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ABSTRACT

Experimental and clinical studies indicate that uric acid is associated with several risk factors of
chronic kidney disease including diabetes, hypertension, oxidative stress, inflammation, and
hyperuricemia. Clerodendrum trichotomum leaves and stems have been used in folk medicine for
their anti-hypertension, arthritis, rheumatism, and anti-inflammatory properties. This study was
performed to explore the potential of C. trichotomum leaves as an anti-hyperuricemic agent. The
hot water extract of C. trichotomum leaves (HW) showed higher antioxidant activities and total
polyphenol contents comparing with its ethanol extract. Then, we investigated whether HW have
the anti-inflammatory and cytoprotective effects in in vitro and in vivo hyperuricemia models.
When RAW 264.7 cells were treated with lipopolysaccharide (LPS) and soluble uric acid, HW
suppressed nitric oxide (NO) production and the expression of iNOS (inducible nitric oxide
synthase) and COX-2 (cyclooxygenase-2), and it increased the expression of HO-1 (heme
oxygenase-1). In uric acid treated HK-2 cells, HW decreased the expression of Bax (Bcl-2-
associated X), PARP-1 [poly (ADP-ribose) polymerase-1] and cleaved caspase-3, while it
increased Bcl-2 (B-cell lymphoma 2) protein. In potassium oxonate (PO)-induced mice, HW
decreased the levels of serum uric acid, serum creatinine and blood urea nitrogen (BUN), but it
increased urine uric acid and urine creatinine. Furthermore, HW decreased the expression of iNOS,
COX-2, tumor necrosis factor-o (TNF-a), Bax, cleaved caspase-3 and PARP-1 and it increased the
expression of Bcl-2 protein in PO-induced mice kidney. Immunohistochemical analysis showed
that HW decreased the TNF-a expression in PO-induced mice liver. In addition, RNA sequencing
analysis using liver tissues showed that HW restored the expression profiles of genes implicated in
inflammatory and cytoprotective pathways. Taken together, these results suggest that HW have a
potential for prevention and treatment of hyperuricemia by exerting anti-inflammatory and

cytoprotective effects.

Key Word: Uric acid, Clerodendrum trichotomum, Anti-inflammation, Cytopropective effect,

antihyperuricemic
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QA4 uric acid)2 FHe whAY thAMHEEA] xanthine  oxidaseo] o] g
Asipbgow AdEn. dFEe EfFolA 842 uricased] 9|3
allantoin® = F3fE k. AT ARgY] A= 84FS  allantoin® 2

Al 71 uricase”’} §17] wiol S X387 s a4k A3

g
ol

NS B widEY F wdEE 24k 30%e FS B o] FoiAH,
Uz 70%e AFS EE slddn A7)se] A3t whel AREA

o] 7} (glomerular filteration rate, GFR)©| 7ZrAsAl W Q4FS] clearance”}
AastA Hm olZ Qla dFe 84t FE7F Sl | tH(Kanellis er al,
2004; Fauci et al, 2008). 2AF> 2% Ao Abstd AEYAE
HFAY A 7], anti-apoptotic ¥ & I} pro-apoptotic T A o] E S 5t

apoptosiss  FXlotal, U5, WI 7|5 ©]’f(endothelial  dysfunction)S

doittar <A AtH(Lobo ef al, 2011; Quan et al, 2011; Verzola et al., 2014).

K

= {2 w7t 6.8 mg/dL o]/ How ol &
31 8 4 F(hyperuricemia)©] 2F31 $FCH(Grassi et al., 2013). dF Qb FL9

ar : = [e)
A &XQ F7h= B4, A= 52 monosodium uratel] FHHES do7|H,

LAY

monosodium uratei= urate Aol sodium¥} S+ 7o & ExPr} AdtE EAF
Fe = 534 #dAoA T2 BFE T Martillo e al., 2014; Ruoff et al., 2016).
ek 31 QAFE 52 TNF-a (tumor necrosis factor-a)2] & (Johnson et al, 2005)3}
Aol A MCP-1 (monocyte chemotactic protein-1)2} 72 chemokine®| =&,

a2]3 g3 A COX-2 (cyclooxygenase-2)2] &S =3k} (Roncal et al., 2007;



Kang et al, 2002). 1 eAtdS A BAZ 71 &3] AE-H & allopurinol>

xanthine oxidase A A= QAF A S A S}, 22| allopurinol®] F-2}-8-2

rlot

X EAIRE, allopurinol #WA]  5%<(allopurinol hypersensitivity syndrome;

AHS)# 72 FAEL2 A7s Fol7F = #Atoll A BaEal §lth(Becker et

al., 2005; Hande et al., 1984; Stavric et al., 1975). WetA Rt} SFAstar g 3421
ABAZA HAE AAe oeF OiAEFEe] 5 Wil Qv HIE9
flavonoids®} phenolic compounds, alkaloids, essential oils &2} 2 A& 3

odt

AsA|Eo] LQAME ST ARAREA o8& ThsAdo]l EilE il UTHGliozzi et
al., 2016; Ling and Bochu, 2014).
2] YU (Clerodendrum  trichotomum)=  V}H %I} (Verbenaceae)oll &3t

S BEOR W, AR, F7, AW %Y Fol del REHo| Arkinchi
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A &3 5 ohEd AYFAHES 7Pt B s ¢ th(Neeta and Tejas, 2007).
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FEE2 oAFgt £ 3)1H-5=7](Buchi Labortechnik, Flawil, Switzerland)=

s%en FAAESNT ARE A Agar AAx 20T

= Z99E %2 Folin-Denis WS dF wWysle +43A0. 2t

ALkt 2 M Na,CO; AloFs FH7bsto] Aol A 1A17F &<k wha-A120 3= 750
nm oA FFEE SHSIATE F
Missuouri, USA)E IETEAE AR&ste] A ZEHAATAAE ol &3t

2+ 319 tH(Folin and Denis, 1915).



