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[E Bioo Scientific 28 & ; M ¥ ik 7] & W F 3¢ [
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R R (4% 1% (Nexera UHPLC LC-30A,
HA S H 6] +BRE{Y (Triple TOF 5600+, J:[E
AB SCIEX™ /A H] ) 5 (43541 24 Waters BEH HILIC
Column (100 mmx2.1 mm, 1.7 um, JEERERHTA
A ) WERYE &8 (M16710-33, 3% [E Thermo
Fisher /A ] ) ; M HEVEIL (KQS5200DE, B LT
AR A IRAED) s s E RO L
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50 mg-kg'-d™) ), HAVEIRFE L.

1.2.3  ERHEEPELE

40 HEE AR B (RSS2 ) e A 3 Ak 51l bl
MU AIER 4 . D874, F48820 L KR
RGAT 12 R AR AR K, BARIELL 4 d R LAY
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I If 3% H ALT. AST. UREAL #1 CREP %5 4= fk 45
Fro BUSSZH R BUIERS , A HER /K B9k )F F g 40 42
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HEYe(n, JEATZH8UR A A
1.2.5 ARG ET b 2

K EURR RIS E s kB JS . 3 000 r/min &0
10 min, 43 & M3, 15 37 B EC 100 wl 1 i A
B 300 pl ¥ N, 7% $2 B30 min, 7E
12 000 r/min, 4°C F .0 10 min, B 100 ul 78
37°C N EA B LW 2T . 58 H 100 wl L IE%
fift, F 12000 t/min, 4°C 5.0 10 min, B R
HERE 10 wl, 11T UPLC-MS K . Fi# (quality
control, QC) &5 I A FE 5 43 BB 10 pl 177
G, BESAFEAIN LA BT A TR AR

BB B ESER AN 100 ul ¥4 Z 53 INE) 50 mg &
JUE B8 J A S rb B A 3 mine KRR S S 2
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10 min. YC4E 100 pl AR d, 37°C N 25 B SR T
B o B ER WU R TE 100 Wl ZF R, 4°CTR
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3 o b A HEIR M 35°C, WA
0.300 ml/min. #3IAH: A, 0.1% HERZK+1 mmol/L
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5%~50%B; 16~20 min, 50%B; 20~21 min, 50%~
95%B; 21~22.5 min, 95%B.
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G EH IDA, R R B, KRR R
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BT BRER, A SCR AR EIELE S IR FTK
1 iT4B (K nearest neighbor, KNN) &7 f# g}
BRI, K R AR e — P B o3
KR AR HEARTERE S [ g KA s
IREAS, JF Haxsere AR i) R 2808 T3 251,
B AXAFEAAE T 31X —2Fh1] 220,

c. 3T YIZREE AR AR S 9015 3] 73 R 22

A SO F AR FEAS S v fift I 4SS5 BEAL A n
MINGREA, T R, BB e IIZRE (b
MINGEZ A S, TTEATUAER) ., X
n DNGREE , NGk kDDA KNN AR, 525y
KA ZBAEN Tk A . TERRR g,
AR RN FIREE , LB SRR A
Bk n SUNGEREARBRAMR, HAam e
FHT IR UERIRY ) A 2 uErf % . Rl , 38 RN ]
YIREFIAEE A L], 58 AR RN ZREEFnim
AR IS
129  KRFEMYNEH EDNAJLEUSPCRY 1

a. & DNA $ZHCRTEI

IR 1.2.4 W2 VERETESC S S ) Ab BRYE . TCTA
MR AU E 8 H R REME . R
NanoDrop2000 £ illl DNA 4l F& Flie & 5 F1] FH 1% B
EWHEERS FE UK AT DNA S84 .

b. PCR "1

P FHARIX B 16S V3-V4AIX, | s 197
5143514 338F (ACTCCTACGGGAGGCAGCAG),
806R (GGACTACHVGGGTWTCTAAT).

PCR W 24 : 95°CHIAEPE 3 min; 95°CARPE
30s, 55°CiE K 30s, 72°CIEAH45s, 35 PEFE;
72°CHEfH 10 min,,

c. PCR™WSEE | alifb foE i

FIHBEREEGE RS UK A I P4, R EAS 34
PCRER , ¥ 3MEE M PCR™=YIRA; FIH
AxyPrep DNA Gel Extraction Kit i#f 17 PCR y= 4 4fi
1t; FH Quantus™ Fluorometer X} PCR ;=¥ 47 &
1w H1; A NEXTFLEX® Rapid DNA-Seq Kit 4
#H Miseq /&, F| FH Miseq PE300 %4 & #E 17
M
1.2.10 i wFAH G EGE ST 2

fifi 1 Qiime2 FRA4XF 43 A5 1) P 91 i AT SR 2K/
LW, TR RFHIEFS] (OTU) . il Greengenes
Database 13 8, Silva release 132 Il 2 UNITE %4 #&
PEHEAT LEXT RIS D e B AR B . 2T OTU I 48 %)
FERERGE, SRR MEESAETT, XN, B L

