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Effects and mechanisms of alkaloid components in medicinal and edible
traditional Chinese Medicine on sleep improvement
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Abstract: Insomnia is a common sleep disorder that significantly impacts patients' quality of life and physical and mental health due
to its long duration and difficulty in curing. Although drugs currently used in clinical practice can alleviate symptoms in the short term,
their long-term safety is relatively low due to side effects such as dependence, tolerance, and addiction. Therefore, finding safe and
efficient alternative medications is one of the current research hotspots. Traditional Chinese medicine (TCM) has a long history of
improving sleep in our country. In recent years, the continuous deepening of related research has provided theoretical support and
scientific basis for its modernization development, which is expected to become a new choice for insomnia patients. Medicinal and
edible TCMs are a result of the integration of TCM theory and dietary culture, and they are highly regarded for their mild effects, high
safety, and low side effects. As an important natural component in medicinal and edible TCM, alkaloids have low toxicity and side
effects and minimal drug dependency, showing broad development prospects. However, current research on related alkaloids is not
systematic enough, and the mechanisms and detailed pathways of some components are not yet clear. This paper introduces the
pharmacological effects of alkaloids in TCM of the same origin as medicine and food and their mechanisms to improve sleep, aiming
to provide reference for subsequent research and lay a theoretical foundation for the development of safer and more effective sleep-
improving preparations.
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1.1 HARTR

HHAUH (Piperine) & — M N #HHUE} (Piperaceae)
HIUE SR Piper LR Piper nigrum L.\ #Rix
FSCA B AR S R AR B IR IE SR AR, A2 AR
FEZGERAE 0 2 B o 02, SRR AT RO i
R WATHENRACU PUMIE . GERRE RGN
PUMARSE 2B E T o hAh, A SR B AR AT LA
FO] 137 N B % 4 AL S (monoamine oxidase, MAO)
iRe, JF@EEN T 5-BROK 2A 214k (5-
hydroxytryptamine receptor 2A, 5-HT2A) RKH& =i
W 5-F2tafi% (5-hydroxytryptamine, 5-HT) 7KF13l,
5-HT s&— S H Z 1) fixi N A28 o, 7R PP 2 i o 43
ATz, THRERR, (R TTIENR T YA 2 7 i
. B EES SHEIR S sh FI4ERE, 1018
T 5 A R 22336 BRI R (CADRB RRIED (A 3E5E
Mo BEERR S5 A AN DT B bk, AR R -2 2L T TR
a ! (y-aminobutyric acid type a, GABAA) K &
FISARPIEAS AR 577, AT DU Ry y-2 5 TR
(y-aminobutyric acid, GABA) 43usRAgFEERRI415],
Yoon SOV I A 7T A L EA RSO R DAHE Y whn ek (R
B PURE AR AR R w A E R, R RE K
HE RSP TF) o 70 T AR AR, T 2 (1 R G ) 6 4 368 825 14
R MRS S5, L C-12 5 C-13
LRI R R 5-HT2A 32 AR H ) m F - FRJEAH B
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Table 1 Alkaloid components with sleep-improving properties
W5 A FA R KR8 R HE CAS ik
1 W piperine WRHER HAtURPiper L. HIMPiper nigrum L. CiHiNOs  94-62-2 12-16
2 N- N-methyl- WRIE R # & Ziziphus B Ziziphus jujuba Mill. var. spinosa  CigHiNO; — 3153-55-7 17
HIFE YA asimilobine Mill. (Bunge) Hu ex H. F. Chou
3 HMMER  oxysophoridine M BLFINER S JESophora & FSophora alopecuroides L. CisHauN202  54809-74-4  18-20
L.
4 /NEEE berberine SR # 1% J& Coptis # 1 Coptis chinensis Franch. CoHNO:  2086-83-1  21-26
Salish.
5 HIEm coptisine FrE Wit HiE CioHuNOs  3486-66-6 27
6 AKEAEBR magnoflorine  FEIE E%EYulania % Yulania denudate (Desr.) D. L. Fu CaoHuNOs  2141-09-5  28-30
Spach
7 WA zizyphusine  FREME g, 28 CaHuNOs  107446-79-7 31-37
8 L7 coclauring SEMENRE IifitELindera 2 ZLindera aggregate (Sims) Kos-term. CrHiNOs  486-39-5 28,
Thunb. 38-39
9 i nuciferine TR % I Nelumbo #Nelumbo nucifera Gaertn, CuHzNO; 475832 40-43
Adans.
10 O liensinine FrPEMR IR i CyHuNOs  2586-96-1  44-46
11 FEOB isoliensinine SN kIR b CxHuNOs  2292-16-2  46-48
12 MUEELH  neferine SR kIR b CatHaN20s  6817-41-0  49-52
13 HREm rhynchophylline |k i EUncaria  ##Uncaria rhynchophylla (Mig.) Mig. ex  CaHzsN20s  76-66-4 53-55
Schreb. Havil.
14 iR gentianine iR JelHEGentiana  ZJLGentiana macrophylla Pall. CwHoNO;  439-89-4  56-57
(Tourn.) L.
15 EZT theacrine M4 YA Z:Camellia sinensis (L.) Kuntze CoHN4Os  2309-49-1  58-61
Camellia L.
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Fig. 1 Structural formula of alkaloids with sleep-improving effects
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1.2 N-FREBEE

