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Regulatory Mechanism of Buyang Huanwu Tang on mTOR
Protein that Mediates Autophagy in Mice with Pulmonary Fibrosis
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( School of Clinical Medicine, Chengdu University of Traditional Chinese Medicine, Chengdu 610075, China)

[ Abstract | Objective: To observe the expression of mammalian target of rapamycin ( mTOR ) that
mediates autophagy in pulmonary fibrosis and the effect of autophagy in the formation of pulmonary fibrosis, in order
to explore the treatment mechanism of Buyang Huanwu Tang on pulmonary fibrosis. Method: Totally 144 C57BL/

6 mice were randomly divided into 6 groups: sham operation group, model group, prednisone group, high-dose
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Buyang Huanwu Tang group, medium-dose Buyang Huanwu Tang group and low-dose Buyang Huanwu Tang group,
with 24 mice in each group. The sham operation group was injected with the same amount of 0. 9% saline. The
remaining groups were treated with bleomycin tracheal injection to replicate the pulmonary fibrosis model. After
modeling, sham operation group and model group were given 0. 9% normal saline (0. 01 g+kg '-d "), group high-
dose Buyang Huanwu Tang group was given Buyang Huanwu Tang (28.08 g-kg '-d '), medium-dose Buyang
Huanwu Tang group was given Buyang Huanwu Tang (14. 04 g-kg d '), low-dose Buyang Huanwu Tang group
was given Buyang Huanwu Tang (7.02 g+kg '*d '), and P group was given prednisone (0.455 g-kg -d™') by
gavage. The samples were taken in batches on the 7" 14" and 28" days after modeling; degrees of alveolitis and
fibrosis in mice were observed by hematoxylin-eosin ( HE ) staining and Masson staining. The mTOR protein,
ribosomal S6 protein and microtubule associate protein 1 hight chain3-11 ( MAPILC3-1l ) of mouse lung tissue
were detected by Western blot; electron microscopy was used to observe the autophagy of lung tissue in mice.
Result; Compared with the sham-operated group, the degrees of alveolitis and pulmonary fibrosis were significantly
severer in the model group on 7", 14" and 28" days (P <0.01) ; compared with the model group, the degrees of
alveolitis and pulmonary fibrosis were alleviated at each observation time in the drug-administered groups (P <
0.05). The decreased scores in high-dose Buyang Huanwu Tang group were the most obvious, with statistically
significant differences (P <0.05). compared with the sham-operated group, the expressions of mTOR and S6
protein in lung tissue of the model group were significantly up-regulated, and each drug-administered group showed
down-regulations. Compared with the sham-operated group, the expression of LC3- I protein in lung tissue of the
model group was significantly down-regulated, and each drug-administered group showed anup-regulation (P <
0.01). The cells in the sham-operated group were well-formed, and no autophagy was observed. The model group
had the worst cell morphology, with individual autophagy. The cell morphology and autophagy in each drug-
administered group were better than those in the model group. The high-dose Buyang Huanwu Tang group and the
medium-dose Buyang Huanwu Tang group had the highest number of autophagosome. Conclusion;: The mTOR
protein is activated in mice lung tissue, autophagy is inhibited, mTOR protein participates in the pathogenesis of
pulmonary fibrosis by inhibiting autophagy; Buyang Huanwu Tang has a certain therapeutic effect on BLM-induced
pulmonary fibrosis in mice, and its mechanism may be related to the down-regulation of mTOR protein expression
that mediates autophagy.

