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New Enrichment Method and Characterization of Alkaloids in Ephedra sinica

SHI Li-ying' > CHEN Yao' LU Xuan'® FENG Bao-min'*> YU Da-yong' >
(1. School of Life Sciences and Biotechnology —Dalian University —Dalian 116622  China;
2. Institute of Materia Medica Dalian University Dalian 116622  China)

Abstract Objective: To investigate a new method for the enrichment of alkaloids analyze the
compositions of alkaloids and look for new anti-asthmatic constituents in Ephedra sinica. Method: In order to
reduce the interference by non-alkaloid components on qualitative analysis and to improve the efficiency of
separation and preparation of alkaloids alkaloids in E. sinica were enriched by using new solid phase extraction
( SPE) packing in this study; and the fractions of the enriched alkaloids were prepared by applying high
performance liquid chromatography ( HPLC) ; HPLC-TOF-MS was used to identify the main components in each
fraction; active constituents as 3,-adrenergic receptor agonists were characterized by using label{ree dynamic mass
redistribution assays. Result: The results indicated that AC,; SPE packing had high selectivity for the enrichment
of alkaloids in E. sinica. A mixed-mode chromatography method was developed to separate alkaloids based on a
mixed-mode reversed phase/strong anion-exchange XCharge C,; column and 14 fractions were prepared in total.
In high performance liquid chromatography-mass spectrometry ( HPLC-MS) 26 alkaloids were identified. Among

the 14 fractions screened 11 fractions showed agonistic activity on 8,-adrenergic receptor ( 8,-AR) . Combined
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with HPLC-MS results for these 11 fractions 12 alkaloids displayed agonistic activity on 8,-AR including 5
groups of alkaloid and thier isomers: ephedrine/pseudoephedrine methyl ephedrine/methyl pseudoephedrine

norephedrine /norpseudoephedrine ( ) - -phenyl2-imido- -propanol and ( +) -tyramine betaine. Conclusion:

The separation and characterization of alkaloid isomers in E. sinica provided guidance for discovering novel anti—
asthmatic constituents.

Key words Ephedra sinica; alkaloids; solid phase extraction ( SPE); MS; B,-adrenergic receptor
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Table 1 Alkaloids identified using LC-MS in Ephedra sinica
No. ty, /min M+H * 5/ppm
1 F3 27.884 166. 122 4 CoH;sNO 1.57
2 ¥4 17.388 166. 122 4 C,oH,sNO 1.34
3 F6 27. 648 166. 122 8 C,oH;sNO -0.95
4 F8 24.615 166. 122 5 CoH;sNO 1.12
5 F10 26. 055 166. 124 7 C,oH;sNO -12.32
6 F10 27.803 166. 122 8 C,oH;sNO -1.02
7 F11 29.713 166. 125 1 CjoH;sNO -14.63
8 F8 28.113 180. 138 3 C, H;;NO -0.06 /
9 F11 31. 144 180. 139 0 C, H;NO -4.23 /
10 F13 32.571 180. 138 2 Gy Hj;NO 0.25 /
11 F3 12. 860 152.107 0 CoH3NO -0.14 /
12 F5 20. 169 152.107 4 CoH3NO -2.94 /
13 F6 17.473 152.106 9 CoH3NO 0.31 /
14 F7 23.040 152. 108 1 CoH;3NO -7.04 /
15 F8 18. 653 152. 106 8 CoH3NO 1.07 /
16 F8 20. 958 152.109 2 CoH ;s NO -14.58 /
17 F12 19. 142 152. 106 7 CoH;;NO 1.81 /
18 F12 22.560 152.107 3 CoH;zNO -1.76 /
19 F2 8.962 150. 091 1 CoH,,NO 1.49 2 q-
20 F6 25.263 150. 091 5 CoH,;NO -0.85 2- 4-
21 F8 22.786 150. 090 9 CoH,;; NO 3.10 2- 4-
22 F7 20. 099 122.096 7 CgH;|N -2.38
23 F13 37.102 208. 133 4 CpHj;NO, -1.01
24 F13 41. 077 208.133 3 C,H;NO, -0.64
25 F12 34.962 178.1227 C, H;sNO -0.36
26 F6 40. 288 192.104 9 Gy Hj3NO, -15.74
2.3
( AR) Y B2~ N >
( B,AR) . . .
5, \ ~
0 ( DMR)
Epic Epic ae