N-F 258 (N-methylasimilobine) X.F% O-
LR HEATHH, (O-nornuciferine), J&—FhM R AR
(Rhamnaceae) “AUJ& M 4L I A - Fh 2 B
WRIERAWH . Zhou SFEUHEIIAGIN A I N-F AL
BN % EL% D1 5244 (dopamine D1 receptor, DIR)
A D2 A BB HSEM Ty, AL AR Z Bz
EFEPUR PR N 2 B EIK. 2 Bk —M
FH S 2 R A T SR R G e pp 3B i, |2 ARAE T
XL, S5 ZMAEBMNOEIIRE. EME RS
th, ZERRAE R T ORI, AR S B AR - o 1 ]
PrisE HE A, HoKCP I E K R AR o & Rl
EE, KT 1R 22 B AT DA i S FR e i 1 AN
71, NCREFGEE . MR N-H L D2 ity
M 18 A HyFRHE mT AR g 2 s ) A4 32 4 A T
TE RS, 19 A7 F AUt m] DU e S B Bl T
FlgEn, g G770 sk, 2 NIRRT L
I JEAEAE T BKAE A N-F R S 2
e .
2 [EE B 28 A

WA T L PG W IS A A — b AW B O A
QAMIRBESLA | MR NEARE G,
FEAFET — SR (Fabaceae) fHY), WS
ophora flavescens Ait.~ 7% 2.7 Sophora alopecuroides
LA 02163] AR BHZ S5 M AN, 38 W] LAy ey 2
RSN TR RN 8 F T RN R i N R oo
A PR 6 004, nde v B P g S AR
HAZRAEYNGTE, R PR, MR JURSE,
BA ) R BRI TN B RS, 6 T S i B
AR RAEEE S, AP E AT & b —Ffr.

HAHFEE T Coxysophoridine) 7&—Ff W & Fl 7
Z @ A v ST I BROR T rh R EA E
PO BE S A . A e B T EEE e Pl
. PR PRSI RISV, ARLE
TR EE IS KRR ER 2 B2 A B R T TR B N
RmEIERIL, (£ GABA FIH&ER (glycine, GLY)
HIE ARG N GABA Biafk-1 ik, )5
RUATRE I GABA, {fRARFERA GABA 7K1t
mIF B GABAA IERIE, M58 GABA X HHAX
MZIIHIER . [FE, GABA #ZI)EEI NG AT
DL A S B 2 B R N-H E-D-R &2 (N-
methyl-D-aspartic acid, NMDA) 3Z{K[1)5R1A5, FfiH

LA /8 T R U B O IcAMP BT
{48 (Calcium/Calmodulin-dependent protein
kinase II/cAMP response element-binding protein ,
CaMKII/CREB) i, AT A5 AR S0 il i
DUIA B 5 BRI ) T RE . IhAh, REIREFEE T
P H A E AR SABC R I AR 8 B v] LAE
T A% (glutamic acid, Glu) 24K . Glu &M FL
BNV N e B LA PR T, ke S PR
ARG, JLVPFAMETEEH WZME, RN el
L TCZ AN A P R AdAL I, T A 22 BT Ak
b Glu BT IRIEEAC L E ) 2548, HEMIZ 18
REHIERFERETE il T I S8, UkAh 14 47 BRI SRR
T 5EEFHON G501 S BA RORK BB,
SO AL E S S2 AR S S SR A
3 FREENZEA YR

