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Study on Anti-trioxypurine Effect and Mechanism of Dendrobium Candidum Simiao Prescription on
Hyperuricemia Rats

SHEN Qian', LI He', LEI Shanshan', JIANG Shiping', LI Bo', ZHENG Xiang’, YAN Meiqiu’, LYU

Guiyuan3*, CHEN Suhongl*(I.Zhejiang University of Technology, Hangzhou 310014, China, 2.Wenzhou Medical University,
Wenzhou 325000, China, 3.Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: OBJECTIVE To study the effect of Dendrobium candidum Simiao Prescription(DSP) on hyperuricemia rats
induced by adenine and ethambutol and explore its mechanism. METHODS Sixty male SD rats were randomly divided into
normal control group, model control group, allopurinol group, and DSP low, middle, high dose groups(1.2, 2.4, 4.8 g-kg™").
Hyperuricemia model was prepared by intragastric adenine and ethambutol, and serum urine uric acid (SUA) was measured
weekly. At the third week of administration, SUA, serum creatinine(SCr), blood urea nitrogen(BUN), urine volume(UV), urine
uric acid(UUA), and urine creatinine(UCr) were measured, and the uric acid excretion index was calculated. After the last
administration, the contents of adenosine deaminase(ADA), xanthine oxidase(XOD), interleukin-6(IL-6), tumor necrosis
factor-o(TNF-a) in serum were measured. Besides, the content of guanine deaminase(GDA) and hypoxanthine-guanine
phosphoribosyltransferase(HGPRT) in the liver were measured. The pathological changes of renal tissues were observed, and the
protein expression levels of adenosine triphosphate binding cassette transporter 2(ABCG2), urate anion transporter 1(URAT1)
and glucose transporter 9(GLUTY) in rat kidney were determined by immunohistochemistry. RESULTS Compared with the
model control group, 2.4 g-kg™' DSP significantly decreased the SUA level in hyperuricemia rats(P<0.01), which decreased by
23% in the second week and by 32% in the third week. The mechanism study showed that 2.4 g-kg™' DSP could significantly

EEWE: BRE AW RIQ017YFC1702200); B 5K [ 48R3 470 H (81673638, 81874352); [ 5K [ AR AL A & HE 2L 4T H (81703772)
fEE®N: L, &, WL Tel: 15068757441 E-mail: shenqianl45@163.com  "EIE{EH: B, &, #+L, MR Tel:
(0571)88871593 E-mail: chensuhong@aliyun.com BEWE, ¥, L, #R Tel: (0571)86613601 E-mail: lv.gy@263.net
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reduce the content of XOD and GDA(P<0.05 or P<0.01), significantly increase the uric acid excretion index(P<0.05) and the
expression of ABCG?2 protein in the kidney(P<0.01), while significantly reduced the expression of URAT1, GLUT9(P<0.01) and
decreased the content of inflammatory factors IL-6, TNF-0(P<0.05) in serum. In addition, it could improve the pathological
changes in kidney tissue. CONCLUSION DSP can reduce the level of uric acid in model rats, which may be related to the
following mechanisms: reduce uric acid production by decreasing the content of XOD and GDA, inhibiting the protein
expression of URAT1, GLUTY, increasing the level of ABCG2, promoting uric acid excretion. Besides, it can inhibit the
abnormal secretion of inflammatory factors IL-6 and TNF-a, reduce renal pathological changes.

KEYWORDS: Dendrobium candidum Simiao prescription; hyperuricemia; uric acid synthase; uric acid transporter;

inflammatory factors

R PR T L 2 — 2 DA 38 A% 1k A (30 3R A5 14 5
PR R HE I /0 (B s P PR A AR i e i, 5 3501
PRERYE i — Rk . BB A4S AT R e,
W AR AR IR 3 B0 R R IURE R %8 4F
THE>10%), B R IEIS 25 A KR BT,
ST I N 20 RE (1 v PR IR INLE B ) A 2 2L A B
L o