3. gast 84 24

2,2-diphenyl-1-picrylhydrazyl (DPPH; Sigma, Missuouri, USA) 4~7 €42 Blois

W Blois MS, 1958)°] Wl SA3ATE WA 96 well plated] &

SIMAIZ A RE oY 7HA F%==E 100 pLA #5358k 0.4 mM DPPH &<
100 pL 7} 8k AFFER 1023 EA F 517 mmollA] FFEE

(Acontrol'Asample)

Scavenging activity (%) = 100 X
Acontrol
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2,2°-Azino-bis-(3-ethyl benzothiazoline-6-sulfonic acid (ABTS; Sigma, Missuouri,
USA) radical 274 €42 7 mM ABTS$} 2.45 mM ammonium persulphateE & %
E35te] 24413k WA o] AgAAT. T F oege] od A FER
14 AlSE 100 pL #7331 ABTS &94& T%F FH7iste]l ofFg oA

1023 WESAIZL & 745 nmoll X SFEE 54833, ABTS 4~ &4

(Acontrol'Asample)

Scavenging activity (%) = 100 X
Acontrol



Oq 7] }\1 Acontrol% Oﬂ %%E{_ 7;(-1] 7]—‘:} gﬁt}c}_ﬂ ‘O/] %‘%E% ‘O/] U] 01‘111 Asample T

A2 E 71 whgdo FHEE YERATH
4, N X vj

Abrel 9] M MEQ] HK-2 AM3ES mouse WIAAIEZSQ] RAW 264.7
MEE A X238 (Korean Cell Line Bank) S.2ZHEH 433t HK-2
MEE 10% fetal bovine serum (FBS; Gibco, Massachusetts, USA)Z} 1%
penicillin/streptomycine (P/S; Gibco, Massachusetts, USA)©] 3 3}% Rosewell Park
Memorial Institute-1640 (RPMI-1640; Gibco, Massachusetts, USA) W] %] & ©] &3}
37 C, 5% CO, “FEloll A wldatith RAW 264.7 A= 10% FBSS 1% P/So]
32 3t¥ Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco, Massachusetts, USA)

H A & o] &-3}e] 37 C, 5% CO, 3-27]ollA] u]FalglT).

5. A ¥EEA

M= 3-(4,5-dimethylthiazol)-2,5-diphenyl-tetrazolium ~ bromide ~ (MTT;

Amresco, Ohio, USA) W& o]&3lo] SA3I th(Ferrari et al, 1990). HK-2

A Eo] AHgd gike] AdFEES AA37] 98] 6 well plateo] 2 x 10° cells/mL
2 EFeta 84S s HE AP F 48 AgF wiYke = AlE AEES
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SAsAT. 8-S A HK2 AlEolA HW F=E9 AE AEE9
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2= FgFS Felstr] ¢8l 6 well plateol] 2x 10° cells/mL =z -3}l



F% R (50, 100, 200 ug/mL) # 2] kAL, 1417 Fol 20 mg/dLe] £A4F (in 1 M
NaOH)& #2lsto] 48217t wieFstgltt. 21§ 0.5 mg/mL MTTE- <1< 37}kl
1A1ZF ok 3 v X & A A 5 200 pLe] dimethyl sulfoxide (DMSO; Biosesang,

Gyeonggi-do, KOREA)E 7}3}¢] formazan 3 =S &3 3} microplate reader

(Bio Tek, Vermont, USA)Z 595 mmol|A] SFE=E FAH3IAY. A REE A
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(Acontrol'Asample)

Cell viability (%) = 100 x
Acontrol

A7 Awors ARE AP A B2 AXY FHEE YMEHH, Aample
ARE Agd Axe F3=5 HehliAth

RAW 264.7 Al 6 well platel] 3 x 10° cells/well2 53l A 55 5% ¥
(100, 200 pgmL)E A2 %, 1A%t $-° 100 ng/mL®] LPS$} 20 mg/dLe| 8A4F

(in 1 M NaOH)= &5 Aot 2443 wjeF g & A7)k o= Al

BEES
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g

]_

32

.

|\
ol

ul

6. NO (nitric oxide) B4 A A4

il

-
o =

RAW 264.7 MEE 6 well platec] 3x10° cells/wellZ 533 A&
(100, 200 pg/mL)= A 2] g ths, 1412 $-°] 100 ng/mL°] LPS¢} 20 mg/dL ]

