- 2180 - 2% %4k Acta Pharmaceutica Sinica 2026, 61(6): 2180-2191

ETMERIGHEFIRES R 708 S IR R S A R E R T AU ER LS

IEFE, xFH, EEES, HREY, 5 "

(1. W PE R E 2 BIARHE 72 Ao, LU PE KR 030006; 2. L PH A 224 Ko 25 5 & TR 2
7 K JE 030619)

=

HHEE: % H ML AR 4 2% 4 R 4R 0 8 42 (Suanzaoren Decoction, SZRD) B3 K B A JEREAT A HIVE R LI .
KB R ZF G/KIRBRIA S 4 AR . 5723 (A Th, B R BEARRIZF 18 h, AR 21 K5, HEAY2H K R 12 3) S B 2 F
HH XIS Bl i I3 3 RN (P < 0.01); 3k N B IA] &5 LU 2 20N (P < 0.001), 3F AT R VR0 4 LG I 2 B AR
(P <0.001), % WIHEAR R ZF A 8B FEREAT N . SHEBIAL A L, SZRD RE 2 3 M0 MR AR 34 45 K R 3 2 i 5 o
O DX A5 B B I] (P < 0.01); I 52 35 388 Jinadk \ T8 0 sf ] B A7 DA B V088 B (P < 0.001), I 325 o5 I IR 31 <5 KRR 2R
IREEEEFEREAT A . RED) R K R IE o4 B oR, 5525 (AL b, B3 4K BRI 18 26550 2 4 i o B 26 1923 45
4141 Z0-1occludin. claudin-1 5355 H 5 5 1) W 25 FRAR; P41 € Jig i 3 %2, SZRD 4 Rk 6 oo i i 5 i 45145, B
B IN45 W occludin claudin-1.ZO-1FH 5 650 . BhAh, GC-MS Ml 5 45 J 3 0, Bl A 30 35 K B 45 1 A &0 28R
IR TR RIS e BRI S CRR (P < 0.05) 7 1 2 35 PRAIK, SZRD WE 34N T 6 P IR iR & /. itk — 4R
WAL, >R Fl UPLC-Q-TOF-MS/MS $ A HEAT I35 AR 4H 22 0F 72, 5 1E 5 K BRAH L, 1 AL 4 JL 480 53 A 2 AR
M SZRD . 3% [ 8 F A1 1 36 4~ 22 AR, BLIE 2 SEBR 25 . A MLER 25 JlE P 252 . KEGG @il 4 #T i 7K, SZRD F %
T RN ER R AR S AR RED A R, R BRI EEERIU S RGNS A K . SZRD I3 T KRR
25 53K BRIV TE R I 2 M 30 4, PR T Pl i ik, = @ PR 45 R RN =R BRI R PP AR AR
FEMIAE o BF 245 50K i) B SZRD VA 9T “ i 55 e AN AR X0 4 FH 4 SR U R 20 . AR Sz i gR A L o R 24 K
S ek (iS5 AWE202310391).

