F8 B 20255128 $56% B238  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 23 « 8611 =

BRI IRIIA E L AR EHNRIT A A EFFERIER LI

%ﬁ%ﬁ‘;’\", iﬁ%@, i*i%, WHar, | ome, B
PG 2220 K S B s i 2 2 e, BRPE T 710061

% E: BH RUCRIWSE. SUBANEA . ST AT SR ER L. 3% #57 Calu-3/BMEC il
Caco-2/BMEC ZHMIAEAY, 733 WAK ISR 2AZFebs i 7 B v R 2 S RBR 22 B e RN I NI 2 B3R 4
B ig 457, TRFRAAITEAR N 09 2R ANAR 2 S0 A A s 0 — 25 LU 2 Pheh 20 5 U0 R A SR B B . HEARAE R B 52l
R SR Calu-3. BN Caco-2 FMLAK 57 5% ¥ BMEC 4UHLE %1 i i & s AU LS5 2 #0A BRA R, i HAS R4 P 1)
Z A AR, R T AR SR A AN R S R NI N4y A, 2GR 4k R AN (area under curve,
AUC-») 3 5ilid ig 452410 4.8 £ (2RO 5.1 % (LD 5 ig 2L, S B38mb THAVNR Mg shiEes (P<
0.05), ZEK T F ki (A FIBEARFF ST IA] (P<<0.05). 2518 S inZymlmid B, [R5 2 2 i N 0 i 2% 38 n A4 $ Y
IR, R IRE R .

KR A, SR BG4 NWNIT . BRI HTREER

FESES: R285.61 XEFRERS: A XEHS: 0253 - 2670(2025)23 - 8611 - 12

DOI: 10.7501/j.issn.0253-2670.2025.23.013

Analysis of behavior of Zizyphi Spinosae Semen extract penetrating brain via
different administration routes and comparison of their sedative-hypnotic effects

ZHENG Anqi, WANG Jianxiang, WANG Yifei, HU Fangfang, JIA Ye, LU Wen
College of Pharmacy, Health Science Center, Xi’an Jiaotong University, Xi’an 710061, China

Abstract: Objective To analyze the behavior of Suanzaoren (Zizyphi Spinosae Semen) extract penetrating into brain in vivo and in
vitro through intranasal and gavage administration, and compare the corresponding sedative-hypnotic effects. Methods Calu-
3/BMEC and Caco-2/BMEC cell models were established to simulate the process of spinosin, an index component of Zizyphi Spinosae
Semen extract, being absorbed into the bloodstream and brain through nasal mucosa and gastrointestinal tract in vitro, respectively. The
distribution process of index component in the plasma and brain tissue of rats after intranasal and gavage administration was
investigated. The effects of the two administration routes on the sedative and hypnotic action of Zizyphi Spinosae Semen extract were
further compared. Results The cellular layers representing Calu-3 in the nasal cavity, Caco-2 in the intestinal tract and the BMEC in
the blood-brain barrier all blocked the transcellular transport of spinosin. The multicellular transport process, which imitated in vivo
physiological conditions, further strengthened the blocking effect. The distribution of spinosin in the blood and brain was increased
when administered intranasally, and the area under curve (AUCo-/) value was 4.8 times (plasma) and 5.1 times (brain tissue) higher
than those of gavage administration, respectively. Compared with gavage administration, intranasal administration significantly
reduced the movement distance (P < 0.05), prolonged the immobility time and sleep duration in the model mice (P < 0.05). Conclusion
Intranasal administration could increase the brain uptake of Zizyphi Spinosae Semen extract through multiple brain entry pathways in
a direct and indirect manner, and enhance its sedative and hypnotic effects.
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eI, R B . 2B IERER], I 8 fEE
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Wi TE T8-S WEEmA R,
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LY/
2.1.2 BRALCIEDH IR ERSENE R
ARG, RERRE, RS 0.1 g/mL
(VA K FH HPLC g BR A By vh i B v 2=
SN, O3S Inert Sustain Swift™ Cig il
(150 mmX 4.6 mm, 5um), AL (A) -/K
(B), BHREEWEH: 0~10min, 12%~19%A; 10~16
min, 19%~20% A; 16~22 min, 20%~90% A; 22~
30min, 90%A. FAFIFEN 1.0 mL/min; HFEEHN
10 puL; AN 40 C; AdllyE KA 335 nm.
2.2 BEF{TIREVMILZ Calu3/Fx i M08 A 5L 40 A
(brain microvascular endothelial cells, BMEC) &
BB BEIT AT
2.2.1 Calu-3/BMEC 4ff Jf 15 B 1y 4 57 J R AE
Calu-3 40 LA 3 X 10° ~/mL 5T 24 FL Transwell
NAE =M CRIRBRERIE, L1204 pm), 37 C.
5% CO, ¥ FRFE IR, Frdiu 206, WFA N
= S FR AL, Tl B B £, BRI 4k 4k
BiFR, NEREHIEIREE, RSB A
W EsfEH L (trans-epithelial electrical resistance,
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[l 5 20 min. 0.2% Triton X-100 &, 2% MLiE A
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. BERMBRORIE T 5 WRER S, % “2.2.17
TR i 4 F M 52 HPLC 5, %A () 5
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() BRI E B /IR E), A (3) 15 Py
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PopIliGe
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ST

