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Pharmacokinetics and pharmacodynamics study of Panax notoginseng saponins
in mice with Parkinson’s disease by using UPLC-MS/MS combined with
microdialysis
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Abstract: Objective To investigate the changes in the content of notoginsenoside Ri (R1), ginsenoside Rgi(Rg1) and amino acid
neurotransmitters in brain micro dialysate after the treatment with Panax notoginseng saponins (PNS) solution in Parkinson’s disease
(PD) model mice induced by 1-methylmethyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP). Methods Mice were injected
intraperitoneally with MPTP to induce PD mice model. After intravenous injection of PNS solution, brain micro dialysate was
collected by microdialysis technique. The sample was divided into two parts, one was subjected to pharmacokinetic study of R; and
Rg1 by UPLC-MS/MS, and the other part for pharmacodynamics study which was done by pre-column derivatization of the amino
acids and HPLC-FLD analysis. Results After iv administration of PNS to the mice, the maximum CSF concentration was (35.48 +
24.4) ng/mL for Ri and (75.61 £ 41.35) ng/mL for Rgi. The time to reach maximum concentration was found 1.75 h both for R:1 and
Rgi. The AUC value of Ri and Rg1 were (100.12 + 84.29) ng-h/mL and (218.84 + 144.73) ng-h/mL, respectively. Moreover, the

levels of aspartic acid and glutamic acid were reduced, and glycine, taurine and y-aminobutyric acid levels were increased in PD
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model mice treated with PNS in comparison with model group. Conclusion PNS can enter the brain through the blood brain barrier

(BBB) to some extent, and regulate the imbalance of amino acid level in PD model mice, so as to display the neuroprotective effect

and its therapeutic value.

Key words: Panax notoginseng saponins; pharmacokinetics; pharmacodynamics; Parkinson’s disease; microdialysis; amino acids

M ARm (PD) & —Mip&iBIT IR, B W,
FHEANF 60 & DL EAFE. 5K -, PD Ry 32
RHIE & 2 LA 2 T R AN 28 2 R T i), &
WAIBENIRSE . E bR, LK S REmG A -
PR ANE, FTE R R RS AR R Sy,
ARl AR, ZE (DAY 7E PD
[ R IR AL T A 22 G BRI e F i F R
B A R, WA EIR (Glu) AT y-Z( 5
TR (GABA), i TR -T2 5
PD [FREHLEIN). JmHH, Tong ZEMNAFFLFKEH PD
(R AEAZ B IR B H IR T B 5 i b S R KT () AR
LREP P

— LA NI MEEY =t Panax
notoginseng (Burk.) F. H. Chen IR ZE,
B THRIT AR i g g =
LI AEYE R R A VYR IA HY G () =ik 2
—LEEH (PNS) £ =t EZEAHry, 4
i NZ B Rby (Rbi). AZEH Rz (Rg). A
ZRH Rd (RAD). AZEH Re (Re) M=LEH
Ry (Rp) 2600, WEFE4RiE, Rgr v] LUEIEAS [F FIALH]
X PD MR R AEIEAE (AP R AE 012, PNS B
AAMAERYERAI. HHFT ST PNS X PD B4
BN R KV R 52 e LK G PN 245 5 27 IR AH 56
WFFC AR WARTE o« AZE AT HOAR S — MeR R B AN
BT AR LE A ER FEIZ W 58 3 1 — PP A AE DS AR
HEAT BN AT AEACBURE R HR, B TR IE S HURE |
HAMEE. RSN KRN AL SR
R ATERRIREGE BRI AE IR BAEH, REDE S
IREBA AN E I SR . BRTC A
IR AR R A EE M R TR —,
B AR BRI TRECRA I B R L,
ARSI UPLC-MS/MS B FH ARZE AT B A I 5 fivi
OB Ry A Rey & 2= R VPO PNS B A
FIFHEE, FHH%2 PNS Xf PD 8L/ B o 2 B iR 7K
SERRTER, NI R KRB 2%
1 M
1.1 XIzh)