KRR BT MENR RIS, AR AT Jy; MR 4 27 S5 R i e

FE 525 R964 RRFRINAD: A X EHS: 0513-4870(2026)06-2180-12

Mechanistic insights from serum metabolomics into how Suanzaoren
Decoction alleviates anxiety-like behavior in sleep-deprived rats
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Abstract: Serum metabolomics reveals the mechanism of Suanzaoren Decoction (SZRD) in ameliorating
anxiety-like behaviors in rats. Insomnia was induced by the modified multiple platform method. Compared with
the control group, rats subjected to 18-hour daily sleep deprivation for 21 days exhibited significantly increased
total locomotor distance and center zone exploration time (P < 0.01), alongside markedly reduced open arm entry
time percentage and frequency (P < 0.001), indicating anxiety-like behaviors. SZRD administration significantly
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decreased locomotor activity and center zone duration (P < 0.01), while increasing open arm entry time and
frequency (P < 0.001), thereby alleviating insomnia-associated anxiety. Pathological sections and immunofluorescence
results revealed that, compared with the control group, the model group exhibited inflammatory infiltration in the
intestinal mucosal epithelial cells, along with significantly decreased mean fluorescence intensities of ZO-1,
occludin, and claudin-1 in the colonic tissue, together with increased hepatic lipid accumulation. SZRD
ameliorated intestinal and hepatic damage while enhancing tight junction protein expression. GC-MS analysis
demonstrated that the significantly reduced levels of acetic acid, propionic acid, isobutyric acid, valeric acid,
isovaleric acid, and isocaproic acid in the colonic contents of sleep-deprived rats (P < 0.05) were significantly
reversed by SZRD. UPLC-Q-TOF-MS/MS-based serum metabolomics identified 53 differential metabolites in
model rats compared to controls; SZRD significantly reversed 36 of these, encompassing amino acids, organic
acids, and lipids. KEGG pathway analysis indicated that SZRD primarily modulated phenylalanine, tyrosine and
tryptophan biosynthesis, tryptophan metabolism, tyrosine metabolism, and the tricarboxylic acid cycle. These
findings demonstrate that SZRD ameliorates intestinal and hepatic inflammatory injury, reduces intestinal
permeability, and exerts anti-insomnia and anxiolytic effects primarily through regulating amino acid metabolism
and the tricarboxylic acid cycle, providing scientific evidence for elucidating the therapeutic characteristics of
SZRD in treating "consumptive disease with restlessness and insomnia". This experiment was approved by the
Animal Ethics Committee of Shanxi University of Chinese Medicine (Approval No.: AWE202310391).
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Effects of Suanzaoren Decoction (SZRD) on open field test (OFT) and elevated plus maze (EPM) performance after 21-day

chronic sleep deprivation. A: Total distance travelled; B: Time spent in the center zone; C: Time in open arms/total time; D: Entries into open
arms/total entries. n =7, x 5. P <0.01, *P < 0.001 vs control (CN); "P <0.05, "P<0.01, ""P < 0.001 vs model (MD). ALP: Alprazolam
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Figure 2 Histopathological changes in rat colon. A: HE staining; B: AB-PAS staining. Black arrows indicate damaged mucosal epithelial

cells; red arrows show altered crypt morphology; green arrows denote inflammatory infiltration. Magnificationx100; C: Representative

immunofluorescence staining for ZO-1, occludin-1, claudin-1 (green) and corresponding nuclear counter staining (DAPI; blue) in colon of

rat. Scale bars, 50 um

ok

Table 1 Relative immunofluorescence area of colonic barrier proteins in rats. n =3, x £ s. P <0.01, P < 0.001 vs CN; ""P < 0.001 vs MD

Group CN MD ALP SZRD
Occludin 165.54+10.63 128.34+9.52" 178.55+24.65™" 178.56+17.827"
Claudin 1 184.29+21.78 128.19+6.96" 185.49+13.44™" 171.827 2+15.08"™"

Z0-1 179.44+19.97

120.97+13.87"

182.15£19.62"" 164.64+8.07™
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Figure 3 Regulatory role of SZRD in the liver of chronic sleep-deprived rats. A: HE staining of liver; B: Oil red O (ORO) staining of liver.

Black arrows indicate damaged mucosal epithelial cells; red denote inflammatory infiltration. Magnification: X400 (HE) and x100 (ORO)
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Figure 4 Effects of SZRD on fecal short-chain fatty acids in sleep-deprived rats. A: Acetic acid; B: Propionic acid; C: Isobutyric acid; D:
Valeric acid; E: Isovaleric acid; F: Isohexanoic acid. n = 7, x 5. "P < 0.05, “P < 0.01, P < 0.001 vs CN; "P < 0.05, "P < 0.01, ""P < 0.001

vs MD

6 LC-MSIEXBIEZE D

TEIE B 30N, QC JiR 4 04 3% Hh e T AR RSD
/N T BSE T 30% 7 A I ) 90% LA E, BT B QC
FE AL TRAE RGP, 12K RS e vl 58, s 22 AR
RE S RE A [B] A= 2 22 57 (B 5ALB).

