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Abstract: According to the theory of 'Xingben Dazao' of Psoralea corylifolia Linn. (BL), the susceptible
syndromes and biomarkers of liver injury caused by BL were searched. Rat models of kidney-yin deficiency
syndrome (M_yin) and kidney-yang deficiency syndrome (M_yang) were established, and all animal experimental

operations and welfare following the provisions of the First Affiliated Experimental Animal Ethics and Animal

Wik H 491 2022-11-15; &8l H 31 2023-03-06.
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Welfare Committee of Henan University of Traditional Chinese Medicine (No. YFYDW2020017). The results showed
that BL significantly decreased the body weight, water intake, and urine weight of M_yin rats and increase the organ

indexes of the liver, testis, adrenal gland, and spleen and the expression of alanine aminotransferase (ALT). Mean-

time, BL significantly increased the urine weight of M_yang rats and decreased the expression of ALT and aspar-

tate aminotransferase (AST). Hematoxylin and eosin (HE) staining showed that BL could aggravate inflammatory

infiltration of hepatocytes in rats with M_yin and alleviate liver injury in rats with M_yang. Metabolomics identified

17 BL co-regulated significant differential metabolic markers in M_yin and M_yang rats. Among them, 8§ metabo-

lites such as glutamine, quinolinate, biliverdin, and lactosylceramide showed opposite trends, mainly involving

cysteine and methionine metabolism, tyrosine metabolism, tryptophan metabolism, purine metabolism, sphingolipid

metabolism, glycerol phospholipid metabolism, glutamine metabolism, and other pathways. M_yin/M_yang may

be the susceptible constitution of BL for liver damage or protection, which may be related to the regulation of

amino acid metabolism and sphingolipid metabolism. The study can provide some experimental data support for

the safe and accurate use of BL in the clinical practice of traditional Chinese medicine.
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- 1016 - 242224 Acta Pharmaceutica Sinica 2023, 58(4): 1014-1023

FEWF FC BT, #it 5 20211209.20210913). 2 fF (99.9%,
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Z 4, Xevo G2-XS Q/TOF Jii i 1%, Bt A Lock-spray £
I, BT M5 % B 7 J& (electron spray ion source, ESI),
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T, MRPE R B AR B &, B A A 21 K.
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T PR ARG S H A e 47 L A 2000 9 W B R A Y 55 1) R )
PREN, LR RALR T & 2R E IR VKB T45 28 5
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AT RRAS VIR R S5 MWL 7 THI R AR 4k, SIE56 45 SRR
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2% % B LG Z R S, A A S BRI T B S
R PURE AT IE E KGR ML, 3 500 romin’!
4 °C& 0> 10 min, 43 51 W H I 37 « I 28 R A7 2% F, I35
FH SR AS I ALT AST 22 4045 50, M0 k& Jig %5 BH R
TIE 5 IOH R I 2 K BRI 3 e ) e

BFBE 75 K & - R 4L (hematoxylin and eosin, HE)
R BFNEHZ 4% 2 R EE[E € 48 h )5, #EAT I

PO, U) b, 42 B0 U0 I A R AT et

MRHARRFEFEN MK EA LI T, B
KBRS 5 F 4% 123 W iR 21, 4 °C 14 000 r'min’!
B0 10 min {8 FUTHE, B 200 pL _EIEHERE S BT

Ak VB AL 0.1% FERIK, Vsl B: 0.1%
IR 2o BREELEME: 0~9 min, 5%~70% B; 9~16 min,
70%~100% B; 16~17 min, 100% B; 17~17.5 min,
100%~5% B; 17.5~20 min, 5% B. #:iff 40 °C, Jiii#
0.3 mL-min”', ZFEE 2 ul.

B2 W% B TR (electrospray ionization
source, ESI) PL MSE Continuum ## 3 3k 17 # 95 K £ .
1R 1 o2 &2 00 5 SR FH 5% 202 ixi ME IR (L-enkephalin, LE)
(ESI” m/z 554.261 5, ESI' m/z 556.277 1) V& W N4 &
AW . BYNE HE EST 2.5 kVLESI™ 3.0 kV, &1
PR EE 100 °C, it % 7)<l FZ 250 °C, HESLHL K 40 V,
HEFLAUT R 50 Loh', TGV 773 & 600 Loh', Al i g &
10~45 v, 8] Bg 4 i 17 0.2 s J5it &2 43 41 6 e 50~
1200 m/z.

