2554k  Acta Pharmaceutica Sinica 2025, 60(10): 3229-3237 + 3229 -

K-RBTREBHRTE=ZEMRENHIE=AMEIRE R FHXH

KEHE, ARY, T ¥, FRE, ZHEE, ZFEMNK
(I Z B2, 195 7 210009)

FHEE: = [ L i 2 2R M i 53 R A AU v EL T 250 22, JFG vl vy 4 s o 2 5 B0 LR ME R Ok 3 = A
P 7L MR S M R () OGN B . AT SO A A T — P SRR AR A k- 1 R B AR IR O A o AR
(self-assembled galloflavin-Fe lipid peroxidation accelerator, SGF) FH T~ il = 1 1 FLARIE AU AE K o 247 & Hh Bk B 7 Al
BEFHERMBRILMALIY 5 e )8 2 M2 R AR fi A e il &5 28], B RBERNIEBEREFHEMNEEL
NI, 8 A3 BPRAR 9 136.20 + 0.83 nm, £ 70 HURH0N 0.103 £ 0.012 ) SGF 4K K, SEHLXZ By [7) %€ 8. SGF )
&8 -2 W N 2% HAA LR e, 75 808 nm )it HES TR W] 7 AL R S AR, G AR A% IR 4B R . A R SRR B R il
AR pH 2544, B FFIE T F I XA B R AR e, 15 B85 4 7 A e H KT R s 250 i B AT
P [ 3 e 98 200 g e 4R R R 98 £ 0 0 4 ) LR T U A, T R TR IR 1) LR PR A A, D FLIR AR
AT 5 e 2EL 2R R M TR B, v 28 ol = B P L e PR 8 o AR RS T M B2 1Y) SGF 9K & B FA R i
JiR IS AT 5 R LA R = F AL, ST = B L R B L e PR A B r B RDRS 4T 5, B 7E vl k2
v JEE A5 28 e L I T s DR T A 8 (AL PR VR T S

SKHEIR): ML, RAARE; R FIEER; S MM it Ak

h & 43S R943 HAFRIRAD: A X EHS: 0513-4870(2025)10-3229-09

Iron-galloflavin self-assembled platform with triple synergistic
mechanisms for the treatment of triple-negative breast cancer
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Abstract: Triple-negative breast cancer (TNBC) is characterized by high invasiveness, a high risk of recurrence
and metastasis, and poor prognosis. The accumulation of lactate in the tumor microenvironment produced by tumor
cell glycolysis is a key factor driving the malignant progression of TNBC. In this study, we developed a lactate
metabolism-regulating self-assembled galloflavin-Fe lipid peroxidation accelerator (SGF) to inhibit the growth of
TNBC. The system was constructed by coordinating iron ions with the hydroxyl groups of galloflavin to form a
metal-polyphenol network, which encapsulates the drug sorafenib. By adjusting the drug loading ratio of sorafenib
to galloflavin at 1: 1, SGF nanoparticles with a size of 136.20 + 0.83 nm and a polydispersity index of 0.103 +
0.012 were prepared, achieving efficient co-loading of both drugs. The metal-polyphenol network of SGF exhibits
photothermal conversion properties, generating localized heat under 808 nm laser irradiation, effectively killing
tumor cells. Under the low pH conditions of the tumor microenvironment and lysosomes, iron ions and galloflavin
dissociate to release sorafenib, accelerating the Fenton reaction through iron ion supplementation and glutathione

downregulation, which cooperatively promotes lipid peroxidation in tumor cells. Furthermore, galloflavin inhibits
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lactate dehydrogenase A, downregulating the conversion of pyruvate to lactate and reducing lactate production,

thereby improving the acidic tumor microenvironment and efficiently suppressing the progression of TNBC. The

SGF nanosystem designed and constructed in this study integrates three synergistic mechanisms-photothermal

effect, lipid peroxidation induction, and lactate metabolism regulation to provide a synergistic and precise strike

against TNBC and its high-lactate microenvironment, offering a new therapeutic strategy to improve the clinical

prognosis of this highly invasive cancer.
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Figure 1
flavin-Fe lipid peroxidation accelerator (SGF) nanosystem for the
treatment of triple-negative breast cancer. LPO: Lipid peroxides;

LDHA: Lactate dehydrogenase A
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Figure 3  Preparation and characterization of GF. A: The synthetic route of GF; B: '"H NMR spectrum of GF in DMSO-d,; C: Mass

spectrometry of GF; D: UV spectra of GF and reactant GA. GA: Gallic acid
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Table 1  Characterization of SGF nanoparticles with different
feed ratios. PDI: Polydispersity index. n=3,x £ s
SRF.GF Diameter/nm PDI Baseline
1:0.2 162.71 £2.24 0.137 +0.065 8.9+0.8
1:0.5 141.10 +£2.29 0.186 + 0.027 73+1.1
1:1 136.20 + 0.83 0.103 +£0.012 9.2+0.7
1:2 158.01 +4.45 0.313 +£0.023 54+14
1:5 189.42 + 6.75 0.194 + 0.865 6.3+0.3

22 FAEEER HAPCRIIEA P RE & 4
71N, SGF ZHACKL A H.73 BUME[ 2 70 B A 4L (polydispersity
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Table 2 Encapsulation efficiency and drug loading of SGF with
different feed ratios. DEE: Drug encapsulation efficiency; DLE:

Drug loading efficiency. n=3,x £ s

DEE/% DLE/%
SRF:GF
SRF GF SRF GF
1205 1538 +3.29 13.38+0.59 3.10+0.43 3.42+1.65
1:1 18.99£1.37 18.50 +£0.06 3.18+£0.22 3.86+1.10
1:2 1623 +£2.25 11.53+£0.44 3.14+£0.04 3.58+0.96
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Figure 4 Characterization of SGF. A: Dynamic light scattering (DLS) analysis of SGF; B: Transmission electron microscope (TEM) image

of SGF. Scale bar = 100 nm; C: Zeta potential of SGF
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Figure 5 Characterization of SGF. A: Stability of SGF nanosystem in different media (n = 3, x + s); B: UV-vis spectra of SGF and

reactants; C: UV-vis spectra of MB, MB after reaction with H,0, (100 pumol-L™), and MB treated with H,0, (100 pumol-L™) in the presence

of SGF under pH 6.5. DMEM: Dulbecco's modified eagle medium; UV-vis: Ultraviolet-visible spectrophotometry; MB: Methylene blue
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Figure 6 Photothermal properties of the SGF nanosystem. A: Temperature elevation curves of the SGF nanosystem under laser irradiation

(n =3, x £ 5); B: Photothermal stability assessment of the SGF nanosystem over multiple heating-cooling cycles
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Figure 7 Cytotoxicity of the SGF nanosystem. A: CI isobologram analysis of SRF and GF; B: Dark toxicity of various preparations on

4T1 cells; C: In vitro cytotoxicity of different formulations against 4T1 cells with or without 808 nm laser irradiation. CI: Combination
index. n=3,x+s. "P<0.05 "P<0.01, "P<0.001. ns: Not significant
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Figure 8 Mechanistic investigation of the SGF nanosystem. A: ROS levels in 4T1 cells after receiving different treatments. Scale bar =

100 pm; B: Cell morphology of 4T1 cells after different treatments. Scale bar = 100 pm; C: Mean fluorescence intensity of lipid peroxides

detected by Liperfluo; D: Intracellular lactate levels in each group. ROS: Reactive oxygen species. n = 3, x = 5. P < 0.05,

ns: Not significant
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