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umn; dichloromethane was then pumped through port 4 using a third Beckman I lOA
pump to displace the remaining water. Finally the PAC concentrator column was
equilibrated with 6-7 column volumes of the normal-phase eluent in preparation for
the next fraction switched from the analytical HPLC column. The Hewlett-Packard
refractive index (RI) detector indicated on Fig. I was used to determine the time
required to purge solvent from the colum with nitrogen and also to optimize the
HPLC separation of the UV-transparent amantadine solute.

The Tenax trap now contained the solute band eluted from the PAC con
centrator column and was connected as shown in Fig. I for load and backflush
positions. These valves were Carle Instruments Model 5621 valves housed in a Carle
Model 4300 valve oven. The valves and transfer lines had to be maintained at a
temperature at least as high as the desorption temperature to prevent condensation of
solute vapors. The valves were held in the load position until most of the water was
flushed from the valve to waste in the nitrogen stream and were then rotated under
control of the microprocessor to the backflush position. The trap was 3 cm x 4.6 mm
1.0., dry-packed with 80-100 mesh Tenax-GC (Alltech Assoc.) which had been con
ditioned in a vacuum oven at 250°C for 24 h to remove any volatiles. The Carle valve
oven was mounted onto the front of a Perkin-Elmer Model 3290 gas chromatography
(GC) system. The GC system served as a convenient device to connect the trap to the
H Nu Model PI-52-02 PIO system via a 3 cm x 4.6 mm LD. glass-lined stainless-steel
tube. The PIO system was mounted atop the GC system adjacent to the valve oven.
The PIO discharge tube contained Kr, which produced an intense line of 10.2 eV
energy. Signals from the H Nu PIO electronics were recorded on a Hewlett-Packard
3390 integrator~

Thermal desorption unit
The Tenax trap was contained in the thermal desorption unit which was con

structed of an aluminum block into which holes were drilled for a cartridge heater, a
linear thermistor (linistor) and the Tenax trap. The unit was controlled by a contact
closure from the microprocessor output board. The cartridge heater was powered
with a precise temperature controller using a closed-loop proportional feedback sys
tem incorporating the linistor, based on an RCA circuit22

• The temperature accuracy
of this controller was of the order of ± 0.2°C and depended on the input sensitivity of
the RCA CA 3059 hybrid integrated circuit, the specific linistor used and the level of
temperature being controlled. A range of temperatures up to 300°C could be provid
ed. The microprocessor turned the circuit on and rapidly ramped the temperature up
to the preset value. The microprocessor quartz crystal clock monitored the duration
of the preset and desorption temperatures before the cool-down process at the pro
grammed time.

Microprocessor controller
The system was controlled using an expanded Systec SLIC-1400 microcomput

er. The 8-bit central processing unit was based on a 6502 chip, which regulated all
operations of the microcomputer based on the sequence of instructions programmed
into memory from a keyboard. Timing by the unit's quartz crystal clock synchronized
data transfer. The program was started to run by a contact closure on the Micromeri
tics autosampler. Both the analog and digital outputs of the SLIC-1400 were utilized.
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The analog output provided a continuously variable voltage which was used to con
trol the pumps in Fig. 1. For example, a controlled-voltage ramp allowed the HPLC
column pump to reach a specified flow-rate over a designated time interval to avoid a
rapid pressure surge that could damage the column. The digital output was cascaded
to provide sixteen individual channels. Each channel contained a IO-A relay which
provided a contact closure to switch a valve or to start a thermal cycle. Time intervals
for the contact closures were programmed from the keyboard.

The system described is amenable to considerable simplification. A personal
computer could substitute for the SLTC-1400. An oven simpler than a GC system
would suffice to connect the Tenax trap to the PID system. The refractive index
detector was a one-time requirement for a UV-transparent solute; similarly, a UV
detector need not be dedicated to this system but is used only to optimize chromato
graphic conditions. If only reversed-phase HPLC is to be done, which is the usual
case in pharmaceutical analyses, provision for solvent-switching is obviated, which
eliminates the need for two of the Beckman pumps and one valve.

Materials
Phenobarbital was United States Pharmacopoeia (U.S.P.) reference material.