T W K2R A= DB — 25 A e PR K R R 4
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3.1 /NEE

/NEERY (Berberine), XFRFER, &2 —MMNE
BRI B B 1) R AR 25 SRR Sk R AR
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M S-HT AL B _EE R (noradrenaline, NE) 7K
-, JEIE I EOS P RERR BR /B IS A/CAMP [V
Jufk 45 A 8 A (cyclic adenosine monophosphate/
protein kinase a/camp response element-binding protein,
cAMP/PKA/CREB) iR (e EHEIRIZ24, NE {f:
DA R i CE ST T 129 11 DO (I IS LDV 3 [ F R
Mg, HoK-P SRR & 2 S LT, A NBEBIL e
PN B -FE AR ER A (The hypothalamic-
pituitary-adrenal axis, HPA) M7y, FFAK R BRE KT,
M5 EE AR IR 57, o BRI RO . A/ NBED) 25
Ry T, FTREREFAE 22 24 A L FR A JEAE A A st
AR BT I B EE 2 DRI SO 5 1
b 531 1) B i A AR F s VAR AR 5%, TTTRE
Wi o1 5 AR 4G R T
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3.2 EEW ARRKIBEWE TR 5- RO 1A 24K (5-

BOIERK (coptisine) & N EEBTIER TR ZE
PR E R B A . BEAE X BOERT TR
BHIFN SR B AT AR R 2200, AT R N
SUEBEIR I 259 . WAMEy s rh i E R 2
—, BERAREMPUEYETE, AP, BT
K AT NIEEER . SOETREE DS HPA D%,
MR 5-HT AT NE 7KF-38 21 2 HERR ) T 24270,
AEACLAFF 7t 2 B 2038 BRURH /N BRE R 1) 4 FH i 12 B & 3
e, AR/ NBERR IR FH 5T B D 8 A A
PR A T AR AR () D TR A g 2 AT ) G A B O A
L, ERE AR IFIRIESS A Z 05 & . I ER
9 55 FLAT 22 S R 1) 5 IR PT A B BRI PR A 6 A
TR, Sitgih =z RigtE, HAEAL
FEECR, PR T H 5324k 45 5 B mT Re
3.3 K=

A =TT, (magnoflorine ) A& — Fl A =% F}
(Magnoliaceae) % J& K = TR ALES HHE BT =
WEMRSE A B . AR =T AHIE . brEl. Bk
PRI« iR EE R o X R RSl i b A WA
-3 BN R - I AE LR T 28 0 T 1S 2K 2248
B AT/ FH TV AR R 6 it 4 (solute carrier
family 6 member 4, SLC6A4) ¥Lri, SLC6A4 /& 5-
HT #ia A M gmigiER, nr LB s i s ik
FERRZ 0 R AT RE AR 44 S A [R] B e (9 5-HT =
L E AT TG, AT KA 5-HT 7K
DL B AR AR FH 200, b Ak, AR 2EFEH8E ]
MEFT DIR BAJ SLC6A3 iX— % ELfikk%ig ik,
T 26 1 5 fd A7 S A0 A 3 22 22 14 FH O 005 i
TR AL I/ A R I /B2 B A Cadenylate
cyclase/cyclic  adenosine  monophosphate/protein
kinase A, AC/cAMP/PKA) 222 5% 44 1 I3
(Mitogen-Activated Protein Kinase, MAPK) %% %%
B 5 JE I SR A REEHIR 7K T 28300 A i A 22 ARl 1) &
My, AIRERE 20, 21 f7 BRI TE A1) A,
18, 22 fir b [ WA B P U (Rl 45 0 R A B 3g s[RI
KI5 HAh 1 (8] T2 B ) JE A8 4 1 S84 F i 1
RZACH 5 AR 45 .

