Zhu et al. BMC Musculoskeletal Disorders (2023) 24:124
https://doi.org/10.1186/512891-023-06186-3

BMC Musculoskeletal
Disorders

. i ™
Effect of nanoparticles on gouty arthritis: i
a systematic review and meta-analysis

Ruiting Zhu'", Yirou Niu'", Wei Zhou?, Saikun Wang', Jing Mao', Yingze Guo', Yangyang Lei', Xuance Xiong?,
Yingzhi Li" and Lirong Guo'

Abstract

Objective The purpose of this study was to explore the effects of nanoparticles on gouty arthritis, and to provide
evidence for the preclinical application of nanoparticles in gouty arthritis and ideas for nanomedicine improvement
for nanoparticle researchers.

Methods Five databases including the Cochrane Library, PubMed, Scopus, Web of Science, and Embase were
searched for eligible studies until April 2022. The quality of the selected studies was assessed by SYRCLE's risk of bias
(RoB) tool, and the random-effects model was used to calculate the overall effect sizes of weighted mean differences
(WMD).

Results Ten studies met the inclusion criteria. Results showed that nanoparticles were effective in reducing uric
acid levels (WMD: -4.91; 95% confidence interval (Cl): — 5.41 to — 4.41; p <0.001), but were not better than allopurinol
(WMD: -0.20; 95% Cl: — 0.42 to 0.02; p=0.099). It was worth noting that the nanoparticles were safer than allopurinol.
Subgroup analyses indicated that nanoparticle encapsulated substance, animal species, nanoparticle dosage, animal
quantity, and animal gender were all sources of heterogeneity.

Conclusion The nanoparticles are safe medications for gouty arthritis which can effectively reduce uric acid levels in

rodents. Although the results are still uncertain, it is expected to have certain clinical application value. The nanoparti-
cles may be the preclinical medications for gouty arthritis in the future.

Keywords Nanoparticles, Uric acid, Gouty arthritis, Animal experiment, Meta-analysis

Introduction

Gout is a form of inflammatory arthritis caused by
the chronic deposition of monosodium urate (MSU)
crystals [1]. MSU deposition is caused by an increase
in blood uric acid levels due to insufficient excretion
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tis was 0.59%0-2.89%o per year, and the prevalence was
0.02% to 6.8% worldwide [4]. Gouty arthritis can seri-
ously affect people’s daily life. Currently, medical ther-
apy, surgery, and rehabilitation exercise are routine
clinical treatments for gouty arthritis. Furthermore,
allopurinol is the most commonly used medication for
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gouty arthritis [5], allopurinol is a xanthine oxidase
(XO) inhibitor, which can reduce uric acid production
[6]. However, allopurinol has some unavoidable side
effects, such as gastrointestinal irritation, cutaneous
reactions, bone marrow suppression, hypersensitiv-
ity reactions, and renal toxicity [7-9]. Therefore, it is
necessary to develop some new medications with fewer
side effects to reduce uric acid levels in patients with
gouty arthritis.

In recent years, nanoparticles have been applied in
malignant perivascular epithelioid cell tumor [10],
hepatic fibrosis [11], inflammatory bowel diseases [12],
ankylosing spondylitis [13], and other inflammatory dis-
eases. Gouty arthritis as an inflammatory arthritis may be
alleviated by nanoparticles. At present, some research-
ers have applied nanoparticles to treat gouty arthritis in
animal experiments and proved its efficacy on reduction
in uric acid levels. Compared with allopurinol, nanopar-
ticles can improve the biocompatibility and bioavailabil-
ity of the substance [14], and reduce the toxicity and side
effects of substances [15].

