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Abstract
Background : Although the symptoms of gouty arthritis could be controlled by clinical methods, it is often
impossible to remove tophi from joints that cause acute gouty arthritis.
Methods : In study, we injected a suspension of MSU into the knee joint of chicken, and then injected
uricase solution into the joint after 4, 8 and 12 hours. Since the beginning of the experiment, we
monitored the circumference of the diseased joint and local temperature change. Computer
tomography(CT) examination was performed to examine the MSU in the knee joints and then measured
the levels of TNFα and IL-1β in synovial fluid. Chicken knee joint fluid was collected under polarized light
microscope to observe the condition of the crystals and measured the weight of MSU residued in synovial
fluid. Finally, the chicken knee joint was dissected and the joint synovium was sliced.
Results : The results showed that injection of MSU suspension into chicken knee joint, significantly
increased IL-1β, TNFα levels (p<0.01), circumference of the joint (p<0.05) and the local skin temperature
(p<0.05). Moreover, analysis of the joint fluid and synovial slice under the polarized light microscope
revealed that crystals significantly reduced. Compared with groupⅡ(control group), the residual weight of
MSU in the joint fluid of group Ⅲ and group Ⅳ is very small(p<0.05), but there is no significant difference
between group Ⅲ and group Ⅳ(p＞0.05).
Conclusions : The comprehensive analysis shows that the reaction process between uricase and MSU is
similar to that uric acid. Therefore, it provides a new way for clinical treatment of acute gouty arthritis
with fewer side effects and significant reduction in the frequency of attacks.

1. Background
Uric acid is the end product of nitrogen metabolism in birds, primates and humans [1], and hyperuricemia
is a potential risk of gouty arthritis. Gouty arthritis, especially the joints of the extremities, is caused by
poor uric acid excretion in the body [2–4]. Gouty arthritis affects many aspects of human body, such as
severe joint pain, impaired movement and mental dysfunction. At the onset of gouty arthritis, the patient
experiences severe reactions characterized by severe joint pain, joint swelling and high local skin
temperature [5]. In gouty arthritis, the synovial membrane is highly infiltrated by polarized macrophages,
which produce tumor necrosis factor-alpha (TNFα), interleukin-1β(IL-1β) and other pro-inflammatory
cytokines[6, 7].
In the clinical treatment of hyperuricemia, the xanthine oxidase inhibitors are used to inhibit the
production of uric acid such as Allopurinol and Febuxostat. To promote renal uric acid excretion, the most
commonly used drugs are Benzobromarone, and probenecid. Puricase and Rasburicase are able to
promote uric acid decomposition. Colchicine and non-steroidal anti-inflammatory drugs (NSAIDs) are
used in the acute onset of gouty arthritis. Surgical treatment is even needed when severe damage results
from joints caused by monosodium urate deposition [9–12]. However, these methods drugs have serious
side effects, as they impair endocrine function, decrease liver function, cause gastrointestinal dysfunction
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and allergic reactions. At the same time, if the patient has liver and kidney dysfunction, most of the above
treatments cannot be used. Therefore, limiting the choice of clinical medication also increases the pain of
the patient. Moreover, these drugs do not address the causes of gouty arthritis, MSU. Prolonged
accumulation of MSU in the joints not only cause recurrent arthritis, but also damages the physiological
structure of the joints, causing irreversible damage [11]. According to reports, tophi are formed by the
deposition of MSU. Monosodium urate is formed by replacing H + with Na + in the molecular structure,
and this molecule is less soluble and thus more likely to form precipitates and deposits in human body
[12, 13]. There is no significant difference in molecular structure between the two compounds and the
core and functional groups of the two compounds are similar. Therefore, uricase can theoretically react
with monosodium urate to form products such as allantoin [13, 14].