Solutions were prepared every 12 h, because solutions of the compound are unstable.
Amantadine was also U.S.P. reference grade. All solvents were Burdick & Jackson
distilled-in-glass HPLC grade. Animal feed samples were Purina Laboratory Chow
(Ralston-Purina, St. Louis, MO, U.S.A.). Spiking was carried out by adding 5.0 ml of
a I-mg/ml solution in acetonitrile-water (1:1) to 10.0 g of ground feed, which was
then agitated mechanically in a flask and the solvent evaporated at ambient tempera
ture in a Biichi Rotovap. The internal standard used was 4-hydroxy benzoic acid
heptyl ester (heptyl paraben).

RESULTS AND DISCUSSION

Phenobarbital assay
HPLC. Phenobarbital can be determined using either reversed-phase HPLC or

normal-phase HPLC. Reversed-phase HPLC was used to study the animal feed ex
traction solvent. However, the automated PID study was conducted using normal
phase HPLC, because (a) the polar materials coextracted with the phenobarbital were
more easily separated using normal-phase HPLC and (b) normal-phase HPLC re
presented a more difficult challenge for the new PID system. The reversed-phase
HPLC eluent composition was established by systematically varying the proportions
of water, glacial acetic acid and acetonitrile. The best separation of the phenobarbital
and the heptyl paraben internal standard with good peak symmetry was obtained
with water-acetonitrile-acetic acid (69:30:1, v/v/v) at 2.0 ml/min. For normal-phase
HPLC, a series of solvent optimization experiments led to the choice of a normal
phase eluent containing hexane-MTBE-methanol (79:18:3, v/v/v).

Extraction study. Animal feed samples (10.0 g) spiked with 5.0 mg ofphenobar
bital were extracted 3 times for 1 h with 100 ml of the solvents below. Extracts were
decanted through silanized glass wool. The extract solutions were evaporated to dry
ness at 3SOC using a Biichi Rotovap. To each were then added 5.0 ml ofa O.I-mg/ml
solution of heptyl paraben internal standard in acetonitrile-water (l: 1) and the resi-
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due dissolved with mechanical shaking for 10 min. Solutions were placed into HPLC
;autosampler vials and analyzed using the reversed-phase HPLC system with a UV
detector at 235 nm. Ratios of the areas of phenobarbital to heptyl paraben peaks were
compared with a linear calibration plot covering the range of 0.1 0-10 Ilg phenobarbi
tal and 0.01-1.0 Ilg heptyl paraben in the 101l1 aliquot injected. The solutions were
prepared using dilutions of a solution containing I mg phenobarbital plus 0.1 mg
heptyl paraben per ml of acetonitrile-water (1:1, v/v). Of the extraction solvents
tested, i.e. hexane, MTBE, dichloromethane, chloroform, ethyl acetate, acetonitrile,
acetone and methanol, acetonitrile gave reasonable recovery [71.9% ± 1.5% relative
standard deviation (R.S.D.) (n= 3)] with minimal extraction of extraneous feed ma
trix components. Acetone and methanol gave higher recoveries (90%) but extracted
lipophilic materials that interfered with the chromatographic determination of the
phenobarbital. The other solvents gave poorer recoveries than acetonitrile. The puri
ty of the phenobarbital peak was confirmed by collecting the peaks after repetitive
injections, evaporating the solvent and using direct-inlet probe mass spectrometry.
The mass spectrum of the combined collected peaks was identical to that of a sample
of pure phenobarbital.

Normal-phase HPLC concentrator column. Seven different commercially availa
ble HPLC packing materials were tested for use as concentrator column packings.
Each was dry-packed into short (3 cm x 4.6 mm LD.) stainless-steel tubes. Each
concentrator column was connected in turn to the effluent end of the vortex mixer,
which was itself connected to the normal-phase HPLC column. A 1O-1l1 sample of
phenobarbital spiking standard was injected into the HPLC column and eluted with
2.0 ml/min of the normal-phase mobile phase. The polarity of the effluent was redu
ced by dilution with hexane to facilitate trapping of solute on the concentrator pac
king; in the vortex mixer, 1.0 ml/min of hexane was pumped into the HPLC effluent
stream. The effluent from the concentrator column was monitored with the Kratos
UV detector at 235 nm. The retention times of phenobarbital on the concentrator
columns tested were: Baker diol, 2.3 min, DuPont Permaphase ETH, 3.5 min, Baker
cyano, 5.3 min, Whatman Pre-Col silica gel, 5.7 min, DuPont Zorbax BP-cyano, 6.2
min, Whatman HC Pellosil silica gel, 7.0 min and Whatman Co:Pell PAC, >30 min.
Thus, as noted above, the Whatman Co:Pell PAC material was selected because
phenobarbital has a retention volume greater than 90 ml, more than adequate for our
purposes.

