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Protective Effect of Alcohol Extract of Phyllanthi Fructus on Silicosis Mice and
Its Correlation with Nrf2/ARE Signaling Pathway
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[Abstract] Objective: To explore the effect and underlying mechanism of alcohol extract of Phyllanthi
Fructus on silicosis mice induced by silicon dioxide (SiO,). Method: Thirty-six male Kunming mice of SPF
grade were randomly divided into a blank group, a model group, high-, medium, and low-dose Phyllanthi

Fructus groups (800, 400, 200 mg-kg") ,and a tetrandrine group (0.039 mg-kg") , with six mice in each group.
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The silicosis model was induced by static SiO, exposure in mice except for those in the blank group. After 28
days of administration by gavage, the lung tissues were collected and the organ coefficient was calculated.
Hematoxylin-eosin (HE ) staining and Masson staining were used to detect the morphology of lung tissues. The
content of hydroxyproline (HYP) , superoxide dismutase (SOD) , malondialdehyde (MDA) , and catalase
(CAT) in serum was detected by enzyme-linked immunosorbent assay (ELISA). Western blot and Real-time
polymerase chain reaction (Real-time PCR) were used to detect the protein and mRNA expression of nuclear
factor E,-related factor 2 (Nrf2) , heme oxygenase-1 (HO-1) ,NAD(P)H: quinone oxidoreductase 1 (NQO1),
and Kelch-like ECH-associated protein 1 (Keapl), respectively. Result: Compared with the blank group, the
model group showed seriously damaged morphological structure of lung tissues with inflammatory cell
infiltration and fibrous tissue proliferation, reduced serum content of SOD and CAT(P<0.01), increased content
of HYP and MDA (P<0.01) , down-regulated protein and mRNA expression of Nrf2, HO-1, and NQOI
(P<0.01) , and up-regulated protein and mRNA expression of Keapl (P<0.05, P<0.01). Compared with the
model group, the high- and medium-dose Phyllanthi Fructus groups showed significantly restored morphological
structure of lung tissues with reduced collagen deposition, increased serum content of SOD and CAT( P<0.05, P<
0.01) , decreased content of HYP and MDA (P<0.01) , up-regulated protein and mRNA expression of Nrf2,
HO-1, and NQO1 (P<0.05,P<0.01) , and down-regulated protein and mRNA expression of Keapl(P<0.05, P<
0.01). Conclusion: The alcohol extract of Phyllanthi Fructus can inhibit pulmonary fibrosis in silicosis mice,
and the underlying mechanism may be related to the regulation of the Nrf2/antioxidant response element (ARE)
signaling pathway.
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antioxidant response element (ARE) signaling pathway
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1.4 {X48%  ESJ200-4B &5 A1 o K F (ok BH e 1%
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FEFRIBAKF ) RIPA 2447 70 I /1N B 20 20 v 42
IR FUREAS , BCA B F1AG I3 700 6 00 P AR 2 1 U
BE o REAR 28 Tobr B TR 0 - SR T4 T e R R FL YK
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Table 1 Primer sequences

519 J¥30(5-3"7) KB /bp

HO-1 ¥ GCTAAGACCGCCTTCCTGCT 105
i ACGAAGTGACGCCATCTGTGA

Keapl i CAGATTGACAGCGTGGTTCG 329
Fiif TGCGGGCAGTCGTATTTGA

Nrf2 |37 CCTTTGGAGGCAAGACATAGATC 290
T i CATCTACAAATGGGAATGTCTCTG

NQOI |3 ACGACAACGGTCCTTTCCAG 256
T TCCTCCCAGACGGTTTCCA

GAPDH  Liif CCTCGTCCCGTAGACAAAATG 133

T it TGAGGTCAATGAAGGGGTCGT
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F2 REFERYNEMNRESZBNZN (X+s,n=6)
Table 2 Effect of ethanol extract of Phyllanthi Fructus on organ

coefficient of silicosis mice (x+s,n=6)

21 51 5 /mg- kg 7% R B /mg- ¢!
ek 4.84+0.45
HR 1 2 6.94+0.46
BB C A4l 0.039 5.47+0.28%
A F 200 4.71+0.48Y
A F PR 400 4.89+0.17Y
A FAR 2 800 5.13+0.30%

525 H 4 R VP<0.05,2 P<0.01; 545 % 21 1 % > P<0.05,
YP<0.01(5£3-%6 )

3.2 A H P EELE Y X Al A 20 B Ok AR g sE e il
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B A0 M AR T8 IR Y M A% [ 46, £F 2 4 20 AE R R
MHRE . RH R R R RS R, MALIER
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EF Y20 OB A 5 Ay AR A 4 AT R A e 3 e A
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Masson 44 {5 25 S i s, 25 FZH JC W R gL g, G
Ji D B A, TS AR 2 H B K T AR e i, S B R A
VR L PR BREN., R FEEDS Y
Jei Y W B A TR R D 1 B D £ A T FR K

