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Research Progress of Monosodium Urate Monohydrate Crystals

TIAN Tian, LI Zefen, XU Jiayue
(Institute of Crystal Growth, School of Materials Science and Engineering, Shanghai Institute of Technology,
Shanghai 201418, China)

Abstract: Gout is a term given to the disorder of uric acid metabolism, which results from the deposition of crystals of monosodium
urate monohydrate in various connective tissues. Recent domestic researches on the treatment of gout still focus on the development
and application of medicine, mainly through drug treatment and acupuncture to relieve the pain of patients. However, less attention is
paid to the mechanism of monosodium urate monohydrate crystallization. In principle, gout is the crystallization of monosodium urate
solute when it reaches supersaturation in the body fluid circulation. This review, from the perspective of materials, represented recent
research work on the structure, morphology, in vitro preparation method and inhibition method of monosodium urate monohydrate
crystals, and put forward the direction of further research in the future.
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Table 1 Growth patterns of MSUM crystals'*®!

Growth period/d ~ Mass of harvested crystals/mg

Crystal morphology with order of crystal density

Needles; incomplete spherulite.

Needles, complete spherulite and their aggregates; crystal sheaves and their

Aggregates; densely branched spherulites and their aggregates; mushroom shape

spherulite; spherulite with arboresque growth; dumbbell shape arboresque

spherulite, plumose and hexagonal prismatic crystal.

07 12.54+0.01*
14 33.30+0.05*
21 47.00+0.00*
28 59.50+0.25

40 61.00+0.02*

Complete spherulite and their aggregates; dumbbell shape spherulites; mushroom shape spherulites.
Complete spherulite and their aggregates; in complete spherulites.

Complete spherulite and their aggregates.
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Fig. 6 Optical images and PXRD patterns of MSUM crystals in a supersaturated solution over time
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Table 2 Comparison of growth methods for MSUM crystals

Growth method Growth principle

Characteristics of the method

Single diffusion

gel technique

Using the gel as a medium, crystal growth is carried
out by diffusion and reaction of the reactants in the

gel.

Wet chemical Crystal growth occurs in solution by chemical

method precipitation reactions.

Crystal growth device is simple, and the crystals grown have fewer thermal
defects and high crystal integrity. Microporous structure of the gel inhibits
crystal nucleation and controls the nucleation rate, making it suitable for
growing crystals with low solubility, or crystals that are temperature
sensitive. Sensitive crystals.

Growth method is simple and the growth conditions are easy to adjust, but

the nucleus and crystal growth rate is difficult to control.

2 EmREKEIH T E

FIRTIA Y7 R XU A% /0 B 28 0 30 o PRI 7 SR
I K, AR PRI B BB A3 2. BR T TR
A, ImIRIIRTT T BOE ToiE A AL A4 PRI A7)
fi PRI A, (LT MRS I T W AE (1

N

s
HN

LEZ5M iR J7 1, Parekh 25 KL T JUAP AR
I, HFREAT XSS, 7E4E K MSUM @A 43 1
IMAAN R FEASRIAY), by 2 A0 R b A
fE 15 d Jog AV AR I B AR 10, ik B
MSUM A A K A8, A A8 24500 1) o R 4
BET AT RES

A ARSI T E 20 2 A7) — i
TR ARG K, 4843 MSUM . fib AR 438 I 58 25 5 Fk
MAh s IR MSUM A (1 ik Sikeiks 2140451
i PR ZE KRR

2019 4F, Molloy S5 EARSM & MSUM i
e, FEXT RS AT VEAN AR AT S, DA IR S
JETHFR MSUM &5 @ S A3k ik . SEi 45 IRk
L, MSUM fhiATE pH=6~8 W AR fAR, HAER
FWRAE pH=13 DL, (H KRR 1) BB
BETE AR TCak 2], ANBERH 25 briayr . [

