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Study on mechanism of Aconitum pendulum in treating rheumatoid arthritis
based on toxicity efficacy evaluation and metabonomics
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[ Abstract] The study aims to investigate the effects and potential mechanism of raw and processed Aconitum pendulum Busch on
rheumatoid arthritis (RA) and analyze their toxicity attenuating and efficacy retaining effects. The bovine type I collagen-induced
arthritis ( CIA) rat model was established. The weight, cardiac index, immune organ index, and arthritis index of the rats were

recorded and calculated after administration. ELISA was used to measure the expressions of creatine kinase (CK) , cardiac troponin T
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(¢TnT), and multiple factors. The pathological morphological changes in heart tissue and ankle joint tissue were observed by
hematoxylin-eosin staining. Connexin 43 (Cx43) expression in the hearts of CIA rats was detected via immunohistochemical method.
The levels of endogenous metabolites in the serum of CIA rats were detected by UPLC-Q-TOF-MS. Potential biomarkers were screened,
and related metabolic pathways were analyzed. The results showed that raw A. pendulum could induce local myocardial fiber
degeneration and necrosis, increase the cardiac index, decrease the average positive area of Cx43 expression significantly, and increase
the expressions of CK and ¢TnT in cardiac tissue of rats. Meanwhile, raw A. pendulum could decrease the immune organ index,
interleukin-6 (IL-6) , and other inflammatory cytokine contents in the serum and improve the damaged synovium and joint surface of
CIA rats, with toxicity and efficacy coexisting. The Zanba stir-fired A. pendulum could reduce the index of arthritis, immune organ
index, and content of IL-6 and inflammatory cytokines in serum and improve damaged synovium and joint surface of CIA rats with no
obvious cardiac toxicity, showing significant toxicity attenuating and efficacy retaining effects. A total of 19 potential biomarkers of raw
A. pendulum and Zanba stir-fired A. pendulum against RA were screened by serum metabolomics, including glycerophospholipid
metabolism, glycine, serine, and threonine metabolism, arginine and proline metabolism, and steroid hormone synthesis. In
conclusion, Xizang medicine A. pendulum is preventive and curative for RA. Raw A. pendulum has certain cardiotoxicity, and Zanba

stir-fired A. pendulum has significant toxicity attenuating and efficacy retaining effects. The anti-RA mechanism may be related to the

regulation of glycerophospholipid and amino acid metabolism.
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TR 24 AR HIE O B R Sk o R AR I Aconitum
pendulum Busch FIAR &K HE A. flavaum Hand. -
mazz. I TR, LIBREREE A, pendulum f i Z 1,
JRICIR 1= 24 22 ML A (R BRAS ) ( U B ) rh a8 H
P B AHE BRI JKTE (IR 25 DAL, AR 5B
Tz W H TR YT R OE 1T % (rtheumatoid arthritis
RA) S50 ), SR L2, B AR Sy —Fh
B S ZR2GE , il A Wy H B 2GRN, W T
PRI Y AN 2 25 % ™ 5 O I 28 S AL
P, BEAAET S, (ARERAS ) IE BRI b« AN Bl
ZE A LR AR Rl s T
T BEE SRR ] R 2 I 2 PR (M
WOEEST S 2O LA R B S kL,
ZEMAAFEID IS | R e v s B 1 A0 8O0 B 23 XU 2L A
W (2 SRk, 3- Mt 4R Sk S5 ) K Aifp oA rh SRR K
IO 873 BT 2R A i (A PR T S i, 3- i 408 Y T
L3008 16-2-F2 Sk B3 ) AL~ i A BE U] T
MRV E A o (E IR JS X T LA I I
YEIE AT RA BOVEHT BAILH LR WARGE

AR 250 — T TF ST A | 4 Ak W ik e 4
TR S SORISUS 2 58 MR A | 4. 45 A i 10 3 2R 31
T A PN TR A P S s A A A A R A B 2
Bl %5 AR Bl W55 FH 48 5 R o 2R W A L PR
W FEE A AUREAS i A AT M b, 2
iR 52 e Mo B 2 AR AR B IR AR

