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Effects of different types of microplastics on physiology and metabolism of Scutellaria baicalensis
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Abstract: To analyze the effects of microplastics on the growth of Scutellaria baicalensis plants, a traditional Chinese medicine, and their
toxicological responses. The effects of adding microplastics of polystyrene microplastics (PS=MPs), polyethylene microplastics (PE-MPs)
and polypropylene microplastics (PP-MPs) with a concentration of 500 mg - L™ and a particle size of about 10 wm on the growth and
antioxidant enzyme activities of S. baicalensis plants were examined in nutrient solution cultures and the toxic effects of the different
microplastics on the S. baicalensis plants were further investigated. The toxic effects of different types of microplastics on S. baicalensis
plants were further investigated. The results showed that the effect of PE=MPs on the growth of S. baicalensis was relatively small, while the

effects of PS-MPs and PP-MPs were more significant. In terms of photosynthetic pigment content, PS—-MPs led to a significant decrease. At
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the antioxidant enzyme activity level, PS-MPs and PE-MPs treatments significantly increased, while PP-MPs treatment had less effect. At

the metabolic level, PS-MPs and PP-MPs microplastics had significant effects, mainly affecting the pathways of galactose metabolism,

glycine, serine, and threonine metabolism, whereas PE-MPs mainly affected sugar metabolism and TCA cycle. In addition, PP=MPs had

the most significant effect on baicalein and baicalein in S. baicalensis roots, and relatively little effect on baicalein and baicalin. The results

indicate that the impacts of various types of microplastics on the growth and metabolism of S. baicalensis differ, with PS=MPs and PP-MPs

primarily influencing the growth of S. baicalensis plants, while PE-MPs exert a relatively minor effect. PE-MPs predominantly impact the

sugar metabolism and the TCA cycle in S. baicalensis plants, while PS-MPs and PP-MPs predominantly affect the TCA cycle, galactose

metabolism, as well as the metabolism of glycine, serine, and threonine. Additionally, they influence the content of major compounds within

S. baicalensis plants.

Keywords : microplastics; Scutellaria baicalensis; physiological response; oxidative stress; metabolites

TR (MPs ) JE: 38— 2SR 48/N T 5 mm, FELILF
4t TER ORL R B RS 2RI SR AR
IRBEHH DLIY MPs (45 2R 206 (PE) RIK 20 (PS) |
RN (PP) IR 5 (PVC)WAE | 33k 2L MPs 54 17
TE TV RN S5 7K AR P58 D R G RN A% A5 i A
WEErh . MPs DR /N A3 A ) (B K R 5 B A )
TR HME AR A AR5 A FEAE IR N e IR BRI
B, NI A2 25 R G RN R MR e ol — 2 . K
YRR ) B SRS Y R A BR AR T Y A
KW R — T BN ZE . Mai ZE205 BEFIN 4 2010—
2050 4 4= BR U 1 0 T0] i SR 3 B R o 1 i &)
500 7 to JUHAEREEEAS ARG AL RS,
SR I 24 S 1 60%~80%1 . ARl - 35
SEBT At MPs B AE A T . R R 1E
1595 Y X, MPs 15 Y R 0] 5 ik - 45 T 110 7%
MPs 7 [ fife Bof J8 J3C 0 15 e 4 5 - 138 v 5 L ) ek
Tk E R, NI 5 S 158 pH L S 238 WL 1Y
A, 52 - R MR VRS O T BOR ) 1) R AR
iE R A F A A R A — e R AR

TR Ay AL 7= i ) A 7 AN R R £ [R] 2
AU A+ e 35 R DAAG I ] MPs, HIES &5, ORI
2o — T mBIRBIX 3 Fh A [R] A+ A 2 78 (B
b R K 25 1) ) 35 MPs V5 YL R 25 5 R, bRl
+ 5 (410 000 4~ - kg™") [ MPs = i & 2 & T #f b
(160 000/~ - kg™") Mz 25 #1(120 000 4~ kg™) , FE Y
A PE.PP J PS°l, AHICHEGY B, XY + 18 MPs 1) 7 i
9.0.1% Bt B B 5 0 MPs V5 4 BRT. 5% B 7E + 1
[ MPs , 23 5% i - 4548 A PIAR 3 2B K LA R OK 43 F
TR B WA 5 R, - 48 v ) MPs AT DL 3E 2o 3 21
FLBR, IFAEAR BRI SRR R HEEXTH YA &
PRSI W FE R B OK GORA0 K Y PE—-MPs
FIAT A 4y 5 fie 1 (PBT) S8} B3 4 X6 /N2 b | A
Hi R H 4 1 A K R TR W S e HL R 3R AN A

