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“spectral toxicity” relationship of acute toxicity of Sophora alopecuroides
extracted by different extraction methods to mice
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College of Veterinary Medicine, Gansu Agricultural University, Lanzhou 730070, China

Abstract: Objective To establish the chemical fingerprint of Sophora alopecuroides extracts based on high performance liquid
chromatography (HPLC), and determine the LDso of different extracts of S. alopecuroides to analyze its “spectrum toxicity”
relationship. Methods A series of extracts were prepared by 75% ethanol reflux (ER), water decoction (WD), 75% ethanol ultrasound
(EU) and water ultrasound (WU), and their fingerprints were established to determine the acute toxicity LDso of different extracts. The
relationship between chemical composition and acute toxicity LDso of S. alopecuroides extracts were studied by means of fingerprint
similarity evaluation system. Results The LDso of ER, WD, EU, and WU extracts were 38.397, 24.994, 18.536, and 19.957 g/kg,
respectively. The ocular lesions of mice viscera were mainly manifested in liver and kidney, and the toxicity of ER extracts was the
greatest. The 10 common peaks of S. alopecuroides extracts can be divided into two categories; Peaks 4 and 10, oxymatrine and
sophocarpidine were negatively correlated with acute toxicity LDso. Conclusion The spectral toxicity relationship analysis method of
S. alopecuroides was constructed. The unidentified peaks 4, 10 and oxymatrine and sophocarpidine were the main chemical
components of the toxicity reaction, which laid a good foundation for clinical application and scientific and rational development of S.
alopecuroides.
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H o ER $EEWIFIE 5] 14.4.19.2. 21.6. 28.8 g/kg.
WD FREIFIES N 14, 21, 32, 48 g/kg. HHE
TR IR /N BRI T2 77 B v B AN [ 3 O iR SR B i 711
. IERSLIRARE 10 HU/NR, M. R, ig
oYy, FHBRTIRYL, WHIRAL ig LAARUERER K, &
YN BT AR R 2 AT 7

2.1.3 JEAME ELEWE Td, BRADT 5K,
RERGGZIRT I R BT /N R AT RARES . 52 IF
WRANRI LB . B, E3& % X p
GRGMILT- R, BRICTE | KR E. KKLER
B, KA SEERRIE N, REENT. Ml Oy
B, THEIX SIS AR R (ISR R =28 5
BARRTED.

2.1.4 HZUEEE SLINEHRSE, /RSN A
B, SEZNfFEI S TS PR & 5T B A H R T
10%4E /R IR (pH 7.4) [EH%E, ZEEF K,
AR, HAR-FAORE (HE), SMBNE.
2.1.5 Suit)rik BdERA SPSS 21.0 Guit it
TR EE, HERIDL Y £5 Row, FHZ %
o R AT R R 7 22500, KSRk 0=0.05,
WE LB ECR F B R R AR 1) 2 LR (LSD).
22 AERBGZEEE TR HPLC fE9EE
F=:va

2.2.1 IRAXE SIS RS AREOR AR A
PRI 20, AE S, FERS 5 me,
Iy BRI AR E R A 10 mL. H E3Rs IR fhis
WA 10101010 1IRE, RUNRA X IR AR
AR BRI VR P AR SRR AL BT 7 S
AN S PUERTR =R AN 0.1 mg/mL.
222 HERAAESIES I 12 42 10 g BT
N4 4, RIS 8 WD WU ER. EU,
B4 3 o ¥ 4 HIREU 50k 46 5 45 % 25 mL,
FARE WA BITRE 4 HIETR | mL FEA S 50 mL,
BI43 8 mg/mL J& 24 A4 il S i

223 ik ik Agilent Zorbax SB Cig



* 2658 °

¢ $# Chinese Traditional and Herbal Drugs 35 50 % 25 11 3 201946 A

ik (250 mmX 4.6 mm, 5 pum), VAN 0.05
mol/L R —E /KA (=211 2.00 mL/L) (A) -
(B, WeliBE B : 0~12 min, 6% B; 12~45 min,
6%~10% B; 45~50 min, 10%~6% B, K
205 nm, AFE 1.0 mL/min, #EFEE 20 pL,
30 C.