FE AT 24 B A S £ ot SR R o) e e Ry O 5 )
BTG TRV ) WY A el 7 (0 R ) A
BL(HL RA 2550 1EH 5 454 3 F UPLC-Triple-TOF/
MS AR 2575, UL RA BT I AL s 5 A OG
K (type I collagen-induced arthritis, CIA ) 557 A fff
FERTGE 3 T e A i DR A i 2 8 B X CTA A
YR B L A K A % 119 5 e, R O 7
PR RERINE FRIL AR, Ay T 24 B o e 2 4 A5 28007
FHZEE SLa;
1 e
L1 259

BRI T 75 1 M AR T B B % AR B E
BUIMFERS, 2T P B2 Rk AR A E A B R
B 3K BRI AR A, pendulum B THRHUR . HOHE
WU H AR AT B, BHEXS
HR 2 B % B ( methotrexate , MTX , 15 036191002,
2.5 mg/ ) T IR ARATF,
L2 Y

T GENE Wistar K, PR BTEE 180~220 ¢, 11
FI SR IR S 3 B AT BRA W) o Bl AR 7V TR S
7 SCXK(J11)2020-030, FI Hi Sk B FIEROK 38 1 1
Fr 1 R IR SES: S s WA A4S BT R i
R 2022-28,
1.3 RS

JILIR 1 1 ( creatine kinase , CK, it 5 ZC-36739) .
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KO WU HELES 25 1 T ( cardiac troponin T, ¢T-
nT,fit*5 ZC-37374)  IEIRFEIA F-a (tumor necrosis
factor-a, TNF-ar, It 5 72C-37624) | 1 40 i £ &-18
(interleukin-18, IL-18, it %5 ZC-36391) | [ 40 i /-
#-2(interleukin-2, IL-2, #it 5 7C-36393) | F1 41l ig 5
#-6(interleukin-6,IL-6, #it"5 ZC-36404) ELISA {7
XA R AR A RA ) KERFLER
Zf# (lactate dehydrogenase, LDH) i #] & (it 5
A020-2) W [ 74 5% 8 %A= ) T RE B 9 05 36 IR 98 42
/iR (Freund complete adjuvant, FAC, fit*5 F10125-
10 mL) A T AR (type 1T collagen,2 mg - mL™" x
5 mL,4lt*5 220195) 4 [ 32 [E Chondrex 2 w] ; B iR
A (5 20210527 ) | BE R A AN (Hit S
20211125) W F @ = (R D) fbF iR A R A Al £
RHEE(HLS 20190408 ) 1 F 16 25 4 H 4k 24150 A
RN F) s A G IR AR 22 vh i (L5 ZL1-9065 ) | 4 iR 2%
PER %W ( phosphate bufferedsaline, PBS) (it ZLI-
9062) I I At 5t hAZ S 4 A= B AR A BR A A 5 3% 42
FE 11 43 ( connexin 43 ,Cx43) —$i (L5 A11752) g
B DR R v A YR A B R b (b, it
5 GB23303) \ /AR FR G (5 CR22002071) 1t H
R ZELE R AR B A BR S | e e i (A5
YE2080) . Z -}z VU 2. ¥R 4 ( ethylene diamine tet-
raacetic acid diso-diumsalt, EDTA-2Na, lt5 YE0105)
WA A e AR A BRI A O
R (35%2%) W 5 25 Fisher A ],

BRI (75 SpectraMAX Plus384 , | iff 3543
G FAER A BRA A 5 % 8 4l K { (5 UPH-
-10 T, BCABEB LR B A B ) 3 B0 7 J i
X ( %1 5 Pannoramic250, %] 7 ] 3DHISTECH 2%
Al s & HS gL (S RS36, H M IR T A B 7
WA RAR) ; BB (LS BA410, AL 5 5o =
HAR G W MR R g, 2114 v Wil e SR LA
PR H] ) 5 G4 (45 Triple TOF-6600, € [ AB
Sciex 23 F] ) 3 8 = A0 AH RS (B 5 LC20, H A
Shimadzu 2] ) .
2 Hik
2.1 CIA gt