C57BL/6 /I BRI T A6 5 4 I R A2 S 58 ) P He AR

AIRAT, HAIES SCXK (51) 2016-0011, 34
FERE (25+2) C, HAEE (50£2) %, HH%
T 55 18 R B ) S 56 T I A T

1.2 AR5EF

PNS J5E 25 (= B RiR T 77 RINAE R A #],
#t5 021108, Ri. Rgi F1 Rby KR E2E0 5N
13.79%- 47.26%- 24.55%); 1-F%:-4-8%-1,2,3,6-
Vgt g (MPTP, 3£ Sigma A #l, #it5
SLBS2977V); AP /K Ok Bt A R A #,
fit % 1611280721 ) 5 X M & Ry (#k 5
110745-201318). Rg; (k5 110703-201530). Rb,
(L5 110704-201424), H E £ 5 24 dh i 2 B 70 e »
AR =99%; B-Fidk L BE (Sigma-Aldrich St.
Louis A#]); Glu. R&ZMK (Asp). HaM (Gly).
y-GABA. AR (Tau), Sigma AF]; AR HEE
(OPA, JiE5%0=99%, Sigma-Aldrich A%]); K&
AR (orfrall, REWmESRTHRERAFD: &
 (faital, EE Fisher AF)); KB F/K (SLIH=
i HEE (Aigal, RETTRFHERARARD.
1.3 4%

BT 0 R =l 117 o == 5 T G
(UPLC: Agilent 1290 Y, QQQ: Agilent 6460Triple
Quad LC/MS); Sk fif (Anglell, E[E);
PR B KT NT (RS R EIE R AR &
BORM RGeS (HARBEAR, %
RF-10AXL); Milli-Q 47K 24t (Millipore A H,
K ED; PB-10 IR HM pH i+ (f2[H Sartorius 2
F]); S0220-230V-EU i figiR 4% (3E[E Labnet 2
7] )s XP205 /341 2 —KF (Mettler Toledo 4 &) )s
0L (£ E Thermo Fisher 24 7] ).

2 Bk

2.1 PD /)RAEBIAYHIE SIE

2.1.1 WY E SR S ASIEEH 12 R
AN B HYOK B, TSI G R SR 1R
BN BENL Y AR IR AR, 4 6 H. Y
H/NERAEER ip MPTP (30 mg/kg), &£ 5 d,
H/NBRAER ip SEATIHEIK, ES5d .

2.1.2 PD /PMRUBAIMIRIE 2O (DA) 2
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B4 i B T 22 L RE 4 G 4 W 1) B R AR 2 0
i, 5 PD IR YIAKIY, Kk DA &&=
W E, 20E M 70%. 242 ERERE L eI /b
50%F0F, DA &S REBEREIEFEM 30%, XAfES

F PD F AN, ARSLIGEF DL DA SR ITN
PD B R 3 5 51T,

2.1.3 DA [l 7E ip MPTP 5 d 54 sh 4tk
SKHUR . AEOKEE b3 B I ZH 2R S804, T80 C
BURARAT o FHBCIRIR-ZHRA R (1 g 2 7.5 mL) i
N FZER, 21K, BWHEE D 15 min (12 000
t/min). FIHRFEEG 1 IR, T80 CHRAFE, i
RrATEARIRARR, ISR S &R DTIE R, 1
VKIHFCE 10 min J5, A%FEC 15 min (12 000
t/min), i 022 pum JEME, HELIEBGHATIE . Al
M 3Ry Agilent C15(200 mm X 4.6 mm, 5 pm);
AR IR - SRR (pH 3.8, A) -FIfE
(B), BHEEBEBALE : 0~10 min, 5% B; 10~15 min,
5%~50% B; 15~20 min, 50% B; ¥R K (EM)
330 nm, KREFEK (EX) 280 nm; i 25 C; #k
FEE 20 ul.

2.2 TIEATSELE

221 IS ERGY ARSLRREA 8 R/, H
HPOK B, TERiRun@ MR 1 . KR
BEALAY AAETIALRT PNS 20 (554 4 H), BAI4E
PNS 41/NEE R ip MPTP (30 mg/kg), #4E S do

PNS - FiE BT FEMIZE 4 RIERTE iv 45T PNS %
7 (100 mg/kg), 1 hJ5ip MPTP (30 mg/kg), %
apeny 3 dUe, IR TR FEN S 4 RITRTR
iv e TERAMEK, EH3d.