SRBESMFEITFLE P HIER A
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) JE 46 B HE 5 N Progenesis QI F (v 2.4) F kT (1
U O 5 L A BRI R VA — A R AL B A SR L OR B I ]
K FH SIMCA v14.1 %} 4 B #odhs 2 47 3 5o 70 i
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e # 5) % (orthogonal-partial least squares discriminant
method, OPLS-DA) 73 #7 . iz AR & XF 4> 25 1) B E %
J% (variable importance in the projection, VIP) S Fiiil] %
AN B B R B ST, JFRE VIP > 1 H P < 0.05 )42
BUENEMA R ZE TR 2 FHMHECERREYE
7+ ChemSpider (http://www. chemspider. com). Kyoto
Encyclopedia of Genes and Genomes (KEGG) (https:/
www.kegg.jp/) /& Human Metabolome Database (HMDB)
(https:/hmdb.ca/) 5554 PE AT 7 1 LU %508, P8 2%
AU S\ MetaboAnalyst 5.0 7 28 B ¥ 12 3547 38 2%
oA

Gt F LB LI A R ] S8 AT GraphPad
Prism 8.01 AT Gt il 04T, Lhx + s RoR, i EH R 24
] Lb 4% R F B R 22 5 % 0 AT (one-way ANOVA), 2 28
[B] LA e A0 562, P < 0.05 10 N 2 578 Giit 223 o

R
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IRk E  FRERI RN

5 CON 2 K FUAH B, BL 2H K R 53 & W AT S IX
KE TR FE A, M_yang K BT R =1 53



TR A AN RO T B0 2 WL B A ) S LR T A - 1017 -

FEAIC (P < 0.05), £ & 5 BH R BOSE IR M_yin 2H K BUAA
JR 2 2 BRAR (P < 0.05), HTHR IOK & JR 5 0] 35 3 3%
B (P <0.01), fF & B PR FER . 5 M_yang 40K
B AH G, MBL_yang 2H K B JR & 52 35 39 00 (P < 0.05);
5 M _yin 41 K § M b, MBL yin 20 K B4R 5 & K
BREYRERIK (P <0.05), IE1.
2 v EBEXTSRAREIE . S PEEEAR B KRR B =S 18 3y
A

5 CON 4 K AL, M_yang 41 K FRAN T % 78 %4
BETHE (P<0.01), M_yin 41 K ST B AT 2% 45 %t
%y B 3% BN (P < 0.05); 5 M _yang 41 K R OH
MBL_yang 41K 5 I % 75 03 Jo 2 2% & 4K 5 M_yin
HKBRAHE, MBL yin KB VE2H.E BRI
JUE JUE 4 8 208 B 2 1 (P < 0.05), WLER 2.
3 WBEXNSBIEEIE. SMEEIERE AR MDEALT.
AST HISZNE

5 CONZ KR AL, BL 41K B ALT.AST /KP4
ToH A4, M yang 2H K B ALTAST ZK~F I %) & 3%
Tt @ (P <0.01), M_yin 44 K i AST R34 tH 12 2 34 i
(P<0.001)s 5 M_yang 20 K s AH E, MBL_yang 241 K
B ALTAST ik 5 &2 25 FE (% (P < 0.01); 5 M_yin 4
KR AH L, MBL yin 20 K B ALT 2R3k & 2 88 n (P <
0.01). HEJRH gL ttgh J IR, CON 45 BL 41K R
AR TE B S B AR, ML yang 41K T — 8
FER, M_yin K RIF AR — e R RIERT, 5
M_yang 41 K B AH Eb, MBL yang 41 K 5345145 9 22 ik
% 5 M yin 41K UM G, MBL. yin 41k B FF4H i 2 0