2. Methods:

2.1. Experimental procedure
The purpose of this study was to evaluate the effect of uricase on the deposition of monosodium urate
(MSU) in the joints. Briefly, the monosodium urate suspension was injected into the joints of chicken, and
then continued to inject after 2 and 4 hours. Following this procedure, the circumference of the joint and
the local skin temperature were also changed. The uricase solution was continuously injected at 4, 8 and
12 hours after injection of MSU suspension. After 7 days, the intra-articular condition was examined
under CT, and a smear of the joint fluid was examined to assess the status of MSU under a polarized light
microscope and detected the levels of TNFα and IL-1β in synovial fluid and measured the weight of MSU
residued in synovial fluid. Joint synovial membrane was harvested and sectioned into Hematoxylineosin(HE) slices for examination. We anticipated that if the chicken model simulates the human disease
state, we expect that the monosodium urate (MSU) in the joints and synovial membranes of the chicken
joints will be significantly reduced after the injection of uricase.

2.2. Drug and instrument
All chemicals were of analytical purity. IL-1β and TNFα kit, uric acid, uricase, and other reagents were
purchased from Sigma. CT equipment purchased from Toshiba Corporation of Japan, model number is
PICKER PQS 16. Polarized light microscope purchased from Olympus, model number is CX41.

2.3. Synthesis of monosodium urate crystals
4 g of uric acid was dissolved in NaOH (9 ml / 0.5 N) in 800 ml of H2O, adjusted to pH 8.9 and then and
heated at 60℃. The, solution was left overnight at 4℃, after which it was washed, sterilized, and needle
crystals were recovered and suspended in in sterile saline (40 mg/ml) [4].

2.4. Animals
The white leghorns, which were purchased from Guangdong Xinxin Dahua Agricultural Egg Co., Ltd.,
weighing about 200 ± 20 g, were adapted to the laboratory environment for 7 days in darkness for one
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week. They were allowed free access to standard feed and clean drinking water. Animals are euthanized
by intravenous injection of Pelltobarbitalum Natricum(200 mg / kg I.p).

2.5. The experiments on uricase in vitro
Divided into 1–9 groups, one group contains 3 test tubes, they have the same settings, including
conditions, liquid volume, etc. Groups 1–3 are blank control groups, and groups 4–9 are experimental
groups. The 4–6 groups and the 7–9 groups are both experimental groups, but the dosage of urase is
different.
1–3 groups plus 1 ml MSU suspension + 1 ml saline water, 4–6 groups plus 1 ml MSU suspension + 1 ml
(5 mg/ml) uricase solution, 7–9 group plus 1 ml MSU suspension + 1 ml (10 mg/ml) uricase solution.
The samples were stored at 40℃, after which the liquid was removed after 3 days, filtered, dried, weighed
and counted.

2.6. Experimental grouping and experimental animal
preparation
Chicken were divided into four groups of six animals. The first group(GroupⅠ) was the blank group and
intra-articular injection of 1 ml saline. The second group(GroupⅡ) was control group. Intraarticular
injection of monosodium urate (MSU) crystal suspension caused inflammation. The third and fourth
groups(GroupⅢ and Group IV) were treated with uricase (5 mg / 10 mg, neglecting body weight) for
chickens with inflammation induced by monosodium urate crystals. Uricase was suspended in a solution
of pH 8.8 and injected into the joints 4, 8, and 12 hours after the last urate injection; CT irradiation at the
joint was performed as described by Lisa, et al. [17], and MSU was observed under a polarized light
microscope [18]. The synovial membrane was harvested to prepare slips for examination [19].

2.7. Statistical analysis
Results are expressed as mean ± S.D. and statistical analysis was performed using ANOVA to determine
significant differences between groups, followed by Student’s Newman–Keul’s test. p < 0.05 implied
significant differences. The statistical analyses were performed using GraphPad Prism 5.0 software.

