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Study on the effects and mechanism of Rehmanniae
Radix water extract on sleep in rats
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Abstract : The purpose of this experiment is to study the effect of Rehmanniae Radix water extract on sleep in rats and explore
its possible mechanism. The effect of Rehmanniae Radix water extract was evaluated by referring to the Functional Test and E-
valuation Methods of Health Food (2022 Edition) for sleep improvement tests. Furthermore , the insomnia rat model was estab-
lished, and the central neurotransmitters in the hypothalamus and their corresponding receptors mRNA expression levels were
detected , as well as the content of inflammatory factors in the serum of the rats. The results showed that the Rehmanniae Radix
water extract could improve the sleep of rats,and the safety was good. Furthermore, it significantly increased the contents of
gamma-aminobutyric acid ( GABA) and 5-hydroxytryptamine (5-HT) and decreased the contents of glutamic acid (Glu) and
dopamine (DA) in the hypothalamus of insomniac rats,and the expression of receptor mRNA of the corresponding neurotrans-
mitters was affected similarly. In addition, the contents of TNF- and IL-18 in serum decreased significantly and 1L-10 in-
creased significantly. These data indicated that the Rehmanniae Radix water extract could improve sleep in rats by regulating
neurotransmitters and cellular inflammatory factors.
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A PR B, S R A DR S R R ) A

H AR 25 Y 46 R A s i) (=
B SIS R E A ) (BTN AR 24 P A e 24
G (RS 254 B AN 1 e 8 2 TR IR AEAS
RN . AP MR A 2035 4RI 5 H AR
SR, EEHE S B 25 WAL RN T, R T A AR
PRI TR I B, I, IR K LS 2y
A e R RIS 55 D7 T OV FH SR B I 9 P, AR
¥R X SR AP R AE Y M 8 Rehmannia glu-
tinosa Libosch. AT B M | VF hy— Fp i gt 57
BAA= ey 2l B AR R 2 . B2 B E S
FW, A M AR LS B IA  SeiE RS TT  FE AR ML
VERLLAG \PUR ORATFAIAE e B | Lk il 55
T R EAE D L e Ah, A B Al v 24 44
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FRAA " XS RS ER AR S Pk, 5SS,
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PR o EE H AT SE T AR M8 7 B0 T i3 B AR (1Y)
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PR F e AR AL, BR 0 A b K 4R ) 7 vl 3 B IR
AT AR 3R ST e AR FHBIL A o
1 #H5FZE
1.1 #F#

SEUS AR A ML EE (HiES C0402106072, B VY 5%
R A PR AT ) 5 B 224l 2 23
(41t P11011 ,B0500, 3 ¥ Sigma 23 ) ;5-HT , GA-
BA NA (DA FI Glu £ I 2 7 & (445 20210504
20210509 ,20210609 .20210802 20210504 , {4 50 £ ¥,
AW ARSI ) 5 BRI HB B D (Jit'5 SB21678
$38002 , 3t AT AR AER RAT FRA F]) s TNF-o [ IL-18
A1 IL-10 ELISA [iff B¢ 4o % W B 3 570 & (it 5
RA20035 , RA20020 , RA20607 , AR S A= Py Rl
A BRI FD) s RNAeasy ™ 314 RNA $2 BUR 7 £ | Bey-
oRT™ II ¢DNA Jz ¥ 5% i 7 & . BeyoFast'" SYBR
Green One-Step qRT-PCR i 7| & (4t 5 R0024
D7168L-1 . D7268M-1, 2 = KAEYIFEARAIRAF]) .

SEHAN A : MELO4E/02 ) B - K- (M4 -4
FIZALES (i) A BRAF]) 51260 A = 20/ AR (3

(L Agilent 24 W] ) 5 Z36-HK A ES.0 AL (36 [ 2§
BRK) 5 ABI7500 %t it PCR X (SEE ABL 2AH]) .

