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Stimultaneous Determination of Ephedrine Alkaloids in Ephedra sinica
and Wolbigachul-tang by High Performance Liquid Chromatography

Miyoung Song, Jung-Ok Kim', HyunHee Leem', Hojun Kim?

The Reset Korean Medicine Clinic, "National Institute for Korean Medicine Development, 2Department of Rehabilitation Medicine
of Korean Medicine, Dongguk University

Received: November 6, 2020 Objectives: Ephedra sinica and Wolbigachul-tang which contains Ephedra sinica are
Revised: December 12, 2020 used to treat obesity in Korean medicine. The aim of this study was to analyze the quanti-
Accepted: December 14, 2020 . . . . .
ties of ephedrine alkaloids by high—performance liquid chromatography.
Methods: The analysis was performed using a YMC-Triat C18 column with operating at
25, and UV detection at 210 nm. The mobile phase used a gradient flow with 0.1%
HsPO, in water and acetonitrile. Specificity, linearity, precision, accuracy, limit of de—
tection, and limit of quantification were measured for validation anaylsis. This method
was applied to analyze the quantities of ephedrine alkaloids in Ephedra sinica and
Wolbigachul-tang.
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10326, Korea norepheadrine and methylephedrine were not detectea.
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nhee RRMRIEHTHE), olraI(FIkiEE), A npge] FHIRE B T o Y AFE Tl
HA(ERFm) S e 7H A=A, b Bk A I Ao HwE g FR A F A= HIRE ]
ol =R AMSE & oFE 5 shutoltl. miske] F4 5 X007 nighs Awste= Zlo] e #ilsH BE
-2 ephedrine-type alkaloids (ETA)Z4] ZA12] 0.5~2.5% el vl Qo4O Ephedrine2 A7 A4S T3 o
£ AA|8l=d] ©] F ephedrine®] % alkaloids2] 30~90% 2 282 YJep=r g 859 7113 AHEsiE
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%27 27](lishin BioBase Co., Ltd., Dongducheon, Korea)
£ ol&sty FANXERE Axste] APl AHESATH
FEL nE AR FEEF0] 14.2+0.2%, YRI7IEH A
g FEE0] 18.2+0.4%°] Atk
2. BZE 3 HA XA

EFE4 2 AFE-S ephedrine, pseudoephedrine, norephe-

drine ¥ methylephedrine< Sigma Chemical Co. (St. Louis,
MO, USA)°IA st ARgstsinh 2 sEEde 4
LA #H3 3 50% WESo] 59 | mgmLe BEZ
EFEAYE 2ASIAL o8 LAY TERE st &
FA oz AT S vkt A 'e(0.03 g) X EH]

B AgA 0.1 g)S 22t %'3]'04 50% Uﬂ‘?lr% 50 mL

e

3. High performance liquid chromatography &4 X4
w4 20 B9 9t mEero] 271 nlg
o RAlO) wfe} ole] EAIH 19k
A s A OPO:] 2§l°ﬂ AA AR R 4
MBI T
oA 23} —’F@% A ‘%}‘ﬁ% H

UM HFH 02 SPH FA 24 2o e 2SS
YMC-Triat C18 (5 um, 4.6x250 mm; YMC, Kyoto, Japan)
ZYS o]83H L, o542 0.1% phosphoric acid7} ¥
fre =7 S HEUEZ S ARESt] ATtel| wel 248
A7 71€7] &2lE AHE-SFATHTable 1).
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4. A ool

oFF T A ol Zlel =gl whet &
Aw wlglglo]d-S AASHGTE Ephedrine, pseudoephe-
drine, norephedrine & methylephedrine EFY S A-8-31<
E-o] X(specificity), 214 (linearity), ™ $l(range), &3t
Al(limit of detection, LOD), 4 #&HA(limit of quantitation,
LOQ), & 4d(accuracy) B A HA(precision)S =73+
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Table 1. HPLC Analytical Conditions

S5 R IROIETHLES 0183 OfF U HPIIEY MU HERZ SA2A

Classification Condition Explanation
Instrument Agilent 1260 series
Column Phenyl-Hexyl column
Oven temperature 25T
Wave length UV 254 nm
Injection volume 20 uL

