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Study on mechanism of attenuating toxicity and preserving
effect of Strychnine Semen processing based on

metabolomics in inflammatory rats
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Abstract:Using the methods of animal model, plasma pharmacochemistry and metabolomics, the mechanism of
intervention of Strychnine Semen before and after processing inflammation in rats was investigated. The toxicity
before and after processing was preliminarily investigated according to the mortality of mice given different doses.
The rat model of egg white foot swelling was established, and the anti-inflammatory effect was evaluated by
swelling rate and inflammatory factor level before and after processing. High resolution mass spectrometry
combined with multivariate statistics were used to identify the migratory components and their metabolites. The
metabolic profiles and different biomarkers of each experimental group were compared and analyzed, and their
metabolic pathways were constructed. The results showed that the toxicity of sand-scorch product at high dose was

significantly lower than that of raw product. Both raw and sand-scorch products could significantly reduce the



swelling rate and the levels of tumor necrosis factor-o (TNF-a), interleukin-14 (IL-1p) and interleukin-6 (IL-6) of
rats' feet, and there was no statistical difference in anti-inflammatory effect before and after processing (P>0.05).
Through plasma drug analysis, 12 transitional components and corresponding 60 metabolites were identified, and
10 different compounds were identified by S-plot. Metabolomics experiments found significant changes in the
content of ten endogenous metabolites (P<0.05). The biomarkers mainly involved phenylalanine metabolism,
glycerophospholipid metabolism, glutamic acid and glutamine cycle, arginine and proline metabolism and other
pathways. This study confirmed that both raw and sand-scorch products of Strychnine Semen had good
anti-inflammatory effects, and high temperature processing could reduce the toxicity of Strychnine Semen. After
entering the blood, the active ingredients of the sand-scorch products should mostly be alkaloids, and they are
easily eliminated by the body after I reaction. The difference analysis can indirectly prove that the
anti-inflammatory effect of the sand-scorch products is higher than that of the raw products. The anti-inflammatory,
analgesic and attenuated mechanisms of sand-scorch products are mainly related to amino acid metabolism and
lipid metabolism. The experimental results further elucidated the active substance basis and the mechanism of
action in vivo, and provided scientific support for the subsequent improvement of processing technology and the
development of new drugs.
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g (it5: 110831-201906; 5 90.8%) LT EE (#t5: 111865-202005; & 97.4%)
BT o [ A 2 SRS E e s M ZEK s (iES: 1801233, MUKS I mL: Smg, E¥E
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AEfbdE S : YHS2022-01).

L4 SSRGS
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(B8 2020 4R (PR N RSERIEZG00) B4 TR E R & 03~0.6 g, B MK
RRE B 12 B RO N : 31~62 mg/kg)s HLZEKFALILIR 150 mg/ke FIEHEH 42 ©H
St B RS AL A 8 T R R I A B K . L8R4 2 7d, BRFRE, T4 8 d 1S 30 min,
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2 HEIE R 4 OSI-SMMS B EAT e 4, A5 45 5N SIMCA BRAFREAT BG40 i
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48 h WHEFHAE, 2 RIREIEF .

Tablel Preliminary toxicity experiment on Strychnine Semen before and after processing

R1JARITE SR TRSEELR

i) 15 Dose FET-#% Number of death hﬁiltiaiy

Group (mg/kg) 0~1h  1~12h  12~24h 24~48h it Total g0 (94)

Con — 0 0 0 0 0 0

SP 0 0 0 0 0 0
100

RP 0 1 0 0 1 10

SP 0 2 1 0 3 30°
300

RP 0 3 2 1 6 60

SP 1 4 1 0 6 60"
600

RP 2 5 2 1 10 100

E: HEMARE, "P<0.05.
Note:Compared with RP, *P<0.05.