PLS-DA &7~ CN 41 5 MD 4168 3% 70 JF, ALP 5
SZRD H#z1E CN 4, /-5 2 Ja XA A HA — 72 A1
fEH (5C D). it —F4 CN A MD 4 1) % 7 AR
W, K A B ) OPLS-DA #5 8 3E 4T 70 #r . 0 [
SE.F R, fE 1B U PR, CN 415 MD 43R t[1]
oy IF, HAEIES FEA T, RY = 0.999, 0° = 0.992;
B TR R7Y = 0.998, 07 = 0.908, RPY #£iT 1, O° >
0.5, 3 WAL B BA 95 e ) FR R 6 I T 2 . B AL HE )
K% (n = 200) EoR (K 5GH), 0* 5 Yilag T 71 4,
R ZARFEAH LA, BEREA K. BLVIP> 1 M
55 (P < 0.05) 254 S-plot K i 1 W 75 22 = MEAR B4 1E

BT 182, SRR 2424 ( 51.D).

B HMDB %4 2, i i CN 415 MD 41 () 22 7%
R, fFEIEE PR TF S 7260, B FHEAT
BB T 274, 3 ERKRWEY, A 13N RER
K, ISNAENRE, 2 MBS, 13 MR, 249
Wk, 8 N HABZE . 5 MD 4L, ALP 50 2 =AY
A 184, B SRR, 4 M A PR, 6 AN HE Wi
BE, 3N HAR 2R, 5 MD 4 AL, SZRD &3 M1 T
36 MR, fdE 10 MEIERR S, 10 /M HLERZS, 114
RERZE, 1 NBERRSS, 1AW, 34N HAB S (R 2).

7 RiHEE S

H4 CN ZH A1 MD 40 7 36 21 1) 53 A 22 AR N
MetaboAnalyst 5.0 £ & H 2 AT AQ U B 40 #r . W]
6A FTon, L E LB P B I A 114, B ENR
R s 2R 5 BRI AR & i, R TR R, 21
P RO AR R TR AR, BB BRI, BR & BRI, SR 26



Az,

2186 - 242 %4}k Acta Pharmaceutica Sinica 2026, 61(6): 2180-2191

100%  100% 0 100%  100%
80 98.97% 5 96.98% N
100 & 60 100 &
[>] o
60 2 e )
N 8 x g
< 5 L 40 5
o o [} o
80 = S I
s 40 50 & s 50 &
S o 5 153
2 = 8 20 2
=] 2 =]
S 20 = o R
[-w = ~ =
E . E
0 0 O 0 i ; 0o 3
sl sl slo o ol
& 2L L N
& T 7 @96 v
P, &
‘;‘v oo N
C HCN D BN
EMD B ™MD
HALP MaLp
SZRD SZRD
R?X[1]=0.261 R?X[2] =0.169 R?X[3]1=0.0481 R2X[1] = 0.409 RX[2] = 0.0793 R2X[3] = 0.0488
E | [eN F =CN
[}V | MD
50 | S 40 —
30
40
) 20 L ‘
=2 ] - @
= £ 10 e
2 ‘ ° 5 ®
£ = -
g ] ' g ® ]
] =
=20 =10 ° '
-40 = °
(] -30
60 |
-40
g g R 0 10 » 2
) 00014 ¢
R[] = 0.126 Rixofl] = 0538 e Ellipse:Hotelling’ T2(95%)  R2A[1] = 0.178 Rxora) = 0387 E1lise: Hotellina's T2 (95%)
or
2
(G or H mo2
u o2
1 RN ) - SRS IO, -V RN
1 @ e @mreee—a@ ® ® : _,.:
& 1 !1'’*® .
& = 0s B |
7 ¢ I """
o = o
= b it
R 2 et I
05 05 |
]
-1 | -1
| H
1 ’ 15
-02 0 02 04 06 08 1 -02 0 02 04 06 08 1
Correlation coeffficient Correlation coeffficient
1 DS1.CN1 J DS1.CN1
08 @
06
& LN 80
[ ] 60000 04
. 02
£ ® 2 50
) ° 2
05 400000 02
04 40
1 06
200000 4 LY o
1. it
05 04 03 02 01 0 01 02 03 04 025 02 015 01 005 [ 00s 01 015 02
)
rxt <o o rextn S0hs o