Nowadays, the encapsulated substances in nanoparti-
cles most commonly used by researchers mainly include
three categories: metals oxides, non-metals and biologi-
cally active substances. Metal oxide nanoparticles include
copper oxide nanoparticles (CuO-NPs), zinc oxide nano-
particles (ZnO-NPs), and iron oxide nanoparticles (FeO-
NPs). Among them, CuO-NPs can reduce oxidative
stress [16], ZnO-NPs can inhibit the synthesis of mRNA
expression of inflammatory cytokines [17], FeO-NPs can
reduce inflammation [18]. Moreover, for non-metallic
substances encapsulated in nanoparticles, Puerariae
lobatae Radix (PLR) has analgesic and anti-inflammatory
effects [19], Aurantii fructus immaturus (AFI) is often
used in the treatment of inflammatory and metabolic dis-
eases [20], turmeric can relieve inflammation and pain
[21], and Ginsenoside Rb1l (GsRbl) can reduce inflam-
matory cytokines and oxidative stress levels [22]. In addi-
tion, among biologically active substances, IL-1 receptor
antagonist (IL-1Ra) has a rapid anti-inflammatory effect
[23], and uricase can reduce uric acid levels by oxidizing
uric acid to allantoin and hydrogen peroxide [24]. To sum
up, these substances are often encapsulated in nanoparti-
cles by researchers to treat gouty arthritis.

Nevertheless, the effects of nanoparticles on gouty
arthritis are inconclusive. Wang X et al. [25] found that
PLR-CDs reduced uric acid levels by inhibiting XO.
Sohail MF et al. [21] found that turmeric nanoparticles
(T-NPs) were rich in polyphenols to achieve antioxi-
dant effects. Kiyani et al. [17] found that ZnO-NPs could
effectively inhibit the formation of uric acid. There-
fore, the aims of this study were to explore the effects of
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nanoparticles on gouty arthritis and provide evidence
for the preclinical application of nanoparticles in gouty
arthritis.

Methods

Search strategy

This systematic review and meta-analysis followed the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [26] and the PRISMA (Preferred Reporting
Items for Systematic Review and Meta-analyses guide-
lines) [27]. PRISMA 2020 Checklist was shown in Sup-
plementary Table S1. The study protocol was registered
in PROSPERO (Number: CRD42021277015). Eligible
studies that evaluated the effectiveness of nanoparti-
cles on gouty arthritis were searched in the Cochrane
Library, PubMed, Scopus, Web of Science, and Embase
from all published studies until April 2022. In addition,
we searched the reference lists of the included studies
and identified other relevant studies. Two reviewers (WZ
and SKW) had independently screened the retrieved
articles to identify potentially eligible studies based on
inclusion and exclusion criteria. A related search strategy
was created using various combinations of predefined
search terms (arthritis gouty, gouty arthritis, arthriti-
des, gouty, gouty arthritides, synovial joints, gout, uric
acid, hyperuricemia, uric acid crystals; nanostructures,
nanostructure, nanostructured materials, material, nano-
structured, materials, nanostructured, nanostructured
material, nanomaterials, and nanomaterial) and Boolean
search terms (AND, OR, and NOT), which were entered
as search terms into each database. Details of the search
strategy were shown in Supplementary Table S2.

Inclusion and exclusion criteria
The included studies met the following criteria: 1) animal
experiment; 2) successfully established a gouty arthri-
tis model; 3) the intervention was nanoparticle; 4) the
control group was commonly used medicine for gouty
arthritis treatment, such as allopurinol and indometha-
cin; 5) the outcomes included the serum uric acid level
and/ or joint swelling degree; 6) published in English.

The excluded studies met the following criteria: 1)
notes, comments, reviews, and editorials; 2) duplicated
studies; 3) unclear outcome indicators.