2.2 1EFIRTEIRAE A LR

SIS RTIRAL AR R ALK L BRI IR R A R LR 2, HIZ R AR HIE RN LI b i

FRELTHESH, SHEMAZEREE (P<0.05), RUHIERMPTRIGT BERELF: Hik

AR

& 20 A

oo
HH 1R17T

G4, PIALLE 1.5 h A2 h B0k R SRR A AR B g it 22 2 7

(P<0.05), RUIPZ AL MA —EMPIRIBTTROR . WO RAUNA: 5t ALE R E B 51 R
Fopb ik B FEG, EHSBRAMBOFANEE (P>0.05), RUNKTEIIZH IREBHTR K
R . iz s R R AR M AKR AR TG A, HmAEZRIEEN (P>0.05),

R 2 JAHIETE BT AR LM IKERE®E (1=8)

Table2 Effect of Strychnine Semenbefore and after processing on rat plantar swelling rate (n=8)

E OIS INGRS

kR Swelling rate (%)

45 I SO
Group Dose (mg/kg) Maximum 01r.cumferen?e of the 0.5h 15h 7k
plantar before inflammation (mm)

Mod — 3.56+0.44 120£17 109+21 88+15
Dex 150 3.49+0.23 7610 61£17" 4248"
RP-H 50 3.88+0.43 91+£10 71+£12" 57+17"
RP-L 15 3.74+0.22 97+6 89+15 76x12
SP-H 50 3.59+0.31 88+14 68+15" 53+18"
SP-L 15 3.67+0.17 93+11 82+10 73+15

e HEALLE, "P<0.05.
Note:Compared with Mod, *P<0.05.

2.3 MEEIRIEXT KR IAR KR FK TSI
SCIR AL, HZEKIN AL, BRI (AL RAPED AT A R R 3. g R mT R, i

FERMAR RERN FACHFERT e dl, SEBAMBA g R, 5EadAlNEHEEN
PO, YW IERFAAT RS (BT RIBTT ROR « =& T A s AL S 0 R AL R A R T AR T
BRI, HAESGEER (P<0.05), RUIEFIEKN ST IRIE B R A —E it
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JTRCR . ERMAME, A ELEARRIER TACF AR (P>0.05); mAEMA S
R FNER T AT BONIEIL, R SETRBRE PRI ZRAKR (P>0.05). 1Z5%5

SRS L B0 AR e S5 R 2

#3 ZHEKRAKA TNF-a. IL-18. IL-6 KFHE ( xt5,n=6)
Table3 Comparison of TNF-a, IL-18, IL-6 levels in rats of each group ( x+s , n=6)

2H 35 TNF-a IL-18 IL-6

Group (ng/L) (ng/L) (ng/L)

Con 20.05+1.13 24.26+1.15 34.53+1.10
Mod 54.17+1.01° 62.08+0.95" 71.24+1.06"
Dex 22.41+1.07° 26.82+1.09" 36.95+0.87"
RP-H 31.54+1.32° 32.5241.17" 40.86+1.08"
RP-L 41.2240.76 49.37£1.04 60.51+1.31
SP-H 27.37+1.25° 30.58+1.33* 38.10+1.46
SP-L 40.87+1.02 47.06+0.88 58.66+1.09

T SEAAE, P<0.05: HEAYIHE, “P<0.05.
Note:Compared with Mod, *P<0.05. Compared with Con, “P<0.05.

2.4 MERKB I

MBI g T I ML SR ARW = 4T, SEESE 12 MBAT Y (R4, BRIAEERR.
B TR DRI, HRBII N EDW, DR T WRIEES Y (BT L
T, LARER M S R (AR T RRN-E . L -NSEAD o R
MetabolitePilot #4552 7 AHRLK 60 MM 90 (W& 5), Horp TH R S AFEEL IR
KA 2 EEAEACH I R, T AH S S AR SR . BB L BRI AR S & o 151 <1107
TR A EE SR S MK, R 2 0 G 2 E AT 2 BT i3 B L 1A T
DU, R 32 R AR St I B A X o B R, SR AR L D T2 e 1 i R i i P Ak 2 B A AR A
WKZES; W S-plot Mg Rrra (K 1B, £ 6), HLEEHT 10 M EEREMED,