U, AN TSR BRSSP MSUM [ i A 25 4 3064 T
W, BRERORCEALE pH 7.4 SRS 15 4
BhZ G, VT I T BRI UTIE ), K Ab
P ) 4E K F 45~105 min, BCH AR 5 HE AT
XRD. SEM. SAED I EDX Z3#7. 4558 St
Qb TR e A8 A R U, AT 45 43 1K MSUM i A48 %,
JEGRAH, RIS TR SR AR AR AT . BEE
P I T (R 189 0, MISUML il R (1) S5 5 P88 e {1 3t —
R, PR SR AR AR, SEAE G R 32
1T EDX WAt KA A KER C. Ny O Al
Na JGE, UEW T X 2eqE 5 s br bR AT
MSUM 73 F. BIXLEEREY) T2 MSUM f&
AAHE LA 75— 28 O fidt, (LRI IX e A 1
A LASR B MSUM St AR i 12, e LR 3 e 1
T 1B 75 45 AR T e 3 A7 A0 5 R 0O o it i A () 1
B, X I P B 7 IR AL T R SR MR T 1)
R MSUM S AR 2R &0 Ja FrbATH g, HE
(U

Ozono SF7EMTFUIR MBI rh R4k &5 i R TEAR
FAERAT A BRI, Bk AT LA sk MSUM 2R
8, AFAFUTRG AR . 6 MSUM 3 M A
HEAT DLS FUEEAMESAS I AN,  PRIE £hik B X T
MSUM A (1 A K 2 LT3 52, HH 5200



+ 1950 - CREMR 2R 2741

J Chin Ceram Soc, 2020, 48(12): 1944-1952

2020 4F

RIA%, PRIG SR, DR MSUM S AR50
e, 3 AR A BEAIE T 42 A A R o 1
RPN F96 7 T R

1T 1 Matsumoto S8 H Tl R\ N 41 /N
BRI MSUM il P (1) ik A= K o At AT TEE RS G
WA R AE K MSUM ik, fEEHTEAAS
N (AN, AT R T AL I A0 /N S AT LAAETR
FH A B T 45 B, A L) 3 8 DX Sk Sy 39 1 465
Yo SEERINL, Na 78 Xk it RS 1)
JR I AT, BRI S >, BT AR
H IR AR R 9D, Ny 41N NI TR 1)
AT 2 B (AR A A AR AR . B Ta~
Bl 7e W LURIN, BEA 40 ]38,
MSUM i RSP B AR /N, I HLAGH S i A AR
T SRS . W 7E TS, B A1 AR R
FERISE N, o AR A T R AR T VR 2 AR
R B SR X 3, BT A R, AT
20 R% B R B Rn AR K T R RE 1 ek D i 1S
MSUM [ iy PR 2E K e FAR . BRI e B T 4l A< i
N ) RH 25 55 (1 AR A ot ) MSUM. ) A% F it 1
KA R

3

PRGBS i FRIDUAR S 5 DR DA 3 25D, 2
A M MSUM i (AR (8 A= AT 187 X
RIDCHRE . AN i P2 A RO HETT R ST IR DR R
HITRNTTRE 7O, Eein B A AR K
PRERBRAR, A PE A 1R iy A 73 AN 2 R B 423 A A
PRI AT s FEAERSDLAR IR AT S XA i A A AT
AR i I PR sh Y Bk, A iR o)
i I SE /N AR, AT B AR ER AR SRS HIRIX
SERT O TR NPT HOE AR 22 ], Lt
RTINSy« B LR . AR K i 5 55
J7 L JF B A% K MUSM . SRR R 5
AR PR SR A SR AR REAT EEX, SUSEARLLRE ET
BT RSB 77 23— PR HHTWEST MSUM
g R AN, WERAES K SE #E1) MSUM
dn A, I B A EROIT R R GG, AT
B RN T AHLEE . DRI, Ay B2 RS AE S AUL A
BEIASEE R IT R A A KIE L, LA RORAS AL
P, WEFCER A KBTI, T B AR R AR,
BRI AT A 7% TR B 2l 3 2 2R 4B
PR S BN U5 DR B AR (1
APE

