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Abstract: Holothurin A (HA) and Echinoside A (EA) are two major saponins in sea cucumbers. In the present study, the
effects of HA and EA on uric acid metabolism were evaluated by determining the level of serum uric acid, the activity of
uric acid metabolism-related enzymes and the mRNA expression of renal transporters in db/db mice. The db/db mice were
divided into 3 groups (n=8), including model, HA and EA groups, according to the body weight. C57/BL6 mice was used as
the control group. The mice in HA and EA groups were supplemented with 0.07% HA and EA for 2 weeks, respectively.
Results showed that the mice in the model group showed a significant increase in serum uric acid levels compared with the
control group. Dietary intervention with HA and EA significantly reduced the serum uric acid level by 12.7% and 18.1%,
respectively(P<0.05), and significantly alleviated the pathological changes of renal tissue represented by glomeruli.
Mechanism studies showed that no significant difference was observed in the activities of liver xanthine oxidase and
adenosine deaminase among the four groups(P>0.05). The mRNA expression of transporters, including GLUT9, OAT1,
OCTs and OCTNSs, were significantly elevated after administration with HA and EA(P<0.05). HA and EA may alleviate
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hyperuricemia by regulating the mRNA expression of renal uric acid metabolism-related transporters, in which EA is better

than the HA. The obtained results may provide theoretical basis for dietary sea cucumber saponins to prevent abnormal uric

acid metabolism.

Key words: sea cucumber saponin; uric acid metabolism; purine metabolism; obesity; mice
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Fig.1 Structure of Holothurin A and Echinoside A
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(HA) ., &R EA 4H(EA), B4 8 B, C57/BL6 /I
FUCRIE R XT84 . shmpellc Jr LA AIN-93 Bt 5k
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Table 1 Compositions of experimental diets

JERH(g/100 g) X AR iR HAZH EAZH

TR 20 20 20 20
FKIER 30 30 29.93 29.93

iR 10 30 30 30

K& 10 5.0 5.0 5.0

il — 5.0 5.0 5.0

IREW Y5 (AIN-76) 3.5 35 35 3.5

TRAHE: 2 (AIN-76) 1.0 1.0 1.0 1.0
TG A 1R 0 A 0.25 0.25 0.25 0.25

Yt 5.0 5.0 5.0 5.0

DL-ZE 4R 0.3 0.3 0.3 0.3

S EATHA — _ 0.07 _
2 BAFEA — — — 0.07

1.2.2 shiPsiss A/ EEMRETEE (23£2) C.
FEXHRE 65%+15% HI51F T H H g koK, i
REPEMEFE 2 JE, B HICSR A E B EE., T
2 JEJEFRER, ARBRE, EFt, 37 R I s i B
R B, BREE S S RO R ORAET—80 °C vKFE 25
FHo LT AR E 2 03 B IR S5 5 G A 10%
TR R 4% I R Th e, TS A
1.2.3 'BEIEAEIRIRARNE MR = EEE 30 min
J&, B5.0>(2000%g, 15 min) J575 2L, #RisF] &ih
AH S350 e 0197 PRS- . Ly LR ZKSF- . v R ==
HIKF-o

1.2.4 JHFAEESENE  BUNBUHFIESI SR I 15, 38
I b e 70 I 2 R4 (AL Fiff (X anthine Oxidase,
XOD) AR B 2 Jif ( Adenosine Deaminase, ADA)
AT, Fe PR S D R 5

1.2.5 BRI BAEEIES B 10% H P
[ %8 {4 B B2 5 E A i Ao H ) B 4 um VDA, &89 K
A BTG S TG A OISR IR
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1.2.7 'BREFRERACIHA IR mRNA %2
1.2.7.1 B RNA 2 HR 0.1 g 'S, SR Trizol 1%,

PEHULALZE B RNA, JII5E 260, 280 nm FHGIE A, it
B Asgo 5 Ange MIELIEAE 1.9~2 Z[A]LAIE RNA (19
AR, ARt 1.2% B lE b e vk 45 R 50 UE B E
RNA A S5
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53] 1% "B IE cDNA # BE 2] 4 38 M 5, H real-
time qPCR(RT-qPCR) 7L 1l 5E . PCR 251147
SR ZR A 25 pL, £5 IOV P G B, 2 BERR &
(EvaGreen 2X qPCR MasterMix) 15t B 5 #EF7#24E .
H B3R = L —PEIIEE I PCR 71445 o 5 1
T RIMZR S Pr . H A9ZE mRNA Rk B a2 i
L) 18s mRNA FRikigfE N NS, IF B AT REZH 132
100%.,
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F2 RT-qPCR 5 |¥)
Table 2 Primers sequences used for RT-qPCR

JEH /RS Y
5°-GTTGGTGGAGCGATTTGTCTG-3’
5-TTGCTCAATCTCGGGTGGC-3’
5°-ACTCCTACTGCTTCCTCGTCTT-3’

