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MIXED RETENTION MECHANISMS IN GAS-LIQUID CHROMATOGRAPHY

1Il . D ETERMINATION OF T HE GAS-LIQUID ADSORPTION COEF FIC IENT
FOR DJISOPROPYL ET HE R ON /l-OCTADECANE

J. A. JON SSON* and L. MATI-IIASSO N

Department of Analytical Chemistry , University of Lund, P.O. Box 740, S-220 07 Lund ( S weden)

(Received August 27th, 1980)

SUMMARY

The contribution of ad sorption to the retention volume for di isopropyl ether
was measured on columns with different loadings of n-oc ta decane coated on glass
beads. A theoretical calculation of the magnitude of the ad sorption on the glass
surface, throu gh the liquid, ena bles th e ad sorption coefficient a t the gas- liquid inter­
face, Kf, to be calculated.

INTRODUCTION

In a recent study! of ad sorption effects on gas- liquid chromat ographic (G LC)
columns with n-octadecan e as the stationary phase, coated on a silanized diat om aceou s
support, it was found th at th e adsorption on the sur face of the liquid phase plays an
important role in th e retention of some pol ar compounds. To interpret the results
that study, a knowledge of the area of the gas-liquid interface is required. To cal­
culate such areas , values of gas- liquid adso rption coefficients (K!) can be used , but
they are not avai la ble in the literature.

Adsorption effects at gas- liquid interfaces have been reviewed by Martire?
and more recently by Co nder and Young", There has been a debate abo ut th e existence
os such ad sorption, probabl y sett led by Co nder" .

In th is work th e GLC determination of K. for dii soprop yl ether on the sur face
on n-octadecane ha s been attempted. This system is one of those studied earlier '.

TH EORETICAL

Retenti on in GLC is genera lly due to a combination of partition an d adsorp­
tion , causing two sepa rable" cont ributions to the total retention volume. At an
infinitely small sa mple concentra tion, th e ad sorption contribution can be written"
(see the list of symbols at the end of thi s paper):

v~ = KIA I + KsAs + KAA A

0021-9673/81/0000--QOOO/S02.50 © 1981 Elsevier Scien tific Publ ishing Company
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If we can ass ume th at the liqu id phase completely wets the suppo rt surface, AA is
zero . Fu rther , if the liqu id film is th in enough and if the surface is smoo th, the areas
AI and As will be identical , so

(2)

(3)

To approach the conditions that make eqn . 2 valid , we used un silanized glass beads
as the solid support. The surface area, A.. of th e liquid coated on the glass beads will
be lower than the geo metrica l area of the beads, as th e liquid will tend to accumulate
at the points where the beads are in close contac t with each other. This necessitate s
reten tion volume measurements at different liquid loadings and ext rap olation to zero
liquid loading.

According to eqn . 2, in order to determine K1 from experimental results for
V~ and A we need an est imation of Ks. This con stant is small and difficult to measure ;
therefore, a theoretical calculation is a tt em pted.

By definition , Ks is given by

r sKs = -
Cg

at infinite dilution where both r s and Cg approach zero . Assuming that the gas phase
is ideal , and that the solution of sa mple in the liquid phase follows Raoult' s law, we
can express K s in te rm s of molar fraction s of sam ple in the bul k liquid and in the
surface layer at the support surface:

(4)

From Everett", who systematized the thermodynami cs of ad sorption from solutions ,
we obtain an expression for X~/Xl (when those molar fraction s approach zero) giving

(5)

The qu antities a~ and agare liquid- solid interface tension s bet ween the pure liquids
and the solid. Such interfacial ten sion s are difficult to measure, but Eon? has po inted
out an interesting connection between relative interfacial tensions and the solvent
strength parameters, 8 0, introduced into liquid chromatography theory by Snyder".
The follo wing relationship was given7

:

a~en l ane - a~ = o.125 8? (6)

Eqn. 6 is writt en for 60°C and for interfacial tensions expressed in SI units, so the
nu merical fac tor is d ifferent from that in ref. 7.