3. Results

3.1. In vitro experimental results
It was found after the NO. 1–3 group test tubes were placed for 3 days, a precipitate was formed. After
shaking the test tube, the liquid became turbid. The suspension of the NO.4–9 groups became clear, and
a small amount of tiny white floc was present, and the turbulent test tube liquid was not turbid. Table 1
shows the oxidation of MSU by uricase (5 mg/ml) and uricase (10 mg/ml). Analysis of the residue after
the reaction, revealed that there was a significant difference between the control group and the 4–9
group, P < 0.05, so the results were significant. In contrast, there was no difference between 4–6 groups
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and 7–9 groups, p > 0.05, so the results were significant. These results indicate that uricase can
significantly oxidize monosodium urate into soluble substances. However, the doses of uricase 5 mg and
10 mg did not significantly differ in the oxidation of MSU for a sufficient period of time. (Table 1)

3.2. Several parameters were altered after injection of
uricase.
3.2.1. Under CT examination, all the chicken joints were invisible(including control group and
experimental group) (Fig. 1)
3.2.2. (1). (a) shows that Group Ⅱ had crystals deposition; (b) shows that has no visible crystal deposition
could be seen after injection of uricase in Group Ⅲ and Group Ⅳ, indicating that intra-articular injection of
uricase did not increase crystal deposition. So Thus, uricase can oxidize monosodium urate in the body,
But there is no significant differences between group Ⅲand Ⅳ. (2) Residual weight of MSU in synovial fluid.
(Fig. 2)
3.2.3. (c) shows crystal deposition on the synovial membrane of Group Ⅱ;(d) shows that there is no crystal
deposition in Group Ⅲ and Group Ⅳ, indicating that it shows that both concentrations of uricase have an
effect on the oxidation of MSU in the joint. But there is no significant differences between group Ⅲ and Ⅳ.
(Fig. 3)

3.3. Changes in local temperature in the joints
The peak temperature was recorded at 8 hours. Under the action of uricase, compared with Control
group(Group Ⅱ), the temperature of Group Ⅲ and Group IV changes significantly, and the temperature of
group Ⅳ was slightly lower than that of group Ⅲ. However, the difference was not significant, indicating
that the injection of uricase into the joint can remove monosodium urate and also relieve local fever at
the joint but doubling the concentration of uricase is slightly decreased the local temperature the cooling
effect is only slightly improved. And there was no significant change in the temperature of group Ⅰ(blank
group). (Fig. 4)

3.4. Changes in the circumference of the joint.
It can observed found monosodium urate injection into the joint caused inflammation, which in turn
induced swelling of the joint. Compared with the control group, the joint circumference of group II and III
slightly increased, and there was no significant difference between group II and group III, so P > 0.05,
indicating that uricase has a sustained release effect on joint swelling caused by monosodium urateinduced arthritis. The effect of high concentration of uricase on the slow release of joint swelling
compared with low concentration of uricase was not obvious. And there was no significant change in the
circumference of the joint of group Ⅰ(blank group). (Fig. 5)

3.5. Changes in TNFα and IL-1β levels.
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Compared with the control group, the increase of TNFα and IL-1β levels were significantly higher in group
II and group III was significant, P < 0.05, and the results were significant. This indicating indicates that
joint injection of uricase into joints can effectively inhibit the increase expression of TNFα and IL-1β.
While in contrast, there was not big difference in TNFα and IL-1β expression in group II and group III,
TNFα and IL-1β don’t increased obviously, so P > 0.05. It shows that compared with the control group,
although uricase can inhibit the increase of TNFα and IL-1β, there is no significant difference between
5 mg / ml and 10 mg / ml of uricase. And there was no significant change in TNFα and IL-1β levels of
group Ⅰ(blank group) (Fig. 6)