KRS R PEME SR 1 RS BRZS FORHIRAL, Ay K
B2 M SCHR T e ST CIA B S) pki RS R, 6
A= 11 AL I 5 3 EC 58 44 70 FHZH 205 LA A BIR
AL, 0L, BT 4 CukAR AR, $ 0.2 mL IR
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SIFLBES TR EUBHRAR 2~3 em &L F2 T, 1R A
FEIRER T R N OR BT s e, LI &l # 5
WIR G e —5, B FAHRIRERY 0. 1 mL FLIBTE
T RBBEBHRERE T, 25 I B2 LA i A R K
X FEARH
2.2 Wil oS

PRARER A SRS BT, B R, o 7 S 0, B
A5 5 R RS T A e el e TR AT A T 300 2 ) o T 2
w0 RN ST AR R R 2 A, DD 2 em A2 A
PR/ N SRR R SRR 1 2 3 Ll E A2 HL b
125 CHEED 60 min B WL, il ZSREHE A A%, 3k 7
S, BIA R R A A R ] e A |
MTX 73 5l H 0. 5% 2 W BE 21 4 2 4 ( carboxymethyl-
cellulose sodium , CMC-Na ) ¥ W& Fic il B AH 7 e i

1 CIA RIS T 2 1) R BB HL 0 6 40, B
BRERARE F (SP,63 mg - kg™') 20, RO il 4k R R A
(ZB-L,63 mg - kg™") "1 (ZB-M,126 mg - kg™") .5
(ZB-H,252 mg -« kg™") & 2, PH M 25 %) I (MTX,,
1.05 mg « kg™ ) ZH AKX B8 (model ) 4, Herpr gk
A2 15 2O HAGRE I 6 K, SHAA RS
OS5GN A5 RO 4 SR [ AR R AR N R LA
[l ARG b - 2T ) () Y kR A
SR 2R 126 mg - kg™ - 7, RLIEH
AR ], ik 6 HORERR 2 0 4
(control) , JMERAEE 7 d i, A R RES 4
TAHRL 259, 222525 28 d, control ZH Al model 2H
KA RTE R 0. 5% CMC-Na ZKIBTH
2.3 KRB A BF B AOCT RIGEOT I

WS LA — B LI 00 T 45 2 T AR 25 )5
557,14 21 28 RIFEA AR RARBE, 5 25[0F
AULEE CIA KRB & 1 00, JF B WL EE 5 56T
B ik AT SO, ISR e S, B 7 d AT
— R R FEE (arthritis index, AD) P42
2.4 HBHFEARSE

R 425 2 h o, 185 % E %
(45 mg + kg™ ) R K BRUS I8 32 2 ik BB, 1 ¥ 25
°C ' 30 min,3 000 r + min~" B> 15 min, 7355 Ifil
T, MG PRAFAE-80 C kA, % M. KR A% A
UM MU e R AR OGS O B 1Y A= BER
KK 2% 2H 21 3% TR I T VR T, B AR T R
A% W n AR, REUA R BR G T T,
-80 CHRAF, &,
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2.5 O AEEEMERFSY

TS K RO T8 25, 0 R4 40 = 0 0 5
/R (mg - g7t WS I IS R 0
BEPE SR EEVE KRR R BLOIEH 4% 2 %
FRE [ 48 h, BiKJG , A S )5, IR AR -
2T ( hematoxylin-eosin, HE ) Y& {4 i /K &} /-, 505 )
F AR S R, W58 K B0 JIE 20 2L # A2 4k
O NEAEEFRAD) )5, EAT S 2K BrRB A |
RELWT A VR 2o S AL P il 0l 3 P — eI L
FEHR 2R {4 8 2 (3, 3'-diaminobenzidine , DAB) i
o YA K B R SRR BT A
RAEEUE , Halo B4 /0 BT 55 A3 5k MR Cx43 A
FORBAPEE AR S e, B 2.4 TERAM LG L4 °C F i
W, H ELISA 3700 &5 Ui B 45 JE AT #E A6 I 4% 41K
FUMLTE H LDH ,CK . ¢TnT 55,
2.6 U RA Z52#0ioE

TR 2 K R e 2 2 B 48 4k, MBI (B i ) 45
B = NEUE (M ) T B /AR T i (mg - g7 ) o HR 2.4
TRER A I ,4 °C F R, # I8 ELISA 3055 & 156 BH 15
PEATHERE K 1M %5 TNF-o TL-18 . IL-2 IL-6 )55
L, KEBEEY T 4% 2 B B BB E 48 h, i
FERK ARSI VIR S HE Yot B R 55, B
WLEE 25 A K RBROG Ty AL U FRAR AL, B0 ) |
PCREEIZL,
2.7 IMERE A