[ Key words ] Buyang Huanwu Tang; pulmonary fibrosis; mammalian target rapamycin ( mTOR ) ;
autophagy; electron microscopy
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(i 52 R ) 25 e A PR /], it 45 20170916) 54 %
ZRPEEHS W (B YR A RA A it
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HL UK AL (AL 5075 — AL AR T ) sneofuge 13R BRIV ¥R 25 .0
BL(J7 B 2E 9 B2 97 B 45 B A5 BR 28 7] ) 5 Adobe Photo
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2 Hik
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B RIS 12 h oK o BRIF R4S, REA
Lh 2% I3 B HE 2250 (0. 056 mg-kg ™" ) J i 5, bR
S B /0N BRATD R [ 5 Sk DU R T S L RO BE L T
TR IE P ERAE— V) 0 Bty B & 2 AL, RS
B AREREHE BN ENEEBE AN RER
PEFEER KT (2.5 mg-kg '), SR HUHUR N R
BT A 25 WA il N 38 5 o A R TE R A TR ik
MAENEASERAMEK, BEEY K LRG3
P, A /DN B0 4 5 A O BT OK R R R

2.2 452§ RREAISERGES 2 RITIRHEE 42, % 4
252528 d, #MPHIE FH A 254 108 g, die N5/ B
BT A S AON A b R 14.04 gokg T -d T
RN — 5 28. 08 g-kg ' od IR B AR —
50 7.02 gokg ™' od T I FRA BRI LT 0.9%
NS(0.01 g-kg™'+d "), Demedts 45" #fi: 7 4 ) 45 fg
AR A 0.05 g-kg ™' -d ™", 48 A/ BUMR 3 10T B
Proow & 2R &, Mo M A S T oW
0.455 g-kg ™" ~d ™" FhBHIE T 37 @5 AR 4 43 B
FHMHIA 737 28.08,14.04,7.02 g-kg ™' -d ™',

2.3 ARACRE THREMEH 7,14,28 X, A B L
P 6 HU/NEL, 280 B ik b B . R R Mk L A
fili 4140, 30 8 WU, F A7 A E 1 mm® 2245 il 4140,
[ 5 T 2. 5% I [ W, 4 °C PR A At L B A T
(RIS 28 R, R 1 H) o A fili b fili A 4%
() 22 5 W v i1 7 , A I B 3, (L RO e (SR ie 4
ARG 5 A7 i o R I - 80 °C VK AR AT, HE B (A1 g
E[ 3 3 ( Western blot) #&

