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Effect of Buyang Huanwu Tang on LPS-induced Macrophage Activation and Autophagy
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[ Abstract ] Objective: To investigate the effect of Buyang Huanwu Tang in resisting lipopolysaccharide
(LPS) -induced macrophage activation and autophagy through phosphatidylinositol 3-kinase/protein kinase B/
mammalian rapamycin target protein ( PI3K/Akt/mTOR ) signaling pathway. Method: The cell counting kit-8
(CCK-8) method was used to screen out the optimal LPS concentration for inducing the activity of RAW264.7
macrophages. RAW264.7 macrophages were treated separately with PI3K blocker 3-methyladenine (3-MA )
(5 mmol « L"), Akt blocker MK2206 (5 pmol - L"), mTOR blocker Rapamycin (10 pmol - L"), Beclinl
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blocker Spautin-1 (5 pmol - L"), different doses of Buyang Huanwu Tang serum (5% , 10% , 20% ) and the
optimum concentration of LPS for 24 h. The concentrations of inflammatory factors interleukin-18 (IL-18),
interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a) in RAW264. 7 macrophages were detected by enzyme-
lined immunosorbent assay ( ELISA). Western blot was used to detect the expression levels of phosphorylated
PI3K, phosphorylated Akt, phosphorylated mTOR protein, microtubule light chain protein 3 (LC3), ubiquitin-
binding protein 1 (p62) and Beclin-1. The autophagy flow of RAW264. 7 cells was detected by transfection with
autophagy double-labeled adenovirus. Result; Results of CCK-8 showed the highest cell viability when
10 mg « L' LPS was applied. The concentrations of IL-18, IL-6 and TNF- in the model group were significantly
higher than those in the blank group (P < 0.01).
increased IL-6 concentration (P <0.05), and other administration groups could decrease the levels of IL-18, IL-6

and TNF-a (P <0.05, P <0.01). The expression levels of p-Akt, p-PI3K and p-mTOR in the model group were

Compared with the model group, Rapamycin significantly

significantly lower (P <0.05), and LC3 and p62 protein expressions were significantly higher than those in the
blank group (P <0.01). Compared with the model group, Rapamycin significantly decreased the expression of p-
Akt protein, with no impact on the expressions of p-mTOR. However, Buyang Huanwu Tang and other blockers
significantly increased p-Akt, p-PI3K and p-mTOR (P < 0.05, P < 0.01), while decreased the protein
expressions of LC3 and p62 (P <0.05, P <0.01). There was no significant difference in the expression level of
Beclin-1 protein in each group. Compared with the blank group, there were obvious autophagosome spots in the
model group, and the autophagic flow was smooth. Compared with the model group, the formation of autophagic
spots in 3-MA | Spautin-1 group and Buyang Huanwu Tang groups were significantly decreased or disappeared, and
the size of autophagosome spots in MK2206 and Rapamycin groups was significantly reduced, but the autophagy
activity was still strong. Conclusion; Buyang Huanwu Tang can resist LPS-induced macrophages activation and
autophagy, inhibit macrophage inflammatory response, regulate PI3K/Akt/mTOR signaling pathway, and inhibit
the excessive occurrence of autophagy.

[ Key words | macrophage ; Buyang Huanwu Tang; autophagy; inflammatory response; atherosclerosis
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BERY, 16 ] PI3K 40 i 57 3-HT 5L B 1508 (3-MA) | Akt
#6157 MK2206 , mTOR 1 ] 5] Rapamycin, 5 W AH 3¢
KA 1 (Beclin-1) 0 #] 5 Spautin-1 & 5 £ FH Hr
PI3K/Akt/mTOR {55538 % S [ Wi %, ifF — 22 30
PI3K/Akt/mTOR {553 B 75 b FH i F07 40 AS 3 72
FER .

