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Review on chromatographic methods for chiral analysis on ephedrine alkaloids
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Abstract: Ephedra alkaloids, the active and toxic components in Ephedra Herba, are known to naturally exist in the form of three pairs
of optically diastereoisomeric amphetamines. These alkoloids show not only the remarkable different pharmacological actiona among
pairs, but also the different functions between a pair of diastereoisomer. In addition, the synthetic products of these several alkoloids
always intermingles with a small quantity of enantiomers, which are regarded as impurities due to their inactivity. In order to
reasonably control the quality of Ephedra sinica and its preparations, and ephedrine alkaloids products, it is necessary to assay diverse
isomers including diastereoisomers and enantiomers being in samples. In recent years, the chiral analysis of ephedrine alkaloids
become a hotspot. The recent review provides an overview of various chromatographic methods for the chiral analysis of the ephedrine
alkaloids. Emphasis will be laid on the analytical methods of HPLC, GC, and CE, and the advantages and limitations of these methods
are discussed as well.
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25, Bvans 2SR B 7ot (O ek I R 11 Rl
AEYIBREI I, R dE S MR AR (S
Y1, 2. 3. 4. 5). KM Synergi Hydro-RP £ (250
mmX4.6 mm, 4 um), 17% Z.Jif (CAN) - 30 mmol/L
SLS % (pH 2.5) H143% ACN - 30 mmol/L SLS
W (pH 2.5) AUsAHBREDEm, 45 &M, 11
FAEYIBRAE 35 min P58 TR B HELZR 73 B, WA 5 F
JBR 35 A2 B AE 0.01~500 pg/mL £ 1 5% & R 4F, F
Bl 25 KT 95%, &R 18.5 pg/g. HE T
o TV (R e 55 AE T B X HAFI I I & 3 85t i
FEPA I T G, Ealkig 5 s, JUSL R R
7=, MMARES MS BH .
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[ 5 A DR BB e H A, A BRIk i AR R
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mmX4.6 mm, 5pm) CRaRA AR [ EAH), BL7

R1 WREEVMWEFE2 P HPLC 3%
Table 1 HPLC methods for the chiral analysis of ephedrine alkaloids

FE i IR LR (ke s R

B 1) 1. 2. 5 HyperClone C,3 BDS 1 0.1% H3PO, (3 mmol/L SDS)- UV 210 nm
(150 mmX4.6 mm, 5 pm) ACN-MeOH

JBR 2 7 ) 1. 2 TSK gel ODS-80TSQA H,0-ACN-H;PO, (0.5%SDS) UV 210 nm
(150 mm X 4.6 mm, 5 pm) (65:35:0.1)

WA A H ! 1. 2 Diamonsil TM C1g(200 mmX ~ MeOH-5 mmol/L HAS (38 : 62) UV 210 nm
4.6 mm, 5 pm)

Tt 7 1. 2. 3. 5. 6 Alltech C;5(250 mmX4.6 mm, ACN-THF-H,0 (5 mmol/L SLS) UV 208 nm
5 um) (38:5:57)

A S 1. 2. 3. 5. 6 Synergi Hydro-RP 250 mmX  17% ACN-30 mmol/L SLS (pH 2.5)- PDA 206 nm
4.6 mm,4 pm) 43% ACN-30 mmol/L SLS

JBR 3 R il 7 1. 2. 3. 5. 6 Discovery HSF5 (150 mmX 7 mmol/L BRI Z iV w-H,0 UV 215 nm
4.6 mm, 5 pm) (90 : 10)

T iy 2 1. 2. 3. 6  Acquity RP (50 mmX1mm,  ACN-0.1%H (2 : 98) UPLC-MS-MS
1.7 um)
Luna Cg-2 (150 mm X2 mm, 2% ACN-0.1% H g HPLC-MS-MS
3 pum)

LR BB 212 (0)- LR EHR  Lichrosorb Si (250 mm X IECke- - — L UV 220 nm
4.0 mm, 5 pm) (94 :6:0.02)

IR BB 24 ) (£)-WEFHH  Chiralcel OD-H (250 mm X I Cbi-F AR — L UV 257 nm

4.6 mm, 5 pm)