3.4 BRZFEM

FRZ=% (zizyphusine) #EHLH RAFHAY IR A
(TP AR T BT IR 2 E S L R 15 24
RS> 22— AMUEA PrEERAE IR
& R] AR SRR AIG T RHREY . Wang 45032158 1 #F

hydroxytryptamine receptor 1A, 5-HT1A) ECAAAH L
BAMGSERIME, HEN AT DUEE R 5S-HT1A
TP ARG IEAR . S-HT1A 32442 5-HT 24k 1 —Ff
WA, i) 5-HT #heolfs. MRMRME, £
55X A B A 2 A DX 380 BRI 1 AR
F. WEFRE, WS S-HT1A SZAR AT Ly N 1 B
57N I WA i /0 G 13 5 s e 1TSS P
Ak, ZEFETEBIE I 0 25 24 B 2 40 B A I R 2R e %
S R R AE A ¥ (tumor necrosis factor, TNF) Al
H4i i/ %-6 (interleukin-6, 1L-6) 2 MBS, SKiH
PP I RO AR - 52 AR B I8 | I 2 5e % i
TEE . BRI R A B S LI G REIR AR . FL
t, TNF 52 H R Z 8 A 274, EhReg i
N FR s Ao B DR R 15 B TS AR BS) T IL-6 & — M 2
DIt 7, 55T J0E NN 2 Ff
AR AR . B 5T AR B R AR AN 28 14 41 B R 5 ] DLAH
FLRZWR), BT R 1Y) SO 2 5 ) i G A i [R] 1 K
FHFE R, [FRS IL-6. TNF 2540 i K7t A 52
HEARO137T . INGEH FoRE, BRAIIAIR ZAE8ATN
AEARL,  HEDNIL 5 52 A4 G (1) 5 R 25t B A AH ] o
3.5 S

5258 (coclaurine) >k FHHEF} (Lauraceae) 1l
FAMUB ) S 2450 TR 7 = BT 1925 4
P PRAUS B S 2508, ER N S 2R G S 2
FEOEVERY, T UCERIRAPUEE . A,
BHEN SR LR = A6 — FE T L EH T2 B8
i D1 524 LL K SLC6A3 X —HNkisi i 2 L fift iz
A, 21k SRl I M S 22 T R A 28T, eAh, 5
2R RE T AT S I E G/H &1 2 (prostaglandin
G/H synthase 2, PGHS-2) &k, MT{Et il 51 iR 2
A B, mTFIIRER D2 AE AR AR e —
b A VR BRI (2 2P 5T, e 1 A BRI R i I
P BRI BT & o UMb Ah, D25 AE S AR R R A
(melatonin receptor, MTR) #H E_E FH M (e 2 REERIGI),
ME PR S5 B AT, ATRER 9 Ar B &R 1Al
11, 20 A7 BB IEAT AT oo 1R 208, 3m 1 5
S 2R G Rt e . NS 2508 3 A AT iE
RREL, XA T SMA T 2 MR,
VFHAE S AR 45 G T AR AR R, 15
G5B I aE B
3.6 FarrtE

B (nuciferine) 72 MR} (Nymphaeaceae)
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T JE A I T 8 v R PR — e ] A R 2R A )
Bilo JTAER, Bl SR ARIE o AT H i S 5
T - PR R T KR O ARET o far BB fr R 1)
R E sy, BABEER. A IERAE. i
Jigeg « BRERESE AR g PR R EE2E IS ELISA
i ARSI AR B R T R i
NI GABA & i, FEK Glu &5, [FJ AT DU 4
i RARK B R PN GABAARal Fil 42 BHIEZHARI
k. ALK, RS SR, s
CUZ 2 F SHT2A 524455 DI 21 it ik BRI 1) 2
SR, Ak, Fa BB IA B BEL BT e 22 368 I 55 52 A 4 e
LRI CEEIRBREE 26 T PR, &
P HERR 1R . NG5 B, AT 19,
21 Arf 2 ANHAEE AT RETE RS TR A, 2 IR
() A7 AE 3G 0 7 47 i 5 At 4y 18] B S A 4
A r-n AHEAER 7, IXEEF LA RS 2 AR g S
ARSI 5
3.7 ELH

