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Abstract: The study utilized spectral correlation analyses combined with bioactivity evaluation to examine
the effective components of antidepressants in the Baihe Dihuang decoction. Firstly, the chemical fingerprints for
different extraction parts in the Baihe Dihuang decoction were achieved using HPLC and UHPLC-MS technology.
Then, in order to evaluate the antidepressant effect of Baihe Dihuang decoction, the animal experimental protocol
has been reviewed and approved by Laboratory Animal Ethics Committee of Hunan University of Chinese
Medicine (No. LLBH-202104270001), in compliance with the Institutional Animal Care Guidelines. We recorded
the distance of autonomous movement of mice in open field experiment, the immobility time of tail suspension
test, and the forced swimming. Additionally, we measured the content of neurotransmitters. Finally, Pearson
analysis, grey correlation analysis, and orthogonal partial least squares regression analysis were utilized to establish
the correlation between antidepressant efficacy indicators and fingerprinting. The spectrum-effect relationship
results were confirmed through the in vitro activity verification. This study demonstrated that regaloside A, B, C,
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catalpol, and Isoacteoside might be the main antidepressant components in Baihe Dihuang decoction. Furthermore,

it was found that using diverse mathematical models and bioactivity evaluation could enhance the accuracy of the

spectral correlation analyses results.

Key words: Baihe Dihuang decoction; depression; spectrum-effect relationship; activity verification; entropy-

TOPSIS; HPLC fingerprint; multi-index efficacy evaluation
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Figure 1 HPLC chromatograms of mixed reference substances
(A) and Baihe Dihuang decoction common pattern (B). 2: Catal-
pol; 6: Regaloside C; 20: Regaloside A; 21: Rehmaionoside A; 31:
Acteoside; 33: Regaloside B; 34: Isoacteoside. The other peaks

remain unknown

2 BEMEATERBEMIX MR INERAEIT A K S-
HT.NE R0

B3 S 56 | B R S I | o e i vk S 56 45 R LK
2A~C, 5IEHF MR A L, S2.87 /N H F ik sh i
BRI AN (P < 0.01 8 P <0.05); S2.S3.55.56 £ /s
B A B R S8 AN B A JA) S kN (P < 0.01 B P <

0.05); S1.S3.S4.S6 ZH /IN B 1) 56 36 Y5 9k AN 3l 1) [ S 2
/N (P<0.018,P<0.05). %, A&HE7 AR
WA 251 ] e 3 /N SRR FEAT S, o S8 A H 5% 99,
Xof kR S G e i IE PR AN B I R] BT 5058 B R )
PEES YR E HIEM . S2.S3/E i fesi, S2 4 & 2
S AN R W35 S RV B P A B
PEFH, S3 % &R S 56 R s it Jig vk A 3 B ) 2L A 2 25 A
FIE

H A 3 7 A [F) B2 S ) /N BRI 4 24 5-HT.
NE (1 H 45 5 W 2D \E, 45 B 3£ 8, 55 1E 5 % R4 Lt
5%, S1.S2.S5.S6.S7. S8 4 /N iR i 41 41 5-HT & 3 44
T (P <0.058(P<0.01), S4.S6.S7 /N & i 41 2L NE
L E N (P <0.05). £ 5, A7 A R $EHGH
A7 3534 5 e T R T A 205 R A, e S3 1
55, 4 5-HTNE 7 Fh i 2235 57 ¥ 6 8 2% W 5 1E -
S6.S71E F#¢5m, Xt 5-HTNE P Ffiih 2356 i B A 5 2
WEER
3 BAMEFFAERIBAMMBAMIERES
By

IR R S8 5-HT  NE W™ 3 S2 06 20% Sh R
BB SIS Bl I [6] 5 38 Y vk S5 AN Bl I ] A
BB BN 19.77%-19.55%-19.94%17.19%.23.55%.
FH UK H TOPSIS 2% E A Hh 38 32 U AR 24 25048 A ik
ITERE T, SRR 1, 45 REW, | & 3% S1.
S4.S7 LA VI B, A IR 5 S3 L5 A VR B K.
4 EYHEX SRS EIAMAIIE AR S

