Anaysis of Marker Constituents and Synthetic
Therapeutic Substances Adulterated in Traditional

Chinese Medicines



18

18



caffeine

caffeine

22

26

---30

32

37

37

49

S7

---68



76

89

93

106

107

108

111

117



Fig. 1. The chemical structures of five xanthine bronchodilators and internal
8-chlorotheophylline...

Fig. 2. The chemical structures of six synthetic anorexics and internal standard
fluorene 2,7-diammonium dichloride..

Fig. 3. The chemical structures of six synthetic gastrointestinal drugs. ...........

Fig. 4. The HPLC Chromatogram of five standards with internal standard after
Supelclean C-18 treatment. TB: theobromine, DP: diprophylline, TP:
theophylline, PP: proxyphylline, CA: caffeine, CT: 8-chlorotheophylline.
HPLC conditions, column: Merck RP-select B 250x 4.6 mm |.D.; mobile

phase: methanol and 1 % (v/v) acetic acid (15:85, v/v); flow rate: 1.5
mL/min; detection wavelength: 270 nm.. .

Fig. 5. Comparison of HPL C chromatograms of model preparation water solution
(Sheau-Ching-Long-Tang, P1) before and after SPE treatment (1-3). 1:
solution without treatment; 2: washed with 0.01 M ammonium acetate; 3:
eluted with chloroform+isopropanol (19:1, v/v); 4: eluate of five xanthine
bronchodilators added in model preparation with internal standard (CT).....

Fig. 6. Comparison of HPL C chromatograms of model preparation water solution
(Ma-Hwang-Tang, P2) before and after SPE treatment (1-3). 1. solution
without treatment; 2: washed with 0.01 M ammonium acetate; 3: eluted with
chloroformrisopropanol (19:1, v/v); 4: eluate of five xanthine
bronchodilators added in model preparation with internal standard (CT). ...

Fig. 7. Comparison of HPLC chromatograms of model preparation water solution
(Shing-Su-Yiin, P3) before and after SPE treatment (1-3). 1: solution
without treatment; 2: washed with 0.01 M ammonium acetate; 3: eluted with
chloroformisopropanol (19:1, v/v); 4: eluate of five xanthine
bronchodilators added in model preparation with internal standard (CT). ...

Fig. 8. The HPLC Chromatograms of samples A-D after SPE treatment with
internal standard (CT)... .. uomemmemmemmsmemsmssmemsmsssns

Fig. 9. The HPL C chromatogram of eight standards with internal standard in TCM
after SPE treatment. BE: betamethasone, CO: cortisone acetate, DE:
dexamethasone, HA: hydrocortisone acetate, ME: methylpred-nisolone, PR:
prednisolone, PN: prednisone, TR: triamcinolone, 1S = fludrocortisone
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acetate. HPL C conditions, column: Inertsil ODS-80A 250x 4.6 mm|.D.;

mobile phase: acetonitrile and water (3:7, v/v); flow rate: 1.2 mL/min;
detection wavelength: 240 nm......

Fig. 10. Effect of pH on migration time. All experiments were conducted at a

voltage of 16 kV acrossthe 57 cnx 75 nm |.D. uncoated capillary filled
with 120 mM sodium phosphate buffer (NaH,PO4/H3;PO,) and 15 %
acetonitrile; cartridge temperature, 30 °C; detection wavelength, 200 nm.

(e ) CBZ = clobenzorex; (o ) FEN = fenfluramine; (o) DEP =
diethylpropion; (a) PPA = phenylpropanolamine; (& ) PHE = phentermine;
( ) MAM = methamphetamine.

Fig. 11. Effect of NaH,PO, concentration on migration time. The carriers were 90-
180 mM sodium phosphate buffer (NaH,PO,/HsPO,, pH 2) and 15 %
acetonitrile. Other conditions and symbols asin Fig. 10. ..

Fig. 12. (A): Capillary electropherogram of a mixture of the six synthetic anorexics.
(B): electropherogram of real sample A after SPE treatment. IS = fluorene-
2,7-diammonium chloride.

Fig. 13. Effect of pH on migration time. All experiments were conducted at a

voltage of 20.5 kV across the 47 cmx 75 mm 1.D. uncoated capillary filled
with 100 mM sodium phosphate buffer (NaH,PO,/H3PO,) and 5 %
acetonitrile; cartridge temperature, 30 °C; detection wavelength, 214 nm.

(e ) PIR = pirenzepine; (o ) SCO = scopolamine butylbromide; (0 ) MET =
metoclopramide; (a) CIM = cimetiding; HOM = homatropine;

() RAN =ranitidine. ... .omeeeserer

Fig. 14. Effect of acetonitrile concentration on migration time. The carriers were
100 mM sodium phosphate buffer (NaH,PO,/HsPO,, pH 2.5) and 0-15 %
acetonitrile. Other conditions and symbolsasin Fig. 13. ...

Fig. 15. Capillary eectropherogram of a mixture of the six synthetic gastrointestina
drugs. RAN = ranitidine; HOM = homatropine; CIM = cimetidine; MET =
metoclopramide; SCO = scopolamine butylbromide; PIR = pirenzepine.
|S= 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride.............

Fig. 16. The HPLC chromatograms of solutions on the process of clean-up with
Supelclean C-18 for Theae Folium extract. CA: caffeine, CT: 8-

chlorotheophylline, HPL C conditions, column: Merck RP-select B 250 4.6

mm 1.D.; mobile phase: methanol and 1% (v/v) acetic acid (1:4, v/v); flow
rate: 1.0 mL/min; detection wavelength: 270 NM. .....eermumessenas

Fig. 17. Comparison of HPL C chromatograms of standard decoction of P1 (a-c)
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and blank decoction (prescription without Theae Folium; d) before and
after clean-up with Supelclean C-18. ... vesemsemssrsesns

Fig. 18. Comparison of HPL C chromatograms of standard decoction of P2 (a-d)
and blank decoction (prescription without Theae Folium; e-f) before and
after clean-up with Supelclean C-18. ... emeesemssrseesrns

Fig. 19. Comparison of HPL C chromatograms of standard decoction of P3 (a-d)
and blank decoction (prescription without Theae Folium; e-f) before and
after clean-up with Supelclean C-18. ... eomememsssseesris

Fig. 20. Comparison of HPLC chromatograms of standard decoction of P4 (a-c)
and blank decoction (prescription without Theae Folium; d) before and after
clean-up with Supelclean C-18... .

Fig. 21. Comparison of HPLC chromatograms of standard decoction of P5 (a-c)
and blank decoction (prescription without Theae Folium; d) before and
after clean-up with Supelclean C-18. .....oemmesemesessnns

Fig. 22. Comparison of HPLC chromatograms of standard decoction of P6 (a-c)
and blank decoction (prescription without Theae Folium; d) before and after
clean-up with Supelclean C-18.
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Table 1. Linear Regression and Limits of Detection of Five Xanthine
[S1g07a10:070T0 1 F= (o] £

Table 2. Intraday and Interday Analytical Precisions of Five Xanthine
Bronchodilators.. .

Table 3. Recoveries of Five Xanthine Bronchodilators after Solid-phase Extraction..

Table 4. Recoveries of Five Xanthine Bronchodilators from Chinese Herbal
Prescriptions after Solid-phase EXtraction. ... ..mmmsmne

Table 5. Chemical Drug Content in Samples.

Table 6. Calibration Curves and Detection Limits of Eight Steroids. ...
Table 7. Intraday and Interday Analytical Precisions of Eight Steroids..............
Table 8. Recoveries (%) of Eight Steroids after SPE with Optimum Conditions.....