TE:AE T BRI C~E A I f ARG i 2 5 F U C HV R A (1 2 1))

B1 fHFERYNERMNRFALKFENZIE (HE,<400)

Fig. 1 Effect of alcohol extract of Phyllanthi Fructus on lung pathology of silicosis mice (HE, x400)
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B2 £HEFERYEEM/NRAHLRFEMNZ I (Masson, x400)
Fig.2 Effect of alcohol extract of Phyllanthi Fructus on lung pathology of silicosis mice (Masson, x400)
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SR HYP S S e 2 AR e 2 2 AL
PR A — I SRR . 525 FAL TR, BERY 2/ I

3 #HFERIMEMNRLEPHYPEEMFIE (s, n=6)
Table 3 Effect of alcohol extraction of Phyllanthi Fructus on

content of HYP in serum of silicosis mice (x+s,n=6)

N e 1 ” . 215 4 /mg- kg HYP/pg-L!
L3 A FY PS5 0 (P<0.01) . S48 41 3%, - - Smerte ne
. e 7= 14 6.02+0.82
AH T h R HYP B (P<0.01), 4
- N o BRI 8.93+1.43”
T R U T L A A/ L HYP 5 B, B o . )
o N D e e DUPT O R4 0.039 7.35%0.64*
A H T ob ) AL RO BB A 4L . .
£ 3 RH T w4l 200 7.31%0.51
* O . . AT A 400 6.43+0.23"
34 RUTEREYIEEHM/L BT SOD.MDA. A H AR k4 800 9.04+1.06

CAT &t mysZma 25 [ 4L b, A AL 41/ BRUm 3 vh
) SOD . CAT I % it i 3 98 /> (P<0.01) ,MDA 1y %
N (P<0.01). SEAVA L, RH TR
7 41/ BRI 35 P SOD | CAT B & 1 ¥ 3 Jin (P<

0.05,P<0.01) ,MDA & &= ¥ /> (P<0.01), 4 H
TR W a] LUK N CAT B9 & & AR I MDA Y &
w, NP AH PR EASRE RN EE . LE4,

F4 HRHFEROMEMNRLFESH SOD MDA .CAT 2R M (X+s,n=6)
Table 4 Effect of alcohol extract of Phyllanthi Fructus on contents of SOD, MDA and CAT in serum of silicosis mice (x+s,n=6)

21 5 FlH/mg- kg SOD/U*mL"! MDA/nmol-L"' CAT/U+mL"’
e 149.70+8.41 7.29+0.68 36.43+2.44
FERIZH 87.35+8.82% 9.88+0.42% 15.95+1.03%
BB C H#E4 0.039 121.62+6.23% 7.40+0.46 30.89+2.86%
ARH T AL 200 107.58+4.23% 7.70+0.19" 35.84+2.08"
AHTF R AL 400 116.40+11.66" 7.51+0.44" 29.17+2.38%
AH TG R 4L 800 103.89+6.49% 8.59:0.69% 15.94+1.27

3.5 AR FEEEE Y XS Al /N B4 20 Keapl (Nrf2
HO-1 .NQO1 H HEX MM H25 A4l i, i
R Nrf2 \HO-1 .NQO1 &H Ay Kk K EF T
R (P<0.01) ,Keapl £ |1 () ik b & I F+(P<0.01),
5 ROR A b A, A H s L R A 4L Nef2 L HO-1
NQOI1 & M F ik ¥ W] & k F+ (P<0.05, P<0.01) ,
Keapl % A ) 35 B B F % (P<0.05, P<0.01) . 4%
H B Y AT LLTE R Nrf2 \NQO 1 25 1 (1 3 1k il [
RE AWM RE, bR H i A8 &R W
o WERSHES,

3.6 A H FEEAE Y Xk il N BRUB 41 2T Keapl (Nrf2
HO-1.NQO! mRNA FiLMWEm 525 4K,
158 2 Nrf2 \.HO-1 .NQO1 mRNA 2 ik i) /K - 1 i

# T % (P<0.01) , Keapl mRNA [ 3 ik B & I
(P<0.05) . SEIRIALLL &, R H 5w bR a4
Nrf2 HO-1 . NQO1 mRNA F ik iy /K F-¥ 8 & I+
(P<0.05, P<0.01) , Keapl mRNA f¢) ik H 8 T [%
(P<0.05). W6,
4 iTit

