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There is considerable demand in drug testing for a
specific and precise analytical met hod for t he
identification of sennosides in various food and
pharmaceuti cal preparations. Sennosides are well known
as |axative agents (Kadans 1970)and the mmin active
conponents are diasteroisoners, sennosides A and B
(5,5"-bis(B-D-gluco-pyranosyl oxy) -9,
9',10,10' -tetrahydro-4, 4' -di hydroxy-1 Q1 O -di oxo(R R ) -
[9,9 -bianthracenel-2,2 '-dicarboxylic acid and (5,5 -
bi s(B-D- gl ucopyranosyl oxy)-9,9', 10, 10' -tetrahydro-4, 4
'"-di hydroxy-10,10"-dioxo(R,S")[9,9"-bi-
ant hracene]-2,2 '-dicarboxylic acid, respectively)(Figure
1). VWhile thin-layer chromatography (The United States
Phar macopei a 1995) and hi gh per formnce [iquid
chromatography wusing ion pair (Muffat et al. 1986
Sagara et al. 1987) and columm switching (Gshima et al.
1991) techniques are conmonplace for such anal yses, they
often encounter sanple nmatrix interference problens
which nmay cause uncertainties in the analytica
results. A conbi nation of high performance liquid
chromat ography and mass spectronetry (LC/ MS) will
provide unanmbi guous  fingerprint information for
chemi cal structural confirmation. Because the sennoside
nol ecul es are polar, thernmally labile and not readily
accessible to conventional ionization nethods, the use
of mass spectrometry for sennoside anal ysis was hanpered
in the past. Thus, very linmted nmass spectronetric
data is available for wunderivatized sennosides.

Recent developnents in electrospray ionization tech-
niques allow routine analyses of conplex bionolecules

simlar to the sennosides. Stuppner and Sturm (1996)
have shown that electrospray mass spectronetry can be
used to identify t he di ant hr ones from Cassia

angustifolia.

In this article, we report the use of electrospray in
the negative node to obtain mass spectronmetric data of
sennosi des A and B. We al so describe LC/M5 nethods to
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anal yze sennosides A and B from dieter's tea extracts.
MATERI ALS AND METHODS

Sennosides A and B were obtained from Atomergic
Chenetal s Corp. Tetraheptyl amonium bronide was from
Fl uka Chem ka. AmmDnium acetate was from EM Science.

Acetic acid was from Mallinckrodt. Acetonitrile and
met hanol were from Burdick & Jackson.

One tea bag (approximately 2.5 gram teal/bag) sanple was
imersed in 100-m boiling tap water and allowed to
steep for 10 m nutes. The tea bag was squeezed lightly
and then renoved. The tea extract was allowed to cool
and was filtered through a 0.45 um filter disc (Cel nman
Sci ences, Ann Arbor, M chigan) before analysis.

An HP 1050 liquid chromatograph equipped with an HP
di ode array detector (1040M series I1), an LC colum of
Supel cosil LC-18-DB, 25 cm x 4.6 nm ID, particle size 5
um by Supelco, and an autosanpler was used. Sennosi des
were separated with an eluent of 65 % of solution A
0.06 M of ammonium acetate, pH 5 in water and 35 % of
solution B: 0.008 M of tetraheptyl ammonium bronide in
acetonitrile. The injection loop was 10 ul and the
colum flow rate was 1.2 ml per mnute. The di ode array
detector was scanned from 220 nm to 600 nm with a band
width of 40 nm

LC- M5 experiments were perforned with an HP 1050 |iquid
chromat ograph equipped with a Perkin-Elmer LC90 WY
detector set at 270 nm and an LC colunmm of Phenonmenex
Utracarb ObS, 15 cm x 3.2 mm ID, particle size 5 um
The nobile phase was a 50 % (v/v) nmethanol in water
containing 0.1 % acetic acid. The injection |oop was
5 ul and the colum flow rate was 1.0 m per ninute.

A post-colum effluent (1:4 split) was introduced to a
Finnigan TSQ 700 triple quadrupole mass spectroneter
through an electrospray interface at a rate of 200 ul
mi n'. N trogen was used both as the sheath gas at 40-50
psi and the auxiliary gas at 5 psi. An el ectrospray
voltage at 4.5 kV was applied and the capillary
tenperature was set at 240° C The nmss anal yzer was

set to nmonitor negative ions. A mass range of mz 200
to mz 950 was scanned every second. For M5/ MS
anal ysis, argon was introduced into the collision cell
at a pressure of 2 ntorr. The collision cell potential

was adjusted from 35 to 60 eV. The MS/ M5 nmass spectra
were recorded frommz 200 to 900 in 1 second.

RESULTS AND DI SCUSSI ON

The two isoners sennosides A and B have distinctly
different retention tines on the LC 18 colum under
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various eluent conpositions. However, to separate
sennosides A and B from other conponents coextracted
fromthe dieter's tea, the addition of a basic ion-pair
reagent to the nobile phase is necessary to increase the
retention of sennosides A and B. The presence of
sennosides A and B can be tentatively identified by 1)
conparing the retention times of the chromatographic
peaks with those of the sennosides A and B standards
and 2) conparing the corresponding diode array spectra
for the chromatographic peaks with those of the
sennosi des A and B standards (Figure 1). This procedure
is applicable for screening or product nonitoring
pur poses. VWhen the neasured sennosides were suspected
to be present at |ow concentrations (below 20 ppn) or
when interferences were severe in sone sanple nmatrices,
it was difficult to distinguish sennosides from the
chr omat ogr aphi ¢ background signals and the determ nation
became uncertain. Consi derati on was further conplicated
by the fact that there mght be presence of other
sennosi de constituents (sennosides C, D, E and F) or
sennosi de derivatives in the sanple extracts (Hansel et
al. 1992).