SEYG B : SPF 2% SD M KB, 1 ELA R
Fif TR ZE 5 DU ZE B2 R 2 B Wy S 56 vp oy, (R EE 180 ~ 210
g (VF TS SCXK (B)2019-001) ; SPF 2% KM /N,
WA 1 B VPG 44 VG 28 T VG 28 38 3 K2 B 2 B S 3 sh gy
O R 18 ~22 g(PF0]HES SCXK(F%)2018-001)
T FR AR BB ) b IR 20 ~ 25 °C, AHAHE
J£50% ~60% ) ,12 h FEEH AT 12 h SRS 22 B A E
WARKIREE, [ B E KK, ¥ 92586 ™ % i ig
e N BRI ECSE 30 3 ) 8 34k 1)) AT, T AR 4
HESEG B A0 PR R B0, S0 T Je 22 2ok P b K2
YIS 2t (NWU-AWC-20210809M )
1.2 7%
1.2.1 35 R 6 5 & B 5T

WU #8200 g, 45066 J5 i 10 A5 K2 1 h, F
HiI7 30 min, i85 EE 3 WIFS IR, 460 C
I e 4 I 2 55 1 (2R XU 140 ~ 190 °C, i
WURLEE 75 ~ 85 °C) , T-H 5 ki ad 80 H i 45 Hf {
17, A M E KSR IR R 20% o A b K S22 B
3 SRR E 25 80) (2020 Jilt) H b B i £ -
SE KGN 0512 HEATH  REmEAG I LA+ )\ b e i e e
BRI AR, LA EE-0. 1% B Ry i (RFLLE 1
29) AR, R A 210 nm MBS D A LA
e Bk B B A R S S AR ], LA BE-0. 1%
BRI (RFRLE 12 19) Sy iat A, A6l i 4 Sy 203
1.2.2 A dFH KRG R E R A ER G IFN T %

S PPA A b B K B oA R IR ) IR, £ 4% SD
HMEPER B, 2 BCOR M DD RE A 38 5 3 7 1)
(2022 Ji) o A5 B T el st B IR ARG 56 0 v IR B
W, BB 4 DT, AT 10 H3hy, 55
o BRZH AR b K 42 ) IR = 2H (RR-L, 150 mg/
kg « BW, AE s AT &5 NI 3.75 ¢/d) b EK
$EW i ZH (RR-M L300 mg/kg - BW, AR 25 4T &
NG 7.5 g/d) Az b #E K 39 5 77 i 4 (RR-
H,600 mg/kg - BW /L2447 & AR 15 ¢/d)
FERGHFN R S PIHE S 4 25—k W IR 8 7%
RFRAY ddH, 0 # 18 |, #2088 17 30 d JFRERID SRR R
(PR o L IR S 0 3 0 I BT AR IR 25 24 s K Gt
A EHRRZS B, KA o Y K R T 75 MR I,
i 30 ~60 s ANHE B IE , R BH K BB IE S i 2%
AR o A 3G ) 27 e ARG ) 9 3 0 3 2o
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ZESERAE < L KSR Y0 K e B HIR P 5 1) B FCHL I BIF 52 1913