Table 9. Recoveries (%) of Eight Steroids (120 rrg/ml) from Cartrldgeﬁ
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Table 10. Recoveries (%) of Elght Steroids (120 rrg/ml) Eluted with Different
Solvent Combinations...
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BE betamethasone

BHM 3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride
CA caffeine

CBz clobenzorex

CIM cimetidine

CO cortisone acetate

DE dexamethasone

DEP diethylpropion

DP diprophylline

FA fludrocortisone acetate

FDA fluorene-2,7-diammonium dichloride
FEN fenfluramine

GC/MS gas chromatography/mass spectrometry



HA
HOM
HPCE
HPLC
MAM
ME
MET
PHE
PIR
PN
PP
PPA
PR

SCO
SPE
B
TCM
TLC
TP
TR
uv

hydrocortisone acetate
homatropine
high-performance capillary electrophoresis
high-performance liquid chromatography
methamphetamine
methylprednisolone
metoclopramide
phentermine

pirenzepine

prednisone

proxyphylline
phenylpropanolamine
prednisolone

ranitidine

scopolamine butylbromide
solid-phase extraction
theobromine

traditional Chinese medicine
thin layer chromatography
theophylline

triamcinolone

ultra-violet spectrometry



(SPE) (HPLC)
(HPCE) ( caffeine,

theophylline, theobromine, diprophylline proxyphylline)

(betamethasone, cortisone acetate, dexamethasone, hydrocortisone acetate,

methylprednisolone, prednisolone, prednisone triamcinolone)

(clobenzorex, diethylpropion, fenfluramine, methamphetamine,

phenylpropanolamine phentermine) (cimetidine,
homatropine, metoclopramide, pirenzepine, ranitidine scopolamine
butylbromide) SPE HPLC
(
) caffeine

caffeine



(LDso)

(5-15 g/kg) (0.5-5 g/kg)

™ 50 %



@ 3

(4, 5)
(6)

(TLC)

TLC UV

7, 8

(UV)

uv



(28

2246

uv

2609

GC/IMS

(HPLC) (GCIMS)

(927)

1992

23.7 % (618 )

26.1 % (587

TLC

TLC



uv

HPLC (HPCE)

1 HPLC

acetaminophen,

aminopyrine, bucetin, ethoxybenzamide, indomethacin, ketoprofen,

mefenamic acid, phenylbutazone, piroxicam  salicylamide

dexamethasone prednisolone chlormezanone
chlorzoxazone hydrochlorothiazide diazepam
caffeine @ 235 nm
TLC 2. HPLC

sulfadiazine, sulfamerazine, sulfamethazine,
sulfamethoxypyridazine, sulfamethoxazole, sulfisoxazole
(30)

sulfadimethoxine

sulfamethoxazole



sulfamethoxazole

3. HPLC

aminitrozole, metronidazole, ornidazole  tinidazole ¢V

tinidazole 4. HPLC
nifedipine ©? nifedipine 12.1 mg
5. HPLC
fluoxymesterone, methyltestosterone
testosterone
methyltestosterone

HPCE

HPLC HPCE

10°-10’

(34-36)



HPCE HPLC

HPCE
HPLC HPCE (
)
HPCE
HPCE 1.
HPCE

acetaminophen, aminopyrine, bucetin,
ethoxybenzamide, indomethacin,  ketoprofen,  mefenamic  acid,

phenylbutazone diclophenac sodium dexamethasone,
prednisolone chlorzoxazone diazepam
caffeine ©”
acetaminophen,
caffeine, phenylbutazone, prednisolone aminopyrine, caffeine,
ethoxybenzamide 2. HPCE GC/MS

clobenzorex diazepam & clobenzorex



amphetamine-like

clobenzorex

Dr. Cherif Kouidri

HPCE
Ries © aminopyrine
phenylbutazone (agranulocytosis)
Goromaru 0 GC/IMS aminopyrine
phenylbutazone  dexamethasone, betamethasone Hatanaka
) Hashimoto “ HPLC
prednisolone, dexamethasone, tocopherol acetate  phenacetin
dexamethasone, phenylbutazone

indomethacin Sep-Pak Cig HPLC

dexamethasone, acetaminophen, bucetin, phenylbutazone

indomethacin Yuen @ TLC



acetaminophen, chlordiazepoxide, prednisolone, theophylline

(44)

Bowron aminopyrine
Bury %
phenylbutazone
Cairns % HPLC
GC/IMS indomethacin By
TLC HPLC hydrochlorothiazide, diazepam,
indomethacin ~ mefenamic acid Knoblauch @

betamethasone = Amborum special F  ASFO

Goldman
Parodi TLC HPLC
L a| (51)
HPLC
Gertner  ©? mefenamic acid ~ diazepam

Fraser GC/IMS HPLC

diazepam, diclofenac, indomethacin  mefenamic acid



(54-56) (57)

HPLC
HPCE

uv 210 nm

HPLC  HPCE

Caffeine, theophylline,

theobromine, diprophylline proxyphylline

betamethasone, cortisone acetate, dexamethasone, hydrocortisone acetate,

methylprednisolone, prednisolone, prednisone triamcinolone



clobenzorex, diethylpropion, fenfluramine,
methamphetamine, phenylpropanolamine  phentermine
cimetidine, homatropine, metoclopramide, pirenzepine, ranitidine
scopolamine butylbromide
HPCE
HPCE

amphetamine-like

(TLC) &%

(column chromatography)

TLC



HPLC (6569

HPLC (70
™ ( )
parishin, parishin B parishin C (72 @
)
2-(3-hydroxy-4-methoxyphenyl)ethyl 1-O-[a-L-arabinopyranosyl
(1® 6)]-feruloyl (1® 4) -a-L-rhamnopyranosyl (1® 3)

-b-D-glucopyranoside, harpagoside  cinnamic acid (74)

rubiadin, lucidin, nordamnacanthal, 6-hydroxy-nordamnacanthal,
3-hydroxymorindone HPCE (75)
@ )
" ™ ) GCIMS

(79) euphol tirucallol

(solid-phase extraction; SPE)



(biological fluid)

SPE

SPE

SPE
SPE

SPE

SPE

()

(sorbent)

SPE

SPE

(80-82)

(normal phase)



(reversed phase) (ion exchange phase)
(adsorption phase)

()

()

()

()

Caffeine (CA; 1,3, 7-trimethylxanthine) theophylline

(TP; 1,3-dimethylxanthine), theobromine (TB; 3,7-dimethylxanthine),



diprophylline [DP; (1,2-dihydroxy-3-propyl) theophylline], proxyphylline
[PP; 7-(2-hydroxypropyl) theophylline]

Fig. 1 CA TP TB
CA TP
5% 0.04 % ® P
CA, TP DP 1996
1100 CA, TP DP
45% 05% 02% >
34 CA TP 17.6
% 59%®
TP P
Xanthine ephedrine sympathomimetic drugs
(84
HPLC xanthine
(85, 86)

SPE



xanthine (87, &)

xanthine

prednisolone, betamethasone dexamethasone

Huang 25 (28)

(84

HPLC

() petamethasone (BE), cortisone acetate (CO), dexamethasone

(DE), hydrocortisone acetate (HA), methylprednisolone (ME),

prednisolone (PR), prednisone (PN)  triamcinolone (TR) SPE

(amphetamine-like) methamphetamine



clobenzorex, diethylpropion, phentermine

phenylpropanolamine (23,

24)
HPLC HPCE
amphetamine-like seized tablets

(89-92) HPLC clobenzorex

(CB2), diethylpropion (DEP), fenfluramine (FEN), methamphetamine

(MAM), phenylpropanolamine (PPA) phentermine (PHE)
( Fig. 2 HPCE
amphetamine-like

GC/MS HPCE

Cimetidine (CIM)  ranitidine (RAN) H,-receptor antagonist

(20)

CIM, RAN, homatropine (HOM), scopolamine

butylbromide (SCO), metoclopramide (MET) pirenzepine (PIR)

®

HPLC HPCE



(92-96) HPCE

CIM, HOM, MET, PIR, RAN  SCO

( Fig. 3)
HPLC caffeine

(Theae Folium) caffeine (CA)
CA 5% CA

(83,97)

HPLC CA

(90, 91)

Zhang  Papadoyannis ©"%) SPE CA

CA



Fig. 1. The chemica structures of five xanthine bronchodilators and

internal standard 8-chlorotheophylline.