Bk R AR E B A Dendrobium
officinale Kimum et Migo H T2, AW LR
W, kAT M BT B SRR VR P, U R O
JIEELY, FH TR EBUGER . ALBAES
B DU G R Al b 3R AT s 4 Bk B A ek DY Wb
(Dendrobium candidum Simiao Prescription, DSP),
ST VR IR ARG R 2 T RN SR AT
FPRAE M (e BRI 2 TR, UR R ZE R FH AR e
TG Ol T BEH 2% PR R AE A2, RSBl N 2R
Frim A Ay, WL DSP X i R R e AR A K R
(rsemm, X FAE R LEIEEAT WP
1 SR
1.1 W

f#RE SD K, &, 60 H, A E(450+20)g,
T T SR A A BR ST A FL R AL, ZhF
ATES : SCXK(Y)2012-0002, Fh4 5 &S & IES
2015000537593, {RFFIAFR p7IE KR LF, KT 6 HEB
12 h-d™, B 22~25 C, @ 60%~70%.

1.2 254 )

DSP: Hifil, 7riFC &A= 0.12, 0.24,
0.48 g-mL™" [OVEW, (RIRARAE S RRIEnd (_E i
T EMER AR, fit'S: Y20F8C29492); Z.fi%
TEER WUNRAEZN AR A, fit5: T17A014);
il R (SR B I A RS AR, s
201610261).

JRERRF A S 17050302). JR HZE(BUN)
RAES: 17051501). WUEF(CriRFI &GS -
17021301) . Jit # Mt 2 B (ADA) Ik 7 & (5 -
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17012201) 340 T 7 % £ FE A MR R A IR A
Al o AR LA (H&E) Y il (L5 : J05J8Y39286).
Masson F(HLS: L17N8G48192). MM/ &
-6(IL-6) [HIREIABER T--a( TNF-0t) {35 M 14 19 I
W T TR A% BE % % B (HGPRT) i 77l & (L 5 -
E20180301A)3 0 T EigiE it AR A PR A A
L2 E RIS R AT, S
20041224); TS S AL ER(XOD) R 7 & (R ot 2k
AV TR, #5: 20170907); ¥ RRANTT
FEEREsREVERGR AR, it
P0083); Ff 122k BSA(BBI Life Scie 1E 5 %} [
4 es, L5 : DCOSFA0004); =fEMRRE 454 &
#iafk G2(ATP binding cassette transporter G2,
ABCG2)Jif£(Cell Signaling Technology /A%, it
T 4477); SRR B MBS A 45 (URAT) Bt 44
(Affinity A#], #t5: DF6843); Hi%ifitticik 9
(GLUT9)$itf£ (Absin A ], #ib'5: Abs143592); %
ZIEAA AL E SR EDE AR AR A A,
#t5: K172415D); DAB &7 & (FF nt @ A
Y LAEWF AT, 5 20171110).
1.3 s

HITACHI-7020 4x H 344k 2 A (H A H 57
AF]); HWS-26 HIVE R K # (L —ERFE
AMRAT); JI5000Y B HL T K- (24 T AR I
RACEE ), BSA124S B PR FEEZRIHA R 2
#]); Legend Microl7 B.0oHL(#% E Thermo); £84h
oy e TH(UV-1800); A BE(Olympus BX43);
Power Wave 340 Ftr{¢ (3£ [E Bio-TEK); 7K it
REIR(EHIL).
2 HE
2.1 . G

60 AR, &, EMNEWIETd 5, BN
6 4. IEH4L. BRI, HIMEELL(10.5 mg-kg ).
DSP fik. . &HAEL1.2, 24, 48gke), &
H10 K. BRIEFEHSN, HRSHSGR BT, HR
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MEA 100 mg-kg '+ 2% T B 250 mg-kg ! #EE il 4
R R I FEAS T s 43K A IR R A S AT AL A T
SLARFRZRK, HASHA THNY . #EEE
R R AR S B 4 59 10 mL kg ™' 4 3 J, S
WA H HK R .

