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Six teen chem i cal drugs, of ten found in adul ter ated Chi nese med i cine, were stud ied by high per for mance
liq uid chro ma tog ra phy/at mo spheric ion iza tion mass spec trom e try.  Un der op ti mal con di tions, three pairs of
com pounds were ei ther coeluted or un re solved.  The lack of chro mato graphic res o lu tion and the lack of spec i -
fic ity in UV de tec tion were over come by a method based on high per for mance liq uid chro ma tog ra phy/ 
electrospray mass spec trom e try.  This method was ca pa ble of de tect ing the adulterants based on their re ten tion
times, mo lec u lar ions, and char ac ter is tic frag ments re sult ing from in-source col li sion in duced dis so ci a tion. 

IN TRO DUC TION

The use of Chi nese med i cine to main tain hu man health
and cure dis ease has a long and rich his tory.  Be cause Chi nese
med i cine is a na ture based ther apy, peo ple be lieve that it is
mild and less toxic than chem i cal drugs.  How ever, to ame lio -
rate symp toms quickly, tra di tional Chi nese med i cines are
some times il le gally adul ter ated with syn thetic chem i cal
drugs.  This prac tice can be harm ful to health and may re sult in 
side ef fects or drug al lergy.  There fore, it is im por tant to pro -
vide the pub lic with re li able in for ma tion about whether or not
chem i cal drugs are pres ent in Chi nese med i cine.

Con ven tional an a lyt i cal method in volves the sep a ra tion
of the adulterants by Thin-Layer Chro ma tog ra phy (TLC) fol -
low ing iden ti fi ca tion by re tard ing fac tor and/or ul tra vi o let
spec tros copy.  These meth ods are in gen eral time con sum ing,
la bor in ten sive and more im por tantly lack the spec i fic ity for a
high con fi dence in iden ti fi ca tion. Re cently, meth ods based on
high per for mance liq uid chro ma tog ra phy (HPLC)1-3 and cap -
il lary elec tro pho re sis (CE)4-6 have been de vel oped for the
anal y sis of syn thetic drugs in tra di tional Chi nese med i cine.  A
va ri ety of de tec tion tech niques, such as UV, flu o res cence, and
elec tro chem i cal meth ods have been de vel oped for HPLC and
CE.  Al though they have been shown to be su pe rior to con ven -
tional TLC meth ods, these meth ods gen er ally lack the spec i -
fic ity for high con fi dence iden ti fi ca tion and have only lim ited
ca pa bil i ties for struc ture elu ci da tion.  More over, analytes
co-eluted or closely eluted can  be iden ti fied solely based on
their re ten tion times.

Mass spec trom e try is known for its high sen si tiv ity and
high spec i fic ity.  In gen eral, very high spec i fic ity can be
achieved with min i mal quan tity of sam ples.  The com bi na tion

of mass spec trom e try and chro ma tog ra phy proved to be a
pow er ful method to iden tify the un known com pounds in a
com pli cated mix ture be cause ab so lute iden ti fi ca tion is of ten
ob tained with re ten tion time, mo lec u lar ion and many struc -
tural char ac ter is tic frag ment ions pres ent in the mass spec tra. 
Since its de vel op ment in the 60s, gas chro ma tog ra phy/mass
spec trom e try (GC/MS) has been proved to be a very pow er ful
an a lyt i cal tech nique.  Un for tu nately, with out chem i cal deri -
va tiza tion, this tech nique is lim ited to vol a tile and ther mally
sta ble com pounds.  In re cent years, HPLC/MS meth ods based
on at mo spheric pres sure ion iza tion (API) have re ceived con -
sid er able at ten tion for the anal y sis of non vol a tile and ther -
mally la bile com pounds.  There fore LC/MS is widely used in
the fields of bi ol ogy, bio chem is try, en vi ron men tal sci ence,
phar ma ceu ti cal chem is try and an a lyt i cal chem is try.

We have eval u ated HPLC/MS for the anal y sis of syn -
thetic drugs in Chi nese med i cine.  Pre lim i nary re sults in di -
cated that this method was ca pa ble of de tect ing adulterants in
Chi nese med i cine.7  The method has been ex plored fur ther to
the anal y sis of six teen pop u lar chem i cal drugs.  The po ten tial
and the de tailed an a lyt i cal con di tions of this method are dis -
cussed in this re port. 