Fig. 2. The chemica structures of six synthetic anorexics and internal

standard fluorene-2,7-diammonium dichloride.



Fig. 3. The chemical structures of six synthetic gastrointestinal drugs.

fluorene-2,7-diammonium dichloride



CA, 8-chlorotheophylline (CT), DP,PP, TB TP Sigma
(St. Louis, MO, USA) Labscan (Dublin,
Ireland) LC Nakalai (Kyoto, Japan)
RDH (Seelze, Germany)
18 MW

(Sheau-Ching-Long-Tang; F1)



( 2199 (1.319) ( 26209)

(Ma-Hwang-Tang; F2) (6.0 0) (2.0 g)
( 409)
(Shing-Su-Yiin; F3) (2.09)
( 159 (
0509)
A B 1997 10
C D 1995 11 1996 1
2. HPLC
HPLC Hitachi L-6200 intelligent pump Hitachi L-3000

photodiode array detector Shimadzu SIL-9A auto
injector
Merck RP-select B (250 4.6 mm 1.D.)

1% (15:85, v/v)



1.5 mL/min

270 nm
CT
3. TLC
A D(9 (5mL) 30 min
TLC
TLC 1 mm E. Merck silica gl plates (60F2s4) uv
light 254 nm (7112, viv)

4. UV GC/IMS

(1) UV
DP TP TLC
(3mL) uv
Hitachi U-3210 spectrophotometer
(2) GC-MS

Hewlett-Packard (HP) 5890 gas
chromatography

Electron impact mass HP 5970 mass selective detector



lonization voltage 70 eV
Source temperature 300 °C

(19) (5mL)

1m
25 mx 0.25 mm |.D. fused silica column coated with 0.25
mm of HP-1

120°C 280 °C (10 °C/min)

B, DP, TP, PP, CA (CT)

(2.0 mg/mL) 0.1 mL

8.08~161.60 ng/mL, 10.10~202.0 ng/mL, 10.12~2024 ng/mL,

10.02~200.4nmg/mL  10.08~201.6 ng/mL



A C(05¢9) D (1.09g) (25

mL)  40°C 30 25.0 mL
A,C D 10mL 50.0,50.0 10.0 Ml (
B )

(25mL)  40°C

30 25.0 mL
1. (SPE)
(D (5mL) 1N HCI ( )
(2 (5 mL) (5mL)
3 Supelclean C-18, 500 mg, 3 mL

column volume

(4) 0.01 M ammonium acetate (2x 5mL)
(5) - (19:1, viv; 10 mL)
50 % 2mL 5.0 mL
CT( ) (1.0 mg/mL) 0.1 mL 50 %

5.0mL 0.45 M HPLC



TB: 8.08,
3232 161.60 mg/mL; DP: 10.10, 4040 202.00 ng/mL; TP: 10.12,
40.48  202.40 ng/mL; PP: 10.02, 40.08 200.40 mg/mL; CA: 10.08,

40.32  201.60 ng/mL

(TB: 16.16, 32.32  64.64 my/mL; DP: 20.20, 40.40
80.80 ng/mL; TP: 20.24, 4048  80.96 ng/mL; PP: 20.04, 40.08
80.16 mg/mL; CA: 20.16, 40.32  80.64 ny/mL) (

) (5.0 mL) (5.0 mL)



BE, CO, DE, HA, ME, PN, TR fludrocortisone acetate (FA)

Sigma (St. Louis, MO, USA) PR Nakalai (Kyoto,

Japan) L abscan (Dublin,
Ireland) LC 18 MW

(500 mg, 3
mL) Baker (Phillipsburg, NJ, USA; Brand 8), Chrom (Apple

Valley, MN, USA; Brand 7), Macherey-Nagel (Duren, Germany; Brand 5),
Merck (Darmstadt, Germany; Brand 6), Restek (Bellefonte, PA, USA,;
Brand 3), Supelco (Bellefonte, PA, USA; Brand 1), Varian (Harbor City,

CA,USA; Brand4) Waters (Milford, MA, USA; Brand 2)

(Sheau-Ching-Long-Tang; F4)

( 3.00) (6.09)

(Dwu-Hwo-Jin-Sheng-Tang; F5) (0.39)



( 049 (0.6 g)

(Ba-Jen-Tang; F6) (1.5 g) (2.3 g)
( 300 ( 450)
2. HPLC
HPLC Hitachi L-6200 intelligent pump Hitachi L-3000
photodiode array detector Shimadzu SIL-9A auto
injector
Inertsil ODS-80A (250x 4.6 mm1.D.)
(3:7, viv)
1.2 mL/min
240 nm
FA
3.

BE, CO, DE, HA, ME, PN, PR, TR



(FA) (1.0 mg/mL) 0.5 mL

6.18~98.88 ng/mL, 6.24~99.84 ng/mL, 6.00~96.00 ng/mL,

6.18~98.88 ng/mL, 6.00~96.00 ng/mL, 6.18~98.88 ng/mL, 6.12~97.92

ng/mL  6.24~99.84 ng/mL

19 (25mL) 30°C 30
25.0 mL
1:4 (viv) 1:24 (viv)
SPE (120

mg/mL)

5, (SPE)

(1 ( )5



96.0 ng/mL; HA: 6.18, 24.72

mL 5mL
(2 (5mL)

mg, 3 mL column volume

©) - (10mL)
8 mL
FA ( ) (1.0 mg/mL) 0.5 mL
0.45 mm HPLC

my/mL; PN: 6.18, 24.72  98.88 ng/mL; PR: 6.12, 24.48

TR: 6.24, 2496  99.84 ng/mL

(120, 240 360 ngy/mL)

SiOH, 500

10.0mL

BE: 6.18,

24.72  98.88 ng/mL; CO: 6.24, 24.96  99.84 ng/mL; DE: 6.0, 24.0
98.88 ng/mL; ME: 6.0, 240 96.0

97.92 ng/mL;



) (5.0 mL)

SPE
HPLC
1.
DEP, FEN,MAM,PHE PPA Sigma (St. Louis, MO,
USA) CBZ Roussel Uclaf (Paris, France)
L abscan (Dublin, Ireland) HPLC
sodium dihydrogenphosphate Nakalai (Kyoto, Japan)

Ammonium chloride  fluorene-2,7-diammonium dichloride (FDA)
E. Merck (Darmstadt, Germany)

18 MW



(Farng-Feng-Tong-Sheng- Saan) ( 250)

( 209

( 109 ( 050)

A B 1998 2

C D 1994 ©6 1990 10

(1) CE system

Beckman P/ACE 2200 CE system UV detector
200 nm
57 cmx 75 mm [.D. uncoated capillary (Beckman),
detection window placed at 50 cm
2 sec, hydrostatic

15 min



16 kV (constant voltage, positive to negative polarity)
30°C
15 % 120 mM sodium phosphate buffer
(NaH,PO4/H3PO., pH 2.0)
FDA
0.45 mm syringe filter (Gelman)
1.0 % sodium hydroxide 2 min 3 min

Gold software (Beckman)
(2) GC-MS system

HP 6890 gas chromatograph HP 6890 series injector
HP 5973 mass selective detector
HP-5MS capillary column (fused-silica coated with 5 %
phenylmethylsilicone phase), 0.25 mm (film thickness)x 0.25

mm i.d.x 30 mlength

Column head pressure  10.5 ps
1 L (splitless mode)