Figure 5 Investigation of the mechanism of SZRD against anxiety-like behaviors induced by chronic sleep deprivation through serum
metabolomics. Quality control evaluation diagram under different ion modes (A: Positive; B: Negative); 3D-PLS-DA score spots of all the
samples from different groups in the ESI" (C) and ESI" (D) modes, respectively. The OPLS-DA score plot (E), the 200 permutation tests (G)
and corresponding S-plot (I) of rat serum between the CN and MD group in positive ion mode; the OPLS-DA score plot (F), the 200

permutation tests (H) and corresponding S-plot (J) of rat serum between the CN and MD group in negative ion modes
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Table 2 Differential serum metabolites identified by metabolomics. n =7, x = 5. "P < 0.05, “P < 0.01, ""P < 0.001; "P < 0.05, P < 0.01,

""P<0.001; T indicates up-regulation of differential metabolites; | indicates down-regulation

MD vs ALPvs SZRD vs

Type Metabolite Formula Adduct  £/min  MW/Da MS/MS fragments CN MD MD
Amino acid L-Valine CH NO, [M-HJ 1.159 116.072 6 91.058 4, 65.041 3 Tl 1
L-Tyrosine C,H,NO; [M-HJ 1305 180.067 6 163.043 7, 119.050 8, 93.0328, 17 |° I
72.008 6
Phenylalanine C,H NO, [M+H] 1983 166.086 6 166.083 8, 120.082 3,77.043 5, 17 - L
52.0350
L-Kynurenine C,H,N,0, [M+H] 1.907 209.092 6 174.055 1, 146.058 6, T 1
120.043 3, 91.057 2
Leucylproline C,H,N,0, [M+H] 1.344 229.1527 55.024 1, 70.068 3 oo T
Proline CHNO, [M+H] 0.900 116.072'5 116.0727,70.074 1 T -
Methionine CH,NO,S [M+H]' 1.160 150.0573 133.0302,74.0259,61.0166 17 1~ 1
5-oxo-L-Proline CHNO, [M+H] 1.170  130.047 9 130.062 1, 103.058 4, 84.038 6, 1% - -
56.053 5
Isoleucine CH,NO, [M+H]' 1390 132.1025 86.097 2,69.0721,56.0553 1% - 7
Norvaline C.H,NO, [M+H] 3.000 118.064 6 55.063 5, 89.035 1,91.071 9 T 1
Tryptophan C,H,N,0, [M+H] 3.030 205.098 1 170.060 2, 143.073 3, T L
118.064 6, 91.056 5
Arginine CH,N,0, [M+H] 0.82 175.1179 130.093 3, 116.071 4,70.0698 17 - -
Lysine CH,N,0, [M+H]" 0763 147.1118 55.0579,67.0570,84.0829 1" 1° T
Organic acid f-Hydroxyisovaleric acid C.H,;0, [M-H] 2.904 117.056 4 117.056 4, 69.040 9 [ 1
3-Methyl-2-oxovaleric acid C;H, O, [M-H] 4.110 129.0556 51.026 6,67.023 4,84.7648 17 . U
3-Methyl-2-oxovalerate ~ C.H, O, [M-H,0-H]" 3.825 111.044 6 50.870 8, 70.499 7,101.0658 T - -
Succinate C,H,0, [M-HT 4.862 248.959 1 60.988 4,72.4670,112.9873 1%  1° T
y-Linolenic acid CH,0, [M-HI 11.127 277.216 5 107.045 7,121.027 3, 165.0620 17 - T
Stearic acid C,H,0, [M-HT 12.996 283.262 6 283.258 7 T -
Urate CHN,0, [M-H] 0.886 357.0290 69.011 2,97.006 1,136.9179, | - -
161.002 1
Uric acid CHN,0, [M+H] 0.947 169.036 6 53.027 8,69.0114,96.0162 | ™ - -
