#2424 3% Acta Pharmaceutica Sinica 2017, 52 (9): 1437 —1443 - 1437 -

UHPLC-QTOF-MS" 5 UHPLC-MS/IMS 43 #7 ik 3= 4 Y6 £
I A F B2 8] B 7% 1T % B [X 93 75 45 4iE

&, A A, EEE Dok, BT RAE
(ILPEHEEZG R, VL7 & 330006)

THE: FIF &R @S- B (UHPLC-MS) BXHEAR, @7 RRE LYk F 7 FA R ) UHPLC 7 &7
15, TEMES BT RR B AR MBS AT N LS NI G, 8 I A I AR B AR ) BTE I i B B ) 1) A A L, R IRISE
KB APHANE RGEAFFRAL ORI R /N 15 SURMA ERERI T G (/0 ARHIES 22 5 WRAUR, KR
E DR DR 25 B 2% FH O PR RH H B BRI (T RO R D) 28 B TR R T i it o 5%
PN, & 45 RN, R A B ATAE KR S X, OO i, SCRIE S /AN, &
O AR SEBE R AL o AN [F) A B A 10 F05 57 55 3 A 1 L LA AUCo-, brain/ AUCot, prooa 11, PREEBRK > I JE R B 2K >
F5 B ER RN o PR A R 65 T I G S R I RS A0 A, 78 AR R G043 A LA R AU R, AN [ AR AR I
AATAEBLEA 2 R . A SO T 2RI (0 HRAX AR FA AL FOAR A T P 5 RS S K

FEHER: BREY, AW, P RS, UHPLC-QTOF-MSF; UHPLC-MS/MS

hE 4SS RO17 XHERFRIRES: A Y E S 0513-4870 (2017) 09-1437-07

Sudy of brain distribution of Ephedra alkaloids based on
UHPLC-QTOF-MS" and UHPL C-M S/M S method
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Abstract: Using ultra high performance liquid chromatography (UHPLC) coupled with mass spectrum
(MS) technology, a method has been established for separation and analysis of alkaloid isomers. Alkaloids in
Ephedra sinica transitionally crossed blood brain barrier (BBB) and the distribution were investigated. The
concentrations of Ephedra alkaloidsin rat central nervous system (CNS) were determined to acquire the distribution
characteristics and differences in cerebral cortex, cerebellum, hippocampus, striatum, medulla oblongata and
hypothalamus. It was founded that pseudoephedrine, norephedrine, norpseudoephedrine, methylephedrine
(methyl pseudoephedrine) were able to cross BBB fast via gastro-intestinal tract after administrated with Ephedra
sinica. Cortex and hippocampus was the main distribution region, followed by hypothalamus, striatum and
cerebellum, in which medulla oblongata had the least. The distribution of various alkaloids, as AUC ¢ prain/
AUC ¢ nood Was ephedrine>methylephedrine>demethyl ephedrine. Alkaloids in Ephedra sinica crossed BBB
rapidly, showing the regional distribution tendency in central nervous system, and the distribution was diversity.
This group of data provides distribution of bioactive constituents of Ephedra in CNS.
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BEH Cys (100 mmx2.1 mm, 1.7 um, Waters A #); i
A 0.2% FHIR/K (A)-Z K5 (B); Ve i fE v
0~2 min, 98%~95% A; 2~5 min, 95%~90% A; 5~
7 min, 90% A; 7~15 min, 90%~45% A; 15~18 min,
45%~10% A; 18~22 min, 10% A; 22~24 min, 10%~
98% A; 24~26min, 98% A; ¥iik: 0.3 mL-min Y,
li: 40°C; #EFEE: 2 L.

MRM #4530 KA Acquity UHPLC BEH Cyg
(100 mmx 2.1 mm, 1.7 um, Waters /A &); sl 0.2%
HER/K (A)-2 1 (B); BREEVEBFET: 0~2 min, 98%~
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li: 40°C; #EFEE: 2 L.
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Table1l The mass parameters of difference alkaloids and internal
standard compound in MRM mode

Compound DP CE  Parention — daughter ion
Ephedrine 35 13 166.2—148.1
Pseudoephedrine 38 10 166.2—148.1
Norephedrine 42 10 152.1-134.1
Norpseudoephedrine 40 10 152.1-134.1
Methylephedrine 42 15 180.1—-162.1
Vincristine 48 25 825.4—413.2
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200 pL THERE/NR, #EFERFR N 2 ul, 34T UHPLC-
MS/MS 5347 .