222 ANLKEW (ACSF) H#l% 45 mmol/L
NaCl. 0.6 mmol/L KCl. 1.0 mmol/L MgCl,. 1.2
mmol/L CaCl,. 0.2 mmol/L 4% C, A NaOH i}
pH % 7.0, FIBFIIN 0.04% &R, £ 0.22 pm
PEFE eI AR AL EE 10 min PARR 20,

2.2.3  REREFBREN AR RWEE  FELRZIRT 3 d 4R
INRAENBEREEE, DR 10%/K A S R
(350 mg/kg) Ja, XP/NECEKEBEAT & R AR, Sk
AT T RARGEM— 1 em BR£REI 0, 252 3K T
(TR N = e € AT L 24 Nl bt o VA NS
P, AT RE e AL A, AsdR A CE KD

AP: +0.6 mm, ML: +2.0 mm, DV: 4.2 mm. &
A7 5 P sG S — AN ELAZ 0.8 mm FI/NFL, B R
Bt DA oG F o b o 1) B U 2 BN, FHBE & 1K

I IVTRRER e TN R BUIR IR . M B 3 NS 23001
VEEER, HEBRE B P B0, A 1.5 pL/min 4
LR T 2 h, DU R R . AR5 TR IR IR
FEIBWTIbRAS, A5 8] FF 30 min W4E 1 1R, B4 45 uL,
R 3 2 FE TR E A I IR S . K 3 d
JE4R Y, SRAH T RIRG Y )G, LD URSCERRE &
FHCEAE 30 min, ELLEURE 24 he

2.2.4  FREFECRIE (1) ARSMECE I E «
FEMEEKI (3711 CHMAT, ¥ 50 mL %H R,
A1 Rgi ) ACSF IMARER . FERE B Tt JF
e, AN & TR AR .. RERRRE
N 1.5 pL/min, i —R5I5EKEER ACSF 25%)
W (Ry: 47.5. 95.0. 475.0. 760.0. 950.0 ng/mL
A Rg: 55+ 110, 550, 880. 1100 ng/mL) {F N
. B RyAT Rey HIJR IR E 43 31l R 475

550 ng/mL. 7% 30 min J5, JFUAEERE 30 min Y5
1 REES:, BFRICEE 30 min. 45 BLEL 3 YRINEAE Y
SEBIME. (2) TEAREZRINE . BT IREM A
NN G, “P#52 hjg, LA ACSF /E N,

PRYEIARES 30 min, PYEEMRKIRAEH — R 5 &
WRFEI ACSF 90 (Ry: 47.5. 95.0. 475.0.

760.0. 950.0 ng/mL A1 Rg;: 55. 110. 550. 880.
1 100 ng/mL) {EAREEMREE, AREREN 1.5
uL/min, WSCEE S AMEVE R BE T RGBT IR &

TR EWRCEE 3 Wk, ME BT 25 T ik %
EHIEERG , 00 0.5 h A ERUEE T 1AV
wt o LADUAS BB AT IORE b R 254 o 0k P S
T HR 254 R R P 1) 2 A R P 25 W R R R
TEE, REZRED A,

2.3 WRUEMTRS R, A0 Rg BONIE

230 JRE&M HWIEE TR (ESTED; i
X IEEF ESID &l By 2RNET
W (MRMD; HIBIFHE SkV, FSHSMAE N, &
5K 275.8 kPa (40 psi); B FURIEE 350 C;

Ry EEHFER N miz 955.52—775.30, Z# )L 280
V, fiff#REE 42 eV Rg EEFRHIER M. m/z 823.48—
643.30, ZREE 340V, RifEAEE 50eV.

232 Bk kM AN Agilent ZORBAX
Eclipse Plus Cig (50 mmX2.1 mm, 1.8 pm); i3}
A 0.1%FRKVER (A) -2 (B), BREEH::
0~2.5 min, 30%—>50% B; 2.5~3.0 min, 50%—70%
B, @30 C.