Confirmation for the presence of sennosides was nade by
el ectrospray ionization (ESI) mass spectrometry in the

negative node. Both compounds did not vyield abundant
positive ions by electrospray ionization under the
described conditions. The mass spectra of standards

sennosides A and B are virtually the same and are
characterized by an abundant ion at mz 430 (Figure 2).
The ion at mz 430 can be accounted for as the
doubl y-charged nolecular ion [M2H 2 which results from
the two-proton dissociation of the nolecular nolecule

Except for the relative response of depr ot onat ed
nol ecular ion, increasing or decreasing the orifice
voltage or the capillary tenperature could not induce
any significant fragmentation. An added advantage of
the negative npde electrospray masSs spectronetry
technique is the selectivity. The mjority of the
coextracted components, which account for over 85% of

the signal in a typical UV chromatogram were not

observed by the nass spectroneter detector at all.

Addition of the ion-pair reagent, tetraheptyl anmmonium
brom de, to the npbile phase was not needed to aid the
chromat ographi ¢ separati on. Wth the conbination of
negative ionization and selected ion nonitoring, hi gh
sensitivity was achieved for sennosides at |ow |evels.

This allowed us to develop a sinple, quick LC/ M5 nethod
using single ion nonitoring at mz 430 to anal yze sanple
extracts for sennosides. An ion chromatogram of a tea
extract indicating the presence of sennosides A and B
(with retention times at 7:20 mn and 4:40 mn,

respectively) is shown in Figure 3. Surprisingly, very
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Figure 3. Liquid chromatography electrospray ionization
mass spectronmetry analysis of sennosides A (7.2 nin) and
B (4.4 min . Colum: LC-18-DB. Mbile phase: 50% (Vv/v)
aqueous nethanol that contained 0.1 % acetic acid; split
flow rate: 200 ul/mn. Oifice votage at 4.5 kV; single
ion monitoring at mz 430.
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little interference was observed under the electrospray
conditions used.

An additional mass spectronetric investigation of the
ion at mz 430 was nade through "in-source" collision
i nduced dissociation (CID). The source CID offset
voltage was set from 10 eV to 80 eV. Agai n, sennosi des
A and B showed simlar CID spectral pattern. Col l'i sion
i nduced dissociation of the anion [M - 2H 2 from the
sennosi des generated two fragment ions at nmlz 224 and
386 (Figure 4). The mz 386 ion likely resulted from
the loss of two carbon dioxides from the doubly-charged
nmol ecul ar i on. The doubly charged fragnent at mz 224
was formed by further di ssoci ation of t he
RO- gl ucopyranosyl bond (Figure 5). Conpl et e
di ssociation of the parent ion occurred at an offset
vol tage of 30 eV. The ratio of mz 224 to mz 386
i ncreased as the offset voltage rose.

These fragnentations were also evidenced in the
collision induced dissociation MS/ M5 experinents. The
abundance of the nolecular ion was greatest when the
collision offset potential was held at 10 eV or bel ow
The intensity of the decarboxylation ion [M2H 2CO2]2
increased and reached the maxinum as the collision
of fset potential rose to 45 eV. The anion [M2H 2CO2-
2C6H1105] 2 becane the donminant ion when the collision
of fset potential was increased to 60 eV.

Based on the above observation, addi ti onal Mass
spectrometric confirmations of the positive findings of
sennosides A and B in prelinmnary analyses were
conducted by nonitoring single ions at mz 224, 386 and
430 using "in-source" CID with an offset voltage of 20
eVv. W could then establish an unanbi guous proof of
structural identification by conparing the retention
times and the relative abundance ratios with those of
t he standards.

Quantification of the sennosides content in tea bag
sanpl es was nade by HPLC-UV at 270 nm using peak area
counts and external standard calibrations from 50 ug/m

to 100 ug/m. Average recoveries of spiked sanples at
10 ng/bag level were 102% (sennoside A) and 95%
(sennoside B) with a standard deviation of 2% The
estimated detection limt is 2 ng/bag. The tea bag
sanpl es were extracted with boiling water for 10 m nutes
before anal ysis. Extending the extraction time up to

four hours did not inprove recovery. Kazuhi ko, et al.
reported that good extaction efficiency of sennosides A
and B could be obtained using 70% nethanol under
supersonic irradiation for 30 mn (Sagara et al. 1987).
We have conpar ed t he extraction recoveries
experinmentally using tap water and 70% nethanol as the
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extraction solvent. The results showed that the two
procedures produce simlar recoveries.

An automated HPLC with a diode array spectrophotoneter
nmet hod has been adopted by our |aboratory to screen for
sennosi des in dietary products. Any suspected positive
findings are to be followed by LC M confirmation as
described above. Although this study was targeted for
sennosi des A and B determ nations, it is believed that
the method can be used for analyzing other sennoside
compounds including sennosides C, D and F, and their

derivatives. We will report these results in the near
future.
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