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B OE:. BN BEHD S0% LRI B % S M4 A (Parkinson’s disease, PD) KFIZzIEMHMEEH, #
FOHRE “Rp-ifh” 5% PD KRS E LS. A3k SRAABREIECK R PD B8, KRR ot A, sy
H. FiRZE (50mg/kg) HEHME. t. @R (041, 0.62. 093 ghke) 2H, Wity 7Ll . RHRSZIHTE PD KR
iZE)ER, ELISA % PD KREUIRAEZ Ef%E (dopamine, DA) &, ik HIA 80% 2B EUHL PD i h &S 1 i 7
o EBERAMFEAATHHIAR T, & 28 A0 SIS I K B AP i 28 007 22 B DA REAP & SRR IERR IE P B S IR PR L B
(tyrosine hydroxylase, TH) HJ#ik; M ELISA MI5E K45 M K SCREH DAL 5-# i (5-hydroxytryptamine, 5-HT) K&
HARE =4 3,4- —FFE A 2R (3,4-dihydroxyphenylaceticacid, DOPAC). Fi&EF . (homovanillic acid, HVA) Hl 5-F2 0|0k
2. (5-hydroxyindoleacetic acid, 5-HIAA) #; SKH Western blotting Wl & K 8 45 1 FSUIR A o i 28 Jid ST 4l B A= b B4
Ji2 R 41 4 R 14 25 1 (glial fibrillary acidic protein, GFAP ) Fl/IN 5 41 i (R TR AR 1C 40 25 145 45 4 &% -1 (ionized calcium binding
adaptor molecule-1, Iba-1) HFik., Z5R ESREMALE, HIIREEANFERE LokE PD KERMIZS)DhaerEts, HAH
PAEHBIR R, R ERAKRY iz SR EMAHR T A (P<0.001), B4 PD KRLCIRE DA 2% TH
FEMERIE & & (P<0.01. 0.001). AT HMATHE, PD KREMESCIRIEF DAL 5-HT KHABT4) DOPAC. HVA il 5-
HIAA KI5 8T BB ERRRREE - (P<0.05. 0.01. 0.001), H DA KREHERER 744 (P<0.05); Zipfl
SUIRTRH GFAP i Tba-1 13RIA B E FEK (P<0.001), $HIIAIL BTN P& R AN AN N A oG » 4538 H
FAREBA R0 PD KR WIS BIREAST, FEALHI W] B8-S HRA il I 8 2 5 240 B A 28 10 o 200 M 1 0o P2, AT BELLE o 28 5% RE )
RIE, ML mEE0R AT DA K& 5-HT S AT R MIR SR & 86 ¢ RiE T Hiailid “ M-kl K
PD {EFHHIER S, TN B L2513 PD RIBE T 2405 B

KB B SRR Wik BB UG B3ThEE 2N S-RON: KRR HiaEiE
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Effect and mechanism of Nardostachys jatamansi on motor dysfunction in
Parkinson’s rats based on gut-brain axis theory

XUE Jing-wen, WAN Guo-hui, LI Jia-yuan, WEI Xiao-jia, YU Jia-he, YANG Xue, LIU Meng-meng, LU Yi-fan,
FAN Wen-xin, ZHANG Ge, SHI Jin-li
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To investigate the effect of 80% ethanol extract of Nardostachys jatamansi (NJ) on dyskinesia in Parkinson’s
(PD) rats, and explore the mechanism of NJ against Parkinson’s disease through the “gut-brain axis”. Methods The rotenone was
used to induce PD rats model, rats were set up as blank control group, model group, levodopa (50 mg/kg) group and NJ low-, medium-
and high-dose (0.41, 0.62, 0.93 g/kg) groups. To screen optimal dose of 80% ethanol extract of NJ for anti-PD movement disorders,
the movement disorders of PD rats were investigated by open field test and inclined plate test, the striatal DA content was measured
by ELISA. Immunohistochemical staining was used to investigate the expression of tyrosine hydroxylase (TH), a characteristic marker