RSy b B v o T G || D = VA W be g e
EEREEES . B AR Z MRECR, HILAS
WA HE S ST R I L B B R A 2R 1Y A

A
2 GRS

21 2sMHLK

WL, 252530 s J5 45 4R BUH BE P #EE
AR, FERIOVAERE . PR OBkinE ., 25
BBl fiHE . BTN E . BEEHmAET. At
T B3 FE 45 25 )5 19 5~10 min 2245, % 30 min
WATENR I TEH o RV | JET- g Je
FET R e (I 5 25 2 R R/ N ARG . BT
# D,=271.01 mg/kg, D,=109.70 mg/kg, —=1.25, k
=0.80.,

IEREe T, BT LD, fH R 176.02 mg/kg,
LD, 11 95% Al {5BR M 155.18~200.69 mg/kg (1)

Table 1 Experimental results for the acute toxicity of SN

Group Dosage/(mg-kg™') Number of animals Number of deaths

Al 109.70 10 0
A2 137.53 10 3
A3 172.42 10 4
A4 216.17 10 7
AS 271.01 10 10

22 EMRSHAR

BREM R 2R EEANIRS, Ed
AHE R SR, (LR o [ Y 2k i A2
HUAAR B 18 95 3 23 e A G A8 A kR
PR PN B B S TR I e B . B EUWE
St BAEPEREE SRR, 3 B RS RE A
— AN SR BRI

BREEECIS T, AEN)EE 4 BT IR IR IR
BUET B, JET IR 25 S BB —F. It
B, KEUHZY R E A1 329.20 mgkg, &R
K>5, HBITHEERME (k2).
23 TRaMHHERE

2 B PR I R 3 A 7 2 3~4 JH i RE 4G 2Y
9T 5254 2 PERE PRI S5 A R B R R BN ER
RO RE R PR AR T
PR, WA A . R
DR TIBREER NIRRT . BRI R, A
SCR AT A K RRGESE 4 FIVES , AP AR
R
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Table 2 Statistics of total death in the cumulative toxicity test with SN
Time/d Dosage/(mg-kg™) Total dose/(mg-kg™) Cumulative dose/(mg-kg™’) ~ Number of animals (1) Number of deaths (1)

CG SN group CG SN group
1-4 176.6 70.4 70.4 20 20 0 0
5-8 26.4 105.6 176.5 20 20 0 0
9-12 39.6 158.4 3334 20 20 0 0
13-16 59.4 237.6 572.6 20 20 0 1
17-20 88.1 356.5 928.4 20 20 0 5
21-22 133.6 400.8 13292 20 20 0 4

HELA Y ARG, SIEWALE, DT
1 AST. ALT I UREAL & & W& T, i
JFEfe & B hReFE bR R H (F3).

HLVR A A 2L R, 1B H 4LF4LZU )
W2 RA T BRT , A2 RS 2 A 1 30 8 5 2 A 2

Table 3 Biochemical indices based on the SN subacute

toxicity test (x+s)

UREAL/ CREP/
(mmol-L™")  (umol-L™)

CG 34.55+£5.04 93.57+17.75 6.00+1.40 23.70+3.27
H-SN 40.56 +4.67* 111.12+20.34* 4.84+091* 22.40+3.27
L-SN 42.57+591** 108.15+27.87 4.76+1.11* 17.90+3.41*

Group ALT/U-L')  AST/(U-L™)

*P<0.05 (vs control group), **P<0.01 (vs control group).

B, FFANMLIENE . i, FEARHEFIELN . #&S5F, R
VLIS i e e (& 1a) o T3 2/ NER A 2
AT, AR LI FR AN M AN S T A A LIt 4
SR A R PEAIMIR T (K 1d) . SEkF T
FUFA LU (4 AN AR B s AR v, b
R, AT KNAR—kE (Bl b, o). DT
LAY B LR A B /NER T DL 2R RS0 R 2R
BiAEZ, DaE/NEE R LREREY R (F
le, ). I, PRSI FFIERE 2 ek
MIEEPERLERE . T R Dk AL R M s
AL E NI (& 1b, o), N, 4% FRaft
A IR e £ R R (0,102 9 g'kg'-d™) fENE
K7

Fig. 1 Histopathological changes of the liver (a—c) and kidney (d—f) in rats owing to the subacute toxicity of SN
Photomicrographs show representative liver and kidney sections stained with hematoxylin and eosin (H&E). (a, d) Control group; (b, ¢) high dose SN

group; (c, f) low dose SN group.

