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nuclear magnetic resonance hydrogen spectroscopy (‘H NMR) metabolomics techniques to study the material basis
and mechanism of action of Ning Shen Essential Oil in anti-insomnia. The main volatile components of Ning Shen
Essential Oil were analyzed by gas chromatography-mass spectrometry (GC-MS), and the insomnia-related targets
were predicted using the Traditional Chinese Medicine Systematic Pharmacology Database and Analytical Platform
(TCMSP) and the databases of GeneCards, OMIM and Drugbank. The insomnia model of rats was replicated by
intraperitoneal injection of 4-chloro-DL-phenylalanine (PCPA). Animal experiments were approved by the Animal
Ethics Committee of Shandong University of Traditional Chinese Medicine (Ethics No.: SDUTCM20221025010).
The modulating effect of Compound Ning Shen Essential Oil on anxiety behavior of rats was evaluated by
behavioral related indexes. The serum levels of corticotropin-releasing hormone (CRH), adrenotropic corticotropic
hormone (ACTH) and melatonin (MT) were measured by enzyme-linked immunoassay (ELISA). Rat serum and
hippocampus were taken for nuclear magnetic resonance ('H NMR) metabolomics to detect the changes of
endogenous metabolites in rat serum hippocampus, to designate the differential metabolites and to construct
metabolic pathways. The results showed that the exercise distance in the open field experiment and the number of
times and time to enter the open arm in the elevated cross maze experiment of the rats in the model group were
significantly reduced (P < 0.05, P < 0.01). The behavioral indexes of rats improved to different degrees after the
administration of Ning Shen Essential Oil. The serum CRH and ACTH levels of rats in the model group increased
significantly (P < 0.05, P <0.01), and the MT level decreased significantly (P < 0.01); After the intervention, serum
CRH and ACTH levels were reduced to different degrees, and MT levels could be regressed. 'H NMR
metabolomics screened 10 potential biomarkers related to insomnia, which involved in 6 potential metabolic
pathways. A total of 35 components of Ning Shen Essential Oil were detected by GC-MS, the main component
targets of Ning Shen Essential Oil and insomnia disease targets were intersected, a total of 172 intersecting genes
were screened, and 26 core targets were identified. The study demonstrated that Ning Shen Essential Oil had
protective effects against PCPA-induced insomnia in rats, which was probably correlated with regulation of the
hypothalamic-pituitary-adrenal axis (HPA) related hormones and metabolism of amino acids, lipids and choline.
Key words: Ning Shen Essential Oil; insomnia; open field experiment; elevated cross maze; NMR; metabolo-

mics; network pharmacology

MR R A AE AT BRI 1/3 1 AR !, i BRI F
06 R R M IR 24 45 A B 1, 50460 e IR 0 = A e o 2
P A B T R R R A R AL S T AR K — Fh AR AR
BERG L5 A MED . JRHR 5 A5 RE S HIAT SR, 4% T e
R HE T R 2L DL BT R R BRI, A& AR LR
A AE L R R A . R TIRIT R
I Fr) 76 245 DA R K o 8 3R G e i AR 25 W o =, K )
N7 FH 45 5 76D 24 0 M o 1k T i 2 1k 25 AN R M. AR B
PEZIM &, P25 LA R OB/ A 34 52 31 563

J5 BT VR IR T RIRAE TR E 7 s A8 AP, AR P R
BT 77 )8 37 A AR AYIR T AR EE T, B
FIA B RRE T 22 AR SRR B S Sk 5 & A
gk L UV v 2 4 3R IR T AR R AR LRI, 45 R
e A M PEAE T R IR 38 19 SPIEGEL 43 K+ I 1IE
15 AR 43, UF B 75 3 P 0 B AL & AL - B B L R
B AR UK S5 5 A 290 B AR AR e v 2 T
SRS BB IK A R B E H I R TR %
T F MR I eSS 2 R A, Wk
I A Bt B 7 R B AR I () f 5-F2 €4 i (S-hydroxy-
tryptamine, 5-HT) &5 2838 7 1948 1k, 22 #4175 W N 6T

B KRR FRRAE o Y 20 538 00K I M i oy 3R AT
TAIRTTT . A EHAE RO T B BUR T a- 41 B RE
% 42 v /> U P PRI S 2208 5 S-HT 1) &, 38 v)
T I 2 R A P A ) A 8 T R % i /A o A A 3
R ek i 8 0 3 D A 1k 2 TR ) 11T R 4 B R TE AR
RV B2 Bk ] e o 58 I 4 /0 B, e i B2 SO A o
5-HT f1% L% (dopamine, DA) B &, K IEDINALAE
FAUY . B PR T ICR /) BRI ML B0 BRRG THl E AE C
ICR /)™ B FR 13 2 b 2 B R AR (8] o 7 @ 0 A e e
BREAT T R M R A 2 2K, DR D
il PR AR RS ek A0 A T 5 A T 0% 9 2 K B it AT
IR BRI S-HT DA Fl1 2 B IR K (norepinephrine,
NE)!" o A i T8 A 1 A 0 3 2 B 22 94 ) v A 410 1)
fEH, HAA —2mEXCR &M, B NE T+
LK 5 P R 24 T P S 1 S A R A
AR 2H R F A E 40 (CNKT) Web of Science
PubMed S5 # 4l 2, LL“BAHHE IR L Z2 MRS il . Seda-
tive hypnotic essential oils. Anshen essential oils” 2§ A
SR T e B A7 R IR R 24K R SS T T RGE, AR
14 7 5 B IR 5% 0 o 2085, AR 40 R B ade



S

T4 JET 'H NMR QUL 5 100 2 24 B0 22 (R 5205 T MRS I 0 SR IR AL 23 0 St S A T LAk BF 2 - 2315 -

HE 44 10 0 25, 4y ) g2 EE A BN el B
BECOA AR B S AR T B b O A B
R BB AR AE =4:4:2:2:0.5.