Displacement ofphenobarbital onto the Tenax trap. A 10-llg phenobarbital peak
was isolated on the PAC concentrator column from the HPLC-resolved feed extract
as described above. First, the column was dried for 10 min in a stream of warm
nitrogen. To determine the volume of water required to elute the phenobarbital from
the concentrator column, the UV detector was connected to the column and water
was pumped in at 1.0 ml/min. Phenobarbital eluted as a narrow peak in 10 min.When
the Tenax trap was inserted between the UV detector and the PAC concentrator
column, phenobarbital did not elute from ,the latter after 20 min, i.e. it was quantitati
vely trapped on the Tenax column. In practice, water was pumped at 1.0 ml/min for
12.0 min to effect transfer from PAC to Tenax traps.

Thermal desorption from Tenax into the PID system. Samples of phenobarbital
(0.5 Ilg) were transferred from the HPLC column to the Tenax trap installed in the
Perkin-Elmer 3290 GC oven between the carrier gas inlet and the PID system accord-
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Fig. 3. Optimized desorption of amantadine from Tenax. Conditions: same as Fig. 2 exeept temperature
varied from 50 to 180"C in 4 min and Ar flow at 40 ml/min.

flame ionization detector23
. Kirschbaum 23 also described briefly an HPLC method

requiring derivatization of the amantadine to phthalimido-adamantane followed by
reversed-phase HPLC on a CIS column with methanol-water-85% orthophosphoric
acid (60:40:0.1, vjvjv) and a UV detector operated at 254 nm. Amantadine itself is
transparent in the UV.

Reversed-phase HPLC. The mobile phase of Kirschbaum 23 was modified by the
addition of 1% (vjv) of triethyl amine. The triethylamine improved symmetry of the
underivatized amantadine peak by acting as a competing base and seemed to amelio
rate the other problems noted by Kirschbaum 23 in the HPLC of the free base. To set
up the automated PID method, the refractive index detector was used.

Trapping on Tenax. With reversed-phase mobile phases, the column effluent
need only be diluted with water prior to trapping on the Tenax, thus eliminating the
need for a concentrator column and phase-switching. The effluent and water streams
were combined in the vortex mixer before passing into the trap. It was found that a
100-j.lg sample of amantadine was retained in the Tenax trap more than 15 min when
2.0 mljmin of eluent diluted with 1.5 mljmin of water was passed through it.

Thermal desorption of amantadine-PID Amantadine is thermally stable and
eluted from the Tenax in the heated interface at 180°C in argon at 40 mljmin into the
PID system. A typical chromatogram is shown in Fig. 3.

Sensitivity and precision. The precision of the new assay procedure for amanta
dine determined by injection into the HPLC of 10-j.l1 aliquots of a 20-j.lgjml solution
of amantadine in methanol was 1.5% (R.S.D., n = 3). Based on the quantity of
amantadine required to give a signal twice the noise level, the limit of detection using
the automated HPLC-PID method was 25 ng amantadine injected. The limit of
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adsorbent is random, the actual protein adsorption site is not a unique entity. Hence
the adsorption site on a protein ion exchanger cannot strictly be treated in the same
manner as that postulated for affinity adsorption where molecules of the immobilised
affinity ligand constitute adsorption sites with identical properties. A Langmuir type
isotherm might not be expected to describe the adsorption of single proteins to ion
exchangers as fundamental thermodynamic conditions such as the identical nature of
adsorption sites and an absence of lateral interaction between adsorbed ~olute
molecules are not obeyed. However, experimental results from systems in which
a single protein is adsorbed to an ion exchanger yield equilibrium isotherms which can
be described by a Langmuir equation of the form shown below, for example see
Leaver?, Annesini and Lavecchia8 and Graham et al. 9

:

(I)

where q represents the concentration of protein adsorbed to the ion exchanger, qm
represents the maximum concentration of protein that can be adsorbed to the ion
exchanger, c the concentration of protein in the bulk solution and Kd is the dissociation
constant of the protein-ion exchanger complex. The superscript * indicates equilib
rium values.

