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KL KRFEFTFRFE TE¥K, £ 201620
I #s HHE .2021-11-16 FHABEH:2022-01-14

FEE . R TR/ | LR TR S MERR AR SRR R R AVEM AR KA R T /e . LIRS iy, R 5
T(77590+61.66) nm F1(50.07+129) wm (ZF5I6r% K S 4HF B 2H) 00 58 45 2 05 (08B RH(PS-NPs) X 44 5 b 1 F1 41 v A K R AR B
AR, G50 IR 2 Bk PS-NPs XAA AN & 28 SR ML i A i YA (R VE T, S 2 0 i i - 240 i
JE 155 KT B 41, PS-NPs BT INEFA 85 I - AP N B (MDA) & 1 B E ALY 85 AL B (SOD) T M i S8 Ak S (CAT) 75 M A1
i A ALY EF(POD)IE M T = , B b =5 s A, 38k (1 000 mg - kg™ ) RLERHIMA T, B 4l pn i it A rp 3 Fif
FEE ML 4 0 L S 20 i i 46.99% (SOD) ,61.56% (CAT) 14.91% (POD),, k4] e 38 £ J 25 SR 3= B PS-NPs (¥ B4 i 7 44 1%
W LR MR IS ZRE e BEVE SR/ T oS 4>B 2 >CK, b BRZH 5 %6 BB 2E A Lo 034 i 1 TR ) = 3 4 B 48 4k, PS-NPs
H RN 5% 28 74 1] (Actinobacteria) A1 4E T 14 ] (Proteobacteria) 3= B Fh i | 1M 4% 25 B ] (Chloroflexi) 3 B [ A%

KRR OBRL ORI AR BEIE 450

XEHRS . 1673-5897(2022)6-244-12 RESES: X1715 XEARIRAED . A

Effects of Two Micron-sized Polystyrene Particles on Isatis indigotica Seed-
lings Growth and Soil Community Structure
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Abstract ;. Due to its small particle size, high specific surface area, and resistance to degradation, microplastics have
brought harm to the soil environment and the growth of crops. In this study, Isatis indigotica was used as the test
plant, and polystyrene microplastics (PS-NPs) with diameters of (775.90+61.66) nm and (50.07+1.29) pm (named
group S and group B, respectively) were used as microplastic model pollutants. Effects of microplastic on Isatis in-
digotica seed germination, seedlings growth, and rhizosphere soil microbial composition were investigated. The re-
sults showed that PS-NPs with two particle sizes promoted the seed germination rate and seedling biomass of Isatis
indigotica, and the damage rate to the cell membrane of Isatis indica leaves in group S was higher than that of B

group, and the higher the plastic concentration, the greater impact. The existence of PS-NPs increased malondialde-
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hyde (MDA) content, superoxide dismutase (SOD) activity, catalase (CAT) activity, and peroxidase (POD) activity
in Isatis indigotica leaves. At higher concentration (1 000 mg-kg™'), the activities of three enzymes in Isatis indig-
otica leaves in group B were 46.99% (SOD), 61.56% (CAT), 14.91% (POD) higher than those in group S, respec-
tively. In addition, the high-throughput sequencing results showed that PS-NPs increased the microbial communities

diversity in the rhizosphere soil of Isatis indigotica, and the community diversity was as follows: group S>group B

>CK. Compared with the control group, the dominant bacterial phyla in the treatment group was the same but the

abundance changed, as shown in that PS-NPs increased the abundance of Actinobacteria and Proteobacteria, while

the abundance of Chloroflexi decreased.