S5 55 A BFSEHRE 23 m PE—MPs X 74 21 Al #1550
L E B AR A B B R N 4N ORI ROK
SRR 25 AT DA e — e A ) B i A — A
VEREPE A W RN J2 0, BF 58 & B, PE-MPs 7E 82 5
PRARURS Z A BE 4 e AR PR v e 25 22 104 [m] ), S BB
MR A RR 25 5 7= B R, PS-MPs B0 K e & (4
RO I A b a s, 558 B kB, PS-
MPs H1 PP-MPs i85 1 T 25 i A ik o — 26 8 22 ) 4G 15
WA, AL TCA I PR AR B H IRACEH™ . 28 1, MPs
REMS B E 2 mEY R K b G R &' Y- e
YRR . HSE AR B 5 MPs (i Fh SR 5 5t
HYIM . PI, 4TE T fif MPs XA 9 52 i %
e LB REE,

w1 25 (Scutellaria baicalensis) & — i B B Bl £ 4F
A, AT R T e I A s R, B
SRR IE I v A B T AR RE R L IR B
B4, FREB A2 R4 BRIl R Wk I . B
AR Bt R e AR # Tz A SCRRIC 8 #5 rh
WK R ES PO ERE REENZHAR
Wy 2z —" BT, A AR R AEIK HE
KRR+ B+ Rbkirh . fERRHAS RS
B —05 43 , B2 AR b the T B T I 2L ) FRl e e
[, F5 B OIE Y . WA B 1E % B 5 4y i 0t
PS—-MPs . PE-MPs F1 PP-MPs 38 1 2 VE 5 S 4= 4
JLINE, 485 7 MPs % A= SL 8 R = 90 (0 255 52
Mol o ASMIESE B9 45 S AT B T34k PS-MPs .PE-MPs Fl
PP-MPs X 245 FFE ) () 85 B2 52 00

1 #MREFE

1.1 et

PR B 2SR T 3 b 28 T P 2 A S
PS—MPs . PE-MPs 1 PP-MPs 31 [ 75 %2 i 45 A Sk B
FER AT T AR BN B BF 9 e 438 1 S0 AR R A2

www.daes.org.an




m@g 2122

URETRR Rt Y F 4455 8 H

2910 pm. S & 5 i B U5 (FE-SEM,
JSM-7500F , JEOL, H 4% ) %} MPs (I 25 #4717 2R AE,
ot TN R ST o 87 AR e 21 50 S35 (FT-
IR, Nexus 670 Y615 4% , 2 [ Nicolet 23 &) I T #fi &
MPs B9 Z5 R FIZE N . (5 FH Zeta IUHE{L(MS 2000, 52/
SCALER A E] B ED) VAL T SRR TR W Zeta AV .
MPs (R 25 FIORL BE 4 AE DL IR 1
1.2 JkIZsLiG

WAL SRR NT O R h—E R
75% () CBEH B 1 min, PR 2818 K SO whidk 3~4 4K,
B TCIRG AR B, PRk RO AR R/ — 30t & 1)
Pl SR 5 BB AR I I 20 A B 25 CRARE AL
WE L. RIGHRF R FRARIEA b R E T
SR 40 d, B AR R AR R AR, BB oK vk AR
TR T KV VIS R 4 B R AE A B K
Brgrh e 25 bk, FEIGHTHT, o AR T P RRRL
# (10,200 pwm) Y PS=MPs, 3% & T 10,100,500,
1 000 mg- L™ 4 > B X6 2 5 4 7 100 S g b 3L, A 5%
ZEHLR I KRiA2 10 pm 500 mg- LY JE T MPs X #54F
B A RS T S AR BTG P R i) LA K H SO SE 4
B, AT LR HHR G MPs XoF 85 %5 14 5 1) K JEL 7 4L
il o TS G Y A ST A AR A S O3 S| TR X IR
(/NS TIN MPs) F1¥E B R 500 mg - L' ) PS—MPs , PE -
MPs F1 PP-MPs 4 4~ 4b PR B4 G 580K AR 2200 76 5 57
W, AR AL 100 Hz #8575 30 min, il B35 — A9 008 k)
B BN EIANEL ARG ENE T
BRI R 26 °C/21 °C L IRER R 6 000 1x B
JAA 16 /8 h i AEK =, Ab¥E 14 d )5, X 8 5 Al
PRI TR RAE , T 25 B /KA 4T BRSOk i B 5
LT, 0 B 4 I S AR 1 AR BRSO B
BT
1.3 MEFE