R SR, WL .
4 MmERKFLAFTH

LEIRG A WA AR EEA, PCA 4
SIHTRIN, IE B AR, TR R A S8 AT SR
R AE — D, W AR S 06 Ay J 1) oK BRIt R AR A 1 1
UPLC-MS il 75 ik, A MR I PCA 4T
RIAEIE B FH R, M_yang 41 \MBL_yang 41 .
BL 41 J% CON #H 35 ] % 4 Hh 5 v — 2%, 17 M_yin 20 J%
MBL yin 41| 5ix ik 4 480 & 70 55, WK 2, R
M_yin i & MBL _yin 20 K AR P B AR 7= 42 T
WS AR 4K, . K B OPLS-DA 753, % g T 2H 4
55 M _yin 20 J2 M_yang 41K B 1 32 4% 5 75 S0 $ s
HBEAT R Lo B, ROILAE IE L B AU R, M_yin
Y5 M_yang 2H 35 R 5 015 g T 2H 4 950 4 1 X 43 T
(FT 5 R’Y > 0.90, O*> 0.60), .1 2. B K & VLR
HMDB.KEGG .ChemSpider 7 £Z& ¥4 %2, LA VIP > 15
P <0.05 &M, JL% 52 24 A IR B, & 174
FhE BT L E B E I M yin 4l K5 M _yang 241K
BRI 22 5 N R PR AR AR B, 4 A B TR AT RE S 1
FRENM_yin 20K B2 S IR AR RS 54, 2 i
fg ol K 5 1 BB B M yang 4K R 2 5 9 T A
EY), W33, K3,
5 ERKREIERZ /L% (ROC) HH

ik — 3 VPG Fok 22 AR AR A LE X 43 #iiT iR
3BT MBL_yin 405 MBL_yang 41 (UM 545 7
£, K F] GraphPad Prism 8.01 %347 T ROC i £& 43
B, KIW 3-(FH i 55 ) I B2 T [3-(methylthio)propanoate]-

Table 1 Effects of Psoralea corylifolia Linn. (BL) on body weight, anal temperature and water consumption, and urine volume of rats with

kidney-yin deficiency syndrome (M _yin) and kidney-yang deficiency syndrome (M_yang). CON: Rats in the control group were supplied

with sodium carboxymethyl cellulose; MBL_yang: Rats in the M_yang group were supplied with BL; MBL_yin: Rats in the M_yin group
were supplied with BL. £+ s, n =8."P < 0.05, "P < 0.01, ""P < 0.001 vs CON group; “P < 0.05 vs M_yang group; P < 0.05, P < 0.01 vs

M _yin group
Group Dose/g kg Weight/g Anal temperature/°C Water intake/g 24 h urine weight/g
CON - 319.76 + 20.85 36.37+0.38 19.58 +9.63 9.76 + 1.89
BL 0.9 321.39 + 15.00 36.30 £ 0.38 23.17+8.25 8.98+1.10
M_yang - 312.04 +21.56 35.94 +£0.25 22.77 £ 8.91 6.65+0.88"
MBL_yang 0.9 313.59 + 17.84 36.19 +0.31 20.56 + 8.78 10.50 + 3.58"
M_yin - 304.01 +23.11° 37.79+£0.517 42.68 +13.24™ 23.23 +6.54"
MBL _yin 0.9 269.00 + 24.95" 38.01 + 0.40 2223 +7.33" 11.63+521"

Table 2 Effect of BL on organ index of rats with M_yin and M_yang. ¥ s, n =8. P < 0.05, "P < 0.01, ™"P < 0.001 vs CON group; P <

0.05, #P < 0.01, P < 0.001 vs M_yin group

Group Dose/g kg Liver/% Kidney/% Testis/% Adrenal gland/% Spleen/%
CON - 2.64+0.12 0.65+0.08 0.98 £0.08 0.016 £ 0.002 0.22+0.03
BL 0.9 2.89£0.12 0.67 £0.04 0.97£0.10 0.015 £ 0.002 0.22 +0.02
M_yang - 3.07£0.20” 0.70 = 0.09 1.00 £0.10 0.016 £ 0.002 0.20 +0.02
MBL_yang 0.9 3.25+0.20 0.72 £ 0.06 1.01 +£0.08 0.015 + 0.004 0.19 +0.02
M_yin - 2.97+0.13" 0.82+0.05" 0.98 +0.05 0.020 £ 0.002 0.28 +0.03™
MBL_yin 0.9 3.78 + 0.42% 0.90 +0.10* 1.14+0.10% 0.029 £ 0.006" 0.35 + 0.04*
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Figure 1 Detection of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) expression in serum, and hematoxylin and

eosin (HE) staining for the liver pathological examination (scale bar = 100 um), n =8, ¥ 5. "P < 0.01, “"P < 0.001 vs CON group; *'P <