65 °C 1 min, 10 °C/min 280 °C



5min
Full-scan massrange 40~550 amu at 2.89 scan/sec
MSionization mode electron impact (El)
Electron energy 70 eV
lon source temperature 230 °C

Quadrupole temperature 150 °C

3.
(FDA)
(0.5 mg/mL) 0.5 mL 4~128 mg/mL
4,
A B (25mg) C D (100 mg)
(25mL)  40°C 30
25.0 mL

(50 mL) 40 °C



30 50.0 mL

5, (SPE)

(1) (5 mL) (5 mL)
NH,CI/NHOH buffer, pH 6.0 (10

mL)

(2 10 mL mixed
adsorbent Cg-SCX (1:4), Evidex, J&W Scientific, 400

mg, 6 mL column volume
3 CH_Cl./isopropanol/ NH,OH (78/20/2, viviv, 2x 10 mL)
vacuum set at 2.5 mmHg
50 % 8 mL 10.0mL
FDA ( ) (0.5 mg/mL) 0.5 mL

0.45 M HPLC

CBZ: 4.016,
16.064  128.512 ng/mL; DEP: 4.032, 16.128  129.024 ng/mL; FEN:

4.0, 16.0 128.0 ng/mL; MAM: 4.08, 16.32 130.56 ng/mL; PHE:



4,016, 16.064  128.512 ng/mL; PPA: 3.984, 15936  127.488 ng/mL

(CBZ: 80.32, 160.64  321.28 ng/mL; DEP: 80.64,
161.28 322.56 mg/mL; FEN: 80.0, 160.0  320.0 ng/mL; MAM : 81.6,

163.2 326.4ng/mL; PHE: 80.32, 160.64 321.28 ng/mL; PPA: 79.68,

159.36  318.72 ng/mL) ( )
(10.0 mL) (10.0 mL)
SPE HPCE



CIM,HOM,MET, PIR, RAN SCO Sigma (St. Louis,
MO, USA) Labscan (Dublin, Ireland) LC
Disodium hydrogenphosphate  sodium dihydrogenphosphate
Nakalai (Kyoto, Japan)
3-Benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride (BHM) E.

Merck (Darmstadt, Germany)

18 MW
(Sheau-Jiann-Jong-Tang) (2009
( 309 (409 (6.00)
2.
Beckman P/ACE 5500 CE system photodiode array
detector
214 nm

47 cmx 75 nmm |.D. uncoated capillary (Beckman), detection
window placed at 40 cm

2 sec, hydrostatic



7 min
20.5kV (constant voltage, positive to negative polarity)
30°C
15 % 100 mM sodium phosphate buffer
(NaH,PO4/HsPO,, pH 2.5)
BHM

0.45 nm syringe filter (Gelman)

1.0 % sodium hydroxide 2 min 2min
2min Gold software (Beckman)
3.
(BHM)
(1.2 mg/mL) 0.5 mL 16~260 ng/mL



(50 mL) 40 °C

30 50.0 mL

CIM: 16.4,
65.6 2624 ng/mL; HOM: 16.2,64.6 258.6 ng/mL; MET: 16.4, 65.6
262.4 nmg/mL; PIR: 16.3, 65.3 261.1 ng/mL; RAN: 16.2,64.6 258.6

mg/mL  SCO: 16.4,65.6  262.4 ng/mL

(CIM: 328, 65.6 131.2 ng/mL; HOM: 32.4, 64.6

129.2 ng/mL; MET: 32.8, 656 131.2 ng/mL; PIR: 32.6, 65.3
130.6 ng/mL; RAN: 32.4,65.0 130.0ng/mL SCO: 32.8,656 131.2
nmg/mL) ( ) (10.0

mL) BHM (1.2 mg/mL) 0.5 mL



caffeine

1.
(100)
(Chuan-Chyong-Char-Tyau-Saan, P1) (15 g)
(4.0 ) (3009) ( 20
9) (1.59)
(San-Hwang-Shyr-Gau-Tang, P2) (1.0 g)
(10.0 g) ( 3009 ( 2009)
( 159) ( 1.09)
(Tzy-Shenn-Ming-Mu-Tang, P3) (15 g)
(6.0 g) ( 3009
( 1.5g)

(Shin-Yi-Saan, P4) (3.0 g)



( 30g)

(Tsang-Edl-Saan, P5) (0.5 g) (10.0 g)
(509 (259 ( 0.59g)
(Shiang-Chyong-Saan, P6) (1.09)
( 109 (0.59)
(P2 P4 PH) (P3)
(P1)
2.
CA CT Sigma (St. Louis, MO, USA)
L abscan (Dublin, Ireland) LC
18 MW
3. HPLC
HPLC Hitachi L-6200 intelligent pump Hitachi L-3000
photodiode array detector Shimadzu SIL-9A

auto-injector



Merck RP-select B (250 4.6 mm I.D.)

1% (1:4, viv)
1.0 mL/min
270 nm
CT
4.
CA (CT) (0.404
mg/mL) 0.1 mL 4.0, 20.0, 40.0, 80.0  200.0 ng/mL

(1)



(2)

40 °C

)

(2)

©)
(4)

CT(

30 25.0 mL
(SPE)
(5mL) (5mL)
5mL

(20 mL)

Supelclean G18,

500 mg, 3 mL column volume

(2x 5mL)

(10 mL)

0.45mMn

)

50 % 2 mL
(0.404 mg/mL) 0.1 mL

HPLC

5.0 mL

50 %



my/mL)

(5.0mL)
CA

HPLC

(4.0, 40.0

(20.0, 400 80.0 nymL)

(5.0mL) CA

200.0

SPE



TP, PP,CA,DP TB TLC UV 254
nm Rf 0.51, 0.44, 0.36, 0.33 0.30 A C
Rf 051 TP D Rf 033 DP
DP TP 273 nm
271 nm
D DP Rf GC/IMS
DP DP m/z 254
m/z 223, 194 180 CH,OH, CHOHCH,OH
CH,CHOHCH,OH group m/z 109, 95, 193
166
2.
y X
( TB 8.08~161.60 ng/mL, DP 10.10

~202.0 mg/mL, TP 10.12~202.4 mg/mL, PP 10.02~200.4 ng/mL  CA



10.08~201.6 mg/mL)

0.99993  0.99997

Table 1

0.21~2.95%

(Ma-Hwang-Tang, F2)

Table 3

TP 101.2 %, PP 101.4 %

Table 1

161 202 ng/mL

[relative standard deviation (R.S.D.)]

1.08~3.01% (Table 2)

(Sheau-Ching-Long-Tang, F1)

(Shing-Su-Yiin, F3) %

(101)

TB 95.4 %, DP 98.8 %,
CA 99.2 %
Table 4

TB 81.5-95.5 %, DP 95.6~99.6 %, TP



93.3~101.9 %, PP 87.7~99.8 % CA 93.9~99.4 %

HPLC Fig. 4

TB 6.4 min, DP 7.5 min, TP 9.7 min, PP 16.3 min, CA 18.6 min CT

( ) 21.0 min 22 min
F1( ) SPE HPLC Fig. 5
1 TB,DP PP
TB,DP PP
3 SPE TB, DP
PP ( 4) F2 ( ) F3(
) SPE F1 Fig.6 Fig. 7
A D SPE Fig. 8 A, B
C TP D DP TP
DP Table5 A B
13 16 0.209g 0.214g9 C D

9 8 1631 g



2.455 g A B
TP 30.96 mg/pill, 2.02 mg/pill  181.0 mg/pack

DP 60.2 mg/pack A B

TP



Table 1. Linear Regression and Limits of Detection of Five Xanthine

Bronchodilators

Chemical Concentration Linear regression r Limit of detection
drug (ng/ml) Ung/mL)
B 8.08-161.60 Y=17.60X+1.64 0.99994 161
DP 10.10-202.00 Y =24.14X+3.93 0.99993 2.02
TP 10.12-202.40 Y=14.47X+1.76 0.99997 2.02
PP 10.02-200.40 Y =25.20X+0.82 0.99995 2.00
CA 10.08-201.60 Y=17.74X+3.58 0.99993 201

Table 2. Intraday and Interday Analytical Precisions of Five Xanthine

Bronchodilators

Chemicd Concentration Intraday Interday
drug (mymL) (R.S.D., %)* (R.S.D., %)*

8.08 1.83 2.81
B 32.32 0.71 1.67
161.60 1.07 2.57
10.10 211 2.33
DP 40.40 0.21 2.04
202.00 1.18 2.35
10.12 2.25 2.36
TP 40.48 0.29 1.08
202.40 0.53 2.01
10.02 2.95 3.01
PP 40.08 0.44 1.26
200.40 0.28 1.68
10.08 293 2.98
CA 40.32 1.74 1.94
201.60 1.19 1.63

* n=5.



