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4 MR BV I £F 4 41 2185 A RS 18 41 4T PI3K  p-PI3K , Akt,p-Akt . mTOR ,p-mTOR , p62 & 11 3 ik i ¥ B & (&% (P<
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Danggui Sinitang Mitigates Gouty Arthritis in Rats by Regulating Autophagy via
PI3K/Akt/mTOR Signaling Pathway

LU Rongrong, CAO Yue, LEI Xiaolei, LI Ruchao, LIU Biwang'
(Shanxi University of Chinese Medicine, Jinzhong 030619, China)

[Abstract] Objective: To study the mechanism of Danggui Sinitang in mitigating gouty arthritis (GA)
in rats by regulating autophagy via the phosphatidylinositol 3-kinase (PI3K)/protein kinase B ( Akt)/mammalian
target of rapamycin (mTOR) signaling pathway. Method: Sixty male SD rats were randomly assigned into
normal, model, colchicine (0.3 mg-kg"'), and low-, medium-, and high-dose Danggui Sinitang (6.54, 13.08,
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and 26.16 g-kg") groups (n=10) and administrated with corresponding drugs by gavage. The rats in the normal
group and model group were administrated with equal volume of normal saline by gavage for 7 days. One hour
after administration on day 5, the GA model was established by injecting sodium urate suspension (50 g-L™)
into the right ankle joint of rats in other groups except the normal group, and the rats in the normal group were
injected with sterile normal saline of the same volume. The swelling and pathological changes of the ankle joint
were observed. The serum levels of tumor necrosis factor-a (TNF-«) , interleukin-6 (IL-6) , and IL-18 were
determined. Western blot was employed to determine the protein levels of PI3K, phosphorylated
PI3K (p-PI3K) , protein kinase B (Akt) , phosphorylated Akt (p-Akt) , mTOR, phosphorylated mTOR
(p-mTOR) , microtubule-associated protein 1 light chain 3 II/1 (LC31/1 ), autophagy effector Beclin-1, and
ubiquitin-binding protein p62 in the synovial tissue. Real-time fluorescent quantitative PCR (Real-time PCR)
was employed to determine the mRNA levels of PI3K, Akt, mTOR, LC3, Beclin-1 and p62. Result:
Compared with the normal control, the model group showed increased joint swelling index (P<0.01) , elevated
serum levels of TNF-«, IL-6, and IL-18, inflammatory cell infiltration, and fibrous tissue hyperplasia. In
addition, the model group showed up-regulated protein levels of PI3K, p-PI3K, Akt, p-Akt, mTOR, p-mTOR,
and p62 and mRNA levels of PI3K, Akt, mTOR, and p62 in the synovial tissue, while it showed down-
regulated protein levels of LC3 I/ and Beclin-1 and mRNA levels of LC3 and Beclin-1 (P<0.01). Compared
with the model group, medium- and high-dose Danggui Sinitang alleviated the joint swelling (P<0.01), lowered
the serum levels of TNF-a, IL-6, and IL-18 (P<0.05), and relieved the inflammatory cell infiltration in the
synovial tissue of the ankle joint and the fibrous tissue hyperplasia. Moreover, they down-regulated the protein
levels of PI3K, p-PI3K, Akt, p-Akt, mTOR, p-mTOR, and p62 and the mRNA levels of PI3K, Akt, mTOR,
and p62 in the synovial tissue (P<0.05), while they up-regulated the protein levels of LC3 II/1 and Beclin-1
and the mRNA levels of LC3 and Beclin-1 (P<0.05). Conclusion: Danggui Sinitang, especially at a high dose,
can inhibit PI3K/Akt/mTOR signaling pathway to improve autophagy in the synovial tissue, thereby mitigating GA.
[Keywords] Danggui Sinitang; gouty arthritis; phosphatidylinositol 3-kinase (PI3K)/protein kinase B