Pearson AH ¢ F 04 I T 8 2 A48 8 2 [A) (1l 2k 1

A OFT B TST C FST
150 100
30001 # #H @ %
£ # = % 80
3 £ 100~ £ , 4
o 60 =1
2000 > ## 2 #H
2 ‘é 'é 404 #
g 10004 £ 307 £
= 204
0
CON VLF SI S2 S3 S4 S5 S6 S7 S8 CON VLF SI S2 S3 S4 S5 S6 S7 S8 CON VLF SI S2 S3 S4 S5 S6 S7 S8
800 2000
4 #
_ 6004 # . # 1500 # #
= # # - #
g # 2
%" 400=1 50 1000=
g 8
% z
200= 500=4
0=

CON VLF S1 S2 S3 S4 S5 S6 S7 S8

CON VLF S1 82 S3 S4 S5 S6 S7 S8

Figure 2 S1-S8 fractions of Baihe Dihuang decoction improved depression-like behaviors (A —C) and neurotransmitters (D, E). n = 6,
¥+s. "P <0.05, 7P <0.01 vs CON. OFT: Open-field test; FST: Forced swim test; TST: Tail suspension test; 5-HT: 5-Hydroxytryptamine;
NE: Norepinephrine; CON: Blank control group; VLF: Venlafaxine group; S1: 55% Ethanol fraction; S2: 75% Ethanol fraction; S3: 95%

Ethanol fraction; S4: Water fraction; S5: Chloroform fraction; S6: Ethyl acetate fraction; S7: Butanol fraction; S8: Remaining water fraction
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Table 1
S8 fractions of Baihe Dihuang decoction by TOPSIS method. D+:

Distance of positive ideal solution; D-: Distance of negative ideal

The overall evaluation of antidepressant activity of S1-

solution; C: The degree of closeness of each alternative to the ideal

solution
Sample D+ D- C Prioritisation order
S1 0.254 0.317 0.555 1
S2 0.329 0.245 0.427 6
S3 0.318 0.216 0.405 8
S4 0.259 0.245 0.486 2
S5 0.304 0.212 0.411 7
S6 0.282 0.231 0.450 5
S7 0.291 0.272 0.483 3
S8 0.271 0.225 0.453 4
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Table 2 Pearson analysis results of common peaks and pharmacodynamic index of Baihe Dihuang decoction. r: Correlation coefficient;

‘P<0.05,"P<0.01

No. 5-HT NE OFT TST FST Overall rating

Peak r Peak r Peak r Peak r Peak r Peak r
1 P5 0.342 Pl 0.602 P8 0.559 P16 0.857" P4 0.471 P2 0.662
2 P2 0.341 P13 0.509 P13 0.48 P25 0.762" PS5 0.376 P4 0.612
3 P12 0.264 P4 0.433 P24 0.31 P20 0.745" P12 0.330 P13 0.539
4 Pl 0.240 P27 0.400 P3 0.308 P33 0.722" P11 0.299 P25 0.318
5 P4 0.189 P6 0.392 P25 0.244 P34 0.706 P2 0.286 P33 0.257
6 P3 0.177 P25 0.392 P1 0.239 P23 0.670 P9 0.283 P3 0.254
7 P6 0.138 P33 0.374 P20 0.168 P14 0.660 P31 0.261 P6 0.229
8 P7 0.063 P32 0.364 P6 0.152 P24 0.641 P7 0.225 P12 0.209
9 P22 0.049 P34 0.357 P2 0.151 P10 0.639 P17 0.179 P28 0.159
10 P24 0.034 P11l 0.333 P30 0.148 P29 0.405 P6 0.177 P8 0.132

Table 3  Grey relational analysis results of common peaks and pharmacodynamic index of Baihe Dihuang decoction

No. 5-HT NE OFT TST FST Overall rating

Peak r Peak r Peak r Peak r Peak r Peak r
1 P33 0.694 P4 0.683 P1 0.658 P2 0.672 P33 0.671 P2 0.589
2 P2 0.655 P1 0.657 P8 0.637 P33 0.655 P2 0.67 Pl 0.575
3 P1 0.654 P2 0.641 P3 0.616 P1 0.618 P5 0.643 P33 0.553
4 P25 0.638 P6 0.598 P25 0.605 P25 0.608 P4 0.638 P3 0.432
5 P23 0.631 P25 0.591 P23 0.603 P34 0.595 P1 0.638 P25 0.418
6 P34 0.624 P33 0.59 P34 0.603 P32 0.594 P25 0.635 P5 0.410
7 P21 0.623 P30 0.586 P6 0.602 P19 0.591 P7 0.635 P23 0.407
8 P30 0.623 P21 0.586 P32 0.602 P3 0.591 P8 0.633 P8 0.406
9 P19 0.623 P14 0.585 P2 0.602 P29 0.590 P19 0.632 P13 0.404
10 P32 0.621 P19 0.585 P19 0.601 P21 0.590 P14 0.631 P7 0.403