50 min 60 min

(a) MSUM crystals obtained from simulated synovial fluid at various

injection times of N, fine bubbles

350
40 min
300 [ A10 min
{20 min “‘_,_-I
250 | A30 min ) %
M40 min L
g 200 - @50 min T e
2 660 min ’ % __________ .
150 % P S =
.I Al e i
100 J»,!§ _________ P =
'92,‘%‘
50 :g
Q., — @ pudeh © o L O
0= . . .
0 50 100 150 200
t/h

(e) Temporal changes in average size of MSUM crystals obtained from

simulated synovial fluid at various injection times of N, fine bubbles

2.5 0.04
— O
= 20 F
g 0.03
] ~
£ syt =
= 0.02 £
g £
5 1.0 =
z. N
5 0.01
0.5 |
2

0.0 A— Ar ra f . 0.00

0.0 0.5 1.0 1.5 2.0 2.5

Volume density of fine bubbles/%

(f) Relationship between volume density of N, fine bubbles and nucleation

rate or growth rate of MSUM crystals

K7 FEBHIRCE Ny 1NV RERE AR AR LS
MSUM i PATE A6 5 i 2

Fig. 7 Relationship between injection time, volume density
and morphology of MSUM crystals from simulated
synovial fluid®

S 3R

[1] WIINANDS J M A, VIECHTBAUER W, THEVISSEN K, et al.



48 5 12 W] HH

B A JRIRAN SRR ST e .

1951 -

(2]

B3]

(4]

(3]

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

(15

[16]

Determinants of the prevalence of gout in the general population: a
systematic review and meta-regression[J]. Eur J Epidemiolo, 2015,
30(1): 19-33.
CRONSTEIN B N, SUNKUREDDI P. Mechanistic aspects of
inflammation and clinical management of inflammation in acute gouty
arthritis[J]. J Clin Rheumatol, 2013, 19(1): 19-29.
Sy, AR, BAEE. R XUR B PR TG B a9 IR ST
JE[I]. P ESER TSR, 2020,26(2): 218-227.
SHU Jianlong, LI Fengzhen, QIN Yuwang. Chin J Exp Tradit Med
Formulae (in Chinese), 2020, 26(2): 218-227.
TIN A, MARTEN J, HALPERIN KUHNS V L, et al. Target genes,
variants, tissues and transcriptional pathways influencing human serum
urate levels[J]. Nat Genetics, 2019, 51(10): 1459-1474.
TleAs, Swzw, M. R R 2R SR B R B ]. YT
FREEZE, 2020, 29(3): 234-236.
DING Yuanquan, MA Qianzhang, LIU Peng. Chin J Convalescent Med
(in Chinese), 2020, 29(3): 234-236.
WU M, TIAN Y, WANG Q, et al. Gout: a disease involved with
complicated immunoinflammatory responses: a narrative review[J].
Clin Rheumatol, 2020.
ROUSSEAU L-S, PARE G, LACHHAB A, et al. SI00A9 potentiates
the activation of neutrophils by the etiological agent of gout,
monosodium urate crystals[J]. J Leukocyte Biol, 2017, 102(3):
805-813.
PASCUAL E, ANDRES M, VELA P. Gout treatment: should we aim
for rapid crystal dissolution?[J]. Ann Rheum Dis, 2013, 72(5):
635-637.
LANDIS R C, YAGNIK D R, FLOREY O, et al. Safe disposal of
inflammatory monosodium urate monohydrate crystals by differentiated
macrophages[J]. Arthritis Rheum, 2002, 46(11): 3026-3033.

PR R R IR MUAE 2 W B VR [0]. AR RHEE 2, 2020,
18(1): 5-6.
LI Zhijun. Chin Gen Med (in Chinese), 2020, 18(1): 5-6.