18s

GLUTY 5’-GCTGATTTCTGCATGGGTTC-3’
OATI 5’-GCTTTCCTTTCCCGCACAA-3’
5’-GGTTCCACTCAGTCACGATG-3’
OCTI 5’-TACCCAATAGCGGCATCA-3’
5’-GACAAGCGAGGGTCACATT-3’
OCT2 5’-ACAGGTTTGGGCGGAAGT-3’
5’-CCAGGCATAGTTGGGTGAA-3’
OCTNI 5’-GTTCCCCTGTGGTGGTTTA-3’
5’-GTTCATCTTTGCGGCTTTC-3’
OCTN2 5’-ATTCTACGAAGCCTCAGTTGC-3’

5’-GAGATAGTCCAAAATAGCCCAC-3’

1.3 BRSO

B e A2 R, OV BME, 45 R
{HhrUE 2278, R oneway ANOVA #7584 504r,
P<0.05 TR BEZES
2 GBR5SH
2.1 BBEH HA 5 EA sT/NBRAEIsFrEIENm

R 2A AT, AH X BEZH /N B, AR ZH /N LR
PR ILTE PRIR & 1 Wl 35 T (P<0.05) . SARAUZA Lh
5, HA 4 EA 4] ik 25 B A (P<0.05) /N RN
FRIR/K, HA ZHFEAIR T 12.7%, EA ZHFEAKT 18.1%,
Hodr EA 4 FARIIL PR IR /K- 58 R dn 55, T2 184l 5
X B A I 0 3 25 5+ (P>0.05) . SCRRIRIE PR R T2
) [R] B UL B PR 2R K2 s 10 HIEl 2B
AL, BERILE /N BRS RE L /IS BT LK S -3
B EIES(P>0.05) . AH X RELZE /N R, ARRIZE /N FRUPR
AR BFEFER(P<0.05) (K] 2C) . BIRIZH 135 AL
P X PR 2R RN L5 S5 SOk E A — 24020, AT B h
FNEUE FoRIFE I AR 4 X A% X IR . db/db /)N B2
B C57/BL KsJ /NFRAT SEACBEATT AL TR, %) Ae /N B
¥ 1 & C57/BLe/N Bl . HH &l 2C A %1, HA F
EA W i SRR RN R 2 AUK - (P<0.05), S54H
KMFFELE IR 3O,
2.2 BEEH HA 5 EA WTIEAES S LES (XOD)
FMREREE (ADA) SEMAIZI

B IG SC I aE R R (E 3), iES BT HA 5
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Fig.2 Effects of HA and EA on serum uric acid, creatinine and
blood urea nitrogen in mice(n=8)

e * LRI RN 53R 22 7 B3 P<0.05; NRI/NE FHEER
IRZEF B P<0.05; K 3. F 6~8 [F],

EA T8 2 JEAXt db/db AE R/ BT I 25 B4 UL il
FORRT AR B TS P4 J0 B 352 (P>0.05), TiARZE
WFFEUER] XOD 1 ADA J2& R & il 12 14 s g,
M XOD 5 ADA B9 WG FT LA SR AR UL 75 R 1R
TR [iTHATT ST & B2 P B TE PE  Uniig 2
LW S R W R DL O ) XOD K2 ADA
I P AT v RS PR 15 T 19 /)N B PR PR 7K S0
23 HSEH HA 5 EA s/ R BIHRLRSFRIR
2.3.1 /DNERUB LG BABIEESE R B
FREGHEM I BRI 2 —, AR/ 2/3 JRERZ B IEHE
1 & 4 AT, £E 400 f5A96EE R, X IEZHIE R
IINEUEF/INER L SR W L B/ N AR 5T (TR 4-A) 5 458
TUZH/INERU B/ INBREEARAAR RIS, B 51, 3 SRASTR, '
NEAFRER AR/, B /NER PN B B A A R RK, IS

K3 2R HA F EA XHFIE XOD Hl ADA i P52
(n=8)
Fig.3 Effects of HA and EA on hepatic XOD and ADA activity
in mice(n=8)

)
Fig.4 Optical microscope of HE staining renal cortex(400x )
e a: B /NRE; 4-A: X B2 4-B: BEHU4 5 4-C: HA 41; 4-D:

EA 4,

B /INBEREZE (K] 4-B), iX 5 Kosugi £8P (UFsT 45 5%
AR HA 205 EA /IR, B/ INBRIRFRE— | 5%
TEMT, HA 205 EA 20 /ey — H B 40 &G rik
H(E 4-C. 4-D), AHEARIL Jog BRAR LA B 2k, 5
Strippoli 25:2°1 [IFFE I PG B A i Tl — 28 o

232 /PEUEIEHLBEMELLE R 7E 10000 f5H
B R, WE/NEUE/NERES A, TEE /INEUR B/ INBRILIT
JEJELRE 5], JR S AT EI 5] (1E] 5-A) 5 BERIZH /N FUEF
ZINER PN B2 A1 — )2 AR A R BB A TE O, 98 Bl
TREG IS, fLEa g (I 5-B) . 1S58 1T
HA #1 EA ZHX] B ERl-GA ndss, Hh HA 402
GERY 553 AN, FLER SEAA TR, (B R SE @515 DiATS
TEAE(E] 5-C); EA ZHFLE S5 MK 15 M, Lo ml &%
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Fig.5 Electron microscopic of glomerular in mice(10000x)