24 BETESEIWHBEBSRER
VELEREE DT (01029 gkg'-d!) 4 HG,
R FH R i O R 6 1 - o 1 B 1E B A AR

SRR SR . AR B AR &, A T 454
S E TR aigE (152).
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Fig. 2 Total ion flow chromatogram of blood (a, b), liver (¢, d) and kidney (e, f) after intragastric administration to rats

(a, ¢, ) Positive ion mode; (b, d, f) negative ion mode.
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profiles of blood group (a), liver group (b), kidney group (c)
and QC group (d)
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(a) Blood; (b) liver; (c) kidney; (d) blood.

T AT T PR KNN B840 2545 51 Ok
A AR A E N ERL) . B HEEUL, IZREE
AREC R, RIS, AR R T
TR 23 2845 A T KNN il FH 72 I RE A
24 AN MR FEAS 3R B 5S84 2 1R B R
87.50% (21/24, 24 PMHEA Y 21 D FEA IE# 43
), KNNABEEAY M ZIEE R 79.17% (19/24) ;
1 60 PN ZRFEA A 36 MNRFEAS , s R

()53 K MERG R M 83.33% (30/36), KNNALAIf 43
KIFHZ N 77.78% (28/36) ; 1 i 48 AN I 2k A
48 AMMNAFEA, PSRBT AT KNN LAY ) 4328
HEBR 00 81.25% (39/48) F177.08% (37/48);
1 36 MU GRFEA AT 60 R FEAS , PR3 A 7Y
43 2 HERR R N 78.33% (47/60) , KNN LRI 1) 43
HKIERF N 73.33% (44/60)

Table 4 Results of metabonomics data classification (exclusion bagging algorithm )

Classification accuracy/%

No. Sampling frequency (k) Number of training samples (1) Number of testing
samples (m) Decision trees KNN
1 10 72 24 87.50 79.17
2 10 60 36 83.33 77.78
3 10 48 48 81.25 77.08
4 10 36 60 78.33 73.33




“412-

EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (2

FSHN T TR AR L 1 UL SR A AT KNN 45
a5 T 72 DU GRAEAS FT 24 A DA
TR TRAN TR (1) 43 2 B Rl 95.83% (23/24,
24 A REA 1) 23 ASREA IE R 434
Y RIETR N 87.50% (21/24) ;

S
A,

ARF 36 AP EEAS,
91.67% (33/36) ,
83.33% (30/36);

TR TR AR TR F 23 S UHERF SR A
KNN £ 4 43 25 1F i % R
15 FH 48 AU ZRFEAS AT 48 /i

FEZS, Pt PR TR0 T KONIN S T51 14 924 v Aff 23843 1)
41 89.58% (43/48) F1183.33% (40/48); fHifH 361
YIZRREASFT 60 NIIRAREAS , P AR AR R 1) 432 if
12 h 88.33% (53/60), KNN 51U fity 7328 1E 7 %
780.00% (48/60), L4 ERY], FEfi A
&m%ﬁT PSR FI KNN AT (1 53 25 A 2R

?*ﬁmﬁ SEIRIEN, X LA E A
%?? 2R I U R

KNN A58 ]
{60 4~ I ke

Table 5 Results of metabonomics data classification (including bagging algorithm )

No. Sampling frequency (k) Number of training samples () Number of testing Classification accuracy/%
samples (m) Decision trees KNN
1 10 72 24 95.83 87.50
2 10 60 36 91.67 83.33
3 10 48 48 89.58 83.33
4 10 36 60 88.33 80.00
2.5 FEEWIREWH S ROBE . MEEONE . BRRLWE. EKIPRE. RIEER)

AR T A A A= 0 s (I 5)
FEAE 2 RN 0 28 1 2 A A b s (R
TEIE B R O 1 1 2 R AR )
P& CHh SRR Es . p e iH =) ,

ESNNIVIDF

TEIE B TR et 2 Y B e AR b sy (L-4%
QIR WHRIEMAH) o X bR icn] BE R ST
PHERNTEIERAR. 186 Won TARILUN A PbR

BT EYRRE, EUbEEEILE .