224 MEERE  EU IRIWINESIFE 6 £, IR
BRI Z: 80, T A W AR O OR B N (7] A2 AH
SPUETHAR, 1+5L RSD {H.

225 EEMRK B EU BN 6 M FE iz g
“2.2.37 T A SR MR T, LA AR SR
B W, R A R Ko {5 B I 1) S R X e T A
1+# RSD i,

2.2.6 faEMEilE B EU $E At s, 1%
IR EIEXENE, 2T 00 1. 2. 4. 8. 12 h
BEFE AT, DURAAR SR A S IRIE, 1T LE g (R
B IS 18] S AR TR, 115 RSD fH .

3 #R

31 2MESMXW

300 AR EEE TR EHEULE
(LDso) fEE:  HRIETHALS S5 R (AR HA L
Jriy R a R RIS A B TR N E WD WU,
ER. EU FIEHE AN 5. 4. 5. 4, FIEE 5
4 0.80+ 0.77+ 0.77+ 0.65. Kok K& ik 5
LDso, &R WFE 1.

3.2 EEMAFEEAN SRS NRS
2y SR L. SR AN RGO
B AR BB4E . A1 FEUUEr . PRI
HMFERIUR PR B RS R . RAIRA /D RAZ
J& 30 min WEBIVKE I o /N R A BESE T R TR
. Az, HEPEK, SETE BHECIREH . 4
J& 4 h PWEAIET /N RN, ARRIN TR B
METIEE AR, 262 RREWEIER, S5,
53 RBEIREIES, ESWE T d.

4 FRSEERUE 2G5 1 RANRAK TR 23 T,
53 RIEFEIREF, H 55 A B RKE [R5
WKIREE (B 1~4), BT DIHEN, & 573
Yt/ BB B R BN
3.1.3  AFEFREUTEE TSR/ R AT 8]
Psem LU O A RS 4A 2 )5 /N RAET i
[ 534 I, WD Z/NRIET: FEEEF T 0~8 h;
WU 5 EU H7E 4~8 h WIEA/NRIET:, SR [E]
FELEFRT 0~4 h, YHEFIREUEATHERY)

F1 AMGFEEEFRIWARFIE T/ RILTERM LDso
Table 1 Results of death rate and LDso under different

doses of four extracts

R AE(gkeh s LDso/(g-kg™)
WD 60.00 100 38.397
48.00 70
38.40 40
30.72 30
24.58 10
wu 35.78 100 24.994
27.70 60
21.43 20
16.58 10
ER 27.90 100 18.536
21.60 80
16.74 20
12.96 10
10.04 0
EU 42.75 100 19.957
28.00 80
18.33 40
12.00 10
327
301
281
L0 26
e S
22 —o—ER 10.04 g-kg™!
—*—ER 12.96 g-kg!
204 —¥—ER 16.74 g-kg™!
151 —7—ER 21.60 g-kg™!

1 ER ZBHFREFIENREREEN (X £9)
Fig. 1 Weight changes of different doses of ER extracts
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Fig. 4 Weight changes of different doses of WU extracts
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3.4 AFEFREUT T S5 E FAS [F B R
NSRRI 2 AN R IO v SR
XN RAE A FE RIS £ R IAERT . ER. 5
STHRAL LR, WD /NGO E. B BE 4~8 h
BEFE, FEHRERIK (P<0.01); WU 4H
AN B ETREE 0~4h BE TR (P<0.01);

EU 4/NRATIEFR5E 8~24 h & T, ER 4/
BRUTFREE 8~24 h BFTHE (P<0.01). WU 5
EU 4/NRTE 4~8 h TCAET:, HekMtbie. AR
HIE FAAS R B TRD 6 /) SROVE 28 48 2 52 Lk 3.

