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Abstract: Allopurinol (AP) is widely used to treat hyperuricemia which may cause severe side 

effects after oral administration. Alternative means for the treatment of hyperuricemia are 

demanded to simultaneously facilitate drug absorption, patient compliance, and fewer side 

effects. In this study, a new polymer microneedles (MNs) system was developed for 

transdermal delivery of AP on acute hyperuricemic mice. This study aims to achieve the 

controllable regulation of serum uric acid (SUA) levels with fewer side effects compared with 

oral administration. The matrix of polymer MNs consisted of polyvinylpyrrolidone (PVP) and 

polycaprolactone (PCL), in which the rapid dissolution of PVP offers a rapid dissolution of AP 

into the blood and the biodegradability of PCL resulting in a sustainable drug release behavior. 

An in vivo study demonstrated that the AP-loaded MNs system can effectively reduce the SUA 

levels as oral administration with lower side effects, which will conducive to reducing the 

adverse reactions and improving the bioavailability of AP. This MNs-mediated strategy can 

facilitate transcutaneous hyperuricemia treatment and provide a new alternative for the 

exploration of clinical treatment of hyperuricemia and improvement of patient compliance.   
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1. Introduction 

Gout, a common chronic disease caused by the deposition of monosodium urate (MSU) 

crystal in articular and non-articular structures, has a substantial disease burden and is 

increasing in different ethnic groups and regions, which may become a modern gout epidemic 

analogous to the obesity epidemic [1-6]. The progression of gout can be divided into multiple 

stages [7,8]. The first is the development of hyperuricaemia, which is an essential but not 

sufficient step for the development of gout [2,9]. The majority of people with hyperuricaemia 

will not suffer from gout, even after prolonged periods of observation [7]. In addition, it 

estimates that hyperuricaemia prevalence in China is 13.3%, while that of gout is 1.1%. Hence, 

hyperuricemia may not necessarily develop into gout, but the probability of gout will be greatly 

increased with sustained hyperuricemia, which is a physiological prerequisite for gout [1,2,10]. 

Inspired by this, we tried to prevent people from suffering from gout by treating hyperuricemia 

in advance.  

Non-drug therapy, such as diet, reduce the intake of purine-rich foods (beer, meat, and 

seafood) and increase water consumption, provide physical barriers for hyperuricemia patient, 

but these barrier approaches generally have high failure rates due to poor patient compliance 

and acceptance [11-13]. Controlling uric acid (UA) production is the best way to prevent and treat 

hyperuricemia through drug therapy [2]. In the past decades, AP has been used as the most anti-

hyperuricemia drug [14] to control hyperuricemia and gout and to reduce the complications of 

cardiovascular disease and renal failure [15]. However, using drugs for the treatment of 

hyperuricemia may give rise to serious side effects such as gastrointestinal intolerance, 

liver/kidney damage, allergy, and central nervous system disorders [16-18]. Therefore, it is urgent 

to find a way to accelerate drug absorption, avoid the first-pass effect and increase drug efficacy, 

which will improve the bioavailability of anti-hyperuricemia drugs [19-23].  

Microneedles (MNs) are micrometre-scale structures that penetrate the stratum corneum 

of the skin to deliver drugs in a minimally invasive manner and can be utilized as a new drug 

delivery system [24-32]. Given the potential of MNs for minimally invasive and self-

administration without professional training, the application of MNs has grown rapidly. 

Hitherto, MNs have been used for the delivery of drugs, which include insulin [33,34], 

vaccines [35-37], protein, and various high molecular weight compounds [30,38]. Several diagnostic 

applications of MNs have been reported which are largely based on using MNs for drawing 

blood or other fluids for biomarkers detection [39,40].  
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Given that MNs can effectively penetrate the epidermis and deliver drugs, MNs also have 

been reported for skin wound healing [41,42]. 

Among the several different types of MNs, the matrix of dissolvable MNs is comprised of 

biocompatible and biodegradable polymers, such as polyvinylpyrrolidone (PVP) [43-45], a water-

soluble polymer widely used in the pharmaceutical industry, and polycaprolactone (PCL), a 

biodegradable and biocompatible polymer with a low melting temperature of 59-64 ℃ [46,47], 

which is approved by US FDA for use in a variety of medical devices [48-51]. 