Horp YIRS 6 A, LUK 3 MEHLERA 1 AHEHRNY
R4 NMEBATHR T S RER

Table4 Identification results of transitional components after blood transfusion

JRAr L m/z

5 e BE TR
'S . B
tr (min) Error Molecular . .
No. Ton mode SllE G - (x10) formula Identification result
. Ry
Measured  Theoretical
Secondary fragment
value value
1 4.33 [M+H]* 149.060 2 149.059 7 103.054 1. 77.038 8 0.2 CoH30; . N
Cinnamic acid
LR TR -N-%A
2 4.40 [M+H]* 411.1905  411.1915 394,188 8. 379.1652 0.7 C23H26N20s Eﬁ%«fﬁﬂi %k.%%
Brucine-N-oxide
3 4.41 [M+H]* 335.1754  335.1754 335.1757 0 C21H22N20»
4 4.46 [M+H]* 365.1855  365.1859 337.1552 0.8 C2H24N203




e A B IR

5 4,52 [M+H]" 381.1826  381.1809 395.196 8 1.6 C2H2sN>04 -
Vomicine
L 7
6 5.99 [M+H]* 171.0321  171.028 8 127.038 2 2.3 C7HeOs /ngga
Gallic acid
7 7.14 [M+H]* 377.1500  377.1442 215.091 3 1.0 Ci16H24010 %%’%ﬁ&
Loganic acid
== Vot
8 7.35 [M+H]* 351.1785  351.1703 271.260 9 1.2 C21H»N>05 L T. N ﬂw@
Strychnine-N-oxide
9 7.36 [M+H]* 3952043  395.196 5 379.164 9 3.9 Ca3Ha6N204 %%’%?W
Brucine
_O-TEE TR
10 8.41 [M+H]* 409.1757  409.175 8 391.164 3 0.6 C23H24N>0s 50 E&%& %
5-0O-Brucine
11 9.47 [M+H]* 365.1391  365.1496 347.139 4, 329.128 0 1.3 C21H20N>04 S-O-Py 1T )
5-O-Pseudo-strychnine
12 10.08 [M+H]" 4252148 425207 1 368.147 3 22 C24H2sN>Os %’%?%ﬁ e
Novacine
x5 BITEROREFEHSEEE R
Table5 Identification results of metabolites of migratory components
AR =4
4= . = H‘ I‘E o0 N (=1 4 - VA
M AR it MR g e
Migratory component trof Metabolic process Molecular /- Score
gratory P metabolite P formula e
(min)
1.04 M2 CHO. CHa bAJ% 25 F AL C2HxN04 3671594 792
1.10 M2 0 VLR H 3L Ci0H100 147.076 6 75.0
1.97 A1k CyHs03 165.0556  73.3
1.97 it 2= 55 0 A CsHsO 119.0498  73.6
. 1.99 Fif A C9oHs0: 147.0446 742
) W%‘ ) 4.26 M2 H0 CoHsO 131.049 9 83.3
Cinnamic acid
6.83 2= CH.O CsHeN2Os  395.204 7 89.6
6.83 M2 CH,0. CH,O PAK 2 B AL CaHxN:O3  351.1784 76.3
8.04 TE i CuHuN2O7  453.1680  73.6
8.06 2 CH.O LA K N-Z. Btk CpsHasN>Os 4371946 73.9
8.06 M2 CH, BA K — &k CsH3oN20s 4152122 75.2
1.23 M2 H0 C23H24N204 393.1749  79.4
1.23 it 2= CH,O. CH» CaHxN04 3671594 792
4.99 MiZ: CH,O+ CH2O LA K2 SV B i Ak CaH2N;O0, 335176 1 75.0
4L T HR-N-E ALY 8.26 Jit 22 CH,O. CH,O BL K &tk CaiHsN203  355.1889  70.9
Brucine-N-oxide 8.65 i CH,0. CH,O C21H2N>03 351.178 8 75.8
8.67 SEAR ) 7 Pk CxHxN04 3952050 769
9.87 —&Ht C23H30N205 4152127 75.8
10.11 F AL CuHxN2Os 4252156  77.5
+H 1.23 ZEAM C21H22N204 367.1599  79.8
Strychnine 8.48 Ak C21H2N203 351.1789  75.6
1.20 R CH, DAL C21H22N204 367.1590  78.8
CIE=E L 1.21 Jii2: CH, LK N- 2tk CHaN20s  393.1749 794
Colubrine 5.27 it 2 CH,0 C21H22N20, 335.176 3 83.4
8.26 M2 CH, C21H2N>05 351.1790  75.6