24F (in 1 M NaOH)Z co-treatment &} 24A]7F v Fslgitt. NO A4 S A

6



g4 Axud ASN 100 uLet Griess A%F (1% sulfanilamide and 0.1%

naphthylethylene di-amine dihydrochloride in 5% phosphoric acid) 100uLE < 3}3s}<
oF% oA 102 E9F WA F 540 nmellA FHEE SA 5]

7. Western blot

i 2elekr] fsl wikol et Al PBS = o|&3l 2 3] AlH

He
il
Mo

A7}
< lysis buffer [IxRIPA (Millipore, Massachusetts, USA), 1 mM PMSF
(phenylmethylsulfonyl fluoride; Sigma, Missuouri, USA), 1 mM Na;VO,, 1 mM NaF, 1
pg/mL aprotinin (Amresco, Ohio, USA), 1 pg/mL perpstatin (Amresco, Ohio, USA), and
1 pg/mL leupeptin (Amresco, Ohio, USA)|E ©]-&3 30 & &<F lysis A7 &

7F dAEE st @i 5%+ BSA (bovin serum

i

13,000 rpm 2= 20

albumin)E ¥ T O = Bio-Rad protein assay regent (Bio-Rad, California, USA)&
o] &35l A= it TS 10-12%2] SDS-polyacrylamide gel = ©]-83}]
719 $ PVDF (poly-vinylidene difluoride) membrane (Millipore, Massachusetts,
USA)ell 200 mA, 120 & &<+ dolAZith @ o] Hol¥d membrane = 5%
BSA (Bovogen, Keilor East, Australia)= AF2-o)| A 1 A ZF blocking A7l %1 =
A eF w-S-AF T 1 2} &4 HE-§-2 Bax antibody (1:5,000, Santa cruz, California,
USA), Bcl-2 antibody (1:5,000, Santa cruz, California, USA), caspase-3 (1:10,000, Santa
cruz, California, USA), cleaved caspase-3 (1:5,000, Cell Signaling, Massachusetts, USA),
PARP-1 (1:10,000, Santa cruz, California, USA), iNOS antibody (1:10,000, Santa cruz,
California, USA), COX-2 antibody (1:10,000, BD biosciences, New jersey, USA), heme

oxygenase (HO)-1 (1:10,000, Santa cruz, California, USA), TNF-a (1:5,000, abcam,
7



Cambridge, UK)Z ©o]-&3lo] 4Col|A 24 A|7F wh-SA AT 1 2} A wk-3-0]
% membrane = 0.05% TBS/T NS =2 5 3] MF F peroxidase-conjugate ¥
anti-rabbit IgG, anti-mouse IgG (Vector laboratories, California, USA) =-2 anti-goat
IgG (Santa cruz, California, USA)E 1:10,000 &2 3] Al 5}o] Ao A 2 AlZF WEG-
F 0.05% TBS/T (0.05% Tris-buffered saline/0.05% Tween 20)&H4S =2 5 3]

Al A3k}, @l d & Westar ETA C (Cyanagen, Bologna, Italia)E o] &3] X-ray

)
ul(f

botet.

Oft
3

o= A=

8. ¥4 LeNEF 24 A& H FEAE

5% 4% ICR mice 30 = 2 gt @ALTNEHIo] QoA FI3F% L,

AFietal F=dTE2 93] o] FA(E A E: 2016-0043)=

rUO
ﬂ

AR Y] 223 £ 27C), 560 + 5C) 20S FAstgon, o F7]=
R2A7F tAS R AdASHA skt Ad e AATN, normal),

A28 A F o % (PO, potassium oxonate), & & H

z
4
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_&
Ac
M
=
3

o
0,
2,

)

Z+"%1 allopurinol ]+ (Allo, Allopurinol)©.2 27} 179 5 vl2|¥ 4
agew Wrel 49 AW A LeddFL =) 99
QAREElE A AAAIQ] potassium oxonate (250 mgkg)E WY 13 H7 U
TS ATHYi et al, 2012). 7 Fo 1A]3F & PO A A A4 50 mgke,

HW2 72| U €9 =5 400 mgkg, allopurinoli™-> allopurinol 5 mg/kg



9. A2 £

Urine sample> A3 7HA] 64 F thAl Alo]AE o]&sle] 2447 &<t
AF st A4 e FH ATAE EA ol ol &5t N ofEFo F
7 Aol ethyl ether= V3 - A% A} (cardiac puncture) = &3 Ao 15,000
pmoll Al 20 9 WAEE F EHE Lo deep freezerol HI F
ALEskSitt. dd 3 w49 creatinine?} 84F, F M| blood urea nitrogen
(BUN)=> Z}7Z} uric acid kit (Abnova, Taipei city, Taiwan), creatinine assay kit (Bio

Assay Systems, California, USA), BUN assay kit (Asan pharm, Gyeonggi-do, Korea)Z

o] &3} Z+7zb kite] manufacturers instruction®l] Wl 57 3FSI T

b Aol HAxAsle A BAL IF A S 4% paraformaldehyde (Biosesang,
Gyeonggi-do, Korea)Z ILAdlo] T2+ Zo A US, ez &,

oL

olt

Gl

jfi
i)
e
il
il
B
o
filo
i
i

xylene (Junsei, Tokyo, Japan)o.Z& FT,
microtome s ©]-&3to] 5 um 7719 WPEHS A2k coating slide (LumiNano,

