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F1 FEEUHES
Table 1 Main English abbreviations

AR JE AR PG
MeEA Hemoglobin Hb
H AR A% Magnetic resonance imaging MRI
BRERPE R il Iron deficiency anemia IDA
AR EER Food and Drug Administration FDA
1E LR AR Positron emission tomography PET
FAL RGN RTRE Iron oxide nanoparticles IONs
R N A A R g R SR Superparamagnetic iron oxide nanoparticles SPIONs
AR Alternating magnetic field AMF
214 15 Chronic kidney disease CKD
B NG KRR Exceedingly/extremely small iron oxide nanoparticles ESIONs
TN SR AR i K S Exceedingly small magnetic iron oxide nanoparticles ESMIONSs
ABEA Lactoferrin Lf
i P52 J5 96 Glioblastoma multiforme GBM
TE AR Reactive oxygen species ROS
Ml e SRR A R T 4 2 Superparamagnetic iron oxide nanoparticle assembly SPIOCA
He L Prussian blue PB
e ORI Prussian blue nanoparticles PBNPs
G g% JE A AN BB T Immunogenic cell death ICD
HHIRTT Photothermal therapy PTT
AR Near infrared NIR
TR Ferroquine FQ
PGB RS Mononuclear phagocyte system MPS
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Figure 1 The development history of iron-based medicines.
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Figure 2 The classification of iron-based drugs.
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Table 2 (Color online) Mechanism of action and indications of typical iron-based drugs
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[44], Copyright©2017, American Chemical Society

Figure 3 Design of DOX@ES-MION@RGD,@mPEG composite nanoparticles and the principle of reducing nonspecific uptake by normal healthy
cells with nonspecific receptors (ES-MION: exceedingly small magnetic iron oxide nanoparticles; DOX: doxorubicin; RGD,: RGD dimer; mPEG:
methoxy polyethylene glycol; integrin a,B3). The figures are from ref. [44]. Copyright©2017, American Chemical Society.
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Figure 4 A schematic diagram demonstrating how to use the MZF-HA system for targeted cancer treatment (MZF: manganese-zinc ferrite magnetic
nanoparticles; HA: hyaluronic acid; NH,-PEG-PCL: amino-terminated polyethylene glycol-polycaprolactone copolymer). The figures are from ref.

[53]. Copyright©2020, American Chemical Society.
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Figure 5 (a) A schematic diagram of CoFe,0,@MnFe,0, nanoparticles and further MNP-DMSA synthesis. (b) The mechanism of anti-tumor
immune responses to metastatic tumors, which are induced by MHT in combination with a-PD-L1 treatment (CoFe,O,: cobalt ferrite; MnFe,0,:
manganese ferrite; MNP-OA: oleic acid-modified magnetic nanoparticles; DMSA: 2,3-dimercaptosuccinic acid; MNP-DMSA: DMSA-modified
magnetic nanoparticles; o-PD-L1: anti-PD-L1 antibody; PD-1: programmed cell death protein 1; PD-L1: programmed death-ligand 1; TNF-a:: tumor
necrosis factor-o; IFN-y: interferon-y). The figures are from ref. [54]. Copyright ©2020, American Chemical Society.
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Figure 6 Schematic illustration of the mechanism through which SPIOCA regulates the microbiota-gut-inner ear axis for hearing protection
(SPIOCA: superparamagnetic iron oxide nanoparticle assembly; sphingolipid metabolites; bacteroide; pro-inflammatory bacteria; beneficial bacteria).
The figures are from ref. [14]. Copyright©2024, The Author(s). Published by Oxford University Press on behalf of China Science Publishing & Media
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Figure 7 Schematic depiction of preparation and antitumor application through combining ferroptosis therapy and chemotherapy of PSFc NPs
(PSFc: ferrocene-containing polymeric prodrug; DSPE-PEG2000: 1,2-distearoyl-sn-glycero-3-phosphoethanolamine-polyethylene glycol 2000;
ferrocene; PTX: paclitaxel; GSH: reduced glutathione; GSSG: oxidized glutathione). The figures are from ref. [86]. Copyright©2024, American
Chemical Society.
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Research status and development trend of iron-based drugs
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Iron is an essential element in living organisms and plays a crucial role in numerous physiological processes. Iron-based drugs were
initially used for the treatment of iron-deficiency anemia. With the rapid development of nanotechnology, the application of iron-
based drugs has expanded to multiple fields such as diagnosis and therapy. This review summarizes the research progress of iron-
based drugs, focusing on the latest advancements in their use for anemia treatment, chronic kidney disease, cancer therapy, imaging
technologies, and thermotherapy. Analyzes the drug’s main mechanisms of action and iron homeostasis in vivo. The article
specifically highlights the potential applications of superparamagnetic iron oxide nanoparticles in magnetic resonance imaging and
magnetic thermotherapy, as well as the roles of Prussian blue nanoparticles and ferrocene derivatives in multi-enzyme catalysis,
reactive oxygen species scavenging, and cancer therapy. Finally, the article discusses the challenges faced by iron-based drugs in
clinical applications, including toxicity, limited tumor selectivity, and iron overload. It also provides insights into the future
development trends of iron-based drugs. This review will serve as a reference for the research of iron-based drugs and contribute to
accelerating their development.

iron-based drugs, iron oxide, iron ion, magnetic resonance imaging, magnetic thermotherapy

doi: 10.1360/SST-2025-0422

2085


https://doi.org/10.1360/SST-2025-0422

	铁基药物的研发现状与趋势
	1�� 引言
	2�� 铁基药物研究进展
	2.1�� 铁离子药物
	2.1.1�� 口服补铁剂
	2.1.2�� 静脉注射补铁剂
	2.1.3�� 铁同位素示踪技术

	2.2�� 铁氧化物药物
	2.2.1�� 药物设计原则
	2.2.2�� 结构-性能-功能
	2.2.3�� 慢性肾脏病治疗
	2.2.4�� MRI对比剂
	2.2.5�� 纳米酶
	2.2.6�� 磁致热疗药物
	2.2.7�� 耳聋治疗
	2.2.8�� 趋磁细菌
	2.2.9�� 工程放大与临床转化

	2.3�� 铁络合物药物
	2.3.1�� 普鲁士蓝
	2.3.2�� 二茂铁及其衍生物

	2.4�� 铁稳态调控
	2.4.1�� 铁离子药物的稳态调控
	2.4.2�� 铁氧化物药物的稳态调控
	2.4.3�� 铁络合物药物的稳态调控


	3�� 总结与展望