Quality assessment

The quality of each included study was assessed indepen-
dently by two reviewers (JM and YZG) using SYRCLE’s
risk of bias (RoB) tool [28]. A consensus-oriented discus-
sion or a third reviewer (YRN) made the final decision
when a conflict occurred. The quality of studies was eval-
uated according to the following aspects: sequence gen-
eration (selection bias), baseline characteristics (selection
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bias), allocation concealment (selection bias), random
housing (performance bias), blinding (performance bias),
random outcome assessment (detection bias), blinding
(detection bias), incomplete outcome data (attrition bias),
selective outcome reporting (reporting bias), and other
sources of bias. A high risk of bias was indicated by “no’, a
low risk of bias was indicated by “yes’, and an unclear risk
of bias was indicated by “unclear” A study would be con-
sidered high quality if it had no more than one unclear
risk. If a study had no more than three unclear risks or
one high-risk, the quality would be considered medium.
A study would be considered low quality if it had more
than three unclear risks or two high-risks [29].

Data extraction

Two reviewers (YYL and XCX) independently extracted
the data and assessed their quality. Any cases of disa-
greement were arbitrated by a third reviewer (YRN). The
information extracted from the studies included the first
author, publication year, animal species, gender, quantity,
weight, group, intervention, dosage, method of admin-
istration, control group, model group, and measured
outcomes.

Statistical analysis

Statistical analyses were performed using the Stata soft-
ware (version12.0 SE; Stata Corp LP, College Station,
TX, USA). The effect sizes of this meta-analysis were
defined as the weighted mean difference (WMD) and
the 95% confidence interval (CI). I? statistics were used
to assess the studies’ heterogeneity of the pooled results.
An I? value<25% represented low heterogeneity, an I
value 25% —50% represented medium heterogeneity, and
an I value 50% —100% represented high heterogene-
ity. Because the heterogeneity of this study is high, and
compared with fixed-effects model, the random-effects
model is more conservative [30]. Therefore, a random-
effects model was used for the meta-analysis. Since some
studies contained more than two experimental groups,
we included several experiment groups from one study
and included them in the meta-analysis, and the sample
sizes of their control groups were divided for analysis.
We explored the source of heterogeneity through sen-
sitivity and subgroup analyses. Subgroup analyses were
performed according to nanoparticle dosage, number of
animals, gender of animals, animal species, and encap-
sulation substance of nanoparticles. Leave-one-out sen-
sitivity analyses were used to examine whether a single
study affected the pooled effect size and to evaluate the
source of heterogeneity. Funnel plots were generated,
and Egger’s tests were performed to evaluate the possible
publication bias. However, the detection effects of these
two methods for publication bias were limited when the
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number of studies included is less than 10 [31]. Consid-
ering that both methods still have some validity, funnel
plots and Egger’s test were performed to evaluate possi-
ble publication bias in the present study, but the results
were for reference only. All the statistical tests were two-
sided, and a p-value<0.05 was considered statistically
significant.

Results

Study selection

Figure 1 showed the flow chart of the literature search.
4407 studies were identified and screened during the sys-
tematic search, 978 studies were excluded using the End-
note software (X9, Thomson Corporation, Connecticut,
USA) for deduplicate removal. Then 3400 studies were
excluded after screening the title and abstract, and 19
studies were excluded after full-text screening. Eventu-
ally, 10 studies [16, 17, 20-25, 32, 33] were included in
the present systematic review, of which four studies [20,
21, 25, 32] provided specific data for integration and
analysis for the meta-analysis.

Characteristics of the included studies

All studies [16, 17, 20-25, 32, 33] that met the inclu-
sion and exclusion criteria were published from 2019 to
2022 with 30 to 140 animals in each study. Four stud-
ies [16, 17, 32, 33] were on metal oxide (CuO, ZnO, and
FeO), four studies [20-22, 25] were on non-metallic
substances (PLR, AFI, turmeric, GsRbl), and two stud-
ies [23, 24] were on biologically active substances (IL-
1Ra and uricase). Five studies [16, 17, 21, 32, 33] used
BALB/c mice, four studies [20, 22, 23, 25] used Sprague
Dawley (SD) rats, and only one study [24] used the Insti-
tute of Cancer Research (ICR) mice. Among the 10 stud-
ies included, five studies [20, 22-25] included only male
animals, and the remaining five studies [16, 17, 21, 32,
33] included both male and female animals. All studies
included in this study were quasi-experiments. Allopuri-
nol was used as a control medication in seven studies [16,
17, 20, 21, 25, 32, 33], indomethacin was used as a con-
trol medication in two studies [22, 23], and one study [24]
was a self-control before and after the intervention. The
level of serum uric acid [17, 20, 21, 24, 25, 32, 33] and the
degree of joint swelling [20, 22, 23, 25, 32] reflected the
effect of nanoparticles on treating gouty arthritis. Kidney
and liver function, blood lipids, and blood cells reflected
the safety and side effects of nanoparticles. Table 1
showed the detailed information of the included studies.

