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Ephedrine and its analogs are contained in some nonprescription medicines in order to suppress coughs or rhinitis. At the same
time, they are used as ingredients of methamphetamine and content regulations exist for products which contain the
aforementioned.  According to current customs analysis, ion pair reagents are utilized when the quantity of ephedrine,
pseudoephedrine, methylephedrine and norephedrine are determined by reverse phase chromatography. However, the reagents
stick to the columns regardless of how thoroughly they are washed. Therefore, it is necessary to prepare exclusive columns for
each measured substance. Recently, some manufacturers have invented columns which can measure basic compounds without
reagents. We examined methods of quantitative analysis with such columns for ephedrine and its analogs which are basic
compounds. We used 2 columns, 2 organic solvents and 3 buffers (pH 2.6 - 6.9) to examine the condition under which the
compound’s peaks are separated from each other.  As a result, when L-column3 and a mobile phase which was mixed 25mM
phosphate buffer (pH 6.9) with methanol were employed, their peaks were perfectly separated. Furthermore, by using the
condition and etilefrine as an internal standard material, accurate determination of the quantity of pseudoephedrine and
methylephedrine in some nonprescription medicines was achieved.
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Tablel Condition of mobile phase

pH 2.6-6.9

Organic solvent Methanol, Acetonitrile

Phosphoric acid

Buffer Formic acid
Acetic acid
Buffer concentration (mM) 10-100
Organic solvent concentration(%v/v) 5-40
LC mode Isocratic
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NTHE— LTz
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500 mg/L & CORPH CRIEIE A AR U7z,
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OSHHATRED W L 7.
ISHTHERE @ HPLC LC-20A 2 A7 & (R flfEird)
b AN L3
H—KHT A L-column3Cl8 H— h U w oK — KB T L
HEIH 1 25mM U TERRERZ (PHB.9) : A %/ —/L =90 : 10
2okt CPEREE R O 7 = R RO Table2 &
RBHEHIHEM LI OEREE LT
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Table2 Composition of sample solutions

Sample A(mg/L)  Sample B(mg/L)

Etilefrine 100
2-Phenylethylamine 100
Ephedrine (EP) 100 100
Pseudoephedrine (PEP) 100 100
Methylephedrine (MEP) 100 100
Norephedrine (NEP) 100 100

224 TREFADTVA FI T FYURUAFILITIIRY
VDEE
2241 BEROERRUVEREORER

TIA R T = RY VIR 122 mg KA T LT = KU >
HEREE120mg 2 &V E Y, 2N E Rk T100 mLIZER L7z,
ZOWEDNS 5, 15 X255 mL ZE NN 50mL A AT T A3
Y, NIEEYEO 1L mgimL =F L7 U KERE &IRE 100

mg/L (2725 & O INA, ZNEHEBRK TER LIz b ot L.

ORI E TROEMFICTHEN=3)L, HMEHREIER L.

SyHTEERE : HPLC 1200 G1311A (Agilent Technologies #14t)

Z OO ST, 2.2.3 L[k
2242 MREOEERE

WA SERNIT 2 88, H 7 vMT 2o, #HHFIL20F>ENE
NEHRE L7, FHE LSRN L BRIz viEL, »7
VNI O %, BAITZOEE, ThENRAAT T AaRN
AN THERRZMELZ. ZhbDART T A TNIELERE
ZIEREICNZ, =7 = FU VEORENZNZH Table3 2R Tl
Wb &) —ERBICERLEZLD%, 045 um 7 4V Z & HNT
AL, ke Lz, MIREICET 22 OMMOFERIZ OV TiE
Table3 D L3V . TR Z L ICHEHT 3 MAAE L.

BEMH A 25mM U EERRERK(pHE.9) : A # / —/L =90 : 10

BEH B : 25mM U ERAETETE (DH6.9)

BEHC A% /—n

77 Yx b Tabled-6 B

Z DM OV TIL 2.2.4.1 LAk

Table3 Preparation of nonprescription medicine samples

Medicine A B C
Shape Tablet Capsule  Granules
Volume of volumetric flask
200 100 100
(mL)
Internal standard volume(mL.) 20 10 10
Kind of ephedrine PEP MEP MEP

Concentration of
. 249 166
Ephedrin’s analogs(mg/L)

Table4 Gradient time table of medicine A

Time(min) A(%) B(%) C(%)
0 100 0 0
12 100 0 0
13 0 40 60
18 0 40 60
19 100
32 100

Table5 Gradient time table of medicine B

Time(min) A(%) B(%) C(%)
0 100 0 0
145 100 0 0
15 0 40 60
22 0 40 60
23 100
35 100

Table6 Gradient time table of medicine C

Time(min) A(%) B(%) C(%)
0 100 0 0
145 100 0 0
15 0 40 60
22 0 40 60
23 100
32 100