Keywords: microplastic; polystyrene; Isatis indigotica; community structure

{8 B (microplastics) 28 ki 12 <5 mm 1Y I8
KLANEE R, RTS8 kL BB 5T B 28 25 I 3 555
1) 3RS Boyle F1 Ormeci® A8 AIF 97 22 WA fili Hly
TR SR 4 B T RE A BRI 4 5 ~ 23
7, OB BHE R 2 E T R IAAAE  HANE 25 B
JHCHE B S P SO R - SRR ) A
FRIFAEAAT S R OB R A LU A )
NP R (LRI N (7192 FRatcy 0 S 28 S0
7w A e ) A R -3 e RO R e AT
TR, BRI 12 W T 44740, (R
FRASMENR , RO IR, S0 R 88 LA S 1 30
L AL ) s A A Py s i ™7

40K BERE LBl UE B AT L5 3 A ) 40 i e
FAE XTI B R ORI T 2 R0 R R AR AR
RN R AR, AR TS A RRURT 2 1T R VR PR
ZE 1 FH 40 M 5 R 3 B R B DO H R — s
SR RS bR 02 TR R AT AH B0 TR 5T
YRR A RFIE B 2 Ae i 4 rh oF R B9 A
SRR T B a3 22 i R B R a2
T AR K T R DL A R SR B 4
WA VRS HE AR AR N RS R T AR R R
AAEY)  AFRWREAR ™, A7 ARG 1) T A F D28, 1k
Pz AR BT U, H R T IR LRk Yk
XS P RE AR ST AL, AR5 HUA3E 3t 2% S e
LRI 5 (IR (PS-NPs) % 44 15 41 v 19 2 1
P AR FREE AR AL | K - B A AR b - SR R
&% PS-NPs Jilritt i M Ji7

1 #1575 % (Materials and methods)
1.1 kL

BER IR AL A5 TR (PS-NPs) I 3 [ A ZE T 1
AL BLE A T AR 7 XA RN T T
TS (SEM)RAE , HoRL A% 43 51 24 (775.90 £61.66) nm
(S 41)5(50.07+1.29) wm (B 41), S 41 PS-NPs ZJfi

BAYEHE, B 41 PS-NPs it 3 i KRS A2 3 4 v (1R
1), 2 FRifR AR R 34 5], BRSO TE
ZRI, AR O A Al SEER ARG 2 Fhisck ot
T A b33 kHz, 1 h), fEHI ) e Ak,

HHARFA WL (Isatis indigotica)Fh—T W H 4 [E T J7 &L
R B AR AE AT FRAA A, Pkt K/ N — | Uk AR5 1)
Pl FAR LA 800 10% B9 R GUBR A IR IR D 10
min J&5 Pk 3 ~5 K, FRE TR 4K IR 30 min,
FHUEARE TR /KAy J5 3 ) B AE A v Fh 311
TR0 2 om, FHAER = BRI 145 7K &= 60%
ity BRI IR (26 +2) °C |, R AR ROGRE 5%,
R E A B BOR TGRS AR ) A A KT X HAE kA T
FEHE12 h: 12 h; FEEFEGO+5) We-m™?),
1.2 {145

TR T T AT IX AR K2 4 CGRAE
REEZ)H 20 ~25 cm), B 25 o] WA 5% i J5 0k 2 mm
i, >R FH B v S - B AR I, 25 R an gk 1
Fs
1.3 STt

BEX 2 BRI B9 PS-NPs 43 91li% B 4 >4k B Y
154+ 4% (10,100,500 £1 1 000 mg-kg )(hr5 K
B10,B100 . B500 . B1000; S10 . S100, S500 . S1000),
IR I PS-NPs 9 138 4% B8 (CK), #4015 1Y
FAWE T A& FIZEBC 4 PS-NPs +FE B % R 52
PR T E EEA S PS-NPs i+ A EE 3 Ik,
1.3.1 FpFEZEIER

KRR E 300 g+, B EIER AT 50
B, AR ZER L 2 mm B & 3 iESE 3 d
RSN R 2SS, LR R 5 AR T &
1.3.2 HEFRERAISL LR

PRI R 2R R Ak S 5%, L AR ER 70 d, 155745
TR BAR AR 1IN B A R K gk s T
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[l SR s

Sk = BEPURL TR |, (1)