Risk of bias assessment

SYRCLE’s RoB tool was used to assess the risk of bias of
included studies on animal experiments, the following
results were obtained [34]: 100% of the included studies
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Fig. 1 Flowing diagram of included studies selection process

reported baseline characteristics, none of the studies
provided details about sequence generation or alloca-
tion concealment, 100% reported information about
random housing, 100% showed a low risk of bias in per-
formance blinding, 10.0% of the included studies showed
an unclear risk of bias in random outcome assessment,
70.0% showed a low risk of bias in detection blinding,
80.0% of studies showed a low risk of bias in incomplete
outcome data, 100% showed a low risk of bias in selec-
tive outcome reporting, and none of the included studies
reported other sources of bias.

The evaluation results of the studies showed a higher
risk of bias. Among the 10 studies, nine studies [16, 17,
21-25, 32, 33] were of medium quality studies, and one
study [20] was of low quality. Results of the studies using
the SYRCLE's risk of bias tool were shown in Table 2 and
Supplementary Fig. S1.

Meta-analysis and subgroup analysis results

Uric acid

Figure 2 showed the comparison of changes in uric acid
levels between nanoparticles and the model group in four
studies [20, 21, 25, 32]. The results showed a significant

decrease in animal model of gout after nanoparticles
treatment (—4.91; 95%CL—5.41 to—4.41; p<0.001;
12=92.1%). In addition, the effects of FeO-NPs, nano
Ginsenoside Rbl (nano-GsRb1l), ZnO-NPs, IL-1Ra bio-
nanoparticles (IK-NPs) and uricase and horseradish
peroxidase hybrid CaHPO, nanoflower integrated with
a hyaluronic acid dissolvable microneedle system (the
uricase& HRP-CaHPO, @HA MN) on the treatment of
gouty arthritis were also significant in the remaining six
studies (data not shown). Figure 3 showed the compari-
son of changes in uric acid levels between nanoparticles
and allopurinol in three studies [20, 21, 32]. This result
revealed that the effect of nanoparticles was no better
than allopurinol in reducing uric acid levels, and it also
showed substantial heterogeneity (—0.20; 95%CI: —0.42
to 0.02; p=0.099; 12=40.3%). The therapeutic effect of
Puerariae lobatae Radix carbon dots (PLR-CDs), FeO-
NPs, nano-GsRbl, ZnO-NPs, IK-NPs and the uricase&
HRP-CaHPO, @HA MN on uric acid levels in animal
models of gout were basically similar to that of allopuri-
nol in the remaining seven studies (data was not shown).
The results of subgroup analysis showed that BALB/c
mice, six animals, mixed male and female animals,
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Study %
ID WMD (95% Cl) Weight

0
Kiyani MM; Rehman H (H) (2020) —_—— E -7.63 (-9.60, -5.67) 6.39
Kiyani MM; Rehman H (M) (2020) —_— E -7.30 (-9.30, -5.30) 6.18

i
Kiyani MM; Rehman H (L) (2020) —_—— E -7.30 (-9.31, -5.29) 6.09
Wang S (H) (2019) —+— -4.95 (-6.45, -3.44) 10.88
Wang S (M) (2019) —Ol— -5.11 (-6.68, -3.53) 9.96

