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Microneedle Patch for Daytime and Nighttime Transdermal Delivery of Growth Hormone
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ABSTRACT: OBJECTIVE To design microneedle patches for daytime and nighttime administration of growth hormone to
stimulate the circadian rhythm of endogenous growth hormone secretion under human physiological state, effectively alleviate
the pain of subcutaneous injection and improve the compliance of patients. METHODS Microneedle patches were prepared by
the casting method. The surface morphology of microneedles was observed by the optical microscope and scanning electron
microscope. The optimum process conditions for the preparation of microneedles were determined by in vitro release
experiments, including optimizing the UV irradiation duration and the content of the crosslinking agent. The mechanical strength
test and ex vivo penetration experiment were applied to verify whether the microneedles can effectively penetrate the skin and
achieve transdermal drug delivery. The biostability of the protein drug was determined by the circular dichroism spectroscopy.
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Two types of microneedle patches for daytime and nighttime administration respectively were assessed by loading different doses
of growth hormone. RESULTS The microneedles were orderly arranged with the complete and sharp needles observed by the
microscope, and there was insignificant morphology change after drug release. Through the optimization of process conditions,
when the UV irradiation duration was 7 min and the content of the crosslinking agent was 1.5%, the microneedle patch could
effectively penetrate the rat skin and realize the stable release of growth hormone within 12 h, and the conformational change in
the released protein drug was insignificant. By loading different doses of growth hormone into the microneedle patches, daytime
and nighttime dosing patches had been prepared. CONCLUSION In this study, the daytime and nighttime microneedle patches
loading different dosages of growth hormone were prepared, which can comply with the circadian rhythm of growth hormone
secretion in human physiological state, optimize the relationship between the administration time and dose of growth hormone,
and realize on demanding releasing of growth hormone. In the future, the drug loading of microneedle patches can be further

optimized to meet the personalized needs of people and realize individualized treatment.
KEYWORDS: drug delivery; growth hormone; microneedle; transdermal delivery; daytime and nighttime dosing

N K (human growth hormone, hGH)/Z7E
PG Ei N RN e SR SR i R AN Y S
WA —FPRRZETRER , AEmIAEH AR MR 2R
i R A = S o NS e R UL 2 QT e o L (Y I i
HNERAEREE, JFRTREZE. BB, EE. 47
YA, hGH 7EAE RS TR 70 A
BT APEDA, R A R 2 R H ]S
3~4 4%, JFHAEMARESS 2 h 2547 B i 43k
el L T IR E] 1 d A B ) —2fE L B

AT Bl R EREs . AT AAT 402 .
R AT AR A, E AR UER B &)
CN TR FY0E R A7 AR
B, SOK RS MU BRI A R0 2E & A TR AR 5
LA 28 AR A Sl 2k T T SR G W SR BT R Ak Ty
BT e 45 25 W AE BN R BOR RS, BRI Y
KArF 25 1) RE 08 38 3F DX 388 6 40 10045 R ok 0 199 gt
HW I, R T R4 24 3 AR B A O A T
T S T A AR DA 2 A ) O

XFF hGH = 83, KBS T E MR
YT R E RES T AR B AT A PR ok
MR T g bR EA ANAERKBRW TN, B
I A B T A 7 B AR RIOK B L 80K R
FUERORY SR . BEH 1 R BT TSR S AR
FLAWR, I E, Bl TR T EN hGH
M2 3.4 WM 5 A IE# AR BRRAS T LA
A A YR TE hGH 22 78K, DRIy B A
FHE RN A REAR 7 o & 45 25515100, g — T Tl
TS 2 2325 B AF A RIS, JUHXT T hGH
Bz ILERE, SHIRARXE, BERMNE
Zry Rt B AR, R ErER
WG = BE N H IS hGH IR R A =R
HNPEN, SR MELLE B FUHRUREPO, sk,
H AT 2 ERTEFI A 21~ hGH KA B E AR IR

R AR 252 2022 4F 4 A4 39 #5458 1

IR BL, BRI R i T A5 21 Ik
Sz, AR RIAELE A 5 T8 3% 25 25 570 3 (1) 1]
A, MELLH RN R R I R 2 R 1222

R T BB R, ARSI R SRS S
il T H R S W R 2 A F T A [ 5
W hGH 2524, X Fhgs 2575 SOR A RB I A 4
hGH 73 1) BT RSk, 3 AT DLk e v S
i, PR RO
1 R
1.1 A

ME204/02 H1, RV (HeE -4 A X e B
FRZT]); Synergy HI BfFR1 (35 E BioTek /A 1]);
F10-200100L36-001 UV-LED [Efbi% % (KZE/RA
JeHBHE AR A]); SK-L180-Pro 7K-F-HI% £
PRI 24 L AR A A 7l); ZSA0850T
i SR R B B (L PR EDE S0 A R A HD ) 5
J-1500-150ST [A 6% (H A JASCO A H));
ZQ-990B HL i Jy B AL (AR 5 T B BURS 25 A A A
FR 2y 7)) ; Nova Nano 450 4% H - & il 5% (35 [&] FEI
NI
1.2 2595100

hGH( B IR AE R A BRA R, HiE5
A18GS145673) ; N- & M K& b % ke W
(N-vinypyrrolidone, NVP, |5 R L2240 ARG B
AT, #5: RH310121); —H BENMIR 2 — iR
(ethylene glycol dimethacrylate, EGDMA, Fil$ii T
WRANARAE, #5 . 12001232); 2-#3E-4-(2-
@ R K )-2- OB RN R [2-hydroxy-4°-(2-
hydroxyethoxy)-2-methylpropiophenone, 12959, i
Fr TRFIARA A, 5. G2121264]; NOA-86H
(3&18 Norland A F)); BEFRERZE vl (PBS, k34
TDREYFAABRAF]); BCA 1 HE I E 1057
AT FEFEEREARAR], ft5: 20211118),