2.4 WHBUBEY IS REY AT RAE-F
(HE) %8 J¢ Masson 4L, St 455 WL 4055 L 20 41 2%
AT A, 2 IR Szapiel %52 75 ik R A il 9 2 K
il £ de AL i FEBE . HE Yo 47 B U1 R B0 o 28K, 4K
YO A 2 120 min, — H % 1120 min,
KZEE TS min, G/KZBE S min,75% £ B 5 min,
HRIKBE; IR E YLt 3 ~5 min, $h B K % W 501k,
KK WOR W, K% VIR AR A 85% ,95% Yy #%:
JE LK ARG T G 5 5 min g Y] 4K UL
ATKLEETS min, /K OB 15 min, oK B85 1T
5 min, —"H 15 min, “HZ 05 min & B, g7 # e
R, BRMBERLA, BERE DN, Masson YL {h;
AT R B K UK B i A R T
20 min, —H 2 1120 min, /K Z 8 [ 5 min, LK 2
BEILS min,75% B S min, HRKYE; U A HE 5
PRI B, HORK TR BRIRAR R A WS B 5%
IR G R R R B YW, V) A TR K&K 3 min, H
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KIKBE, FhIR LBV W 4 AL, B R K ik s ) v A
BLLRYE AR YL 5 ~ 10 min, [ 36 K V% B 5 W
KIS WIR G 1 ~3 min; BEEHIR Z 5 A HKBE, HEEA
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BRAESHT
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N T g B B ( SDS-PAGE) | 4% 25 1 i 47 8 H € &
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JiE 120 'V, HE Pk 28 15 1y 0 W) B B AT 280k e UK, LUK
SEAUJE /N U U BE B, ¥ T A R, 3 SR B 4G, BER,
PVDF Ji§ 3 5K y8 4%, g 45 3 0 7 i & 5 e 8 T
TG SO bR 200 mA fE RS 1 b, BRSO
5% Wi Rg W5 %5 & 1] PVDF i 1 h, TBST PR 3 ¥k, —
PrHel 21 000 Lb 645 BE T 5% WA Wik v ,4 CIE R
T, TBST PefiE 3 Y, —Hi4% 1:3 000 L i) 76 B T
TBST, it A PVDF )5 =i F# & 30 min 5, TBST
VI 3 W B PVDF L ffi H ECL A Gl 2 E
SERLRY PVDF BT 60, ¥ i 7 AT F A2 R,
Photo Shop #& 3 % 4, Alpha 8 2k 1 52 48 43 H An
B R BEAH
2.6 FLBEHRKIE RS BRBEEW 4 C
FE2 ~4 hJ5,0. 1 mol- L™ "WEHRZE b (PBS,pH 7.4)
YR 3 R, YR 15 min, 1% 482 0.1 mol - L™
PBS Z=H (20 C)[# 4 2 h, 0.1 mol-L ™' PBS [yt 3
WL, 15 min, H 4K K A 50% ,70% , 80% ,
90% ,95% ,100% ,100% Z. % ,100% P , 100% 15
B AT K, BRI 15 ming PYRERA-812 ALHE5R 1:1,
2 ~4 h,NHET-812 AL 2: 1 BBk, 46 812 L1
5 ~8 h Kol 812 A3 50 AL HEAR B A i A
ARG 37 CHER K ,60 CHEMESG 48 h, &
WY HLY) F 60 ~ 80 nm B WY F . Ah AL WL YL (1
(2% T R 4l 10 1 & Tt 5 L, 0 A5 R A, 45 8
15 min) , YJ R &R TR, 35 0+ B 00 T W
5, REEG T,
2.7 GEiteEsr o SR SPSS 22.0 GRit B AT 48
AT R BB &« =5 Fow AR LB R Ty
2E57 M, O 22 5% WF R OLSD i, U5 22 AN S5F IE
Tamhane’S T2 3£, P <0.05 F#EREFAGITHE L,
3 #R
3.1 il £ Ak Ak /)N BRI 58 R 2T AE Al AR EE B S R
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o AERVALLESS T K i 1] B K B il 9 g A 0N Rl
R N RO B BTN 4 G DR o
Masson Je {0 UL /b 5 (5 25 4 B2 st 09 A= o 14 d fili i
HE W] S0 309 J52 5 240 M0 952 90 i /b, ] DL B 2 2T 4
20 M, Masson Je 10, UL 5 22 f {0 35 Y Jie I3 A o 28
o i 6 A AL R AT Ok, R [ S AR A R DL
E 200 10 o 5 B 9% E 4 M ¥R T, K AT 4E AR i .

Masson 44 €8 7] U, 2 5 0 0,5 Qe e i3 A4 . SR F
AR PR, A5 Y 2 45 B[] o5l 9 5 % ili 7 4 Ak FR
i E TR (P <0.01) , S5HBIARA AE, #MFH A
Y o AR A R A L AR 714,28 d LY
I FEAR (P <0.05), #MHIE Kz m Al mA 51
RAAH LA T,14,28 d B4 WA (P <
0.05), WLE1,K1~6,

R 1 AEIE T iz X Bl £ 4E 4L /N R A S Fn 4T e (L IR EE BRI (X =5, =6)

Table 1 Effect of Buyang Huanwu Tang on degree of pulmonary alveolitis and fibrosis in mice with pulmonary fibrosis(x +s,n =6) s
a5 | 7d 14 d 28 d
} /gkg ! i 96 ¢ fiti £ 4k 4k i 96 5 il 1 4k 4k Jii 94, 4 fiti 1 4k 1k
[PEN 0 0 0 0 0 0 0
i 0.01 2.68 +0.46" 2.35 +0.49" 2.58 +0.34" 2.56 +0.43" 2.26 +0.24" 2.75 +0.22"
LGRS 0.455 1.85+0.422%  1.600.47>%  1.86+0.53>%  1.78 £0.31>%  1.67 £0.37>*% 2.05 +0.27%%
FNHE F 7 7.02 1.29£0.322%  1.1120.35>%  1.22+0.41>Y  1.28 £0.36>%  1.11 £0.28>% 1.55 +0.29%%
14. 04 1.82+£0.28%%  1.65+0.26>%  1.7920.35>%  1.77 £0.39>%  1.63 £0.26>* 2.05 +0.32%%
28.08 1.78 £0.39%% 1,64 £0.34>%  1.8320.43>%  1.83£0.28%%  1.76 £0.31>*% 1.93 £0.23%%