)
Wang S (L) (2019) _‘._ -4.92 (-6.80, -3.04) 7.00
Kiyani MM; Sohail MF(H) (2019) —_— E -8.30 (-10.12, -6.48) 7.46
Kiyani MM; Sohail MF(M) (2019) —_—— E -7.64 (-9.47,-5.81) 7.39
Kiyani MM; Sohail MF(L) (2019) ———— E -8.25 (-10.04, -6.46) 7.69

i
Wang X (H) (2019) 3 — -1.02 (-2.29, 0.24) 15.49
Wang X (M) (2019) E — -1.02 (-2.29, 0.24) 15.49
Overall (I-squared = 92.1%, p = 0.000) 0 -4.91(-5.41, -4.41) 100.00

i

i

E

T T
-10.1 10.1

Fig. 2 Forest plot of trials investigating the effect of nanoparticles on uric acid levels (compared with the model group). The size of each square
represents the weight of each trial, the diamond represents the size of the merger effect. WMD, weighted mean differences; Cl, confidence interval.
There are four studies including 11 trials reporting the changes in uric acid levels

non-metallic or low-dose nanoparticles were significantly
more effective than allopurinol in the treatment of mice
models with gout induced by MSU crystals. (As shown
in Table 3).

The swelling degree of joints

The joint swelling is one of the most prominent symp-
toms for gouty arthritis. Because the majority of the
research described the swelling degree of joints instead of
the extractable data, a systematic review was performed
in this study on this indicator. As shown in Supplemen-
tary Table S3, 13 trials in five studies [16, 20, 22, 23, 25]
reported changes in the swelling degree of joints, com-
pared with the model group, five nanoparticles (CuO-
NPs, AFIC-CDs, nano-GsRbl, PLR-CDs, and IK-NPs)
significantly decreased the diameter of the ankles and
effectively relieved ankle swelling in animal models of
gout.

Nanopatrticles safety analysis

Blood biochemical index The results from the blood
biochemical tests (Supplementary Table S3) showed
that the nanoparticles could significantly reduce the
blood urea, creatinine, and uric acid concentrations, and
the nanoparticles were more effective than allopurinol
in reducing blood urea and creatinine concentrations.
Meanwhile, nanoparticles could significantly reduce
aspartate aminotransferase (AST), alanine transferase
(ALT), and total bilirubin. Furthermore, nanoparticles
can reduce cholesterol (TC), low-density lipoprotein
(LDL) and triglyceride (TG) concentrations in animal
models of gout, and the effect was better than allopuri-
nol. However, the effects of nanoparticles on alkaline
phosphatase (ALP) and high-density lipoprotein (HDL)
was not significant. To sum up, compared with allopuri-
nol, nanoparticles have basically no damage to the kidney
function, liver function and lipid profile of gout animal
models. Nanoparticles are safer than allopurinol.
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Study %

D WMD (95% Cl) Weight
i
1

Kiyani MM; Rehman H (H) (2020) -4~ 0.17 (-1.07, 1.41) 3.19
1
1

Kiyani MM; Rehman H(M) (2020) : < 0.50 (-0.79, 1.79) 295
}

Kiyani MM; Rehman H (L) (2020) : -+ 0.50 (-0.81, 1.81) 2.85
1
1

Wang S (H) (2019) . * 0.34 (-0.40, 1.07) 9.14
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Fig. 3 Forest plot of trials investigating the effect of nanoparticles on uric acid levels (compared with allopurinol). The size of each square
represents the weight of each trial, the diamond represents the size of the merger effect. WMD, weighted mean differences; Cl, confidence interval.
There are four studies including 11 trials reporting the changes in uric acid levels

Histopathology The included studies reported that the
pathological state after nanoparticle treatment was bet-
ter than that of the model group and was close to that of
the blank group. In rodents with gouty arthritis induced
by MSU crystals, hepatocytes were damaged, monocyte
cells infiltrated kidney tissue, renal epithelial cells were
damaged, and there was considerable inflammatory cell
infiltration in joint inflammation. The nanoparticles
could relieve renal epithelial cell damage and loss, inflam-
matory cell infiltration, and joint swelling.