4. Discussion:
Urate is a key factor inducing acute gouty arthritis, and it is also a major factor inducing recurrent gout
and joint deformities [2, 3]. It plays a key role in joint swelling, temperature rise, and joint limitation of
gouty arthritis. Previous researchers have isolated urate from the joints of the limbs of patients with
hyperuricemia [18], and it affects the development of gouty arthritis. With the exception of humans,
primates, and birds, almost all animals synthesize and secrete uric acid oxidase which function is to
decompose uric acid into water-soluble products such as allantoin [1]. Currently, artificially recombinant
uricase is used in clinical trials, such as rasburicase and pegloticase. However, there are many restrictions
on the use of uricase, such as large side effects, and uricase injected into the blood can induce an
immune response. In addition, as the number of uses increases, the effect of the enzyme will become
lower and eventually useless [26, 27].
To this end, Specific pathogen Free(SPF) chickens were used to make animal models to induce acute
attacks of gouty arthritis, which could simplify the acute onset of gouty arthritis. Some reports have
documented events that urate crystals were added to phagocytes in vitro, that is, the crystals were rapidly
absorbed by leukocytes, followed by degranulation, phagosome membrane lysis, and cell rupture with
release of the crystals. It is assumed that a hydrogen donor site on the crystal is attached to an acceptor
site on the outer surface of the cell membrane lipid bilayer. The interaction between the crystal and the
cell membrane can also alter cell metabolism and cause the secretion of inflammatory mediators [23].
Because only MSU is used to induce arthritis[2, 4], this model can simulate symptoms such as joint
swelling, local joint temperature rise, and joint limitation in acute episodes of gouty arthritis, and can be
viewed as a simple arthritis. Both IL-1β and IL-1beta are the important indicators [20, 22].TNFα is the
earliest and most important inflammatory medium produced by activated macrophages. It can activate
neutrophils and lymphocytes, increase the permeability of vascular endothelial cells, regulate the
metabolic activity of other tissues and promote the synthesis and release of other cytokines [24, 25].
Interleukin-1β (IL-1β) is a pivotal proinflammatory cytokine that plays important roles in regulating
immune responses and in inducing a series of inflammatory reactions in response to infection.
We have investigated the expression of IL-1β, TNFα and the symptoms of acute arthritis induced by
monosodium urate, and have investigated the relation between joint circumference, joint temperature,
synovial fluid TNFα and IL-1β and arthritis symptoms, before both before and after onset of clinical
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symptoms of arthritis. With the development of arthritis, the local temperature of the joints gets higher
and higher, and the circumference turns longer and longer, and at the same time, the level of TNFα and IL1β increase, reaching the highest level after 8 hours approximately. We found that the degree of TNFα
and IL-1β produced in the joint depends on the severity of the disease, and the joint circumference
becomes longer and the temperature rises with the increase of TNFα and IL-1β, so the level of TNFα and
IL-1β is closely related to inflammation. Therefore, in the use of MSU-induced arthritis, the production of
detectable T TNFα and IL-1β is closely related to the onset of clinical symptoms. Although TNFα is not a
diagnostic and therapeutic indicator of gout, it is a crucial indicator that cannot be ignored in human
arthritis [22].
Studies have shown that the use of recombinant uricase can decompose uric acid in serum, reduce the
level of serum uric acid to reduce the probability of gouty arthritis [26, 27]. The occurrence and
development of gouty arthritis probably result from the excessively high level of serum uric acid which
becomes monosodium urate after encountering monosodium ion. Monosodium urate is hardly dissolved
in the blood and will gradually deposit on joints and other parts [2–4]. If it deposites on joints, arthritis
can be induced. Intravenous injection of uricase is an important way to reduce uric acid levels in current
clinical trials, but there are many limitations. From the analysis of the molecular structure of
monosodium urate and uric acid, the core genes and functional bonds of the two have not changed,
which provides a theoretical basis for the reaction of uricase and monosodium urate.
The principle of the reaction between uric acid and monosodium urate is shown in Fig. 7, represented by
yellow and green arrows. There is a dynamic balance between monosodium urate and synovial fluid, and
the separated monosodium urate ion immediately produces a chemical reaction when it encounters
uricase [13]. Although monosodium urate is difficult to dissolve, it still has dissolution equilibrium with
the aqueous solution. For example, monosodium urate is broken down into monosodium urate anion and
monosodium positive ion (Monosodium urate ⇋ Monosodium urate ion + Na+). After encountering
uricase, under the catalysis of uricase, monosodium urate ion reacts with oxygen to form 5hydroxyisourate (C5H4N4O4) (Monosodium urate ion + H2O + O2→ 5-hydroxyisourate + H2O). The
resulting 5-hydroxyisourate is automatically decomposed into allantoin (C4H8N4O4) and carbon dioxide
(5-hydroxyisourate + H2O → Allantoin + CO2) due to unstable existence. Allantoin is easily soluble in water
and excreted through the urinary system.
If uricase is injected into the joint, many adverse reactions are reduced at the same time, and the effect
may not decrease with the increase of the number of times. Because uricase enters the bloodstream and
spreads throughout the body with blood circulation, it is easier to trigger the immune system. To this end,
we injected uricase into the joints that induced inflammation with MSU, and observed the correlation
between its efficacy and the symptoms of experimental animals and the level of IL-1β and TNFα. It is also
encouraging that with the continuous injection of uricase into the joints, the symptoms of the
experimental animals improved significantly, including reduced joint swelling, decreased temperature and
decreased TNFα and IL-1β level. This treatment effect is similar to the treatment of arthritis by
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nonsteroidal anti-inflammatory drugs(NSAIDS)[29], so uricase can inhibit or alleviate urate-induced
inflammation.
However, in the experiment, according to the observed experimental phenomena and analysis of the
experimental data, it was found that the therapeutic effect of 10 mg uricase was not significantly
different from that of 5 mg uricase (p > 0.05), as shown in Fig. 4,5,6. The reason for this phenomenon
may be the "saturation" of the activity of uricase to break down monosodium urate or the inhibitory effect
of degradation products on uricase. But unfortunately this is only our inference, and no research has
proved this conjecture.
In this study, chicken knee joints were observed under CT and no significant results were obtained in all
groups. As reported by Lisa et al. [17], CT can be used to diagnose gouty arthritis. Although 50 mg / ml
monosodium urate can be observed on a polarized light microscope as shown in Fig. 8, the concentration
of monosodium urate suspension injected into the joints of chicken was 50 mg / ml, which was not much
different from the concentration of joint fluid. At the same time, the injected monosodium urate
suspension was greatly diluted with synovial fluid, leading to its density was more similar to that of
synovial fluid, which could not be distinguished under CT. A report by Lisa et al. [17] suggests that the test
object is a patient who has been exchanging gouty joint fluid for some time, and thus the density and size
of monosodium urate deposition have reached a level different from that of joint fluid, so CT detection
can be used. Furthermore, according to Alexis et al. [28], CT or ultrasonography is not sensitive to the
detection of patients with early gout.
We have shown in this study that uricase can indeed treat MSU-induced inflammation. Uricase breaks
down urate, which improves symptoms and suppresses the increase in TNFα and IL-1β. IL-1β is a key
factor. Of course, if combined with anti- TNFα, anti- TNFα treatment will be better. Uricase joint injection is
a new way to treat arthritis induced by urate deposition. It can bring long-term benefits to patients, if
combined with the therapy of lowering serum uric acid.