In particular, our previous experiments5 involving the single-component
adsorption of BSA and lysozyme to S Sepharose FF show that the equilibrium
adsorption isotherms are of the above form and the equilibrium adsorption
parameters determined in those studies are presented in Table I. The observation of
a Langmuir-type shape can probably be explained by protein adsorption to the ion
exchanger continuing until there is no longer room on the surface of the adsorbent for
further molecules of adsorbate to bind. Hence further adsorption ceases once
monolayer coverage has occurred. This eventual saturation of the adsorbent surface
leads to adsorption isotherms ofa similar shape to the Langmuir isotherm even though
the underlying thermodynamic assumptions are not strictly obeyed, and the Langmuir
isotherm therefore is widely used as a simple empirical model of the equilibrium
adsorption characteristics of various protein-adsorbent systems.

In addition to uncertainties arising from the undefined nature of the adsorption
sites on an ion exchanger for the adsorption of a single, pure protein, the situation is
further complicated when the adsorption of two or more proteins is being considered.
As a result of the different sizes and distribution ofcharges on the surfaces of different

TABLE I

VALUES OF Kd AND qm FOR THE ADSORPTION OF PURE BSA AND LYSOZYME TO
S SEPHAROSE FF

The values were determined as described previously5

Kd K" qm (j",
(mg ml- ' ) (M) (mg ml- 1) (mol r ')

BSA 0.133 2.0 lQ-6 113 l.7-lQ-3

Lysozyme 0.019 1.3. lQ-6 120 8.4·lQ-3
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proteins, the number of ionic groups that will participate in the adsorption interaction
and the amount of adsorbent surface which interacts with the different proteins will
vary. Whilst recognising the complexities of multicomponent adsorption of proteins to
ion exchangers, in this paper we have adopted two extreme views to analyse
two-component protein adsorption, namely a non-competitive model and a totally
competitive model. Both of these models are based on the Langmuir adsorption
isoth~rm, an approach supported by our earlier single-component studies of the
adsorption of BSA and lysozyme to S Sepharose FF5. It is shown that the totally
competitive model more accurately describes the experimental observations.

Non-competitive adwrptiol1 model
One extreme view of the adsorption of two proteins to an ion exchanger is to

assume that the adsorption sites for the two proteins are mutually independent, that is
the adsorption of one type of protein to the ion exchanger in no way affects the
adsorption of the other species and there is therefore no competition between the
proteins for the adsorption sites. This may be an unlikely situation as the fundamental
mechanism for the adsorption of both types of protein molecules involves interaction
with the available ionic groups on the surface of the exchanger. If there is no
competition between the proteins for adsorption, the adsorption characteristics of
each protein will be the same as if the other protein were not present, i.e.

and (2)

where the subscripts 1 and 2 indicate adsorbate species 1 and 2.

Totally competitive adsorption model
The other extreme approach to the analysis of two-component adsorption is to

assume that there is total competition between proteins for adsorption to the ion
exchanger. Although the exchanger shows different maximum capacities for the two
proteins (qml and qmZ), a competitive model can be developed which involves
a fractional occupancy of the adsorption capacity for each type of protein and uses
Langmuir parameters derived from single-component experiments. It should always
be borne in mind that such an approach violates the Gibbs-Duhem relationship (see
ref. 10) and that a thermodynamically rigorous approach would demand the use of
parameters determined from two-component experiments. However in the present
study it was assumed that at the micromolar concentrations of soluble protein
employed in these experiments, the use of parameters determined in single-component
studies was a sufficiently accurate approximation.

Let () represent the fractional occupancy of the adsorbent at equilibrium with
a particular protein, such that:

*() -~.1 - ,
qml

(3)
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charged groups on the ion exchanger surface, it was expected that the experimental
results would be in close agreement with the fully competitive model. The major
reasons for discrepancies between the observed results and those predicted by the fully
competitive Langmuir adsorption model are summarised in Table III and discussed in
greater detail below.