AT SR FH I s 3 S o SR T %88 (4-chloro-DL-
phenylalanine, PCPA) % 37 AR K SRS, 30 1k AGr K B
I e B b BRI B I R (corticotropin releasing
hormone, CRH). fi£ & I I # % (adreno corticotropic
hormone, ACTH). % J& 2 (melatonin, MT) & & X174
S LE TR AR I 5 7 R Tl PCPA B HROK B R
iR -5 b JiR%H (hypothalamic-pituitary-adrenal axis,
HPA) fhF5m . T "H NMR QS 4 5 WA 2
77 TR R TT AR IR A K, ik T 2 R 4024
PR 22 04 FE ) 43 BT °F & (traditional Chinese medicine
systems pharmacology database and analysis platform,
TCMSP). £ £k A 3K i 7 /K 1% 1% (online Mendelian
inheritance in man, OMIM). 5 ML/ 7> F 25 W3 T B4
(Pubchem). /N7 1 #4515 B 4248 (Drugbanks) 55 245
JE R 7 2 RS W s M R - R R N 2% . SR
U2 22 R 45 A W 28 253 2%, o0 505 7 kG o
BOEVE B B R AR T 24 A FE AL

MRS EE

SLIEEY  SPF 2% Wistar #E P K B IL 48 1, 445
H190~220 g, 1 [ Ik 5T 4 10 R 42 5250 s P AR A PR
AT, Y ATIE S SCXK (3) 2021-0006. 34 Sk 36 4
AR FEHRKFHYIEHE TR S (S
SDUTCM20221025010). 4% 77 bE bz N 17 5% 5 K
IR A BRI, 2N, B YUK R, =il
18~23 °C, AHAHRE 45%~55%. HIRB R HEIE,
H ik ik K

A ERF AT B R
B B 2= MAM 3. Z LR R RS+
O X1 21 6 28012 %5 78 N R RHE W) A0 B T Acorus
tatarinowii Schott ) 1A 25 . BT BHEY) i Mentha
haplocalyx Briq. T b #8535 SRHE Y B Rosa
rugosa Thunb. 1T 4655 | J& T BLHE H) 4% - 35 4K 5L
Lavandula angustifolia Mill. [/ - L35 7 % RHE
WA K Cinnamomum cassia Presl )T 1 .

LR T (P A = A e AR A A S
210907420K); A i, CRH.ACTH . MT [ 16 4 92 46 1%
& (R R A IR A A, it 5 20221025-
3064A, 20221025-3024A, 20221025-3520A); = /K (it
5 DLM-4TPC-25) ¥ H 3% [ Cambridge Isotope Labo-
ratories A 7 ; HPLC 2% FF i A1 & 45 1 B 3£ [E Thermo
Fisher 4 7] o

{88 AVANCE III 600 MHz %68 S {8 HL i A5 k%
Hd AL AR A (68 E AR & e BHE A R A F); 7697A K
AH- B IPFAX S HP-5MS S AH 54 (30 m x 250 pm x
0.25 pum), 32 [E ZHS B A BR A &) ; SuperMaze 54
TSN ARE T HRB ARG SRR ELR R
g (LS BRHEA R A ).

SEATHRBENRERSHXRARNHEE R
T A BB A R L RLRE SRR ZG 61, 4% R [
245 i (2020 £EfR) VY F 38 M) 2204 44 & I 0 5E 15 1 HUHE
RAMPY 22 h, M 12 fE &K, $EELS he KR EUS
FIHE LM 4 °CIRAT o« KGR mL ¥ A&, I 218
ORI E R E S mL &, #82) i A3 40 i
o B I AE AT T 4 °C, 34T GC/MS ¥ .

SATHREHLERSGILEHE GCKMF: Y
HP-5MS (30 m x 250 pm x 0.25 pm), #EREEE: 1 L, #/X
2R, UE 1 mL-min, 3EFE CEEE N 250 °C, 4
Eb 50:1; il 4514 60 °C (f#F S min), P 3 °C-min F+
153 180 °C, {7 #F [d] 10 min, 285 LA 300 °CiZ4T 5 min.
MS 4% B3 5 ON BT, BB RE = N 70.0 eV, BT
JRIRE R 230 °C, B TAEHrl % 2 250 °C, Ji B i
FE A m/z 40~550.