B
R s A
%= 2 FAIE x100% 2)

1.3.3  $85krE

AR I 15 25 5B 500 g 1, AN Rl
VU B R R R 14 d YRE, BGRR SN A R
FOKFRYE 3 WG AU 4RI T 1w K 0y, Tl 4t A
BT -80 CUKFTRAEFREM

FH LSS 22 S5 TR R A I i, DASRAE By
AR AN M 5, TR I E %

Wrst s G-250 ekl WA B T & 8l S
F R RO A 0 7 s TN U (MDA) B &l
R AV AR R R o = W e R U Dt
i, SOD Jifi 14 ) 2 FH 40 i DU e 2, POD {if 4 I
FHAIA B 43066 BE 1, CAT I P 22 FH & 4 1R
PR E

43 B PS-NPs 4b 2 (1) £ 3 (S100 , S1000 F1
B100 ,B1000) K A s Jin 38 B sokz i 25 1 20 (CK) 1=
B, 4 Ll IR AR AE YR A FR 2 w7 Tlumina
B XTHEVE DNA R B itf 47 — 083 (Paired-end ) il
5190 F: ACTCCTACGGGAGGCAGCA ;R:
TCGGACTACHVGGGTWTCTAAT , Il 5 X 38 & 16S
_V3V4 3 Silva 132 B4R, IR AR B L FASTQ
& ARAE , 61T DADA2 J¥ 51 1 1 Vsearch 525,
A% OTU ARERSF NG X HA B i A 7481, Ptk
(NR L o =i e Y =

1 2 FEREZERER(PS-NPs) A BT EH/E (SEM) R E
1 :(a) S 41 PS-NPs(JLAx100 k);(b) B 41 PS-NPs(Jit kx5.00 k);(c). S ZH PS-NPs(jif k%20.00 k);(d) B £ PS-NPs(jit kx15.00 k),
Fig. 1
Note: (a) S group PS-NPs (x100 k); (b) B group PS-NPs (x5.00 k); (¢) S group PS-NPs (x20.00 k); (d) B group PS-NPs (x15.00 k).

Scanning electron microscope (SEM) characterization images of polystyrene microplastics (PS-NPs)

F1 il HEEAER

Table 1 Physical and chemical properties of experimental soil
+ 3 pH FIKE % (g kg™) W (g kg™) A% /(mg-kg™)
Soil pH Moisture content/% Olsen-P/(g-kg™") Effective K/(g-kg™") Nitrate/(mg-kg™")
8.130.004 5.560.502 0.55£0.012 70.05:0.005 10330011
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1.3.4 Bdgeitsrdr

FI AR IR A AT B R R T 25 3, IF R
ZAR R NFRIETR 22, ] Microsoft Excel Fl SPSS13.0
HEATALEE, ] Origin 2018 1R, o TR 5 344 3
VAT S TS

2 Z55 (Results)

2.1 RIAIHE R IE LM RS Fh T & ZE R A K
FERI 5

2.1.1  R[FIHREE R A8 X RS e b1 2R 5 M)

81 & =R R AR KA I iR i — FR A1 Y
AP T RN R A O R RS R
WO EE, AR 25 d RS ERE,2 f
PS-NPs ¥R T 48 5 7 19 & 2F 5 &l 2 i, w]
U, PS-NPs Xif # # F 1) & 25 43 i F 2 HEVEH , 10
mg-kg™' B ZH PS-NPs X} & 2 i fi£ #EAE HI e B .,
KA CK 521 30.00% , 1 000 mg-kg™" firid vk
T S 4 B A Zx kFHEFTREZES, AL
CK & 20.00%

SEH AR PR H R ZEIESLINEL 3 TR ¥k
ZERRRS WG ~9 d) (11 ~19 d) J5(19 ~25 d)3
A, 5 CK AHE, S AbFEH & ZEHTHA 1 000 mg-
kg™ BIMEFEVE FHI ., sP I 10 mg- kg™ AOALFEZE K

- - 0 mg-kg!
(a)
50 -¥- 500 mg-kg™' -1 000 mg-kg!

