid, no bubbles, no crystal precipitation

Transparent colloid, no bubbles, a little crystal precipitation

Table 5 Single factor experiments on the types of permeable enhancers. 7 = 3, x = 5. IPM: Isopropyl myristate; Jss: The steady-state flux;

ER: Enhancement ratio

Cumulative permeability

Batch number 0, 11/ug-cm'2 Jss/ug-em™h! r ER
curve formula

Control 52.35+7.88 0=233¢+029 2.33+0.14 0.986 7 1.00

IPM 181.07 £ 20.64 0=17701t-11.65 7.70 £ 0.36 09925 3.46

Laurazone 159.44 £17.45 0=717t-2.19 7.17+0.45 0.986 3 3.05

Malonate laurate 48.09 +4.87 0=2.087-0.26 2.08 £ 0.06 0.996 7 0.92

Diethylene glycol monoether 155.63 +11.34 0=687t-7.12 6.87+0.29 0.996 9 2.97

Polyglycerol fatty acid esters 103.85 +8.33 0=477t-0.38 4.77 +0.48 0.965 9 1.98

Glyceryl monolinoleate 60.09 +5.13 0=261¢t+053 2.61+0.11 0.993 5 1.15

Caprylic capric acid polyethylene glycol glycerides 50.57 +3.86 0=246t+1.74 2.46 +0.42 09117 0.97

Table 6 Single factor experiments on the dosage of IPM. n=3,x %

Batch number 0,, h/ug‘cm'2 Cumulative permeability curve formula Jss/ug-em®-h’! r ER
Control 52.35+7.88 0=2.33¢+0.29 2.33+£0.14 0.986 7 1.00
1% IPM 99.18 £ 6.34 0=4341-429 4.34+0.13 0.996 7 1.89
2% IPM 123.07 +17.94 0=520¢-8.99 5.20+0.31 0.987 6 2.35
3% IPM 145.40 +7.70 0=6.12¢-11.97 6.12+0.41 0.984 3 2.78
4% IPM 194.25 +£21.01 0=8.31¢-10.64 8.31+0.29 0.995 8 3.71
5% IPM 181.07 +20.64 0=770¢-11.65 7.70 £0.36 0.9925 3.46
6% IPM 177.57 +£5.30 0=7491-13.51 7.49 +£0.44 0.9879 3.39
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Table 7 Single factor experiments on the dosage of tributyl citrate. n =3

Tack (the largest

Dosage/% Stickiness Appearance
ball number)

1 22 > 30 min, displacement value: 2.5 mm Transparent colloid, strong viscosity, no bubbles on the surface, no
residue when peeling

2 24 > 30 min, displacement value: 1.0 mm Transparent colloid, strong viscosity, no bubbles on the surface, no
residue when peeling

4 24 > 30 min, displacement value: 4.3 mm Transparent colloid, strong viscosity, no bubbles on the surface, no
residue when peeling

6 24 > 30 min, displacement value: 5.7 mm Transparent colloid, strong viscosity, no bubbles on the surface, no
residue when peeling

8 25 > 30 min, displacement value: 9.8 mm Transparent colloid, strong viscosity, peeling residue, slight glue
bleeding

10 26 < 30 min, fall off within 15 min Transparent colloid, strong viscosity, peeling residue, serious glue

seepage
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FAEIR = TR 2. 5% WG IRF R 5% 320 & .
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Table 8 Orthogonal test and result. A: Drug loading; B: Permea-
bilizer dosage; C: Plasticizer dosage; D: Blank

Experiment A B c D (09 B

number /ug-cm

1 1 1 1 1 132.33

2 1 2 2 2 97.13

3 1 3 3 3 140.80

4 2 1 2 3 128.19

5 2 2 3 1 115.12

6 2 3 1 2 159.85

7 3 1 3 2 177.26

8 3 2 1 3 162.73

9 3 3 2 1 200.17
K1 123.42 145.92 151.64 149.21
K2 134.39 124.99 141.83 144.75
K3 180.05 166.94 144.39 143.91
R 56.63 41.95 9.81 5.30

8.2 MAFIALFIEIE % MR IEAS IS Fr 15 i 4k Uy i) 4% 3
LG, ¥ BRFEIE RN 202.12 £ 7.74 pgrem”. N
FIK/IN N4 em x 5 em, SIVMIEESZLF, mEdd 5. K
1) 8% 1 P G 8k o) BOR /N — B R B, A R T A R

Table 9 Variance analysis

Source of Sum of squares Degree of

variance of deviation freedom Variance F P
A 5412.94 2 270647 111.26 <0.05
B 2 639.65 2 1319.82 5425 <0.05
C 155.19 2 77.60 3.19 >0.05
Error 48.65 2 24.33 1.00
Sum 8256.43 8

I — 52 B F AR VA R, B S 30 min J5 A B E
R, R A B IR RR A, 4 0.22 pm SEFLIE ST 8 S
HHAT HPLC 437, 2 #4543 384.02 £ 0.61 pg-em™. %f
A [5 F 20 o) #6 F B A B A R0 AT DAY, &5 SRR, 3 4tk
7 R W, ¥ R] g AE 23 S AN ER, REFE 713 T 30 min,
REREAE M M 2.28 +£ 0.8 mm, 774 E 25 #LH5E .