In this study, we presented a new MNs system for transdermal delivery of AP on acute 

hyperuricemic mice. This study aims to achieve the controllable regulation of serum uric acid 

(SUA) levels with fewer side effects when administered by MNs. The matrix of MNs consisted 

of PVP and PCL, in which the rapid dissolution of PVP offers a rapid dissolution of AP into 

the blood, and the biodegradability of PCL resulting a sustainable drug release behavior. The 

chemical, morphological and mechanical properties of the MNs were investigated, and then in 

vivo studies were performed to compare the efficacy and side effects of oral and MNs treatment 

on SUA levels. We envisage that this AP-loaded MNs system can provide a new avenue to 

increase acute-hyperuricemic patients’ compliance and reduce side effects. 

2. Materials and method 

2.1 Materials 

Polyvinylpyrrolidone (PVP MW = 58 KDa), polycaprolactone (PCL MW = 45 KDa), 

polyvinyl alcohol (PVA, 1788 type, alcoholysis= 87.0-89.0%), potassium oxonate (98%, MW 

=195.18) and hypoxanthine (99%) were purchased from Macklin Biochemical Co., Ltd. 

(Shanghai, China). Allopurinol (AP, 98%) and rhodamine 6G (R6G) were obtained from 

Aladdin Chemistry Co. Ltd. (Shanghai, China). Serum uric acid (UA)(Art. No. E-BC-K016-

M), serum creatinine (SCr)  (Art. No. E-BC-K188-M), nitric oxide (NO) colorimetric assay 

kit(Art. No. E-BC-K035-M) and adenosine deaminase (ADA) activity assay kit (Art. No. E-

BC-K197-M) were obtained from Elabscience Biotechnology Co., Ltd. (Wuhan, China). Strat-

M membranes with a diameter of 25 mm and thickness of 300 μm were purchased from 

Shanghai Xuanyi Environmental Protection Technology Co., Ltd. (Shanghai, China). 

2.2 Design and fabrication of MNs 

The fabrication process of the AP-loaded MNs is shown in Figure 1a. PCL and PVP with 

a weight ratio of 1:3 were dissolved in solvent (dichloromethane/ethanol, 50/50 in v/v). Under 

magnetic stirring at 400 rpm for 60 min, a homogeneous solution with a concentration of ~40 

wt. % was formed. Then, AP was dissolved in the polymer solution to achieve a concentration 

of ~ 43 wt. %. The as-obtained solution was filled into the PDMS mold (20 × 20 arrays) by 

http://www.baidu.com/link?url=83EiSfAsYBmYxvrMVE6pg6uXDq8qVZXEDJP23rndcwNjs-36cQhrV_7jhkFLOQ9Vlge4a5oulhBYT-VrU3dvcMgafJXxsaSSUAf7eRzGy2C
https://www.elabscience.cn/p-creatinine_cr_colorimetric_assay_kit_sarcosine_oxidase_method_-260048.html
http://www.baidu.com/link?url=83EiSfAsYBmYxvrMVE6pg6uXDq8qVZXEDJP23rndcwNjs-36cQhrV_7jhkFLOQ9Vlge4a5oulhBYT-VrU3dvcMgafJXxsaSSUAf7eRzGy2C
https://www.elabscience.cn/p-nitric_oxide_no_colorimetric_assay_kit-40335.html
https://www.elabscience.cn/p-nitric_oxide_no_colorimetric_assay_kit-40335.html
http://www.baidu.com/link?url=83EiSfAsYBmYxvrMVE6pg6uXDq8qVZXEDJP23rndcwNjs-36cQhrV_7jhkFLOQ9Vlge4a5oulhBYT-VrU3dvcMgafJXxsaSSUAf7eRzGy2C
https://www.elabscience.cn/p-adenosine_deaminase_ada_activity_assay_kit-354299.html
http://www.baidu.com/link?url=83EiSfAsYBmYxvrMVE6pg6uXDq8qVZXEDJP23rndcwNjs-36cQhrV_7jhkFLOQ9Vlge4a5oulhBYT-VrU3dvcMgafJXxsaSSUAf7eRzGy2C
https://link.springer.com/article/10.1007/s00604-018-2770-1#Fig1
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vacuum pumping, and the excess solution on the surface was scraped off. Thereafter, an 