3.1 BEESEHOKE

2.2.1 OB EEEMOBRFHERE Table7 2R3, 7272 L, A
BEEEERAY 15%LL EDSEIC DN TIL, T TOLTEEEMN 15 28
R DN N -T2, FREEETS.
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Table7 Separation of EP, PEP, NEP, MEP and I-Norpseudoephedrine(I-NPE)

for each condition

Organic.solve.m.
Column pH Buffer E};iﬂ: cor{:,:fm;;ﬁm conlc:manm [!,T‘:T]
mM 5
100
Methanol
Phosphoric acid
(Cation:Na)
26 Acetonitrile
R
T
Phosphericacid | it 50 oy
(Cationk) | *reetomime 25 R
> "‘\'{?‘:\"‘\'{?‘:\ AN
L Methanol - I
30 Formic acid Acetontrile 30 lﬁ\:ﬁ\\a L
MGI 40 Aceticacid ;;::me 50 :__;*\::\;‘\: SRR
55 Acetic acid Methandl 50 SR A
. 3 Acetonitrile \"\}\\\'}\ \\\'& =
100
30
Methanol 23
20
Phosphoric acid 10
5o [Callj:ion:}la} 100 :%::\3:
30
Acetonitrile 23 AR
20 R
10 s
Phosphoricacid | ool 25
(Cation:K)
| Methand 50 R R
26 Ph?ésﬁﬁ;;}ud Acetonitrile j? \\S\\:\\S\\
R £
30 Formic acid Methandl 50 N
: Acetonitrile Q\S::\S: Q\S::::\\
) Methanol < [
- ¥ Aceticacid Acetonitile e “i.{\\:\k'}‘}“ \Hﬁ\\'\
s | Methanol I R
) Acetonitrile _ R
69 Phosphoric acid Methanal 32
. (CationK) Acetonitrile ;D \'\‘\\ \'\‘\\ ‘}\\ \}\\ Y\‘
. Unmeasured
N Including the separation of less than 1.5

All separations are more than 1.5.
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Fig.1 Relationship between pH and separation
50mM Buffer : Organic solvent =95 : 5
() MG II Methanol, (b) L-3 Methanol, (c) MG II Acetonitrile, (d) L-3 Acetonitrile
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@ MG I 50mM Phosphate buffer : Methanol =95:5

B MG I 50mM Phosphate buffer : Methanol =90:10
L-3 50mM Phosphate buffer : Methanol =95: 5
L-3 50mM Phosphate buffer : Methanol = 90: 10

Fig.2 Each separation in 2columns
(a) pH2.6, (b) pH6.9

313 BEREEORH

312 THERDO B TH -7 MGINIZT, U BAAEEIRIREE 1%
THZT7 2 R ROT YA R2T = NI > OEEE DL A B
L. TOMEE Fig3lRd. 25mM LI EOFRETRILE TiX
T2 RY U ROT VA R2T = Y U MOSBERE DA & )72 28
BIXR. BN oTe. £z, WHHEMHTR T 2 R E O
1310-50mM & S TR Y, SHEREDSE, HBEH AR &
RA LB, BT AR H 2 9. ko L2558
L, TREEIEE%Z 25mM IZiRE LT,

35

25

15
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[ ]
[
[ ]

Buffer(pH6.9):Methanol=95:5
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® Buffer(pH2.6):Acetonitrile=95:5

Fig.3 Relationship between buffer concentration and separation in MG II
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Fig4 Symmetry factor of EP and its analogues.
(a)NEP, (b)EP, (c)PEP, (d)MEP
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BALEER T HLIEEEDOE—7 O L BNV HIOEEETH
L. YUANIRER SL 2 DIXe— B —T 47, 172
HIFE—INT =V T LTWD I EEHET. SRIOWUESMIC
BWT, YA R URBITTRTSSL &Aooz, —f&ic, ODS
BT b PRI A LT25E, VT L20RGFY T ) — Vi
DML, R LAY & OIS, B —ToA A A HR H 1R
MEeb&, =BT —V 7 3ThZenmonTih, 4R
OHETEH, ZOEANITZLWEEZLND O,
AEOAEESRMETIE, L3 (pH6.9) N7 = R U L HoWTh
ZBWTYH, RED EFIZHES =7 BROBA R B/ E D>
7=. F£72, pHE.9 DT TIE, L-3 iXakEHE 500 mg/L TH 9
RCOLBEREN 15 2 TS Z 272 < (Figh), MG & ki
&, WTNORBHRETH YV A R UREDS LICEWEZRL
7o TOHERE LT, L3IWEFES T/ — AR HRIETTEY
FREE LIS WA HE S TV A ATREMENEZE 2 B b 0. L7
ST, BTMILIEHEATHZ L L.
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Fig.5 Change of the separation for the concentration of EP and its analogs

31 K32 OFERMNS, =7 = R U VHOE RO EGE 725
Bt a2, TREOSMciE L.

AN L3

H—FRAZ L L-column3C18 H— h Y v o« H— KU T A

BEH : 25mM V) U EERRFERR (PHB.9) : A ¥/ —/L =90: 10
#T LIEEE 40 °C

itk : 1.0 mL/min

AR :10pL

MR 210nm (U 77 Lo R 0 360 nm)

ZOFMTIE, BEFO pH BRI THD 2 Lavn, ik
R EPESRMT AT T A~DOATMEL, 72, FHIALIC
AB )= NVEMALTRY, A%/ —NE7 & b= Uz~
TH T, DOREMICA —H—IZ &V G SN D e EOREN
HFHns.