- 10 mg'kg!' -4 100 mg-kg!
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1
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1 1 1
1113 15 17 1

FhF & ZF i al/d

Seed germination time /d

% ;B AP R ZERI] PS-NPs XJ & 2F 5%
MEASEA &, FR S 3 10,100 .1 000 mg - kg™ 4038 b
TR PRI Y T CK 4,

1001
0 CICK S =B

a
80 %g b ¢ .
= d 55 f o
. — 7;72 77 %
= —— ——]
5 60F — — 7/
NS E g % % g — g % g
= A A+
SRR = = —
SN2l 2| 2
@ = 2|
0 = = =

10 100 500 1 000
PS-NPs¥ i /(mg kg™
Concentration of PS-NPs/(mg-kg™)

~

B2 PS-NPs X BEfhF 4 2F R H) 2200
I PRARFOR 25 B3, P<0.05,
Fig. 2 The germination rate of Isatis indigotica seeds treated
with different particle sizes of PS-NPs

Note: Different letters indicate significant differences, P<0.05.

) - 0mg-kg”' -@ 10mgkg' -& 100mgkg!

50+ -¥ 500 mg-kg™ - 1 000 mg-kg™!
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FIF A A A
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T

—_
(=
T

1 1 1 1 | 1 1 1 1
11 13 15 17 19 21 23 25 27
Fh¥- %2 2 IR A]/d

Seed germination time /d

B3 [ PS-NPs 432 THEMF H R FHE R
7 :(2)S 21 PS-NPs 4b3 FAXUE A9 H & 274K (b)B 41 PS-NPs 403 FAAHE MY H & 2940 0 RIF 2R 2 5 i 3%, P<0.05
Fig. 3 Daily germination of Isatis indigotica seeds treated with different PS-NPs

Note: (a) Daily germination numbers of Isatis indigotica with treat-S PS-NPs; (b) Daily germination numbers of Isatis indigotica

with treat-B PS-NPs; different letters indicate significant differences, P<0.05.
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i JF H (A R AIK T 500 mg - kg™ ;2 Fh PS-NPs %
B K RER LT TR
2.2 NIRIHR B SRS 205 %o s Wi 40 0 B a8 P 114 B i
2.2.1  RIRIHEE B 20 %o Fs W o A 240 it 4% 7
R F ]

F Pl 4 WA A B ZE AR R I R 200 B 5 5 R 8
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40r
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AR
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Damage rate of cell membrane /%

201

AR e

a

T a
ZyE=

AT

BEET CK, H S b B XF#5 #5 - F 41 o jt 1 45 3 0 10 10 500
I F B ARHE, 10 100 F1 500 mg-ke™ £ S 2 PS- PS-NPSTKLE (mg-ke”)

(=]

1 000

NPs H. B 41 % 4 H@Hﬁ i 1%%%%%’] r%_ i 11.48% i Concentration of PS-NPs/(mg-kg™)
5.55% Fil 5.24% , LA v I 1 4 0 00k % 0 4 PS-NPs MR MG %R KN

U R FARR R B, PO,
WAIBE A 45 % % 2 2 0, % PS-NPs f vk i LRI ERER AL E P00
1000 mg-kg "B}, S 41 B ZH % 40 Jifd Ji 114 45 3 35 o
of Isatis indigotica leaves
B K, 70904 76.97% F176.30% , 2974 CK 253
&2 S ZH PS-NPs SbIE XS FABE 40 B W =R M
Table 2 Effects of S group PS-NPs treatments on biomass of Isatis indigotica seedlings

Fig. 4 Effects of PS-NPs on cell membrane damage rate

Note: Different letters indicate significant differences, P<0.05.