(96 :4:02)
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mmol/L iR fi% £ 5 % - H,0 (90 & 10) A,
7E 16 min N REON AT (SRMs) 1 5 BBk o
I LAY 1. 20 3. 5. 6) X RRAEMSE 4
oy, HARUEIA B 1.56. 1.92. 4.85. 2.38.
2.49, AT 5 BHEREEEHRAE 1~1 000 pg/mL 2k
KARUF, r=1.000, TR ILRT 99%, & wR
FIRYBE > 54 03, 1.0 pg/mL. H#T, bRk
A B Crs KEMESS, & IR IR A
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2. 3.5 AT TS ENE . A% Luna Cis-2
FE (150 mm X2 mm, 3 pm), LA 2% ACN - 0.1% R
HRAABREESE G, 15 min PAS3] 4 Bl 00
BOorE. MEFHIEN Acquity SAHAE (50 mmX 1
mm, 1.7 um), A 2%Z M5 - 98% (0.1%H 12D Ak
ANAHBE RS, A 4 min BE5E AT, HR
MU R RS, AW 5. 1. 2. 3 18 SN 739
SERTE) 1.5. 4.8 4.7, 2.6 f5. IEAHORE T A
T PERT AR AT A 5, 0 ke
PRI 43 B o ZEHAZEPYLL(—)- G0 R v Ay I B 41 T
R4, R Lichrosorb Si faiféA: (250
mmX4 mm, 4.6 um), PLIECKE - AR - =21

(94 16 :0.02) AUshAHYF > FEERR IR, 25
R, HATAI oy B IER 1.8, (H)-H LR Ay
AR R (LOD) h 2.0%, i IEMA L Z
Ko EFT A FER A % . 2R 2P i M L
T kAR 5P 425 ] Chiraleel OD-H (250 mm X 4.6
mm, 5um) FYEAE[LF4EER-—(3,5- R
FH IR T ) T 11 ] e A DA 2k £ T 52 A= I A A At
i, DLIECK: - BN - 48 (96:4:02) K
TBIARTR I3 (2)- R, S5 5%,  (0)-JBRECHdN A4 4y
BERT 2.5, ZMEEEIN 0.001~0.250 mg/mL,
7=0.999 9, L& 1 FI(+)-BR LB IT) LOD 43514 5.
10 ng, AST5 95 AT LAAR - Hh 2 Sl R 3 6l 00 25 o o o
2 StEeiE (GO) &%

GC LA wPrir. RESEER
R, DRI A L R TR R S AR 0B 53T 2 R L 1)
FBo IR T BRI AT 150 251 GC kL
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Y E BN E AR RS B T B S
GC %, RPEAE IR HE T T B A al o
I AR IR T8 B A0 AT AT TS R

iR S GC A A 2 4 MS AT FID.
Forr, GC-MSS 7 2E Ak vk BRI AT LLE ol 3 6 2 -1 A5l
(SIM) J52, A Rk S i i B A2 i 48, R
s MR 2 1N T AR AR 4 850 1%
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Table 2 GC methods for chiral analysis of ephedrine alkaloids

FE KB A= P BN R AL oz R iRl
Ttk iy 12 L2 HP-5MS (30 mX 0.25 mm, BSTFA - TMCS 0.1 ug/kg (1,2) MS
’ 0.25 pm) (99: 1)
JpR 324 L2 3 4.5 ¢ RestekRix-5MS(35mX MSTFA -TMCS 5 pg/mL (1,2,5.,6) MS
“““ 0.25 mm, 0.25 pm) 103 1) 20 pg/mL (4,5)
ik i 2 12040506 gp sis (30 m> 025 mm, PFPA g.(l)zug/mg 1) MS
0.25 um) .02 pg/mg (2)
0.012 pg/mg (4,5,6)
J&H 240 (&)-BRELHR HP-5MS (60 mX 0.25 mm, MTPA 0.08 pg/mL (MTPA  MS
H)-EWRRIEHL. 025 um) HFBA igast?))
()-Eh IR EE TR 0.06 pg/mL (HFBA
i)
JRR T A H ()~ JFR BB Cyclodex-B (—4k GC) — 0.25 ug/mL (1), 0.7  FID
e ()-ZTFEHR. (30 mX0.25 mm, 0.25 pm) ug/mL (2) . 0.1
@-TIFEBL.  BP20 ( 4k GC) pgmL 3) . 13
(H)-ARREH, (1 mX0.1 mm, 0.1 um) pg/mL (5)
JhR 3 72 1. 2 HP-50+(30 m X 0.25 mm, — — MS