(Akt)/mammalian target of rapamycin (mTOR) signaling pathway; autophagy; synovial tissue
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8 M), W 250k R g Ll G v 2R 2k I B B b 24
Gy, 2611 PG Hp R 2l K 2 X 0 HE R OAR 5 R 2 Ol O
mh o R KB F (PG LR 4 R 40 24 0 A BR S L it
5 20180906) ; FR R #h ( 3¢ [ Sigma 24 A , #it 5
BCCB4889) ; I J& 3£ L. A 7 -a (TNF-a) . H 41 il 4
F-6(IL-6) . 141/ 2% -18(1L- 1) fiff B¢ G 72 Wi B )
7€ 15 (ELISA) & 7 £ (237X Bioswamp 2 A , it 5 4
%14 RA20035 . RA20607 .RA20020) ; HAR i S L
fitf (HRP) b7 i 1 F fo 928 3k 2 11 (1g) G (2L 1+
A T REA R AL LS BA1054) ; PI3K , Akt
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1353R) ; H W i 4 A0 ¢ 85 1 1 #2455 3(LC3) .p62.
B-actin PLi& TR A K YL A YL (# Servicebio
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Mini Kit, 2 #% 5857 & . A Mini Kit(Jb 5 B4 354k
YR R E] L IS 53 51 o MF036-01 . MF949-
01 .MF036-01).
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T o 0 3 S, G 2T b S B, R R R
TE B 4 S A A RR T TR S A AV R
2.2 REUVBROCT P46 80 E i BOHT FI & BL S 4.
12.24 .48 hAffi e s - RO 5t K BRUA ) 2R 56 4 [A] —
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I, E F g Pk Em, % iR # # 30 min, 3 000 r-min &
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FLIK e B 5 PR L 4 °COF B AH N —$T (PI3K, 1:1 000;
p-PI3K, 1: 1 500; Akt, 1: 1 000; p-Akt, 1: 1 000;
mTOR, 1: 500; p-mTOR, 1: 1 000; LC3, 1: 1 500;
Beclin-1,1:1 500,p62,1:1 000;8-actin, 1:1 000) ,
TBST P, i A — 41 (1:5000) = &M & 1 h, ECL
IR W, 8 Tmage T &5 43 57 40 2023 F A5 8 B
JRIEAH
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JIES 2F 2, R B 2H 20 B RNA I 3% 4% 5% 4 ¢cDNA,
FLL cDNA g BOHR 74715 H bR BE R . e il 52 1y 44
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WItG L 51 E S L3R 1.
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Table 1 Primer sequence ﬁ , %/[ UE[ m E/Zj r,% };ﬂj iéﬂ TNF-a . IL-6 \IL-I,B 7J(5|7—§

514 FHI(5-3") K ¥ /bp BEg S L. WFE3,
PI3K i CACCTCCGCAACCAATCCTGAC 95 3.3 Xd'j( fﬂﬁfﬁﬂ\é%éﬂ | ﬁfﬁ%%ﬂg A Eﬁéﬁ&%a\é
FHFAGETCOARCTETGTETCCTTETGG 530 B 504 O 5 5 O 2
Akt |iif CACAGGTCGCTACTATGCCATGAAG 132

Fi# GCAGGACACGGTTCTCAGTAAGC

mTOR [ CAACCAGCCAATCATTCGCATTCAG 103
Fi# ATGTCCGTTGCTGCCCATAAGTG

LC3 i CCAGGACAAGCAGGCAGATGAAG 149
T CAGGCTTTCGTCTCTTCCACCATC

Beclin-1 [} TCAAGATCCTGGACCGAGTGACC 110
R CTCCTCTCCTGAGTTAGCCTCTTCC

p62 ¥ TCGTGGTCGTGGGGTGTCTG 133
T TCTGGTGATGGAGCCTCTTACTGG

GAPDH [iif TGAAGGGTGGAGCCAAAAG 115

Fif AGTCTTCTGGGTGGCAGTGAT

e E R TG IR L k2,

3.2 XF K RO 3 TNF-a ., IL-6 ., IL-18 7K F [ 5% 11
5 OE R 4L A, AR 2K BRI W TNF-a IL-6.,

IL-18 & W 3 1 (P<0.01) ; 58 20 A, 24 14

DU 37 v e A9 A R R K A B 2 R BRI % TNF-a

®2 HAMFEZNKRBRXTHKEBNNZIE (F£5,n=10)