Table 4 OPLS analysis results of common peaks and pharmacodynamic index of Baihe Dihuang decoction. OPLS: Orthogonal partial least

squares discriminate analysis; VIP: Variable importance in the projection; R*X: Cumulative explained variance for independent variables;

R’Y: Cumulative explained variance for response variables; O°: Cumulative explained variance in cross validation

P

Efficacy index RX RY o’ VIP > 1

5-HT 0.822 0.989 0.642 P9, P6, P2, P25, P4, P12, P16, P17, P20, P3, P27, P24, P7, P13, P15, P18
NE 0.981 0.859 0.634 P6, P4, P3, P25, P23, P1, P33, P13, P5, P8

OFT 0.747 0.662 0.545 P2, P8, P25, P16, P13, P3, P7, P1, P24, P6, P20, P4, P22, P12, P5, P10
TST 0.939 0.690 0.431 P33, P1, P23, P34, P25, P21, P30, P14, P26, P2

FST 0.888 0.696 0.449 P2, P33, P1, P3, P5, P25, P13, P8, P6, P30, P7, P11

Overall rating 0.962 0.971 0.940 P2, P33, P1, P3, P25, P5, P8, P13, P6, P23, P7
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Table 5 Comparison of three spectrum-effect correlation analysis. (: Intersection; GRA: Grey relational analysis

Efficacy index Pearson GRA OPLS Pearson 1 GRA (N OPLS
5-HT P5, P2, P12, P1, P4 P33, P2, P4, P25, P23 P9, PG, P2, P25, P4 P4, P2

NE P1, P13, P4, P27, P6 P4, P1, P2, P6, P25 P4, Po6, P3, P25, P23 P4, P6

OFT P8, P13, P24, P3, P25 P1, P8, P3, P25, P23 P2, P8, P25, P16, P13 P8, P25

TST P16, P25, P20, P33, P34 P2, P33, P1, P25, P34 P33, P1, P23, P34, P25 P33, P25, P34

FST P4, P5,P12, P11, P2 P33, P2, PS5, P4, P1 P2, P33, P1, P3, P5 P2, P5

Overall rating P2, P4, P13, P25, P33 P2, P1, P33, P3, P25 P2, P33, P1, P3, P25 P2, P25, P33

Table 6
LB: Lilii Bulbus; RR: Rehmanniae radix

Identification of 8 chemical components of Baihe Dihuang decoction. #: Confirmed by comparison with the reference substance.

[M-HT"

t
Peak R

Source Compound Formula Error Fragment ion MS?
/min Detect Expect

P2 3.00 RR  Catalpol” C,H,0, 361.1243 361.1250  1.93 199.060 1, 181.051 2, 169. 052 5

P4 4.03 RR  Melittoside C,H,,0,, 523.1672 523.1657  2.86 361.0474,343.048 1, 179.050 8

P5 4.18 RR  Leonuride C,H,0, 347.1348 347.1363  4.32 329.1030,303.110 0, 181.053 2, 167.032 6, 143.025 5, 113.026 5
P6 474 LB  Regaloside C* C,H, 0, 4151236 4151240 -1.20 253.0807,235.0594,179.033 1, 161.022 8, 135.143 2

P8 1052 RR  Rehmannioside D C,H,0, 6852197 6852171 3.79 505.248 0, 341.056 5, 323.035 6,263.017 5,221.024 3

P25 25.18 LB  Regaloside a’ CH,, 0, 3991296 399.1286  2.51 163.0393,145.028 7, 119.049 3

P33 3730 LB  Regaloside b C,H, O, 441.1404 4411391 295 399.1306,381.119 0, 163.039 4, 145.028 7, 119.049 4

P34 39.05 RR Isoacteoside ” C,H O, 623.1983 623.1970 2.09 461.1672,315.110 1, 179.034 2, 161.023 7, 135.044 3

29
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Figure 3 Active ingredients improved neuronal cell viability and morphology (A), apoptosis (B), synaptic damage (C), neurotransmitters
(D) (n =3, ELISA). MOD: Model group. P < 0.01 vs CON; *P < 0.05, *P < 0.01 vs MOD
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