0.5 pm)
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{140 R 2% A= 00— M 2R A A AT L TR 5 7, 1K
Be g P E M LL A AN I, AT AR R B v T L
T S TV oi=Y = Y R A S R o ) S VA O~
ANEL, o DLRAT AR 2 s — IR AL
WA, =P REEEE (TMCS) P20 — (=t
FEREED) =9 L ME (BSTFA) P, HI L = HI L FI 1k
Fi =GR M (MSTFA) PY%%, 57— it Kk,
WA, WTLRNIEET (PFPA) P (R)-(+)-a- F 48 JE-a-
SRFEEZM (MTPA). LI T MEF (HFBA) 0
2%, Ranieri 252 37 [A] IS0 o JBR 3% 245 64 AL S )
1~6 ] GC-MS . M AMMLHE, 5
MSTFA-TMCS + 70 CRAfTHEMKR N E, T
Restek Rtx-5MS (35 mX0.25 mm, 0.25 pm) FEiE
AT GC-MS 73#r. S5 RKW], 5 Fh A0 21500 &
(1508, 7E 20~2 600 pg/mL LSRR AT, =0.999 2,
SRR AE 88%~102%, b, (L&MW1, 2. 5
H6 (AR A 5 pg/mL, A4 3 A1 4 R0 R
4 20 pg/mL.

B GC T BRS04
A, TR TR A A R AT S R
PRI RmLAR . Wang PSR 4 GC 3%, 4k
$£ Cyclodex-B (30 mX0.25 mm, 0.25 um) F-PE4E,
TYEEFE BP20 (1 mX 0.1 mm, 0.1 pm) A, [AH
KRS ARG 4 FhAEx AR b 3 B mefi
[(E)-MREEIR . (£)-25 R AR ()- FF IR SR Bk LA A2
()-PARRBE R IL 7 AN o 19 30 R 4740 85, 7 AN
£ 0.5~100 pg/mL ZPEKFR R 47 (r>0.999), LOD
H0.1~1.3 pg/mL, HZJ5rik s T AR
{147 JBR 2% 24 v JBR S A AR 1 43 A

HLHE GC VAR M B A — M LUK 31 2
MUBTES 3, AN A = A
FTHRFER b F o R IO, 255 k&R
AN AR B4 A HP-50+ (30 m X 0.25 mm, 0.5
um), R AL 1A 2 FEATE RS ) B
RV TE ™ EE 4 2
3 EHE®RK (CE) %

¥ T HPLC M1 GC, th5 H CE bRz A= 4kt
ITFMEENRIE, 2787 CE 2 EReem. Pl
MU TR RE S DA A Ak 8RR I T
T D HL ORI L 1 23 B AR R R SR Lk, A
A5 E B SOCAIF AT (R 3D,
TR oA B AP IR R IR,
Ye ZPLRA CE-UV i, B RS- 35 A & A

(BSA) YERTFHER], 78 7 min PORRR S H 16
HEW R 2, 5 F0 6 PIX AR SE AT IR BTk
4 FhAMImRAE 1.33~20.0 pg/mL Z6PEL R BRI (>
0.999 4), HIi RSD % 1.60%~1.92%, HHN RSD
M 1.22%~2.12%.

I TR H kP R SDS R THINEME R, I IR
BRI DGR R AT A RN, v R
FEBOEHE SR (LIF) ¥, I ReEhil T K3 A
A P A S 1R 28330 R i P R A
NBD-CI(4-58-7-flF K -2-46-1,3- )34 NBD-F
(4-J-T-AlHE-2,1 3-Z8 )P4 4 — ) B3R DTAF[5
(4,6- G =) R L9 £ P, Hp, Wang 20
DL DTAF A2GIRF], A 1R 2 il pR 4>
MR E A 0.385. 0.141 pg/mL. F& T LIF Kl 4h,
Hou 2B+ poly-L-SUCL (i He-L-22 5%
WD TR R, T @- R (2)-
PARREER S ()25 FFRRSFCHAN (&) FF LSRR B 1 4 of of
AR B T30 1Y) MEKC-ESI-MS V25, 1% 7 V54 R4kt
G T R SRMs H 2 221 40, HAR B%E 15 )
$e, LOD 4 0.062 5~0.125 pg/mL, CiEfik T4
AN LOD (5 ug/mL).