SEUH E G LG22 R N i O 50 mg/kg - BW,
TEARREEZS 15 min J5,10. 1 mL/10 g - BW & IE1E
SN R ANIA T 50 me/kg - BW, T A5 L4 K B
A BHIER G, S B IE R iR 1 min Ky BE AR
RhR, WEE I 10 5 AE b B K B P BE A5 A4 S B L2
BRI R] o B b2 1 ) IR X i
TSI 06 G B 2 1 BT R EIR ) R 30 mg/
kg « BW, A8 K $2 9 TR KHE B 15 min J5, 45
R BRI 5 18 O L 22 0 1 AR AR 5 3 (30 mg/kg
- BW) , ABHIE ST 2635 1 min DL _E S ACHE J) W7
PR, e 5% 30 min N ABESHH) 5, WL IFiC S0
i TR] AR K R B4 gk, T e 22 i R AR Ve AR
WIAE R AEAR R 2 15 min J5, K FUE IS5 0. 1
mL/10g « BW [ 6244 (250 mg/kg - BW) , %
FET 57K B A B M 75 (R 30 st ]
1.2.3  FORREFR(PCPA) %1 R AR K AR A 0y 33 5
50 HSD KR H ], BRI (n = 40) ]
ETEST PCPA VA (400 mg/ (kg - d)) , K LU
RIFIRTES— I 8RR =K, MRHA(n = 10)
JE s 1 S S AR FR 0. 9% A AE 3R K . B fe —IRTES
24 h J5 XK BIE ZhaE AT I % HRAS AR K BRUA T
FREAAE B AR et Ao Mo R
FNZE(EIE ZAF G o A I R BRI I Bt = )
M3 5-HT & 6, 5 5 ) iy 2% IR K BB A2 75 A
s,
1.2.4 3Rt PCPA % IR K A 69767742
H4 40 AR R D) 1) K BB AL 73R 4 41, R
10 2,5 BB Rl 26 ) RR-L 28 ( A= 5 K 324 150
mg/kg + BW) \RR-M ZH ( A= b 85 /K #£4 300 mg/kg
- BW) .RR-H 41 (A= Hb /K $#2£4 600 mg/kg - BW) .
RGN EHNYTES H25— K, ELLR T d,
Xof REZH PSR ZH 25 T S5 AR FR Y 0. 9% A= 3ER K . &
K45 24 e T 1] 2 A O ORAIE P BRI K o
1.2.5 XA T EEAL A PARAY 218 42 ogm)
B JE— RG24 E TR itk 12 h J5 10% 7K
A R TR I 0 SRR IR AL BB PR i 1) 25 ki 2 23 3 o
T RN E S T mm REE T NS, HE
T A BRER K VS VRS 3 W, T T i 8
AT, A 9 fi5 5 A AR BRER K BRI A1 AR )0
(VORI R ) R KR 4 °CJ7=X(5 000 r/min)
B0 10 min, BV H PR, 4% 44 8 GABA 5-
HT . Glu DA [NA 320 & 20 BT H B A7 A

1.2.6 KR T &l PAb 2 f48 % %K mRNA &
ik F g T

TR A TR WA W R BT B i 20 2L AT A8
RNA A2, I FH 523 sl ) S0Ke S RNA 3 4 5
A% cDNA U 5 B 2533 Jit GABA ) 52 /& GABA,, Fl
GABA,, .5-HT 324K 5-HT, F1 5-HT,, .Glu {32k
mGluR1 1 mGluR2 . DA Z{& D2 i) mRNA iK1
B, NS Ny B-actin, s 274 S HE A G Z 14
B AR IR . PSR AI LR 1,

F1 KRTERPHEEFHEXZENSIYFES

Table 1  Primer sequences for neurotransmitter-

associated receptors in the rat hypothalamus

ot I

A 5IIFHI(5'—3") A#ﬁﬁg
Gene Primer sequence(5'—3") mplification

length(bp)

i F.TGTCACCAACTGGGACGATA 210
Bractin R:GGGGTGTTGAAGGTCTCAAA

GABA,, f:AGlG{GC[/}}GCC[lCG}G[[C 246
R:ACTTCTTTCGGTTCTATGGTCG

GABA F:ACGACACCACCACCGACAAC a7
A2 R:TGGATCAGAAACTGGGACAAGG

ST F.ATCTCGCTCACTTGGCTCAT "
fa R.GTGGTCCTTGCTGATGGTG

5_HT F:AACGGTCCATCCACAGAGAG 11
2 R:ATGGGCACCACATTACAACA

CluRl F:CTCCCATGCCCATTTTGTCC 104
miu R:AGTGTACATGGTGAAGGCGA

CluR2 F.CTGTTAATGAGCACCGAGGC .
i R:GTAGGAGCATCACTGTGGGT

2 F:ACCTGTCCTGGTACGATGATG 105
R:GCATGGCATAGTAGTTGTAGTGG

1.2.7 X &P £z B F TNF-o [L-18 F= IL-10
L2 Mm

B — WS 2 e TH R kK 12 h J5 RRIER
MR ESL (5 000 v/min,5 min)  WEEIME, #L4E
K TNF-o | IL-18 F1 TL-10 A0 38 7] & A8 00 AH 5C %
iE I &

1.2.8  AWFHKFEH DR EHHFRXE

SRR 25 I GB15193. 32014 114K
B EEATY . Hid R A DR e S
&40 15 000,30 000 mg/kg - BW ( LA i 1
FiF, R AZARFEUN 20 mL/kg (K,