aqueous solution of PVA/PVP (20 wt%) was pipetted onto the mold to form the patch backing 

layer. After completely drying for 12 h at 45 ℃, the dried MNs were carefully peeled off and 

finally sealed and placed in a vacuum incubator for further analysis. The structure, morphology, 

and geometric dimensions of the fabricated MNs were visualized by scanning electron 

microscopy (SEM, Vltra55, Zeiss, Germany) and three-dimensional laser scanning confocal 

microscope (LSCM, C2, Nikon Corporation, Japan). 

2.3 Mechanical strength measurement  

To explore whether the MNs have sufficient strength to pierce the skin, the mechanical 

properties of MNs were evaluated by compression tests. Before and after the compression test,  

the morphological changes of MNS were observed by an optical microscope (OM, Imager A1m). 

In addition, the skin embedding and insertion potentials were examined by an ex vivo skin 

insertion test.  

2.4 In vitro drug release study 

The prepared MNs were put into vials containing 20 mL of PBS, and the vials were 

incubated in a water bath at 37 °C. Thereafter, at distinct time intervals, a 3 mL aliquot was 

taken out from each sample and supplemented with an equal volume of PBS. Eventually, the 

amounts of AP released from the MNs were quantitatively analyzed by ultraviolet-visible 

spectrophotometer (UV, TU-1901, Beijing Purkinje General Instrument Co., Ltd., China).  

To further investigate drug diffusion and absorption through the skin, a Franz diffusion 

cell system was developed for in vitro transdermal absorption detection (Figure S1). Briefly, 

25 mL of PBS was added to the receiving chamber (the level of PBS buffer was exactly 1 mm 

higher than the surface of the skin in vitro to ensure stable contact between the PBS and the 

mouse skin during the sampling process). Then, the Strat-M membrane inserted with the MN 

patch was used as a carrier and fixed between the receiving chamber and supply chamber of the 

Franz diffusion cell. The as-assembled Franz diffusion cell was incubated in a water bath at 

37 °C with magnetic stirring of 350 r/min. At distinct intervals, a 3 mL aliquot was taken out 

from the sampling port and replenished with an equal amount of PBS. Ultimately, the amount 

of the drug was determined by UV spectrophotometry. 

2.5 In vivo pharmacodynamic study 

ICR mice (male, 20-22 g, Wenzhou Research Institute, Chinese Academy of Sciences) 

were used in this study. Animal studies were conducted in line with the regulations on the care 

and use of laboratory animals. All animal procedures were sanctioned by the Animal Ethics 

Committee of Zhejiang Sci-Tech University (acceptance number: 2019-02-01) and performed 
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in Wenzhou Research Institute, Chinese Academy of Sciences. Two different induction 

protocols were firstly tested: (1) intraperitoneal injection of hypoxanthine (500 mg/kg) 

combined with subcutaneous injection of potassium oxonate (100 mg/kg) to obtain a 

hyperuricemia mice model (2) intraperitoneal injection of hypoxanthine (500 mg/kg) combined 

with subcutaneous injection of potassium oxonate (400 mg/kg) to get another model of 

hyperuricemic mice. Three mice per group were used to do the statistical study. 

At distinct intervals, the mice were bled from the orbit and placed in a refrigerator at 4 ℃ 

overnight. The serum was obtained by centrifuging the collected blood at 3000 r/min for 10 

min and placing it in a refrigerator at 4℃ to determine the amount of serum uric acid (SUA), 

serum creatinine (SCr), and nitric oxide (NO) by colorimetry. The specific operation process is 

to use the microplate reader to detect the absorbance of the standard hole and the measuring 

hole under specified conditions at the optimal detection wavelength, and then use the formula 

on the biochemical assay kit to obtain the results. 