PRéBLRMERALIE  FESL A AHLUER T 2K
B, RSERE, 4% 104 (@mLT) LB 4 £
ERM S AT (0.2% HFR—7K), 219 5 min. B
A3 02 mL BT L5 mL (B0 R, R A UK
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Figure 1 The base peak integration (BPI): blank cerebral cortex of rat (A), blank plasma of rat (B), drug-containing cerebral cortex of
rat (C), drug-containing plasma of rat (D), and Ephedra sinica (E). 1: Ephedrine; 2: Pseudoephedrine; 3: Norephedrine; 4. Norpseu-
doephedrine; 5: Methylephedrine (M ethyl pseudoephedrine)

Table 2 Identification results of alkaloids from Ephedra sinica before and after getting across blood brain barrier.  "Blood and brain
containing this component; “Containing methylephedrine and methyl pseudoephedrine

No. tr/min Compound Formula MS ppm MSMS

1 2.98 Norephedrine CgoH13NO 151.21 [M+H]* 0.3 134.092 3, 117.070 2, 105.950 0
2 3.23 Norpseudoephedrine CgoH13NO 151.21 [M+H]* 0.3 134.092 3, 117.070 2, 105.950 0
3 3.83 Ephedrine CioH1sNO 166.12 [M+H]* -0.2 148.107 9, 133.083 1, 117.067 1
4 4.00 Pseudoephedrine C1oH1sNO 166.12 [M+H]* -0.2 148.107 9, 133.083 1, 117.067 1
5 431 Methylephedrine” CuHizNO 180.133 9 [M+H]* -0.2 162.124 2, 148.106 1, 117.064 1
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Figure 2 The typical chromatograms of biological samples: blank brain tissue sample (A), blank brain tissue sample spiked with four
compounds, the concentration of all samplesis 1 000 ng-mL™ (B), and 2 h brain tissue sample after administration of Ephedra sinica Stapf
(C). 1. Ephedrine; 2: Pseudoephedrine; 3: Norephedrine; 4: Norpseudoephedrine; 5: Methylephedrine; 6: Internal standard (vincristine)

212 ZMRREREE TR SR E 3, WAL
it 5 R R S A R R AR R (P>
0.99), I HEF7E 5~1000 ng-mL ™t WKL RR
I, BIKEEMR® A 5ng-mL .

Table 3 Regression equations and correlation coefficients of
the four alkaloidsin brain

Compounds Regression equation co%?frirc?gitczl:z)
Ephedrine Y =0.009 56X + 0.508 3 0.9957
Pseudoephedrine Y=0.012 42X + 0.060 3 0.9971
Norephedrine Y =0.000 602X + 0.000 321 0.998 6
Norpseudoephedrine Y =0.005 807X + 0.017 045 0.996 8
Methylephedrine Y =0.005 56X — 0.022 92 0.998 5
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FAL G E A H ARG % R AR B RIS % RSD fH
¥1/NT 15%, RE {B 78 +15% 6 Bl P, I RE 5 &
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14.3%, —8.7%<RE%<13.8%). # I [a| it % 7F 87%~
93%, F LI IENG W S UER FE R i .

214 ERMEL S FRATENG SR 5L R R NA T
90.6%~102.1%  [H], I HAF it (1) 3 5T 8 S AE 94%~
102%, %7715 )3 NPT RS AN T

215 RREM XS RFNYLE MK RS K i is e
PESEEG 25 IR, AR T Bl &AL &P, s

Table 4 Transitiona capability (AUCo-, brain/ AUCo-+, biood) Of Ephedra akaloids in six regions.

& 3 MNKRIEI QC FE i RE HIY7E+ 15% LAY, RSD
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. GUIRMAR . REREAN T FA 6 AN X 35 RIS o) A o
ARG A % DX 5, 1228 AR R 5 38 LA B 2
WS fARZ, LUCHT B, SRS /MK, &
SOy ARAEFEBE R . {EAE 2 h A BT A5 AR 22 AN AR T
R A JE i KB R I — A TR, N A
N FERIE .
2.3 REEIMRAY M AXFRRE S 7R

JHI DAS 3.0 FfFAbEE A A i 2H 2R
MAE ] AUCy . A, SRAFAS [F]JBR 2 A P8 1 1L i ¢
PR AT %6, Ll 25 24 W TE I 2% R0 45 Fii 28 43 11 7 A 15
W 4. FTULE H, RS HE AR 7 75 6 A X 3k i
L 5 e i 75 ki vy 1 At 25 44 AR DR o 2 FE D JRR B
el 1D 325 1L i o Bt R D e 59, 5z B R
Wk S UIA 5 .

g

T8 T AN T AR A £ A SR A, AR
SEIL T BRSOy JBR SRR L 2 PP R JRR S el 5 2 Yk Oy
PR S P ) IS B 5, Dy s B 2 ) i o e
T, g E, BRI, #HeRH

“Containing methylephedrine and

methyl pseudoephedrine
Compounds Cerebral cortex Cerebellum Hypothalamus Striatum Hippocampus Medulla oblongata
Ephedrine 0.65 0.53 0.58 0.61 0.70 0.27
Pseudoephedrine 0.68 0.49 0.48 0.47 0.63 0.40
Norephedrine 0.37 0.22 0.23 0.23 0.27 0.09
Norpseudoephedrine 0.35 0.24 0.26 0.23 0.29 0.10
Methylephedrine” 0.64 0.40 0.37 0.40 0.59 0.17
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Figure3 The content distribution of four alkaloids in brain tissue.
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