California, USA)°ll F-ZHelqltt. @abebdl A4S xylene & 57 33] Al %

=

ot

|

S 0 2 100%, 90%, 85%, 80%, 70% ol EFg-o) 3871 & 2 5o

SEE A W SHRSFE sEI 38 AFE] st 98-S A8
?13le] heat-induced epitope retrieval 7]3(0.01 M sodium citrate buffer; pH 6.0)S

a2
ofo
ol

Fel 202%F WAL T 1§ YA kst a s S AAsH] HEl



0.3% H,0,5 3 SFol A2olA 2083t W8 5 SF7=2 13 AH F
phosphate-buffered saline/0.1% Tween 20 (0.1% PBS/T)E ©]-8&3}o] 5&3F 23]
A H st o] I u|Eo]Z WSS AgA|slr] Yl 5% normal goat serumS
45737+ A 2] 3, antibody diluent reagent solution (Thermo fisher scientific, California,
UsA)el gAgk TNF-a (1:500)05 AF&3to] 4To|A] 24A1%F &2F REGAIZ] H
PBS-TE ©o]&3lo] 5837 33 A H3FAT ©] 3 vectastain ABC Kit (Vector
laboratories, California, USA)Q] biotinylated goat-anti-rabbit IgGE o] &3} 4557
R 0.1% PBS/TE ol&3fe] 53k 33 AlA &%lom  Avidin-Biotin
complex (ABC) regents ©|-83Fo] 30i-7F HH-g AlX1 % 0.1% PBS/TE ©]-& 3}
5%3F 33 AMH SSlth. ©] & peroxidase substrate kit (Vector laboratories,
California, USA)ES ©]-&3}lo] DAB + H,0, substrate® 13837+ =23} o)
Hematoxylin® 2 thx 4 F @5 AAS 7A Edol= =92E 4T

% gsn o B2 Sk

11. RNA sequencing

APEE2FE P 23S AF 3 5, A Aiel ¥a Ay -70TelA
¥ ¥3}9] 01 Trizol (Takara, Shiga, Japan) &S ©]-§3}o] RNAS #2313t
RNA quality:== 6000 Nano Chip (Agilent Technologies, Amstelveen, The
Netherlands)©ll HE-&-AlZ1 %], Agilent 2100 Bioanalyzer= ©]-&3le] =743}t
RNAT ND-2000 spectrophotometer (Thermo, Delaware, USA)= ©|-8-3}o] A=
3}t RNA QC (RNA quality control)= pass$t Ao td}o] QuantSeq 3’
mRNA-Seq library prep kit (Lexogen, Vienna, Austria)®] manufacturers instruction®]
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whe} library A 22 3113l NextSeq 500 Sequencer (Illumina, California, USA)E
0] &3} sequencing= Z1 83} TF QuantSeq 3° mRNA-Seq readi= Bowtie2 S
o]-&3}o] alignmenté}ﬁiﬁ]r(Langmead and Salzberg, 2012). Alignment fileS
transcript®] alignment®} Transcript abundance 37}, differential expression of genes
(DEGs)E detecting sl=d] AFE% AT DEGsi= BedtoolsE ©]-83}°] unique
alignment®} multiple alignment®l] 73} &413}%ITH(Quinlan and Hall, 2010).
Read Count (RT) datat™ Quantile-Quantile normalization?} Bioconductor ¥ '*H-=
o] &35l 283} TH(Gentleman et al, 2004). Gene classification> DAVID

(http://david.abce.nciferf.gov/) FALO]Eo| A #4245 A A3t

12. A4 ¥
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Im. 2 3}

L FRUT 4 58 I 84

2 7] (free radical)= A|UA Asd ZEYHAE doA Z+F AW
doivta A vk wekA Feduy ele] HW F=E3 70% EtOH
FE=9 FY7] Al &4 &<lstr] #1@) DPPH, ABTS radical &7 €4 &
=743} th(Table 1). = 23} DPPH radical 2~ &4 HW FE&(1Cs = 56.37
+0.71 pg/mL)°] 70% EtOH F3E(ICs= 176.42 + 2.22 pg/mL) K.t} =T} ABTS
radical 2271 B4 T3 HW FEE(ICs = 58.93 + 13.31 pug/mL)°l A 70% EtOH

FEE(ICs = 15594 £ 3527 pgmL)ol M) ¥& A2A4 A4S YehlAch

Jo
AL

) aAEgn Bedl @Rt BAse S8 sl HW

== 70% EtOH F+=&9 F Z9¥ls TS tamnic acidS ET8 o=

"

sto] HZFd 2 T AR BAsY. & ZY¥E FFE radical &
A1} Zo] HW FEE(74.01 £ 6.02 pg/mg)°] 70% EtOH FEE(42.60 + 2.25

ng/mg)ith =2 s UERATHTable 1). 4tst €4 2 F Zds %

il

=4 A% ROR HW FEES ol el 5 A3

botet.

ol

=
=

A3

1
o
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Table 1. Total polyphenol contents and antioxidant activities of Clerodendrum

trichotomum leaf extracts.