T HRFPARAED P <0.01; SHEA WA P <0.05; 53 AL L P <0. 05 54 ik 3 8 il i 41 L P <0. 05,

F
A BRFARA ;B BRI COARM AR AL D. MR IE T3 5 77 i 415 B 4b
PR 13 TR 5 20 5 F. 4 BH IR 07 IR 21 (18] 2 ~ 10 [&])
E1 $£7XREHNRMHARREFZYLE(HE, x100)
Fig.1 Pathological changes of lung tissue in mice of all group on
7™ d(HE, x 100)

E
B2 F7 X&H/NRERRBEFHLIE (Masson, x 100)

Fig.2 Pathological changes of lung tissue in mice of all group on
7™ d( Masson, x100)

3.2 Xl £F Al /) BUITZH 20 mTOR , S6 8 1 K& H Wi
TR LC3- 1T 35 1 52

3.2.1  XfAlEr 4 A/ BN 41 20 mTOR 48 FH 3R A Y
B SERT ARG R B A 7,14,28 Kl 4

D E

3 FUUREHNMRMARFEZERE(HE, x100)
Fig.3 Pathological changes of lung tissue in mice of all group on

14" d(HE, x100)

E F
% 14 XEH/NRAHALRRBIEF LI (Masson, x100)

Fig.4 Pathological changes of lung tissue in mice of all group on

& 4

14" d( Masson, x 100)

21k mTOR KA K F B F 8 & (P <0.01) 5 4 fH L

T b AR 2 R B A 2 mTOR 3Rk K F

55 [ S AS R0 2 LE AT A TR R R Y B i (P < 0.01)

I BH B 37 e 79 ek 2 4% I [ 5 ) 400 5 ) P 28 b
« 27 -
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BS5 %28 XREFHNRMALRERZLE(HE, x100)
Fig.5 Pathological changes of lung tissue in mice of each group on

28" d(HE, x100)

B 6 528 XFH/NRAMALRKIEFEHI (Masson, x100)

Fig.6 Pathological changes of lung tissue in mice of each group on

28" d( Masson, x 100)

FHIE T h ARG 20 LU T [ i 35 (P < 0. 01) , %&b
FH L T v ARG 4 45 50 00 #2145 0] e 85 22 57
Guite ¥, WER2,K7,

F2 #HMEEEHNNDRMAEALR mTOR EEREMHM (v £,
n=6)

Table 2 Effect of Buyang Huanwu Tang on mTOR protein
expression in lung tissue of mice with pulmonary fibrosis (x * s,

n=6)

| /juf” 74d 14 d 28 d
[PEPN 0.01 0.71£0.46  0.72+0.05 0.70 +0.06
LAY 0.01 1.06 £0. 14" 1.02£0.08" 0.97 +0.03"
SR R 0.455  0.86 +0.10>* 0.83 £0.0220. 64 +0. 03>