Chin J Mod Appl Pharm, 2022 April, Vol.39 No.8 -1007 -



2 Hk
2.1 Tl R A

FOSCERBD ok 1 mL NVP S ARE 58k
7 EGDMA IRA 5], FREL 15 mg Y651 &5 12959
BT LRI AW, BE A hGH 740 1R A1 5
AR . R E A AR 7 A 25 10 min,
A RIEE MRS, BRE EEZREW, 15
34 mW-em™ 58 JE ARG T ACHE S's, TR
TSR B NOA-86H, £ 95 mW-cm™ ik
JE 2R AN BRG f fE J  Ab AR BR [ AL, DB EL
SR, BT ARAS R I R wIE T AR R B A
TLIE 1,

H.C. CH; H
I e
o s
H,C
3
o o

o
‘. I N

hGH NVP EGDMA 12959

\ NOA-86H
(Y]~ VYT 2 YY)

Bl 1 hGH $4 W A & fE R T 5 B
Fig. 1 Schematic of the fabrication process of the hGH
loading microneedle patch

2.2 WEHESRIE
Fie “2.17 BUF A HIAS RS A, e
s TOMEIFHR . ERH B T R RUE T 400
FXAE PBS FPBI 12 h 5 AOBCEF R TSR
2.3 eI T A&k
2.3.1  EACERET AL DATTA S = AR
R AL RIS TP B SR (I NVP i, 72
STRATEE <217 WUR Tk A e W R 2
5] EGDMA R 1.5%, 4338 22 h A2 ok
MBS A 3, 5, 7, 9, 11 min, B AYHL
B R BT AL 1010 W%, LA 1 mL pH 7.4 /)
PBS MBI, AR 3 MES, BT
150 rmin ' (R L. F 0, 5, 15, 30 min F1 1,
2, 4, 6, 8, 12 h 75 BOBK 20 uL, T 4 °Crk
FETP IR, 12 h BElES R 48— 1 BCA 5] &l
AE LR AR R, bR SR A YR A
562 nm ACAMOGEE, AR BRI E 4
F, IR 4R
232 BRIEEME % (217

-1008 -

OH

TR 759

Chin J Mod Appl Pharm, 2022 April, Vol.39 No.8

2 ORI (AR IS B, SR NSRS )28 7 min,
A3 R 2K EGDMA &R 0.5%, 1.5%,
3.0%, 5.0%F17.0%, [F “2.3.17 Wi F 7k
AU A SRR A %, JFehiRhZe.,
2.4 TEHHLAPERE R 5
241 JIfERERINGE 4% 2.7 WUR kA&
hGH T R, BB SE A 2B ET (] 7 min, ACHKH]
FHEN 1.5%. Bl B RUE W iR 1% 7E PBS 1,
TR 150 r-min ' FFEIR_LREL 12 h, i T
3 BIHE R A W R 8RBT L 2%2 IRES
e P LALLM EBY & L, B R
4 0.1 mm-min~', 5% 2 ARG SRR L
IS P 2 SR A S S AR T B R T
242 RINERRE  SCHGHET | dCRHERE SD KRR
R, IR EHE N VR AR T IF 1T 3 R R
FHERE R4 L B TR fE , S8 /K 2 w1
o AR TUZ MG 1 R R IR I, 43 B R
HIJ5 B9 hGH eI e X iz IR AT 2 B4 1, 452
1 min JEREBREN . FH & Wi G o0 28 il R kA
AYetd, 3 min, JHZEEKPYE, BREFRmFO, 76
2k B TSI IR
2.5 ZGWTEPERE L

FE2.17 IR J5 43 il 45 S AL R hGH
PRI -, SR AN AS R R B] 7 min, SSHERH
BN 1.5%0 505 SR G 2 B 7E PBS R
FEHL 12 ho OB IR 2 BB 08 Je D 2 SR 2 (1 hGH
£ 190~260 nm AMEFE N R —aGig R, it 5
K2 AL FR AR SR A hGH 1% BEA T EE
2.6 AR MES A A SRS

e 217 WUR AR R, Y hGH
WREfl H A & 258 50 ng, WH S 256 200 pg. %
PRI BRI ] 7 min, SCHFI R 1.5%1E M
B 25 AC IS HL o B B S I 7 R B9 8 10%10
RIS, 6 “2.3.17 TR 5kl hGH BERBT
It R 2.
3 &R
3.1 EHESIRAE

A S ST I e, SR LA 2,
TEFEH A PURBREER . EHE 1 200 pm, IGHRIIK
500 um, JEEHBIEIEE 700 um, FEFISEEE, EHRELF] .
IR BB, XFEE 12 h BT A Y
e BB AR ZE R, 25 UL 3. BERCAT S BRI S
TCEH 25, UFBIE AR B AR 12 h SRR

rh E BRI 244% 2022 4 4 J1 45 39 #2455 8 1




FrEh kg Se e, mAE B 2 BB I R A 8 I nT LA
B 5 B B IR R AR R

2 ARSI E L (14%)

Fig. 2 Arrangement of microneedle arrays(14x)
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A-before release; B—after release.
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of 1.5% crosslinking agent(n=3)
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Fig. 5 Drug release of hGH from microneedles prepared
with different crosslinking agent contents under the condition
of 7 min UV crosslinking duration(n=3)
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