2.33 HHEEIEBIIECH] SIS & R X R
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PR L, FH R A O A O B T . RS
RIS OE R, ] ACSF #RRcH i R SR &
PORIGRTIN S

234 LEMEER IWFRGEENRE, Vs
WA 28 BTN I ST IR i, 45 24 )5 2 il e
WA e s BERE ST o U B Ao T A o
HH (1) 2% o S HATE AT =0T 206 A oI BT .
235 AeifEdiZnash] RS ARE Ry I 2.72
mg- Rg Xt B & 2.76 mg, I FF I At I T 1) o
FESr 58 Ry 19 pg/mL. Rgy 22 pg/mL KR & 518
iR, R E R SIS R, H ACSF #ikt
BC R AR, BEREDNE f5 LAJST Bk B2 R AL b
(XD, WERBIAPATR (YD) ZxfilbriEih 4.

23.6 REEERE BUE. . &3 MEEREDR
TR R SRR E , 1 d e SR, TR H
PRE s 12N [R5k B (VR A o) B B Vs T 2
Mg 3d, BERIME 5 W, HHEHIFEEE.,

237 FEMERE BK. . mTEIRE R
%3 4y, BE4 CHE 12h lEaENE, &4 “23.17
“2.3.27 TR BB K (B A5 F HEREI E

23.8 MRS EER B R Rg X H AR
Befa, %Dl e SRR, tH AR 5 e =R
2.4 BNIREATIE P AL LRI AN E
241 O B RF-10AXL 5 O6A I 23 %
WM RS it A Agilent ZORBAX SB-Cis (150
mm X 4.6 mm, 5 pm); A7 40 C; KK 350 nm,
WOR K 450 nme S AH A BEIR — S8 22 i (0.05
mol/L, pH 6.0, A) -HE-ZJF (611, B)o B
Ve 27 : 0~17.00 min, 28% B; 17.00~24.00 min,
28%~60% B; 24.01~30.00 min, 60% B; 30.01~
35.00 min, 60%~28% B; 35.01~40.00 min, 28% B.
242 ATAEFIBIHIS SRR R Z W (OPA)
10 mg ¥+ 0.25 mL HEEH, JIA 20 pL -5t 4
%, FHON 2 mL 0.2 moL/L BiRbZEi (pH 9.5),
TRATS B0y, WEGAEI 24 h BIAT . B R AMIN 10 L B-
SR, FTAEMRRPL: B S uL ATAERIT AR
15 pL TOEHTFE 5 B AT TR ), #F 2 min 5T
TRHERE .

243 LEMEER  KTHREL Asp 2.28 mg. Glu
2.72 mg. Gly 2.57 mg. Tau 4.20 mg 1 y-GABA 3.01
mg, HIEMAE 100 mL ASCF HAE I £ V8 -
P37 ASCF #iks IR 2], 4 HPLC-FLD #EFE
€, ThE M EEER I MG B . DA I oE A

TRRE i 1 2 R R S A GE BT =5t 5 P SRR UG T
HELHETH.
244 MRiEMT 2R 2 d] DA R AT RS B
MikE, 192 — R 0B W EE 0 B . 4 15
ul R VAN 5 uL AT IR A, RN
2 min FFE, WWRIGHARSE. DUREKREN
MEASKR (XD, WETH AR ME AN bR (YD), Ll
P 14 1 2k
245 BEERE T 1 dHESHRE. T H
JR R T I IR ST (n=5), T H NREEE.
24.6 RNRS5ERER BCOAFEBEEKREZRLLE S
P IO W VA AR R J5 , He DA b e dil S5 AR gk,
THERIN R 5 e B PR
25 Zitoth

LAY +5 %o, {FH WinNolin 6.4 {115
253015240 I SPSS i AF R FH 5K 2= 77 2 o b ik
TR0, BREAFAR R 28 H SN ZE R .
3 #£R
3.1 PDREIMIHE

20 5E PD /NN SCIRARH DA K, XHE
YR BL R A SO R DA I B R E 4 AN
(48.5+17.3) ng/mL f1 (6.44+2.7) ng/mL. f&7
Hrh DA S EEFRFMK (P<0.01), R PD K
B AT B
3.2 REEUREANE