In the batch adsorption studies, only the adsorption of BSA was similar to the
results of the fully competitive model, with this model greatly underpredicting the
amounts of lysozyme that were bound. In contrast, the non-competitive model gave
predictions which agreed closely with the amounts of lysozyme that were bound in
these batch adsorption experiments, whilst overpredicting the amount of bound BSA.
It should be remembered that the experimental results presented in this paper do not
constitute a set of competitive adsorption isotherms but rather a collection of paired
lysozyme and BSA points, each point lying on a different isotherm. In order to produce
a competitive isotherm it is necessary to hold the soluble concentration of one
component constant whilst that of the other is varied. Such conditions are impossible
to develop in a closed batch adsorption system such as that employed in these studies
but can be successfully used in column experiments in which the adsorbent is
continually presented with fresh adsorbate solution 3

. Experiments of this kind were
not performed in this study due to the length of time (over 5 h) required to allow
equilibrium to be established in each column run and in order to construct a set of
isotherms many of these experiments are required. Such an approach is therefore

TABLE III

POSSIBLE REASONS FOR THE DIFFERENCES BETWEEN THE OBSERVED EXPERIMENTAL RESULTS
AND THOSE PREDICTED BY THE FULLY COMPETITIVE LANGMUIR ADSORPTION ISOTHERM
MODEL FOR THE MULTlCOMPONENT ADSORPTION OF BSA AND LYSOZYME TO S SEPHAROSE FF

Reason

Protein size

Protein-protein interactions

Non-equilibrium

Thermodynamics

Explanation

A large size difference between adsorbing molecules may be reflected in different
proportions of the adsorbent surface being available for adsorption with each
protein. The fully competitive model assumes that all adsorption sites are available
for the adsorption of each molecule.
If protein-protein interactions occur within the packed beds which are different to
those in batch systems as a result of different concentration/time histories of these
two systems, more protein may adsorb within the packed bed than is predicted by
a Langmuir adsorption model.
The low values of the Langmuir dissociation constants for protein adsorption to iC'n
exchangers suggest that the desorption reactions occur much slower than the
adsorption reactions. This may be a renection of the fact that although protein
adsorption occurs via multivalent attachment, only one, or a small number of bonds,
may be required to initiate adsorption of a protein whilst all (possibly 10-15) bonds
may be required to be broken to desorb a molecule. Consequently it is possible that
whilst it was not possible to detect any changes in the soluble protein concentration,
protein desorption was still occurring slowly and the results presented do not
therefore represent the equilibrium state predicted by the fully competitive model.
It is well established that protein adsorption to ion exchangers does not strietly
adhere to the thermodynamic assumptions of the single component Langmuir
adsorption isotherm. In addition, in the case ofmultieomponent protein adsorption,
violation of the Gibbs-Duhem relationship should also be considered.
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Gas chromatographic-mass spectrometric analysis of major
indole alkaloids of Catharanthus roseus
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During the 1980s, a considerable amount of research has been devoted to stud
ies of the production of medicinally useful indolic alkaloids in cell and tissue cultures
of Catharanthus roseus!. The principal targets of this research are vincristine and
vinblastine, which are used in cancer chemotherapy and serve as precursors for some
semisynthetic derivatives2

. The above bisindole alkaloids are biosynthesized by com
bining catharanthine and vindoline (Fig. I), which belong to the Iboga and Aspi
dosperma groups of monoterpene indole alkaloids, respectively. The third related
alkaloid group abundant in C. roseus is the Corynanthe family, of which ajmalicine is
the most ahundant compound 3

. In the plant Aspidosperma alkaloids exist predom
inantly in the green parts, whereas the other types are also found in the roots4

, and it
seems that only trace amounts of the end products of the Aspidosperma pathway are
found in the cell and tissue culturess. Consequently, screening of product yield from
the different pathways is one of the basic routines included in these studies.