Table 3. Recoveries of Five Xanthine Bronchodilators after Solid-phase
Extraction

Chemical Added Measured Recovery Meart SD RSD(%)
drug (nymL) (mean, n=3)  (mean, n=3) (%)

my/mL %

16.16 1551 96.0

B 32.32 30.70 95.0 954+ 0.4 0.45
64.64 61.54 95.2
20.20 19.78 98.2

DP 40.40 39.31 99.7 98.8+ 0.6 0.66
80.80 80.64 98.5
20.24 18.84 101.1

TP 40.48 37.77 99.9 1012+ 11 1.09
80.96 75.62 102.6
20.04 19.54 102.0

PP 40.08 41.00 97.4 1014+ 3.1 3.04
80.16 79.44 104.9
20.16 18.75 98.5

CA 40.32 38.26 99.1 99.2+ 0.7 0.67

80.64 75.64 100.1




Table 4. Recoveries of Five Xanthine Bronchodilators from Chinese Herbal

Prescriptions after Solid-phase Extraction

Prescription Chemical  Added Measured Recovery  Meanr S RSD(%)
drug (nymL) (mean, n=3)  (mean, n=3) (%)

my/mL %
16.16 15.32 94.8

B 32.32 31.03 960  g55p g 055
64.64 61.93 95.8
20.20 19.78 97.9

DP 40.40 39.31 973  ggar 11 108
80.80 80.64 99.8
20.24 18.84 93.1

F1 TP 40.48 31.77 933  g33: 01 013
80.96 75.62 934
20.04 19.54 97.5

PP 40.08 41.00 1023 ggps 2o 200
80.16 79.44 99.1
20.16 18.75 93.0

CA 40.32 38.26 949  g39: 0g 082
80.64 75.64 93.8
16.16 13.07 80.9

TB 32.32 26.50 820  g15s 05 057
64.64 52.81 817
20.20 19.65 97.3

DP 40.40 38.86 %62  gsgr 16 171
80.80 75.47 934
20.24 19.88 98.2

F2 TP 40.48 38.90 9.1  g734 09 092
80.96 79.10 97.7
20.04 20.14 100.5

PP 40.08 30.64 989  gggi 07 066
80.16 80.08 99.9
20.16 20.32 100.8

CA 40.32 38.91 965  gg4s 21 206

80.64 81.37 100.9




continued

16.16 13.28 822
TB 32.32 27.67 85.6 a14s 16 185
64.64 55.20 85.4
20.20 20.30 100.5
DP 40.40 40.28 99.7 996+ 08 078
80.80 79.67 98.6
20.24 20.22 99.9
F3 TP 40.48 4141 1023 1019+ 16 157
80.96 81.61 100.8
20.04 20.80 1038
PP 40.08 40.40 100.8 877+ 39 145
80.16 83.45 104.1
20.16 19.45 96.5
CA 40.32 39.59 98.2 963+ 16 166
80.64 76.04 94.3

Table 5. Chemical Drug Content in Samples

Sample  Amount* Weight Adulterated Content Content
meant SD(RSD, %) chemical drug (%, meart: SD, n=3) (mg/pill or pack)

A 13 0.209t 0.015(7.0) TP 14.85+ 0.61 30.96

B 16 0.214+ 0.018(8.6) TP 0.94+ 0.02 2.02

C 9 1631t 0.0352.2) TP 11.10+ 0.13 181.04

D 8 2455+ 0.084(35) bP 245+ 0.06 60.15

*A and B were pills, weight: g/pill
C and D were packs, weight: g/pack



Fig. 4. The HPLC chromatogram of five xanthine bronchodilators
standards with internal standard after Supelclean C-18 treatment. TB:
theobromine, DP: diprophylline, TP: theophylline, PP:
proxy-phylline, CA: caffeine, CT: 8-chlorotheophylline. HPLC

conditions, column: Merck RP-select B 250x 4.6 mm |.D.; mobile

phase: methanol and 1 % (v/v) acetic acid (15:85, v/v); flow rate: 1.5
mL/min; detection wavelength: 270 nm.



Fig. 5. Comparison of HPLC chromatograms of model preparation water
solution (Sheau-Ching-Long-Tang, F1) before and after SPE
treatment (1-3). 1. solution without treatment; 2: washed with 0.01 M
ammonium acetate; 3: eluted with chloroform-isopropanol (19:1, v/v);
4. eluate of five xanthine bronchodilators added in model preparation
with internal standard (CT).



Fig. 6. Comparison of HPLC chromatograms of model preparation water
solution (Ma-Hwang-Tang, F2) before and after SPE treatment (1-3).
1. solution without treatment; 2. washed with 0.01 M ammonium
acetate; 3: eluted with chloroform-isopropanol (19:1, v/v); 4. eluate
of five xanthine bronchodilators added in model preparation with
internal standard (CT).



Fig. 7. Comparison of HPLC chromatograms of model preparation water
solution (Shing-Su-Yiin, F3) before and after SPE treatment (1-3). 1:
solution without treatment; 2: washed with 0.01 M ammonium
acetate; 3. eluted with chloroform-isopropanol (19:1, v/v); 4. eluate
of five xanthine bronchodilators added in model preparation with
internal standard (CT).



Fig. 8. Chromatograms of samples A-D after SPE treatment with internal
standard (CT).



Yy X
( BE 6.18~98.88 nmymL, CO

6.24~99.84 ngy/mL, DE 6.00~96.00 ng/mL, HA 6.18~98.88 ng/mL, ME

6.00-96.00 ng/mL, PN 6.18~98.88 ng/mL, PR 6.12~97.92 ng/mL TR

6.24~99.84 ng/mL)

Table 6 0.9983

0.9996

Table 6
025 1.00 ng/mL
HPLC Fig. 9
TR 3.6min, PR 5.9 min, PN 6.4 min, ME 9.7
min, BE 11.1 min, DE 11.7 min, HA 23.3 min, CO 312 min FA (

) 25.8 min 32 min



[relative standard deviation (R.S.D.)]