PS-NPs 75/l /(mg-kg™")

B /em Ptk /1% S i it /g Pt /% T hh/g Pt /%
Mass of PS-NPs
Plant height/cm  Promotion rate/% Fresh mass/g ~ Promotion rate/% Dry mass/g Promotion rate/%
Amg-kg™")

0 224+0.048 - 1.16£0.875 - 0.10+0.006 91.39

10 437+0.192 9492 1.89+0.132 63.33 0.16+0.006 91.29

100 4.00+0.227 78.59 1.58+0.087 3591 0.16+0.008 89.79

500 337+0.072 5045 2.18+0.182 87.51 023+0.011 8944

1 000 3.52+0.076 57.09 2.17+0.173 87.17 0.18+0.036 91.67

#®3 B4 PS-NPs L EX AL & E Y BRI
Table 3  Effects of B group PS-NPs treatments on biomass of Isatis indigotica seedlings
PS-NPs ¥ il i /(mg-kg™") N )
ki fom PR /% g JFrhit/g /% Firht/g /%
Mass of PS-NPs
. Plant height/cm  Promotion rate/% Fresh mass/g Promotion rate/% Dry mass/g Promotion rate/%
A(mg-kg™")

0 224+0.048 - 1.16£0.875 - 0.10+0.006 9138

10 421+0.151 23.88 2.89+0.335 14927 0.19+0.055 9340

100 2.35+0.051 -30.90 2.04+0419 76.06 0.18+0.168 9124

500 191+0.017 -4391 1.87+0372 60.72 0.17+0.030 90.73

1 000 2.12+0203 -37.62 1.89+0.131 62.53 0.12+0.022 93.54
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2.2.2 AR[REVREE R A X FS Rl i A
B R

AR R T Y RS R T,
TG AT DA e 4 ML 1) DR 7K B 7, XoF 200 B A 2 i 40 ot
LAY R B PR AR, WAl S s, 10,100 F
500 mg-kg™' A[A] PS-NPs el F BYFS 5 A ml sk
HEHE Y CK L322 5% ; PS-NPs ¥k & 1 000
mg kg I S AL AL A R 254 mg-g” B
AhEEA 2.90 mg- g™, Al b CK i 29.81% Al
4825%

2.2.3  AR[RIVREE R IR 20X pA 0 7 TS i
1) 5% 1]

WKl 6 frn, 5 CK AL PS-NPs ifpia T #8 #5 it
) MDA &t 2 THE 5 W o B 2 R ARG
E0 ~500 mg-kg  WREVEFEIAN S AEERT B
2,1 000 mg-kg "B S 41 B 4 MDA & H I E#
S I HATLUE H B 4UA R AE 500 ~ 1 000 mg-kg™
1) I v 5 R B MDA % £ 11 0.22 mmol - g™ 3 i1
%039 mmol-g™, LB B THE T 76.16% ,1 000 mg-
kg T MDA &5 2J2 CK /) 7.05 £i5,

2.2.4  AN[RIVEREERIR 25X RS 0 B b A AL Bl
PE

wE 7 Fros, kb #AFS W% A SOD |, CAT
POD #EME T CK, 10 mg-kg™' 100 mg-kg™'
S 41 B 4119 SOD {iftE TG i % 14 22 5, CAT ,POD i
P S HEEET B 41,500 mg-kg™' .1 000 mg-kg™'
T B 41 SOD ., POD {1443 5 254 S 411 1.36 1,
1 A7 {51359 1% 4.55 f%, S 41 POD {5 PE7E 50 1]
] R, 1000 mg-kg™' FikElH A, 20 CK 1Y
357 £i%;B 41 CAT I%¥E7E 500 ~ 1 000 mg-kg™" M
136.13 U-g ™' ~min"' JK1¥% & 289.08 U-g™' - min™", 1
KT 1.12 15,