2 R SCHR 7 125 R A7 1M T R S AR FEEST M -80
C VKF B IS FEAS i VR i i 10 s TR, B 50
pL Z2E.LE T A 300 pL B 1 2 - B
(1:4)W, %HE 3 min,4 °CF 12 000 r -+ min~'
0 10 min, B 200 pl EiEREEOEH,-20 C
VKAE i E 30 min, 4 °C F,12 000 r + min~' B0 3
min, L 180 wL biH R ESEFE, Feill, 78 RN
AR EHER A 10.0 wL IRBA BT (QC) B
AR
2.8 UPLC-Triple-TOF-MS 2% {4

Waters Acquity UPLC HSS T3 C, {4 i
(2.1 mmx100 mm, 1.8 pm) , FishAl A 0. 1% H
fRK,B N 0.1% B R £, B BE P B (0 ~ 11. 00
min, 5% ~90% B;11~12 min,90% B;12~12.1 min,
90% ~5% B;12. 1~14 min,5% B) ;¥ 40 °C ; i
0.40 mL - min™’ , HEEE 2 TR

Jitk otk LR SE AL AL iS5

BONIE BRI SE B TUR (ESI , IE R T
BB AL 5 500 V, KL E 60 V, BEAF] S
R 550 °C, DB TR LR R -4 500 V, %
FEHLE-60 V, Bl BE 550 °C 5 it 141 i
m/z 50~1 000,
2.9 FROM LR EIEg b P

KM GraphPad Prism 5.0 #4487 5cdi , 45
FHBME AR EZE (s )RR, BUE LR ISR R 7
ZE03HT, P<0. 05 £ 22 5 BA Gt e 3,
2.10 RS Rdn gE Ak B

JEIREE 2833 ProteoWizard %% 4t 4 mzXML #%
2, R XCMS e SEAT U4 I, %) 5%, £ B I [) A
1E ARAAL & B L (m/z) AR BRI (o) 5545 B 1Y
B KB A SIMCA-P 14,0 #17 &
J853 53 BT (principal components analysis, PCA ) Fl ff
Fe/N R F ) AT (partial least squares discrimi-
nation analysis, PLS-DA) , W% 4% 41 A 9 41 [R] J2
ZH N BEAR 22 5 | PRIEAT AE S8 O A /N 3R 531 o3 A
(orthogonal partial least squares discrimination analy-
sis,OPLS-DA) , 3/l 2 4[] 1 22 A, >R H Per-
mutation K 5 PPN B B T SEPE R LG R, AR
P28 T AU 1% 52 {H ( variable important in projection ,
VIP)>1 H ¢ K50 P<0. 05 ik 22 S AR, AR 4
HMDB Metlin 1 KEGG #4465 22 s AL, #5
25 A MetaboAnalyst 5. 0 #x{F Fh 1 A5
T
3 48R
3.1 T EEEE R PR R el A
.11 KRB LR, control 21K
BB OG5S, IR W IR B SROK, R AR S R A
model ZH I BRU7E NN 3 A0 5 5, B B oL, B W il
HEAR R, 7 KA B, 5 control
AR L DY i T i JS SR B R IR B R R
JEH K 9218, ZB-L ZB-M . ZB-H 2 MTX 4 K Fl—
IR ZSA5 BB ] 2 A IS 5 SP 2 R RURS 1 25 B8 L &
RICCEE AR RS B8 IR A A 5 Ao iy ik
it K 221
3.1.2 DHEFEEC model ZH AR RO EFE 38 control
HESFTEI2EE ;5 model 4140 L, SP 41K
CEFE BT, 25 5 A Be i 5 L, MTX  ZB-L ZB-
M .ZB-H H R ZE RTS8 (B 1A)
3.1.3 I LDH CK . ¢TnT M5 model 41K
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Ao RELCIEFREGB. KB LDH fik; C. KREUME  CK &k D. KEUMEH oInT & E. KELO IS Cxd3 I TR & L
F. KRGO A Cx43 ik (fpedifb, x400) ;6. REODUAZURBAR L (HE Yefh, x400) , &7 & $5 R O WLEF 4E A8 PEIRFE, control. 45 4