AN 6 DAFHEAYIFRICY (D-(+)-2FFLHE

@ 4
12 |
10
S sf
E
4 b
2t
ot . | . :
5 0 5 10
Log, (FC)
(b) (c)
50 gl
4 18
6 L
g3 £
5| et 4
T o
1k 2F 8
£ e 4o s
0t L L L L “f’ I L (Uit L L ! L V¢I i
-8 -6 -4 -2 0 2 4 -10 -8 -6 -4 -2 0 2
Log, (FC) Log, (FC)

Fig. 5 Volcano map for screening the biomarkers (pink dots represent biomarkers with significant changes)

(a) Blood; (b) liver; (c) kidney.
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Fig. 6 Heatmap of the potential biomarkers that can be regulated by SN
Table 6 Potential biomarkers between the control group and SN group
t/min Measured mass MS? m/z Chemical formula Biomarker Adduct type
2.21 61.039 6 - CHN,O Urea® [M+H]+
11.44 132.076 8 86.072 6, 73.062 0, 55.060 4 C,H,N,O, Creatinine® [M+H]+
1.05 357.299 9 339.266 8, 265.224 0, 135.108 9, 81.072 1 C,H,0, Monoolein® [M+H]+
3.72 360.150 0 325.085 5, 289.061 0, 180.070 1, 97.025 4 C,H,,0,, B-Gentiobiose” [M+NH, ]+
2.14 179.056 1 89.023 6 CH,,0, D-(+)-galactose” [M-H]-
227 179.056 1 101.027 5, 89.027 3, 71.015 6, 59.015 5 CH,,0q Fructose® [M-H]-
4.38 341.109 0 59.012 4 C,,H,,0,, Trehalose” [M-H]-
4.03 341.109 0 221.063 6, 179.05 7, 161.040 6, 59.014 8 C,,H,,0,, Palatinose” [M-H]-
3.63 341.109 0 221.067 4, 113.043 6, 89.021 8, 59.012 2 C,,H,,0,, Maltose” [M-H]-
0.92 487.233 7 429.202 1, 372.498 9, 96.958 7 C,H,,0( Cinobufagin® [M+FA-H]-
6.59 148.060 4 130.042 7, 102.053 4, 84.043 5, 56.052 6 CHNO, L-glutamic acid® [M+H]+
2.61 269.088 0 146.037 6, 119.029 2, 82.041 1, 55.022 5 C,,H,,N,O; Inosine® [M+H]+

Biomarkers source: a, blood; b, liver; ¢, kidney.
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Fig. 7 Bubble diagram of the metabolic pathway based on liver (a) and kidney (b) samples from rats
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Fig. 8 Schematic diagram of the changes in intestinal flora before and after SN gavage different classification level

CG, control group; SN, SN administration group. (a) Phylum level; (b) class level; (¢) order level.
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Fig. 10 Heat map of the correlation between different flora and function indices of liver and kidney
GLU, glucose; ALP, alkaline phosphatase. *P < 0.05; **P < 0.01.
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Table 7 Experimental results for the acute toxicity of SN

(rifaximin interference)

Group Dosage/(mg-kg™')  Number of Number of
animals deaths
Al 139.71 10 0
A2 170.04 10 3
A3 205.57 10 4
A4 251.39 10 7
A5 306.76 10 10
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Fig. 11 PCA analysis based on KEGG pathway
PCA analysis of MetaCyc channels in rat intestinal flora (a) and differential pathway between groups (b). C, control group; S, SN group. *P < 0.05 (vs
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Abstract Objective The traditional Chinese medicine Strychnos nux-vomica L. (SN) has the clinical effect of
reducing swelling and relieving pain; however, SN is toxic due to its alkaloid components. Little is known about
the endogenous metabolic changes induced by SN toxicity in rats and their potential effects on the metabolic
dysregulation of intestinal microbiota. Therefore, toxicological investigation of SN is of great significance to its
safety assessment. In this study, the toxic mechanisms of SN were explored using a combination of metabonomics
and 16S rRNA gene sequencing. Methods The toxic dose, intensity, and target organ of SN were determined in
rats using acute, cumulative, and subacute toxicity tests. UHPLC-MS was used to analyze the serum, liver, and
renal samples of rats after intragastric SN administration. The decision tree and K Nearest Neighbor (KNN)
model were established based on the bootstrap aggregation (bagging) algorithm to classify the omics data. After
samples were extracted from rat feces, the high-throughput sequencing platform was used to analyze the 16S
rRNA V3-V4 region of bacteria. Results The bagging algorithm improved the accuracy of sample classification.
Twelve biomarkers were identified, where their metabolic dysregulation may be responsible for SN toxicity in
vivo. Several types of bacteria such as Bacteroidetes, Anaerostipes, Oscillospira and Bilophila, were demonstrated
to be closely related to physiological indices of renal and liver function, indicating that SN-induced liver and
kidney damage may be related to the disturbance of these intestinal bacteria. Conclusion The toxicity

mechanism of SN was revealed in vivo, which provides a scientific basis for the safe and rational clinical use of
SN.
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