As the compounds are polar and not very volatile, high-performance liquid
chromatographic (HPLC) methodology has predominated6

. The regular target com
pounds catharanthine, vindoline and ajmalicine may be analysed simultaneously by
using gradient elution and UV detection in HPLC4

. However, this approach is not
particularly sensitive and although electrochemical detection has improved sensitiv
ity7

, it does not tolerate a true gradient elution and only a few alkaloids are properly

VINDOLINE

(Aspidosperma- type)

~1...
~~~CHJ

H COOCHJ

CATHARANTHINE

(Iboga- type)

H ::::,..
HJCOOC

AJMALICINE

(Corynanthe- type)

Fig. I. Structures of the major indole alkaloids of Catharanthus roseus.

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B.V.
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quantifled per isocratic run. A special problem is the separation of vindoline from
ajmalicine and some other compounds that tend to co-migrate.

The commercial availability of an extensive choice of stationary phases in
fused-silica capillary gas chromatographic (GC) columns has greatly enhanced the
scope of the GC analysis of a variety of drugs and natural compounds, including
amines and alkaloids6 •8 ,9. This, and the observation that vindoline appeared to be
analysable also by using packed-column GC lO, led us recently to try to detect it by
capillary Gc. We were able to identify it from a plant cell sample using GC-mass
spectrometry (MS) after careful purifications. This prompted us to develop a GC-MS
method for the simultaneous direct detection of vindoline and ajmalicine and for the
detection of catharanthine as a pentafuoropropionate derivative from C. roseus cells
after a simple purification procedure.

EXPERIMENTAL

Preliminary GC experiments with fused-silica capillary columns (OY-I, 15 and
25 m x 0.32 mm J.D., O.l-pm coating; Nordion Instruments, Helsinki, Finland) were
carried out with a Hewlett-Packard HP 5790A instrument with flame-ionization de
tection (FlO). The final GC-MS was performed using the longer of the columns and
an HP 5790A-Jeol JMS 300 integrated system. Splitless (60 s) injection was used, and
the oven temperature was programmed from the initial 130°C (2 min) to 280°C at
lOoC/min with injector and detector temperatures of 250 and 300OC, respectively. The
MS results were processed with the JMA 2000 data analysis system included in the
instrument.

Trials on the silylation and acylation of catharanthine were performed under a
wide range of reaction conditions using the following reagents: N-methyl-N-(tert.
butyldimethylsilyl)trifluoroacetamide, N,O-bis(trimethylsilyl) trifluoroacetamide, N
methyl-N-trimethylsilyl trifluoroacetamide, N-trimethylsilylimidazole, pentafluoro
propionic anhydride (PFPA), methyl chloroformate, heptafluorobutyric anhydride
and trifluoroacetic anhydride. The final reproducible acylation used was achieved
when a sample was dissolved in 500 pI of toluene and 50 pI of pyridine and 50 pI of
PFPA were added. The reaction mixture was then maintained at 60°C for 30 min and
washed with 1 ml of 5 M ammonia solution. A 2-pl volume of the organic solution
was used directly for GC-MS, which was performed with a combination ofHP 5890
and YG Trio-2 instruments, but the conditions for the analysis were as described
above for the underivatized alkaloids.

The C. roseus cell material used and the procedures for alkaloid purification
have been described previouslyll. Analytical-reagent grade chemicals were obtained
from the usual commercial sources and the alkaloid standards were those described
earlier4

.

RESULTS AND DISCUSSION

Preliminary GC experimentation with standard samples of ajmalicine, vindo
line and catharanthine using FlO indicated that the first two are volatile and detect
able under the conditions specified above (data not shown), but catharanthine gave
no analytically useful signal under any conditions. Subsequently, ajmalicine and vin-
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doline standards were subjected to GC-MS to obtain the mass spectra (not shown)
that were utilized in analysing the plant cell samples.

It was essential to use a thin (O.I-,um) stationary phase film in order to keep
these relatively involatile analytes moving in the column at reasonable temperatures
and to achieve comparatively good separations and peak shapes. The use of helium
instead of nitrogen as the carrier gas was also beneficial, as the poorer diffusibility of
the latter required strict control of the gas stream.

Fig. 2 shows a typical semipreparative HPLC trace when alkaloids are isolated
from cultured C. roseus cel1s usirig the previously described method 11. When a nar
row middle fraction of eluate from the peak with a retention time of 17 min was