Conclusion:
New research evidence suggests that uricase can dissolve urate, which is tophi. Therefore, it is very
important to understand the reaction process of uricase and urate. At the same time, it is the most
important purpose to study the curative effect of uricase. Although the cause of urate accumulation is
not very clear, the composition of the final product urate is clear. In this study, we studied the effect of
urase on urate, both in vitro and in vivo. Except that the urate in the joint is not visible under CT
irradiation, other observations are obvious and meaningful. We conducted qualitative and quantitative
studies, in which the urate in the experimental group was significantly dissolved, and the control group
did not significantly decrease. Our observations are at multiple levels. Rough conjectures and studies
have been conducted on the reaction process. Molecular level studies have not been performed on the
details of the urate accumulation process and uricase dissolution. But this study can provide a new idea
for the treatment of recurrent gouty arthritis.
Page 9/19

Declarations
Availability of data and materials: All the data generated and analyzed in the present study are available
from the corresponding author upon reasonable request.
Acknowledgments: We thank Guangzhou Medical University(China) and for providing laboratories and
equipment and everyone who helps us.
Funding: The Guangdong Provincial Department of Education, Guangzhou Medical University and the
Third Affiliated Hospital of Guangzhou Medical University provided funding for the study
(NO.201810570055).
Author Contributions: Data curation, CYM, FX, WR,JDD, HYQ, LCJ and XMY; Formal analysis, CYM, FX,
JDD, WR,YQ He, XMY and QG; Methodology, CYM, FX,JDD, WR,LCJ, ZSP, ZSY and QG; Software, XGQ, WR,
TH, ML and HQX; Writing – original draft, CYM, FX; Writing – review & editing, CYM , FX, JDD,WR and
QG.
Ethics declarations
Ethics approval and consent to participate: The study was approved by the Animal Ethics Committee of
the Animal Center of Guangzhou Medical University (reference number: GY2019-053) and written
informed consent was obtained from all study participants.
Competing interests: The authors declare that they have no competing interest.
Consent for publication：Not applicable