2.2 ZARCEIEE R AR A

221 AREEMEL

2211 ATAFEME HE MWL KR — RS
. KPR SE), MEHIdxR. FHARE, dx
s T AR DL o

2.2.1.2  MiEAMERNE  ERE & E KRR
JS K N ECIML (BRI AT 12 h BE AN AROK),
3500 r-min~' B0 10 min, 20 B, 4 H B4k
Sy EASCR I L JR BR(SUA) . 4524555 3 &, 48t
A3 B AR I SUA . L LEF(SCr). BUN,

2.2.2  HUHERDS

2.2.2.1 JRIEHEMIE AR E A5 3 H, AR5
WA KRB 24 h IR, ESRIRBARAR(UV). IR
BO10 505, FH 4 8 3h A4k 75 B 00 5E R IR IR
(UUA) . JE WL EF (UCr) . it & JR 8 HE Ht 2 3
(FEUA)=UUAXSCr/(SUAXUCr)x100%, R 25
#(CUr)=UVxUUA/(SUAx1 440), 507 5 Nk
SRR HEME(EurGF)=(UUAXSCr)/UCr.

2.2.2.2  JRIRE B X2 ER FIE RIRG
J& » RIS ESS 3% 0 B L SRR, B8 = Bl kR I
3500 r-min~' B0 10 min, 2} ML . 4 HBh A
IS ADA; b2 ML XOD; FiEEX S
VE(ELISA) K L 7% IL-6. TNF-o. HUAT4HZR %
0.1g, RIIMANAEREEK, AL S
WA, 4R 10%AF213, 3 500 rmin', B0
10 min, PHEX_EIEWR, 4% 10 9 AR ER KA R 1%
JH2HZR 5] 9% . ELISA A IE GDAL HGPRT.
2223 BEMRAZURESUE RikG2)E, K
BRE B IEH 2R, R b, AR AR E T 4% H
B R [E E 48 hy, B LEEMK, ZHIREW,
R, A, HHH A, H&E. Masson 4 fh,
5 S U R 8 B 2H AR 4K

2.2.2.4 g AACIIE BT IR R ¥ s B E AR IA K
Sk “2.2.2.37 TURJREE R, &R i
. KA SATBER M R s iR s Z PR,
3% it AR KOG W IRYE S EALE B, 5% BSA
FimE G, I ABCG2.URAT1.GLUT9 —#i(l :
200, PBS #iBE)(PBS AR THEXT #R), AR =41 37 C
E IR 252 2019 4E 1 55 36 555 2

10 min, DAB &, HARREY, FK, KNT)E
. BEE RERE, SURE 6 MNEAE
SAE . LA Imagine Pro-Plus 6.0 B4 HT &5t
X A B AT = AT, AR LI
HRHRIRN
23 GitFabE

P i R A x £ 5 &on, KA SPSS 19.0 4t
TH2E R AR SIS E YR B AT A0 B, L TR) 22 S Al A
ALELE T ¢ K65, DL P<0.05 RRERA G
2.
3 HFR
3.1 ARUCEME
3.0 TS IEE A KRR R T
¥, BRIER, WMHRLG, WEW. 5EF
YLk, AR K R BE G A AR TR 3, AR R
HIRE NEGE 3 AR, R 30.3%)(P<0.01), FF
RIZIK. ZIR. SEBA. KETHSNE.
KB REERIE. SHERIALL, DSP #4254 K
R E TR, 20 2R, KRS IREY
ik, Hrh DSP 4.8, 2.4, 12gkg AARIE
BB E T 3.7%, 12.1%, 11.5%. 458 0% 1.

1 DSP & kB ME KRS E (X 5, n=10)

Tab. 1 Effect of DSP on weight of hyperuricemia rats

(x£s,n=10) g
45 0 i 3 a2
B4 429.28+31.77 489.95+26.53 60.67+42.71
FRLEH 412.91430.83  341.72447.19"  —74.84+53.10"

9 Mz 2 409.84426.60  366.54+£23.96  —43.30+18.76

48 g'kg ' DSP  410.48+19.23  354.53+18.81  —57.87+22.24

24¢gkg ' DSP  419.03+27.48  383.13x17.917 —27.48+30.07%

12gkg ' DSP  420.8119.82  380.90£20.66 —39.91+16.98

. SIEWARE, "P<0.01; SHAALLE, PP<0.01.
Note: Compared with normal group, YP<0.01; compared with model
group, 2p<0.01.