A: 0.1% Trifluoroacetic acid in H,O
B: Acetonitrile

1st condition Time (min) A (%) B (%)
0 92 8
15 92 8
Mobile phase 20 90 10
25 90 10
80 53 47
85 40 60
90 40 60
Instrument Agilent 1260 series
Column YMC-Triat C18 (5 um, 4.6x250 mm)
Oven temperature 25T
Wave length uv 210 nm
Injection volume 20 ulL
A 1 0.1% HsPOs in HO
B : Acetonitrile
2nd condition Time (min) A (%) B (%)
0 95 5
35 95 5
Mobile phase 40 85 15
50 85 15
70 55 45
75 0 100
90 0 100
RNem, photodiode array 2 A2 ©AA o F-= &lst 71&71e 2A%es WHeRE 7 xFEEde xFUA
P (standard deviation, 6)& H#HHE] 7]&7|(slope, S)= L+
T oz AAtslHh
2) XM M(linearity) & #H2l(range)
Ephedrine, pseudoephedrine, norephedrine % methyl- LOD = 33 x o/S, LOQ = 10 x o/S

ephedrine2 6.25~100 pg/mLe] T2 EFH S A =35}
a1, o] & gyE FARAHE o83ty AAdstgl o, A
o 2 BE] 2]A12] 9] A3A9(correlation coefficient, R?)

£ T

3) A&sHA(LOD) ¥ %Féml(Loo)

4) Hetd(accuracy)

AEAdL 35S Al H(recovery test) 2 SATIH S
o okE A" g dnrtEe Ao xF8AS 77
A, %, 1 3714 FE(12.5, 50, 80 ug/mL)E F713 H &
43 & 33 vHE F4ste] HAUtE 2FEE Y e
A=y
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Fig. 2. HPLC chromatogram of a standard mixture according to the 1st modified

method. HPLC: high—performance liquid chromatography.
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Fig. 3. HPLC chromatogram of a standard mixture according to the 2nd modified (established) method. HPLC: high-performance
liquid chromatography.
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Table 2. UV Spectrum Analysis

x| A=0LETHOE 0|

o o 2

EHI7FEE HEH0M HHERIFO SAIEY

RT UV spectrum
Compunds (min) — -
min Standard Ephera sinica Wolbigachul-tang
Ephedrine 23.6 - ) \
: . \\7
Pseudoephedrine 25.8 - \\ : \ \\
I I\ ol
RT: retention time
Norephedrine Ephedrine
6000 6000
5000 ' 5000 e
4000 s 4000
.y = 55.538x - 0.8149 Ty = 49.96x - 4.0743
3000 = w1 3000 . o
2000 2000
1000 yeat . 1000 ot
o o
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Pseudoephedrine Methylephedrine
6000 7000
5000 . 6000 .
4000 - 5000 .
3000 Y 5248~ 2529 4000 "y = 57.583% - 6.1967
. R =1 3000 T RT-1
2000 2000
1000 e ‘ 1000 -
o - ° o °
o 20 40 60 80 100 120 0 20 40 60 80 100 120
Fig. 4. Calibration curve of four kinds of markers.
YuZlERel N FYF AAAFS e 2 = vy 4 Ul R Uz Huy
spectrum< B3t Y HEYS FASATHTable 2) A oAE rjehes LGS RISk fsted A3
Ao ¥H S8k JWl 4 (intra-day) 3 A< 3L A
3. MM, HESHH|(LOD) Y HESHA(LOQ) A HhE =235k A7 (inter-day)S A A3 A3k A
S EH20S ol 8ste] o mE va WA FEEUAN%RSD)= 1.30% O E ¢-73 FRFE e
2 AFGE 430 dig A AE9e A *Pﬂrﬁl W ATKTable 4).
R? kol 12 19 =2 A4S Y thFig. 4). =3t
4% AEAE digt HEIAE 0.002~0.005 pg/mL, 3 5. Mty
Z3HA = 0.006~0.015 pg/mLE 221 A THTable 3). nha; el 9 dnytEE e Hdo) TFE8HS
27 AR, 255 9 1%EE J13 § 35es =
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Table 3. The Linearity, Correlation Coefficient, LOD, and LOQ