8.26 EALAT 3L CsHgN2Os 3952052 76.7

8.26 Jit 2 CH, LR —&ifk CoiHyN>O3  355.1889 709

1.25 2% CH; CuHuN2Os  367.1594 793

1.27 JBi 2 Ov CHz LA K N-Z. Btk CysHuN>Os  393.1754  70.0

e R VR 5.82 Jiit 2= O AR 3 C2aiH2N20, 3351757 755
Vomicine 7.36 B AL CsHgN2Os 3952051 768
7.36 B2 O, CH; CaHoN,O; 3511790  75.6

8.14 Mi2: 0. CH, L =& CoiHyN>O3  355.1883  70.3

BETHR 2.00 Jii 22 2 O LUK AR Il Bk C7Hq0:> 123.0447 737
Gallic acid 2.03 —H A C7HOs 219.0189  75.7
AL 1F IR 1.23 JBi 2% CeHi00s LA K 2. 5: AL, CsH 1005 203.0536  73.0
Loganic acid 7.31 Bt 2 CeH100s LA KA 18 J5 CioH160;3 185.1159  72.8
N 1.23 N-Z Wk CysHuN>Os  393.1749  79.4
Strychnine-N-oxide 1.23 A C2iH2N2Os  367.1594  79.2
4.99 %o C2iH2N202  335.176 1 82.8

1.20 Mi2: 2 CH, CaHuN>Os  367.1590 788

1.21 AN Cy3HuN2Os  393.1749 795

i 5.82 % 2 CH.0 CuHxN20, 3351757 833
iijﬁi& 8.14 2 CH,O. CH, Al — &k CoiHyN>O3  355.1883  70.3
8.26 B2 CH,0. CH» CaHnN,O3  351.1790  79.8

9.33 N-ZFfk CosHasN2Os  437.1946 739

10.72 EALAT 3L CosHsN,Os 4252159 772

1.07 Jii 2 CH, BA K 2.5 P4k CyoHisN2Os  383.1167  78.1

5-0- % T-H 1.20 it 2 2 CH20 LA K A #7K i C2iH2N04 3671590 78.8
5-O-Brucine 1.21 SV A CHuN2Os  393.1749 795
6.81 Bt % CH.. HO CoHyN20s 3771488  75.0

. Oiiﬁ(ifyim 1.08 Sk CaHxN2Os  367.1585 782
1.21 % CH.y H20 CHuN2Os  393.1749 795

1.24 it % CH.0. CH, LK 2 FFEAL CoHoN,Os  367.1592  79.0

1.93 it P I A RO TR CaaHagN2O;  455.1897  78.1

T 8.26 Jii 2= CH.0 CsHaN2Os 3952052 80.6
Novacine 8.26 Mt2: 2 CHL0 BA K 25 H AL CiHuN>O3  351.1790 756
9.32 2% CHy BA K — &4k CsH3oN2Os 4152127 758

9.33 Jit 25 CH20 VLK N-Z. 1Ak CosHasN2Os  437.1946 739

9.33 AL CasHaN,O7  453.1683  73.4
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Fig.1 Score chart (A) and S-plot chart (A) of plasma difference analysis of rats in different gavage groups
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Table6 Identification results of differential components in plasma after gastric lavage between raw group and sand

hot group
S-S5 L 55 FEE
22 w1t Ay Average response strength (cps)
Differential component A R
SP RP
ki ? 4527 761
Strychnine
T -N-SE A
1 234
Strychnine-N-oxide 3916 3
%%.ﬁ& 2728 8291
Loganic acid
BT I-N-E A
1732 14
Brucine-N-oxide 73 ?
S
2
Chlorogenic acid 759 870
S=v/E
41 154
Salidroside 86 347
B
172
Colubrine 3350 725
AR N
A PRI A 2858 436
4-Hydroxy-strychnine
IE%E&MEW B 1972 405
Normacusine B
PR 158 1753