0.7~4.1% 1.0~4.4 % (Table 7)
( 120, 240 360 ng/mL)
( Table 8) BE 104.0%, CO

66.4 %, DE 102.1 %, HA 99.8 %, M E 94.7 %, PN 97.2 %, PR 101.3 %

TR 91.6 % 5.0 % CO

Table 9 co
(66.4 %)

CO 46.8 % 80 %



950 %

9:1

SPE

ME

CO

44.7 %

(6:4, 7.3, 82 9:1)

Table1l0 CO
(6:4)
(6:4)

( 50 %)

(6:4)

(Table 11)

66.4 %

7:3 82

SPE

CO (64.9 %)



silicagel
( Table 12)
CcO 275 7M9.3% CO
Brand 5 Brand
1 BE 93.1 %,
DE 93.0 %, HA 83.1 %, ME 88.3 %, PN 85.8 %, PR 80.1 % TR 79.7

%



Table 6. Calibration curves and detection limits of eight steroids

Chemical Concentration Calibration r Limit of

drug (nmg/mL) curves detection

(ng/mlL)
BE 6.18-98.88  Y=48.11X-0.52  0.9986 0.50
CO 6.24-99.84 Y=45.05X+0.20  0.9986 1.00
DE 6.00-96.00 Y=46.84X-0.26  0.9992 0.50
HA 6.18-98.88 Y=56.81X+0.01  0.9988 1.00
ME 6.00-96.00 Y=5550X-1.01  0.9996 0.25
PN 6.18-98.88 Y=4451X-0.71  0.9986 0.25
PR 6.12-97.92 Y=5293X-0.85  0.9983 0.25
TR 6.24-99.84 Y=50.82X-1.74  0.9990 0.25




Table 7. Intraday and interday analytical precisions of eight steroids

Chemicd Concentration Intraday I nterday
drug (my/ml) (R.S.D., %)? (R.S.D., %)®

6.18 0.7 1.7
BE 24.72 4.1 3.7
08.88 2.3 31
6.24 1.0 4.2
CO 24.96 2.8 35
99.84 34 3.2
6.0 1.6 2.1
DE 24.0 3.9 4.4
96.0 19 35
6.18 1.3 34
HA 24.72 04 1.0
98.88 3.6 2.8
6.0 1.8 3.6
ME 24.0 31 4.1
96.0 15 1.7
6.18 2.9 2.6
PN 24.72 15 35
98.88 2.4 3.9
6.12 2.1 3.7
PR 24.48 1.3 4.3
97.92 31 35
6.24 2.0 3.6
TR 24.96 15 2.3
99.84 0.9 2.0




Table 8. Recoveries (%)% of eight steroids after SPE

with optimum

conditions
Concentration BE CcO DE HA ME PN PR TR
(mgy/mL)
120 1005 66.4 103.1 96.7 8383 949 1064 895
240 101.6 672 1019 993 988 970 97.2 929
360 110.0 657 1014 1035 971 998 100.2 925
Mean (%) 1040 66.4 1021 998 947 972 1013 916
R.S.D. 4.0 0.9 0.7 2.8 4.6 2.1 3.7 1.7
“n=3

Table 9. Recoveries (%) of eight steroids (120 ng/mL) from cartridges

conditioned with different solvents

Conditioning BE CcO DE HA ME PN PR TR
solvent
Methanol 1005 664 1031 96.7 883 949 1064 895
Ethanol 946 468 980 986 994 920 924 80.9
Isopropanol  51.0 447 495 681 553 473 484 429

®n=3

Table 10. Recoveries (%)® of eight steroids (120 ng/mL) eluted with

different solvent combinations

Elution solvent BE CO DE HA ME PN PR TR
(CH,Cl,:isopropanol)

6:4 1005 664 1031 96.7 883 949 1064 895

7.3 99.3 633 993 865 1013 962 96.0 877

8.2 1069 634 1069 84.6 1014 958 948 850

91 1009 619 1009 750 1042 941 917 748

®n=3



Table 11. The effect of TCM concentration on the recoveries (%) of eight

steroids

Formula TCM BE CO DE HA ME PN PR TR
Extract:CHCI,
1 984 658 995 946 903 939 1003 875
F4 1:4 99.8 67.3 100.8 956 876 958 1021 889
1:24 97.6 650 1043 975 853 947 1028 87.6
1 100.1 669 1005 986 91.3 949 100.7 90.2
F5 1:4 101.2 672 986 981 890 956 998 87.2
1:24 98.3 665 997 982 876 965 973 850
1 990.7 683 1042 956 87.7 957 985 89.1
F6 1:4 102.1 665 1025 943 853 950 980 87.6
1:24 98.4 649 100.7 932 86.1 96.1 100.5 86.5
®n=3

Table 12. Recoveries (%)° of eight steroids (120 ng/mL) using different
brands of silicagel SPE

Brand BE CO DE. HA ME PN PR TR
1 1005 664 1031 96.7 883 949 1064 895
2 1028 413 1031 107.7 977 986 975 933
3 1009 435 984 95 970 971 1012 757
4 100.2 445 944 1005 106.6 991 1020 99.7
5 986 793 997 999 1057 858 905 857
6 1003 278 99.8 1011 1031 906 910 965
7 9%8 275 92 831 917 912 801 822
8 931 397 930 868 929 890 895 797




Fig. 9. The HPLC chromatogram of eight steroids standards with internal
standard in TCM after SPE treatment. BE: betamethasone, CO:
cortisone acetate, DE: dexamethasone, HA: hydrocortisone acetate,
M E: methylprednisolone, PR: prednisolone, PN: prednisone, TR:
triamcinolone, 1S = fludrocortisone acetate. HPLC conditions,

column: Inertsil ODS-80A 250x 4.6 mm [|.D.; mobile phase:

acetonitrile and water (3:7, v/v); flow rate: 1.2 mL/min; detection
wavelength: 240 nm.



210 nm 200 nm

FDA

CBZ  diazepam HPCE
(38) PHE MAM
HPCE
O pH1520,25 3.0(120 mM NaH,PO,)
MAM , DEP, FEN, CBZ

PHE PPA pH

pH Na|'|2PO4 ]



Fig. 10
time) pH pH 2.5
PHE PPA Fig. 11
150 180 mM NaH,PO,
120 mM NaH,PO,
[1 (0, 10,15,20 25 %)
[]

16 kV 30°C

120 mM NaH.PO, (pH 2.0)

°C  16kV

(migration
3.0
90, 120,

120 mM NaH;PO4

15%

15% [

30

Fig. 12

MAM 10.0 min, PHE 10.4

min, PPA 10.6 min, DEP 11.0 min, FEN 11.6 min, CBZ 12.0 min  FDA

( ) 8.1 min 13 min

y

( CBZ 4.016~128.512 ng/mL, DEP



4.032~129.024 mg/mL, FEN 4.0~128.0 ng/mL, MAM 4.08~130.56 ng/mL,

PPA 3.984~127.488 ng/mL  PHE 4.016~128.512 ng/mL)

(n)
CBZy = 14.46x + 2.00 (r = 0.9998), DEP y = 30.56x + 0.71 (r =

0.9999), FEN y = 40.75x + 0.33 (r = 0.9999), MAM vy = 33.02x + 1.92E-03
(r = 0.9999), PPA y = 31.78x + 0.93 (r = 0.9999) PHE y = 30.96x +

0.44 (r = 0.9999) 0.9998  0.9999

CBZ 2.01 ng/mL, DEP 4.03

mg/mL, FEN 4.00 ng/mL, MAM 4.08 ng/mL, PPA 398 ng/mL PHE

4.02 mg/mL
3.