Y 2 A M A 2N A L S IE R A LA B2
BROCT W 2l A5 25 L, AR R A 28U 2F , R
PR A B L A B A A PR A R T, S O B
0. SRR LR, 2 00 DY 337 45 R AL AR OK
A1l ek 2 SR OGR4 4 B A 4 P e AR AR A2
LU0 AR U R WL AR . W 1.

3.4 XK UM I 4 21 PI3K/Akt/mTOR 155 5 38 % I A
Wi AH G H RIS sE g 5 IE R A R, SR R
B A T B 4H 21 PI3K . p-PI3K . Akt, p-Akt, mTOR .
p-mTOR .p62 & |13k i ¥ [ F+(P<0.01),Beclin-1,
LC3 I/ 1 #H ik i FHREAL(P<0.01); 5HIAIA L
BRI DUy b | ) g R RKOK Al 2 PI3K . p-
PI3K .Akt.p-Akt mTOR ,p-mTOR ,p62 ff H F ik &
0 5 B A% (P<0.05) ,Beclin-1 .LC3 1/ [ FHH # ik
IR ETH(P<0.05) ; 5 BOKAmR AL H A, 24109 DY i
7 ) 4 p-PI3K . Akt . mTOR ,p-mTOR .LC3 11/ I
EHREIER LGP E X WEH2HE 3. %4
ks,

Table 2 Effect of Danggui Sinitang on swelling index of ankle joint in rats (x+s,7=10)

21 51 Fl4 /g kg 4h 12h 24 h 48 h
EwA 0.058+0.007 0.053+0.008 0.044+0.006 0.029+0.004
A2 0.486+0.024" 0.613+0.046" 0.551+0.031" 0.406+0.056"
FOK AL B 2 310 0.313+0.026% 0.444+0.038% 0.401+0.047% 0.246+0.053%
EL = BURBTRT78 i Rt gE) 6.54 0.440+0.070> 0.537+0.054> 0.481+0.034%> 0.320+0.063%>
205 P4 37 bR 2 13.08 0.409+0.056>> 0.507+0.049% 0.47440.025%> 0.294+0.041%
5 U 36 37 5 AR AL 26.16 0.330+0.044% 0.488+0.031% 0.450+0.036% 0.268+0.024%

e HIEW A VP<0.01; 5H8 20 A Y P<0.05; 5 BOK M4 e > P<0.05(3 3-3 6 7))

£3 HAMFEFHXTKRIME TNF-a IL-6. IL-18 B &M (X+s5,1=10)

Table 3 Effect of Danggui Sinitang on serum of TNF-a, IL-6, IL-18 in rats (x+s,n=10) ng-L"
21 51 Fl /g kg TNF-a IL-6 IL-18

EwH 67.46£6.79 42.47£5.74 82.73+5.93

H 700 2 123.68+5.31" 87.32+7.50" 113.17+8.48"

FRAK AL B8 4L 3x107 88.12+6.04% 48.90+6.56” 86.67+4.08%

2405 7Y 396 7 AR 2 6.54 114.14+8.58" 73.37+7.90* 106.72+6.28>

249 P 33 97 H ) 4L 13.08 106.68+9.68%% 68.37£7.90%Y 99.40+4.81%'Y

9 33 7 1 R A 26.16 95.45+7.81% 52.72+6.38% 93.73+4.82%
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Fig. 1
in rats (HE, x200)
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Effect of Danggui Sinitang on histopathology of ankle joint
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Beclin-1.p62 mRNA K0 5 IF & 4 L,
R 2H K B PI3K . Akt . mTOR .p62 mRNA /K - i 2%
F+ 5 (P<0.01) , Beclin-1,LC3 mRNA 7K - B Ik (P<
0.01) ; BRI A Lh AL, >4 I DU 33 37 e 71 ok 4 R