Cinnamic acid
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2t OSI-SMMS H1 Notepad - 4b BE 5y 73 #E ot i o4, |5 3\ SIMCA-P 1, R H PCA.
PLS-DA 73 #r Ak T M i J5 AR A2 (B 2). FEFER 2, PCL 5 PC2 5t
SANEE] T 69.13%M 47.22%, RARTTERARILE] T 86.17%, UESE [ SRy n S S E G M.
£ PLS-DA 2 #7, R2X N 0.831, R’Y N 0.948, Q%70 0.932, UiBARIAIME KT, TMITE
FIEE, AT T2 AR AT . BTSSR R R A S B A R X A B, R
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Fig.2 PCA score chart(A) and PLS-DA score chart(B)of overall metabolite profiles in different sample groups of

rats
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22 SR AR T U 7E 45 BN MetaboAnalyst 3.0 7EZR 40 BT R 50, MIERARSHE RS, fi
RS, SRER (LR 7. B3, BRI ZERERE =Y 434, &
BT 32 AMRUEERE, R IG5 T L AR 2 AR, Horh B SR L
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TR AU A 2R A T e R AU PR 2R AT T AR, A a2 LI 4R A SIMCA-P
AT PLS-DA Siit i A b A8 B 2 5Bk (variable importance for the projection, VIP)
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Table7 Analysis of Strychnine Semen processing intervention on inflammatory related metabolic pathways

T plii kB U P1E A
No. Pathway name Matching situation P value Impact value”
DR DA AR L
Pl 2/5 0.23 1.00
D-Glutamine and D-glutamate metabolism
o T A i ST = A
P . ¢ﬁﬁ%\%ﬁ%@@ﬁ%$$%mﬁ 1/ 0.19 0.50
Biosynthesis of phenylalanine, tyrosine, and tryptophan
AN AR
1 . A
P3 Phenylalanine metabolism 9 0.37 040
P4 T L 1/5 0.23 0.30

Sulfur metabolism




/:‘4;‘ g/j,an/\/jﬂ\»‘
P5 . HAm . 7(. AmAAZ R . 2/24 0.72 0.25
Alanine, aspartic acid, and glutamate metabolism

H B AR A
P 2 4 1
6 Glycerophospholipid metabolism 30 046 0-18

R R AN 2 R At

P7 Arginine and proline metabolism 3/44 0.39 0.12
P8 %%E&{tﬁj . 1/42 0.89 0.11
Tyrosine metabolism
o S £
P9 A 118 0.61 0.10

Glycerol metabolism

e EERT 0.1 BAEHER .

Note:"Metabolic pathways with an impact value greater than 0.1.
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Fig.3 Analysis of metabolic pathway enrichment of differential biomarkers
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Table8 Comparison of relative abundance and trend of plasma differential metabolites in different sample groups

of rats
s .
f ﬁﬂ’@% i P VIP Con Mod RP SP
Metabolite name
ol M e HEL sl
Phosphatidylcholine 3.1E-15 1.42 118.6 180.61 143.3] 117.7]
T AR THE 2 B %
Phosphatidylethanolamine 5.24E-15 1.30 310.3 412.2¢ 391.9] 293.9]
RERE
Triglyceride 1.483E-11 1.17 60.0 91.61 82.5] 51.5]
ZE
Dopa 2.236E-10 1.13 30.1 66.81 42.3] 27.1]
TR R
Sulfuric acid 5.468E-05 1.12 11.9 23.81 15.4] 13.8]
BRI
Glutamate 5.571E-04 1.01 243 48.41 45.5] 27.3]

BBt 4.311E-08 1.11 27.3 25.8) 60.61 70.61
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Glutamine
JRNE R
Citrulline

P JE-L- 1 R R

4.374 E-03

9.647E-09

N-Acetyl-L-glutamic acid

KNEAR

3.658E-15

Phenylalanine

.03 1232 99.0] 121.31 103.31
1.23 23.0 79.21 34.0] 72.1]
1.08 39198 511531 47652  3430.8]

e PR R B, | VR FE R .

Note: TUpregulation of relative abundance, |reduction of relative abundance.
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Fig.4 Metabolic network diagram of differential biomarkers for processing intervention in inflammation
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