T8, SRR RS I R BRIV T BIIR[0]. o [ B 2 A v Ak
(TR, 2014, 6(10): 11-15.
WANG Yu, ZHANG Zhuoli. Chin J Med Front: Electr Ed, 2014, 6(10):
11-15.
B, R, AR, A AR R #h 4 AR O A AR AR 1Y
MEEG AT —BUET AR CT WA G IIYIAAI]. IRKIK
SRR, 2019, 38(12): 2396-2401.
CAO Bo, TANG Qingkun, LI Haige, et al. J Clin Radiol (in Chinese),
2019, 38(12): 2396-2401.
RASHID N, LEVY G D, WU Y L, et al. Patient and clinical
characteristics associated with gout flares in an integrated healthcare
system[J]. Rheumatol Int, 2015, 35(11): 1799-1807.
BURSILL D, TAYLOR W J, TERKELTAUB R, et al. Gout,
hyperuricemia and crystal-associated disease network (G-CAN)
consensus statement regarding labels and definitions for disease
elements in gout[J]. Ann Rheum Dis, 2019, 78(11): 1592-1600.

B, JUER), BB, %%, TRAF-6. IRAK-1 il NALP3 &AERK T
R VA AE S WA SR 98 B8 AR O BP9 (D). it i B 2 g 2 3,
2020, 26(12): 925-931+937.
XIE Min, FAN Xiaoli, ZHAO Yijing, et al. J Hainan Med Univ (in
Chinese), 2020, 26(12): 925-931+937.
HEeE g, B, B, AR ORXUESC R CT AR RIS PR IE
HISE R RIS [I]. HE CT A MRI 24, 2020, 18(7): 171-173.
JIANG Xuesi, CAO Mingzhuo, WANG lJing, et al. Chin J CT MRI (in

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Chinese), 2020, 18(7): 171-173.

YANG G, LEE H E, MOON S, et al. Direct binding to NLRP3 pyrin
domain as a novel strategy to prevent NLRP3-driven inflammation and
gouty arthritis[J]. Arthritis Rheumatol, 2020, 72(7): 1192-1202.

LIU Y, CHENG R, OU C, et al. Acetate: An alcohol metabolite as a
growth promoter of pathological crystallization of gout[J]. Cryst
Growth Des, 2020, 20(5): 2842-2846.

TATSIY O, MAYER T Z, DE CARVALHO OLIVEIRA V, et al.
Cytokine production and NET formation by monosodium
urate-activated human neutrophils involves early and late events, and
requires upstream TAK1 and Syk[J]. Front Immunol, 2019, 10: 2996.
CHHANA A, POOL B, WEI Y, et al. Human cartilage homogenates
influence the crystallization of monosodium urate and inflammatory
response to monosodium urate crystals: a potential link between
osteoarthritis Arthritis Rheumatol, 2019, 71(12):
2090-2099.

NAM J S, JAGGA S, SHARMA A R, et al. Anti-inflammatory effects

of traditional mixed extract of medicinal herbs (MEMH) on

and gout[J].

monosodium urate crystal-induced gouty arthritis [J]. Chin J Nat Med,
2017, 15(8): 561-575.

LEE C P, CHIANG S L, KO A M S, et al. ALPKI1 phosphorylates
myosin ITA modulating TNF-a trafficking in gout flares [J]. Sci Rep,
2016, 6(1): 25740.

HOLZINGER D, NIPPE N, VOGL T, et al. Myeloid-related proteins 8
and 14 contribute to monosodium urate monohydrate crystal-induced
inflammation in gout[J]. Arthritis Rheumatol, 2014, 66(5): 1327-1339.
KANEKO K, IWAMOTO H, YASUDA M, et al. Proteomic analysis to
examine the role of matrix proteins in a gouty tophus from a patient
with recurrent gout [J]. Nucleos Nucleot Nucl, 2014, 33(4-6):
199-207.

JANSSEN C A, OUDE VOSHAAR M A H, TEN KLOOSTER P M, et
al. Prognostic factors associated with early gout flare recurrence in
patients initiating urate-lowering therapy during an acute gout flare[J].
Clin Rheumatol, 2019, 38(8): 2233-2239.