IC50 (ng/mL )

S . Total polyphenol

ample . .

p content (ug/mg) DPPH radical ABTS radical
Scavenging activity scavenging activity

HW 74.01 £6.02 56.37+£0.71 58.93 +£13.31

EtOH 42.60 +£2.25 176.42 +£2.22 155.94 + 35.27
Ascorbic acid N/A 10.12+£0.33 9.66 £3.51

Each value is mean + SE (n = 3). ICs, values were calculated from regression lines using
five different concentrations in triplicate experiments. HW, hot water extract; 70% EtOH,

70% ethanol extract; N/A, not assayed.
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2. HK-2 A XA HW FEE A¥X B3 a5

AQAEZFO] in vitro REARE QA4S A E$ HK-2 AlZo|A HW F=E9
ME AES VA= TS MIT assay FHO=Z B3 4 HK-2
Alsze] Aeld 84k Ad AP &5 A5 98] HK-2 Alxe 84k
10, 15, 20, 40 mgdL= A 2|3t 48A17F w3ttt s BE solA

A AEEo]l FolstA Ao (Figure 1A), 20, 40 mg/dL & I=clA

MEELS 77F 8562 + 3.03%9F 64.70 £ 1.79% h. wElas] & AT oA
8Ake] AHd A w5+ 20mg/dLE A5t sl
HK-2 A XA HW FEEo] MXE AEF A= JFS g1s7] Hs)

HW F3%3% 50, 100, 200 pg/mL == A7 A A

ola] 7Haw AE AEH(85.20 + 2.02%) S FE-oFH o7 Z7A % tHFigure
1B). HW F%% 50, 100, 200 pg/mL A 2]atollA AEE&o] z+2F 9537 + 5.79,
104.31 + 3.86, 10530 + 3.66% = o4 A S7ketsith wepA 84ks

] 2]gk HK-2 A¥olAX HW FE5E0°] apoptosis & Tz o] wx]&

of

13

golslr] 93] western blot 7|Ho= FEASHTY. 1 A3 HW

o

= 84kl o8 A Bel-2 ©iE o] HHS folHow S AL

m{m

=
=

"

Abell  9]8]  F7F¥El Bax, PARP-1, cleaved caspase-39] wWHlzeo] Wy S

to

Jo
1o
a2

o8 ZFHAAIZ TH(Figure 2).
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Figure 1. Effects of HW extract on cell viability in uric acid-treated HK-2 cells. Cell
viability was measured by MTT assay. (A) HK-2 cells were treated with 10, 15, 20 and
40 mg/dL uric acid for 48 h. (B) HK-2 cells were pretreated with 50, 100 and 200 pg/mL
of HW extract for 1 h, and then the cell were treated with uric acid (20 mg/dL) for 48 h.

Each value is expressed as mean = SE (r = 3). *P < 0.05 and ***P < (0.001, compared to

20 40 (mg/dL)
i HiH#

+ +
100 200 (ng/mL)

non-treated group. #P < 0.05 and ###P < 0.001 compared to uric acid treated group.
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Figure 2. Effects of HW extract on expression of apoptosis-related protein in uric
acid treated HK-2 cells. HK-2 cells were treated with the 50, 100 and 200 pug/mL of HW
extract for 1 h, and then the cell were treated with uric acid (20 mg/dL) for 48 h. The
relative protein levels were determined by densitometry. (A) Western blot, (B) Bcl-2, (C)
Bax, (D) Cleaved caspase-3 and (E) PARP-1. Data shown are presented as the mean + SE
(n=13). *P<0.05 and **P < 0.01 compared to non-treated group. #P < 0.01, ##P < 0.05
and ###P < 0.001 compared to uric acid treated group.
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3. RAW 264.7 A XA HW =2E9 Jd= g4

agAatd o] A& aqke] AA o]yl HA wo] W dSNkeS

Ssttta A Aok wEA QAT in viro REE Q419 LPSE

T= A3 RAW 264.7 AZoA HW FEE9 Jod= IdAS xAlsHg T

(o
offt
P o
2
)

of
ko
r

RAW 264.7 Al¥o] HW F=%E 100, 200 pg/mLS 14]

oF

(20 mg/dL)¥} LPS (100 ng/mL)E *I&]3te] NO A4 3 MTT assay HHOZE
AZ AEES AP Ak(Figure 3). AE AEE =AHI Az gt
A2 T(71.78 £ 7.33%)% F& AT (66.64 + 3.2%)°NA AE AEEO]
2R A, HW F5E 200 pgmL A #7259 + 2.15%)0 A= AlE
AELo] ol o7 ZF718F thFigure 3A). 1#]al LPS ] v-(18.46 + 0.44
uM)I} F5 A E]7H(18.33 £ 0.21 uM)oll Al NO AAd o] fFreldo =z F71et AR
HW FZ% 100, 200 pg/mL =] 2] £(15.25 £ 0.42, 12.05 £ 0.81 pM)°ll A NO A4 o]
T oEAX o2 7HA4 5% th(Figure 3B).