References
1. Kuang-Hui Yu,Der-Lisa K Chen,Jiunn-Horng Chen,Shih-Yang Chen, et al. Management of gout and
hyperuricemia: Multidisciplinary consensus in Taiwan. International Journal of Rheumatic Diseases,
2018, 21(4). DOI： 10.1111 / 1756-185X.13266
2. Fujiwara K , Ohkawara S , Takagi K , et al. Involvement of CXC Chemokine Growth-Related Oncogeneα in Monosodium Urate Crystal-Induced Arthritis in Rabbits. Laboratory Investigation, 2002,
82(10):1297-1304. DOI： 10.1097 / 01.lab.0000029206.27080.d2
3. Sabina E P, Nagar S, Rasool M. A Role of Piperine on Monosodium Urate Crystal-Induced
Inflammation-An Experimental Model of Gouty Arthritis. Inflammation, 2011, 34(3):184-192. DOI：
10.1007 / s10753-010-9222-3
4. Rasool M, Varalakshmi P. Suppressive effect of Withania somnifera root powder on experimental
gouty arthritis: An in vivo and in vitro study. Chemico-Biological Interactions, 2006, 164(3):174-180.
DOI： 10.1016 / j.cbi.2006.09.011

Page 10/19

5. Mei Jingtian,Zhou Feng,Qiao Han,Li Hanjun,Tang Tingting. Nerve modulation therapy in gouty
arthritis: targeting increased sFRP2 expression in dorsal root ganglion regulates macrophage
polarization and alleviates endothelial damage. Theranostics, 2019, 9 (13). DOI： 10.7150 /
thno.33908
6. Koizumi H., Tokuriki A., Oyama N., Ido H., Sugiura K., Akiyama M., Hasegawa M. Certolizumab pegol,
a pegylated anti-TNF-alpha antagonist, caused de novo-onset palmoplantar pustulosis followed by
generalized pustular psoriasis in a patient with rheumatoid arthritis. J Dermatol. 2017; 44(6):723724. DOI： 10.1111 / 1346-8138.13530
7. Liu Ronghan, Chen Yuehong, Fu Wenyu, Wang., Et al, Fexofenadine inhibits TNF signaling through
targeting to cytosolic phospholipase A2 and is therapeutic against inflammatory arthritis. Annals of
the rheumatic diseases, 2019. DOI： 10.1136 / annrheumdis-2019-215543
8. Yu Ke-qiang, Xiong Xue-hua. Chinese medicine combined with Western medicine on 120 cases of
gouty arthritis with joint swelling and pain in their acute stages. China Tissue Engineering Research,
2002(1):146-146.
9. Steinberg Alexandra S, Vince Bradley D,Choi Yun-Jung, et al. The Pharmacodynamics,
Pharmacokinetics, and Safety of Arhalofenate in Combination with Febuxostat When Treating
Hyperuricemia Associated with Gout. The Journal of rheumatology,2017, 44(3). DOI： 10.3899 /
jrheum.161062
10. Liu Y, Zhichen L I, Chen J, et al. Therapeutic efficacy of small doses of colchicine combined with
glucocorticoid for acute gouty arthritis. Medical Journal of Chinese People's Liberation Army, 2015,
40(8):652-655.
11. Kumar S, Gow P.A survey of indications, results and complications of surgery for tophaceous gout.
New Zealand Medical Journal, 2002, 115(1158):U109.
12. Ener E E , V. B. Güzel, Takka S. Surgical management of tophaceous gout in the hand. Archives of
Orthopaedic & Trauma Surgery, 2000, 120(7-8):482-483. DOI： 10.1007 / s004029900061
13. Sohini RoyChoudhury,Yogeswaran Umasankar, et al. Uricase Based Enzymatic Biosensor for Noninvasive Detection of Uric Acid by Entrapment in PVA-SbQ Polymer Matrix. Electroanalysis, 2018, 30
(10). doi：10.1002/elan.201800360
14. Kim K M , Henderson G N , Frye R F , et al. Simultaneous determination of uric acid metabolites
allantoin, 6-aminouracil, and triuret in human urine using liquid chromatography–mass
spectrometry. Journal of Chromatography B, 2009, 877(1-2):65-70. DOI： 10.1016 /
j.jchromb.2008.11.029
15. Inazawa K , Yamaguchi S , Hosoyamada M , et al. Urinary excretion of uric acid, allantoin, and 8-OHDeoxyguanosine in uricase-knockout mice. Nucleosides, Nucleotides and Nucleic Acids, 2016, 35(1012):559-565. DOI： 10.1080 / 15257770.2016.1163376
16. Woolf AD, Dieppe P A. Mediators of crystal-induced inflammation in the joint. British Medical Bulletin,
1987, 43(2):429.