Values of 8? have been tabulat ed for different pairs of liquids and sol vents",
which makes it possible to calcul at e an approximative value of Ks for diisopropyl
ether adsorbed on glass from a solution in n-octadecane.
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The molar area, ai, of di isopropyl ether is estimated from data for critical
temperature and pressure? by means ofHill 's equation'"; th e result is 2.6,105 mZ mole>'.
The vapour pressure, p~, at 60°C of the same sub stance? is 8.5 .104 Pa. The solvent
strength parameter, e?, is taken from ref. 8 (Table 8-1 and eqn. 8-6a), giving e?= 0.22
on silica, which has a surface structure similar to that of glass. For n-octadecane,
e~ = 0.05 was used in the calcul ation . Th is valu e should be a low estimate, as C:~cn t a ne

is 0.00 by definiti on and e~ ecane is 0.03 (ref. 8). If the real value of e~ is higher, it will
result in a smaller value of K s .

Inserting these values into eqns. 5 and 6 gives Ks = 0.9.10- 6 m. Taking into
account the uncertainties in the values given above, we estimate the true value of Ks
to be between 0 and 2 . 10- 6 m.

It should be pointed o ut that we have assumed ideal solutio n behaviour of
diisopropyl ether in n-octadecane. Thi s was tested, considering the deviation of the
infinit e dilution activity coefficient, y f' , from unity. The following equation! ' was
used :

(7)

KL for the system under study was deterrninedt-" to be 99.4. With the den sity for
n-octadecane of bz = 0.7558 g ern - 3 (ref. 13), we find y f' = 0.96, ind icating a fairl y
ideal solution.

It should also be mentioned that we ignored any temperature dependence of
the eOvalues.

As will be seen later, th e calculated value of Ks is small enough to be neglected
in comparison with Kb so slight erro rs in the calculation ofK s are of minor importance.

EXPERIM ENTAL

Glass beads (80-100 mesh ; Alltech, Arlington Heights, IL , U.S.A.) were
covered with 99 % n-octadecane (Riedel de Haen, Hannover, G.F.R.) at different
loadings between 0.05 and 1% (wjw). The coating was performed by dissolving the
n-oct adecane in n-pentane (p.a. grade ; Merck, Darmstadt, G.F.R.), adding the glass
bead s and evapora ting the solvent with gentle stirring. At normal room temperature
the n-octadecane is solid, making the coated glass bead s dr y and easy to handle.

The surface areas of the glass bead s were measured by the nitrogen thermal
desorption method, first described by Nelsen and Eggertsen'". The value found was
0.0134 m2 g" , corresponding to a mean diameter of the beads of 163 flm (the
density was assumed to be 2.5 g cm - 3), in good agreement with the sieve gradings
(149- 177 flm).

Glass columns (800 X 4 mm 1.0.) were filled with the prepared packings.
All measurements were made with the apparatus described pre viou sly" . Di iso­

propyl ether (p.a. grade ; Merck) was used as the sample. Dead volumes were meas­
ured with methane. Hydrogen was used as the carrier gas and th e temperature was
60.0°C. Net retention volumes were mea sured at widely different sample concen­
trations and value s of V~ were calculated using th e procedure in ref. 5.
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RESULTS AND DISCUSSION

The experiment ally measured values of V~ are presented in Fig. I . A decrease
in the V~ values with increasing liquid loading 0: ) is seen. Thi s sho uld be extrapolated
to}.' = O. The fittin g of a straight line to the da ta gives an intercept of 0.73 ± 0. 17 ml
g-l (95 %confid ence interval). If an exponential equati on is fitted instead we ob tain
an intercept of 0.76 ± 0.16 ml g-I . Alt hough the difference between these values is
not significant, the value of 0.76 ml g- J is considered to be more reliab le. From
eqn. 2 and the surface area of the glass beads (0.0 134 m2 g-I) we obtain K , + Ks =
(57 ± 12)' 10- 6 m. From the estimation of K; above we can calc ulate the round ed-off
fina l result for K, to be (55 ± 15)' 10- 6 m. T his value of K, can be used to estimate
the area of the gas-liquid interface for the columns in ref. I.