K ERCE#H 2 0.1 cm) s F R O 1 21
0.01 cm) X E A FEAR AR B iR = o 3o K
HEATINE 5 RS ORE B 31 0.000 1 ) FR 2 fF o 8 )
o HE T 105 CRYHEAR T AT 30 min, 415 70 CHE
TZ B E, PR B O T 0 B
e, 2k, BRI AT, BRIBCY R AR B A 0 0.5 g,
CPEHRE, W E EE A O BE T Kl 470,665 nm
1649 nm LUNERIA R b2 HHEER a FIFESER b IY
WS RE, IR S T AR AR E 2R (TBA) L
LI E AR R Y U (MDA) 75 i . R Tiryaki
SRS R 1 VA E i AR A (HL0,) & i . AR

P 1%) WHARTY

DU M (NBT) i i 3 s 25 A ke 4 Tk 4 15 Ak
fitg (SOD ) i Pk 5 R FH A8 A A P fob €20 30O o 8 5 A ke
1L AA AL (POD ) I 1 5 3 A A S (CAT) 36 PR R
T A U0 A I 5 BRI R oL A AL I g (A Px) SR
FHEE A3 B e ™

S Lin 2 )5 8 A HFREL0.010 0 g BEEE, fin
WHR 60 WL(L-2-% - N %8 ,0.3 mg-mL™") | HI B
540 wL, VKA % 2 min(=80 °C) , 1% 5 #7530 min,
Jn& {5 300 WL 7K 600 wL, #7530 min, 14 000 r+min™
B0 10 min, B E K 700 L, B 5O 4s 0% T,
P40 e h R IHE I 159 (15 mg - mL ™) 200 L, Pk 3% 5 37
F P 54K 90 min(37 °C) , il BSTFA (7% 1% TMCS)200
wL, 1E € 8¢ 40 pL, 520 60 min (70 °C) , #+ & 30 min
(20 JG AT GC-MS A H 2443 #7 .

27 Liu S50 J i FRE0.500 O g fEFF , AT
JE ML BF R (60 Hz, 2 min) , F| i 3 mL 70% H B AE
40 CHE A HEE 30 min, L&, B8 IA 70% HEE 3 mL
FRR 40 CH A HEE 30 min, 6 000 r-min™ Z5.0> 10 min,
W VS, IR EIE WA I # T . H 1 mL 70% i
T F 42 %5 B A 10 min) , 12 000 1+ min™ &5 .0 10
min, W IE W, B 5 FF UPLC-MS 83 535 4347
1.4 GEitorih

GC-MS H 5 1 A #A4 (Agilent GC-MS 5975) iF
17534 , UPLC-MS Z#ia {fi FH MassLynx 4.1 JRAS #4743
BT o RIS I A (848 Fr 357 DAY 349 1 55 7 i 2% (Mean+
SD)FRIR , Bt 1 25 55 3 2k 3l ok 3 A SPSS 17.0 T
K1 24531 (One—way ANOVA) H ) Duncan £
FL K 367 (P<0.05) , £ ] Origin 2021 Fl Image] 311
HEA T2 R AT R b 3L