2.6 Histological and immunohistochemical analysis 

The mice were sacrificed and their organs (heart, liver, spleen, lung, and kidney) were 

retrieved. Subsequently, part of the liver tissue was taken and instantly snap-frozen in liquid 

nitrogen, and then stored at -80 °C to measure the activity of ADA in the liver. Briefly, after 

weighing the liver tissue block, 9 times the volume of pre-cooled 0.9% sodium chloride solution 

was added to prepare a 10% tissue homogenate. Afterward, the supernatant was obtained by 

centrifuging tissue homogenate at 2,500 r/min for 10 min, which was used to measure the ADA 

activity of the tissue homogenate using colorimetry.  

The retrieved kidney tissues were fixed with paraformaldehyde (4%) overnight for 

histological studies. First, the formol-fixed kidney tissue was dehydrated in graded alcohol 

(75%, 85%, 95%, and 100%), then cleared in xylene, and finally embedded in paraffin. Then, 

small sections (~ 5 μm in thickness) were stained with standard hematoxylin-eosin (H&E) 

solution and examined classically with an optical microscope to identify histopathological 

lesions. 

2.7 Statistical analysis 

Statistical analysis of the experimental data was conducted using GraphPad Prism 8.0 

(GraphPad Software, Inc., San Diego, CA), and a statistical comparison of analytical values 

was obtained by one-way ANOVA analysis. A value of p < 0.05 (*), 0.01(**), 0.001(***) and 

0.0001(****) was considered statistically significant differences. The values were presented as 

means with standard deviation (S.D.). 

3. Results and discussion 
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3.1 Fabrication of MN patches 

To achieve a sustained anti-hyperuricemia effect, a new MNs system is developed for 

transdermal delivery of AP for regulation of SUA levels in acute hyperuricemic mice. The 

matrix of MNs consists of PVP and PCL, in which the rapid dissolution of PVP offers rapid 

delivery of AP into blood [45, 52-53], and the biodegradability of PCL resulting a sustainable drug 

release and offers a suitable mechanical strength for MNs. Firstly, the mixture of PCL, PVP, 

and AP is coasted on the PDMS MNs mold to form the needle tips. And the solution of 

PVA/PVP is poured onto the mold to form the dissolving back patching (Figure 1b).  

 

Figure 1. Schematic of the fabrication process of MNs (a), schematic structure of MNs (b), 

digital images of the as-fabricated MNs (c and d), SEM images of PVP/PCL MNs (e and f), the 

confocal image of MN arrays (g), and the porous structure of MNs formed by the rapid 

dissolution of PVP (h).  

 

Figure 1c and d display the digital microscope images of the prepared microneedle patch, 

indicating a flexible back patch and regular microneedle array. The SEM images (Figure 1e, 

1f)  of the as-fabricated MNs exhibit a pyramidal shape, which is also confirmed by 

stereomicroscope images (Figure S2). The base width of the pyramidal MNs and the spacing 

between the adjacent needle tips of MNs are ~200 and ~500 μm, respectively. And the height of 

the MNs is ~800 μm. To further investigate the geometry structure of the MNs, the R6G has 

been mixed with the homogeneous solution of needle tips when filled into the cavities of the 
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mold, so that the MNs arrays with red needle tips can be observed using LSCM (Figure 1g). In 

addition, the porous structure of MNs also can be observed after immersion of MNs patches 

into PBS solution for 5 min due to the high solubility of PVP (Figure 1h, S3a), which is 

beneficial for the rapid release of AP and accelerating the biodegradation of PCL in the body 

fluid. 

3.2 Mechanical properties and drug release of MNs 

The mechanical properties of the as-fabricated MNs are tested by compression test. Figure 

2a shows the force-displacement graph of PVP/PCL and PVP MNs. The pure PVP MNs could 

tolerate the compressive forces of 0.12 N/needle at 600 μm displacement. However, PVP/PCL 

MNs could withstand the maximum compressive force of ~ 0.23 N/needle. Although the 

mechanical strength of pure PVP MNs is sufficient to penetrate the skin [54,55], it can be further 

improved by mixing PCL into the matrix of needle tips. Moreover, the insets in Figure 2a and 