KRKRREBERES HEREATHEBTRS
R OKBEMNMETEE G, BEALIER 8 HAE Xt i
2, s v G AR B B K, R K R4 H 450 mg-kg ' 1)
F 2 G vE 5 PCPA VR B, & HYE S — IR, 43 K.
KIRG 5, R B R R bk AN I, 4 °C oy B i . K
FH ELISA ¥ Il CRH.ACTH . MT & & . KHI 525
W58 3B B P B HE N s B S e Ar, RA =28+
0K N T U Uk R 1 RS e A R DU
TSR T o N A R T R KRR AL 43 S 4L
8, Rl R (FEAEEK, EH) T
41 (2 mgkg', ¥E B &7 TR AR & 41 (LDG,
60 mg-kg' #E H). & 7 7 #i ks o A & 4 (MDG,
150 mg-kg' # B). & 7 7 # R & f & 4 (HDG,
300 mg-kg ' VEH), ESLEE 21 K, IFTRIE3RAT
F 7R 2 i s E 5 PCPA FE VRS i) Sk R AR A 1271

ITRZENR

Wi seie o TG 8 4 K, 55 T ORIl
TP 5 5 22 K, BEAT I I S5, VALK SR B0 1 Ol &
FEREREAT N KRR ATIE N A EE S min J5, ¥ 8 H K
BRUBCE T 3% SEI0 A6 1 P g, WL%E S min, 158K R
BB R B 5 o e I R) B g R g vk, B
KR T 9256 25 A5 B, T 75% Y9 R 1 30 2 56 4 9 1k
RIRFER R T

MRtk E S R TERER SR, B)



- 2316 - 242224 Acta Pharmaceutica Sinica 2024, 59(8): 2313-2325

T ARG T T A 23 K, AT R AR R s, VP
il KBRS 1 DL B AR FEREAT o K BRUHRE A I B3R B
5 min J&, PUECRE R BUBCEE S 281 1R IR A0 X,
7 F S I BE AL — AN TR ROR, BT80S 1 s N TR
T VB HEONTT TS I 8], 1R R, TE SN TT RS
UOB L, BEANTF OB A L . B KR T S2 50 45 R e
HUH, R 75% TR SRS 360 A B 1E SR R T30

MAWERLLIE KRBT RKGTET7 T
T-HiJa, 25 457K 12 h, LA 5% [ B G2 BN RRIE, £5 0
IR Ji , SR FH VR 459 88 1 32 2 Bk B if & T 10 mL EP 4%
o, = IR % E 30 min, 4 000 rmin” 0> 15 min, FK75 11
7, —80 °CLRAF, & FH o WA ik Jo G L H i 5, JF
BT -80 °CLRA7F % H -

ELISA ¥ AR M55 CRH.ACTH.MT &8 &
B 6 AN J7 T #oRG I T 1056 24 K, K BRUR TR ik M
B, 4 °CH B « KA ELISA &K B2 M3 CRH.
ACTH.MT & &%,

'H NMR # s &

MIEFE S R AR OE B (19, DABR UK B
R, B 400 L A 5 1 L35 5 T4 R (1R
FE&h BN 1:2) /E EPE IR G, InligiRS), BT 4 °C
B0 ML 13 000 romin™ B0 15 min, B _E 35 W0 R 3
1) EP & b BWIK 46 2 T . B FESIE T 600 pL 5 /K
W, FEEL S50 L BB R B B, R

VD RE AL SR A K A SR G, L
5 (4150 mg) B T2 mL EP &, K535, 4 LL
TN TUA ) EE (4 mL-g") 545 (4 mL-g") FIZEHK
2 mL-g"), WIS, VK 213K, 4 °CE#E 15 min. 4 °C,
12 000 r'min™ &> 10 min, B & £ EP & 1, &K
W ET . RSB T 600 pL E/KHF, F2ELS550 pL b
TER ARG R, AR,

'H NMR | & X% %1 'H NMR | 2 55l
600.13 MHz, £l 75 £ 4 298 K, I FH zg30 fik v /5 41 1
17 'H NMR B3 R4, 1% 96 8 12 019.23 Hz, H1## Kk $
128 IR, B HIREUN 2 Ik, F A 0 2 R R 226, SR
FEABUN 64 K, REERF N 2.7 s, 5740 81 2 s, H H
JB& N ZE i (free induction decay, FID) 43 ##% 4 0.37 Hz,
FID {55 &1t 64 K B A5 >4 'H NMR &3

HIELIER D KA PAT MestReNova (7 PE
7F Mestrelab Research 23 7)) XJ BT 3k 1% Bl 47 F 2 AH A7
FEELRAL IE S5, %of 38 g S e AR S IR E K (6 4.79) XF
'H NMR i {40 2= 0 B 0T 5B Ao 766 0.5~9.5 X k4%
5 0.01 2[R 55 43 BE AR 1Bk 0 4.7~5.0 4b FE /K A% 42 H,0
(10 5 1 22, 1 R 434 4 1 31 Excel 2010 (Microsoft
Inc, Bellevue, WA) 1, A & %} % 4 B A o fH #4700 —

PEALHE . H5 3 Excel 1 ¥ #id HI SIMCA-P 13.0 ¥ ff
(Ffi # Umetrics 2> 7)) #F 47 £ B 4 73 #7 (principal
components analysis, PCA) {5 /)N — 3 — | 5] 43 7
(partial least squares-discriminant analysis, PLS-DA).
R 3 PLS-DA #H 8% ] VIP {H (variable importance in the
projection, VIP) &5 J G X 73 KT R BRI A& & (i
ALRE), € & AR S A AN 22 F 1 A s &
Y. M4EZE SRR FEARE R, ARSI S
2 N 25 AR 41 %038 & (human metabolome database,
HMDB) ¥4 J (http://www.hmdb. ca/), R #& 1k & ¥ 1k
AL VRS IF LR B O BE R AT S M A
o 8 0] ) HE A 5 15 2 1) S-plot B HEAT 43 #r, 45
£ VIP > 1 {75 5 [ SPSS 16.0 #EAT ¢ K56, 52 ¥ 1211
bR EY,