Citrate CH,0, [M+H] 1.164 215.0159 72.1145,77.039 7 T I
3-Hydroxybutyric acid ~ C,H,0, [M-HJ 1.430 103.041 0 59.011 2 T 1
Citric acid CH,0, [M-H]- 1.188 191.020 2 67.018 6, 57.035 4 T 1
L-Pipecolic acid CH,NO, [M+H] 0.763 130.086 8 55.055 1,56.0532,67.0585 17 - -
Creatine CHN,0, [M+H] 0.891 132.0770 55.033 4,58.059 5,69.0460, |* - [
72.058 9
Xanthosine C,H,N,O, [M-H] 1.904 283.0672 151.0252,108.019 8 T [
Indole-3-propionic acid ~ C,H NO, [M-HJ 6.063 188.070 3 59.016 8,116.049 0, 142.0644 | * 17 T
Amide N-Isovalerylglycine C,H,NO, [M-H] 3.618 158.0825 74.024 4,158.082 5 T L
Nicotinamide CHN,O  [M+H] 1.160 123.0444 96.044 8,80.0528,52.0328 | " - -
Lipid PE (16:1-22:6) C,H,NOPP [M-HJ 9.367 760.4879 96.9719,164.9639,253.2203 1% - -
PC35:1 C,H,NOP [M-HJ 11.205 832.594 4 168.0429,267.148 8,281.2466 17 - 17
SM (18:2-C23:0) C,H,N,O.P [M-HJ 9.246 857.6719 78.960 4, 168.032 0,236.058 6 17 1~ T
SM 33:1 C,H,N,0,P [M-HJ 9.982 747.5610 78.9613,123.0002,168.0403 |* - T
PC 33:2 C, H,,NOP [M-HJ 10.098 802.557 8 78.961 2, 145.462 4, 168.0395 | * 1° T
PC 39:6 C,HNOP [M-HJ 10.585 878.587 6 78.962 4,229.199 0,313.1724, |* 17 T
508.336 6
Ceramide (d18:1/16:0)  C,H,NO, [M+H] 10.413 560.508 1 87.058 3, 133.102 4 1 (R
PI (16:0/22:6) C,,H,NOP [M-HJ 9.367 760.494 6 96.972 1,253.220 3 [ T
SM (18:1/C23:1) C,H,N,0.P [M-HJ 9.87  857.678 7 78.960 3,241.010 4 T T
SM d41:1 C,H,,N,0,P [M-H] 9.246 859.682 1 78.960 6, 799.676 4 [ T
P138:4 C,H,O,P [M-HJ 14.537 885.542 2 78.958 8,241.008 1 T T
Arachidonic acid C,H,0,  [M-HI 11.438 303.2332 59.018 2 [ T
Indoles 3-Formylindole CHNO  [M+H] 3.000 146.060 6 117.0556,91.0546,65.0415 17 - 17
Indoline CHN [M+H] 1.980 120.0814 50.022 1,55.9373,65.0632 1% . -
Others Choline CHNO  [M] 0.870 104.106 9 88.093 1, 58.063 2 T -
Betaine CH,NO, [M+H] 0.900 118.0859 81.2543,58.072 0 T -
Bilirubin C, H,N,0, [M+H]' 10.330 585.270 2 89.068 2, 299.141 3 T -
Taurohyodeoxycholic acid C,H,,NO,S [M+H-H,0]" 5.847 482.2922 464.258 1,339.2568,126.0213 17 - 1
Taurocholic acid C,H,NO,S [M+H]' 5906 5162978 462.2724,337.2474,126.0219 1% |’ 17
Glycocholate C,H,NO, [M+H]" 6359 4663163 55.0594,93.0734,237.1599 |* |° -
Taurine C,HNO,S [M-HJ 0.820 124.008 2 79.957 7, 124.008 2 - -
Estrone-3-sulfate C,H,08 [M-HJ 9.555 349.109 2 61.992 5,96.958 9,265.1456 1% | " 1
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Figure 6 Pathway enrichment analysis of differential metabolites in serum metabolomics. A: Metabolic pathways disturbed by chronic
sleep deprivation (MD vs CN); B: Metabolic pathways restored by ALP treatment (ALP vs MD); C: Metabolic pathways restored by SZRD

treatment (SZRD vs MD)
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