Figure S3b show the morphology of PVP/PCL MNs after the compression test, and no signs 

of cracking are found, which indicates the excellent toughness of the PVP/PCL MNs. The 

excellent mechanical strength of PVP/PCL MNs is further confirmed by penetrating MNs into 

porcine skin. As shown in Figure 2b, the porcine skin surface displays an array of needle spots 

that are corresponded to the puncture sites after the insertion and removal of MNs. Figure 2c 

shows the tissue morphology after insertion by MNs containing R6G. After the MNs penetrate 

the skin, many microchannels with a depth of ~300-500 μm can be observed, which verifies 

that the prepared MNs can efficiently penetrate the skin tissue. In addition, red fluorescence 

signals were found around the puncture sites (Figure 2d), which verified that the drugs can be 

released to the skin tissue due to the dissolution of MNs polymer matrix.  

 

https://fanyi.so.com/#beneficial
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Figure 2. Force-displacement graph of PVP/PCL and PVP MNs (a), digital image of porcine 

skin after insertion and removal of MNs (b), representative histological images of porcine skin 

after removal of MNs ex vivo (c and d), digital images of MNs dissolution in mouse cadaver 

skin ex vivo for 1, 10, and 20 min (e), in vitro AP release curves of MNs in PBS solution (f), 

and in vitro skin drug release profile of AP-loaded PVP/PCL MNs. 

 

To evaluate the drug release behaviors, the cumulated release percentage (CRP) of AP 

from AP-loaded MNs is tested in vitro using PBS solution (pH = 7.4) as the release media. The 

AP can be rapidly released from MNs within 15 min, as shown in Figure 2e. However, almost 

no drug release was observed from the PCL MNs. To more accurately reflect the penetration 

and diffusion of the drugs in the skin, Franz diffusion cell was used to conduct an in vitro skin 

drug release test. The schematic of Franz diffusion cell is presented in the inset of Figure 2f. 

The AP-loaded PVP/PCL MNs are applied to Strat-M membrane, which is fixed in the Franz 

diffusion cell by pressing a pinch clamp. Samples were taken from the sampling port and the 

amount of AP in each sample is quantitated at different intervals. The AP release profiles of the 

MNs show a steady increase within the first 7 h, and ~70% of AP can be released after 7 h post-

application. It indicates the drug in the MNs can be effectively delivered through the micropores 

formed by the microneedles penetrating the skin. In addition, the PVP/PCL MN arrays 

containing R6G were inserted into mouse cadaver skin (Figure S3c), and its dissolution over 

time was monitored. Figure 2g shows the fluorescence morphological changes of MNs after 

insertion of PVP/PCL MNs into the skin for 0, 10, and 20 min. The clear sharp MN edges can 

be observed before insertion, and they become round after insertion for 10 min and disappeared 

after 20 min.  

3.3 Regulation of SUA in vivo 

To investigate the regulation of SUA in vivo, the hyperuricemia model on ICR mice is 

established by intraperitoneal injection of hypoxanthine and subcutaneous injection of 

potassium oxonate. The SUA level can be reached the maximum level at ~520 μmol/L, 3 times 

higher than the normal state, after intraperitoneal injection of hypoxanthine (~500 mg/kg) and 

subcutaneous injection of potassium oxonate (100 mg/kg) for 2 h. And then, the SUA level will 

be decreased slowly to ~250 μmol/L after injection for 6 h due to the presence of the urate 

oxidase (UOX) gene in mice, which can oxidize SUA into allantoin, and allantoin is more 

soluble in water than SUA and easier to be excreted with urine [56] (Figure S4). However, the 

high SUA level can be maintained at the higher levels for intraperitoneal injection of 

hypoxanthine (~500 mg/kg) and subcutaneous injection of potassium oxonate (400 mg/kg). The 
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maximum level (~650 μmol/L) can be obtained after the injection for 1.5 h, and it still can be 

maintained at ~500 μmol/L after 6 h (Figure S5). Therefore, the latter method has been adopted 

for establishing the hyperuricemia model. 