875 TR MIE MR 5 K IR B9 HE 5K 38 S T IR
B ARG L EFZHIEES 5 F & (TCMSP,
https://tcmspe. com/tcmsp. php) #ii A 5 ## 18 “ f1 & 7 7
A BURAR” A EE”, AR 1R FE (OB) = 30%
HKZ5M (DL) > 0.18 #EAT & M B o W1 28 i ik, LAIRTS
EYEAEY) K E B TR Y GC-MS %8 15 311
R A oy S FRIEVE R # B CAS 5 ) oy T B 7
A Pubchem (https://pubchem.ncbi.nlm.nih.gov) FHE 2,
13355 SMILES 5, 44 %1 SMILES 5 3 A\ 2|
Swiss Targetprediction (http://www.swisstargetprediction.
ch) #¥E R4S 3 2 77 T #ioRs Il R o3 BE B

KEIRFEMEKXEESGHE DL “insomnia” Jy 55 £ i,
43 ) 4E GeneCards (https://www. genecards.org) . OMIM
(http://www.omim.org) /& Drugbank (https://go.drugbank.
com/) £ & JHR (AR OCHE s A E 55 T MRS A
I7 S HRE AH S ML) BR800 A, K 5207 7 ARG ik 1
FS O3 B R B SR MRRE 5173 B RS 4R, LRI AC R AL

EARMBEIER (PPI) MEE IR 4% 0 EE 2 06
kKR S N STRING ¥0#5 /% (https://string-db.
org, Version 11.0) #4725 H A BAEH (protein-protein
interactions, PPI) 7341 #4504 LA TSV #% R A7, A
Cytoscape 3.9.1, HHE 5 55 B AE K/ e 15 s E AR B A
PRER R, I % O FE A .

Br-EaNENEERZLOESEREE D
LrT =R B o I G 5 2 N I WS (ol B AN
Cytoscape3.9.2 #4 & “ Jif 1 Bt 43 — 4% 0 B 507 I 25 1, DA
R 52 77 T AORS TR T R ARE 0 (198 ZE ML . A1
Metascape (http://metascape.org/) %f & 75 T 14 4% i ¥
7 R MR B A% 0 B8 s AT 0 M . B W BN “Homo
sapiens”, HEAT JE R AR K (GO) R K L Al 3L R 5 2L K]
ZH B R4 1 (Kyoto encyclopedia of genes and genomes,



S¢S SLT 'H NMR RS 22 55 4 245 3122 1K) 505 TR0 ih B 2 70 W 2 ik S AR BRI BIE . - 2317 -

KEGG) i i & 550

G F N I EE DL x £ 5 RoR, A SPSS
26.0 BAFHEAT BAE AL TR . 1A Bl B iR T R R
Z 0 H (ANOVA), BLP <0.05 EFR%E5FEE, P<0.01
RnERWRE, BAESRIFE L.

FER51T18
1 ERFTHEBRD T

I ASORE 1% — 5T 1% 16 R R 4 R 4
70T, BB BB T (B 1). @i NIST b i i &
Kol ZE AT 0T, FR e 35 B 3 B R MRy, (R
TR D 92.02% 0 A5 R S R HA G I TE) B2 A X
JiR B BN 1o A3 BT R B0 5 7 PORE i o 4 R 1
43 R G 5 B 50 BUAE 1.0% LA B E Bl A 13 Rk
SERAY, 43 N T RERE (4.78%)DL-H AT BE (14.89%)+
S A T I (1.14%) 7o Tié 3 A B (5.39%) - vl ) i
(1.02%) 5 5 B (1.09%) A K (7.92%) L 18 7 it s
(4.34%) A1 7745 (2.05%)~ B-41 ¢ i (33.47%)~ a- 41l 2
X (4.27%)y-20E Tk (1.11%) 53 R (1.36%), 5%
A B Sy J B 1Y) 82.83%

3.0x10°
2.5%x10° -

2.0x10°

Peak area

1.5x10°
1.0x10°

5.0x10° 4

0.0 J\»H_‘%

10 20 30 40 50

t/ min

Figure 1 Total ion flow diagram of Ning Shen Essential Oil
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Table 1 GC-MS analysis of the chemical composition of Ning
Shen Essential Oil