2.3.1 Caco-2/BMEC 4l Jfg 1% B ¥ & 57 J& 3R AiF
Caco-2 40 LA 1 X 1054 /mL /T 24 FL Transwell
NIEEME, T 37 C. 5%CO, R FEAE g, I
Wil TEER 1. 4 Caco-2 IRE 5 EH 7 K, &
BMEC T 12 #L Transwell Wil =R, B3, Wl
TEER fH. fF Caco-2 A1 BMEC 4Hifid/Z/ TEER 14
A HIRT 300 Qrem? #1150 Qrem? I, KA 2 Fb
ZHIHE Y N 4 = R BERSFE 3 h, 07 Caco-2/BMEC 4H
JORE ARSI TEER {H. SR “2.2.17 iR 7,
M 3E Caco-2/BMEC 4 JA Y (1) K By 1 i i 1
232 FRACIREUIZ Caco-2/BMEC 4k Al%%:
IZHF T Caco-2/BMEC 4HMtE#A! EEMMA 0.3
mL R HEEY) HBSS ¥ (2.0 mg/mL), Zif
“2.2.27 WURJ5 ik, & IR A SR B v T B
VR R A1 Papp 1B, [FIR1BE B Caco-2 1 BMEC H
JE BT R0t B

24 BAERCIREMWIRZE. ROREMANRKITAD R
241 YRR EBUE RN SD KR 80
R, SEEOHIZEE 12h, HEYOK, & ERLS
R REY) ig Sh PG MBI 4 25 4, BRA 4R EL
Mes 2R BN 0.56 gikg CBI % 3 2 5 K i 25

mg/kg), KA ig Fl& g TR A FEY (0.5
g/mL). HEEAEZHRR ip 2%/% C L Z 8K
e, AMEMYEE E, kRS E R R R E, AA R
LB, BMEFL 75 ul.

2.4.2  [M3R B MRERE LI FRRR K 3 1 M
KR E T e, SarXHE. HE, Bpg
PN oy NSNS, 725K
SRR, 425)5 0.083. 0.25. 0.5, 1. 2. 4.
8+ 12h #iFEkIUm, 48 THELENE T, &
Oy BCEE M SR e U SRR, I H
gL, TRER, B-20 CUKFHIRAE. &H.

M3 L 3 AR H B CIE B T, dwliE 12 000
r/min 250, U EIEW, BRI 37 CRETH
s R RERZAGL, N S fEEAEHEKARK, &
FH - R W TR VR AT (8 1 2) BREN 2 ik, & 3FiR
W, 51, VeSS 150 uL A, &
OEL_EIEW, HPLC J5E

K R A AR B A RO oy T B v 2 v e
PR, CAarFaime . VR 5 0 R v R AR B AR
FZAERNERY) (B D, frfEfh kit S fix e
MRBRAA A i i XS . 1 2514: Inert Sustain
Swift™ Cs itk (150 mmX4.6 mm, 5 pm), i
RN CHE (A -0.02%FBKER (B), B
ii: 0~8min, 10%~13%A; 8~13min, 13%A;
13~16 min, 13%~20% A; 16~21min, 20%A;
21~31min, 20~80%A; 31~41min, 80~10%A.
PR E N 1.0 mL/min, AN 30 C, KMIPHK
N 335 nm.