DISVELD 1 J M, FRANSEN J, RONGEN G A, et al. Crystal-proven
gout and characteristic gout severity factors are associated with
cardiovascular disease[J]. J Rheumatol, 2018, 45(6): 858-863.

[27] CHI X, ZHANG H, ZHANG 8, et al. Chinese herbal medicine for gout:

(28]

[29

[30]

311

[32]

a review of the clinical evidence and pharmacological mechanisms[J].
Chin Med, 2020, 15(9): 1823-1832.

TAKANO Y, HASE-AOKI K, HIDEKI H, et al. Selectivity of
febuxostat, a novel non-purine inhibitor of xanthine oxidase/xanthine
dehydrogenase[J]. Life Sci, 2005, 76(16): 1835-1847.

S BT Z]. T ESEIBE 2y, 2015, 10(20): 279-280.
XIA Huihong. China Pract Med (in Chinese), 2015, 10(20): 279-280.
ZFt, SREIT . i AIARTRAT o 2 B B PR TR 25 W ke [J]. G
WG KT, 2016, 5(4): 73-76.

LI Dan, ZHANG Jianyong. Rheum Arthritis (in Chinese), 2016, 5(4):
73-76.

PASCART T, LANCRENON S, LANZ S, et al. GOSPEL 2-Colchicine
for the treatment of gout flares in France — a GOSPEL survey subgroup
analysis. Doses used in common practices regardless of renal
impairment and age[J]. Jt Bone Spine, 2016, 83(6): 687-693.

FVEN, TR, FHELE, S OIT 10 SEERRVE TR KU DT RFA
HERE[I]. b BE 24 R A, 2020, 27(1): 133-136.

SUN Zhongren, XU Siyu, YIN Hongna, et al. China J Chin Med Inf(in
Chinese), 2020, 27(1): 133-136.



« 1952 - CTERR ER 2540 J Chin Ceram Soc, 2020, 48(12): 1944-1952 2020 4E
[33] EEHad. P EEEF R IBYT IR RIE ST R IR R G T BOR D). e changes in monosodium urate monohydrate crystals for gout

[34]

[33]

[36

[37

[38]

[39

[40]

[41]

[42]

[43]

AT FT, 2018, 10(35): 76-78.

GUO Yanbo. Clin J Chin Med (in Chinese), 2018, 10(35): 76-78.

SR Th 2 A IRIBE S U 7V R T S A G T S R I A
£2[7]. hE P24, 2020, 18(15): 204-205.

ZHU Wei. Guide China Med (in Chinese), 2020, 18(15): 204-205.
IRHRTT, BGL%, PR, A TR SR EEA S A AT w Al Sk
IHRE 2T 9 SR ST D RS S i CRP. SUA JKFRgmi[J]. o
AR EERIEST, 2020, 18(12): 21-23.

SU Zhaoyuan, CAI Damao, HUANG Gang, et al. Chin Foreign Med
Res (in Chinese), 2020, 18(12): 21-23.

TSP BT R IR T R A SR 98 R AR PR 28O B i 48 4k ()
T REm[I]. K3 22 IR IR, 2020, 17(1): 128-131.

HE Jianping. Lab Med Clinic (in Chinese), 2020, 17(1): 128-131.
VP, BEARIAYT B RV DG R IR IR BOR D], RS B 2
7%, 2019, 12(27): 104-105.

SHA Gaofeng. Chin J Clinic Ration Drug Use (in Chinese), 2019,
12(27): 104-105.

EAL. P BEEFRIAGST I KL ST R IR R RCR M EE)]. ST B2y,
2019, 43(8): 1311-1312.

WANG Hong. Guizhou Med J (in Chinese), 2019, 43(8): 1311-1312.
WISL, VRIEAR, BBOGF, S R4S BILIBES TR ET AR VAT IR G
IR B B ORI SEAI]. h R IRIRBTSE, 2019,
11(21): 87-88+90.