. Chemical Relative

fy/min Name formula content/%
6.77 2-Methyl-1-octen-3-yne CH, 0.39%
7.31 Camphene C Hy 0.39%
8.41 (18)-(-)-beta-Pinene C,Hy 0.29%
9.05 beta-Pinene CHyg 0.35%
10.67 Isopulegol C,H,O 1.14%
11.13 Menthol C,H,O0 0.18%
14.18 Linalool C,,H,,0 4.78%
14.69 1-Octen-3-yl acetate C,H,O, 0.67%
16.59  L-Menthone CH,O 5.39%
17.01 Isomenthone C,H,O 1.36%
17.92 DL-Menthol C,H,O0 14.89%
18.44 alpha-Terpineol C,H,O 0.92%
20.40 Dorzolamide C,H,0 1.02%
21.16 Menthone C,H,0 0.30%
21.36 Citronellol C,H,,0 1.09%
22.10 Cinnamaldehyde C,H,O 7.92%
22.60  beta-Ocimene C,H,O 0.44%
23.03 Geranyl acetate C,,H,,0, 4.34%
26.10  Neryl acetate C,,H,0, 0.08%
26.50 (+)-a-Pinene CH,, 0.45%
27.00 Bornyl acetate C,,H,0, 0.27%
28.30 Methyleugenol C,H,0, 0.76%
29.41 Cinnamyl acetate C,H,,0, 0.42%
30.03  cis-Methylisoeugenol C,H,O, 0.12%
30.85 Caryophyllene CH,, 2.05%
31.60 Methyl isoeugenol C,H,0, 0.29%
32.20 Shyobunone CH,0 0.36%
32.60 delta-Cadinene C,H,,0 0.19%
32.87 2'-Methoxycinnamaldehyde C,H,,0, 0.45%
34.60 y-Asarone C,H,O, 1.11%
34.81 (+)-a-Funebrene CH,, 0.79%
36.90  beta-Asarone C,H,O, 33.47%
38.70 a-Asarone C,H,0, 4.27%
39.19 Aristolone C;H,,0 0.49%
40.80  Isocalamendiol C.H,O 0.59%

MR AR L B (P < 0.01). BARFE PR
I U e H e A5 B N 1] S B RY ZH A L 22 S TR G i 2
B (P> 0.05), (HIH R .
FHEETFRE GRS RNEI. 5H LA
P, A5 0 2H T80 45 B I TR B L A O LU R R I
K B2 FEAIC (P < 0.05), 577 7 PORS 1 T 2 IR OK Bl
Ji, AR LR EL, A7 B AR M P P 2 T U (52 B
) LG 2B R L A S R BN (P <
0.05); 1= 771 B2 4 FF O 5 B W () L A gt s vk i b I 3%
H#hn
3 ELISARFIES&NARMECRHACTHMTEE
5T R AR B, B ZH KRR IE CRHVACTH & &
YR ZETHE (P <0.05 P<0.01), MT & & i 3 (%K
(P <0.01), & B] PCPA K AR A5 Y il & i Tl o SR AL 40
L, FAE 250 K RIME R CRH.ACTH  MT & &
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Table 2 Pharmacodynamic validation of Ning Shen Essential Oil intervention in insomnia rats in open field experiments. n =7 or 8, x + s.
P < 0.05, P < 0.01 vs control group; P < 0.01, P < 0.001 vs model group. LDG: Low-dose group; MDG: Medium-dose group; HDG:

High-dose group

Total distance of
Group

Dwell time in central Number of passes through the

movement/mm compartment/s central compartment/times
Control (n = 8) 2698.27 + 1 036.44 7.28 +7.39 5.00 +3.31
Model (n=7) 619.12 + 284.90" 1.56 £ 1.75" 1.80£2.17"
LDG (n=7) 3038.95+1034.58" 2.18+4.78 1.80+2.39
MDG (n=7) 3503.57 +533.88" 3.15+2.75 340+ 1.14
HDG (n="17) 3149.21 + 866.88""" 4.63 +4.53 3.20+3.11
Diazepam (n = 8) 3 740.52 £ 697.54” 5.87+3.75 3.80£2.17

Table 3 Ning Shen Essential Oil intervention in PCPA insomnia
rat model of elevated cross maze experiments. n = 7 or 8, x = s.

P <0.05 vs control group; P < 0.05 vs model group

Open arm dwell Open arm entry  Total number

Group time ratio ratio (Noc = of arm feeds
(toc = to/to+tc) Noe/Noe+Nce) /times

Control (n=8) 033+0.3 0.33+0.3 222+79
Model (n=17) 0.12+0.1" 0.16 £0.2" 92+3.7"
LDG (n=17) 0.21+0.1 0.18 £ 0.1 13.5+1.3
MDG (n=17) 0.39+0.17 0.24+0.2° 145+34"
HDG (n="7) 0.41+04" 0.30+0.3 14.0+3.0
Diazepam (n = 8) 0.46+0.2 0.34+0.2 163+2.5

R gs Wz 4. F 7 ok UE, (KA =4
FIE A 5 Hb PG PR K BRUMLE CRH & & 5B AIA L, 2
B B ERRES (P<0.05); &4 KR IMLEACTH
T, PAEASEAMAML, LA EE BRI EE
(P <0.05), i 5 20 « v 7 5 40 B G o 21 5 A5 280 20 A
38 BA B SS & HR RIS MT & & 5B A A
e, AR EEAEIES (P<0.05). ARSELEBRIHK
MR 2> 51k HPA fil 25 L, 310 51 A0 e R R ATk .