XT R s model. BTN BRZL s MTX. PHYEZG2H ; ZB-L. RERO i R R 1G] 2 2 5 ZB-M. RS RO il 4 e e v 70 4 5 ZB-HL S o 0 e e g 0 i L
SP. BkHEAEAE SN (K 2~6.% 1) . 5 model #H*P<0.05,%P<0. 01 (& 2 [7]) ; 5 SP #H{ Lt “P<0. 05, **P<0. 01,
B 1 R R SORSRE i R R X 2 KR 2 T R KB WL I AFSE (32s, n=6)

Fig. 1 Study on myocardial toxicity of raw and Zanba stir-fired Aconitum pendulum in rheumatoid arthritis rats(x+s, n=6)

I3 LDH .CK ,¢TnT ¥ EE# control #H 2% 7 551t
225 X5 5 model 41 F, SP 40 K BLIfL 7 FF LDH
CK ,cTnT 3¢ B & 7+, MTX  ZB-L ZB-M \ZB-H #]
KRESF TG FE L (K 1B~1D)

3.1.4 HAKRONHAL D Cx43 EARSE 5
control Z1AH Et , model 20 K UL 2L Cx43 EEH &
=G B AL, 5 model ZHAH L, SP 20 K B0 HLZH
41 Cx43 M & i W] W FEAIR, MTX | ZB-L ZB-M , ZB-
HARFD AL Cx43 HEH S EY I Bk

(EI1E1F),
3.1.5 DHLHZUR AL control . model , MTX |

ZB-L.ZB-M ZB-H 21 K B0 fILZH 2100 A0 JBE 45 7 5¢
FEGE O, O WU LET 2 2 4 5 B, LR )7 4%
ZEEGR A GUR B B AN LA, R WL B AR R IR
BE, 18] 5 PN TG 4% 14 40 i 922 Vi) S 2T 4 245 45 1 2034 1=
O R DL WY 5 IR 90 5 2F 4 41 238 A oK UL W] I
Jpa BRAR AL 5 SP 20 K B0 WLEH 20000 A1 I 235 ) 50 3%
Wb, O WILIBECo UL 4 22 85 5 WLOR, WLBR ] A 4 22 4%
g LSV E R ) B A0 LA, SR ILET 4k A8 M IR
BY, GEREASOR | VR B0 40 i e A% S Aot | 151 4, L Jo 5 A
(E16).
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3.2 i RA 25

3.2.1 REUART S KOS RIGEL MR s,
model 2 KB 5T 32 8¢ control 2H BH & F&AIK; 254 T+
i 28 d J&, 5 model 414H Ht, MTX | ZB-L . ZB-M
ZB-H 4, K EUA BT i B 8 755 5 SP 5 model ZHAH LE
ZRIGIEE (K 2A) MRS, model 2H
KT RIGEEL control £ 8 2 THiE ; 254 T 74 28
d J5,5 model AL, MTX ZB-M } ZB-H 4, K,
ST RAGBL FEFRAK ; SP M ZB-L 40, 5 model £ 4
bR E (K 2A),

3.2.2 RESGEMNEIREZIL 5 control AL,
model ZH A A B M AR +8 20T =15 5 model 4 A L,
MTX ZB-M ZB-H } SP 4 K B i 46 50 i & B AR,
ZB-L {227 TG 1277 L, model ZH K BRI HEFE %X
# control ZH Tt ; 5 model 44 AH e, MTX . SP ,ZB-L .
ZB-M ZB-H 20 K FUMEFE 4505 10 2 AR (18 2B)
3.2.3 IMmiEHRAER FIE 5 control ZHAH LK,
model Z1 K BT P IL-18 IL-2 IL-6 52 TNF-o #J&
2T 3 5 model 414H L, MTX \ZB-M ,ZB-H 41K
SRUALTE H A 4 i 58 PR 7K1 e B BH J eI, 22
SHGFE L, 5 model ZHAALL, SP 4K BTG
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A W RISBBAR BT E AL B, g B RS C. AR T 4AE R 7 & s D A 4K RUBROG W A ZUW BZZ L (HE 24 (B, x400) , (0
Hi AR EF ARG, L1 COHT AR R PRI A0 5 38 R S 7 B MR AN ; i O R Sk AR UK D A 5 S B SR A IV 5 R (LT Sk AR AR MR )