EX PER I MEN TAL

Chem i cals
All chem i cal drugs, acetaminophen, bucetin, caf feine,

di az e pam, ethoxybenzamide, fenbufen, flufenamic acid,
indomethacine, ketoprofen, mefenamic acid, niflumic acid,
oxyphenbutazone, phenylbutazone, prednisolone, salicyl -
amide and sulindac were ob tained from Lab o ra tories of Foods 
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and Drugs, Dep. of Health, Tai pei, Tai wan.  Wa ter was pu ri -
fied with a Mill-Q sys tem (Millipore Inc., Bed ford, MA,
U.S.A.).  Eth a nol, meth a nol and acetonitrile were of HPLC/
Spectro grade, pur chased from Merck (Darmstadt, Ger many),
LAB- SCAN (Labscan Ltd. Dub lin, Ire land) and TEDIA
(Fairfield, Ohio, U.S.A.), re spec tively.  Ace tic acid of an a lyt i -
cal grade was pur chased from Baker (Deventer, Neth er lands).  
Chem i cal drugs were dis solved in eth a nol and the con cen tra -
tion for each was 100 ppm.

Sam ple Prep a ra tion
Chi nese med i cine pills were ob tained from Na tional

Lab o ra tories of Foods and Drugs, Dep. of Health, Tai pei, Tai -
wan.  Each sam ple was pounded into pow der.  One hun dred
mil li grams of sam ple was dis solved in 10 mL eth a nol, ex -
tracted for 15 min by ul tra sound and cen tri fuged for 1min to
re move the un dis solved sam ple from the so lu tion.

HPLC 
All HPLC sep a ra tions were per formed on a Microtech

Prodigix4 HPLC sys tem (Microtech Sci en tific Inc., U.S.A.). 
A cus tom packed GSK ODS-2 microbore col umn  (5 m, 1mm  

 15cm) with Nucleosil 100-5 C18 (Macherey-Nagel, Düren,
Ger many) and a Nucleosil 120-5 C18 col umn (5 m, 2mm 
25cm; Macherey-Nagel, Düren, Ger many) were used
through out the study.  A Rheodyne 7125 sam pling valve
(Rheodyne, U.S.A.) with a 5- l  loop was used as the in jec tor.   
A lin ear gra di ent was em ployed for LC sep a ra tions be gin ning
with 85% of 0.1% ace tic acid in acetonitrile fol lowed by
ramping the acetonitrile con tent to 100 % in a pe riod of 30
min.  UV de tec tion was per formed by us ing a Dynamax UV-C
UV/Vis i ble de tec tor (Rainin MA, U.S.A.) with a flow cell (1.2 

l) at 235 nm. 

HPLC/MS
Mass spec tra were ac quired us ing a Fisons Plat form

mass spec trom e ter (VG BioTech, Altrincham, United King -
dom) equipped with ei ther an electrospray ion source or an at -
mo spheric pres sure chem i cal ion iza tion source.  The HPLC
was cou pled with an ul tra vi o let (UV) de tec tor be fore con nect -
ing to the MS sys tem.  The 2 mm col umn was op er ated at a
flow rate of 200 l/min.  The flow en ter ing the ESI source was
re duced to 15 l/min us ing a post-column split ter.  The 1 mm
microbore col umn was op er ated at a flow rate of 50 l/min
and con nected di rectly into the ion source.  In ESI, the flow
rates of ni tro gen gas were set at 30 l/hr for nebulization and
400 l/hr for dry ing.  In APCI operartion, the sheath gas was set 
at 150 l/hr and dry ing gas was set at 350 l/hr.  Va por izer tem -
per a ture was 400 C and the co rona dis charge pin was main -
tained at 3.5 kV.  For in-source CID (col li sion in duced dis so ci -

a tion) ex per i ments, ex trac tion lens volt age was set be tween
40 and 70 eV.

RE SULTS AND DIS CUS SION

Anal y sis of Chemical Drugs by HPLC/UV
Both nar row bore (2 mm i.d.) and microbore (1 mm i.d.)

col umns8,9 were used as sep a ra tion col umns in this study.  For
nar row bore col umns with higher flow rate (about 200

l/min), it is eas ier to do the gra di ent elu tion with out pre -
column split ting.  How ever, post col umn split ting is of ten
needed to pre serve the op ti mum ESI per for mance.  Spe cial
equip ment is of ten needed to do gra di ent elu tion with a
microbore col umn.  The ad van tage10 of us ing microbore col -
umns is that the lower flow rate (about 50 l/min) makes it
pos si ble to con nect HPLC di rectly with the mass spec trom e try 
with out split ting.

