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Abstract: Rheumatoid arthritis (RA) is a disease that seriously affects human health, and the existing
treatments have the disadvantages of high side effects, drug resistance and poor effectiveness. In this study, we
proposed a new anti-RA strategy based on the cross-linked hydrogel "acupuncture + swelling" dual stimulation of
acupoints, and investigated the efficacy of brucine hydrogel microneedles targeting for RA in mice. All animal
experimental procedures were approved by the Guizhou University of Traditional Chinese Medicine Laboratory
Animal Ethics Committee (No: 20230179) and conducted in accordance with its guidelines. A mouse model of
collagen-induced arthritis (CIA) was established, and the efficacy was investigated by using the swelling of the

paw, spleen and thymus indices, histopathological sections of the ankle joints, serum levels of inflammatory factors
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and synovial tissue proteins, and it was found that the acupoint microneedling group and the acupoint + non-

acupoint microneedling group could significantly decrease the swelling of the paw in the mouse model of CIA,

reduce the swelling of the immune organs of the mice, reduce the levels of serum inflammatory factors, and

improve the efficacy of CIA. Inflammatory factor content, improve the pathological state of synovial membrane

and cartilage tissue of ankle joint and down-regulate the expression level of related inflammatory proteins in CIA

mice, which has the effect of alleviating rheumatoid arthritis. The therapeutic strategy of brucine hydrogel

microneedles based on "acupuncture + swelling" to stimulate the Zusanli (ST36) acupoint can significantly treat

rheumatoid arthritis, which provides an important scientific basis for the subsequent development and utilisation of

acupoint microneedles transdermal drug delivery system.
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Figure 1 Flow chart of Bru-HMNSs preparation. Bru-HMNSs: Brucine hydrogel microneedles
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Figure 2 Internal structure of brucine hydrogel and appearance of brucine hydrogel microneedles. A: Scanning electron micrographs
image of brucine hydrogel cross section. Scale bar = 10 um; B: Visual observation diagram; C: Optical microscope diagram. Scale bar =
250 pm; D: Single-needle optical microscope diagram. Scale bar = 150 um; E: Electron microscope scanning diagram. Scale bar = 500 pm;

F: Single-needle electron microscope scanning diagram. Scale bar = 100 pm
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Figure 3 Evaluation of mechanical properties and in vivo drug release of microneedles. A: Front view of aluminium foil; B: Light trans-
mission through aluminium foil; C: Graph of Taipan blue staining; D: Force-displacement curves of monolithic microneedles in compression
experiments; E: H&E staining of mouse skin after brucine hydrogel microneedles action. Scale bar = 200 pm; F: HPLC chart of brucine
exclusivity. 1: Control solution; 2: Test solution; 3: Blank microneedle solution; G: Graph of in vivo release rates of Bru-HMNs. n = 6, X+s.

H&E: Hematoxylin and eosin
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Figure 4 Right hindfoot of mice after moulding. A: Right hindfoot view of blank mice and CIA model mice; B: Changes in swelling val-

ues of the foot; C: Right hindfoot diagram of mice at the end of treatment. CIA: Collagen-induced arthritis; Positive: Diclofenac diethyl-

amine emulgel; Bru-AHMNSs: Brucine acupoint hydrogel microneedles; Bru-NHMNSs: Brucine non-acupoint hydrogel microneedles; Bru-

DHMNSs: Brucine dual-targeted hydrogel microneedles; TA: Traditional acupuncture; MP: Medicated patch
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Figure 5 Immune organ index and H&E staining of ankle joints in mice. A: Immune organ index of mice in each group. n =3, x £ 5. "P <

0.01 vs control group; P < 0.05, "P < 0.01 vs model group; B: H&E sections of ankle joints of mice in various groups. Scale bar = 100 um
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Figure 6 Expression levels of relevant inflammatory factors in serum and proteins in synovial tissue. A: Serum levels of IL-6, IL-10, TNF-a

and RF in mice of each group. n = 6, x + s; B: Electrophoresis of NF-xB and VEGF protein expression in mice knee tissues (1: Control; 2:

Model; 3: Bru-DHMNSs; 4: Bru-AHMNSs; 5: Bru-NHMNSs; 6: Blank-HMNSs; 7: Positive; 8: TA; 9: MP); C: Relative expression levels of

NF-xB and VEGF protein across experimental groups. n = 3, x £ 5. P < 0.01 vs control group; P < 0.05, P < 0.01 vs model group.
NF-«B: Nuclear factor «kB; VEGF: Vascular endothelial growth factor; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase
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