[relative standard deviation (R.S.D.)]
0.49~2.71 % 1.05~2.90 % (Table 13)

(Farng-Feng-Tong-Sheng-Saan)

( ) SPE



Table 14

SPE Table 15
MAM 843%  Lee™
(n=3) 2% 4%
SPE HPCE
4,
GC/IMS (El mass) Table
16
HPCE GCIMS A B
FEN C CBZz D DEP
Table 17 A B
256.5mg 254.3mg C D
1.284g 3.215¢
A B FEN 1.14
% 1.62 % FEN 291 mg 414 mg

C CBz 1.19% CBZ 16.51 mg



DEP 0.22 % DEP 7.06 mg



Table 13. Intraday and Interday Analytical Precisions of Three

Concentrations of Six Synthetic Anorexics

Synthetic Concentration Intraday Interday

anorexics (nymL) (R.SD., %)* (R.SD., %)*

4.016 0.55 2.01

CBz 16.064 161 1.78

128.512 0.79 1.87

4.032 0.49 1.05

DEP 16.128 1.82 2.01

129.024 271 2.75

4.0 1.32 2.03

FEN 16.0 1.40 1.88

128.0 2.03 2.15

4.08 1.29 201

MAM 16.32 0.51 1.06

130.56 1.35 1.99

4.016 2.15 2.90

PHE 16.064 231 2.42

128.512 1.77 2.07

3.984 1.29 2.16

PPA 15.936 2.01 2.84

127.488 1.70 197




Table 14. Recoveries of Six Synthetic Anorexics after Solid-phase
Extraction

Synthetic  Added M easured Recovery  Meant SD RSD(%)
anorexics  (mymlL) (mean, n=3, ng/mL) (mean, n=3, %) (%)
80.32 71.48 89.0
CBZ 160.64 146.82 91.4 0.6+ 13 1.41
321.28 284.33 88,5
80.64 70.40 87.3
DEP 161.28 142,57 88.4 882+ 0.7 0.76
32256 286.76 88.9
80.0 69.9 87.4
FEN 160.0 143.4 89.6 887+ 0.9 1.06
320.0 285.1 89.1
816 68.1 83.4
MAM 163.2 139.0 85.2 843t 0.7 0.87
326.4 275.2 84.3
80.32 68.19 84.9
PHE 160.64 134.30 83.6 840t 0.6 0.76
321.28 268.67 835
79.68 65.89 82.7
PPA 159.36 135.93 85.3 84.2+ 1.1 1.32

318.72 269.96 84.7




Table 15. Recoveries of Six Synthetic Anorexics in Three Spiked TCM
Prescription after Solid-phase Extraction

Synthetic  Added M easured Recovery Mea+ SD RSD(%)
anorexics  (mymlL) (mean, n=3, ny/mL) (mean, n=3, %) (%)
80.32 69.80 86.9
CBz 160.64 145.70 88.3 88.6+ 1.6 1.76
321.28 284.01 88.4
80.64 71.37 88.5
DEP 161.28 139.18 86.3 883+ 15 1.76
322.56 290.63 90.1
80.0 68.7 85.9
FEN 160.0 140.2 87.6 874+ 1.2 1.32
320.0 283.3 88.7
81.6 69.4 85.1
MAM 163.2 138.1 84.6 84.0+ 1.2 1.45
326.4 268.6 82.3
80.32 65.94 82.1
PHE 160.64 138.79 86.4 845+ 1.8 211
321.28 272.77 84.9
79.68 65.26 81.9
PPA 159.36 131.47 82.5 837+ 2.1 2.50
318.72 276.01 86.6

Table 16. The Retention Times (by GC/MS) and the Fragment lons of Six
Synthetic Anorexics

Synthetic Retention time Fragment ions
anorexics (min) (m/2)
CBz 179 168, 125, 91, 170, 127, 77
DEP 12.7 100, 72, 79, 56
FEN 9.1 72,159, 109, 216
MAM 8.3 58, 91, 65, 134, 77
PHE 8.0 58,91, 134, 65

PPA 104 77,105, 51, 132, 91, 117




Table 17. Contents of Synthetic Anorexicsin Samples

Sample Weight* Adulterated Content Content
meant SD Synthetic Anorexics (%, meart: SD, n=3) (mg/cap. or pk.)

A 2565+ 12.8 FEN 1.14 291

B 2543+ 135 FEN 1.62 4.14

C 1.284+ 0.035 CBz 1.19 16.51

D 3.215+ 0.194 DEP 0.22 7.06

*A and B were capsules, weight: mg/cap.
C and D were packaged powders, weight: g/pk.



Fig. 10. Effect of pH on migration time. All experiments were conducted at

avoltage of 16 kV across the 57 cmx 75 nm |.D. uncoated capillary

filled with 120 mM sodium phosphate buffer (NaH,PO,/H3sPO,) and
15 % acetonitrile; cartridge temperature, 30 °C; detection wavelength,

200 nm. (e ) CBZ=clobenzorex; (o ) FEN=fenfulramine; (O )
DEP=diethylpropion; ( A ) PPA=phenylpropanolamine; (
PHE=phentermine; ( ) MAM =methamphetamine.




Fig. 11. Effect of NaH,PO, concentration on migration time. The carriers
were 90-180 mM sodium phosphate buffer (NaH.PO4/H3PO,4, pH 2.0)
and 15 % acetonitrile. Other conditions and symbolsasin Fig. 2.



Fig. 12. (A): Capillary electropherogram of a mixture of the six synthetic
anorexics. (B): electropherogram of real sample A after SPE treatment.
| S= fluorene-2,7-diammonium chloride.



photodiode array detector

10 %

HPCE

0%

15 % (v/v)

pH

Fig. 13

5% (vIv)

CIM

pH 2.5

MET

214 nm

BHM

uv

20 35 0.5

Fig. 14

5%



5%
100 mM NaH,PO, (pH 2.5) 30
°C 205kV HPCE Fig. 15
RAN 4.6 min, HOM 5.0
min, CIM 5.1 min, MET 5.2 min, SCO 5.4min, PIR57min  BHM (

) 4.4 min 6 min

Yy X
( CIM 16.4~262.4 ng/mL, HOM

16.2~258.6 nmg/mL, MET 16.4~262.4 ng/mL, PIR 16.3~261.1 ng/mL,

RAN 16.2~259.8 ng/mL  SCO 16.4~262.4 nmg/mL)

(r)
CIM y = 23.29x + 1.93 (r = 0.9997), HOM y = 101.77x + 1.18 (r =

0.9996), MET y = 26.59x + 3.78 (r = 0.9997), PIR y = 23.22x + 3.26 (r =
0.9993), RAN y = 58.96x + 1.30 (r = 0.9997)  SCO y = 111.96x + 5.00

(r = 0.9990) 0.9990 0.9997



CIM 1.0 ng/mL, HOM 4.0 ng/mL,

MET 1.0ng/mL, PIR 1.0 mymL, RAN 20 ng/mL  SCO 4.0 my/mL

[relative standard deviation (R.S.D.)]

0.78~2.15 % 1.10~2.75 % (Table 18)

(Sheau-Jiann-Jong-Tang)
Table

19 (n=3) 2 %



Table 18. Intraday and Interday Analytical Precisions of Three
Concentrations of Six Gl Synthetic Drugs

Synthetic Concentration Intraday Interday
Drugs (nymL) (R.S.D., %)* (R.S.D., %)*

164 1.07 1.46

CIM 65.6 1.27 124
262.4 0.93 1.27

16.2 1.10 1.33

HOM 64.6 0.78 131
258.6 1.15 1.75

164 1.16 1.86

MET 65.6 0.84 1.10
262.4 111 1.76

16.3 1.33 1.90

PIR 65.3 1.05 1.38
261.1 171 1.92

16.2 1.43 1.96

RAN 65.0 1.25 1.85
259.8 1.22 1.72

164 2.15 2.75

SCO 65.6 1.99 2.67
262.4 2.03 2.40

* N=6.