WH®E T 7.02 0.71 £0.07>% 0.68 £0.01>¥0.53 +0. 08>

14.04 0.87 £0.07%% 0.84 0. 14**0. 65 +0. 09

28.08 0.87 +0.05%% 0.84 +0.18%*0.65 +0. 119

S FARAE P <0.01; SHBA LEY P <0.01; 55
BIRAH L P < 0. 01 540 BHA 1037 5 0 B 4 1L gt P < 0. 01,

3.2.2  XFAlER4EAL /N BUI 41 2T S6 2K 11 2R 35 1 7R
S5BFRA LR, HBIGEAET,14,28 d fili gL
. 28 .

MTOR 7 d | e @D — = ~—= @ @ 139 kDa

MTOR 14d e=—o e - - = se &s=e 239 kDa

mMTOR28( w=——= @S - - - - &= &= )30kDa

GAPDH DD ISR D S 7 (D

A B C D E F
E7 &HANRAMAL mTOR FAMRZAK

Fig.7 Electrophoresis of expression of mTOR protein in lung tissue

of mice in each group

S6 F KK I i (P <0.01) , #hBH i 1037 7%
AR 2 R B P 4 S6 3 1k 7K - 5 [ 31 A AR 41
FLBA AN TR R 2 Y A (P < 0.01) , #b FHIE T3%
FIEAH T d B SRAGRAL AN FHE T3 AR 4
FEBCR B 2 38 (P < 0.01), &b B ab o 97 i F) 2 21
14 disf 5550 A A #b FH I 1037 AR i 20 e T B
B(P<0.01), 54MHE T ) & 4 BT L,
A BH A 37 v ) 2 28 d I S 0R A AL 4 L R R
W1 (P <0.05) , #hBH it T3 i B 20 14 d I 558
AIFAZH (P <0.01) , b BH i F0 37 A% 57 & 4 bE 48T B
WA (P <0.05). WL 3,8,

x3 WHEEHEFNMALNLNRIHEAL S6 EAREMHM (x +
s,n=6)
Table 3 Effect of Buyang Huanwu Tang on S6 protein expression

in lung tissue of mice with pulmonary fibrosis(x +s,n =6)

215 /juf,] 7d 14 d 28 d
[FEPN 0.01 0.70+0.05 0.70+0.06  0.71 +0.08
iR 0.01  1.06+0.10" 1.00£0.20" 1.07 +0.38"
A 0.455 0.87 £0.22%°) 0.68 +0.09** 0.56 +0. 10>

AEAE T 7.02 0 0.70 20,0224 0.43 £0. 102 0.36 +0.04>%

14.04  0.88 £0.07>) 0.44 £0.10** 0.50 0. 05>

28.08  0.88 +0.03*°) 0.60 +0.06%°:°0. 52 +0. 05>

WGP ARMULED P <0.01; SHAH LED P <0.01; 555k

RIMA AL H Y P < 0.05,% P <0.01; 5 4 B iE Fi 3 & ) ik 41 e B
PP <0.01; 5% A 1% h ol B4 AR P <0.05,

3.2.3  XFMET 4 Ak /N UM A 20 LC3- 11 263K 1) 5% i)
SBFARA I, BRI LE 7,14,28 K fifi 4141
LC3- 11 3B KB W FEAR (P <0.05,P <0.01) , %b
FHIE H7 0 ARR) i 2 e s i fa 4 LC3- 11 &3k
K55 [R5 R A Ll B A AN ) R B (P <
0.01) ,#MBHIE 37 & Al 4L 7, 14 d 5[] B 58 19 #4
2 AN BH IR v b R 2 L R e S (P <
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Fig.8 Electrophoresis of expression of S6 protein in lung tissue of

mice in each group

0.01) , &hFH ik 197 57 B 41 28 K LE Ah BH ik 17
R R AN = (P <0.05) , LK 4,89,

x4 HHEEEFHMALELNRMAR LC3-IEAREHIM
(xxs,n=6)

Table 4 Effect of Buyang Huanwu Tang on LC3-1 protein
expression in lung tissue of miceof mice with pulmonary fibrosis(x +

s,n=6)

Filbeie
4151 . 74d 14 d 28 d
/g kg
IPEVN 0.01 0.62 £0.06 0.64£0.06  0.65=0.03
TR 0.01 0.50 £0.08”  0.47 £0.07"  0.49 =0.03"
TR A 0.455  0.63+0.06> 0.84 +0.22>> 0.86 +0. 13>