2 ERG5H

2.1 MPs IS TRIFRA

R 35 4 $ 7 B B (SEM) B 1%, PS-MPs Al
PE—MPs [ 2 i AH % 6 1 L2 BB A [RDE (F 1a.,
1b) ; SR, PP—MPs D24 A 4 1 121 2% 19 A B0 otk
Y1 (E 1e) , X B IR 5 6 & 1f 1 PE-MPs fil PS—
MPs #H Lt , 8 F1 30 2% B9 PP-MPs 2377 A5 BE K52 022
R 4 R A2 43 A1 By o] DL & B8 PS—=MPs . PE—-MPs #l
PP-MPs “F-$4074% 43 5 4 (8.45+2.37) . (10.16+2.18)
wm F1(9.82+2.36) wm (& 1d~& 1f) . A5 R, E
KB BIRRFE 21 (CHy) , o T4 rh o —
AT — A 2453 (—CH=CH,) , 1£ 3 100~3 000
em YEIE AT S A RHE RIS X 5 2R3R E i C—H



R , 26« 7S IR OO B85 K T AR S

2123

R 4R 3h A8 )C 5 7E 1 600.1 5801 500, 1 450 cm™
R W 5 R R B B SRR B A DG . R S B AR R
g (CoHy) , SR AT DA Ry — X R B 38 2 1 AT HE O
(CH,) , 7£ 2 900~3 000 em™ XA Py , 5ty I 2 Mk
ERy C—HEM ARSI 5. 78 1 460~1 470 cm™
XN, 58 Ot B C—H 802 d R 3h A 5%
TE720~730 em™ IR N , 5 R M5 B iy C—H R
BEh RS . RN ERAZ DN (CiHe) , fh 222
¥ CH=—=CHCH;, 7£ 3 000~2 850 cm™ F1 1 450~1 375
em™ Z[A], FE RN EE T C—H 8 0 i 45 4k 3
S s 76 900~850 em™ Z 8], 5 RN Mk 1) C—C B
) AR Bk A 445 % 30 A7 6 5 7E 730~720 em™ Z [1], 5 5
PUEE b C—H R A A OGP 3 SE I i 2
RA W53 F 456 R b A SRR RE A IR sl ) B

PRI M4E LA B 53 0 R el B AR e 21 A (FT-
IR ) X b 2E 47 150 0 43 B LA DA fl 2 ek 25 78 (T
1g~F 1i) . S H 59 Zeta HLZ 7R, PS-MPs [
7 X A (15.70+0.60) , PE-MPs 48 X5 i 4 (12.47 +
0.65) , PP—-MPs {4 XHE A (18.70+0.62) , 1% F HH 454~
BRI R AVE R 22 5 B 3, A WE5EUE B Zeta LA 1
o NP B /)N , 2 I LR L HE R BN AN R S
RAE—, 3X 1] BB 2 AL MPs XAE P 1 52 1 24
2.2 MPs 3T EE A KRR B R0

AR ST MPs Zb BT, BEARE AR AR AR A
P HiL R AR DA i S AT S A AR A L A P 2
JIi7n o E3F0 MPs AbFE T, B4 AE AR I A A AR =5 5
X BEAH AT B R 2 5, MPs X HRUHLAIRE 25 9 4R K
FEBA B S (R AV FH 5 TG F B AR I S

181 (d) D=(8.45£2.37) um (g)PS-MPs
161 N
1af N :
<
= 127 k=
3 1of :
&8 Z
<— 6 - E\&
af = "
2 -__/7_|_ £
) L L L L L L
00 > 4 s 10 12 14 4000 3000 2000 1 000 500
I : -
HLJE Particle size/wm B Wavenumber/em
(b) 201 (e) D=(10.16+2.18) pm (h)PE-MPs
18} N g
161 §
~ l4r g
E 12f E
101 =
PE g o :
< %
6r =
=
Ar #
2 -
[ L L L L L L 1
0 4 6 8 10 12 14 16 4000 3000 2000 1 000 500
I } -
L Particle size/pm B EL Wavenumber/cm
18 (f) D=(9.8212,36) wm (i)PP—MPs
161 N
o
4 55
< —
= 12} E =
2 S
LOJ 10 %
F oo - - S
< 6} % 3 5E
4 r & = RS -
2f B 2z
A L . . .
0 4 6 8 10 12 14 16 18 4000 3000 2000 1 000 500
WEL Wavenumber/cm™