Components Li?izr/r;al?)ge Slope y intercept (nRZZG) (ulg_;?nEL) (u;?r%L)
Norephedrine 6.25~100 55.538 -0.8149 1.0000 0.005 0.014
Ephedrine 6.25~100 49.960 -4.0743 1.0000 0.002 0.006
Pseudoephedrine 6.25~100 52.180 -2.529 1.0000 0.004 0.011
Methylephedrine 6.25~100 57.583 -6.196 1.0000 0.005 0.015
LOD: limit of detection, LOQ: limit of quantification, R? correlation coefficient.
Table 4. Analytical Results of Intra= and Inter-day Test
Concentration Intra—day Inter-day
Norephedrine 12.5 12.66 0.06 0.48 98.73 12.65 0.04 0.31 98.82
50 50.46 0.26 0.51 99.08 50.37 0.14 0.28 99.27
80 80.60 0.30 0.38 99.25 80.86 0.84 1.04 98.93
Ephedrine 12,6 12.68 0.15 1.19 98.60 12.62 0.12 0.94 99.03
50 50.41 0.32 0.64 99.19 50.31 0.14 0.27 99.38
80 80.61 0.41 0.51 99.24 80.80 0.74 0.91 99.01
Pseudoephedrine 125 12.73 0.17 1.30 98.18 12.63 0.14 1.09 99.00
50 50.66 0.34 0.67 98.70 50.48 0.21 0.41 99.05
80 80.85 0.49 0.61 98.95 80.95 0.77 0.95 98.82
Methylephedrine 12.5 12.73 0.04 0.31 98.20 12.71 0.05 0.41 98.33
50 50.41 0.34 0.68 99.20 50.31 0.14 0.29 99.38
80 80.69 0.41 0.51 99.15 80.85 0.76 0.94 98.95
SD: standard deviation, RSD: relative standard deviation.
Table 5. Analytical Result of Recovery Test
Sample Peak Spiked(;g/nn(;igtration Measure(clilgc/?ﬁ)entration sD f?il)) Re(z(%ery
Ephera sinica Ephedrine 12.5 13.85 0.070 0.50 110.77
50 52.18 0.058 0.11 104.35
80 85.74 0.191 0.22 107.18
Pseudoephedrine 125 13.78 0.107 0.78 110.21
50 52.89 0.044 0.08 105.78
80 87.00 0.161 0.18 108.75
Wolbigachul-tang Ephedrine 12.5 13.14 0.083 0.63 105.09
50 52.45 0.011 0.02 104.90
80 84.32 0.066 0.08 105.40
Pseudoephedrine 12.5 13.18 0.035 0.27 105.44
50 52.97 0.024 0.05 105.94
80 84.76 0.108 0.13 105.95
SD: standard deviation, RSD: relative standard deviation.
gt A3 104.35~110.77% (PFHHEZH=E 0.011~0.191%) 6. Bi5d

o] B&S YERAATHTable 5).
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Table 6. Analytical Results of Repeatability
Retention time (min)
Sample Peak Avg. SD %RSD
1 2 3 4 5 6
Ephera sinica Ephedrine 24.06 24.09 24.07 24.09 24.07 24.07 24.08 0.010 0.04
Pseudoephedrine  26.41 26.44 26.41 26.44 26.42 26.43 26.42 0.013 0.05
Wolbigachul-tang  Ephedrine 24.10 2412 2411 2412 2412 2410 2411 0.008 0.04
Pseudoephedrine  26.44 26.45 26.45 26.45 26.43 26.42 26.44 0.012 0.04
Peak area (mAU)
Sample Peak Avg. SD %RSD
1 2 3 4 5 6
Ephera sinica Ephedrine 880.95 844.75 849.29 863.97 886.27 91890 874.02 27.50 3.15
Pseudoephedrine  413.15 399.93 407.99 408.36 415.57 432.05 412.84 10.83 2.62
Wolbigachul-tang ~ Ephedrine 811.12 731.64 763.47 774.38 722.43 737.09 756.69 33.19 4.39
Pseudoephedrine  379.40 34754  357.80 362.92 343.03 351.89 357.10 13.02 3.65
Relative retention time
Sample Peak Avg. SD %RSD
1 2 3 4 5 6
Ephera sinica Ephedrine 1.000 1.000 1.000 1.000 1.000 1.000 1.000  0.000 0.000
Pseudoephedrine 1.097 1.098 1.097 1.098 1.098 1.098 1.098 0.000 0.017
Wolbigachul-tang  Ephedrine 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.000 0.000
Pseudoephedrine 1.097 1.097 1.097 1.096 1.096 1.096 1.097 0.000 0.034
Relative peak area
Sample Peak Avg. SD %RSD
1 2 3 4 5 6
Ephera sinica Ephedrine 1.000 1000 1.000 1.000 1.000 1.000 1.000  0.000 0.000
Pseudoephedrine  0.469 0.473 0.480 0.473 0.469 0.470 0.472 0.004 0.917
Wolbigachul-tang — Ephedrine 1.000 1.000 1.000 1.000 1.000 1.000 1.000  0.000 0.000
Pseudoephedrine  0.468 0.475 0.469 0.469 0.475 0.477 0.472 0.004 0.883
Avg.: average, Stdv: standard deviation, %RSD: relative standard deviation.
o 63] FUste M)A AIRH A THA S SHEA oM °] 6.39+0.34 mg L 2.97+021 mg FEHASES FAT 5
(Table 6), Ade] a4l thshA ﬁ%i/\]{bﬂr SR} AN THTable 8).
A& A< 343 SAEATKTable 7). 371 5 =F 4
YEEAAE Aele] AT AT 5.0% o] wEy  pEt @ H=
< 7K Aoz FIHAT
ol mE mhgte] $4E B Awe] YRV )
7. SAEM dat g 7]1E ATFolA vt AR e, nig & FEES
nhg ez du7tEs dedel is) 2+t 4714 Tt = Ay 240 1} ephedrine 57} AolstAl &
A A E(ephedrine, pseudoephedrine, norephedrine 2! JEHS o 7 AUTE 53] vid A& Al vigE Ee
methylephedrine) & HE¥ F 7FA 422! ephedrine} &, A" AlRtol|l wE} F= 5= ephedrine 30| THE7]
pseudoephedrine®l] thsle] E® A& o] 83t & o Zol|9), ) g o 57| H A ARESkE GRbE]] A
FeAs AAE o 1 AAE 95 oA v 1 g& BHE 7o R FE2E v AR 24 At de
NEo = e, o). sl Selstol A 11 BERhe Aeshel Awa)
ul3} 1 g w3 Aol A9 ephedrine 2 pseudoe- = A9E AY glow, dREE vdy o H kA7) vy
phedrine©] 4.74+0.22 mg 3! 2.19+0.10 mg = AA H B eR Hes s, 7€ AFelA miEa
o, YnrtEe e ephedrine 3 pseudoephedrine WigtE oFEo] Wt ephedrine $Hgo] WEA FEH
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Table 7. Analytical Results of Intermediate Precision