Sensitivity analysis and heterogeneity

This study repeatedly analyzed the impact of a single trial
on the overall result by removing a trial in each round.
The results of the sensitivity analysis showed that a sin-
gle trial did not affect the overall significant changes in
uric acid levels. When the trial [21] was excluded, the
sensitivity analysis results showed that the heterogene-
ity of uric acid levels was greatly reduced compared with
that of the model group (Fig. 4). This indicated that the

trial was likely one of the sources of the heterogene-
ity. Furthermore, when one trial [25] was excluded, the
results showed that compared with allopurinol (Fig. 5),
the heterogeneity of uric acid levels was reduced, which
meant that this study might be one of the sources of high
heterogeneity.

Because of the high heterogeneity in the allopurinol
(I’=40.3%) and nanoparticles group (I>=92.1%), sub-
group analyses were performed to explore the possible
sources of heterogeneity and showed that nanoparticle
encapsulated substance, animal species, nanoparticle
dosage, animal quantity, and animal gender were likely
the sources of the high heterogeneity in uric acid levels
(Table 3).

Publication bias

For publication bias, the asymmetry of the funnel plot in
Supplementary Figs. S2 and S3 indicated possible publi-
cation bias. The results of the Egger’s test indicated a risk
of publication bias (p =0.008 compared with allopurinol,
and p=0.000 compared with the model group).
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Table 3 Results of subgroup analysis of included trials in meta-analysis
Groups n Allopurinol n The model group
WMD (95%Cl) P-value 12 WMD (95%Cl) P-value 12
Material
Metal 3 0.382(-0.358,1.121) 0312 0.00% 3 -7.414(-8.563, -6.264) 0.000 0.00%
Non-metal 6 -0.257(-0.489, -0.024) 0.030 52.90% 8 -4.336(-4.886, -3.785) 0.000 93.30%
Animal species
BALB/c 6 -0.330(-0.580, -0.081) 0.010 39.50% 6 -7.771(-8.545,-6.997) 0.000 0.00%
SD 3 0.293(-0.191, 0.776) 0.236 0.00% 5 -2.906(-3.553, -2.258) 0.000 88.90%
Dosage
H 3 -0.265(-0.655, 0.126) 0.185 59.00% 4 -4.486(-5.269, -3.703) 0.001 94.60%
M 3 0.130(-0.297, 0.557) 0.550 0.00% 4 -4.314(-5.109, -3.519) 0.001 93.80%
L 3 -0.366(-0.713,-0.019) 0.039 58.50% 3 -6.850(-7.939,-5.761) 0.000 69.70%
Quantity
6 6 -0.330(-0.580, -0.081) 0.010 39.50% 8 -4.876(-5.460, -4.291) 0.000 94.50%
8 0.293(-0.191, 0.776) 0.236 0.00% 3 -4.998(-5.939, -4.057) 0.000 0.00%
Gender
F, M 6 -0.330(-0.580, -0.081) 0.010 39.50% 6 -7.771(-8.545,-6.997) 0.000 0.00%
M 3 0.293(-0.191,0.776) 0.236 0.00% 5 -2.906(-3.553,-2.258) 0.000 88.90%

F females, M males, WMD weighted mean difference, BALB/c BALB/c mice, SD Sprague Dawley rats, H high M medium, L low

Discussion

This systematic review and meta-analysis aimed to
explore the effects of nanoparticles on gouty arthritis in
animal models of gout. Overall, the results showed that
nanoparticles were effective in reducing uric acid levels,
but were not better than allopurinol. It was mentioned
that the nanoparticles were safer than allopurinol, and
had less damage to kidney function, liver function, and
lipid profile. Meanwhile, nanoparticles could reduce the
degree of joint swelling and ankle diameter. Although
the results are still uncertain, nanoparticles may be a safe
and effective intervention for gouty arthritis, and nano-
particles may be used for preclinical medication of gouty
arthritis in the future.