Page 11/19

17. Lisa K. Stamp,Nigel G. Anderson,Fabio Becce, et al. Clinical Utility of Multi‐Energy Spectral PhotonCounting Computed Tomography in Crystal Arthritis. Arthritis and Rheumatology, 2019, 71(7):11581162. DOI： 10.1002 / art.40848
18. J. E. Seegmiller, M.D., R. Rodney Howell, M.D., et al, The Inflammatory Reaction to Sodium Urate.
Clinical Science. JAMA. 1962;180(6):469–475.
19. Kim KJ, Hijikata H, Itoh T, et al. Joint fluid from patients with failed total hip arthroplasty stimulates
pit formation by mouse osteoclasts on dentin slices. Journal of biomedical materials research, 1998,
43(3):234-240. DOI： 10.1002 /（sici）1097-4636（199823）43：3 <234 :: aid-jbm3> 3.0.co; 2-o
20. Chan Tzu-Yi,Yen Chia-Liang,Huang Ya-Fang, et al. Increased ILC3s associated with higher levels of IL1β aggravates inflammatory arthritis in mice lacking phagocytic NADPH oxidase.. European journal
of immunology,2019. DOI： 10.1002 / eji.201948141
21. Inokuchi T , Moriwaki Y , Tsutsui H , et al. Plasma interleukin (IL)-18 (interferon-γ-inducing factor) and
other inflammatory cytokines in patients with gouty arthritis and monosodium urate monohydrate
crystal-induced secretion of IL-18. Cytokine, 2006, 33(1):1-27. DOI： 10.1016 / j.cyto.2005.11.010
22. Jansen MAA, Klausen LH, Thanki K, et al. Lipidoid-polymer hybrid nanoparticles loaded with TNF
siRNA suppress inflammation after intra-articular administration in a murine experimental arthritis
model. Eur J Pharm Biopharm. 2019;142:38–48. Doi:10.1016/j.ejpb.2019.06.009
23. Schumacher HR, Phelps P. Sequential changes in human polymorphonuclear leukocytes after urate
crystal phagocytosis. An electron microscopic study. Arthritis Rheum. 1971;14(4):513–526.
doi:10.1002/art.1780140411
24. Kobayashi K, Takahashi N, Jimi E, et al. Tumor necrosis factor alpha stimulates osteoclast
differentiation by a mechanism independent of the ODF/RANKL-RANK interaction. J Exp Med.
2000;191(2):275–286. doi:10.1084/jem.191.2.275
25. Markusse IM, Dirven L, Gerards AH, et al. Disease flares in rheumatoid arthritis are associated with
joint damage progression and disability: 10-year results from the BeSt study. Arthritis Res Ther.
2015;17(1):232. Published 2015 Aug 31. doi:10.1186/s13075-015-0730-2
26. Mandell BF, Yeo AE, Lipsky PE. Tophus resolution in patients with chronic refractory gout who have
persistent urate-lowering responses to pegloticase. Arthritis Res Ther. 2018;20(1):286. Published
2018 Dec 29. doi:10.1186/s13075-018-1782-x
27. Sundy JS, Becker MA, Baraf HS, et al. Reduction of plasma urate levels following treatment with
multiple doses of pegloticase (polyethylene glycol-conjugated uricase) in patients with treatmentfailure gout: results of a phase II randomized study. Arthritis Rheum. 2008;58(9):2882–2891.
doi:10.1002/art.23810
28. Ogdie A, Taylor WJ, Neogi T, et al. Performance of Ultrasound in the Diagnosis of Gout in a
Multicenter Study: Comparison With Monosodium Urate Monohydrate Crystal Analysis as the Gold
Standard. Arthritis Rheumatol. 2017;69(2):429–438. doi:10.1002/art.39959
29. Verhoeven F, Prati C, Totoson P, Bordy R, Wendling D, Demougeot C. Structural efficacy of NSAIDs,
COX-2 inhibitor and glucocorticoid compared with TNFα blocker: a study in adjuvant-induced arthritis
Page 12/19