9 MFISHEAE

9.1 fIEFINUIFRAE B HIAF 00 7 B EAR L 2L
s LS, B TA~D B] A, B i) & 1 Al e B T
WREE RIFS

9.2 Parafilm R ZF R SLI& K A [[ £ 51 500 750,
1 000 pum [ 3BT BL— 38 19 77 (2970 N) #% £ £ 10 )=
Parafilm B -, 1355 F e 28 0 45 )25 36 100 B ) Al
B, FATIE 3R, AKX Q) HEFER. AFH
£F 15500750 1 000 pm FR B BT 2 ok B S 101 052 Ak
YN 357, AT UL BE AT B B, e g i s
JEZH 2, 45 R B 1E s

9.3 MHINZERBBERE A FE m T AL B 1)
BRI VF~H o, BB T B 15, 2541
FRBEEMHZ M. WERI10 PR, £24 Wi, 7
4L (ERIBT)) BRBE RN 52.35 +7.88 ugrem?, IE
S ARAL T WA BARIEE & 200.17 £ 6.15 pgrem?,
£500.750+1 000 pm {41 & W 7 ) RS 0E 5 5 5
922601 +7.46.278.78 £ 6.59.422.95 + 16.81 pg-cm™.
s AL, TG BB B, B 5% %
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Figure 1 Appearance, mechanical properties and skin puncture of microneedles of different needle heights. A: Top view under the camera;

B: Microscopic side veiw (%20, 500 um microneedle); C: Microscopic side view (x20, 750 um microneedle); D: Microscopic side view

(x20, 1 000 pm microneedle); E: Mechanical strength of microneedles (n = 3, x £ s); F: 500 pm microneedle treatment; G: 750 pm

microneedle treatment; H: 1 000 pm microneedle treatment

5t (P <0.05). H4abJ5ixt b, 24 500 wm e 1Ak
HIEMa K BEREREEEEZR (P>0.05). FH
LRI AL T A EE, 750 wm A1 000 pm Bt T4 22 )5 1)
S RBIE R RN, A B EEER (P<0.05), UM
B 2y Re IR AR T2 PGS, (R 3EBIE . L O Xt ¢RI,
TR R 8 R E Iss, 25 F1A 7RI 4E G 77 + 500 pm
] + 750 wm ZH 5 + 1000 wm 41 Iss 43 7 N
2.33.8.64.9.80.12.07.17.53 pg-cm™h,
10 FEFEER

g R, BIHJTREA=28916C - 793.7, R =1,
HEARBATE 0.10~102.4 pg-mL™ Py V& T AR AT 94 5 A2
RIFLEMEX R ; P RSD N 1.25%, £ 4 °CUKAH 7
24 h A& 52 1 RSD N 1.08%; &1 « A AR MR B 1 A4k
T, INFE [E1USCR 23 52 (100.70 + 0.86)% ~ (99.97 +
1.04)%+(99.32 + 1. 19)%. 45K, %07 ik
o~ EE I G, B T I I ) N LR

Table 10  Results of in vitro percutaneous penetration test. n =3, x £ s

wig
ARHIE TR AT WL T4 A A1) % B ) s B
7R, 3 I B PR 2R I Sk B 49 e o B AR R U 7R,
WAIEALT7 BA BRI B ML, AR T 2528 fe 1B .
K AT AL 2 52 ik, 7 DA B 05 s 7 PG, IF
PPN AS[RVE e i kb G 25 4 BB B IR .
FEGE R GoR, WA AL B LBt T A BiE, 5
AL R TAL B 2 AR L, BB TIAL B A K 2
MBS ERCR R . WHIUE KB, R N e
PRI IB ) 5 AT IR I FH 22 T B0 J 25 (238 3L
R, AR R B X 259 (135 KR RO B R I B
NS RS, A OB R BERE N, 2450 (R TR
BEZ 30 T BN BRI BRI, K2 52 2
BB W e, HoAE OE BNG T ROR . AR S35 B
K B SRR 2, T DL 25 I N 25 W) (1 42 J 2 G g
73, FFff R T AL GEE B 5T 4 S T R B 25

Batch number 0,,/ug-em’ Cumulative permeability curve formula Jss/ug-cm™-h™ r ER
Control 52.35+7.88 0=233¢t+0.29 2.33+£0.14 0.986 7 1.00
Prescription patches 200.17 £ 6.15 0=8.064¢-12.15 8.64+0.32 0.995 4 3.82
Patch +500 um 226.01 +7.46 0=9.80¢-15.16 9.80 + 0.42 0.9937 4.32
Patch +750 um 278.78 £ 6.59 0=12.07¢-15.02 12.07 £ 0.41 0.996 1 5.33
Patch +1 000 um 422.95+16.81 0=17531-34.63 17.53+1.32 0.980 8 8.08
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AR SR MR BOREEAT R A 4 25 B B B AR
o BETTEEABURT PR IR TT RCR D R G R
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