of dopamine (DA) neurons in the substantia nigra of rat midbrain; ELISA was used to investigate the contents of DA, 5-
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hydroxytryptamine (5-HT) and its metabolites 3,4-dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA) and 5-
hydroxyphenylacetic acid (5-HIAA) in colon and striatum of rats; Expressions of enteric glial cell biomarker glial fibrillary acidic
protein (GFAP) and microglia surface marker ionized calcium binding adapter molecule 1 (Iba-1) from colon and striatum were
detected by Western blotting. Results Compared with model group, NJ could improve the motor dysfunction of PD rats to varying
degrees, and NJ medium-dose group had the best effect, which significantly improved the total distance of open field test and angle of
stay of inclined plate test (P < 0.001), significantly increased DA content in striatum and TH positive expression in substantia nigra of
PD rats (P <0.01, 0.001). After administration of NJ, the decreasing trend of DA, 5-HT and its metabolites DOPAC, HVA and 5-HIAA
in colon and striatum of PD rats were reversed to varying degrees (P < 0.05, 0.01, 0.001), and DA metabolic rate was inhibited (P <
0.05); NJ significantly reduced the expressions of GFAP and Iba-1 in colon and striatum (P < 0.001), inhibited the activation of enteric
glial cells, glial cells and microglia. Conclusion NI can significantly improve the motor dysfunction of PD rats, and its mechanism
may be related to that inhibiting the excessive activation of enteric glial cells and glial cells to prevent the development of
neuroinflammation, and inhibiting the metabolic process of neurotransmitters such as DA and 5-HT in colon and striatum to increase
their content. This study verifies the theory that NJ exerts its anti-PD effect through the “gut-brain axis”, and can provide new ideas
for the research on anti-PD of traditional Chinese medicine that attributed to the spleen and stomach meridians.

Key words: Nardostachys jatamansi DC.; Parkinson’s disease; gut-brain axis; theory of spleen and stomach; motor function;

dopamine; 5-hydroxytryptamine; glial cells; nardosinone

TH4#%J% (Parkinson’s disease, PD) & 4#iit:
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(dopamine, DA) R TLHIHEAT IR . PD B3
ZHIE YR, B3R EFE IR, DK
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(1) PD 835 £ 3l D) GefhG Al XA 22 22 45 (central
nervous system, CNS) Jj5 H B AT Bz E s &
A4 (enteric nervous system, ENS) JCifi], 7EiUTLE
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R AHIKBY, PD S AR, A7 RSO, =i
WAEARINE, HRABEA “477 28, A a7
2. mEMEeY, BS5Eda S HEME, B
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1.2 Zh5%

A2 B NIRRT R E, SdbdEs
2R v 24 s O = A N R 4 NN AL 4
T EAEYIH AN N. jatamansi DC.JTIEHR MARZE
1.3 AR5

BN (5 R105076) T E iR h T A4k
BHEARAR; ZEFM (15 W24A11L122237)
W6 H FHEREMAERHA IR AR Azl (ks
H11021055) 1 B AL BB C2A FR SR A 7] s SHi
H k5 C10821103) W H EilgE e kRHEA R 2
Al 4% FKHE (LS 70120900) 1 b5 22 A0
BHAERAR; MEK (5 10011218) 14 H E 24
£ AL AR AT PR /A 715 PBS 22309 (HiE5 B0002)-
BCA & F BN E & (k'S Bal086). 1751
(pH 6.0) FLEEH (5 B2010). FHARRILE
(fit'5 B1001) M H BQD AFl; K& AL
(tyrosine hydroxylase, TH) Hifk (#it'5 GB11181)
W H Servicebio AR ; T (IS 10023418) Iy
HEZERANFRAERA A BFaEaEA 1
(ionized calcium binding adaptor molecule-1, Iba-1)
Pifk (5 17198s) W HEE CST AF; HRP Ax
R EST R 9T (kS 074-1506). HRP FRicH
2PN 3T (FIES 074-1806) T H 35 [ KPL 2
] P-actin ik (L5 ab227387) M4 HFEE Abcam
Nl B A Marker (L5 26616) 1 H 3£ [E Thermo
Fisher Scientific A 7]; K DA ELISA iR/ & (it
5 20210618AS1). K 34-“RIEK LI (3,4-
dihydroxyphenlaceticacid, DOPAC) ELISA &)
({5 20210618AS1) KR =7 H K (hemovanillic
acid, HVA) ELISA & (HIt'5 20210618AS1).
KA S-F2 0% (5-hydroxytryptamine, 5-HT) ELISA
RilE IS 20210618AS1). KK 5-FEMIM: 2.1
(5-hydroxyindole acetic acid, 5-HIAA) ELISA {7l
& (5 20210618AS1) T4 H LB %A BR A ] 5
AT 4EBR 1 2 1 (glial fibrillary acidic protein,
GFAP) HitA(H 5 16825-1-AP) I [ 2% [H Proteintech
NG
14 {425