AN A2 AT VR it 1R 245 0 ot A 2 5
00 FR 25 o R ) 2 (R VR R 25 R IR
TER, RERENEICE . Ry AEARAARSMNESCR [F1)5 75
RN Y=-0.420 2 X+3122 (r=0.999 7), Y=
—0.455 X+180.56 (r=0.998 8), Rg; FEARAIAEAN ]
WCR BT FES N Y=-0.435 7 X+237.75 (r=
0.998 5), Y=-0.3855X+26.036 (+=0.999 3). %
R, Ry R ARSI R Z 53 7N 42.02%1.45.5%,
Rgi fEAR ARSI ZE 530 38.55% 43.57%.
3.3 WROEMRS R A Rg MEFTEFERER
331 EJEM R iv PNS s, ] UPLC-
MS/MS BXEROENTEL AN E 0~24 h HIKE
(CSF) H Ry Al Rg MJREIRE . Z5RKH, EN
Ry A Rgr B ERER INFE] 7359024 0.86+ 0.93 min,
SIS — 8 BTN AR IE AT PR o g
BHBETI . SEENTRES X5 I A ORI s
JRI R IEATRE B B A B 1 TR
3.3.2 VAR RLMTER Ui S AR AR
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A7 EENTR R ARG TR B-2 BT Ry MR TR C-xf i dh Rey IR TR A D-x I Ry 5 HGE TR &l E-CSF

FEfn T Ry FHREGE TIR A F-CSF i Ry ERIGE TR E

A-chromatogram of Rg; in blank ACSF  B-chromatogram of R; in blank ACSF  C-chromatogram of Rg;

of Rg, in CSF samples F-chromatogram of R; in CSF samples

D-chromatogram of R;  E-chromatogram

1 Z=ABMK. MREERMENENT AR ERIEE

Fig.1 Chromatograms of blank, standards and brain micro dialysate samples

(X0, MBI AR (), ZlbrdEriZL, 5 R
FIEA RN Y=11.58 X—1.269, r 4 0.999 7; Rg;
FIEA RN Y=21.04 X—1.289, r 4 0.999 8. R;
7 0.475~950.000 ng/mL WZkHE R K LF, Re fE
0.55~1 100.00 ng/mL A Z&1H:5% & B i,

333 REEE AL b mRER AR
HPME RS2 NE 1. mg B ars, R HRM
H [A¥5 % RSD 43 AITE 0.91%~3.78%F1 2.70%~
5.96%; Rg: H AT H (B4 % B2 RSD 43 HiI4E 0.82%~
2.45%H1 3.90%~5.11%, RV ZEEFRI.

334 RUEME TOENTAE AR E ENDE SR (R
2) KW, KFEAL 4 CHCE 12 h, WEMK. #.

R IR AR S TRV RSD ¥ITE 4.97% LA
W, BEBATIOE BT S AR E

335 MRS EER Riv Rg MR 75518
1.021. 0.523 ng/mL, E&EFR5514 0.304 0.25 ng/mL.
3.4 REMEERT 5 MEEBRNENSES
ERER

341 LREME WK 2 Por, WHEOETTR S M
FERAE B AE BT 25 1F N IR (R . Asp 5.25

%=1 ACSF H1 R #l Rg UK ZE (n=5)
Table 1 Precision and accuracy of Ri and Rg1 in ACSF (n =5)

X _ H RSB H TRDHRS 2 2
5% p/(ng-mL1)
p/(ng'mL™) RSD/% RE/% pl/(ng-mL™) RSD/% RE/%

Ri 11.88 1143+ 0.10 0.91 -3.76 1149+ 031 2.70 —3.28
475.00 486.89£10.62 2.18 2.50 507.18%+16.47 3.25 6.77
760.00 827.901+31.28 3.78 8.93 838.51149.95 5.96 10.33

Rgi 13.75 1425+ 0.12 0.82 3.62 14.44% 0.56 3.90 5.02
550.00 578.84+14.20 2.45 5.24 587.57%30.00 5.11 6.83
880.00 949.301+19.92 2.10 7.87 953.914+43.54 4.56 8.40
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2 ACSF f1 R #1 Rg BIF2EM (n=5)
Table 2 Stability of Ri1 and Rgi in ACSF (n=5)

R3S MHIEBRAEITHFIEMZE LR

Table 3 Linearity and range of amino acid content

AW e r BEE/(ngml™)
Asp Y=1158X+43550 09996  6.30~1140.00
Glu  Y=19233X—48684 09998  22.67~1360.00
Gly — Y=3183X+35103 09996  21.42~1285.00