The use of nanoparticles in the treatment of gouty
arthritis has several advantages. Firstly, nanoparticles
could effectively reduce the serum uric acid level thus
treatment of gouty arthritis. This mainly relied on the
pharmacological properties of the encapsulated sub-
stances in nanoparticles and the effective delivery of
nanomaterial shells. Several nanoparticle encapsulated
substances in this study had the characteristics of anti-
inflammation, control of oxidative stress, and analgesia.
However, poor water solubility, low bioavailability, and
short half-life limited their therapeutic effects. Therefore,
the nanomaterial shell was used as an effective delivery
tool, which could prolong the biological half-life, improve
the pharmacokinetics, and maximize the therapeutic
effect of the substances [35]. Secondly, nanoparticles

could effectively improve the bioavailability of medica-
tions. In the study of nano-GsRb1 [22], the bioavailabil-
ity of the substance was increased when the substance
was encapsulated in nanomaterials to form nanoparti-
cles. Win et al. [36] also found that Vitamin E succinated
polyethylene glycol 1000-emulsified Poly (D, L-lactic-co-
glycolic acid) nanoparticles was used in the paclitaxel
formulation to improve their therapeutic index. This
was mainly caused by the properties of the nanoparti-
cle entrapment of substances, which reduced their loss
before reaching the designated site of action. What’s
more, nanoparticles also increased their bioavailability
to enable the target organ to utilize the substances to the
maximum extent. In addition, their negative effects were
reduced, which in turn promoted the therapeutic effect
of the substances on gouty arthritis. Thirdly, nanoparti-
cles were safer than allopurinol. The results of this study
showed that nanoparticles had a high level of safety for
the kidney and liver. The safety of substances was mainly
reflected in their toxicity to non-target organs [37]. After
nanoparticle entrapment of substances, the substances
could be delivered to the target location, reducing the
side effects of the substances off-target, and protect-
ing other organs and tissues more safely and effectively
[38—40]. In addition, several nanoparticles [32, 33] were
shown to cause liver inflammation, which was mainly
related to liver dysfunction or bile duct blockage. How-
ever, further discussion on this issue is warranted in the
future. Lastly, the results also showed that nanoparticles
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Fig. 5 Sensitivity analysis of included studies in uric acid (allopurinol)

could effectively reduce the toxicity and side effects
of substances [15]. The studies on quartz [41, 42] had
similar results. For example, the toxicity of toxic quartz
diminished after being wrapped with a polyvinylpyridine-
N-oxide-polymer, and the impact of toxic quartz on cells
was reduced. Moreover, the nanoparticle entrapment of
paclitaxel reduced paclitaxel toxicity [36]. The results of