The therapeutic efficiency of the delivery of AP via MNs was evaluated in vivo on the 

hyperuricemia model. The hyperuricemia mice are randomly divided into 4 groups after 

modeling: (Ⅰ) control group (health), (Ⅱ) model group (without any treatment), (Ⅲ) oral group 

(treatment by oral AP), (Ⅳ) MN group (treatment by AP-loaded PCL or PVP/PCL MNs), as 

shown in Figure 3a. Note that, when AP-loaded MNs were manually applied to mice skin in 

vivo and gently pressed, the MNs penetrated the skin and embedded completely under the skin 

surface (Figure S6a). Figure 3b shows the profile of SUA levels against time in the different 

groups after treatment. The SUA level can be kept at a stability state at ~150 μmol/L in the 

health group. In the case of the model group, the SUA level can be decreased slowly from ~650 

μmol/L to ~500 μmol/L after 5 h. After oral treatment by AP (20 mg/kg) the SUA level can be 

decreased slowly from ~600 μmol/L after 1 h to ~300 μmol/L after 5 h. However, the SUA 

level has a slight decrease (from ~650 to 480 μmol/L) for the AP-loaded PCL MNs, although 

the same dose amount with the oral group. It can be contributed to the slow degradation of PCL 

in the body. The hyperuricemia model treated by AP-loaded /PVP/PCL MNs exhibits the best 

treatment in all groups. After treatment for 1 h, the SUA level is ~550 μmol/L. And it further 

decreased to the lowest concentration at ~157.49 ± 23.46 μmol/L after 3h which is close to the 

level in the health group. After that, the SUA levels still can be maintained at the therapeutic 

level (~150 μmol/L) for 5 h, showing a longer time for inhibiting the increase of SUA levels 

and the best treatment effect in all groups. It mainly contributed to the composition of the matrix 

of MNs. Some drugs are released rapidly following the dissolution of PVP, resulting in rapid 

diffusion of AP into blood similar to the oral delivery route. And the biodegradability of PCL 

also can be accelerated due to the dissolution of PVP. The AP loaded in PCL can be served as 

a drug reservoir for sustained drug release. 
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Figure 3. The animal experiment process via polymer MNs for regulation of SUA levels (a), 

the SUA (b), SCr (c) and NO (d) levels of the mice treated by AP-loaded PVP/PCL MNs 

compared with the healthy model, oral and PCL MNs groups, and ADA activity from liver 

tissue of the mice treated by AP-loaded PVP/PCL MNs compared with healthy, model and oral 

groups (e). 

 

3.4 Blood and immunohistochemical analysis 

SCr is the most commonly used screening test for kidney and renal function, and its high 

concentration is associated with renal function injury [57,58]. So, the SCr levels can be used to 

determine renal function. Figure 3c shows the SCr levels for all groups. The SCr in the model 

group shows the highest levels in all groups at different intervals, indicating the most severe 

kidney and renal damage due to no drug treatment. In the case of the oral group, the SCr levels 

show a slow decrease trend from 1 to 5 h treatment. Although the SCr levels exhibit a similar 

trend in the PVP/PCL MNs group, they are lower than that in the oral groups at all intervals. 

Importantly, the SCr levels (~32 μmol/L) are close to the health group after 5 h treatment. It 

indicates that negligible kidney and renal function damage is induced by the MN treatment 

because of the lower AP concentration in the blood compared with that in the oral group.  
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In addition, NO (also known as an endothelial-derived relaxing factor, EDRF), as an 

important mediator regulating vascular tone, is also affected by the decrease of renal blood flow 

that caused the impairment of vasodilation function [58,59]. Therefore, the level of NO is another 

biomarker for hyperuricemia [60]. Figure 3d shows the NO levels in all groups at different 

intervals. At 1h, no significant difference was found in all experimental groups. However, 

higher NO levels in PVP/PCL MNs groups are enrolled in this study compared to the model 

and oral groups, which is reach the normal level after 5 h treatment.  

Adenosine deaminase (ADA) is an important enzyme in nucleoside metabolism [61]. The 

increase in ADA activity will promote the catabolism of nucleic acid and lead to an increase in 

SUA production [61]. Therefore, inhibition of ADA activity can efficiently reduce the 

concentration of UA [62]. To determine the hepatic activity of ADA, the ADA activities from 

liver tissue are tested using commercial ADA activity assay kit. As shown in Figure 3e, after 5 

h, compared with the control group, the ADA activity of the model group increased significantly. 