TEIE KM /NER 60 (M 30 H i 30 ),
TR 18 ~22 g, MEES5 d Jm , BENLILRE 7318 3 4,
R4S 20 H H A bR (M) 10 5 #EPE(F) 10 H
3 5000 2 EREPEARGR S 4] (AT-L-M ZH A1 AT-L-
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F 20,15 000 mg/kg - BW, 47 & A A 255 &k 75
g/d) , SRR R S R 4L (AT-H-M 411 AT-H-F 41,
30 000 mg/kg - BW, 15 AR 2575k 150 ¢/
d) %t B (X BEZH-M, X BE4H-F, 48 T SR B
ddH,0) i35 ) 14 d, R KWL /N B 2
AR AR 0.3.7 14 d, FRit /N RURE , 174
A BRSO N BUREE g sg . AE/ N B S 45 24
JEmELSEMEE 4 h, FER/NRM K EHRER LS
W, Z IR BRI HAT 1 OIS ESER 14 d, ik
B 45 R E WLEE /N RO I ML B AR A8
€5, 0 5 b A T S H AR A
1.2.9 %itsik

FH SPSS 21. 0 R A T8 i i Ak Fn gt 124 4y
Mo SEXtBm ATy 22 5 MR 50, 45 O 22570 SR
HR R 2T AT R g, & B2 55 B Dun-
nett VAT 24N 50 d 45— A ) HE A 25508 1 7
Fods o A7 25 A ST B4 , D) T i 5 A 73

AR R A T TR T 25 SRR IR, RS B
PEHEA TG A A i R AR IR B T 2257 M H
f), MO RRAG 36 0B AT 403, R BLEIR LA £ 5,
MR FHANELR J7 2255 PE A Tamhane” s T2 K55 647
PR HEEE
2 #R
2.1 HthEKBEVR S S
A K B ) 20 TR A B S 15 Rl 20%
WA B KSR Y B AR 0.5 ¢/mL I, i i HPLC-
DAD Kl £ 553 BE , PR BRI B D (%) & i
4358 1512 mg/mlL,
2.2 HEEKEYNE KR RERMRIETEMN
SO EESIC R KRR E , &2 /0,
5t B2 AH HE , RR-L .RR-M I RR-H =A™ 45 2 41 X
KRR I i 5, 45 AR AR K i — 3L,
FBACEE, B I ShIE R, 2 B [R5 2 19 A
BRI BUIEH AE K ICREZm (P >0.05) .

R2 AEMBEKREYIKREENIMN

Table 2 Effects of Rehmanniae Radix water extract on body weight in rats

20 3] EUE7E 3 (UL RN S e UNEY SN

Group Number of animals Tnitial weight(g) Final weight(g) Weight gain(g)
% HAZH Control 10 197.75 £ 10. 12 242.94 £12.86 45.19 £7.17
RR-L 10 196.76 +8. 44 241.07 +8.88 44.31 +5.06
RR-M 10 198.64 +8.75 238.65 £6.61 40.01 £6.57
RR-H 10 194.21 8. 12 240.77 £7.61 46.56 6.20

R BB He IR AR IS i 3R B 2 e
XFHE4H 5 RR-L RR-M 1 RR-H =45 265 2 ) K Bl
75 30 min PYEJBEAT HBLHE A BER B9 B4, Ul W A
BK B0 45 70 de 4 350 K BRUTC B B2 R IR A

ARG TA AT, 28 13 45 T 4% 5 d 2H %)
25130 d J5, 5 X A AH L, RR-L . RR-M F1 RR-H
SANGR 2L AN G L 2 A5 T Y A B B B N [ L

A IERAE T, 3K R 5 518 24, 30% ,25. 19% Fl
20.29% , H 5 X HRAIAH 22 57 B 3 (P <0.05)

I B FL 22 R AR S g A5 R % 3 W]
AR HE S AT X 259 30 d J5,RR-H 4 B
W& AR X R A e 25 53 B 3 (P <0.05) , i B
A b B K ) s AR 4 (600 mg/kg - BW) 5T
L4 3G EL 2B 7E B AR D T A8 PRI s i VE o