1.0

,
'" .
F.

• z
>

0 .5

-c

•

O +-~-~~~-~~-~~~--,--

o 0 .5 10
Li qui d (ood ing 1"/0 '

Fig. I . Retention volume contribution from ad sorption V~, measured for diisopropyl ether on 11­

octadecane on glass beads at 60.0°C for various liquid loadings l '.

Th e maximum value of V~ for diisopropyl ether on n-octadecane, which can
be at tributed to liqu id surface ad sorption, is ca. 15.5 ml per gra m of packing. With
our value of KI> the area of the liqu id surface at this maxim um is calculated to be
0.28 rrr' g" . Th is can be compared with the specific surface area of the support, which
was meas ured as 0.55 m2 g-I by the Nelse n and Eggert sen method!".

It is of interest to compare the K 1 val ue with others obta ined in similar systems
of polar compo unds on surfaces of non-polar liquids. Such literature data are ra re.
Pecsok and Gurnp" , however, have reported values evaluated from surface tension
measurements. The general magnitude of these K 1 values is much lower than our
value of K, for diisopropyl ether on n-octadecane. The discrepancy is due to the lack
of measurements at low concentrat ion . Inspecting Fig. 2 in ref. 16, one finds that the
lines giving the K, valu es can equally well be drawn with a considerably higher slope,
giving values corresponding to the magnitude of our result. This supports the view
expressed by Conder" that the gas-liquid interface ad sorption is strongly dependent
on concentration; it might be considerable with very small samples, but negligible
with large r samples.
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LIST OF SYMBOLS

A Specific surface area of the support (rrr' g-I)
AA Surface area of uncovered suppo rt (gas-solid interface area) (rrr' g")
Al Surface area of the sta tiona ry liquid (gas- liq uid interface area) (rrr' g- I)
As Surface area of support, covered with liquid (liquid-solid interface area) (m! g-I)
at Molar area of component i (rrf mole " ')
Cg Concentration in gas phase (mo l m")
KA Adsorption coefficient, gas- solid inter face (m)
K I Adsorption coefficient, gas-liq uid interface (m)
KL Partition coefficient, gas-bulk liqu id
Ks Ad sorption coefficient liquid-solid interface (m)
M, Molecular weight of component i (g mole r ')
p~ Saturated vapour pressure of component i (Pa)
R Gas constant (8.314 J"K-I mole " ')
T Temperature (OK)
V~ Contribut ion of adso rpt ion to the net ret ention volume (ml)
XI Molar fraction of co mponent i, bulk liquid
X~ Molar fraction of co mponent i, surface layer
Fs Surface concentration (mole m -2)
yf' Infin ite dilution ac tivity coefficient
Ot Density of component i (g m - 3)

E~ Solvent strength parameter, component i
A' Liquid loading (weight of liquid phase/weight of packing)
a~ Interfacial surface ten sion bet ween component i and solid support (N m -I)
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DETERMINATION OF HYDROPHOBIC PARAMETERS FOR PYRIDAZI­
NONE HERBICIDES BY LIQUID-LIQUID PARTITION AND REVERSED­
PHASE HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

THOMAS BRAUMANN* AND L. HORST GRIMME

Universitiit Bremen, Fachbereich Biologie lChemie, 2800 Bremen 33 ( G.F.R .)

