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Catalase-Loaded Liposome as Highly
Efficient Antioxidant Nanoparticle for

Osteoarthritis Therapy

Introduction

Oxidative stress and the reactive oxygen
species (ROS) play important roles in
osteoarthritis  (OA)  development and
progression. Scavenging ROS by exogenous
antioxidant enzymes could be a promising
approach for OA treatment. However, the
direct use of antioxidant enzymes, such as
catalase (CAT), is challenging due to a lack of
effective drug delivery system to knee joints.
CAT is an enzyme that breaks down hydrogen
peroxide into water and oxygen, which helps
protect cells from oxidative damage. This
study constructed highly efficient liposome
nanoparticles carrying CAT (CAT-NPs) and
analyzed their therapeutic efficacy using two
mouse OA models.

Methods

Liposome preparation

CAT was encapsulated within the aqueous
interior of liposomes made from a mixture
of three lipids, 55 mol % HSPC/40 mol
% Cholesterol/5 mol % DSPE-PEG2000
(Figure 1A). Dynamic light scattering
measurements were performed on a Zetasizer
Nano from Malvern Instruments.

Animals

All animal work was approved by the
Institutional Animal Care and Use Committee
at the University of Pennsylvania. Male C57Bl/6
mice at 3 months of age were subjected to
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destabilization of medial meniscus (DMM)
at right knees. Female C57Bl/6 mice at 2
months of age were subjected to 6 N loading
at their right tibiae using a Bose ElectroForce
TestBench system (TA Instruments). In each
OA model, mice were then randomly divided
into 4 groups and received intra-articular
injections (IA) of 10 ul PBS, empty-NPs, CAT
(121 U/mL), or CAT-NPs (121 U/mL) once
every 2 weeks (n = 5 mice/group). DMM-
injured and loading-injured knees were
collected at 2 and 1 months, respectively, after
injury. Additional groups of mice (n = 5 mice/
OA model) received sham injury with PBS
injections.

Histology

Knee joints were processed for paraffin
sections followed by H&E, Safranin-O/fast
green, 8-OHdG, Mmp13 staining.

Statistics

Data are expressed as means = SD and
analyzed by one way ANOVA and unpaired,
two-tailed Student’s t-test.

Results

Dynamic light scattering revealed that
CAT-NPs we synthesized have a mean
diameter of 106 nm and a relatively narrow
size distribution (Figure 1B). To study the
in vivo therapeutic effects of CAT-NPs, we
used two mouse OA models. The first is a
DMM surgery—induced OA model with high
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Figure 1. Characterization of CAT-NPs. (A) Schematic diagram of CAT-loaded liposome. (B) The mean diameter of CAT-loaded liposome.
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reliability and reproducibility. After DMM, mouse knees
started to show cartilage damage, including surface
fibrillation and loss of proteoglycan at 2 months. Intra-
articular injection of CAT-NPs into DMM knees, once every
two weeks, starting immediately after the surgery, greatly
improved the morphology and structure of the articular
cartilage, leading to an almost intact cartilage surface
with no proteoglycan loss even at 2 months after surgery
(Figure 2A, B). Moreover, CAT-NP-treated DMM knees
exhibited a significantly decrease in the synovitis score,
suggesting that CAT-NPs generate an anti-inflammatory
effect in the injured knees (Figure 2C, D). Mechanistically,
CAT-NPs treatment significantly reduced amounts of
8-OHdG (ROS marker, Figure 2E, F), Mmp13 (Figure 2G,
H) in the cartilage of DMM knees. The second mouse
OA model we tested is a noninvasive mechanical loading
model, which is clinically relevant to posttraumatic OA
(PTOA). At one month post loading, a lesion was seen
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Figure 2. CAT-NPs attenuate joint destruction in DMM induced mouse OA model. (A) SafO staining
of knee joints at 2 months post DMM surgery. Scale bar: 100 um. (B) The OA severity of knee
joints was measured by Mankin score. (n = 5/group). (C) HE staining of knee joints at 2 months

post DMM surgery. Scale bar: 100 pm. (D) Synovitis scores were quantified. (n = 5/group). (E, G)

Representative IHC images of ROS marker 8-0HdG, Mmp13 in cartilage tissue. Scale bar: 50 ym. (F,

H) The amounts of 8-0HdG, Mmp13, and Adamts5 in synovium tissue were quantified. (n = 5/group).

B
[Ires  [JEmpty-NPs
[IcaT-Free ] CAT-NPs

A Sham Loading 03 {_ I

Figure 3. CAT-NPs attenuate joint destruction in loading induced mouse OA model. (A) Saf0 staining
of knee joints at 1 month post loading model. Scale bar, 100 pm. (B) The OA severity of knee joints
was measured by injury length. (n = 5/group). (C) HE staining of knee joints at T month post loading
model. (D) Synovitis scores were quantified. (n = 5/group). Scale bar, 100 pm. *P < 0.05, **P <
0.01, ***P < 0.001, ****P < 0.0001.

alongside with proteoglycan loss in the lateral femoral
articular cartilage surface in PBS, and Empty-NPs-treated
knees (Figure 3A). Quantification of the length of cartilage
injury revealed significant damage areas was improved
in the CAT-NPs-treated knees (Figure 3B). Similar to the
DMM model, we found that CAT-NPs suppressed synovitis
induced by loading (Figure 3C, D).

The therapeutic effects of CAT-NPs is significantly better
than that of CAT-free in both mouse model.

Discussion

In this study, we investigated the therapeutic potential
of CAT-NPs for treating OA by targeting oxidative stress in
knee joints. Our findings demonstrated that joint delivery
of CAT-NPs significantly reduced OA-associated cartilage
erosion and synovitis in mice receiving DMM or loading
injury. These results demonstrated that CAT-NPs, but not
free CAT, can effectively mitigate the oxidative stress
involved in OA pathogenesis and protect cartilage from
degeneration.

Significance

This proof-of-principle study demonstrates the
therapeutic efficacy of CAT-loaded liposome for OA
treatment.
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