1 #ra

1.1 Sh¥ R4kl  SPF Zeifitk SD KR 35 H 1k
B 180 ~220 g, A #%UES SCXK (#])2016-0002, Ity
T 1) T 3 v s LU B WA BRA F SC 8 Bl i il
FHZ VLV v 2 25 K 2 S0 06 3h ) 18 B 25 51 S it ofe, it
7S JZLLSC2015006, RAW264.7 B I 41 i, T 48
Jf P2 4t %5 SCSp-5036 , Wy T H [=1 B} 27 Be. - 165 48 M 1%
1.2 2 Kokw b BHE v (R 5 41 B
120 g, 442 6 g, 5755 ¢, )15 3 g, 204K 3 g, BE{=
3g, M3 g) 55, W Fdb st A (L) AR
DR A, B VLV B 2 K 2 2 22 BE A /I Mg 202 %
SENIE o IR, 8 ~ 10 {5 B KR M 25 4
0.5 h, 3CKIKFL 2 R, BR 1 h, &I 2 R W, i
JEH AR 1 g-mL T B SR . IR Z B (LPS) ,PI3K
BELIT 7 3-MA |, Beclin-1 BH 15 Spautin-1 ( 3& [E Sigma
AL HE B 4 Bk 025M4040V, 124M4071V,
12344612V) ; Akt FH W %] MK2206, mTOR P W7 5
Rapamycin ( & [# Selleckchem /2% &, it 5 43 H K
S107807,S103908) ; DMEM %32 % ( 22 [# Hyclone 2
AL AB218124) 5 it 4= 1ML i ( FBS, 387 P4 2% Gibeo
Zy ]IS 1908121 ) 5 48 A 38 5 2 P ( CCK-8) 46
K & ( H A Dojindo /A ], it %5 LF673) ; IL-183,
IL-6 , TNF-o Jif 5% B0 73 W BF 0 7 ( ELISA ) 3270 & (98
[ Ray Biotech 2\ @], it 5 43 #] & 0302160408 ,
0302160413, 0302160430 ) ; Beclin-1, i iz 1k (p)-
Akt,p-PI3K,p-mTOR ,Z R&55H A 1(p62) ,8-L3h
A (B-actin) |, LTS BUR i A ALY B (HRP) #75
i =P, WA B B HRP FRid = Ht (3£ [ Cell
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2971S,5114S,12262S,7074S,7076P2) ; 1sh 55 1% 4k 15
9 3(LC3) Hiik (HEE Abeam 23 ), #it 5 GR252926-
8) s HLVK R W ( LB m RAEWHARAARA
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Western £ 27 & SG JIE ¥ (36 [ Millipore 2% &, 4t
1505101) ; BCA & 11 v Ji il i) &, R WO £k
22k e R Y (2 E Thermo 2> A, 2 4 5 K
PC200898 ,MD158290) ; & 5 ) . & & 4 (JL 5t R Ny
e A Y B ECA B A AL S 4 S ok 10122,
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THW,56 CIOKH Kk 30 min,0.22 pm [yl FL 3§
U/ R VI OF 73
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EREAMIE ) BAERKRERL, BED 80% WE
L T = NI =2 L I = 0 o o G £ T )
A %R, R B 96 FL AR P, B AL A
100 pL(%8 000 M4HML),12 h J5,4% 0,1,2.5,5,
10,25,50,100 mg-L ™" f) LPS ¥t B g 47 i3, 43 41 1%
4 AL AP AN AR IS . BT 5% CO, 37 CHE iR
R fa b i 9% 24 h 5 4R UL B im A CCK-8 Wk,
450 nmAG I G BE A, T A A LIS R . A 25 A
NMTEE = [ (L sH A - BAMEAL A) /(S A -
FItEZH A) ] x100%

2.3 AL S AL % RAW264. 7 40 i Bl ML 4y
10 21, 53 5 R A FA (10% 25 LT ) , B R 4
(10% 75 (L34 +10 mg-L™" LPS) ,#MHIA 117 & 24
Mg 4l (39K 5%, 10% , 20% & 25 1M i +
10 mg-L™" LPS), 10% FBS 41 ( 10% Ji 4 Il 7§ +
10 mg-L~" LPS) ,PI3K FH K #] 3-MA + 20 (10% 2%
Mm% +5 mmol-L ™' 3-MA +10 mg-L ™" LPS) , Akt [
b 7] MK2202 4 (10% & 25 i3 + 5 pmol + L™
MK2202 + 10 mg - L™' LPS), mTOR BH W #
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Rapamycin 40 (10% & 24 1l & + 10 pmol + L°'
Rapamycin + 10 mg - L' LPS), Beclin-1 [H W |
Spautin-1 #H (10% & 24 Il ¥ + 5 pmol - L°'
Spautin-1 + 10 mg-L~" LPS), RAW264.7 E I 41 ffy
TCA B3k 3 29 60% IF, PBS W@ Uk 2 3, 4% b 1 4 4
207 I A Y 24 003 L BEL B AR S A
10 mg-L ™" LPS, & T4 s 3246 T 4k 2L 4 24 h,
2.4 ELISA ¥illl RAW264. 7 E W40 1L-18,1L-6,
TNF-o (& 2.3 T FYIks# 51,24 h
JE B A AN FIE WA T 5 mL JC T O A8
UFAH R ARIC, IF B T - 20 CORAEA T, Tl AH G 7%
WA B 100 L, 45 20 4 j 1 %5 W T ELISA
96 fLAR T, IR FEWE T 2.5 h, T U6 W I vk Bk B AR
fL, SR 4 3, TR BRI TE W . A B A
AR AP 100 WL, RS FEBEF 1 h, 35 VB
THVE4 3, iMA 100 pL 8 &E R MR B, = R1E 5%
WEFE 45 min, I VE W RIS UE 4 3, A TMB i)
WA 100 pL 41, % iR 1% 5 6 O % F 30 min, il A%
1B 50 WL, 37 BP I B A5 A T 450 nm 20 58 12 %
JE A,