3.1.5 HZURMA &S TR E A
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Table 2 Distribution of death time in mice with different

extracts
S 0~4hFET- % 4~8h BT %/ 8~24h LT/
U LIAWSE TR H
WD 10/25 9/25 6/25
WU 15/19 0/19 4/19
ER 19/31 2/31 10/31
EU 17/23 0/23 6/23

®3 TRERAESE FIRIMEBTER B/ NRAERIEBEIRE (X +5)

Table 3 Effects of S. alopecuroides extract with different extraction methods on organ index of mice at different time (X *s)

A e - . ML 35 % p—
o i W B B
X HE — 0.53+0.07 5.72+0.66 0.52+0.16 0.70+0.09 1.19£0.09
WD 0~4 0.60+0.06 5.121+0.38 0.56+0.19 0.83+0.09 1.271+0.13
4~8 0.62+0.06™ 4.95+0.86™ 0.48+0.18 0.82+0.07 1.38+0.12*"
8~24 0.53+0.10 6.21+0.24 0.73+0.29 0.91+0.07"" 1.31+0.14
168 0.56+0.07 5.37+0.39 0.58+0.16 0.78+0.08 1.33+0.10
wuU 0~4 0.58+0.06 5.38+0.71 0.49+0.13 0.85+0.16™ 1.34+0.11"
8~24 0.56+0.06 5.94+0.68 0.48+0.14 1.03+0.26™ 1.23+0.14
168 0.54+0.05 5.871+0.58 0.46+0.12 0.76+0.10™ 1.374+0.15"
EU 0~4 0.52+0.05 6.241+0.81 0.60+0.12 0.88+0.12*" 1.23+0.13
8~24 0.46+0.03 6.571+0.66™ 0.49+0.10 0.85+0.12 1.16+0.14
168 0.51+0.05 5.77£0.36 0.59+0.13 0.724+0.07 1.14+0.12
ER 0~4 0.57+0.04 5.62+0.70 0.56+0.13 0.871+0.14 1.27+0.09
4~8 0.53+0.12 5.56+0.51 0.69+0.40 0.871+0.23 1.29+0.11
8~24 0.53+0.05 6.15+0.69 0.44+0.08 1.02+0.16" 1.301+0.15
168 0.48+0.05 5.78+0.52 0.58+0.18 0.73+0.12 1.24+0.17

LxRA LR < P<<0.01
**P < 0.01 vs control group
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a-hepatic congestion b-necrosis of liver cells c-hepatolysia d-renal vein congestion e-swelling, degeneration and shedding of tubule

epithelial cells

BE5 FRIEMAGZEHEFRIUER 74 /RS HE 18

Fig. 5 HE staining of liver and kidney in mice 7 d after administration of S. alopecuroides extracts by different extraction

methods
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Fig. 6 Solution chromatogram of mixed reference substance

0 732 1423 2195 2926 36.58 43.89
t/min
S1~S12 #¥k#F 7~ EUL. EU2. EU3. ER1. ER2, ER3. WUI.
WU2. WU3. WDI. WD2. WD3, R Jyxi &
S1—S12 and R were EU1, EU2, EU3, ER1, ER2, ER3, WU1, WU2,
WU3, WDI1, WD2, WD, and control chromatogram respectively
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Fig. 7 Fingerprint of four extracts
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A, B ATERECET 2 N, SR 8. XA 1 &
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XM S
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FOHFH MR 2, B R 4~6. 10 Slg T
T LDso KAWL R, 7798-0.942. —0.977.
—0.943. —0.900. Z55H L3R 9. 555 M LG ] A
55 FNEE 6 S5 Bl B A S AT S AR R,
5 4 F010 SR RN
4 g