HLJE Particle size/pum

1 PS-MPs PE-MPs &1 PP-MPs 93358 B F B RIE (SEM) Bl& (a~c) FLEE 575 (d~) F0& BRI ST LTSN (FT-IR) Bl (g~1)
Figure 1 Scanning electron microscopy (SEM) images(a—c) , particle size distribution(d—f) ,and fourier infrared spectroscopy (FT-IR)

image(g—i) of MPs synthesized from PE-MPs , PS—-MPs,and PP-MPs

www.daes.org.an




m@g 2124

URETRR Rt Y F 4455 8 H

PEFEVE T, U H & PS-MPs 4bF R A B 22 042 BE4E
(P<0.05) ,{H PE-MPs 1 PP-MPs 4b 38, HAR g4
A (E 2b) . B9 & B MPs ZEAE E 8 AR KA K
] ST R i = 193 LT = S & X SR 7 =T 2
FCF X HEZH (B 2 (Bl 2d) o B 5 114 Joft 2t A I o
W MPs 8RB AN [m] 7= A g 2 22 5 . AIE] 2e [ 2f
HRT LU Y, MPs &b 3G AR A i 5 A B S i 4 ) 4
Mo 7E PS-MPs 43N - i it i 2 P AIX, 76 PP-MPs
AbFRR BRI, 1 PE-MPs Ab 3R H AR LA
= UL A K I MPs AR AR 22 57
23 MPsMEEMHRXEGBESEN TN

K3 e st oG AR S AR ol .

257 (a)
a
1
g 20 J_ b b
\E b I T
g 15 I | 1
% 1
= 10
=
=
0.5
0
CK PS PE pp
THIARLIZER Type of microplastic
30T (e)
a
E 251 '[
z
= |
= 20 .
g
- T .
Wi 15 T T bl_c
R
2 10} l
.1_]
ERE
0
CK PS PE PP
IR RLZER Type of microplastic
2.57 (e)
a
1
%fi 2.0 J_ b b
R S
= 15 T 1 J_
l
=
IH 1.0
B
&
0.5
0
CK PS PE PP

T RIZERY Type of microplastic

gL R AE 3R MPs AL B R | B 5 ()6 A 6 %
TEAREES . SXTIAM L, PS-MPs B E
T A OGS (%R A AL, 1T PE-MPs Fl1 PP-MPs
AP A AR A A S E R . 7E PS-MPs
SRR, 45 a 4K b A2 R B 15 12 2
T @ EH, W FE PE-MPs Fll PP-MPs kb H R, H 5 &
XA
2.4 MPs X EZEMS5RFIMALEFERN I

MPs X 85 5 FAR HHL0, 1% 5 1 5% 0 411 & 4a 7
/o TEW:H PS-MPs Fl PE-MPs Zb 31 T H,0, & & 5
25 [ % B AH U BH 3400, T PP-MPs 2 PR, HL0, 7%
L FH A AR P, H0, % & H7E PE-MPs 40 3

20 (b)

——o

ab ab
i
f I

HH o

151

10

R4 Root length/cm

CK PS PE PP
TR RIZER] Type of microplastic

451 (d)

sof T

ssf| L
30+
25+
20+
15+
10

o
AT
AT

Plant height/cm

P

CK PS PE PP
THAAELZET Type of microplastic
030 (1)

e

025}

b
7
I

HH o

0.20F

Dry mass/g
o

0.15F

CK PS PE PP
TR Type of microplastic

AENG PREFOR AN R R B 2 (A7 AR B35 28 57 (P<0.05) , R Tl

Different lowercase letters indicate significant differences among different treatment groups (P<0.05). The same below.
B2 REZEEMPs S EE LR

Figure 2 Effects of different types of microplastics on the growth of S. baicalensis

P 1%) WHARTY



R , 26« 7S IR OO B85 K T AR S 2125

TR RN, X E B S AR A B .0, R
B, R HL0, 7 & B R m AR R HL0, 1
MPs % 8 25 1 FIAR o MDA 25 59 52 00 2 18] 4b FiT s
M ] DLk B, 55 5 BE A B, 3 Fl MPs Ab B R I
FUHL ) MDA % 4 32 3 38 in, 76 0, PS-MPs Fil
PP-MPs 4b# ™ MDA 7 #t =5 T PE-MPs &b 3 ; 177 £ A
W, PE-MPs 43 MDA & & i % % T PS-MPs
PP-MPs Zb B