Six teen chem i cal drugs (Fig. 1), of ten found in adul ter -
ated Chi nese med i cine, were sep a rated with a Nucleosil 2mm
C18 col umn and a GSK 1mm ODS-2 microbore col umn.  The
best chromatogram ob tained from the 2 mm col umn is shown
in Fig. 2a.  Four teen in stead of six teen peaks were ob served
(Fig. 2).  Coinjection with au then tic stan dards sug gested that
ketoprofen coeluted with oxyphenbutazone and indomethacine
coeluted with niflumic acid.  In ad di tion, flufenamic acid was
un re solved from mefenamic acid.   The chromatogram ob -
tained with a GSK 1mm ODS-2 microbore col umn is shown in 
Fig. 2b.  The two chromatograms were very sim i lar ex cept for
the elu tion or der of di az e pam.   Di az e pam was the 10th peak in
Fig. 2a and was the last peak in Fig. 2b.

Anal y sis of Chem i cal Drugs by HPLC/MS
It is il le gal to add syn thetic drugs into Chi nese med i -

cine.11,12  Peo ple com mit ting the crime may face a max i mum
pen alty of seven years in prison.  To avoid any pos si bil ity of
mis trial, an a lyt i cal data with the high est qual ity should be
pur sued.  The HPLC/UV data, as shown in Fig. 2, may not
have the spec i fic ity needed to avoid a false pos i tive er ror.   
Mass spec trom e try is known for its sen si tiv ity and spec i fic ity.  
Fur ther more, by us ing mass spec trom e try as the chro ma tog ra -
phy de tec tor, co-eluting peaks or peaks with very sim i lar re -
ten tion time in HPLC/UV can of ten be deconvoluted by the re -
solv ing power of mass spec trom e try.   

Two of the most pop u lar ion iza tion meth ods in the cou -
pling of HPLC with MS are at mo spheric pres sure chem i cal
ion iza tion (APCI) and ESI.  The study of the 16 drugs by
APCI and ESI sug gested that ESI was su pe rior to APCI be -
cause the sen si tiv ity and the abun dance of mo lec u lar ion in
ESI were gen er ally higher than those in APCI.  The TIC and
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mass chromatograms of the 16 com pounds stud ied by ESI are
shown in Fig. 3.  The two co-eluting peaks were deconvoluted
based on their dif fer ence in mo lec u lar weight.  As can be seen
in Fig. 3, the ketoprofen elutes a lit tle ear lier than oxyphen -

butazone.  A sim i lar con di tion was ob served on indomethacine
and niflumic acid.  Hav ing the same mo lec u lar weight (M.W.
254), ketoprofen and fenbufen re sult in the ap pear ance of two
peaks at the trace of m/z 255  (19.80 and 20.40 min).
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Fig. 1.  Struc tures of the six teen chem i cal drugs.



In-Source CID
For electrospray ion iza tion, the analyte mol e cules are

pre sented as pre formed ions in so lu tion.  ESI is just a pro cess
of eject ing the pre formed ion from liq uid phase to gas
phase.13-16  There fore, in com par i son with other ion iza tion
meth ods, ESI pro duces ions with a min i mum of in ter nal en -
ergy and thus lit tle or no frag ment ions are ob served.  Based
on re ten tion time as well as mo lec u lar ion, HPLC/MS is more
spe cific than HPLC/UV.  How ever, spec i fic ity can be fur ther
im proved if frag ment ions are also in cluded.  

In gen eral, it takes tan dem mass spec trom e try to pro -
duce frag ment ions.  For tu nately, with the de vel op ment of
in-source CID, frag ment ions can be pro duced with a sin gle
quadrupole mass spec trom e ter.  In the in-source CID, a po ten -
tial dif fer ence is ap plied be tween the sam ple cone and the
skim mer.  When the mo lec u lar ions pass through the sam ple
cone, they are ac cel er ated by the po ten tial dif fer ence.  These
fast mov ing ions are then col lided with gas mol e cules and
many struc tur ally spe cific frag ment ions are pro duced. 
In-source CID was used to pro duce frag ment ions be cause the

in stru ment used in this study is a sin gle quadrupole mass spec -
trom e ter.  The ma jor frag ment ions re sult ing from in-source
CID were listed in Table 1.  Ex cept for di az e pam, frag ment
ions were ob served for the other fif teen drugs.  

Anal y sis of Adul ter ants in Chi nese Med i cine 
Sev eral sam ples were an a lyzed by HPLC/ESIMS; the