Tau Y=34152X+300408 0.999 8
GABA Y=3201.1X—30675 0.9992

11.67~2100.00
25.08~1 505.00

X i WA
A - RSD/%  RE/%
p/(ng'mL™) p/(ng-mL1)
Ri 11.88 11.75£ 0.53 4.52 -1.06
475.00 516.85+18.66 3.61 8.81
760.00 846.2632.16 3.80 11.35
Rgi 13.75 13.83 %+ 0.69 4.97 0.56
550.00 601.20+14.61 2.43 9.31
880.00 968.53+25.67 2.65 10.06
¥ H ACSF
A _
4

L

4
EATIRRE
| j\ L3
2
| ST VR SN, | f\,—,__—n/\_juk__.ﬂ, A.A,_
o 5 o 15 T 20 25T 30

t/min
1-Asp 2-Glu 3-Gly 4-Tau 5-GABA

[E 2 HLPC-FLD 73## 5 #haEEe
Fig. 2 HLPC-FLD analysis of five kinds of amino acids

min. Glu 7.40 min. Gly 25.27 min. Tau 27.90 min
I GABA 28.87 min, & B RUE TR HARA FAE H
FRIGEAETE T o
342 [EEAGREEEHERE %k 3 For, frAgas
BRI r 31>0.999, FRENZTVEHEA RIFILHERR.
343 MEEESR  ARERWY, 5 FhEIERR Asp.
Glu. Gly. Tau f1 y-GABA I&THIFR ) RSD 4354
3.0%- 1.9%- 2.8%- 2.2%- 2.0%, FHIFEH L RIT,
FFE 715D R R
344 RNR5EZER BONEREIKRER S MR
/R Asp. Glu. Gly. Tau Ml y-GABA Fike)m, it
FE, DA SRR 2> 324 1.68+ 6.04 5.71. 3.11.
6.69 ng/mL, & &[R35 4.04. 18.14. 17.14. 9.34,
20.06 ng/mL,
35 BEpFER

{1 WinNolin 6.4 5k RGuvHH 2450 28 N AR

(AUC). VIR (Cmax)~ IEWERTE] (fnax)~ EFEHA
(t1p) FIFRMIEFRERFE (K. Ry Al Rg HIZh
WEE-I R e 3 FoR. R 4 R T CFS H1 Ry
Al Rg1 #5124 R Ml Rgy ) AUC B4 514
(100.12 +84.29) ng-h/mL Al (218.84 & 144.73)
ng-h/mL. Ry Fl Rg1 (1) Cinax fH 73704 (35.48 £24.41)
ng/mL F1 (75.61+41.35) ng/mL. Ry 1 Rg; [ fiax
JUFARE, A 1.75 ho K3 FFEIR, Rgi{E 8 h a5
WETE, BT NIRRT [ kR, 5
BORFEEFIMET 5, P RE S SRS MAZE R AT
TEJE iv PNS ¥ 10 h J5, JoiERHE] Ry 1 Ry .
3.6 HEEFEMR

e RN, SXHRAIAHEL, PD ZHPNH R

1201
1 —=—R,
1007 e Rg
O
2 807
g 60- /\
¢ T1é
| [ e
o407 |\
| I
= ZOiW | l; L l\
0 T \QI » - -
0 5 10 15 20 25

3 RiF1 Rgi 7£ CFS FHRE-FTEI#LZ (X L5, n=4)

Fig. 3 Concentration-time curve of R1 and Rg1 (X s, n=4)

#&4 CSF R Rg WATNFSH (X £s,n=4)
Table 4 Pharmacokinetics parameters of R1 and Rg; in CSF
(X ts,n=4)

ZH AL R Rgi
AUC ng-h'-mL™! 100.12+84.29  218.84+144.73

Cnax ngmL™! 35.48+24.41 75.61x 41.35
fmax h 1.75+ 0.87 1.75+ 0.87
K. h 021+ 0.13 0.19+ 0.12
t2 h 391+ 1.70 526+ 3.98
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Fig. 4 Changes in five amino acid in dialysates of striatum in mice (X £s, n = 4)
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