A FEFREC 0 R 2 R PR AN ], BRI
SEUAPPEAN 7 A R HOT A a6 BF B0 /N B S
PE K FERRAS B RE I R, o PR SR B K T
KIEY), H s BERR B s S S AR S
B . A 7T 45 AR B AN [F] SR U
L TR AR, Ho AR R
PEE R, S/ SRt o e
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Table 4 Common peak relative peak area of fingerprint 12 samples
\ FES U AR
GG
1 2 3 4 5 6 7 8 9 10
WUl 1 056.40 1415.11 175.09 1281.37 2503.63 2428.41 392.98 235.59 53.93 117.495
wuU2 1106.34 1439.47 187.40 1316.46 2671.10 2 456.40 381.60  236.54 53.73 119.889
wuU3 1017.60 1379.26 174.18 1217.16 2530.23 2314.35 388.54  237.54 57.83 128.699
WDI 835.63 114734  201.82 925.15 1798.11 1716.54 53326  487.68 198.46 160.719
WD2 838.00 1182.66  201.82 983.48 1 896.50 1784.31 54996  476.03  196.04 153.471
WD3 840.34 1217.98 204.72 983.48 1 994.89 1 852.08 566.66 46438  193.61 172.743
EU1 972.26 1376.88 198.01 1 469.47 3 044.34 2731.17 306.53 28442 28442 168.958
EU2 982.63 1343.67 185.84 1503.99 3028.49 279294 300.13 274.69  270.05 154.958
EU3 978.34 1379.24 199.20 1452.03 3055.24 2781.43 31047 27625  274.69 152.555
ERI 1213.58 1726.00 316.88 1774.70 3345.74 3358.80 757.37 54532 52826  241.277
ER2 1289.10 1835.78 300.89 1 855.01 3464.79 339431 790.58 578.48 54532  236.421
ER3 1 364.62 194556  284.89 1 935.32 3 583.84 3 429.82 823.80 611.63  578.48  231.565
x5 12 MMEFERBUETFNER
Table 5 Similarity evaluation results of 12 samples
PES Sl 2 S3 sS4 S5 S6 s7 S8 9 S10 St SI2 R
S1 1.000  0.764 1.00  0.813 0869 0822 0489 0.821 0.649 0.504 0.738 0.691  0.891
S2 0.764 1.000 0.762 0.822 0.831 0910 0422 0.850 0.610 0.452 0.753 0.627 0.839
S3 1.000 0.762 1.000 0.813 0871 0.821 0.491 0.819 0.653 0.504 0.741 0.689 0.889
S4 0.813 0.823 0.813 1.000 0.884 0901 0404 0919 0.624 0483 0.713 0.722 0.871
S5 0869 0.831 0.871 0.884 1.000 0901 0389 0961 0.663 0532 0.753 0.741  0.959
S6 0.822 0910 0.821 0901 0901 1.000 0414 0.877 0.643 0479 0812 0.653 0.921
S7 0489 0422 0491 0.404 0389 0414 1.000 0413 0.664 0521 0453 0374 0438
S8 0.821 0.850 0.819 0919 0961 0877 0413 1.000 0.672 0.533 0.759 0.751  0.943
S9 0.649 0.610 0.653 0.624 0.663 0.643 0.664 0.672 1.000 0.584 0.589 0.574 0.701
S10  0.504 0452 0.504 0483 0532 0479 0.521 0533 0.584 1.000 0.534 0518 0.544
S11 0738 0.753 0741 0.713 0.753 0.812 0453 0.759 0.589 0.534 1.000 0.704  0.809
S12 0.691 0.627 0689 0.722 0.741 0.653 0374 0.751 0574 0.518 0.704 1.000 0.767
R 0.891 0.839 0.889 0.871 0959 0921 0438 0943 0.701 0.544 0.809 0.767 1.000
Fz6 10 MHBEFEDRER (X L9)
Table 6 Variance analysis results of 10 common peaks (X *£5)
5 PV T AR
1 2 3 4 5
WU 1 060.10144.49b 1 411.284+30.29% 178.89+ 7.38¢ 1 271.66+50.36> 2 568.32490.00b
WD 839.17+ 1.67% 1200.32424.98 203.27+ 2.05¢ 983.48+41.24%d 1 945.70469.57%4
EU 977.44+ 7.344 1360.28 +23.484 191.92+ 8.61¢ 1 486.73£24.412d 3036.42411.212
ER 1 251.30+53.40%¢ 1 780.89+77.63®  308.89+11.31%¢ 1 814.86+56.792¢ 3 405.27484.18%¢
i3 12U T AR
6 7 8 9 10
WU 2399.72+75.25%4 387.71+ 5.74b 236.56+ 0.98d 55.16+ 2.31b« 122.03+ 5.90°¢
WD 1 818.20+47.92%¢ 558.31+11.813 47021+ 8.24% 194.82+ 1.712d 64.63 +11.48%¢
EU 2762.06+43.68% 303.33+ 4.533d 279.55+ 6.882d 87.46+10.15%4 151.90+ 0.922d
ER 3376.56+25.11%¢ 773.98 +23.49%¢ 561.90+ 23 4420 27491+ 1.13%%¢ 238.85+ 3.43%¢

