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Microneedle Patch for Daytime and Nighttime Transdermal Delivery of Growth Hormone

YOU Jiahuan"2, HAN Jinpeng', FU Junfen®*, ZHANG Yuqi'**, GU Zhen">%"%"(1.Key Laboratory for Advanced
Drug Delivery Systems of Zhejiang Province, College of Pharmaceutical Science, Zhejiang University, Hangzhou 310058, China;
2.Wuya College of Innovation, Shenyang Pharmaceutical University, Shenyang 110016, China; 3.Department of Endocrinology,
The Children's Hospital of Zhejiang University School of Medicine, National Clinical Research Center for Child Health,
Hangzhou 310003, China; 4.Department of Burns and Wound Repair, The Second Affiliated Hospital of Zhejiang University
School of Medicine, Hangzhou 310009, China; 5.Department of General Surgery, Sir Run Run Shaw Hospital of Zhejiang
University School of Medicine, Hangzhou 310016, China; 6.Jinhua Institute of Zhejiang University, Jinhua 321299, China;
7.Zhejiang Laboratory of Systems & Precision Medicine, Liangzhu Laboratory, Zhejiang University Medical Center, Hangzhou
311121, China; 8. MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and
Engineering, Zhejiang University, Hangzhou 310027, China)

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 assessed by the circular dichroism spectroscopy. Two
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types of microneedle patches for daytime and nighttime administration respectively were prepared 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
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Fig. 2 Arrangement of microneedle arrays(14x)
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A-before release; B—after release.
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Fig. 4 Drug release of hGH from microneedles prepared

with different UV crosslinking durations under the condition
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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