0.01, ““P < 0.001 vs M_yang group; “P < 0.01 vs M_yin group
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Figure 2 Analysis of plasma metabolites principal components analysis (PCA) and orthogonal partial least squares-discriminant analysis

(OPLS-DA) in different groups of rats (n = 8). (A, B: Scores scatter plot of liver metabolites in all groups determined by PCA in negative

electrospray ion source (ESI-) mode (A) and negative electrospray ion source (ESI+) mode (B); C, D: Scores scatter plot of liver metabolites

between the MBL _yin group and M_yin group determined by OPLS-DA in ESI- mode (C) and ESI+ mode (D); E, F: Scores scatter plot of

liver metabolites between the MBL_yang group and M_yang group determined by OPLS-DA in ESI- mode (E) and ESI+ mode (F)

- -L-E AR (3-hydroxy-L-tyrosine) — T IR I
(ATP). % [ Ji% (dopamine). M- (folate) LA FL i 3 4
I (lactosylceramide). fi i % IH 58 (phosphatidylcho-
line)- fif§ i Bt 2, % % (phosphatidylethanolamine)- W4 ijf
1% (quinolinate) fEAME T TIM_yin 5 M_yang 41 K i
HA B X 5 M, ROC i 28 T 1H F (area under the

ROC curve, AUC) 4 > 0.9, /[ {E ARG K A T2
W7 IX 73 IR FH DB I S8 e 1 R AR I O B A s
v, WK 4.
6 REHI5S ALT.AST XBE 04

%P ALTAST 5% & g 25 R 40 AR 0 A2 AL i 47
KUK M, R I IR % 5 5t & I g A2 {3 5 ALT.
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Table 3 Identification results and change trend of plasma metabolic spectrum of rats with M_yin and M_yang model interfered by BL. T :
Increased; | : Decreased; "P < 0.05, P < 0.01, ™"P < 0.001
ESI R.etenti(?n iz KEGG ID Metabolite M_yin vs MBLiyi.n MBL_yang MBL yin vs
time/min - M yang vsM yin vsM yang MBL yang

- 0.81 145.061 3 C00064  Glutamine T 1 T 1

- 0.90 166.017 2 C03722  Quinolinate 1 T U "

- 131 487.972 7 C00002  ATP [ T T T

- 3.95 178.050 2 C00355  3-Hydroxy-L-tyrosine 1 T T 1

- 3.95 134.060 3 C03758  Dopamine (. T T 1

- 10.11 321.1313 C00449  N6-(L-1,3-Dicarboxypropyl)-L-lysine [ T T T

- 15.98 612.384 7 C00350  Phosphatidylethanolamine [ T 1 [

- 20.20 457316 3 C05454  3a,7a,120-Trihydroxy-5p-cholestane T 1 T 1

- 23.13 860.170 6 C05269  3-Oxohexanoyl-CoA [ 1 T T

- 23.20 440.134 7 C00504  Folate [ 1 1 T

- 23.21 179.036 5 C05584  3-Methoxy-4-hydroxymandelate 1 I T 17

- 18.62 277.216 8 C00249  Hexadecanoate T 1" 1 1

- 20.30 398.131 8 C00019  S-Adenosylmethionine T L i} 1

- 0.77 112.985 1 C00036  Oxaloacetate T ! T (.

- 23.36 180.032 8 C00155  Homocysteine T i } 1

+ 0.86 138.055 5 C08276  3-(Methylthio)propanoate 1 T T 1

+ 7.52 815.670 9 C00157  Phosphatidylcholine 1 1 7 1

+ 13.73 400.342 4 C02990  Palmitoylcarnitine T 1 17 T

+ 20.28 900.566 1 C01290  Lactosylceramide T T VT T
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Figure 4 ROC curve of metabolites differentially expressed in M_yin and M_yang models regulated by BL. A: 3-(Methylthio)propanoate;
B: 3-Hydroxy-L-tyrosine; C: ATP; D: Dopamine; E: Folate; F: Lactosylceramide; G: Phosphatidylcholine; H: Phosphatidylethanolamine; I:

Quinolinate. ROC: Receiver operating characteristic; AUC: Area under the ROC curve; CI: Confidence interval
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