av by o d A HIFRE WU, WD. EU. ER HREZER (P<0.0D)
a, b, c, d showed significant differences with WU, WD, EU, ER, respectively (P < 0.01)
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Table 7 Eigen values and contribution rate

®9 10 MABERRBEXESTTERY

Table 9 Pearson correlation analysis and coefficients of 10

D% FHIEAE HETERE% BT ZTHERE % common peaks
1 7.257 72.566 72.566 2322 IR IAE o 22 5 BEME
2 2376 23.765 96.330 1 —0.717 0.030"
3 0316 3.156 99.486 2 —0.740 0.023"
4 0.028 0.284 99.770 3 —0.528 0.144"
5 0.014 0.140 99.910 4 -0.942 0**
6 0.006 0.064 99.974 5 —0.977 0™
7 0.002 0.022 99.996 6 —0.943 0"
8 0 0.004 100.000 7 —0.127 0.745"
9 8.482X107'° 8.482X 10713 100.000 8 —0.092 0.813"
10 3.897X107" 3.897 X 10716 100.000 9 —0.171 0.659"
6 | 10 —0.900 0.001*"
THE 0.01 5 (R, AHRVERZE: "7E 0.05 U5 (W), HIK
5 ERTED
** at level 0.01 (double tail), correlation was significant; " at level 0.05
- 41 (double tail), correlation was significant
o
£37 SHMIAL, AT BT 2 (R A0 A o Ve TR
2 AT FERTAN [FHE U7 5 & 3 U B 1 kAT
1 ELEE, I 52 HPLC fR8U g, Xt
TR SEAERAT A AT . RSl Re ks
0 1 ‘ MrR 25k oy i, ReAE R 250 o B R A AR
L2 s 4 s 6 Rz, TR ORI B B L5
it 5

&8 10 MEBFEFAE
Fig. 8 Gravel maps of 10 common peaks

RS 10 MHBEMS ST REIENR

Table 8 Components score coefficient matrix of 10 common

peaks
e 2 B 2%
T 1 FEIY 2
1 0.175 —0.047
2 0.148 0.015
3 0.026 0.194
4 0.187 —0.054
5 0.209 —0.105
6 0.192 —0.062
7 —0.068 0.286
8 —-0.107 0.319
9 —0.088 0.306
10 0.173 —0.024

Fraal AR, SRR SR R
SEISE S N S i DU % AN VIR s AN AV O
SEUSU, S P RE S AU 2 L BE RN A, (9
VBT 2R 2 Y AR A A R S R

BEVERICIREE, PURHHRSUERE BTl e i 2 o 5
BEPEEE AR M 11 O R AR X FR SRR A
BANTE . WETEOC RAEWAT R SRR LA
By, AT Rl vp 25 sl 10, Al v 51
I EEHER, RIS G AR d i B
g5 e ABIFFEREL 4 PP FIFREU 205605 2 St
ATEEMESEES, RV B FEMERI v, Al mTRE
BTy, FEPTIERE R, X PRSI
BB TN SR

W4 B SO AT 85 7 Bl P B B 1 Sz 56 )
ANREBURS PR EE . T SR, AR A,
FA WAy, WS SRR, 4k
VU RIFGCIR, BERIZET:, BRPEIRRRIS AR5
SER—3 VLH 4 FMREUT A BRI R
TR T MR . AU B A R $EE
T3 G PR R AR A R SR
LDso BHATIERE R R M, e T 5 T atEd kR
5y, FEEEAM R A S0 B
F LA 53T A K R R I AR R A AR B, 10 AN SRR
W 2 PR, B 1 FR RETTEIRR EiA
72.566%, 5% T LDso 2 53E MAHRI RS S
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