Table 4
(CRH), adreno corticotropic hormone (ACTH), melatonin (MT)

Results of serum corticotropin releasing hormone

levels in rats with insomnia intervened by Ning Shen Essential Oil.
n=7or8, x+s "P<0.05 “P<0.01 vs control group; P <0.05

vs model group

Group CRH ACTH MT
Control (n = 8) 50.1£2.5 40.7+11.3 558422
Model (n=7) 61.6+3.3" 49.5+£50"  48.0+2.8"
LDG (n=17) 51.7+4.7 453+49 58.6+11.8"
MDG (n=17) 51.5+£10.9"  429+3.2° 58.5+10.2°
HDG (n=7) 53.6+1.9 46.7+59 60.4+7.0"
Diazepam (n=8) 51.7+8.8" 482+4.7 60.7+13.2"

4 EPHEREIRP ST RBEE RS LI
2 754 120 #7326 'H NMR 35 k7 240 &
B . B SR T B R PCA 15 4 s (K
2A.C), NEH AT LA W, 1EH 4L R AR TR 20 5 2k 34
ANH &, I3 PCA 7535 B RPX AT O 43 51 N 0.947 Al
0.872, #F 5 PCA 134y I R°X A1 O* & %3 51 N 0.935 A1l

0.698. 2B FT/R, 5 — KM AEH B PCAKIH A —
ANELLZAE b A5 1) e e, 2530 S (B I IS R AR,
LA J5 A LS5 AT AR, S AREARE AL T 95% B A5 X
. Jit— 5 K B PCPA 75 5 1 2 I K BRI B 6 4
Yibr &), Bt B PLS-DA LAY, K 3A4A Ft
N, 1EH 21 A0 PCPA 5 5 10 S IR K BRASE 284 20 11 1fL 375 i
L FEAAE PCL 4E W] LA 58 4243 JT, 1 W] PCPA 5 3 K IR
Ja KRB B R AR I B8 R A T B B ek
A5, IfiLiE PLS-DA B ) X R*Y A1 Q7 43 51 4 0.826
0.993.0.964; i & PLS-DA # % (f] R2X R*Y F1 O 43 5]
790.598.0.998.0.983. K A 200 X & #ts 4, 41Kl 3C
B, I B R 56 5 1 R A Q7 1) 0] U1 488 25 23 531 A
0.634.-0.194. ¥ B kv 50 f5 1) R AT O 1) [B] I 4k FE
53925 0.234.-0.332, &1 4B fion . QP 8k BE 35 4 17
{8, TR R I A, BB 2. 7E OPLS-DA B3
T, AR R T 2= AR 1 S-plot B & VIP Bl .
3B.4C FT7n, 1E S-plot [ o, ik izt 25 B o0 R AR
BN R AT 1 43 B DT MR OK . 4 &1 3D 4D i,
VIP > 1 [1)48 & #£ OPLS #5284 o1 [X 43 BE K, A B 1)
T EE 77, K Foxd B AR P B E 1 22 AR
454 S-plot B ([Pcorr| > 0.58) AT ¢ k&5 (P < 0.05) X5
670 B HEAT A BT, B AT I 10 PRI AE AR bR B,
a3 5 AR % BE G B /RIS 5 FE IR B2 1 (low density
lipoprotein/very low density lipoprotein, LDL/VLDL).
N N- LR A A 208 HE R B E R -2
TR (gamma-aminobutyric acid, GABA). JHT, . 2 fifk
[N RN
5 ARIMEFMED'HNMRRSIEES LR
WA AL RGO RS EHEE R, |
I 2 5 SCERE Y2 1) HMDB (http:/www.hmdb.ca) %1
P, B ZAE MLTE FEA o S 07 26 159 31 10 R 72 AL Wb
B (R S5), 73 5l R FE e 8 AR 2% FE AR 28 13-
2 TR (3-hydroxybutyrate, 3-HB). 7F 7 & R \N- &
T B 25 11 O- S BE A 2 1 48 U8  BELBRL . D- 781 5 18 L A
W= SRR . HACAALRE Kk g 5 &, )
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Figure 2 Serum and hippocampus PCA analysis plots for each group. A: Serum PCA analysis for six group comparisons; B: Detection of

DModx outliers under the serum PCA model; C: Hippocampus PCA analysis for six group comparisons; D: Detection of DModx outliers

under the hippocampus PCA model. PCA: Principal components analysis; Obs ID: Observation identify; C: Control group; M: Model group;

D: Low-dose group; Z: Medium-dose group; Y: Diazepam group

BT WL SA . 7R R A Tk 15 3 12 B 7E AR
PR EY (R 6), 77 BN AR N- R A Z B 2
HER AR GABA. JVLIR/BE IR ULER « H i 6% 2 A
Bl 2F B R L D- 78 % B L BRI R L AL = WO (LR R
o HERRUWWI SR Sk e 7R, A3 1K ik
L& 5B,
6 EFTHRE B PCPAIFTSHARARERNTF
F{E A

N T k2 W 07 T ARG TN 10 BRI LR A )
o 5 (01 5 R R g, o R A AR A R A B AR
TRMAT R T, WE 6 FR, 5XT A R,
UL I 55 AR S P GABAVIH AR« H &R VAR . (o
AR = A AR (P<0.05.P<0.01.P<
0.001); 5 7o 20 BR 4 2R  AEL BRI 25 52 I B 1 /A IR 255
FEREASESNEGAFEENT&E (P <0.05.P<
0.01); 77 THkE M T 15, SHEALA L #R, i Al
i GABA\H AR HZER VERR . OAR S ED
AARFEFEE [ (P <0.05.P<0.01); FRAR SR
B2 NEgR AR P IR B C/ARIR R iR O E A A
[ P2 B (A B A (P < 0.05.P < 0.01.P < 0.001).