1128 Ko 2H 230RE i v R A 4 b R0 TR P S5 B
225502 th 2k, R DAS 2.0 8k, AR5 s
AR BN =S 2 PR 2 KN 48)%S
% Student’s ¢ K567 .

El1 HKER (A) MBRE B) o FEHN

Fig. 1 Structural formulas of spinosin (A) and puerarin (B)
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A /NE ip 30 mg/mL PCPA = FH E KB (300
mg/kg), 1 k/d, ES:3d. T2 11 KIFUREZ, X
HRZH VBT A g SRR AR BE 3K, H P R4 ip Hb
VUPEAT, ig th 29 ig B3 (10 mL/kg);
B 2L TR, KA ML B
2. BH/INREEREGZ) 2 IR, &H 9:00 F1 21: 00 B
FHY VIR, ELTd.

252 ATREZERN RIR% 25 30 min J&, F/NRE
T B FES MRS PR A, & RIEAEE 2 min, 53]
ARG 5 min WEESD, BFEKFRE IR B 2
B L RE, BBy S A FES . 25
BN BBE TE T TEW 348 (100 em X 100 cm X 50
em) 1, FAFSkIEF/NE S min NERS TR 4T B
75, 18I TM-Vision 1785 5258 R 407 B & 20/ B
(S EhEE B I8 B () AR 1A ]

253 FRFRIEI e RSER S, AR/ IARE
ML 2 4, —H/DNRREE, TAOEO094EA
VEREED, UIFAOHE, AN 30mL A K, FHE
¥ 30mL4%%Z R R, EFEEIGZ A DU EE
b ITE S BN, BT 4% %2 BRI
W E 24 h, BREECBEMK, AEEEIE, 6 4 pm
BRI, HE Yo, 7E0a5: Bt T M5
XN, H—HAEREGESHH, 5 fF
EAEBBKAIRE G, WUE RIEW, # AR
B 5461 GABA 7KF-.

254 BEHMEIRMERIEN  HEL 50 R/ REEIE
BEIRLA 24, SR I B LU 220y P [ R A S 38 VT A 254
FFEARIE . RIRGZ) 30 min J5, MAHE3 H,
3L 15 HUNR B4 ip 254 304 35 mg/kg [RGB HE2Z
9, HEC15 Hip 40, 45. 50 mg/kg KB EELZA,
TR 5 FUNR, 03 AN E R E 248
J& 20 min P4 /)> BRON B R $0 DUR E 7 S AR, 0 5
BE SO KB IE R FHE R (=60 ) 1 f =77 &
(TRIEVEFE A 25~35 mg/kg), B L7ENES4H
BN B 1) B (I RGR B (e Ja L Dy 40~ 50
mg/kg). AREEL TR ILE 3 d, KIKEE 2 30
min 5, 5 4/NRY ip B FRIERKEZE, id
3% 30 min A HE R HOF T EIR T 403 (R E 7

= NN R R BN S R, Baks25 34,
B LR R E L4, A2t . BIE
SO SRR I R), T SRRV AR (8 25¢
B 0E SO R T) ) R AR R s 1) e S 9
KB
2.6 ZItFESW

H#E LA X £ 7R, K H Graphpad Prism 8 it
BAF AT EAE T PHALIA] LL R FH L REA ¢
K46 (Student’s ¢), % 4H (] bLBCR H B K 2 7 247
#r (ANOVA).
3 #R
31 ERE(CIREVWIZ Calu-3/BMEC 1 Caco-2/
BMEC & RIS IE 1T R
3.1.1 Calu-3/BMEC # 8 RAE K& g 2 A- S HU) %
AT NN ESL T B4 SRR I
EEER MM 57 % (blood-brain barrier, BBB) A )
Calu-3/BMEC 20 . 3@t Calu-3 A1 BMEC
HH A K 260 TEER {8100 (& 2-A) £,
Calu-3 758 1 RYGHAK, W4ERF 19 d ARG
77; H TEER fH7R 2RI MES, 25 13 Kik
F| 400~450 Q-cm?, HYERFEMTEEIN, 2 17 K
HFr B BMEC FI4ERF 8~9d M4 A=K, 3
TEER fHE M G 56 6~7 KIA | K MH 150 Q-cm?,
ME S IR TR R, T 24 FL Transwell W46 =G
FEPp. #5378 Calu-3 4iffl; 22 9 R, T 12 4L
Transwell Wil =M. 7% BMEC, £ 16 K,
B 2 FPANMRY) Transwell P46 % LR 5% 3 h, B
3 Calu-3/BMEC 4HMIFEAY . i xf B BCHE IR 10 /e
TEER {E&M (& 2-B), R Calu-3. BMEC 411
FR DRI 770 20 Jf 5 ) e B MR TR R