R4 HAMWPEZFHNARBEALRPIBK.p-PI3K. Akt p-Akt. mTOR.p-mTOR & B &%

KAl B 20 PI3K . Akt. mTOR . p62 mRNA 3 ik [ {I%
(P<0.05),Beclin-1.LC3 mRNA £ikTI5E , 2 R B A
Guit= 7 L (P<0.05) ;5 BN 4L b 4, 2405 P 3

Y8500 (x+s,n=3)

Table 4 Effect of Danggui Sinitang on expression of PI3K, p-PI3K, Akt, p-Akt, mTOR, p-mTOR proteins in synovium of rats (x+s,n=3)

2190 Fl /g kg PI3K/B-actin  p-PI3K/B-actin  Akt/B-actin  p-Akt/3-actin mTOR/B-actin p-mTOR/B-actin
EwA 0.41+0.02 0.35+0.03 0.44+0.04 0.39+0.03 0.58+0.04 0.37+0.03
TR 0.70+0.05" 0.67+0.06" 0.76+0.04" 0.68+0.02" 0.86+0.04" 0.64+0.08"
BoKAlBE A 3x10* 0.52+0.02% 0.43+0.05% 0.57+0.02% 0.490.02% 0.66+0.04 0.45+0.03%
9 P 396 97 {1 R A 6.54 0.65+0.03>"  0.61+0.03" 0.75+0.04> 0.64+0.02% 0.78+0.06>% 0.57+0.07"
24115 U 53 37 R 7 e A1 13.08 0.65+0.02>"  0.57+0.02>  0.67£0.07>%  0.62+0.05>%  0.75+0.06>> 0.53+0.08
249 U 39 97 1 R kA 26.16 0.61+0.03>>  0.46+0.07> 0.63+0.05” 0.57+0.05>%  0.71+0.03% 0.47+0.03

x5 HAMFEFZHAKRBEALLCIN/I (Beclin-1.p62 FEHRIZHIEM (X+s5,1=3)

Table 5 Effect of Danggui Sinitang on expression of LC3 11/1 , Beclin-1, p62 protein in synovial tissues of rats (¥+s,n=3)

215 Flit /g ke LC3I/1 Beclin-1/B-actin p62/B-actin
IEH A 0.52+0.06 0.87+0.05 0.290.04
R 20 0.31+0.02" 0.33+0.02" 0.48+0.02"
AR KAl B 21 3x10* 0.47+0.05 0.51+0.03% 0.32+0.02%
49 DU 3 3 1% 5 R 41 6.54 0.39+0.04 0.36+0.02% 0.45+0.03
9 DU 3 3 v R 4L 13.08 0.41+0.05> 0.39+0.04> 0.42+0.04>>
EERUIBTIRP/A= i i) 26.16 0.44+0.05 0.45+0.02> 0.39+0.02>"¥
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1 A 4] PI3K Akt p62 mRNA %3k % F L4 it

FEL, WEe.

K6 HAMFEFHKRBEASAPIBK.Akt.mTOR,.LC3 Beclin-1.p62 mRNA K iXBIE 0 (X+s,2=10)
Table 6 Effect of Danggui Sinitang on expression of PI3K, Akt, mTOR, LC3, Beclin-1, p62 mRNA in synovial tissues of rats (x+s,7=10)

215 F /g ke PI3K mTOR LC3 Beclin-1 p62
1E 4 0.97+0.11 0.85+0.07 1.76+0.16 2.19+0.1 2.42+0.15 0.67+0.11
TR 4] 2.73+0.49" 1.88+0.32" 3.76+0.21" 1.21+0.06" 1.14+0.16" 1.59+0.29"
FRAK AL B8 4L 3x10% 1.57+0.09” 1.16+0.13> 2.15+0.17% 1.92+0.227 2.16+0.2% 0.85+0.11%
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