Retention time

106  www.jkomor.org

Sample Peak Avg. SD %RSD
Day 1 Day 2 Day 3
Ephera sinica Ephedrine 24.08 24.05 24.18 24.10 0.065 0.27
Pseudoephedrine 26.42 26.40 26.55 26.55 0.079 0.30
Wolbigachul-tang Ephedrine 2411 24.06 24.29 24.29 0.122 0.51
Pseudoephedrine 26.44 26.38 26.66 26.66 0.146 0.55
Peak area
Sample Peak Avg. SD %RSD
Day 1 Day 2 Day 3
Ephera sinica Ephedrine 874.02 893.60 901.43 889.68 14.12 1.59
Pseudoephedrine 412.84 432.20 447.26 430.77 17.25 4.00
Wolbigachul-tang Ephedrine 756.69 778.37 779.30 771.45 12.80 1.66
Pseudoephedrine 357.10 368.09 378.17 367.79 10.54 2.87
Relative retention time
Sample Peak Avg. SD %RSD
Day 1 Day 2 Day 3
Ephera sinica Ephedrine 1.000 1.000 1.000 1.000 0.000 0.000
Pseudoephedrine 1.098 1.098 1.098 1.098 0.000 0.000
Wolbigachul-tang Ephedrine 1.000 1.000 1.000 1.000 0.000 0.000
Pseudoephedrine 1.097 1.097 1.097 1.097 0.001 0.047
Relative peak area
Sample Peak Avg. SD %RSD
Day 1 Day 2 Day 3
Ephera sinica Ephedrine 1.000 1.000 1.000 1.000 0.000 0.000
Pseudoephedrine 0.472 0.484 0.496 0.484 0.012 0.025
Wolbigachul-tang Ephedrine 1.000 1.000 1.000 1.000 0.000 0.000
Pseudoephedrine 0.472 0.473 0.485 0.477 0.007 1.561
Avg: average, Stdv: standard deviation, %RSD: relative standard deviation.
Table 8. Contents of Ephedrine and Pseudoephedrine in Ephera sinica and Wolbigachul-tang
Contents
Sample Compounds (mg/g. Ephera sinica) Avg. SD %RSD
No. 1 No. 2 No. 3
Ephera sinica Ephedrine 4.63 4.61 4.99 474 0.22 4.57
Pseudoephedrine 2.14 2.13 2.31 2.19 0.10 4.76
Wolbigachul-tang Ephedrine 6.03 6.70 6.45 6.39 0.34 5.25
Pseudoephedrine 2.79 3.20 2.93 2.97 0.21 7.04
Avg.: average, SD: standard deviation, %RSD: relative standard deviation.
Zo® BaE v vk v, vhazt u}ay o ek, Zgld), b 22 5719 ABE0] ephedrine +F
olo|RlY, 2H T, Avkaite, 4 2 pnod ] 5 F7het BEE Zlo g AZEne,
HATHE 22 e 2dstolA == S-S 7] £ AFol M= vk AoA Bl AMS-EE viEte
Foz vy RS A9 O A gt ul o] EFE B3 AMelM HSUF FARHYLS
S oF B SFOR ephedrine Tl SHHY WAL o F B YL LAk A Sk vigo] 23
O}, n A RS n R E T ephedrine ¥HEFO] B E=A) H 5 A AR Al BT 5ol BHEE e Aol &8
SR nhA gl 3R o] FgRe]l B4 Ho WelEoldS istel TPV ko) A%t BA &
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