G IAEER S S R A ML AR R . 1] 2-C R
TA-RAHE)Z Calu-3 4/ ER S DL, 400
FERZHES, Thm AR B hRIC R B R H . A
Kl 2-D AW E| Calu-3 40 A ] % IHER R A E-
cadherin. 'ZEZERE A Occludin EIESE. FN
(9534, 44 L% 36 AR 4 [ Bt T R e 42 1)
WAREER, AHBEAZHES T ARSI N . e T 40
BIBEMAREVIRY LI Papp (8, 25 R R KM L7
Calu-3 ZHRLHJZ ) Papp 1H 9 (1.64£0.10) X107~
(2.13+0.11) X107 cm/s, 120 min P Papp fE3I/N T
0.5X10° cm/s!'”. BMEC H.JZ1] Papp N (2.40+
0.10) X105~ (3.02+0.07) X105 cm/s, 53k
B AR — IS, DR T R IR
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_ 400 - > = = _ 400
g e &
5 300- e 5 300-
g o g
&2 200 & 2004
m x K _
m Y - @ |—|
] "1 - N I
O ] T L} 1 ] 1 1 ] T 1 | ] ] T ] ] 1 ] 1 0- T T
01234567 8910111213141516171819 Calu-3 BMEC
C ud D DAPI Corallite 488 Merge
Ecadherin- &
e l l e R A e
-.f\""‘ P 3 T‘ T Occludin
E F
W R ECEIRT O BEEFRE 4+ W EREREIRAT B REERE
iR
2 34
g
9
C o)
S
30
A
0 B

t/min

15 30 60 90 120
t/min

A-Calu-3. BMEC 2% TEER {H5W]; B-Calu-3/BMEC AR 85 55 77 B /5 (¥) TEER {H; C-Calu-3 ZHARIENRM A (L8 LR~
%, BEOFIEREE, X200); D-Calu-3 4l /] %% [ E-cadherin. Occludin {4} ( X200);: E-Calu-3/BMEC ZHAAY & BT 7 8 f5 Calu-
3R Z0EZE N F-Calu-3/BMEC 4R R B RS 57 1 J5 BMEC HU)Z R R 2L iH5dE

A-TEER values of Calu-3 and BMEC monolayer model; B-TEER values of Calu-3/BMEC model before and after tandem culture; C-mucus distribution

of Calu-3 cells (red arrow indicates nucleus, black arrow indicates mucus, x 200); D-distribution of intercellular junction proteins E-cadherin and Occludin

in Calu-3 cells (x 200); E-phenol red permeability of Calu-3 cell layer before and after tandem culture of Calu-3/BMEC cell model; F-phenol red

permeability of BMEC cell layer before and after tandem culture of Calu-3/BMEC cell model.

2 Calu-3/BMEC HAIIEBIMMERERIE (Xts,n=3)
Fig. 2 Characterization of performance of Calu-3/BMEC cell model (X £s,n=3)

Papfti (B 2-E. F), Calu-3 il BMEC 4iifif1 /2 & B¢
HEEEFER S Papp (EAHIT, ¥R EMEZES. LA
SRR 2 Fhan M RO e BE AR
ZEH; Calu-3 2 B 4% S L G0 M (R AE,  HLER R
JEREFENS Calu-3. BMEC 4N 8tt. JmiE ML
S, JTEE ST ) Calu-3/BMEC 40 &AL al F 1254
2 BRI s N AT N AL