SB-5200DTD M iEGeA CT O Z AWH}
B AR AT D) MEL04E/02 B+ 2 —HT
RV R e R 2 H AR 2 (R AIRAF ]
FW-200 24 538 77 e ML (AL BT K A28 TR
AFD); HW.SY21-KP4 BB et /K (Jbaith

KA ZAXF AT RE-52AA et 75 %A ( k
HEV ZRAAAL RS ) TY96-TIN B R 75 J5k 2 o oy 1
MU CTRHT Z MBI BRATD; U, RHR
P RS 8 % E il
2 Bk
2.1 HRHERTHE

B H A 2R B ARy, FRE 100 ¢ BT H 2
HETEI A, 2B 104 8. 8 f5 & 1K) 80% LB R 42
B3 Uk, BFIAI9 5008 604 45, 45 min, iR EFEHIE
35 CUAR, JEid, &R0, UK FIEA], f3ER
CIRE 105g, HEXRN10.5%, AEATTE. H
AR E AR, AR ET RS
Y, o £ 2 28 R A H b B R & B
0.109% ~2.013% , o\ 3%l Jii & 4> 88 1.01% ~
2.18%!171,
2.2 KGR PD #&AGIZ

LN T O N A o o SIS
mg/mL LA, SPF 2 SD K BUE M TR 1 )4
Jo, FESE 2 AT sc kR (1.5 mg/kg), EHL
PD VP4 2~4 70 KRN EESS, PR PaiE LR 1.
FEHBVE Rk TR G BT KRR, B xS
PRI UK, RPN, IR, ARl
TEfEEEMPPEIR, ETaWMCHEEE, X 6~
8 73 KR HHAT S if b Bt

&1 PDRENFSIRE
Table 1 Scoring criteria of PD model
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24y A1 arERN, BENEshEbHEE. SIfERE, I
HREBEBAE LS T

44y B2 oHEN, HAEAR, SARELTE. ST
S ] — I e

(O3 =< K 11 =1 =R 1 5 5 e = 5 O W o
b= gripiid

84+ M, URCAN/EUE B AR, PUEIEE, RRE
KiEWRE, Ahedta

10 4 WiFEIRE AT

23 DARSKH

W IE RS )R B BENL A AR . A liE 2 B2
FARHAME . mAEL, FH7-8 K, RkE
SRR 8 H o AT HATR AL HAA A [ 7 B2
BUH K SR <5 Ax iz sh h RERT 7t BT I )2 A v
FIENS, HBAC. SR, AR 230 372
B, B 58 041, 0.62. 093 g/kg 4224, AliezE