Table 19. Recoveries of Six Gl Synthetic Drugs in Three Spiked TCM

Prescription
Synthetic  Added Measured Recovery Meare SD RSD(%)
drugs (ngmL)  (mean, n=3, ny/mL) (mean, n=3, %) (%)

32.8 32.7 99.8

CIM 65.6 66.5 101.4 1006+ 07 07
131.2 131.9 1005
324 320 98.7

HOM 64.6 63.3 98.0 997+ 1.9 1.9
129.2 132.3 102.4
328 321 97.8

MET 65.6 64.9 08.9 99.0+ 10 1.0
131.2 131.6 100.3
326 32.7 100.4

PIR 65.3 66.2 101.4 1012+ 06 05
130.6 132.8 101.7
324 331 102.3

RAN 65.0 64.4 09.1 1000+ 16 16
130.0 128.2 98.6
328 31.9 97.3

SCO 65.6 65.9 1005 995+ 1.5 15

131.2 132.0 100.6




Fig. 13. Effect of pH on migration time. All experiments were conducted at

a voltage of 20.5 kV across the 47 cmx 75 nm 1.D. uncoated

capillary filled with 100 mM sodium phosphate buffer
(NaH,PO4/H3PO,) and 5 % acetonitrile; cartridge temperature, 30 °C;

detection wavelength, 214 nm. (e ) PIR = pirenzepine; (o ) SCO =
scopolamine butylbromide; (O ) MET = metoclopramide; (ao) CIM

= cimetidine; (. ) HOM = homatropine; () RAN = ranitidine.




Fig. 14. Effect of acetonitrile concentration on migration time. The carriers
were 100 mM sodium phosphate buffer (NaH,PO4/H3PO,4, pH 2.5)
and 0-15 % acetonitrile. Other conditions and symbols asin Fig. 13.



Fig. 15. Capillary electropherogram of a mixture of the six synthetic
gastrointestinal drugs. RAN = ranitidine; HOM = homatropine; CIM
= cimetidingg, MET = metoclopramide; SCO = scopolamine
butylbromide; PIR = pirenzepine. IS =
3-benzyl-5-(2-hydroxyethyl)-4-methylthiazolium chloride.
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0.86~1.97 % 1.04~3.90 % (Table 20)
CA SPE 887 % 915
% Table21 CA SPE
Table 22 0.42~2.29 %
SPE HPLC Fig. 16
CA 182min CT ( ) 21.4min CA
P1( )

SPE ( Fg 17 )
SPE CA P4 ( ) P5¢( ) P6 ( )

P1 (Fig. 20~22)
P2 ( ) CA SPE
( Fig. 18 ) a ( SPE ) CA
CA (

D) CA SPE



SPE ( b)

( d) c
SPE CA P3( ) (Fig.19) P2
P2 P3 SPE CA
PL, P4 P5 PG
SPE
CA Table 23
( ) CA CA
P1~P6 CA 82.0, 97.2, 73.7, 94.4, 77.8  103.5 %
CA Table 24

P3 CA



Table 20. Intraday and Interday Anaytical Precisions of Three
Concentrations of CA
Intraday Interday
(R.SD., %)* (R.SD., %)*
4 mg/mL 40 mymL 200 ng/mL 4 mg/mL 40nymL 200 ng/mL
1.97 141 0.86 3.90 2.29 1.04
* n=5.
Table 21. Recoveries of CA after SPE
Added Measured Recovery Mean R.S.D.(%)
(ng/mL) (mean, n=3) (mean, n=3) (%)
nmymL %
20.0 17.7 88.7
40.0 36.0 90.1 90.1 1.27
80.0 73.2 915




Table 22. Recoveries of CA in Six Traditiona Chinese Medicind
Prescriptions after SPE

Prescription Added Measured Recovery Mean R.S.D.(%)
(nymL) (mean, n=3)  (mean, n=3) (%)
my/mL %

20.0 18.5 92.3

Pl 40.0 35.0 87.4 89.5 2.29
80.0 711 88.9
20.0 17.7 88.7

P2 40.0 35.8 89.6 89.1 0.42
80.0 71.2 89.0
20.0 184 91.8

P3 40.0 354 88.5 90.5 1.60
80.0 73.0 91.3
20.0 18.1 90.5

P4 40.0 36.8 92.0 91.3 0.68
80.0 73.1 91.4
20.0 17.7 88.6

P5 40.0 35.6 89.1 89.1 0.46
80.0 71.7 89.6
20.0 18.1 90.7

P6 40.0 36.8 92.1 91.7 0.74
80.0 73.8 92.2

Table 23. The Contents of CA in Theae Folium and the Standard Decoction

of Six Prescriptions

Sample Content (mg/g, meant S.D., n=3)
Theae Folium 18.96+ 0.41
P1 15.55+ 0.31
P2 18.42+ 0.25
P3 13.98+ 0.47
P4 17.90+ 0.47
P5 14.75+ 0.35

P6 19.62+ 0.13




Table 24. The Contents of CA in Commercial Concentrated Preparations

Prescription ~ Commercial sample Content (mg/g, meart: S.D., n=3)
P A 3.98+ 0.17
P2 A 2.94+ 0.30

B 1.97+ 0.07
P3 A 4.39+ 0.20
B Not detected
C 270+ 0.11
P4 A 4.09+ 0.18
B 3.63+ 0.18
P5 A 7.02+ 0.09
B 6.26+ 0.21




Fig. 18. HPLC chromatograms of solutions on the process of clean-up with
Supelclean C-18 for Theae Folium extract. CA: caffeine, CT:
8-chlorotheophylline, HPLC conditions, column: Merck RP-select B

250% 4.6 mm |.D.; mobile phase: methanol and 1% (v/v) acetic acid
(1:4, viv); flow rate: 1.0 mL/min; detection wavelength: 270 nm.



Fig. 19. Comparison of HPL C chromatograms of standard decoction of P1
(a-c) and blank decoction (prescription without Theae Folium; d)
before and after clean-up with Supelclean C-18.



Fig. 20. Comparison of HPLC chromatograms of standard decoction of P2
(a-d) and blank decoction (prescription without Theae Folium; e-f)
before and after clean-up with Supelclean C-18.



Fig. 21. Comparison of HPL C chromatograms of standard decoction of P3
(a-d) and blank decoction (prescription without Theae Folium; e-f)
before and after clean-up with Supelclean C-18.



Fig. 22. Comparison of HPL C chromatograms of standard decoction of P4
(a-c) and blank decoction (prescription without Theae Folium; d)
before and after clean-up with Supelclean C-18.



Fig. 23. Comparison of HPLC chromatograms of standard decoction of P5
(a-c) and blank decoction (prescription without Theae Folium; d)
before and after clean-up with Supelclean C-18.



Fig. 24. Comparison of HPL C chromatograms of standard decoction of P6
(a-c) and blank decoction (prescription without Theae Folium; d)
before and after clean-up with Supelclean C-18.
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ABSTRACT

The adulteration by synthetic therapeutic substances in traditional
Chinese medicines (TCM) has been reported on many occasions and has
been a public health concern in Taiwan over the past years. The term
"adulteration” refers to TCM tested and found to contain chemical
substances not prescribed or labeled as part of the intended use. The



adulteration by synthetic therapeutic substances in TCM was banned for
the reasons of public safety by the health authorities in Taiwan.

Four pharmacological categories of chemical drugs, xanthine
bronchodilators. caffeine, diprophylline, proxyphylline, theobromine and
theophylline; steroids. betamethasone, cortisone acetate, dexamethasone,
hydrocortisone acetate, methylprednisolone, prednisolone, prednisone and
triamcinolone; anorexics. clobenzorex, diethylpropion, fenfluramine,
methamphetamine,  phenylpropanolamine and  phentermine  and
gastrointestinal  drugs. cimetidine, homatropine, metoclopramide,
pirenzepine, ranitidine and scopolamine butylbromide, adulterated in TCM
were assayed by solid-phase extraction with high-performance liquid
chromatography or high-performance capillary electrophoresis.

A high-performance liquid chromatographic method in combination
with Cyg reversed phase SPE was also developed for the determination of
caffeine in traditional Chinese medicinal prescriptions which contain Theae
Folium. Six frequently used prescriptions were studied by above methods.
These prescriptions include Shin-Yi-San, Chuan-Chyong-Char-Tyau-San,
Tsang-Eel-San, San-Hwang-Shyr-Gau-Tang, Tzy-Shenn-Ming-Mu-Tang
and Shiang-Chyong-San.
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