2.5 HHEMRPEEIILE: (Western blot) il i 18 i 8 H
p-PI3K, p-Akt, p-mTOR [ % ik K& A W 41 & & A
LC3B,Beclin-1,p62 ik & 1% K H 3L
T 0 ( PMSF) B RIPA 15 &4 24 W il 48 25 AR b, T
UK b 2L f# 20 min, JH 20 B E I B, T 4 C,
12 000 remin "> 15 min, B L7, BHC30 wl H
T BCA 550 G A Wk B, AR A 6 x 8 H A
SR, BT PCR Y H1,100 C K {E 10 min, JF &
T =20 CORAfFE % Hlo Wil e, 8 | FE, SDS-PAGE
FEWCHLYK (60 V 15 min,80 V 2 h) ,200 mA # i %
NC 5 b (B A4 B ] LAAR X 43 BT & 17 22 ) , 5% BSA
ZimE 2.5 h, B E B 5300 5 X0 R S AR
Beclin-1 (1:1 000) , p-Akt (1 :2 000), p-PI3K (1:
1 000) ,p-mTOR(1:1000) ,LC3B(1:2000),Beclin-
1 (1:250),P62(1:1000),B-actin (1:1 000) Hi {4k
SRS G 4 Cl R, FEIRTERE 3 W, K 10 min,
JIAAHR. — 40 (1:3 000) = iR BEH 2 h, £ RV 3
U, B 10 min, 4622 KO 1B 52 8 5%, #0 B A,
Quantity One B8 53 BT B4 22 457 1 B 43 WO B
2.6 mRFp-GFp-LC3 Jit 9 5 &% UL K Il RAW264. 7
£ O O A £ B MR 4N e %R A
1.5 x10° A~/mL, 440030 4 & ik 8] 40% A7 i),
T i R 3R L I A mRFp-GFp-LC3 BUbs i s 77
20 L A1 GFP X MR AR 25, /E 12 h, 55 4000 fif 15 5%

BE A AH e IR 2.3 T3 Ry i AR B 25 9, VR
24 h, PBS VEUE 2 W, A 4% ) 2 B HEEE L
10 min,PBS F-RE ¥E 2 i, /& fL i A Hoechst ¢
IR L, HEAT YR, Z S5 A 50% H i A O
T WA T WA B

2.7 geiteEab e R SPSS 19,0 Geit #4443,
IR I DL x £ FoR A8 BRI 2 O 220 M 0 5
P Z A ] 1) S FHE AT L, P <0.05 S 25 7 A
BHEITFE L

3 &R

3.1 R[E MR LPS %F RAW264. 7 [k 41 Jifd 1% /1
HAZm SCge a5 R R W, W B2 i), B LPS it
UK (0 ~ 10 mg- L7, 5 I 40 it 36 4 o 14
K, R — i BROC &R 78 PR W 25 ~ 100 mg- L™
YU PRI}, i 25 Ik 48 K I 00 R i P A 0 94 A I
B HAE 10 mg- L™ VI, 4000 75 1 5 5, i A A
SR 10 mg- L~y LPS ¥ SR RERIA . W31,