FEH 2023FE58 H£54% B 9W  Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 9

* 2825

RAWEIRIKIAIT PD IIEIRZGYIN, BEH SRR
PD EH NS ThRekEtg, Wi lieZ AL ARHPEX IR
H, HHE T 22 TN PR FH B 45 24577 50 mg/kg .
24 {THFEXW
24.1 W ISE EPFEAUN 100 cm X 100 cm X 45
cm IETT TRV RN 3, R 25 7
7% (20 em X 20 cm), ¥4 KRB TH % 505046 1F 4 9,
MELRFAE 5 min W37 H HIESI S AR KR
BB, IEWIEEhTh AL
2.42 R S Rivlin 2520759 H HIRR,
AR 2 AN R, 1F IR AR
AF, WS EREEE S ARSI, EF 1 em
B RE. BRRLEA L, BTSSR R
RE I b, IJe sl 50° FFUG, #5 K RATTERMK
AT 5, MFERARMAE 5° , HEAFE RN
T 5s, iU AR NRIT B A R . B RO R
B3R, BETIHE. KEER AR, EH
IE BN D REREAT RN o
25 REBENKENKRERS TH BRI

TTNEESEG ARG, BRI AEEK 12h,
ip 20% S H BRI, BYF KRR, W R £ 4
NOIEAOE, B OHI T O EE.
UK IR B H SRR O, IRIET 10 RRARFR
ZRFEBRRPEE 24 h. RFHITAEEHE, o
RV, BEEERSIEK, Juta, i, HREER
FE Image J BAFH, XFBHPEEMIBOGEE (4)
(B R XS S T AR I LA HEAT 0T, 7531 TH (-7
AME, Ve HRIAEN.
26 ELISA #MMKXREBAMIKEF DAL
DOPAC. HVA. 5-HT 1 5-HIAA & E

T IR ELISA 0746 i B A5k 5 2H K BRL&5 i
ZUREH DAL DOPAC. HVA. 5-HT. 5-HIAA /K.
2.7 Western blotting #& | X 5f 45 B F 40 4K {4
Iba-1. GFAP EURIA

¥ KR &M SCRTRZIH 4 ‘CHI PBS 251K
BEEGE 3 IR N 10 AR R A 2 A 3R U7, B
FEFETEIR, FERMEERR, WE LIS,
il BCA & EiENE A SR EITIE . EARE
a4 TR R BN - SR T I I G B R vk, A
PVDF fi&, TBST ¥k, H 5%MARA- 953 1 h,
TBST ¥4 3 ¥, FHK 5min; JIA—4T (1 © 6000),
4 CWFE IR TBST ¥k 3 Ik, BEHK 5min, JIA
Pt (1:50000), =IEHFE 30 min, TBST Bk 4

W, K S min. KA ECL AL Ak ER,
Image J 7317 8 H 415 K FEAH -
2.8 SItoh

H4fs S GraphPad Prism 9.0 #AF#EAT 4112
T, HHEREILAX £ TR, LIS BARMIES S
i, MR SRR R 20, ZRARE
P F A Dunnett’s #5837 2 B LB M.
3 #R
3.1 H PD KR EEIhEERERRMTIEREF
3.1 HRAX PD KW SEER M sk 2 B
R, SRR, BRI KR I ISR R
FARL (P<0.001); SHRIALLER, &4 254 KR
37 52 Bl PE B3 B 2 19 (P<<0.05.0.01.0.001),
Ho Rl Ed s, R\ HEaPRE4x PD
KA FTESRE IS o B3 .
3.1.2 HAX PD K BRBHRSEER I F2m ansk 3 B
N, SXTIRA LR, B KR B EAL. F
BA A0 B F K (P<<0.001); SEIRIAILLE, &4
KR LA RE 1 B OGE, AR A R
FTHE (P<0.01. 0.001), HA s Ed i,

Fz2 HX PD KB IZEWHISME (X£5s)
Table 2 Effect of N. jatamansi on open field experiment of
PDrats (X +s)

A5 ME(gkgh) nwHA B BHRIEER/cm
ot R — 8 28274262
it — 7 1 299 4 152###
Yooy A 0.05 7 2 623+353*
H 0.41 8 2394+241*
0.62 8 2 868+221""
0.93 8 25534267

S5x@A L *P<0.05 #P<<0.01 ##P<0.001; SHAIHLL
. *P<0.05 *P<0.01 **P<0.001, T
P <0.05 *P<001 " P<0.001 vs control group; “P < 0.05