the included study [32] showed that CuSO, could only
slightly reduce the uric acid level in gout animal models
and CuSO, had a damaging effect on liver function, after
the nanoparticles entrapment of copper oxide, CuO-NPs
could significantly reduce the uric acid level and the dam-
age to kidney and liver function could be reduced.
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The results also showed that the effect of treating gout
might be related to the species, gender, and quantity of
animals used in the animal experiments and the dose,
material of the nanoparticle entrapment of medica-
tions. The subgroup analysis of animal species revealed
that the experimental effects of using BALB/c mice were
greater compared with those of using SD rats. Currently,
gout model animals include rats [43], mice [44, 45], rab-
bits [46], chickens [47], and zebrafish [48]. Studies have
shown that the model established by MSU injection into
the left ankle joint of chickens is an ideal model for study-
ing gouty arthritis [47]. In the future, it needs to further
explore suitable animals for gouty arthritis model. In
addition, the subgroup analysis of animal gender showed
that the gout treatment effect of using mixed males and
females was greater than that of using only males. The
results of one study [49] reported that the incidence of
gouty arthritis in men was higher than that in women,
and women were more likely to suffer from gouty arthri-
tis after menopause [50]. Thus, the occurrence of gouty
arthritis might be related to decreased estrogen levels
[51]. In postmenopausal women, more attention should
be paid to the prevention of gouty arthritis. Moreover,
the subgroup analysis showed that in reducing the serum
uric acid level, low-dose nanoparticle-encapsulated med-
ications were more effective than high-dose and medium-
dose nanoparticle-encapsulated medications. The effect
of nanoparticle-encapsulated medications achieves satu-
ration when a certain dose is reached. Excessive medica-
tions will accumulate in other non-target organs such as
the renal and liver, and result in side effects. It has been
found that the rate of nanoparticle-encapsulated medi-
cations association decreases with the number of asso-
ciated nanoparticle-encapsulated medications rising,
becoming saturated [52]. Meanwhile, Tian et al. admin-
istered the nanoscale vanadium dioxide particle (SVO,)
to mice by gavage, and they found that a higher dosage
could lead to higher vanadium contents in organs and
accumulation in bones and liver [53]. Therefore, the
appropriate dosage of medication can maximize effec-
tiveness while minimizing harm to the body. Research-
ers should conduct further studies to explore the optimal
medication dose. Furthermore, sources of heterogeneity
also included animal quantity. The number of animals
used an experiment is related to the applicability and per-
suasiveness of the experiment. Appropriate animal num-
bers for experiments should be fully explored. Finally, the
results showed that nanoparticle encapsulated substance
was an important consideration for the effectiveness of
gouty arthritis treatment. The subgroup analysis showed
that compared with the gout model group, the effect of
metallic nanoparticles on reducing the serum uric acid
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level was better than that of non-metallic nanoparti-
cles. Cu, Fe, and Zn were essential trace elements for the
human body. Compared with non-metallic herbal medi-
cines (such as turmeric, GsRb1, PLR, AFI, etc.), they had
better water solubility and higher bioavailability [20-22,
25]. After being encapsulated by nanomaterials, they
could be quickly absorbed and utilized, and had good
anti-oxidation and anti-gout effects [17, 32, 33]. However,
compared with non-metallic nanoparticles, metallic nan-
oparticles were less safe since they were more toxic to the
liver, spleen, kidney, and other organs than non-metallic
nanoparticles [16, 17, 32, 33]. Therefore, more studies
will be needed to explore the optimal substance species
encapsulated in nanoparticles in the future.

The main advantage of this systematic review was that
we assessed the therapeutic effects of nanoparticles in
animal models of gout. The results of this meta-analysis
would provide a reference for the further development
of nanomedicine. However, the present study still had
some certain limitations. Firstly, the number of included
studies and sample sizes were insufficient. Secondly, the
included studies in the present meta-analysis were only
published in English, which could be incomprehensive.
Furthermore, the heterogeneity of the meta-analysis was
high, but this was unavoidable because the studies we
included varied in species, quantity, and gender of ani-
mals, dosage, and nanoparticle encapsulated substances.
Therefore, subgroup analyses and sensitivity analyses
were used to explore possible sources of heterogene-
ity. Finally, the funnel plots of nanoparticles compared
with the model group and allopurinol were asymmetric,
and Egger’s test also suggested the possibility of publica-
tion bias. This might be related to the selective report-
ing of studies, with only four of the studies included in
the review being able to extract data for meta-analy-
sis. Meanwhile, to a certain extent, it showed that the
research in this area was still in the development stage
and had great application prospects. In the future, more
high-quality literature would be needed to support the
research ideas.

Conclusion

This systematic review and meta-analysis revealed that
nanoparticles could effectively reduce the level of uric
acid in animal models of gout. Nanoparticles might
become effective medications in the treatment of gouty
arthritis because of its safety and efficacy, but the results
are inconclusive. In the future, larger sample size, longer
duration, and well-designed trials are required to demon-
strate that nanoparticles can be used in preclinical treat-
ment of gouty arthritis.
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