7 RiFBEEAERELIS

10 M AE AW AR E W N B MetPA (http:/
www. metaboanalyst. ca/) £ # 7 #4248 1T IE B, 40
Impact > 0.1 F) A I8 B AR 78 76 1) $E AR 2%, & 2%
Impact {41 & 7A Fi 7R, 456 KEGG K AH K & 54 77
A BT AE AW AR B WA AR B R, 7T 25 2518 B I
7B. 44 P1H (K 7B) HLif ik 5 3 PCPA 5 T 1) 2%
HRAE K BRUAT 6 25 AR UHE % kA2 W2 7810 (1 7A), 4
AN EIR R AT IR 2 R A, SRR R IR
AU, ¥ =R ALY i, A e IR A, R 2B A &=
R AR, D-13 Z B i AN D-23 2 FR AR S -
8 EAFTHIRHEMR S SERESRTFE

1E GeneCards.OMIMDrugbank §7i 2t H 2 B ) 48 9¢
B IL2 5034 B J7 TR VA T S BRE AH DG HE AR
IL 544 A4~ K 52 T7 T PHORG IR 3 P 8 B R R SR IR 9
TRHE RO, SRS I L 176 4, W1 8A
9 PPIMLE R %L #E R D

176 DA R AN 53 A STRING
&, YA N “Homo sapiens”, i Ik 28 B 7 505 &
A “medium confidence (0.400)”, 15 %I PPI W 2% . | H
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Figure 3 Serum PLS-DA score plots between normal and PCPA-induced insomnia rat model groups (A), S-plot between normal and

PCPA-induced insomnia rat model groups (B), perturbation experiments comparing the normal and PCPA-induced insomnia rat model

groups (C), and VIP plot between normal and PCPA-induced insomnia rat model groups (D). PLS-DA: Partial least squares-discriminant

analysis; PCPA: 4-Chloro-DL-phenylalanine; VIP: Variable importance in the projection
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Figure 4 Hippocampus PLS-DA score plots between normal and PCPA-induced insomnia rat model groups (A), perturbation experiments

comparing the normal and PCPA-induced insomnia rat model groups (B), S-plot between normal and PCPA-induced insomnia rat model

groups (C), and VIP plot between normal and PCPA-induced insomnia rat model groups (D)
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B~ TE AL A (mitogen-activated protein kinase,

MAPK). % %
proteins, MAPT)

M X % A (microtubule-associated
UE N BE HT 4R 2 1 (amyloid precursor



ge ESE: JET 'H NMRAQHH 32 5 W0 2% 25 38 22 0 5 07 T MR Il 0 R IR A 0 W IO Bt B A FOMLRRF 7T - 2321 -
Table 5 Potential serum biomarkers associated with insomnia in A “Glucose E—
rats. LDL/VLDL: Low density lipoprotein/very low density lipo- N-Acetylglucosa-mmeoAcetylglu:osanﬁh\éh Ll Glucose —M
protein; 3-HB: 3-Hydroxybutyrate _— J‘L_, ‘ T |
No. Metabolite Chemical shift/ppm LDLVLDL\ | 4 | <
I LDL/VLDL 0.88 (m) M / /
2 Isoleucine 0.95 (t), 1.32 (s), 1.33 (s) e
3 3-HB 1.19 (d), 2.30 (dd) N MWU 1 e
4 N-Acetylglucosamine 1.91 (s) ;
5 O-Acetylglucosamine 2.07 (s) e
6  Glutamic acid 2.35 (m), 2.45 (m) L / =
7 Choline 304e) 0 T il
8 Trimetlylamine oxide 3.34(s) JWJMU 1
9 f-Glucose 3.52 (dd), 3.43 (m), 4.64 (d) r . T . . . . .
10 Allantoic acid 5.20 (d) 2 0 2 s 8 8 o
: : . : : : N-Acetylas rt|‘l lutamat GP%: | | —C
Table 6 Potential biomarkers in rat hippocampus associated with P )" Elamas ;‘ UL . ‘ Taurine|
insomnia. GABA: Gamma-aminobutyric acid ‘/\/Jl\\\ N
No. Metabolite Chemical shift/ppm A \
I 3-HB 132 (d), 2.66 (dd) Alanine M \ ' ﬂGABA
2 Alanine 1.47 (d) iR S JULMMA ’ Creatine
3 GABA 1.88 (m), 2.29 (1), 3.00 (t) PR e //—_——* ‘r}
4 N-Acetylaspartylglutamic acid  1.91 (s) Glumma‘e\ | s T
5 Glutamic acid 2.01 (m), 2.05(m), 2.35 (m) WM JJLM E/,,
6 Creatine/creatine phosphate 3.03 (s), 3.93 (s) > ol L
7 L-Glycerophosphorylcholine  3.20 (s) e Suwmc acié }\ Taurine \‘ Tryptophan
8  Taurine 3.26 (1), 3.42 () A b, B /(ﬁucosk N /
9 Succinate acid 3.35(s) L
10 f-Glucose 3.53 (dd), 3.75 (m) WA
11 Glycine 3.55(s) T T T T T T T 1
12 Tryptophan 7.65 (s) 2 0 2 4 K 6 8 10 12