1 a: FERAE; b: B FLEGH; o2 JE2E; 5-Ax XA 5-B: AAYL
5-C: HA 2H; 5-D: EA 41 .,

DUAS BIAR KRR ok 35 (6] 5-D) . HEBE g gl L 36
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EA J&, £M% 2 2 il B4 298 AN [ R B i ek 3, HL
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2.4 HESEH HA 1 EA XS IRRES X MR X455
& mRNA FIARIF N

2.4.1 MEERAF HA Fl EA XAz Ha®E R GLUT9
mRNA LR & 6 nJ %, S5 Iag s, A
T2 /BB IE GLUT9 mRNA 3k 084 T K&, {56
BEMARE (P>0.05); SR AR, HA 5 EA Yl i
2 FREVINEUBIE GLUT9 mRNA 35k, H EA 4H5 HA
ZHAHEL T S B 35 (P<0.05) .  H BT 5T 2 IR R

AR5 PRI 2 55 VB VARG, DRI S AH IR 16

F5 PR 1R H W WORE G B 1 5 PR TR 43 D6 AH G B 1 PO

HrP g AL 5 R A (GLUTY) & E A PR R EL 15 7

W ia R 78, S AR AT v B /N, X IRIRER A

HEEAEHP . W5 Bl GLUTO S /NER, 14
P PR 12 7K SF-BH i T & PO gl R R S R

HA Fll EA FEAEUE B AIE X PR R 1 55 W S0 T AT i 2%
YEM, H EA BT HAS

3 - GLUT9 mRNA
a
utz) b
] 2
®
<
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£
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o
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YHRZ BiIEIZL HAZHL EAZH
K6 W21 HA F1 BEA X '¥IJE GLUT9 mRNA ik
i (n=8)
Fig.6 Effects of HA and EA on kidney GLUT9 mRNA level in
mice(n=8)

2.42 MR HA M EA STAEVLHE Tk 1
(OAT1)mRNA Fiknmsgm  HE 7 nlHnL BALZH /N
BUEIE OAT1 mRNA FEiRH0T R B 2 BRI 47.4%
(P<0.05); THEZ 21 HA 1 EA )i, ¥R 3 (P<
0.05) EIAER N IE OAT1 mRNA ik, 5580
HAHEE 35 EVE T 20.1% Fl1 127.6%, 20 EA ¢HAE
JH77 OAT1 mRNA FiE LT HA 4. OAT1 &
FIRIBERA VLA 2K (OAT) K%, &5 IRk
Gy FNHE 2 U AE S s AR, 1 3 is A LT ES
FU23N, HHFFE IR, SRR MUAE KBRS OATL
AR TR, SARSCRIRIZH /N R Es SR —3
ZLE R HA 5 EA A LIRS X FR IR o HE,
H EA SR EBEFLT HAS

25— OAT1 mRNA
* a
i 2.0 -
|
® 1.5
<
é b
£ 1.0+ <
=y
m
0.5 —

XIRZH IRl HA4 EAZ

Bl 7 ST HA 1 EA X5 IE OAT1 mRNA ik 15200
(n=8)
Fig.7 Effects of HA and EA on kidney OAT1 mRNA level in
mice(n=8)

2.4.3 EERFT HA Fll EA SHEHIHES FHE2AR(OCTs)
1R /A5 ML BH BS F %% 32 /4 (OCTNs ) mRNA Rk
s B 8A. 8B T A, ALY /)N FRAH B X HE 4H.
OCT1. OCT2 mRNA FEik# i M F [ (P<0.05),
HA F1 EA 7] 238 LIRS E OCT1. OCT2
mRNA ik (P<0.05), Hifh HA 415 EA 4H 00 3
P22 57 (P>0.05). HI&l 8C. 8D Al Jl, 5 X} Bt 40 AH
bb, ARRIZH /NS, OCTN1 55 OCTN2 mRNA FH-JC i 35
255 (P>0.05), EAZHRT 2 ARV NGRS E OCTNI
5 OCTN2 mRNA ik & (P<0.05), i HA X178
/NRIFTIE R LIAYEA (P>0.05). BHLHE Fi%is
A (OCT) i 5 /A HVLHE F5 24 (OCTN) X
TGRSR SR PRI G — 2N R . WF5ER, 12
PR DR v 0 KRR N OCT2 & OCTN2 #45iz 35
HZekm FRE, AITs [ B A AL BH S T B Sofn 4y
WA, EA AlTEIE EJ% OCTs 2 OCTNs mRNA
FIEEIA, M HA {3 8 OCTs i mRNA ik,
W] EA AT LLE 835 OCT JREZEL A HLIH 88 T-5%
iz T OCTN Py HLHES F s A 79 PRI
3 ZEip

AW FERES BT AR HA 5 EA AR
FREGACI T O R IEAT T BN R BT . #h 5T
Z B HA 5 EA J5, db/db ABE/N BN R ER K SF-
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Fig.8 Effects of HA and EA on kidney OCTs and OCTNs
mRNA levels in mice(n=8)
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