However, significant inhibiting hepatic ADA activity occurred in oral and PVP/PCL MNs 

groups compared with the model group. Especially in the PVP/PCL MNs group, it remains at 

a relatively low level close to the healthy group and is significantly lower than that of the model 

group. Taken together, MNs treatment can effectively promote the secretion of SCr and NO, 

and inhibit the activity of ADA in mice, thereby reducing the production of SUA. The relative 

higher ADA activity in the oral group may be contributed to the liver damage caused by oral 

administration.  

3.5 Histopathology analysis 

The treated mice were sacrificed and the heart, liver, spleen, lung, and kidney tissues were 

retrieved (Figure 4a). No tissue lesions occurred in the heart, spleen, and lung (Figure S6b). 

No significant drastic liver and kidney changes are found in the PVP/PCL MNs groups 

compared with the control group, suggesting that the MNs administration did not cause 

remarkable liver damage and renal impairment. On the contrary, acute liver and kidney damage 

has been found in the model group, which has been confirmed by the increase of SCr and ADA 

levels. In addition, traditional oral drug administration also shows severe liver toxicity due to 

the first-pass effect and slow clearance. Hence, the MN-mediated strategy explored in this study 

can be used as an attractive anti-hyperuricemia treatment with lower damage, toxicity, and 

longer therapeutic effect. 

https://fanyi.so.com/#curative/therapeutic effect
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Figure 4. The images of major organs (heart, liver, spleen, lung, and kidney) retrieved from the 

mice (a) and H&E staining images of kidney tissue slices from treated mice (b) (red arrow: 

normal glomerulus morphology, black arrow: complete brush border structure, yellow arrow: 

dilatation of renal tubule, orange arrow: renal tubular epithelial cell necrosis, green arrow: renal 

interstitial inflammatory cell infiltration, blue square frame: the disappearance of brush border). 

 

The kidney is an important functional organ for urine production. However, high SUA 

levels can cause damage to the glomerulus, renal tubule, and epithelial cells of the renal tubular 

[63]. For this reason, histological studies of renal parenchyma were performed. As shown in Figure 

4b, the kidney section of blank control shows the regular cell arrangement, normal hepatic 

architecture, and glomerulus morphology without inflammation or necrosis. However, the 

hyperuricemic model group depicts mild tubular edema. In addition, the dilatation of renal 

tubules, degeneration of tubule epithelial cells, and disappearance of the brush border of 

epithelial cells were also observed in the model group. In the oral group, some whites were 
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observed on the surface of renal tissue, revealing some severe nephrotoxicity. Meanwhile, the 

phenomenon of inflammatory cell infiltration in renal interstitium was also found, which 

indicates that oral administration deepens kidney damage. However, the kidney section of the 

PVP/PCL MNs group shows normal glomerulus morphologies and complete brush border 

structure, which was similar to the control group, suggesting that it could validly alleviate the 

renal histopathological damages in hyperuricemic mice. In short, MNs-mediated strategies not 

only have a significant hypouricmic effect but also have protective effects on liver and kidney 

tissues. 

4. Conclusion 

 In view of the limited clinical efficacy and severe side effects of conventional oral AP in 

the treatment of hyperuricemia and gout. Herein, we proposed AP encapsulated in PVP/PCL 

composite MNs by the mold casting method to regulate SUA levels, realize the sustained drug 

release and reduce or even reverse the damage to the kidney. The mechanical strength of as-

fabricated MNs have sufficient potential to pierce the skin and release the AP in a sustained 

pattern due to the dissolution and degradation differences of raw materials in MNs matrix. An in 

vivo study demonstrated that the AP-loaded MNs system can effectively reduce the SUA levels 

as oral administration with lower side effects, which will contribute to reducing liver and kidney 

damage and improve the bioavailability of AP. Thus, this MNs-mediated strategy can facilitate 

transcutaneous hyperuricemia treatment and provide a new alternative for the exploration of 

clinical treatment of hyperuricemia. 
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