HU Yi, XU Yanlin, ZHONG Shufen, et al. Clinic J] Chin Med (in
Chinese), 2019, 11(21): 87-88+90.

PAREKH B B, VASANT S R, TANK K P, et al. In vitro growth and
inhibition studies of monosodium urate monohydrate crystals by
different herbal extracts[J]. Am J Infect Dis, 2009, 5(3): 225-230.
TANK N S, RATHOD K. R, PAREKH B. B, et al. Synthesis and
characterization of monosodium urate (MSUM) nano particles[C]/
Shekhawat Manoj Singh ed. International Conference on Condensed
Matter and Applied Physics (ICC 2015): Proceeding of International
Conference on Condensed Matter and Applied Physics. Bikaner, India:
American Institute of Physics, 2016: 020224(1-4).

MOLLOY R G E, SUN W, CHEN J, et al. Structure and cleavage of
monosodium urate monohydrate crystals[J]. Chem Commun, 2019,
55(15): 2178-2181.

ODA M, HIRASAWA I, KOHORI F. Analysis of morphological

[44]

[43]

[46]

[47]

(48]

treatment[J]. Chem Eng Technol, 2020, 43(6): 1087-1092.

PASCUAL E, ADDADI L, ANDRES M, et al. Mechanisms of crystal
formation in gout-a structural approach[J]. Nat Rev Rheumatol, 2015,
11(12): 725-730.

MANDEL N S, MANDEL G S. Monosodium urate monohydrate, the
gout culprit[J]. ] Am Chem Soc, 1976, 98(8): 2319-2323.

AHMED S, HASAN M M, MAHMOOD Z A. Growth patterns of
monosodium urate monohydrate(gouty and urinary) crystals in gel: An
in vitro study[J]. Pak J Pharm Sci, 2017, 30(6): 2101-2108.

CHIH M H, LEE H L, LEE T. The culprit of gout: triggering factors
and formation of monosodium urate monohydrate[J]. Cryst Eng Comm,
2016, 18(2): 290-297.

LI M, LIS, TANG W, et al. Understanding the crystallization pathway
of monosodium urate monohydrate in a biomimetic matrix[J]. Cryst
Growth Des, 2020, 20(2): 804-812.

[49] OYANE A, KIM H M, FURUYA T, et al. Preparation and assessment of

[50]

(511

[52]

[53

[54]

[53]

revised simulated body fluids[J]. J Biomed Mater Res Part A, 2003,
65(2): 188-195.

GAMBLE J L. Chemical anatomy, physiology, and pathology of
extracellular fluid. fifth edition[J]. Soil Sci, 1952, 74(5): 403.

KIM H M, KISHIMOTO K, MIYAII F, et al. Composition and
structure of apatite formed on organic polymer in simulated body fluid
with a high content of carbonate ion[J]. J] Mater Sci Mater Med, 2000,
11(7): 421-426.

B, AP, R TE LR DTE VR R A R R AR R A K
). RERRER 2R, 2016, 44(1): 50-55.

CAI Yin, LI Ping, ZHU Peizhi. J Chin Ceram Soc, 2016, 44(1): 50-55.

XRCH, SR, s, A5, RO U AR R R AR AR AR P
T BARAL]. RERRERZAAI, 2006, 34(3): 334-339.

LIU Jingxiao, SHI Fei, ZHOU lJing, et al. J Chin Ceram Soc, 2006,
34(3): 334-339.

OZONO C, HIRASAWA I, KOHORI F. Shape change and growth
behavior of monosodium urate monohydrate in a gout model[J]. Chem
Eng Technol, 2017, 40(7): 1231-1234.

MATSUMOTO M, WADA Y, OTSU R, et al. Controlling nucleation
and crystal growth during reactive crystallization of monosodium urate
monohydrate from simulated synovial fluid by N, fine bubble
injection[J]. J Cryst Growth, 2020, 539: 125622-125627.