protein, APP). ¥ i % {1 § A (monoamine oxidase-A,
MAOA). | BLHFESES (butyrylcholinesterase, BCHE)+
LT RE RS B (acetylcholinesterase, ACHE). {1 %% /¥ fig
HAM K ZIEE A 1 (low density lipoprotein receptor
adaptor protein 1, LDLRP1){i¢ 5 b Jl Bz T 3 3R st
% % & 1 (corticotropin releasing hormone receptor 1,
CRHR1). i 2 B8 & E I 52 /8 (anexelekto, AXL). i
J& IRFE IR F (tumor necrosis factor, TNF). — &AL & &
Bt 2 (nitric oxide synthase 2, NOS2) &, fiii 15yt 72 K w1
Kl 8B.
10 GOFKEGG E&E/#

B 26 A0 BE 555N A Metascape T & 58 il GO
L KEGG 73#1. GO #r EEAFHAEMLE (BP) Al
44y (CC) R4y T Thig (MF) 310, 3L J2 1 391 1 BP,
5310 CC, 105 5 MF. BP.CC.MF {10 3 GO & 4 i
%45 R 8C Fian .« KEGG & 4 43 Mt s & 7 1 4
FEHE I 118 2645 5 JH B X R ARAE A4 W67 1E o A
10 % KEGG & £ 18 B% W1 8] 8D o, ¥ I B4 223 1t
B Ak - 32 R AH AR R B 15 5 d i IR o A | s 2 1R 1l
AR \MAPK {5 53 B 55 2 25 8 B

Figure 5

"H NMR spectrum of rat serum (A) and hippocampus

(B). GPC: Glycerophosphorylcholine
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(R TR, 3 i o 44 24 3 2 5 AR 4 2 45 A 2L 1)
B8 UE 5 77 7 ARG IR 9T R HRAE (¥ 7 F ML . PCPA 155
TR R R IR B AT RE 2 3552 1) F SR F 90 2R iR
MU AN 28 RO AR 7R 22 —B9, PCPA W] A3 #5141
T ER BRI A EE, 6K BN 5-HT & ), i& B e
BT AR, 24 5-HT & & BRI, HLAA Y HPA HlibH
Z TCHT, 5 HPA Bl bH 5% (1) — 6 Hr i #4142 388 )5 1 ACTH
CRH.GABA % [ & & 122 2 2520, 5 S IRAH G 3L
by e 22 386 J5 G MUT S5 1) 5 it 2 R AR A R IR A8 4k, MT
J& S-HT ARH =4, BAEM RN DO B RS
WS 5 F2E, DU SR RN B B RS G B AK
e, BB K BRI Bl B2 BRI, K o B, 0 3 S 0 45
B R AR A 2H K B IE Bh A B B R 2D, AR ik
SIS R BN T IR 0B B I ) 2 2 b, i
KRR 2 51K RO A AR R R ) T BRI AR AT A,
TS T TS KRS 3h BB S a2+ R E s
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Figure 6 Changes in serum (C, F, H, K) and hippocampal (A, B, D, E, G, 1, J) differential metabolites in rats after the intervention of Ning

Shen Essential Oil and diazepam. n =7 or 8, x+s. 'P<0.05,"P<0.0

wkk

1, P <0.001 vs control group; “P<0.05, *P<0.01, P <0.001 vs

model group. A: GABA; B: Glutamic acid; C: LDL/VLDL; D: N-Acetylaspartylglutamic acid; E: Alanine; F: Choine; G: Glycine; H:

Glutamic acid; I: Taurine; J: Tryptophan; K: Isoleucine
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Figure 7 Metabolic pathway analysis generated by MetaboAnalyst software (A), KEGG enrichment analysis generated by MetaboAnalyst

software (B). 1: Alanine, aspartate, and glutamate metabolism; 2: Glyoxylate and dicarboxylic acid metabolism; 3: Arginine biosynthesis;

4: Glutathione metabolism; 5: Arginine and proline metabolism; 6: D-Glutamine and D-glutamate metabolism. KEGG: Kyoto encyclopedia

of genes and genomes
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Figure 8 Wayne's diagram of active ingredient targets of Ning Shen Essential Oil and insomnia disease targets (A), core target screening

(B), core target GO analysis (C), and core target KEGG analysis (D). GO: Gene ontology
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R i T 0 PCPA BT SR IR K BB Y )5, B 5 35 PR A
MR K FUIML % 1 CRHVACTH & &, B3 7HE MT &
B, AT 38 2 B K B HPA - Jig 524 i 0 0 3 1R
AU ZREL . ARBEFE R E 7 Th 2R IR T AR AE AL
RN T B8 T — & S hih

YE& TTBK: 5675 T DTSR IR Bt S S I WF 9T S B b
B, I 58 BRIE SCHIR 495 ; S i 0 4 97 SC B B AR LU MO
B0 RALAR 1 5T ST B AR SLIRAE SRR T e SRRt 4T
e D TT LGP W 3K S 55 IR X K209 B4R B Sk 08 X e
FABTRG KW T IE R B 58 AR M S, 2l B B
R -

FUT IR P A 1 2 WA EAE R 23 70 2R
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