INE de T LLE W, 3 Ff MPs 40 B i %5 11 SOD
TEPEER A B, R MR R B B BT
o Hrp PE-MPs.PP—MPs &b 1 {2 744 FH 5% S B
i, T PS-MPs AR HEVE IR Z o FEML T, PS-MPs il
PP-MPs Zb B, SOD 35 1 15 X FEAH FL AR . AT L,
MPs 4b P REAS I 2 4 /55 B 5  SOD 1P, NI4T
S350 b R AR 0 A0 B P 1 AR AR A8 AR R SOD i
AR . MPs X % 25 AR H POD 6 14 119
M E 4d iR o ZEM R, PS-MPs 5 PE-MPs 4bF
N POD 75 P 5%t BE 4L AH LA S A8 1k, I 7E PP-MPs
AEFETR, POD TG AR AN B2 . #F PS-MPs (407
T, POD (3 P4 27 21 I 2 09 M /E L I £ PE-MPs
AEEETR, POD (TG M R I B A HEVE . FEAR
o, PE-MPs Zb P75 POD 15 8 25 T . LU A5
EIRRE R R A W 2 BRI P ) A TR A
FEAE R AR ZE 5

MPs X 25 45 T CAT 35 P 1 5% i U 1] 4e 7

1.2+ (a)ab b 4
- T c I L
% 1.0} T
IHE  08f
s
s %' 061
& Z, o0
®2E 04f
+ 2
=  02f
&}
0 CK PS PE PP
TR ZET Type of microplastic
= 201 (¢) .
z ab b T
R V] e 2 ¢ T T
== *
e L
™ g éﬂ 1.0
Iﬁ% = ~
=C 05
‘CE
S
0 n
CK PS PE PP

T RIZET Type of microplastic

Ro ML, FE 555 BERZH A B, PS—-MPs 4b
PR, CAT B9 & 3G I, (B AS 12 3% 5 T PE-MPs &b 2§
T, CAT BT P b 25 B AIK s ZE AR, PS-MPs . PE-MPs
AbFRAEAS CAT BTG PR B2 1 . MPs X 5 45 - F AR
o APx I PE A5 I Qi 4f it o FErE S AR A 5% Y
ZHAH L, PS—MPs Fl PE-MPs Zb FL R | APx 1% V£ TG i 3%
A4k s PP=MPs Zb B R | APx 35 1k 5 5 14 105, 6 0 )]
e R

g5 b B BT A AL T XA [R] MPs 1) e
Az AT e 7, LB R A [ 3 A7 e A A i 1 A7
FEW] S 22 5, 3X AT BB 5 AN [AIRAL A9 AR ST R L Ak 26
B DL A R R A A oG MR RN E A
VEFRR E A, AT Re T 20 = AT BB S AL Bl ke 1
X A A AR TP A T P AR T AR R U] T R ) R
FHHT MPs e 7= A 19 A AL L
2.5 MPs X EZ AR AR A 540 B9 5 0

JWEFE PS-MPs . PE-MPs F1 PP-MPs % # % IH- 7l
HE AR A AR a8 A2 B 5 i, R FH AR £ 33— o i
(GC-MS) & , i 1t 5 NIST 5 i B4 )4 gk 7 He X o
FE R AR p A H 31 Ry G, AR R
32, FE TS A VLR (=R B R A AL
B VA FIREA 22 (8] ) A AR 25 52, X i 5F
AR AR A W TR AT T PCA 0BT, 455
NN E G AR AFEA 54 2 4 45 B

SR <k ) W S R B e SO
0.5 (b) a
= d}) . be T
g o04r [ 7 ¢ 2
I 2 N
703
o= e
8% . G0
= £ 02
el
= o1
o
0
CK PS PE pp
TR Type of microplastic
0.251 :
(d)ab b %
E 020 [ ° ¢ E
A :
K00
=Y
® 2 E0.10
g2
KE  o00sf
0
CK PS PE PP

B RIZER] Type of microplastic

3 AREBEMPsHESHAPAGRISENTM

Figure 3 Effects of different types of microplastics on photosynthetic pigment content in leaves of S. baicalensis
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