re sult of one sam ple is pre sented.  The TIC and mass chroma -
to grams (Fig. 4) sug gested that four syn thetic drugs were il le -
gally added into the prep a ra tion.  The m/z 195 and  m/z 138
ions at 9.07 min utes cor re spond to the protonated mo lec u lar
ion and the loss of CONCH3 from the mo lec u lar ion of caf -
feine (MW 194).  The m/z 166 and m/z 149 ions at 14.45
minutes cor re spond to the protonated mo lec u lar ion and the
loss of NH2 from the mo lec u lar ion of ethoxybenzamide
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Fig. 2. Gra di ent elu tion of a mix ture of six teen chem i -
cal drugs, UV de tec tion at 235 nm.  A lin ear gra -
di ent of 85-100% acetonitrile con tain ing 0.1%
ace tic acid over 30 min.  (a) col umn, Nucleosil
120-5 C18 col umn (5 m, 2mm  25cm).  (b) col -
umn, GSK ODS-2 C18 (5 m, 1mm  15cm). 
Peaks: (1) acetaminophen; (2) caf feine; (3)
salicylamide; (4) bucetin; (5) ethoxybenzamide;
(6) prednisolone; (7) sulindac; (8) ketoprofen;
(9) oxyphenbutazone; (10) fenbufen; (11) di az e -
pam; (12) indomethacine; (13) niflumic acid;
(14) phenylbutazone; (15) flufenamic acid; (16)
Mefenamic acid.

Fig. 3. The TIC and mass chromatograms of the six teen 
chem i cal drugs stud ied by LC/ESI/MS. 



(MW 165).  The m/z 285 ion at 22.42 min utes cor re sponds
to the protonated mo lec u lar ion of di az e pam (MW 284). 
The m/z 358 and m/z 139 ions at 22.85 min utes cor re spond

to the protonated mo lec u lar ion and the loss of
CH3O(C6H3)NC(CH2CO2H)C(CH3) from the mo lec u lar ion of 
indomethacine (MW 357).

As can be seen in Fig. 4, un like caf feine, ethoxy -
benzamide and indomethacine, di az e pam was iden ti fied by
re ten tion time and mo lec u lar ion but not frag ment ions.  To
fur ther en hance the spec i fic ity of di az e pam, a “two col umns”
ap proach was used.  It is gen er ally be lieved that spec i fic ity
can be im proved if the tar get com pound dis plays dif fer ent elu -
tion be hav ior in two dif fer ent col umns.  As men tioned ear lier,
the elu tion or der of di az e pam is quite dif fer ent be tween the
GSK and the Nucleosil col umn.    The data of the same sam ple
an a lyzed by the cus tom packed GSK ODS-2 microbore col -
umn is shown in Fig. 5.   The chromatogram is sim i lar to the
re sult from the Nucleosil col umn (Fig. 4) ex cept the elu tion
or der of the ten ta tively as signed di az e pam.  This be hav ior is
con sis tent with the data ob tained with an au then tic di az e pam
stan dard as shown in Fig. 2.  Con se quently, spec i fic ity of di az -
e pam was im proved. 
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Table 1. Molecular Ions and the Major in Source CID Fragment
Ions of the Sixteen Chemical Drugs

chemical drug molecular ion (m/z) major fragment ions

acetaminophen 152 110
bucetin 224 206 164 136
caffeine 195 138
diazepam 285 none
ethoxybenzamide 166 149 121
fenbufen 255 237 181 209
flufenamic acid 282 264
indomethacine 358 139
ketoprofen 255 209
mefenamic acid 242 224
niflumic acid 283 265
oxyphenbutazone 325 204
phenylbutazone 309 211 120
prednisolone 361 343
salicylamide 138 121
sulindac 357 340 294 248 233

Fig. 4. The TIC and mass chromatograms of a real sam -
ple.  The LC sep a ra tion was per formed on a
Nucleosil 120-5 C18 col umn.  The HPLC con di -
tions were the same as in Fig. 2.

Fig. 5. The TIC and mass chromatograms of the same
sam ple as in Fig. 4.  The LC sep a ra tion was per -
formed on a GSK ODS-2 C18 col umn.  The
HPLC con di tions were the same as in Fig. 2.



CON CLU SIONS

Whereas many meth ods can be used in the anal y sis of
chem i cal drugs in adul ter ated Chi nese med i cine, these meth -
ods re quire ex ces sive time and ef fort, and lack the spec i fic ity
for high con fi dence iden ti fi ca tion.  HPLC/ESIMS in com bi -
na tion with in-source CID proved to be a use ful method for the 
anal y sis of syn thetic drugs in Chi nese med i cine.  One dis ad -
van tage of this sin gle quadrupole mass spec tro met ric ap -
proach is that, un like the CID in tan dem mass spec trom e try,
there is no mass se lec tiv ity be fore the in-source CID.  There -
fore, the spec i fic ity would be in ad e quate if the coeluting com -
pounds pro duce the same frag ment ions.  An other dis ad van -
tage of this ap proach is that the in-source CID may pro duce
fewer frag ment ions than the con ven tional CID.  These dis ad -
van tages may, how ever, well be off set by the much cheaper
price of a sin gle quadrupole mass spec trom e ter.
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