F 1 LPS 3 RAW264. 7 40 ff 55 1 49 52 0
Table 1  Effect of lipopolysaccharide on viability of RAW264.7

cells

45 B E/mg L A Witk (xxs,n=3)
2 - 0.678 1. 000 +0. 069
LPS 1 0. 852 1.255 +0. 049

2.5 1.082 1.595 £0. 074"

5 1. 134 1.671 £0.072"

10 1.233 1.818 +0.014"

25 1. 204 1.776 £0. 033"

50 1. 061 1.565 £0. 063"
100 0.788 1. 161 0. 050

g EAEs P <001,

3.2 ¥MPHIE FH X RAW264. 7 B I 40 i 1L-18, 1L-
6, TNF-a S5 N FOKF M 555 (4l s, i
AIZH TL-1B,1L-6,, TNF-o 7KV 22 FF+ (P <0.01)
SRR L L, 0 BH I T 37 5 24 10T 20 DA K 4% B Ik
4 IL-18,1L-6 , TNF-a /K43 B & F R (P <0.05,
P <0.01) ,7fj IL-6 A5 1, BHL W7 5 Rapamycin 4 5
BR 20 [b e, IL-6 KWl (P <0.05), UL
#2,

3.3 AMHIE TR p-PI3K, p-Akt, p-mTOR {5 538
HEAFRMEmR 524, By d
p-Akt, p-PI3K, p-mTOR & H Kk & B B K (P <
0.05,P<0.01); 5 A H H4,5% ,10% ,20% %b
FHIE T 97 % 265 135 4 p-Akt, p-PI3K, p-mTOR H H
Fik R EFH(P<0.05,P <0.01) , Hr Pl &

.19 .
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R 2 #PEIEEIG I RAW264. 7 4 IL-18,1L-6, TNF-a JREREWEM (2 +5,n=3)
Table 2 Effect of Buyang Huanwu Tang on level of IL-18,IL-6 and TNF-« in RAW264.7 cells(x +s,n=3)
20 51 i IL-18/ng-L.~" IL-6/pg-L~" TNF-a/ng-L "
25 - 50.24 +1.48 2.44 £0.54 370.97 +3.48
LAY - 324.77 +8.59% 202.22 +8.79% 30 819.06 +1 809.89%
A1 BA IR 7 5% 79.30 £2.58% 36.89 +13.06% 21 505.60 1 802.37%
10% 71.26 +2.31% 53.04 £11.27% 21 260.15 =1 348.77%
20% 76.39 £1.80% 55.29 +0.64Y 23 716.38 =110.89%
10% FBS - 319.47 +3.49 200.93 +2.58 29 816.11 £617.85
3-MA 5 mmol+L ™' 75.88 £2.31% 36.84 £1.90% 16 642.17 =1 474.71%
MK2206 5 wmol-L 7" 68.19 £3.88% 35.82 £2.31% 20 259.42 2 037.62%
Rapamycin 10 pmol L~ 66.99 +1.29% 227.40 +6.37Y 6 750.49 +771.21%
Spautin-1 10 pmol L~ 67.33 +2.35% 36.18 +0.69% 12 372.44 =1 321.92%

W ES A" P<0.05,2P<0.01; 5 KD P<0.05,YP<0.01(F£3,4F).

VR R W 5 R4 L B, BH KR 3-MA,
MK2202 , Spautin-1, Rapamycin 3§ i} 2 4 Jj1 p-PI3K
FHREE (P <0.01),HWF 3-MA, Spautin-1 #g
B 2 5450 p-mTOR , p-Akt 45 A £ E (P <0.05,P <
0.01) , BT Rapamycin B8 W] 2 AR p-Akt 8 £
KHE(P<0.05), WK 1,%3,
3.4 FMHE T X LC3, p62, Beclin-1 [ W AH 3¢ 3
FIRBH N 55 P4 R, B4 b LC3, p62
HEHREERZET & (P <0.01) ; SRR L, 4b
FHIE 097 5 25 17 21 15 45 BELIB f 41 1.C3, p62 & A
FILERP R (P <0.05,P<0.01), 5% FH
P, A 2] Beclin-1 25 [ 93835 B0 1 5 1 22 5% 5
Hob #5241 5 BT 40 L4, Beclin-1 3 H YR8 B O
WEEE, WK 2,%K4,
3.5 FNHIE T RAW264. 7 41000 [ 1 4 5 i
mRFp-GFp-LC3 §3 Bk 5 )t & MR 7 K15 1Y

60 kDa

p- PI3K(p55) M 0 S s S S S -
|

- PI3K(D8S5) M M S A S0 S S S . 85 kDa

a0l e ——————————
PMTOR o e o o oot S s -

45 kDa

289 kDa

P-Akt S S e e B 60 kDa

f-actin D EPEPGEPWSEPWSWPWPes 5D

A B C D E F G H I J

A 2B B 5 C. 5% #MBHIE FL% 45 D. 10% #hBHIE 3% 45 E.
20% #NHE i 9% 415 F. 10% FBS 41 ; G. 3-MA 41; H. MK2206 41 ; 1.