3.1.2 DSP Xt bR R ME K BRI 7 PR R ) 52
HIEwHALL, BMARRAEGEESE 1, 2, 3 HM
SUA #HJHILEE THE(P<0.01), s,
BB K, JRER T e k. SR
b, 2.4 g-kg™' DSP A KRAEL 254 2 R SUA
BIE T B (P<0.01)( T BF 23.1%), 252455 3 JI 4%
SR PE(P<0.01), TPELLBIEIA 32.5%. $27% DSP
ELA PR IR R A P BRI B 2.4 gokg ' 45
R 2,
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%2 DSP 4 & KB KR & RBAKTNEHE(X s, n=10)

Tab. 2 Effect of DSP on the level of SUA in hyperuricemia rats( x + s, n=10) pmol-L™!
45 0 i 1/ 2 34
1A 68.20£19.63 57.80+11.49 53.30+4.57 41.30+3.20
FRLLH 72.67£16.54 73.50+£12.39" 67.30+12.18" 103.00+36.91"
T MR e 2 72.89+15.83 66.00+£16.37 54.11x11.21% 34.67+11.217
4.8 g-kg™' DSP 71.50+13.37 75.4414.34 76.50£15.94 98.83+21.52
2.4 g-'kg”' DSP 71.70+13.13 78.00+14.22 51.78+8.71% 69.57+11.47%
1.2 g'kg”' DSP 71.20£9.16 78.50+13.86 71.10£16.23 101.00+14.72

d: SEWAE, YP<0.01; SEEALLE, PP<0.05, YP<0.01.

Note: Compared with normal group, YP<0.01; compared with model group,

3.1.3 DSP X mRER MUAE K BRE Dhgemszm 5
B, A5 3, BIAA KRG SCr.
BUN {2 & F+ 51 (P<0.01), 378 1Z A5 K B 7E 5L IR
M= EE, AR RA — M E R, 5
REAIZH EE, 2.4 g-kg™' DSP 452520 KR SCr BUN
BLG#ER, AARIGES. 4R NE 3.

#3 DSP &R IEARE AT (XLs, n=10)

Tab. 3 Effect of DSP on the renal function of
hyperuricemia rats(x £ s, n=10)

4 5 SCr/pmol-L™ BUN/mmol-L™
1EH A 60.69+5.89 6.05+0.80
AL 193.88+59.43" 39.53+12.77"
i MR T £, 178.19+49.15 33.45+11.64
4.8 g'kg' DSP 194.76+45.22 39.79+10.04
2.4 g'kg' DSP 183.84+36.12 36.38+9.05
1.2 g'kg™' DSP 189.76+44.45 36.55+11.15

W HIEFULE, "P<0.01,
Note: Compared with normal group, "P<0.01.
3.2 HLIEE A

RAEZGHCE A 5, RILDSP 2.4 g-kg ™' 74
BA RIFRERRIER, Bt DLASH 43 5256 IR R
B PREHEME S AR HAE AL
3.2.1 DSP X} ADA.XOD iEHERIsEm  5I1E
AL, B KRS 2 3 SIS ADAL.XOD
PR EFm (T 83.2%, 55.0%)(P<0.05 X
P<0.01), RGBSR, SHEMAL, 2.4 gkg
DSP 4H KR IL7E XOD 3 14 B i AR (T B 15.2%)
(P<0.01), ADA %A TP 8.2%, (HA R 1%
S. R 2.4 g'kg”' DSP A Agil i A% XOD fig i
PE, M RER & R, Ak ZD AR N PRI & & . 46
R ILE 4,
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2p<0.05, ¥P<0.01.

#* 4 DSP X KB MJE X B 7% ADA. XOD & 6 %
(X +s, n=10)

Tab. 4 Effect of DSP on the level of ADA and XOD in
hyperuricemia rats( X £ s, n=10)

45 ADA/pmol-L™" XOD/U-L™
EHA 2.80+0.63 22.20+2.60
HERIZH 5.13+2.17" 34.41+5.88”
I3 W e 2L 4.67+3.00 27.19+3.93%
2.4 g'kg”' DSP 471+2.21 29.19+1.38%

T SIEWARE, "P<0.05, PP<0.01: SHBAKE, YP<0.01,
Note: Compared with normal group, "P<0.05, 2P<0.01; compared with
model group, ¥P<0.01.