22k} LPSE 35 A3 RAW 264.7 Al HW FEFE9] iNOS, COX-2,
HO-1 ©@azde] wdo] v X+ 9T western bloto=Z RIS T 3
A LPS @5 Aol HlE] iNOSe COoX-2 wuiEe] g o)
frolH oz FIIERAIRE HW FE 52 3% Agdd 93] S7hE iNOoS, COX-
2 glge] wgS e oEHoR AAZY 28la LPS Addd FF
Aol Al HO-1 Tid WHdo] F7keiglom HW FEE 200 pgml

Aelwold 25 Aol o8] Z7hd HO-l Wl W felshA SR
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Figure 3. Effect of HW extract on cell viability and nitric oxide (NO) production in
LPS —stimulated RAW 264.7 cells with uric acid. RAW 264.7 cell were incubated with
100 and 200 pg/mL of HW extract for 1 h, and then incubated with LPS (100 ng/mL) and
uric acid (20 mg/dL) for 24 h. (A) Cell viability and (B) NO production. The data
expressed as a mean = SE (n = 3). ***P < (0.001 compared to non-treated group. ##P <

0.01 and ###P < 0.001 compared to LPS and uric acid co-treated group.
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Figure 4. Effect of HW extract on the expression of iINOS ,COX-2 and HO-1 in LPS-
stimulated RAW 264.7 cells with uric acid. RAW 264.7 cells were treated with the 100
and 200 pg/mL of HW extract for 1 h, and then the cell were co-treated with LPS (100
ng/mL) and uric acid (20 mg/dL) for 24 h. Relative protein levels were determined by
densitometry. (A) Western blot, (B) iNOS, (C) COX-2 and (D) HO-1. Each value is
expressed as mean = SE (n = 3). ***P < 0.001 compared to non-treated group. #P < 0.05

and ##P < 0.001 compared to LPS and uric acid co-treated group.
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4.POZ FE¥ AAEF AFRLAA HW FZ2E9 1AEF Adasd

Ndaas Fatr] flste] AddsEdA A7 molAe] 84 creatinine,
BUN %5 439t d5 82t 5= AT ®N) 6.61 + 0.18 mgdL, PO
frE=1(PO) 8.43 £ 0.68 mg/dL, PO + HW FZ& 27" (HW) 6.44 £ 1.21 mg/dL, PO
+ allopurinol *] 2] (Allo) 4.14 + 0.08 mg/dL= =7 = T} No-ol] H]3] POl A

g% 22wk FS L HWeh Allozel A ool ol

il

7t dF 84 sETF Fo kA FAEAtHFigure 5A). =9 84 FE
=43 Ay} Ntol| A 37.62 + 3.44 mg/dL, PO 24.19 + 0.75 mg/dL, HW+* 31.44
+ 4.81 mg/dL, Allox* 30.31 = 3.53 mg/dLZ =45 AT}t Noll H]&] POl A
w0l @b FEUF f98 A ZAE o, HW 3 Allowol Al POToll <&
Aad =9 4t F57F FY8HA 57 sk th(Figure 5B).

dZ creatinine %= 54 23, Nol A 0.19 £ 0.04 mg/dL, PO 0.37 £ 0.04
mg/dL, HW<* 0.25 + 0.15 mg/dL, Allox* 0.23 + 0.02 mg/dLZ =74 5 At} Nl
vl & POl A E5 creatinine F%=7F +28HAl S718F a, HWSF Allow- ol A
POl &3] Z71¥ ¥F creatinine =7} A A E A HFigure 50).
=9 creatinine %= 574 A3}, N ol A4 37.62 + 3.44 mg/dL, POT" 24.19 + 0.75
mg/dL, HW+* 31.44 + 4.81 mg/dL, Allox°l 4 30.31 + 3.53 mg/dLE A = AT}
N-ol] H]&l] POl Al 9] creatinine &X=7} F&stA A4St o, HW 2
Allo*ollA POl 93] #42%E 9  creatinine FE7F T 5HA

<715+ th(Figure 5D).
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g3 BUN %2 43 Ay NoolA 2531 + 1.29 mg/dL, PO 31.92 +
2.01 mg/dL, HW<Z 22.89 + 0.94 mg/dL, Allow* 23.91 + 1.32 mg/dLE =45t}
Nito] B8] POTolA BUN %7} 934 Z718t9.om, HWSF Allosoll A

PO 9]&] T7He BUN §&=E 2402 74 A Z th(Figure SE).
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Figure 5. Effects of HW extract on (A) serum uric acid, (B) urine uric acid, (C)
serum creatinine, (D) urine uric acid and (E) serum BUN levels in PO-induced
hyperuricemia mice. N, normal group; PO, potassium oxonate (250 mg/kg) group; HW,
PO + HW extract (400 mg/kg) group and Allo, PO + allopurinol (5 mg/kg) group. Each
value is expressed as mean = SE (n = 3). *P < 0.05, **P < 0.01 and ***P < 0.001
compared to normal group. #P < 0.05, ##P < 0.01 and ###P < 0.001 compared to PO-

induced hyperuricemia group.