CCK-8 5256 45 (] 3-A) R, 0.1~4.0 mg/mL
FR AU AREINT Calu-3 Al BMEC ()4 A7 35 R 35
To s F R . R L 2.0 mg/mL FER A IR B
TR T i ia s, RARFERER (K 3-B)
#W, 7F Calu-3/BMEC Zifufbi®I45 24 30 min J5A4

for il 204G s o W et 2, 1 Calu-3 A1 BMEC
JEAEAY 15 min BRI RSN 87 B 7% 215 B A Ml Ja]
e, SR IZ BN, {2 Calu-3/BMEC
R 1) B E IR T 2 2 s, it —
AT T S A s B IE S (B 3-C), M ik
F1E Calu-3/BMEC M) Py, (A ZEKLT Calu-3
A1 BMEC FZEA (P<0.05), 120 min H} Calu-
3/BMEC # 8] Popp {H 53 1] 52 Calu-3 #5241l BMEC
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ffi& %, Calu-3 A1 BMEC 4 i )2 35 2 BEL 37 j v
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A-FRAZIRIX Calu-3. BMEC 413 /IHISEMT (n=6); B-BRAUZIRINFE AR i S 91 B2 1 32 7E Calu-3. BMEC 1 Calu-3/BMEC 4 A5 2 14
BHEEIZR (n=3); C-HiE#&KIE Calu-3. BMEC Hl Calu-3/BMEC HRIFHEALT Py, (n=3): 5 Calu-3 8 BMEC 4Lt%: "P<<0.05.
A-effect of Zizyphi Spinosae Semen extract on viability of Calu-3 and BMEC (n = 6); B-accumulative transport rate of spinosin, an index component of

Zizyphi Spinosae Semen extract, in Calu-3, BMEC and Calu-3/BMEC cell models (7 = 3); C-Pqp, of spinosin in Calu-3, BMEC and Calu-3/BMEC models

(n=3); "P<0.05 vs Calu-3 or BMEC group.

3 BRE(-IRERAIRT HRAEIE 1Y

EMREBITANHT (X£53)

Fig. 3 Effect of Zizyphi Spinosae Semen extract on cell viability and analysis of transport behavior (X £ s)
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PLJZ . Caco-2/BMEC 4B () BANFEZ 3R F-H7 W #3& AF Caco-2. BMEC. Caco-2/BMEC A Pyyps 55 Caco-2 5k BMEC 41 LE4:
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A-TEER values of Caco-2 and BMEC monolayer model; B-TEER values of Caco-2/BMEC model before and after tandem culture; C-phenol red
permeability of Calu-3 cell layer before and after tandem culture of Caco-2/BMEC cell model; D-phenol red permeability of BMEC cell layer before and
after tandem culture of Calu-3/BMEC cell model; E-accumulative transport rate of spinosin of Zizyphi Spinosae Semen extract in Caco-2, BMEC monolayer
and Caco-2/BMEC cell models; F-Py,, of spinosin in Caco-2, BMEC and Caco-2/BMEC cell models; "P < 0.05 vs Calu-3 or BMEC group.

4 Caco-2/BMEC ZHRIR B B9 4 BERAE R B R {CIREIE BT AD T (Xts,n=3)
Fig.4 Characterization of performance of Caco-2/BMEC cell model and analysis of transport behavior of Zizyphi Spinosae

Semen extract (X ts,n=3)



» 8618 »

F8 B 20255128 $56% B238  Chinese Traditional and Herbal Drugs 2025 December Vol. 56 No. 23

M B2 e B A, F 2 FhABR R LS 3R 3 b,
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(e B FEE Y, AT TR A SR AU B A
I8 SEYG T 7T .

0.1~4.0 mg/mL B " HEEHIX Caco-2 4HfiE
R ERRF YN T E X -1 vivke )i e el e -1
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MRS EEIZAT . WK 4-E. F AR, 5 Caco-2 All
BMEC HZHERAHLL, $8br o 17 5 & RIS
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RN B 2 752, 120 min %512 %5 572 Caco-
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£ 1000 & 10004
H =
e R
£ 500 i 5001
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A BUR S W BV R AE Caco-2/BMEC BEAU (K] Py, 1H.
4y BIEL Caco-2 A1 BMEC B &K T 87.0% A
96.9%.
32 EREIZIZENYY ig. RERNEREMALN S B