WL T7.02 0.79 £0.08°*  1.07 £0.02°* 1.09 +0.17¥
14. 04 0.63 +0.01°%  0.84 +0.10>¥ 1.00 +0.09%
28.08 0.60 £0.05°  0.81 0. 14> 0.85 +0.07>
O 5T ARHLE" P<0.05,7 P <0.01; 5HIMA WHE P <
0.01 ;5 3 MY M4 HL Y P < 0. 01 ;55 %h B 348 T 9 125 7 ek 2 L 28 P <

0. 01 ; 55 %M H i 377 H 5 4 41 L ) P < 0. 05,

T W s -~ e ee-m e -~ |7kDa
LC3-I17d | quy qe s S @ s 19 kD2

LC3-M14d e = &= == &= «—= [7kDa
S e D S S S |9 kDa

S = - o - = ]|7kDa

LC3-T128 d | e e s i s . 19 kD2

CAPDH . gy e s i e e 37 D2

B9 £ANRMALLCI-TEAMRIXEK
Fig.9 Electrophoresis of expression of LC3-1I protein in lung tissue

of mice in each group

3.3 XFMLFHEAL /N BRI AL A mE R RTFR
LA A R, M PN 200 B A T AL TR P J5 R
JEY K, R UL F W Y 2 B N T LA i g A
R AR DX 0K i 240 B A G B 1 4 B AR, 03 X 3k
R O, SR AR /0 EL D ik BT, A7 730

Wit o i B AR 2 B b BH G 3 e b AR 4 40 R
&L A WERCR b T RO R b IR T PR
B4 A w2 T bl WK 10,

B 10 FPPHE iz 3 fil 8 440 /N R B 40 21 8 IR R O B = e (L B
i, x2 000)
Fig. 10 Effect of Buyang Huanwu Tang on autophagy of lung tissue

in each group of miceof mice with pulmonary fibrosis( SEM, x2 000 )

4 ifit

AL R s 5 BT R A HOR, R K 25
25 /)N BN 58 B i 21 AE AL B S, S5 R A LU A, 45
24 25 % I 18] 5000 i 9 58 R il 2 4 AL 2 B8 A7 A ] 7
JE 1) 24035 ; Western blot 45 5 7 B R 41 5 B T AR 41
FeE /N BB 41 21 mTOR, S6 £ 3R ik K- H] . |
TH,LC3- 11 FAAK T B, 45 40 25 4 5 B 20 L 8
/N mTOR, S6 £ I & ik K F- B 2 F B, LC3-T1 3%
KK BT, b b B T3 v ) e 2H B A T R
FORAZH RS 14 KA BH I8 109 b 70 4 20 i/ AR T
SR P ZH L 2 B A BH Gk 37 v ) R L R R . 45
BRI AE BLM I B0 B 25 4462 il i 72
AN U mTOR 3 H @i, A Wi, mTOR
H DG A ST T 2l R R ;A B AR
TR BLM fi 8/ U £F A6 A — € BRI E T,
FEHLH AT A8 5 R JH A 40 A Wi 8 mTOR # 1
KIBA K,

il £F AEAL B A R, BOEARE , HATsk = B ER
RIT IR IR, BE A A H R AL B IR ARE S,
NIRRT e A ke e b L 3 1 R AR
Flo i €1 4 A0 i T B 32 B2 A 2T 4k 200 i 1 5 5 1 1L
JICET 4 20 ML 5% A6, O H 2 W6 B R R 4 i A 5 DL
AR S ¥ N AT RO S R R TR R A
B R RO O A B R
B HAEE, LR A T e R ) B S O 2
PR Z R AR IR AUE AR TR T, DT 5 5 T A AT
2 200 i 19 49 A= FICET A 240 S L A0 R 0 A i 45 4
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PR AR AL, W5 AR 5 1 A A R e DDA G
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mTOR S 71 ] 4 25 19 Wit (4 #8 A5, 7T LUJRR 52 B0 55 1Y 742
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mTORCI fE B8 Atgl3 Fl Atgld B2 AL, BHIE T
Ui Avgl W55 VR 08 BRI |, 300 1 F e A 5 Y
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phosphatidylinositol-3-kinase , PI3KC3 ) , fH 1- H W #
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