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Research on the construction and anti-inflammatory activity of a novel metal-
organic framework (MOF)-based nano-drug delivery system

LIU Yu", KANG Yugiang”*, XUE Yanbo', WANG Ting*?, ZHOU Hanchao™?, WANG Ke**, WEN Xiaopeng®

1. Department of Pathology, the First Affiliated Hospital of Xi” an Jiaotong University, Xi’an 710061, China;2. School of Pharmacy,
Xi’ an Jiaotong University, Xi’an 710061, China; 3. Department of Thoracic Surgery, the First Affiliated Hospital of Xi’ an Jiaotong
University, Xi”an 710061, China; 4. Department of Cardiology, the First Affiliated Hospital of Xi’ an Jiaotong University, Xi’ an
710061, China

Abstract: Objective An imbalanced inflammatory response underlies many major diseases. Conventional anti-inflammatory drugs
often suffer from low bioavailability and obvious adverse reactions. Proanthocyanidins (PCs) exhibit potent antioxidant and anti-
inflammatory activities; however, poor stability, low oral bioavailability, and lack of targeting specificity severely restrict their
clinical application. To overcome these limitations, this study innovatively constructed a novel nano-drug delivery system, ZIF-
8@PC, based on metal-organic frameworks (MOFs) material zeolitic imidazolate framework-8 (ZIF-8). The system aims to exploit
ZIF-8 s high porosity and pH-responsive properties to enhance PC stability, bioavailability, and targeted delivery to inflammatory
sites. Methods A one-pot method was adopted to realize the synthesis of ZIF-8 and drug loading of PC simultaneously.
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Physicochemical properties were characterized using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), Fourier-
transform infrared spectroscopy (FT-IR), ultraviolet-visible (UV-Vis) spectroscopys and Brunauer-Emmett-Teller (BET) surface
area analysis. The biosafety and anti-inflammatory and antioxidant activities of the delivery system were verified through free radical
scavenging assays and hemolysis tests. Results Characterization confirmed that ZIF-8 possessed a well-defined cubic morphology
with an average particle size of approximately 267 nm and high crystallinity. After drug loading modification, the system achieved a
drug loading capacity of 22.1% and an encapsulation efficiency of 44.1%. FT-IR, UV-Vis, and XRD data collectively verified
successful incorporation of PC into the ZIF-8 pores. BET analysis showed a marked decrease in specific surface area after drug
loading, indicating effective filling of ZIF-8 pore structures by PC. The ZIF-8@PC system demonstrated concentration-dependent
radical scavenging activities: with scavenging rates of 87% for DPPH radicals, 76% for PTIO radicals, and 60% for hydroxyl
radicals. preserving the intrinsic antioxidant potency of PC. In hemolysis assays. the hemolysis rate remained below 5% at a
concentration of 0.5 mgemI. ™", with no red blood cell aggregation observed, confirming excellent blood compatibility of the delivery
system. Conclusion A ZIF-8@PC nano-drug delivery system with high-efficiency drug loading, pH-responsive drug release
characteristics, and excellent anti-inflammatory and antioxidant activities was successfully constructed, which effectively overcomes
the clinical application limitations of PC. This study provides a new insight for the delivery and modification of natural anti-
inflammatory drugs.
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2 mL JoK 2 B, 76 557 nm P K b g Wk R A
(A TR B R . [FEI E ZIF-8@PC Al PH 1 Xf
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Tab. 1 Reagent volume ratios for hemolysis assay

KA 2% L4 Skl R S )
g BW/mlL EHW/mL HK/mL %W /mL
1 2 1.5 — 0.5
2 2 1.3 — 0.3
3 2 1.1 — 0.1
4 2 2 — —
5 2 — 2 —
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Fig. 1 Morphology of solid samples

AL ZIF-8;B. ZIF-8@PC.,

2 SEM

Fig. 2 SEM images
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B3 #ESHE (xLs, n=3)
Fig. 3 Particle size distribution profiles (z £+ s, n=3)
i PC ZIF-8 ZIF-8@pC — ;(]:1—'—8
| T I T T —— "
| —1.63633 — ZIF-8@PC
o1 ] 4
—10} J \
—7.456 67 3t

Zetati {ii/mV
o
=
T
|————

—26.896 67

4 PC.ZIF-8F1 ZIF-8@PC ) Zeta FE L& (x £ 5, n=3)

Fig. 4 Zeta potentials of PC, ZIF-8 and ZIF-8@PC (x *+s,
n=3)

3.5 XRD &
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