WA LA R YL 23442 . 5 control AHLL "P<0. 05, ™P<0. 01,

B2 il SO R B FE ST KR ST R 2T TE (x2s5, n=6)

Fig. 2 Study on anti-rheumatoid arthritis effect of raw and Zanba stir-fired Aconitum pendulum in collagen-induced arthritis rats(x+s,

n=6)

o IL-6 SRR, Ay 3 Fh SRE I /KT 22 5 30
Gt L, 5 model 4HAHH,ZB-L 4H K R
4 P RAER F KPR G2 L (E 20)
3.2.4 BETHLREAL 5 control AH L,
model ZH A BRLIE A58 B G 47 1T 32 B3 B B B, $0R
TR . 5 model 4K UM H, ZB-L . ZB-M .
ZB-H SP MTX ZH B {Aipg A8 S4 AN [ A2 B [ AIK , H. ZB-
M .ZB-H 2}z MTX £H i3 5 i i (1K1 2D)

3.3 QBEET T RA 09I g A0 o

3.3.1 PCA 5 PIS-DA IF BT T PCA %5
RMEHRIEERL, QC FEF b KW 38T 7
AR R E S R, IEE AT (B 3A) , con-
trol 5 model ZHREME IS IX 43, ULBH 2 4 2Z 8] A9 4K
YEA 225 GO R BRIR AP A K 48R
WAL Y], MTX 41 SP 411 ZB 414478 % model 41,
HAZR control 41, FRHIIX 3 Bl 2] H Xf 28 WU A4 15
REAA—EMEEN, SP 4HH ZB 4H AN REH Ry
TE, 220 2 4L 45518 R BRI %) 98 45 4R R AE 481,
TE B TR T (& 3B) ,SP & ZB 415 model 4[]
FERERE 3 U IX 4y, H ZB 2% SP 4 B 2 3F control

2, R R R R X T CTA R BRI T A SR AR
FAERAL, R T ARAFAS ALK BRI 5 BA S 0 4 2
fiE, 3 — 20 X T A R i BE AT A B 1Y PLS-DA
(E3C.3D), PLS-DA 134455 PCA 1545 El
LR, Rl S R AR R R RE S
AR CIA KRR ARSFe

3.3.2 OPLS-DA it —HiE RA MK A
bR, A IS E— K control \model (SP M ZB 2
& 2 tHZ a#4T OPLS-DA, IF A B TR T, control
20 .model 2H 5 2% 25 25 40 5E 44155 (K 4A1 ~4A3 A
5A1~5A3) . MBIk G, HE— 5 31T B
Kl , 440 Q° FRTEmNALZ S v i A EE 4 /N T 0,
VBT A TR S I L R 52 (1] 4B1 ~4B3 A
5B1~5B3) . S-plot AJ L% 4 ] 22 AR, K
A AR AR | B AL ARl | F BT
220 1] 22 S5 TR {8k K (8] 4C1 ~ 4C3 &l 5C1 ~
5C3),VIP>1 ¢ K636 P<0. 05 (9728 =40 Se 1k i
AR EY)

3.3.3 i e 50HEE A HR4E S-plot
K VIP>1 F ¢ #5536 P<0. 05 ik JE ], 7F control
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A, IEETEAT PCA 540 ;B fETHEXT PCA 5408 ;C. IEE THXT PLS-DA 154rE;D. & FHixUT PLS-DA 550, ZB. 4

TR AR (]l 4~6 F 1 IF]) o
I3 A AR BN UL B PCA & PLS-DA 557 1A]
Fig.3 PCA and PLS-DA score plots of rat serum in each group