2.3 N[RIHRJE BRIR 20 W A WS AR PR - S A0 T K
SEF 5

2.3.1  N[RIVREE B 245 X s i AR o = 498 200 v
& 2 FEVEFE B 5 )

W 4 Fi % PS-NPs AbF 5 (AE AR £ + 35
T PR T Z2 46 647 43 B, Shannon 45 % | Simp-
son FEHU MLRE iy H A= W) Z2 MM, Chao 1 358U
WLRE TRV 2 B | Pielou 15 B3 W RE 5 A7) Fib 4 )
B, AbFEZH Y Shannon $5 503 & F CK, i B PS-
NPs PES AT DASEInRE S i A= i v i 2 ek i
EHE R 1 000 mg - kg™ iF, B 2 BE 5 Ak M0 BE VK

Shannon #5 %% . Pielou 841 Chao 1 #5505 H S
20 7.52% 342% F173.06% , i A M H 100 mg -
kg 'S 423 E B 44 17.94% (Shannon F5%1) .
0. 11% (Pielou #5401 67.89% (Chaol $5%%).,
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10 100 560 1 600
PS-NPsi& [ /(mg kg™
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5 PS-NPs X#EEER fATAEE A & BRI
L FRARRR 2T B, P<0.05,

Fig. 5 Effects of PS-NPs on soluble protein content

of Isatis indigotica leaves

Note: Different letters indicate significant differences, P<0.05.
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T

6 PS-NPs XFEEEM 5 HIA Z 8 (MDA ) & ERI# 0
I FRARSRR 257 3%, P<0.05,
Fig. 6 Effects of PS-NPs on malondialdehyde (MDA) content
of Isatis indigotica leaves
Note: Different letters indicate significant differences, P<0.05.
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Fig. 7 Effects of PS-NPs on antioxidant enzymes activity of Isatis indigotica leaves
Note: Different letters indicate significant differences, P<0.05.
F4 HEREVSFEER
Table 4 Sample biodiversity index
ZFEPEFEEL Diversity index CK S1000 S100 B1000 B100
FAHAEEL Shannon index 1046 10.88 1097 11.70 10.77
- FRIEEL Simpson index 099 0.99 0.99 099 099
Pielou #J2] 54K Pielou-e 0.88 091 0.89 091 0.89
Chao 1 %X Chao 1 index 4 168 85 4 464.72 4903.75 7 726 47 459202
D FPERBEHE L Goods coverage 098 0.99 0.99 096 098

WK 8 fras, CK 4HFE S A 2 949 4~ OTUs, S 17.70% (B 4H), Al WL B 4 OTUs A H KL HA H £
HFESTAT 5 950 4~ OTUs, B A FESL A 8 341 4~ ReA ) OTUs, HIE 9 AT, AL i v ) =
OTUs, 3 MM ILA OTUs o0 1 476 A, 00l i W EEE T CK,3 /N A B it 2 Bl 1 270 5 ) 38 n 3%
% H OTUs B A1 50.05% (CK).24.81% (S ) Fl HT V2%, R P A2 A 2, P45 R B senl 1,
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Fig. 8 Venn diagram on OTUs distribution in sample
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Fig. 9 Rarefaction curve of OTUs in sample
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2.3.2  RI[AIREE R IR 0% F i AR B 1 S5 20 DA
T 2H LAY 52 )

WE 10 fros, MR35 P A i B4 2R A 8] il 98
BT A A TR BRI FEE R T 1% 1)
H 8 A, BT R 1] (Actinobacteria) 22 JE 1§ ]
(Proteobacteria) . Z¢ 25 I |] (Chloroflexi) . /2 T 1 [']
(Acidobacteria) , LT 7 | ] (Bacteroidetes) . 2 LI B ]
(Gemmatimonadetes) . Patescibacteria #/1 Latescibacteria,
CK M) EIE R SR TE 1] BRAT 1A
Kb BE 43 501 g 42.78% 27.69% 13.64% .6.73% ; 5
CK AH [, S100 .S1000 . B1000 Ah 34 bl £ 7 1] 42 B 43
IR T 15.30% 21.87% 21.21% ; AbFRLH A5 1 1]
FEWE T CK, /3 5l8 5 T 31.80% (S100),25.73%
(S1000).12.64% (B100).21. 68% (B1000).,

3 132 ( Discussion)
3.1 AN[EHR BRI 20 4 W Fh 7 & 2R R A K
AU

>4 PS-NPs 7RI 55 0 I & 1 i e %o 7 114
PRAFHL L, 76 W IG 5 8 3R B8 22 (808 B T BF B
1000 mg-kg™ T S 415 B 4IX & 2RISR
MW EES .