rats. Rheumatology (Oxford). 2019;58(6):1099–1103. doi:10.1093/rheumatology/key444

Table
Table 1
Oxidation of monosodium urate suspension (40 mg/ml) by uricase (5 mg/ml, 10 mg/ml)
Parameters

Weight
（mg）

Group 1-3:

Group 4-6:

Group 7-9：

Control
group

1ml MSU+1ml uricase (5
mg/ml)

1 ml MSU+1 ml uricase (10
mg/ml)

39.5±0.2

1.8±0.3 a,*

1.2±0.2 a,*

a Comparisons were made with control group
*Statistical significance at: p < 0.05.

Figures

Figure 1
represents all groups, including experimental and control groups that under CT examination (Including
experimental and control groups), the MSU were invisible. (1)
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Figure 2
(1)shows the results of the chicken joint fluid examination, (a.1) and (a.2) shows that Group Ⅱhad crystals
deposition; (b.1) and (b.2) shows that has no visible crystal deposition could be seen after injection of
uricase in Group Ⅲ and Group Ⅳ.(2) Residual weight of MSU in synovial fluid. * Compared with the control
group(group II), p < 0.05.
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Figure 3
shows the results of the analysis of the coverslips of dissected synovial membrane the chicken joint; (c)
shows crystal deposition on the synovial membrane of Group Ⅱ; (d) shows that there is no crystal
deposition in Group Ⅲ and Group Ⅳ.

Figure 4
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The monosodium urate injection into the joint caused joint inflammation thereby increasing the local
temperature. Values are expressed as mean ± S.D. (n = 6). Compared with the control group, the * symbol
represents statistical significance at: p < 0.05.

Figure 5
Depicts the effect of uricase injection into the joint circumference after uric acid monosodium-induced
arthritis. Values are expressed as mean ± S.D. (n = 6). * Compared with the group Ⅱ, p < 0.05. ** Compared
with the group Ⅱ(p < 0.05) and group Ⅲ(p >0.05).
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Figure 6
Depicts the effect of intra-articular injection of uricase on elevated the levels of TNFα and IL-1β caused by
monosodium urate-induced acute arthritis. Values are expressed as mean ± S.D. (n = 6). * Compared with
the groupⅠ, p < 0.05. # Compared with the group Ⅱ(p < 0.05) and group Ⅳ(p＞0.05).
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Figure 7
.Schematic diagram showing the reaction between monosodium urate and uricase. Uricase can react
with ions produced by monosodium urate, similar to the reaction of uricase with uric acid. Monosodium
urate ⇋ monosodium urate ion + Na+ (1) Monosodium urate ion + H2O + O2 →5-hydroxyisourate + H2O
(2) 5-hydroxyisourate + H2O →Allantoin + CO2 (3)
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Figure 8
Schematic illustration of a 50 mg/ml monosodium urate suspension under a polarized light microscope.
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