0590



060-

24 21 Vol.24 No.21
2018 11 Chinese Journal of Experimental Traditional Medical Formulae Nov. 2018
2425
A431 B>
B,-AR .
2.3.1 B, AR
FANG % . A431 2.5 x10*
Epic® 384
37 C 5% CO, 20 h.
HBSS 2 HBSS
30 ul Epic® 1h
Epic® 2 min o
( 50 mgeL™")
10 uL 1 he
DMR B.AR 3 11 DMR 1-~14 DMR
. 10 pL
A431 1h 4 nmol L -1 Fig.3 DMR response of F11 and DMR heat map of F114
(EPI) 10 uL 1 h.
DMR °
. XCharge C,q
2.3.2 DMR Epic Imager 14
( ) Imager Beta 3.7 HPLC-TOF-MS 26
( ) Microsoft Excel > B
2010  GraphPad Prism . 12 B
DMR . )
2.3.3 14 / /
11 B, / (£)d- 2- -
. FI1  A431 ()- .
DMR Fl1 A431 4
DMR
B> FI1 B
14 B, . °
F1 ~F2 F4 ~F11 F13 B
DMR DMR °
1 B
o 11 HPLC-MS °
12 B.
1 M .
€ 3. 2015: 300.
3 2
J . 2006 31 (20):
ACyq 1661-1664.



24 21 Vol. 24 No.21
2018 11 Chinese Journal of Experimental Traditional Medical Formulae Nov. 2018
3 . J. 2003 17(7):703912.

2008 28( 10) : 777979. 15  Schaneberg B T Crockett S Bedir E et al. The role of
4 Krizevski R Bar E Shalit O et al. Composition and chemical fingerprinting: application to Ephedra ]
stereochemistry of ephedrine alkaloids accumulation in Phytochemistry 2003 62( 6) : 911-918.
Ephedra sinica Stapf ] . Phytochemistry 2010 71( 8/ 16 ZHANG D DENG A J] MA L et al. Phenylpropanoids
9) :895-903. from the stems of Ephedra sinica J . ] Asian Nat Prod
5 HONG H CHEN H B YANG D H et al. Comparison of Res 2016 18(3): 260267.
contents of five ephedrine alkaloids in three official 17 -
origins of Ephedra Herb in China by high-performance J .
liquid chromatography J .J Nat Med 2011 65(3/4): 2017 23(7) :7348.
623-628. 18 -
6 Sahar A M H Heba H B Mahmoud A M N et al. J . 2014 20
Flavonoids from Ephedra aphylla ] . Phytochemistry (16) :3335.
1997 45(7) : 15294532. 19 B,
7 J.
D . : 2014. 2011 17(6): 247248.
8 Nishioka I. Chemistry and biological activities of tannins 20  Martinez ' D Vercelli D. Asthma J . Lancet 2013
J . Yakugaku Zasshi 1983 103(2) : 125442. 382(9901) : 13604372.
9 Amakura Y Yoshimura M Yamakami S et al 21 FANG Y. The development of label-ree cellular assays
Characterization of phenolic constituents from Ephedra for drug discovery ] . Expert Opin Drug Dis 2011 6
Herb extract J . Molecules 2013 18( 5) :5326-5334. (12): 1285-4298.
10 Vansal S S Feller D R. Direct effects of ephedrine 22 FANG Y. Troubleshooting and deconvoluting label-{free
isomers on human beta-adrenergic receptor subtypes cell phenotypic assays in drug discovery J . ]
J . Biochem Pharmacol 1999 58(5) : 807-810. Pharmacol Toxicol Methods 2013 67(2) : 69-81.
11 . 23 FANG Y Ferrie A M Fontaine N H et al. Resonant
J . 2015 46 (24): waveguide grating biosensor for living cell sensing ] .
3695-3703. Biophys J 2006 91(5) : 19254940.
12 D . : 24
& 2009. J. 2017 23(9) :30-35.
13 ZHAO W DENG A J DU G H et al. Chemical 25 FANG Y Ferrie A M. Labelree optical biosensor for
constituents of the stems of Ephedra sinica J . ] Asian ligand-directed functional selectivity acting on beta( 2)
Nat Prod Res 2009 11(2):168471. adrenoceptor in living cells J . FEBS Lett 2008 582
14 Abourashed E A El-Alfy AT Khan I A et al. Ephedra (5) :558-564.

J . Phytother Res

in perspective-a current review

0610