22



a3

No

Rlat

9 A¥R3s 9

FEE

5.P0 fr=% AF AZlA HW

No

1 41 apoptosis

F71 18

o135

ans e

B
—_
110

TH

1 POw"°l A Bax,

H] 5

I, Nl

%

PARP-1, cleaved capsase-39]

ot PO oA 571 Bax9} cleaved caspase-3, PARP-1

Allov-ol| A &=

I tH(Figure 6).

7}&

=
[}

FoHom

Allool A

botek

7}s

=
[}

TNF-a2] & o]

COX-2,

iNOS,

POl A

3

H]

A3, Nl

Allov-ol] 4

Eal

Xoro1l COX-2¢ TNF-a2]

Ea

iNOS, COX-29]

3 CH(Figure 7).

[e;
A

23



A Bel2 | S s —

Bax | weews D e

Caspase-3

Cleaved caspase-> |l A

PARP-1 |
p-actin
N PO HW Allo
B C
2.5 2.5
2.0 2.0
g ) =
<15 # g 15 4
§ - Q T
2 10 2 1.0
A ==}
0.5 0.5
0.0
N PO HW Alo N PO HW Alo
D E
- 1.0 3.0
g
0.8 2.5
= =
- =
g 4 S 2.0
glt 0.6 Q 7
§_ # - 1.5
z' 0.4
E % 1.0
¥
B B2 0.5
2
“ 0.0 0.0
N PO HW Allo N PO HW Allo

Figure 6. Effect of HW extract on apoptosis-related protein expression in the renal
tissue of hyperuricemia mice. Relative protein levels were determined by densitometry.
(A) Western blot, (B) Bcl-2, (C) Bax, (D) Cleaved caspase-3 and (E) PARP-1. N, normal
group; PO, potassium oxonate (250 mg/kg) group; HW, PO + HW extract (400 mg/kg)
group and Allo, PO + allopurinol (5 mg/kg) group. Each value is expressed as mean = SE
(n=13). *P<0.05, **P <0.01 and ***P < (0.001 compared to normal group. #P < 0.05,
##P < 0.01 and ###P < 0.001 compared to PO-induced hyperuricemia group.
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Figure 7. Effect of HW on inflammation-related protein expression in the renal
tissue in hyperuricemia mice. Relative protein levels were determined by densitometry.
(A) Western blot, (B) iNOS, (C) COX-2 and (D) TNF-a were measured by western blot.
N, Normal group; PO, potassium oxonate (250 mg/kg) group; HW, PO + HW extract
(400 mg/kg) group and Allo, PO + allopurinol (5 mg/kg) group. Each value is expressed
as mean = SE (n =3). *P < 0.05, **P <0.01 and ***P < 0.001 compared to normal group.
#P < 0.05, ##P < 0.01 and ###P < 0.001 compared to PO-induced hyperuricemia group.
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Figure 8. Immunohistochemical staining of TNF-a expression in the liver. (A, B)
Normal, (C, D) PO, (E, F) PO + HW and (G, H) PO + Allo. Magnification : (A, C, E and
G) x 25 and (B, D, F and H) x 100. Scale bar = 200 um (A, C, E and G) and 100 um (B, D,
F and H). N, Normal group; PO, potassium oxonate (250 mg/kg) group; HW, PO + HW
extract (400 mg/kg) group and Allo, PO + allopurinol (5 mg/kg) group.
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7.P0 Fr=8 AFH 7 ZF A HW FZ2E9 AALA 2o nXe 9T

=

At Fol fRd AHY P 2HE o]&dte] HW FE=°] global
transcription changes®ll WX+ FEES FA5H7] 915! RNA  Sequencing

HWH O 2 24.481719] transcriptomes

i
S
1%
ol
ol
4%
v
Jo
R

A e £4L POTE
7= S. 2 Hlal Al Nat, HW+, Alloi©| 4] Fold change 2, Normalized RC (log2)
4u) o]} AFH o= WY = - A(differentially expressed genes, DEGs)E
AW3le] GO (Gene Ontology)E Hlx ¥4 alglon], WY odF3 Budd
fAAEY BAE T2 Felselnh

A POTI ML Al NaolM AsHez wdd FHAE IFs
shelsk Ay F 341 AY(angiogenesis), S H¥H-S-(inflammatory ~ response),
H -3 (immune response), I} ¥HE FHATE ZH; 16.56, 10.98, 10.83%%=

daE AR 7 P Bk s W Wkl #¥olski= DEGs

PO ¥ HlaL Al HW-rolA dail s " DEGs7h 22.52%= 7HE
wekow, o5 B wWe whgol #E" FHAAECl 1341, 1036%E

AA e 2S5 Wy gl #wofshs DEGs s ollM Tdo]l Sk A

Huks Y DEGsw 17.02%%5 AAsiivh. d5at W Wkl #ed
DEGs =°lA 83, 1037l= &del S7bEfIew, 21, 4070 el