A BRI I A 2R AR L CK ¥4 38,
AR FW] PS-NPs I A0 /N MR R A=K 7= 4
T A o AR A AR PO A ) Ml R X N 2
B A5 9 B 5% rp R B, M TR MR BE R TR R 0.03
mm [ HBREXT /N 22 2R A 52 I K T 0.08 mm b
XA FIAR SR A 5% 45 SR — 2

B i74EHT ) Actinobacteria
B ST ] Proteobacteria
W 25 H[ ) Chloroflexi

B AFFEE T Acidobacteria
B FTHT ) Bacteroidetes
W M) Gemmatimonadetes
[l Patescibacteria

[l Latescibacteria

B Rokubacteria

W A fLIRED ] Nitrospirae
B HAth Others

B100 CK

B 10 MRERTEBEY K FMENFEE

Fig. 10 Relative abundance of horizontal species of rhizosphere soil bacterial flora
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AHFFE H PS-NPs X #4 1 I 200 it i8S 11 47 5 %
¥ E ST CK, A5 &£ 10 mg- L™ A PS-NPs
2 RN e BRSNS SR Y
FEW AL/ INREAE (A R B8 ) T 25 5 b 44t L o 7 2 43 3
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Z 1) PS-NPs T 28 X it J & iz | it IR T Jik 7 1 %
AR AR I PR A T S, B SRR AR T PS-NPs
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PEESF
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TR0 A0 PSSR A R TR A PR X 2
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T CK, AW 5% 2 B K A2 30 8 5 2 1 A /N BR e 4
My MDA & & 7E 500 mg- L 9Kk BE L4 K
RN 0 T &R AMR/INRLAR Y PS-
NPs 25 B R AP, I 7E 28 VR F T il
SAEW N, B IR B — A HE A TR A (R
)20 RIS S v /VRE AR PS-NPs 2T b Ok 4%
TN, BRI AT DL 25 B Mk AR v S | i A
HEAIR T A L, 24 PS-NPs ¥’ JZ 4 1 000 mg-kg™'
ff,S 41 B 411 MDA & ol 25 5 , R ATl
RPR A AR5 MDA St E R ZE, M
Z T AR H MDA 5 %F PS-NPs {9 Sk i
RN,
3.4 [ EE SRR LR W v B AR A S

HNE I 38 A A 7 A T 2 0 MRl S
(ROS), SOD ,CAT Fl POD #4248 4 14 P9 15 & 1% P
A BRI TEE, SOD E M Bk ROS M5 —iH
Bi 2 T i Ak S A B R LB R S H,0, Al
O,, ki J5 CAT #1 POD # H,0, K ft>h H,0
O, Xt nf UEREA LI f SOD {1 M H4 40 1 b
= TAHFEALEE R /% CAT 1 POD I54%

e e A 10 mg-kg ™ A1 100 mg-kg ™'}, S 41

5 B 2 SOD ¥ 1 Jc b 3% 2= 5, 4B W 4 500
mg-kg™ A1 1 000 mg-kg™ B}, Foki {21 PS-NPs 1454
T SOD FafihBEH (12235 i B 41 SOD {4 & T
S 4., Jiang PV A5 3R I 8 AR OK LI 1 0B
BHG A I SOD W& M1 N, I L i 38t 1% 27 UE B
100 nm [ PS-NPs . 5 wm f) PS-NPs X} & &4 H i
() SRR, 1 RIAS R S 45 R — 3