K18 VA 4 A R A i R AR 1 B AR AR 3R
A B £ 2 A M Gk B Y B | £ o 4 gk A1 SUR Y
A e T AR S R O A W MR AR T D A 9
iy 0 () B ) 458 5 52 e i D) BB AR SR
i 2 g B 1k &2 i RE B HE 4% 5 5 Masson 4 (1
g5 RO B A 21 /)N BRI IR I 25 4, i ) B ) 4
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x5 £HFEEWIEM/NR Keapl Nrf2 . HO-1.NQO1E B R IZHIEM (X+s,n=6)
Table 5 Effect of alcohol extract of Phyllanthi Fructus on expression of Keapl,Nrf2, HO-1 and NQO1 proteins in silicosis mice (x+s,n=6)

21 5 il /mg - kg Keap1/B-actin Nrf2/B-actin HO-1/B-actin NQO1/B-actin
e 1.00+0.00 1.00+0.00 1.00+0.00 1.00+0.00
AL 1.81+0.13% 0.73+0.04% 0.48+0.03% 0.59+0.17%
W E &4 0.039 1.58+0.05> 0.89+0.06* 0.95+0.04* 0.80+0.01
AH T R A 200 1.58+0.10% 0.81+0.02" 1.09+0.12% 0.90+0.10%
AH TRl 400 1.30+0.28" 1.04+0.129 0.92+0.02" 0.97+0.20
AH TG R4l 800 1.90+0.09 0.57+0.06 0.70+0.03" 0.68+0.09

T T S S W 22 kD2

" -——mg -

NQOT - A S 31 D2

A B C D E F
TE AR B~D. A T AR R R 2 BB O VR AL
F2HH
3 SANRAEL PR HO-1.Keapl NQO1.Nrf2 F B R ik B ik
Fig. 3 Electrophoresis of HO-1, Keapl, NQO1 and Nrf2 protein

p-actin

expression in lung tissue of mice in each group
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B IS = R AR GUR S S /AN INEOR E T e
. Z&HE T Si0, )5, i Z ROS ™" 25 3 5
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LT A 455 22 %4 D 3 AL B O E P Y A (S

,’.JJ:Z““E]

K6 SHTFEEWNERM/IR Keapl Nrf2,HO-1.NQO1 mRNA %%

S i T (i L I W 1 OB | RS A A ]
JEJE . SOD . MDA \CAT by 1 i 48 Ak 1 84 52 137 1Y)
LG bR, SOD i M ALIA Bt A fL BE 71 , MDA S hij Hl
1A B i AL TR B T CAT S22 8 4 H,0, B 2% 41 ity
M)A AL R AE ] o A SE g B SR b, Sio, TS
SOD.CAT iy % & I # s /> , MDA & & B &3 m,
5 REAEBIF 5T — 2007, A R B R Al DS BB Y AF A
AR B R B . R H T R A UA R
O 2 TE RS T B B 45 W PR 98 i 55 B v
FFEN T UESE 2 A SIS Al A H o B ) 6] e il
PR /N BT W5 M EE 5], SOD | CAT Ay 5 it W I 448
Jin, i MDA & 2 B B I A H R Y BE S
VB e O A AR /) Rt 2H 4 g AR A O 3 Y
Nrf2 75 2 5t S8 A0 FI A B 7 58 00 b Je 98 45 8%, AT
i 3k R Y Bt AR SR T A (ARE) A 5 19 A AL il
W R 2 RE 110 75 R £ 37 48 R 20 2 4 32 S Ak
O3 A AR A A Nef2 B H R IR 3R R (HO-1
FINQO1) ik /K F-32 2| T # i , AT 38 &8 ¥ 0% Nrf2/
ARE {5 5 il ¥ W 5 il 400 05, & 22 i 2 4 Ak
HE RPN AR LA T, Nef2 Ml Keapl fiff 25 I 7%
MRS Maf i 45 5P 7 Rk, 715 ARE I+
AFINE B4 JEE L 50285 G H O SR 30T 3 g 5 1 A A 25 il
HE RN BT A Ak B 1 mRNA (55 5%, k45 BT E AL
™ FEAR K B Nrf2 \HO-1 NQO1 53 A
MY 23k B MG, Keapl 25 H 5 mRNA ) £ ik i &

Y8 (xX+s,n=6)

Table 6 Effect of alcohol extract of Phyllanthi Fructus on expression of Keapl,Nrf2, HO-1 and NQO1 mRNA in silicosis mice (x+s,n=6)

21 51 it /mg- kg Keapl Nrf2 HO-1 NQOI
24 1.005+0.005 1.003+0.003 1.000+0.002 1.00040.001
AT 2] 7.017+0.098" 0.051+0.005> 0.052+0.018 0.179+0.127%
BB 2 A 0.039 2.481+0.008 0.771£0.086 0.928+0.058" 0.576+0.106"
A F AR 200 3.410+0.671% 0.513+0.068" 0.715+0.114" 0.541+0.094%
A F e 400 4.586+0.361 0.545+0.057> 0.592+0.000" 0.380+0.096>’
A FARH 2 800 5.122+0.072Y 0.272+0.041 0.126+0.008 0.313+0.091
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