3.2.2 DSP X AT iFf HGPRT.GDA JE 20 5
B AL, BRI KR4S 25 3 S M FFIE GDA B
BIHE(ETE 31.3%)(P<0.05), fFflE HGPRT B & [%
R(R % 14.5%)(P<0.05), /NGy, SR
Y, 2.4 g-kg' DSP 4K RATIE GDA i 4 B &
FAAR (P 10.2%)(P<0.05), HGPRT EJF 6.7%, {H
TRFEMZER, $K 2.4 g-kg™' DSP A fig il i BRI
JFFIE GDA &, HHIIRER & B, AT BRI A4 P JR
FRAKFo SR S,

&5 DSP &t kB JE K R AFAE GDA. HGPRT & 4 #y
¥ (=10, Xts)

Tab. 5 Effect of DSP on the level of GDA and HGPRT in
hyperuricemia rats(n=10, X %)

4l GDA/ng-mL"™ HGPRT/ng-mL™
EHA 1.57+0.75 1.73+0.23
FERIZH 2.06£0.20" 1.48+0.19"
i)V i £ 1.85+0.18% 1.62+0.13%
2.4 g'kg™' DSP 1.85+0.19% 1.58+0.14

TE: SIEBEARE, "P<0.05; SHBALE, YP<0.05.
Note: Compared with normal group, "P<0.05; compared with model
group, 2P<0.05.
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3.2.3  DSP X R BR IUAE K BRUE AT PR R vtk F b
sz SIEFEXRALLL, 425 3 BB R4
KE CUr &3 BFER(FRIK 69.2%)(P<0.01); SR
SR, 2.4 gkg 'DSP “H KB FEUA. EurGF
P51 B B F 51 (P<0.05)(43 11 61.6%, 37.0%), CUr
LTt 37.5%, {H G4 5 Ho% 2.4 gkg ! DSP
A fe iR 2k PR ERHEE, AT B AAS P SR BR 7K ST 6
SR WK 6.

F 6 DSP & KB M KR G IE R B BAT R
(x*s,n=10)

Tab. 6 Effect of DSP on kidney uric acid excretion in
hyperuricemia rats(x £ s, n=10)

41 5 FEUA/% CUr/mL-min”"  EurGF/umol-L™"
IEHA 14.64+0.57 0.26+0.06 8.16+0.55
AL 16.396.34 0.08+0.03" 9.92+2.10
o W e L 20.04+4.88 0.12+0.03% 10.51+1.89
24gkeg ' DSP  26.48+11.53% 0.11£0.05 13.59+3.38%

TE: HIERAE, VP<0.01; SHBALE, YP<0.05.
Note: Compared with normal group, "P<0.01; compared with model
group, 2P<0.05.

3.2.4 DSP iy R ER IUAE K BRI 28 56 R 7 1 52
M IL-6. TNF-a /& FZRMERMBE T HIEH
YRR L, BRI IR KR IL-6. TNF-o #4323
ETFH(P<0.05), 51 LT 85%, 36.4%, $EINiZE
T L SRR S B 5 AT R L, 2.4 kg DSP
“H IL-6. TNF-a & 23U T F£(P<0.05), 735l T
[% 38.4%, 28.0%. 4R IFE 7.

3.2.5 DSP % i R BR ILAE K BT 995 34 4H 23 52 1)
M H&E Begh LRI, 1E 50 2 K RE I

.}" N v »or

2.4 g-kg' DSP4L

4L
Bl 1 DSP xf# /& B M fE A B E A 22 6 % 9 (400)
A-FSHE H&E et /R F Mk S P s B IE Masson Je(fRRYE R BUIEFr s a—JRIRABAE s b-JOIBHI: o~ /NIREA . WMk d-HNEY 3K,
HEBI AL e-RIRVTRL.