AbFRLH CAT WM 3 & T CK, A W5t R W
FESDEMBOR X i SR T BE A 1 1 ~9 d 1N, B2 L
CAT i1 2 H &P, 10 mg-kg™ Al 100 mg-kg™
WeER S 41 CAT ,POD JfiPEYI KT B 41,1 000 mg-
kg 'VEBETF S ZH CAT .POD {fith/NT B 4, X 5%
WIEWE T SOD L= H,0, HEZH K, It
A 1000 mg-kg™ T S 415 B 41 POD A9 3% 125 {E /)N
T CAT Myif M 2218, 24 POD J& ROS ¥ Fk [A] T
it , 2330 35 Z2 AN [ (0 IR T ATL R R X PR R ), AR
YA 27 BI{E AL T CATP

Li Z£PUHE5E T 100,300,500 F1 700 nm ¥ PS-
NPs fiChi X} 8 TR 41 i A 51 AL R e s, 45 R 3R
H SOD I CAT [ 5 3 A 3 3k it 5 10k K /N 28 I
TS X ARSI EE A, X i TARSLE R
RO 2 JE R MR R IR AR W vie i
BIAHH R SRR 2 25
3.5  N[EJHR RO 20 X 4 W AR bk 4 S i Ak W R
TE L RE) A 5%

Zhang S5 POLE X HTHRAR H A YO RETE 2 R A
2H AR5 T R B R AE B I s e R T A
AT e, X 5 A LA B ) 45 R — 2
NN PS-NPs i -3 5 CK LG T 1A IR (H=F &
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P 4 PS-NPs A B B — MWk, A
FITFHE a5 4 Higm T EEA S, oMk
YE4 PS-NPs (1) 3£ 5l 3, U N 25 5% i + 1 v
RIES S & & MR TFEEAED, A5
ARG A7 B} 23 52 )+ IR it | B A o
R IAEAE 2 08 R ALRY ) MR AT B T T Y =F
5 pH S A, BOARWFSE o PS-NPs 78 in2H 1 SR
FFRETTEE S T CK.

5 CK A PS-NPs i i + 3 () ¢ 5 56 1] F
BRI, B 5T 2R B, fORL 2 5 38 B K e e s
R, MRS 3B 2 I w2, O
WINAFI T W TAERD



46 1

WFEAS A .2 R THOK PR 20 TIURL S IS U 401 A 4K S T S 45 1) ) 52 ) 253

5 CK Mt 100 mg-kg™' PS-NPs &A% 7L
FTHYEFE 1 000 mg-kg™' PS-NPs M4 fin 1 H AR
FHE, 2R TR 1A A R AR FERRAE . PROA R iR
FER O R & 1 TR P R LR K i il
(FDAse) I} S8 AR A 15 PB4 90 ) 473 2 g 2 18
WP A FHSGSR IR i I 25 00 T, 1 25 400 o T A 1 4
TR AL AT S e 0 A FRAR I BE T R 2
Yyt

9 3 A SR T LA 3 ok A A R i) -
it TG, AT A A A M 1 ) B SR RN R 7R
ARWFFEH S UM RPRL AR /N 28 5 LR, B R AR 1Y
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AN EHE RO R R ERE St — A
M A R E VR 454 (E LR Y B PR | A ™ ik
A — oY, 250 B8 100 mg-kg ' WET S
HBEZAEER T B AL, B 1 a0 S 4t ek 45
A b B AR K, S i A T 5 2 (G A7
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25 b 7E 2 Bk 4R PS-NPs % 445 W 1Y k38 BF 5%
AR EE>10 mg kg™ B B 4L S I 4 B R
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iR 306 FBE P 48 10 AS TR A4S ) PS-NPs Ko i i 441 i i
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CAT .POD 4,3 g iy 17 14408 5 36 v B 22 1EAH
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