Rapamycin 2H ;J. Spautin-1 24 (& 2,3 [q])

1 RAW264.7 fAfE#ER L Akt,PI3K 5 mTOR & B RiXHE ik
Fig.1 Electrophoresis of expression of phosphorylated Akt, PI3K

and mTOR protein in RAW264. 7 cells

®3 #HMEZERZHT RAW264. 7 AR Akt,PBK 5 mTOR ERREEBHFM(x +5,n=3)
Table 3 Effect of Buyang Huanwu Tang on expression of phosphorylated Akt, PI3K and mTOR protein in RAW264. 7 cells(x £s,n=3)

p-PI3K
28 5 i p-Akt p-mTOR
p55 p85
25 - 0.21 +0.02 0.09 +0.01 1.01 0. 04 0.49 +0.02
iy - 0.06 £0.01% 0.06 £0.01" 0.81 +0.07" 0.37 £0.01"
FHIE H % 5% 0.23 £0. 03" 0.09 0. 00% 1.10 £0. 08% 0.42 £0.02%
10% 0.22 £0.02% 0.25 £0. 02" 1.28 £0. 12% 0.49 £0.03%
20% 0.18 0. 01" 0.19 0. 02" 1.21 £0. 03" 0.51 £0. 03"
10% FBS - 0.08 £0. 01 0.06 +0.01 0.88 +0.06 0.53 +0.02%
3-MA 5 mmol-L ! 0.17 £0.02% 0.18 £0. 02" 1.20 £0. 10 0.46 £0.02%
MK2206 5 wmol- L™ 0.22 +0.02* 0.18 +0.02" 0.97 £0. 12 0.50 =0. 02"
Rapamycin 10 wmol-L~! 0.18 0. 02% 0.16 +0.02% 0. 64 0. 08> 0.35 +0. 01
Spautin-1 10 wmol-L~! 0.17 £0.01% 0.14 +0.01% 1.03 £0.09* 0.43%
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B2 RAW264.7 #l A LC3,p62 #1 Beclin-1 |/ B &K ik H ik
Fig. 2 Electrophoresis of expression of LC3, p62 and Beclin-1
protein in RAW264. 7 cells
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Table 4 Effect of Buyang Huanwu Tang on expression of LC3, p62 and Beclin-1 protein in RAW264. 7 cells(x +s,n =3)

25 5 Fl 4 LC3-T /LC3-1 p62 Beclin-1
25 - 1.70 £0. 07 0.01 0. 00 0.85 +0.07
(R - 2.32 0. 08% 0.91 =0. 05% 0.82 =0.07
AhBE IR H % 5% 1.67 0. 05% 0.59 +0.03% 0.83 0. 08

10% 1.41 0. 05% 0. 63 +0. 04" 0.88 0. 06

20% 1.79 +0. 08% 0.81 +0. 04% 0.86 =0.09
10% FBS - 2.32 +£0.08 1.00 £0. 07 0.81 +0.04
3-MA 5 mmol - L ™! 1.50 0. 08% 0.72 +0. 04" 0.83 0. 05
MK2206 5 pwmol-L ™! 1.51 £0. 06" 0.72 +0.02% 0.86 =0. 04
Rapamycin 10 pmol-L~! 1.53 £0.06% 0.81 +0.05% 0.82 +0.07
Spautin-1 10 wmol - T, 1.31 +0. 06" 0.66 0. 06" 0.84 0. 08

4 itig A2 4 R (4 7K 7, Heop BT 57 Rapamycin 41 11-6
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2 T KT FH 5, RD BH A 1037 A0 4% 490 1 390 7T A AR
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Fig.3 Effect of Buyang Huanwu Tang on autophagic flow of LC3,
P62 and Beclin-1 in RAW264. 7 cells( x400)
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