RHL ig FHELE 2 Fheh 2518104 T BRI
W, 52T FHAFEbR Lo B R U 2 AR AR N I If
KAPRHLR A . B 5-Av B Fis 2
LRRTA, ig R Eeh 2, IR A 2 H T A
IR AT bR Wi i 2, 15 2 R 257701
TRV TA] Ctmax )~ IEVEIREE (Crax) A1 B IS TE) A 55
KZES. ig 45254E 5 min~4 h, 7] W05 i 25 40 i
PP R i 2R SIS R 22452 8h, MK AN
AR R B Ry o R SE T RERZH 2
W Je R 2 2 (B 5-C), B fis s 2R ERZH 4
i 57 v 2% B A TR AR P R P v B B (1)

B T 2 Fhen 257 W EZE LB ¥ S8
(R D, EMHRSHNET, ig HHATEME KA
C
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i
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R
=
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0
01 23 45 67 89101112
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0123456 7 89101112

01234567 89101112
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A-LHK: B-NZHZY: C-MRERZAZ,

A-plasma; B-brain tissue; C-olfactory bulb tissue.

5 BERE{ZIRENY ig.

ZBATRIERR D R E-A B Lk

Fig.5 Concentration-time curves of index component of Zizyphi Spinosae Semen extract after gavage and intranasal

administration

1 BECREYIZ ig.

BRWREME. M. RIKFHEIEENDHNFEH (X£s5,n=5)

Table 1 Pharmacokinetic parameters of spinosin in plasma, brain and olfactory bulb after gavage and intranasal

administration of Zizyphi Spinosae Semen extract (X £s,n=5)

s s f e : REEH
I figi 2 21 il fidi .27 MREK

Cmax ng~mL’] ol ng~g" 106.93 +£3.65* 441.91425.94* 1306.48+167.50 1 199.96+121.93 3405.17+217.86
AUCo-¢ ng~h~mL" 17 ng'h'g71 335.94+5.54* 774.95+30.59* 1 616.96+23.95 3948.161+383.14 6296.20+1 098.95
AUCo-o ng~h~mL" 17 ng'h'g71 795.10+£10.25* 1 017.25+65.05* 2 635.04+193.83 4 712.70+£269.51 10 007.101+-490.38
fmax h 0.90+0.20* 0.45+0.10* 0.45+0.10 1.801+0.40 0.901+0.20

tin h 4.71+0.32* 1.85+0.25* 1.51+0.33 3.031+0.27 2.78+0.30
CLur L'hfl'kg 31.45+0.61* 24.65+1.53* 15.03+0.44 1.06+0.06 2.50+0.12
MRTo-, h 1.92+0.06* 1.46+0.08* 1.63+0.12 2.73+0.09 1.87+0.07
VaE L'kg’l 213.72+12.41* 65.60+6.50* 33.00+6.75 5.08+1.03 11.41+2.58

SR A ZHEE: *P<0.05.

P < 0.05 vs nasal administration group.
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R ] X SR BRI (P<<0.05), iz shif 5%
Wb (P<0.05); Hrhh ig 4254, Ed?h
ZH /N R L B TV R 2 o ) X3k B 2 i (P<
0.05), B3N REH /D> (P<0.05).

e
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e ] DX 3
5 3

383
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X AR ST ig 402G SUIRARZS IR BT HPERE ig 4624 SREAZA

AW SRR/ RATEIPUE IR BN E TiEsIREG C-# bR [6]; D-IZZhE R B-% i 6] DSkt SxTRALLE: "P<0.05; SR

Lz #P<<0.05; 5 ig 4zt “P<0.05, K7,

A-heatmap of movement trajectories of mice in open field test; B-number of spontaneous activities in mice; C-immobility time; D-traveled distance; E-

number of traversing center zone; “P < 0.05 vs control group; *P < 0.05 vs model group; “P < 0.05 vs ig administration group, same as Fig. 7.

6 BRRIZIRENY ig. SBRAERYRIT (X£s5,n=10)
Fig. 6 Analysis of sedative effect of Zizyphi Spinosae Semen extract after gavege and intranasal administration
(Xts,n=10)
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E7 BRER(CIREY) ig. ERBHMERIRITN (X+5)

Fig. 7 Evaluation of hypnotic effect of Zizyphi Spinosae Semen extract after gavage and intranasal administration (X £ s)
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