R3 EMFEKREYNETHEXE L ZNESHRRERR EEZNIER

Table 3  Effects of Rehmanniae Radix water extract on the incidence of sleep in rats induced by subthreshold sodium pentobarbital

( % — w % f > =
A3 RBHZH - AR IR 521
G Sodium pentobarbital Number of animals Number of Sleeping P
roup (mg/kg - BW) amiber of animas sleeping animals incidence (% )
%I i ZH Control 30 10 2 20 -
RR-L 30 10 4 40 0.355
RR-M 30 10 5 50 0.177
RR-H 30 10 7 70 0.024
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Effects of Rehmanniae Radix water extract on sleep time and sleep latency in rats

Fig. 1

B = 60.00
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AR 785 £R #iiSleep latency (m
o
S

RR-M RR-H
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sEAl)

T SR FedsE, * P <0.05, Note:Compared with control group, * P <0.05,

ARG COR £ ah D RE A 38 5 740 7 1) (2022
JBO) H AT BT B R R A 2 SRR AR R AR
M B K AR W A5 5 i 240 R BRI TG B R R, R R
SR EL AR IR P, L AB 08 3 < 8¢ B LU 22 Y R IR s
[, B8] ) S B T 22 35 DR ) B i A=
A9 LA M BOK B b i 70 B 4 A 2 4R B
BRI I o £ BERR, n] A AR s K SR B
A BT s MR A VR HT o
2.3 SKRERKREBRES

HIH] PCPA 53-8 W2 [ PR 2 A B — R T 58 2%
MRHLHI TR T vk . niEl 2 s, SIE R A L, A
FULR SR b S-HT 5 5 25 e, BLBERY 2R
A R B B RO HEH G %A PR R i P53k |
PRWFNZEAE i 22 55 LR, BEBIABIF 5 v 2 B BRI

PERIE A EE R
2.4 HMEKBYINEERARTERAMSMEHER
kA

P 4 i) DL, S50 A A L, AR ZH R BT e i
FHGABA FiI5 -HT %5 it B K (P <0.01) , i

80

60
&1

40 * %

1fi#S-HT
5-HT content in serum (ng/g)

20

0

X4 Control  HiA!ZHModel

2 KRMFEHRS-HTHEE
Fig. 2 The content of 5-HT in rat serum

T SRR LA,

* P <0.01, Note:Compared with control

group, * * P <0.01.

GLu NA 1 DA ¥ &= B 275 (P <0.05) , %45
T SR AR /N BRAH S 22328 J5 5 B 1 AR R 35
ESRERIZE A L, A 3 B K SR 4% 2 4 i S 4R
E KRBT it GABA il 5-HT A& &, H A= b %
TREEH 15 7] 40 R B GABA AT 5-HT FRCR T 5
FH—2(P<0.01), Glu fll DA & ETES LU
TR EEI(P <0.05) 1 NA S RESHAH
BA R RS RARA LI E X (P>0.05),

T4 EMEKEURART MK HEEREBHBM (v 25,0 =10)

Table 4  Effects of Rehmanniae Radix water extract on the content of neurotransmitters in hypothalamus of rats(x +s,n=10)

20 331 GABA Glu 5-HT NA DA

Group (mmol/mg) (nmol/mg) (ng/g) (ng/g) (pg/mL)
Xf IR ZH Control 6.94 £0.69 23.98 £2.29 77.67 +14.06 252.67 +5.44 5615.72 £77.27
12 Model 3.42 +0.5744 31.74 +1.13% 43.72 £10.0844 278.35 £8.65% 5927.26 +88.934
RR-L 7.3220.11* 26.83 £1.58* 60.33 £10.27 * 246.44 +11.52 5345.80 £107.26*
RR-M 7.91+0.12* 25.75+0.97* 86.67 £9.53* 252.76 +11.91 5078.68 £175.54*
RR-H 8.50+0.51** 20.30 £1.57* 103.00 +11.09* * 250.61 +12.75 4857.37 £220.93