"P<0.01 *P<0.001 vs model group, same as below tables

#*3 HARX PD KEFREEMEN (X£s,n=7)
Table 3 Effect of N. jatamansi on inclined plate experiment
of PDrats (X +ts,n=7)

ZH 53 FlE/(g-kg ™) R/ )
pagie — 65.00+3.27
A — 50.7141.70%#
Yoy ) 0.05 63.57+2.83"
H 0.41 62.14+1.84""°

0.62 72.86+1.84"
0.93 62.14+1.84""°

S mEAE: “P<0.05 “°P<0.01, FERA
“P<0.05 ““P<0.01vsN. jatamansi medium-dose group, same as

below tables
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R HRas I EAN PD KRS 3I R RE 71
RN,

3.1.3  HAX PD KERECIRIA DA S &5
R 4 P, SR, BIAA K R SR+ DA
FEEERK (P<0.001); SRR, %42
HARRECRE DA FEEEF S (P<0.05. 0.01.
0.001), HrrH A EHEHRE.

3.2 HH PD KRS EEFERSRIHL IR ST
32,1 HX PD KRS TH RIAMEm ik
1. 3R 5 Fow, AEAYZH KRR AP i 28 0 X35 TH FH 4 o
LU RIEWE T (P<0.05), MR EIAEMT H
MR BB 400N ez B4 25)5, PD KR TH FH
PERXETE (P<0.05), kg, 4
Wea%ifE, PD KR TH FIMERBEZE S (P<

F 4 HIX PD XKRLUKAS DA S2HIEM (X£s,n="7)
Table 4 Effect of V. jatamansi on DA content in striatum of
PDrats(X+s,n="7)

A5 HE (kg™ DA/(pg-mg™")
Sof Bt — 6742+23.8
e — 259.6 147 5%
flez | 0.05 448.4+27.9"*
i 0.41 377.6+31.5*
0.62 529.94+54.0"
0.93 353.7+24.0""
K R
: N .. S0um
Hs YA

E1 FEKRKBMAZERSF TH BIFRIE (X200)
Fig. 1 Expression of TH in substantia nigra of rats in each
group (% 200)

&5 HMX PD KEFRER TH HETRENFN
(X+ts,n=3)
Table 5 Effect of V. jatamansi on expression of TH neurons

in midbrain substantia nigra of PD rats (X £ s,n=3)

ZH ) 7B /(g-kg™) AfE

POt — 0.449 8+0.055 8

it — 0.172 1+0.006 5%
Fhez e 0.05 0.4103£0.029 4*
Hia 0.62 0.486 7+0.088 2**

0.01), FHIHA R A PD KB TH FHME
PR TCHIR D o

322 HAXT PD KR4 #h 208 0 & & 1 m
Wk 6 fron, SxPRRA b, B KRS B wh
2:3# )7 DA+ DOPAC. HVA. 5-HT 1 5-HIAA & &%
FEL (P<<0.01. 0.001), DA AiHE%E (DOPACH+
HVA) /DA EFTtE (P<0.01); SR LES,
KE% B4 DA. DOPAC #l HVA & &4 5 & 7+ &
(P<0.05), H#4l DA. DOPAC. HVA. 5-HT Al
5-HIAA & EEZTHE (P<<0.01. 0.001), DA 1
WARRERIC (P<0.05),

3.2.3  HAaXt PD KERSUIRAR 420 it 5 B 152
W Wik 7 R, SRR, ALK RSO
&+ DA, DOPAC. HVA. 5-HT Al 5-HIAA & & &
% (P<<0.01. 0.001), DA fRiH#EZ% (DOPACH+
HVA) /DA EFTtE (P<0.05); SR HLES,
fiEZ B4 DA, HVA S EEE S (P<0.01),
DA fRHE R EK; HH#A4 DAL DOPAC. HVA. 5-
HT f 5-HIAA S EEEFE (P<0.05), DA AHf
AR, RFHAREE B PD K DAL 5-HT
R NRERTERN, JFREK DA REHE%.
3.24 HIAX PD KE &R A sz
K 2. £ 8 Fiw, SxTBAEe, BRI R
HZR Tba-1. GFAP & EFRIAKTFHEZE S (P<
0.001); S LLE:, KA ZHEEHAHL ba-1.
GFAP & H#RIA KT B E K (P<0.001), K
Fi v 22 1 T3 A4 S ) ek P i 15 21 T A 0

