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Abstract: Systemic lupus erythematosus (SLE) is an autoimmune disease accompanied by various complications, and the exact etiol-
ogy remains unclear. Treatments for SLE encompass hormone therapy, plasma exchange and immunoadsorption, and targeted biologi-
cal therapies. Berbamine (BBM), a cellular immunopotentiator with diverse biological functions, has not been reported to have immu-
nomodulatory and therapeutic effects on SLE. The mice were divided into control group, model group, positive control group, low,
medium and high BBM groups. In control group, C57BL/6J wild mice received intraperitoneal injection of saline. In model group,
MRL/lpr lupus mice were treated with intraperitoneal injection of saline. In positive control group, MRL/Ipr lupus mice received in-
tragastric administration of hydroxychloroquine sulfate tablets [Plaquenil, 150 mg/(kg-d)]. In BBM groups, MRL/lpr lupus mice re-
ceived intragastric administration of different concentration of BBM respectively [20 mg/(kg-d), 50 mg/(kg-d), 100 mg/(kg-d)]. After

8 weeks of treatment, blood was collected from the retro-orbital venous plexus, and ELISA was used to detect the levels of anti-
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double-stranded DNA (dsDNA) antibodies, antinuclear antibodies (ANA), and anti-small nuclear ribonucleoprotein/Sm (snRNP/Sm)
antibodies. Spleen tissues were collected for analysis of Th1/Th2 ratio by flow cytometry. The RNA and protein of spleen were ex-
tracted, and the levels of T-box transcription factor T-bet and GATA3 (GATA binding protein 3) mRNA and protein were detected by
qRT-PCR and Western blot. The proliferation of white blood cells in the blood was tested by blood routine test. The histopathological
changes of kidneys of each group were detected by HE staining. Compared with the model group, the levels of ANA, anti-dsDNA,
and anti-snRNP/Sm antibodies were significantly reduced in the BBM-treated groups. The Th1/Th2 ratio was significantly decreased
in the model group, but reversed by BBM. Compared with the control group, T-bet expression was significantly downregulated, while
GATA3 expression was significantly upregulated in the model group. After BBM intervention, T-bet expression significantly in-
creased, while GATA3 expression decreased compared with the model group. The number of white blood cells significantly de-
creased in the model group, and increased in the BBM-treated groups. In the model group, the glomerular mesangial and endothelial
cells showed significant hyperplasia, clear thrombus was observed in the dilated capillaries, and inflammatory cells infiltrated in the
renal interstitium. In medium and high BBM groups, the infiltration of inflammatory cells and capillary thrombosis were significantly

decreased. In conclusion, BBM exhibits certain immunomodulatory effects on SLE and promotes the proliferation of white blood cells.
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Table 1. Primer sequences for RT-qPCR

Gene name Primer sequence (5'—3")

GAPDH Forward: GTCGGAGTGAACGGATTTGG
Reverse: CGTTCTCTGCCTTGACTGTG

T-bet Forward: GATTCCGGGAGAACTTTGAG
Reverse: GAACAGGATACTGGTTGGATAG

GATA3 Forward: ACTCCAGTCCTCATCTCTTC

Reverse: GATACTTGAGGCACTCTTTCTC
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Fig. 1. The number of death in each group and serum concentrations of different antibodies. 4: The number of death after 32-week
treatment. n = 14. B-D: Serum concentrations of antinuclear antibody (ANA), anti-double-stranded DNA (dsDNA) antibody and anti-
small nuclear ribonucleoprotein/Sm (snRNP/Sm) antibody of different groups. BBM: berbamine. n = 9. Mean + SD. P < 0.05 vs

MRL/Ipr mice, *P < 0.05 vs Con, “P < 0.05 vs Low BBM.
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Fig. 2. The proportion of Thl cells in spleen of different groups detected by flow cytometry. A: Results of flow cytometry. Thl cells
are CD4'TFN-y" cells. B: The proportion of spleen Thl cells of different groups. Mean = SD, n = 6. P < 0.05 vs MRL/Ipr mice, *P <

0.05 vs Con. BBM: berbamine.
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Fig. 3. The proportion of Th2 cells and the ratio of Th1/Th2 in spleen of different groups detected by flow cytometry. 4: Results of
flow cytometry. Th2 cells are CD4'TL-4"cells. B: The proportion of spleen Th2 cells of different groups. C: The ratio of Th1/Th2.
Mean + SD, n=6. P<0.05 vs MRL/lpr mice, “P < 0.05 vs Con. BBM: berbamine.
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Fig. 4. The mRNA and protein expression of spleen T-bet and GATA3 in different groups. A/B: The mRNA expression of spleen T-bet
and GATA3. C: The protein expression of spleen T-bet and GATA3. D: Quantitative analysis of gray values of T-bet and GATA3.
Mean = SD, n=6. P < 0.05 vs MRL/Ipr mice, “P < 0.05 vs Con, “P < 0.05 vs Low BBM. BBM: berbamine.
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Fig. 5. The number of white blood cells in different groups.
Mean + SD, n = 6. P < 0.05 vs MRL/Ipr mice, *P < 0.05 vs Con,
P <0.05 vs Low BBM. BBM: berbamine.
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Fig. 6. The histopathological changes of kidneys in each group of mice detected by HE staining. Black frame and arrows: the glom-

eruli are swollen and blurred. Red frame and arrows: glomerular capsule adhesion. Yellow frame and arrows: noticeable capillary di-

lation with numerous hyaline thrombi within the lumen. Green frame and arrows: inflammatory cell infiltration in the renal intersti-

tium. BBM: berbamine. Scale bar, 100 um or 20 pm.
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