analysed by GC-MS, in essence a single total ion current (TIC) peak was observed at
17 min 40 s (Fig. 3) and its mass spectrum (Fig. 4A) was almost identical with that
obtained for a standard sample of ajmalicine. There was no distinct HPLC peak at 16
min, where vindoline should appear (Fig. 2), but when the eluate of the zone indicated
in Fig. 2 was collected and the existence of the molecular ion for vindoline (mlz 456)
was monitored, it could be seen in the gas chromatogram at 16 min IS s (Fig. 3), and
the mass spectrum (Fig. 4B) corresponded to that of standard materials. As would be
expected from the wide sampling range used for vindoline and from the high baseline
of the HPLC trace (Fig. 2), the sample contained various other compounds, including
ajmalicine, as indicated by the TIC graph (Fig. 3).
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Fig. 2. Semi-preparative HPLC of C. roseus cell culture extract. The eluate constituen1s used for GC-MS
analysis of ajmaIicine (I), vindoline (2) and catharanthine (3) are indicated.
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Rapid determination of caffeine in green tea by gas-liquid
chromatography with nitrogen-phosphorus-selective detection
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Caffeine is an important component of tea, comprising 3-5% of the total weight.
Many methods for determining caffeine in tea have been reported, including
high-performance liquid chromatography 1-4, spectrophotometry5.6 and gas-liquid
chromatography (GLC)7,8, In these methods, a tea sample is extracted with boiling
water and the extract is cleaned up prior to the determination. The clean-up procedure
usually involves such operations as partitioning (several times), concentration,
acid-base treatment and precipitation. This paper describes a simpler and quicker
method, based on the sensitive response of a nitrogen-phosphorus detector to caffeine
and the difference in solubility between caffeine and other polar compounds in green
tea.

EXPERIMENTAL

Materials and apparatus
Analytical-reagent grade toluene, anhydrous sodium sulphat~, 4.5 M sulphuric

acid, 0,01 M hydrochloric acid and saturated basic lead acetate solution were used,
A Hewlett-Packard HP-5790A gas-liquid chromatograph equipped with a

nitrogen-phosphorus-selective detector and a glass column (1.2 m x 2 mm LD.)
packed with 6% OY-101 on Chromosorb W (80-100 mesh) was used, and also
a Shimadzu UY-265 FW spectrophotometer.

Proposed GLC method
Ground tea (1.000 g) was extracted with boiling water (200 ml) for 20 min in

a 250-m1 erlenmeyer flask. The extract was filtered and an aliquot (0.1 ml) of the filtrate
was transferred to a 10-ml volumetric flask, Toluene (9,9 ml) and anhydrous sodium
sulphate (ea, 1 g) were added. The flask was shaken vigorously for 0.5 min prior tQ
GLC determination.

The operating conditions of the instrument were as follows: oven tempera
ture, 205°C; injector temperature, 230°C; detector temperature, 240°C; carrier gas
(nitrogen) flow-rate, 50 ml/min; hydrogen flow-rate, 1.5 ml/min; air flow-rate, 80
ml/min; injection volume, 5 Jll.

Under the above conditions, the retention time of caffeine was 1.9 min and the

0021-9673/90/$03.50 © 1990 Elsevier Science Publishers B.V.
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sample, and an average coefficient of variation of 3.67% was obtained. The data in
Table I suggest that the results obtained by the GLC method are the same as those
obtained by the standard method.

An advantage of the GLC method is its simplicity, which not only saves
considerable amounts of reagents and time, but also reduces the possibility of errors.

Prior to GLC analysis, sample clean-up procedures are usually needed to remove
impurities which may affect accurate quantification. This simplified GLC method is
based on the selective response of the instrument to caffeine and the difference in
solubility of caffeine and the coextractives. Tea contains about 30% of water-extract
able components, mainly polyphenols (80%) and caffeine (10%). When caffeine is
injected into a gas chromatograph in the nanogram range, the amount of impurities
introduced into the instrument should be in the same range, even if no clean-up
treatment is used. Polyphenols are very soluble in water and almost insoluble in
toluene. Therefore, when toluene is used to extract caffeine from water, the percentage
of polyphenols and other polar impurities entering the toluene phase should be much
less than that of caffeine. During analysis with this GLC method, the baseline and the
response remained steady after over 100 injections, and no other peaks were observed
in the chromatogram, suggesting that the samples were sufficiently clean.
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