72 5] A tH(Figure 11).
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Figure 9. GO comparison analysis of DEGs (N verse PO). (A) Pie chart of the enriched biological processes generated from the DEGs (N verse PO).
(B) Number of DEGs. The bar plot represent the percentage of gene counts within each GO category. Up-and down-regulated gene counts are shown in

orange and green, respectively. N, Normal group and PO, potassium oxonate (250 mg/kg) group.
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Figure 10. GO comparison analysis of DEGs (HW verse PQO). (A) Pie chart of the enriched biological processes generated from the DEGs (HW
verse PO). (B) Number of DEGs. The bar plot represent the percentage of gene counts within each GO category. Up-and down-regulated gene counts

are shown in orange and green, respectively. PO, potassium oxonate (250 mg/kg) group and HW, HW (400 mg/kg) group.
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Figure 11. GO comparison analysis of DEGs (Allo verse PO). (A) Pie chart of the enriched biological processes generated from the DEGs (Allo
verse PO). (B) Number of DEGs . The bar plot represent the percentage of gene counts within each GO category. Up-and down-regulated gene counts

are shown in orange and green, respectively. PO, potassium oxonate (250 mg/kg) group; Allo, allopurinol (5 mg/kg) group.

31



FEU A2 FAeEEEmelTE dAE ARgEogten, w2
Aglgd s 7o HaEdn. 2 A= FAZ3YT FE=0] in vitrot
in vivooll A I QAAET JNA/A R LARA Y] FE THeAe 6] ffsko]

Ttk FHFAUIE FEEo] QA4S A E3E HK2 A LAY HE HIE

a1} QAT LPSe 918 RAW 264.7 A ZoAe] = IS xAlsLgth

=4 A7 HW FEE4A 70% EOH FE=ERT =& G877 2AGAHES
HYla EYds % E=3 =4 vEEY E2ds %9 H(ultraviolet

radiation)?t Aol AT} 2 AFe] W wgoz e

24 AFATROS) 27 EA TEI B vk I 2] 9E3 NOSe
FEAES N9 AAS 43, iNOS, COX-29F 22 AATA wMdAe
s At FAS 28-S th(Hussain et al., 2016).

QA4 HK-2 A|FEoA ROS AES Esoto] HEZZ=gol 2o TS
WM3lA| 7101, Baxe] WAl F719} procaspase®] AHIIE F3FO] apoptosisE
fFEsttbar HarEo] 9 om(Verzola et al, 2014), immune system®] %)o]A]
activator=  Z}-8-3}™, monosodium urate crystali= inflammasomes & 3}¢]
AsHA S wifga 2E A 3 tH(Krishnan E, 2010).
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whelaA] @Ak 98k apoptosis®t PS5 HEES HW FEE°] YA go =X
aeArEZFo A EY 2 MY BRE g3E <1t HW FEE-S HK-2
A oA QAo 93] FAwE AME AEEES Z7HAFT HK-2 A EolA

8 apoptosisE AIet= T AQ] Bel-29] M-S FoAoRE THAAZ A,

filo

apoptosis 7ol A4 A4 =] = Bax, cleaved caspase-32} PARP-1 whulzl o] H-y
S7HAHEE whEb A Verzola et al., (2014)2] A9} o] QARS HK-2 A Eof A
apoptosis®ll FFS M= Aow AREY. HW F=E2 84H5 #1213 HK-
2 M3Eo|A Bel-29] WS FT7FAIZ S Bax, cleaved caspase-3, PARP-1
o]l WS A AIZTE wElbd HW FEES 84k od fied
apoptosis ¥ WA WS FHToOEHN A AEY HITAES
Flas STVAS=2 08

NO= Wi iNOSell ofe A= Aol 5 vk, A% dL 7%,

gt 24 7le 59 9

m&*‘
on

S S A QJth(Nathan 1997; Palmer et al.,

—_—

1987). z2iv} HeHel d<lojy} LPS T+ iterleukin-1 (IL-1)3} 7S x}=Hof

o3 No7h #HEstAl AdE A de o= s =43 4149

>

&

dojubAl FTHKim et al., 2015; Nathan, 1992). COX-2= A4 JHolA =
w2 ZA| R LPSOl o)l A& wrol whal| e} A Az A I |

prostaglandins & AAdsle] A5 WESS XS A I tH(DeWitt and Smith, 1995). HO-

o

12 hemes w3liste] dikstebiel A, biliverdin®  WHE™,  biliverdin
st & 2ol bilirubin® & A3 FTHRyter er al,, 2002). )23 A E-LS INOSS}
COX-2¢] d 9 NO¢ AAS oA, thdst 23 AZoA  anti-
apoptotic 578 34ts}, A5 & A8 drha & A JTH(Choi er al,

2012).



-2 A AIEQ] RAW 2647 AlEo] 84t & LPS9t 84S ¥
At Ax AEEe] Fasgon NO Aol F7hskdvh. =g 84l
Aol A5 vizhAd delEel iNOS9t CoX-2& wEE A x| uh LPS
Aol A K1 LPSeF 24 FE AHETelA iNOS9E CcoX-29 o]
S 7FskSith. ol#ldt A3} Braga er al, (2017) o R} AX|st= A=

QAko] T Whgol FFS vA= AR AlmdEH. HW FEE2 24

N

LPSE #]2|3+ RAW 264.7 Al3xolA 5 #d @izl wdHa) NO A=

g% AGFAA] A At HO-19] BA FHE Balel FUF A4S
e Ao R AR T

718 in viro A3E WY oR 11

to
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