FEOMH, (liensinine) 2 M FERHE Y735 1 45
FSC A o B R — o R 2 1O e e AR A A
RO WA A . BRILE . PooEk
W AR FIE UL . fRARIE, O] AR
T IEL Bt S il £ 9 1 O 27 i ifL i 57 B (blood-brain
barrier, BBB) SRAFEMALRIEH, XE/RE TE
TEVRYT I HIAE 77 THI FRI9Es 77144, 263 F S hg i s e
WEOBE AT LLVE T CHRNA4 $E A, #h&yE sl
& -5 & A1 H /E F ( neuroactive ligand-receptor
interaction) . %5 {5 5 i8iE (Calcium signaling
pathway ) [A]FI518IE (gap junction) 55 5 1@ E,
SN AT GABA FI GIw/GABA /K, Mificks
MEAR . A SEIRRIH, ST LA R A FT #0067 1)
PRI it S-HT WA ARAE BRI a4
5-HT Heia A m 00 PR sl Ff s A B oof 5-HT
iRk S-HT AKCFIHERT S-HTIA 524k
RARAEDHVALB DRI IR s R AR O) . oI 45
&, HAE 104 14, 23, 30 7 -5 4 ANHESE,
X F AR B AT e A N S S AR T i o0 TR S B Bl
5 HAR A BB K o e AN BRSO
22, 44 FrFER B RETE s RIS, g S 4k
MEGREST. BEAh, SO RN %, X615
HAETNSZ ARG & N ) 23 A 4544 o
3.8 RIELM

SO (isoliensinine) J& —FhHEHL H HEZER}

T S22 1R T o S b~ (%) L ik . R A R 28 AR )
Bl A COBRU [F] 2 SR A o S oGS L 9
A B R T AR, T AT DA e R AR 5
BT, S0 ST Tk SIS e I R o m T DA I e 4
il R A7 FLURE SRV B 8 B /D i R 5 2k 1 2 B B A
FHF I EIHE R #06] L B85 IR bR = S =
(RIS S B bl [T s e 410 7] A5 H 3 R BT
BREIIER, MO BRI, Ak, RS
Baliads v A 2 [ 3 Co i — A Jd et 2608 5-HT KPR
HE AR TX AT §E A2 Ry M 2 S5 A AL TSR
3.9 FREELHE

FH LSO (neferine) & HEHX F HEZERHE ) 2
()P R AR 1 1 P R S8 e e R SR A .
FE OB E T 1965 4% Furukawa M H A% 7
GBI, EEFOMEERS 2 W, KRE
FRW], WIS OEA EHEF 2 DI, A
EHPUR PUIAR. BEIMLE . U5 2 P23 E
FHB01, Yeh S A 3o ] LAYE A T~ 5-HT 1A
SARFERZME Goi/o 5 H BERHT AC/CAMP/PKA i i,
MRS Ca> RN SRR, LAIK 3] o35 P AR
PIRR . BEE TR, BHIFN GORI, 2L
A BE @ A T GABA 2R RSZ M HERR , 77 H.
T T GABA 2RI AT FEEE KT 5-HT 52446852, &
RERRRZ, PRI, O, 5O e
PERRAE KT B OB, B IS5/ b, T REAZ
RUNTESE O T35 00, 44 6240 9 547 E 4351 1
MR 7 A, TREA B T IR I v
MR PRI LR
4 M5|IR A IR

s P 24 A= Wk A2 — 2815 G Mgl R 45 ) 1 R SR Ak
GV, BIEAA IR S I BEAZ S5, PRt SOPR
IRIEAEnG o ARG LA ANE], SCRT B3y fii ]
WSS RE 5| WRSRAE Wt . Ml RS AE DR 70 7 H
IRFLR T AFEAE, WSRAIE AALAEE Y B RIR
TEI A o A X P W A B S B 23 B T (PR N5
K2 2B FH A2 HE ok, F SRS, It
i PUSAEYIETE. PiR. PUESE. KEMARR
B, B b 0 A e o B A G BRI D) RE

B R, (rhynchophylline) 72 —F$E L H 76 5}
(Rubiaceae) 4 i & A 47 26 Tk 1~ Ji i ) 2540 (g s
WAV R . B RA B E N TERCP
ER, RO FI RIS R RIFIIER . 1E
NIRFEDIIN E RSy, BRI Pk 2t
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Fig. 2 Mechanism of action of signaling pathways regulated by alkaloid components
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