A SR A, AP <0.05,24P <0.01; 5HRI4HAI L, * P <0.05,

**P<0.01,

Note ; Compared with control group,*P <0.05,4*P <0.01 ; Compared with model group, * P <0.05, * * P <0.01.
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2.5 AEMFEKEY KR T DR HE®RREX
Z 4k mRNA RiEHI M

Il 3 AT 0L, 55 BE AR B A7 20 K BRI GA-
BA Z{k GABA,_, fl GABA,, mRNA # ik & 5-HT
(9524 5-HT, F1 5-HT,, mRNA 235 &84 i 25 A%
(P<0.05),1fi Glu [)3Z{A& mGluR1 I mGluR1 mR-
NA £ik# DA {5214k D, mRNA ik & B &5t
(P<0.05), SHEAIAIAN L, A b ¥ KR 45 411y
AE P EHEm GABA 3Z{k GABA, , F1 GABA,, .5-HT

3.00

Z{K 5-HT, 1 5-HT,_ ) mRNA ik & (P <0.05),
B REAL Glu [95Z /& mGluR1 #1 mGluR2 DA %% {&
D, mRNA [ ik (P <0.05) .
2.6 AMEKRYITKIRARMEH TNF-o,IL-
18 71 IL-10 & 2500

H 2 5 0 UL, 550 REZH AR b, AR A K RIS
SFEH T TNF-a( P <0.01) #1 IL-18( P <0.05) & &
I TL-10 & 5 2 F W (P <0.05) , S

BGABA,,
250 | EmGluRl

e

Xof HE2H HRAREH
Control Model

2 mGluR2

mRNAFHX F ik &

mRNA relative expression
wn
L=

DREIIIIINI

BGABA,,»

5-HT,,

e
b e
2000200 A I

=
o
jas]

B3 XRTEMBEHEETZER mRNA FEER
Fig. 3 mRNA expression of neurotransmitter receptors in rat hypothalamus
T GXFIBLA AL, AP <0.05,%4P <0.01; §EERIZHAH L, * P <0.05,* * P <0.01, Note:;Compared with control group,*P <0.05,%*P <0.01;
Compared with model group, * P <0.05, * * P <0.01.

ZHAR EE , A ¥ K 3 45 21 2 RE 0 35 PR TNF-a 79
4 (P<0.05), 7 RR-M 20 #il RR-H 413 7] L) i

FHAK IL-18( P <0.05) A4 IL-10 (& & (P <
0.05),

%5 EMBEKIEYIKRIMED TNF-o L1 F1 1L-10 S EHIM (v 5,1 =10)

Table 5 Effects of Rehmanniae Radix water extract on the contents of TNF- «,IL-18 and IL-10 in rat serum(; +s,n=10)

5 TNF-a IL-18 IL-10

Group (pg/mL) (pg/mL) (pg/mL)
XfHBZH Control 205.25 £18.74 30.25 3. 16 95.68 +5.48
U2 Model 279.35 £12.75%4 36.08 +4. 18 68.23 +6.98%
RR-L 243.25 +10.45* 35.48 £7.65 73.15 +8.48
RR-M 231.85+8.93* 30.91 +2.14 " 89.79 £10.21"
RR-H 215.74 £12.56 * * 28.93 +5.83 " 98.82+6.93 " *

T SRR, 4P <0.05,44P <0.01; 5ERIZIM L, * P <0.05,* * P <0.01,
Note ; Compared with control group,*P <0.05,%*P <0. 01 ; Compared with model group, * P <0.05, * * P <0.01.

2.7 AEMEKEHINMRHIAEETEAR

T VAL AR 3 B R 3R W B2 A X A B K
FEPEAT 2R EE R IR R 00 1) M (M) | Ak
(F) /NBARTEREOLANIE 4 Fron o 50 BR2H B f R /)
SUAH LE, M7 R AEOR] i 4H (AT-L-M 20 F1 AT-L-F
) Al i 2 (AT-H-M 20 A1 AT-H-F) /)N U7 [R) —
() BEREE 25 5 A 2. 3% (P > 0. 05) , 9 Hik g 41
B/ SRSIR H BRI AN 22 TS B iR 5 2
PEAS ROV, JCsh AT, 45 5 L/ B T L
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