*6 HARX PD XKRLEMHMEERSEM DA REERPFM (X+s,n=6)

Table 6 Effect of V. jatamansi on neurotransmitter content and DA metabolic rate in colon of PD rats (X + s, n = 6)

FIH/ DA/ DOPAC/ o 5-HT/ 5-HIAA/ (DOPACH+HVA)/
A (gkeg™  (pgmg™) (ng-mg™") HVA/(ng'mg ) (ng-mg™") (ng-mg™") DA
of HEL —  62337+31.17  62.52+2.44 116.83+6.54  12.79+0.45 24.86+1.38 289.85+10.84
fE Y —  259.59+47.50% 3920£3.56%  76.461631% 8741057 18.61E£1.61%  509.06169.03%
FREZE 005 4527614216 52.69+1.78" 94914+0.97° 10.5040.88 20.5540.65 340.80+32.48

Hn 0.62  529.87+54.02"* 58.27+4.99"

107.934+4.05"" 12.024+0.52"

25.76+1.27" 334.70+46.04"
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®7 HX PD KRSURIFFHZER S EM DA KFEREMFEM (X+s,n=06)

Table 7 Effect of V. jatamansi on neurotransmitter content and DA metabolic rate in striatum of PD rats (X + s, n = 6)

=/ DA/ DOPAC/ 5-HIAA/
ZH 5 - _ - HVA/(ng'mg™)  5-HT/(ng'mg™") _.. (DOPAC+HVA)/DA
(gkg)  (pgmg™) (ng-mg™") eme eme (ng'mg™")
Xt iR —  559.04437.47  58.64+4.30 109.6016.66 11.91£0.43 27.484+1.18 304.78 £20.82
it —  264.46127.66"* 39.6742.13% 76.1016.95% 9.754+0.29% 18.91+0.71%#  462.29+51.66
LERZE 0.05 4597245252 52194502 103.33+£5.35" 11.20£0.63 21.8541.60 356.49+38.93
Hn 0.62  430.49+26.89° 56.38+3.23" 101.44+7.25" 12.0940.62* 23.96+1.46" 373.75+£29.99
=9 HX PD XREUREH Iba-1 F1 GFAP EHFIEH
Iba-1 L — e 1.7X10* =) (X+s,n=3)
Table 9 Effect of N. jatamansi on protein expression of Iba-
GEAP 5.0X10% 1 and GFAP in striatum of PD rats (X +s,n=3)
biilh=:vd i )
20 5 - Iba-1/B-actin GFAP/B-actin
(g'kg™ P P
B-actin | AEE—_G G O < [ TR — 0.36811+0.0579 0.455740.046 2
it — 0.902 740.023 3#%*  1.023 010.032 1%

DG ROy AN E RN

2 B PD KREHH Iba-1 71 GFAP EERIEH
A1)

Fig. 2 Effect of V. jatamansi on protein expressions of Iba-1
and GFAP in colon of PD rats

8 HHX PD KRLEFH Iba-1 A1 GFAP EARIEHIF
il (X+s,n=3)

Table 8 Effect of N. jatamansi on protein expressions of Iba-
1 and GFAP in colon of PD rats (X + s, n=3)

A5 (i?l) Iba-1/B-actin GFAP/B-actin
Xt iR —  0.360120.0803 0334 110.0368
i et — 0.93960.061 3% 0.971 41+0.072 2%
ANEZE 0.05 0.3820%0.053 0" 0.326 0£+0.009 1***
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