Al~A3. OPLS-DA 184)l;B1~B3. %4 200 K EHAEE ;C1~C3. &4 S-plot i & (K 5 [)
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Fig.4 OPLS-DA score, 200 displacement test plots, S-plot load map of each group in positive ion mode
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Fig.5 OPLS-DA score, 200 displacement test plots, S-plot load map of each group in negative ion mode
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Fig. 6 Effect of raw and Zanba stir-fired Aconitum pendulum on

metabolic pathway in rheumatoid arthritis rats
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Table 1 Endogenous differential metabolites in collagen-induced arthritis rats intervened by raw and Zanba stir-fired Aconitum pendu-
lum in positive and negative ion modes
No. i STt e 4/ min control vs model vs model vs -
model sp 7B
1 FIFE R C,H,,NO,P, 284.004 2 4.495 8 IRy - - +
2 PC[14:0/20:1(11Z) ] Cyp Hg, NOGP 760. 582 9 10.116 8 th ¥ - +
3 21 -8 AU Rz o Cy Hs0, 347.2217 5.5412 T - - +
4 15 e 3- P Tl 72 C,;HyNO; 204. 065 0 4.130 6 o - - +
5 LPC(16:0/0:0) C,py HyyNO, P 496.339 7 8.709 2 I 19 13 +
6 PC[14:1(97)/20:0] Cyp Hg, NOGP 760. 582 9 8.549 2 12 ® IR +
7 D-WRBE R CeH,;NO, 130. 085 4 0.636 7 1 - 19 +
8 ke AR CoHy;NO, 344.280 0 6.439 1 12 - 1 +
9 54 -5-F G A T C, HisN5058 298. 096 4 2.718 8 12 - - +
10 DL-2-F 3 R CgH,;NO, 160. 132 5 0.8218 I - 1 +
11 L-fifiz i CsH,yNO, 116. 069 6 0.798 6 K - 1o +
12 H & A R CagHysNO, 434.320 0 8.3305 12 - ® +
13 N-Z A5 2 CyH,5NO, 172.098 3 3.5259 o - - -
14 JAENERR H &ML A ChHyNOs 448.306 7 7.142 4 1o 1 - -
15 5 P Cy Hy0, 345.207 2 5.546 8 T - - -
16 LRSI TR C,;H,,0, 583.336 7 9.005 6 12 - 14 -
17 L-BE8 5 CsH;NO, 128.035 5 1.149 8 1?2 - 13 -
18 L-ffi 22 C¢H,N,0, 145.098 5 0.645 5 12 - 14 -
19 L-J3 &R C4HyNO; 118.051 1 0.761 6 12 1y 1 -

{1, BT L. TR 5 control #HELY P<0.05,% P<0.01; 5 model #11> P<0.05,* P<0. 01,

AL LA AL LDH B in, I B — 2 i 7
RAREIET  ARSCE IR, SRR R AR A A 25 25 41
FETF1 CIA KR 28 d J& , iy CK . LDH & & B i
Tk, Uh B R A 6 RO B B A VE .
R ) Sk A e % 79 i 2H K BRUIL S CK LDH & &
AN FRZEAR LA UL T 15, 150 RS RS o 42K A2 e Xof
O WLZH M TC A S 351407

cTnT ARSI AT Al EX 1) 287 & A
LR I B EUR R S BGO VLA B SR IN IR E , IR
(R0 LA ¢ T B R RSN, e 24 2 BUM T
W T MRS &, 2 2 B AR SRR S 2 s
WG B MG bR B . ASHEIE & B, B iR A i 45
2528 d Ji, CIA KREMIE ¢TnT &+ 0 W4 A0, ik
L] A A el 2% 7] o 4 R UMY T T 75 2 JC
R

oA AU BRAR A S, R R AR T CIA
K28 d J&, KO WL 2L BLCs IILEF 2 A8 1 3R
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MG A R UK WL B A P IREE . B A Sk
3, ST i Cx43 88 R4 8 A s B R AL,
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IR ARTFIE 25 0 R, R RR A ALK
S L2 Cx43 ik P-4 R T AR 5 L A Ay
Xof REZH B S RIS A ) A R 2 A RO LA 21
Cx43 FiR V-2 B AR L e i 7 %) IR 21 TE 42 11

Zg bl R i v e CK LDH 25,0 BEZh REAH
FKARRR A O 2H 2 P AR 1k e U I 4% B 3% 42 10
TR B A oY ke B, B R A S B — 2 1Y
O NEREYE AL AT 8 55 5 75 1 9 LR 7Y £E ) el 55
B O WL R 1 Cx43 FRRAK, S B L4
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