NEP I-NPE

EP

PEP
MEP

6 8 o T
Retention time (min)
Fig6 HPLC chromatograms of EP, PEP, NEP, MEP and I-NPE in an
ideal condition

3.3 NIZEMEDBRE

32 TIRE LEAWERMTICRBNT, =7 = RY VHHATIC, =
FL 7Y ERMLT Sample A, K 2—7 = =/L=F)LT I
AU T SampleB 2N ENHIE LT, £Dra~ N7 T L%k
Fig7 loRT. =F L7 Ui /AT 7 2 FU L L0 b4 555<

WHL, 4 I _XToOZ7 = N VEHERFFRFRAER G20
EBRRERTX. — T, 2— T2 V= FATIVIE /LT T =
RU V=7 WERY, N7 R) U a2ET 5305
HrZIRWT, NIEEME S L TR TERWZ ERghoTe. L
TeBoT, AFRTIEITF L7 U o E2NEEME L LT, RER
DR & ONEIUCER DB 21T o 72

(Sample A)

(Sample B)

Fig.7 HPLC chromatograms of EP, its analogs and internal standard substances

3.4 MREFOTIAFITIRFYURUAFILITRY Y
NDEE
341 BREHOERK

Boh e, ERAK OFBEIREE Fig8 IIRd. YA R
T 7= RYUKOAF VT = R 3RICHEBIRENE 0.999 LI E
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N

2 ry
I 15 &
2 1 y=0.01200x-0.00356 ]
< R?=0.99999 H
05
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0 100 200 300 ) 100
PEP Concentration [mg/L] MEP Concentration [mg/l

Fig.8 Calibration curve of PEP and MEP
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52 LT, HHHAERYD, HIERH% 20 - 100 S FREEAEHE L7z,
341 THROLNIMEMZ I, TIREFOZT = N VEHORE
ROz, HonikEiR% Table 8 (2”7

R AR 7Y A R 7 = RV o 45mg (/2 §E), EH 5
B K OEHES: CIZIIAF AT T = Y RS Z 4 60 mg
(a7 7EN), 40mg (AE) GHELTNDZ EMRBE Ry r—
VIR ENTWA, ZoMEE T, SR OBIE M S
BN ERDT- & Z A, EERG A TIX 99%, 3,5 B Tl 100%,
S C Tl 101% & @V ENENG Hive. BBRIROMxHERE
AT T 05 KL 220, HERMR2ICH 0 ZEN R
nEHNTz.

Table8 Quantitative results

Medicine ATJ/2 tablets] B [/2 capsules] C [/2 granules]
Mean (SD) [mg/L]
1(n=3) 180 (0.0) 248 (0.0) 172 (0.0)
2(n=3) 182 (0.0) 248 (0.0) 171 (0.0)
3(n=3) 181 (0.0) 250 (0.0) 171 (0.0)
Mean [mg/L] 181 249 171
R.S.D [%] 041 0.45 0.47

SR L le sl SR <, kI EREShS Y A R
T2 RV EOAFNET = R UERFE LS ERTEZ. —F
T, T7x R R AT KU ACOW T EHRSHRE
SNEHBHERAFTE T, RAET 2 I LB TERhoT.

S%OBMEE UTC, IRINENGRERCHIT O ML & Oy &
LD, SEEH LS TOT7 = R O L 0 REDE N
EBDOGEZAT O LERH 5.

PATFIZA [t U T i St & IR .

#Z 2 L-column3 C18 (0.25 mml.D. X 150 mm, Ki+-f% 5 pm)

H—RAZ L Lcolumn3 C18 W —hU v TVAXHT—RFRIT A

(4.6 mml.D. X 10 mm)

717 MR ;40 °C

BEFH  : 25mM Y CERRERETR (pHB.9) @ A X —/L =90 : 10
ik : 1.0 mL/min

HEAE - 10pL

B : 210nm (U 7 7 L2 AR« 360 nm)
PIEHEME . =F L7 )

4, B #

HPLC # AWty o~ /o7 74—l kb7 = R V58
DEBAIITETIE, BEFEICA AT REE2 TN 5720,
—ATA LV ORENEEGLOINCET DN EL, 72, — &
R LA AT HREE D T A0 DEEICRET S 2 L BN
THHREOEMN EOERDH L. 2T, B UITESMGT
T, BEHICA AT REEA TIPS A LA W & o Al
RER AT Bk B, =7 = NV RO OBEPWE M TRE
ERNNTEZE MG L. BT L 2 188, AL 2 TS A2 VL C,
FEMTIR 3 A pH2.6 - 6.9 OHPHT, =7 = KU ROZ DML
WHER S WEE, ROBEHECTHOBECE R0 ERFT L. £
DOFEF, J17 A1 L-column3 C18 (0.25 mml.D. X 150 mm, Ki{%
5um), BEMEIZ 25mM U EERERETR (pHE.9) & A & ) — /L&Al
LSS LY, =7 = RY VOB 5BENFTHETH
ol Fiz, RIS THEEREE LTF L7 Y AR ERT
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