Btis FL VKB AR R, B I AP s T b
e B AN F VKR Bl S (FI-CED I BT A &
KB BANE (KR 65mm) 4047 1 A 2,
A M IR R Ao, BEREAR alik 60 h', HIE
g, EIMERL, FHIIH T 3 FpR
FII53HT o
4 ZE5iE

TE B B T RR 2 ol 70) e JRR 8 2R Bk I T P 4 B
W, BRI 2 R R RR D R B B, BB T
JREE X 2 BhAE BRI R s, i LA A e
B, LA A R AR Stk . Horfr, HPLC
R BT B OB 4 HPLC-UV ¥, {HHL
REFPEAG AR, A& R L2, ANfe
5 MS BCH . HREHE AR AR R E, s e
AV UPLC FIHEL, K200 RS AL 0o 37 R O RE
B HPLC-MS A2 4L 3 2hl. 52 1Lk,
GC-MS EPRIL R B i, Ptk s, BRI T2
Tl JBR 35 A= ek ) 1] BF 23 B, AH — e R AT AT A4k
FLAREIS, FILMERIH . CE LSRR R4
WL T 2SRy, ST AL, B
b ER TR B, HERE R, AT A AR AL, {H CE
PRI RS PR T L 5 2 , A SCHR MR I B0 K
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Table 3 CE methods for chiral analysis of ephedrine alkaloids
FEf R A CE &3 BATGIP BN ioRlE
PR 1. 2. 5.6 CE 20 mmol/L IRZEIH R JE B UV 190 nm
(pH 9.0) 10 pmol/L (38.2 cm X 50 mm)
BSA - 15% 5 Al#
Jif 25130 1.2 CZE 20 mmol/L Tris-H;PO, K EEME UV 254 nm
(pH 4.5) (Cu(Il)-L-#1% (50 cm X 75 mm)
1% g F-HEFD
JPR 3PN (&)- I R B L 150 mmol/L H;PO, - ACN  VREE4E PDA 210 nm
()R L CE (95 : 5) (17.5 mmol/L p- (50 cm X 50 mm)
(&)-Ph IR I CD)
JFE SRMs 2 (&)~ R B cg  NaH:PO, DM-B-CD. HP-B- RIRJZEANH UV 210nm
()~ PhRR 2B CD. S-p-CD (72 cmX 75 mm)
JBR 3 K il )2 1. 2 MEEKC 20 mmol/L WM/ BEBAE LFI (hex 488
#| (233 mmolL SDS/ (40 cmX75 mm) nm Aem 520
180.85 mmol/L iF 78 - nm )
164 mmolL 1F %% -
8%ACN (NBD-Cl 3¢
HFD
PR3 K i 754 1. 2 MEKC 40 mmol/L iM% (pH 2B LFI  (hex488
9.5) - 16 mmol/L SDS (40 cmX 75 mm) nm Aem 520
(NBD-CI K765 nm)
JRR 3 K% il 712 1. 2 MEKC 20 mmol/L # & - 20 RETB4E LFT (hex 488
mmol/L SDS - 15% CAN (40 cm X 75 mm) nm Aem 520
(NBD-F A3 65D nm )
JRR B K% 7360 1.2 MEKC 20 mmolV/L PUBHFERHN - 25 HKFZEEBAE LFI (hex 488
mmol/L SDS (DTAF }7¢ (40 cm X 75 mm) nm lem 520
D nm)
JBR 2 SRMs7] (&)-BEFETE . (B)- 15 mmol/L NH,OAc - 35 WZEBHE MS
PRI (&)- MEKC mmol/L. poly-L-SUCL (120 cm X 50 mm)
P JBR 2T i (30% ACN, pH 6.0)
()-2= FRR B
PR B il 7)) 1. 2 e 40 mmol/L FlI R KR EBME UV 214 nm
CE-FI (pH 9.0) (65 mm X 75 mm)

2 Jad BT RR SECBAT O4 PR BT TPk 70 . L b 3
J7iEH, HPLC M1 GC {5 A8 ot 47 il o e 1 b
VAR

A‘\'
5'1;’

Xt IR BB RR B A 70 R A e T R AT
PARPE T, FE A A A A S, 5

TR BIE 2T H .
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