HAPLERIEY, BANER. BN RTEW, KT
RIERIE . JRIREL 4 . HIEw XTI, A
X ALK B I R 2RI R4S (1 a), fER
HARAERIE( b), B/ANERZESE. (o), B
BEiok. HAIEEL(Y QBB IR . SEEX R
Lk, 2.4 g-kg™' DSP 4K BB AR, SRR
EhaE SR D, OREIRE A B N ERZE S /D . Masson
et KRB, IEH S IR A KRR I & A B &
FE IR SR TR 1 e)s AR TR Mo R 4K R I) o HE B0
BRI SHAXE4IH, 2.4 gkg' DSP
B R R R R TR B B G . SR 1

3.2.6 DSP X JRER MUAE K R R iz B H
FKismsgm A g ERY, ABCG2.
URAT1. GLUTY 3255 5l 32 1E5 T B 2H 2R 40 ffa e
N R R N TR, AR
RIS AR R E E T AR

R 7 DSP A& KB MLE A B RE B T8 (X s,
n=10)

Tab. 7 Effect of DSP on serum inflammatory factors in
hyperuricemia rats (x = s, n=10)

H 5l IL-6/pg-mL"" TNF-a/pg-mL™"
B4 12.20+2.98 53.56+6.01

FRIZH 22.57+13.04" 73.06+28.46"

Sl W e 2 14.42+2 .54 54.38+10.89%

2.4 g-kg”! DSP 13.90+3.70? 52.62+13.10%

FE: HIEHALE, VP<0.05; SHRALLE, 2P<0.05.
Note: Compared with normal group, "P<0.05; compared with model
group, 2P<0.05.

2.4 g-kg™! DSP4L

Fig. 1 Effect of DSP on kidney pathology in hyperuricemia rats(400x)

A-representative microscopic picture of kidney H&E staining; B—representative microscopic picture of kidney Masson staining; a—uric acid crystals;

b—inflammatory infiltration; c—glomerular atrophy and hardening; d—tubulolar expansion and disorder; e—collagen deposition.
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IEF R KRS 44 ABCG2 A 2k
PERIL, FEOLEEG: SIEWX AL, #BA
XTHEZH ABCG2 Rk TS, ~F¥oa% 5 il i A%
(P<0.01); SHERIGIRELLL, 2.4 g-kg' DSP A%
AR, V14069 B B B (P<0.01). #2718 DSP
AIMEIN ABCG2 B3Rk, {2k RERHRME . 45 2R LK
2A, 2D.

IEH X R 4K VB 4140 URATL. GLUTY %
£59, TFHPOEEE; SIEWRALL, AR
HRIE EIRIANE, PO R = (P<0.01);
RN, 2.4 gkg' DSP HAFIAWT, F
0% %5 1 8 3 AR (P<0.01). $27% DSP Al BE1IK
URAT1. GLUTY HHRKIE, b IRIREMRIL. 455
L& 2B, 2C, 2E, 2F.

4 e
ARG B R W, sh W E S

MRS I R B, IR PR IR S B 1
wn, AR A 2 RIRD . A SR A DL
R HLRR PR HR I P b e 51 62 B v PRIR I, 45 7
FHK SRR IR M 2l T B, 5l K RAE A
NN 3 A I PN L SRR I, [ 2

A0 R R R I E B K R E RN
. mEE. @SRy, AR AE. TS
TRES BMUEEH . UL AL, DSP LUAEN
HZjn BN, FRONEZIATH ST 2
Mo GARISAEZ R, DAKBRGEZT, %
ML R R FUKEE. BB IR D)
o BiRFE BRI, 2.4, 4.8 g'kg ' DSP 4H KR
SDA /K53 5 F I 32.5%, 4.0%, 2.4 gkg™
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Fig. 2 Effect of DSP on uric acid transporter expression in renal tissue of hyperuricemia rats
A, B, C-representative micrographs of renal ABCG2/URATI/GLUTY immunohistochemistry (400x); D, E, F—average optical densities of renal
ABCG2/URAT1/GLUTY immunohistochemistry. Compared with normal group, "P<0.01; compared with model group, ?P<0.01.
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