(Received October 6th, 1980)

- - -- ._ _._ - - ----- ----_.- . . _ - . _ . -._---~-_._-- --------

SUMMARY

The retention behaviour of eight herbicidal pyridazinones in a reversed-phase
high-performance liquid chromatographic (RP-HPLC) system has been examined.
Using methanol-water as the mobile phase, a linear relationship between the volume
fraction of the organic modifier and the logarithm of the capacity factor (log k') over a
limited range was established for every solute. A comparison of the resulting curves
showed that the separation system is selective with respect to the lipophilic trifluoro­
methyl substituent with otherwise the same structure. The influence of such a selec­
tive effect on the correlation between log k~ and the partition coefficient , P, obtained
using the standard n-octanol-water system , is demonstrated. This effect can be elimi­
nated if log P is related to the extrapolated k ' value with pure water as eluent. The
resulting curve accommodates the two sets of data (r = 0.992). It is concluded that the
organic modifier in RP-HPLC exert s subtle effects on the retention behaviour of
pyridazinones, a discriminative feature which may also be important in biological
membranes.

---_. -- _._- - --- -. -_.------~-~-----------

INTRODUCTION

Since the development of the quantitative structure- activity relationship
(QSAR) by Hansch and co-workersl -", it has become apparent that the biological
activity of a given class of chemicals is in many instances predominantly a function of
their lipophilic behaviour. The use of partition coefficients P obtained from an n­
octanol-water partitioning system has become a standard method/ for modelling
biological membranes and thereby quantifying the hydrophobicity of a given com­
pound as log P = log C OCT - log CWATER' Log P is either determined experimentally
or calcul atedz

, 3 . The calculations have limitations, howe ver, and there are innumerable
compounds for which log P values have to be determined. The conventional shaking
flask method has limited application ran ge up to log P = 4 (ref. 3) and is a laborious
and time-consuming procedure, often complicated by instability in aqueous media,
impurities and the tendency for the compound to dissociate.

In recent years attempts have been made to introduce chromatographic

0021·9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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techniques for the determination of the lipophilicity of different chemicals, especially
thin-layer chromatography':" and reversed-phase high-performance liquid chromato­
graphy (RP-HPLC). The latter technique has attracted much intere st because it
produces very efficiently high-precision data with respect to retention, which is
believed to be a measure of the partition behaviour between the non-polar bonded
stationa ry ph ase and the more polar eluent.

The few reports published so far 7
-

14 deal with the correlation between log P
and the logarithm of the capacity factor, k' , mainly obta ined with octadecylsilica as
the bonded stati onary phase. k' is given by

(I )

where tR and to are the retention times of a retained and an unretained solute, re­
spectively, in a given system. The most direct approach was made by Mirrlees et all ,
who covered trimethylchlorosilane-treated silica in situ with a thin layer of n-octanol
and used n-octanol-saturated water as the eluent. Th is seems to be a true analogy to
liquid-liquid partitioning in octanol-water, and therefore the correlation between
log k ' and log P is excellent with a slope of the regression curve very close to 1.0. The
same is perhaps tru e for buffers" or a very small amount of organic mod ifier in water?
when used together with octadecylsilica. Here the slope also has a value near 1.0,
although the correlation in the case of buffer is much poorer.

Several workers have used methanol- water and acetone-water as eluent s to
extend the applicability of the method to more hydrophobic compounds. They also
found good correlations between log k' and log p 10

-
14 but varying slopes on regression

anal ysis.
It ha s been emphasized? that free silanol groups at the accessible sur face of the

stat iona ry ph ase can influence to some extent the retent ion behaviour of the solutes,
so that vigorous silylation of the silica is recommended. Ho wever, several comm er­
cially available packings already have a very high surface coverage and can be used
without further treatment':'.

On the ba sis of the above experience, RP-HPLC seems to be a convenient
technique with respect to accuracy, sensitivity and application range for the deter­
mination of hydrophobicity data for chemical groups beyond the few tested so far.
As we are interested in the QSAR for pyridazinone herbicidesIS, the partition data for
which have not yet been publ ished and which have a complicated str ucture with
respect to hydrophilic and hydrophobic substituents (Fig. I), a study of the retenti on
and partition behaviour should give a good basis for testing the validity of RP-HPLC
for the determination of these pharmacologically important physico-chemical param­
eters.

EXPER IMENTA L

Materials
SAN 6706 [4-chloro-5-(dimethylamino)-2-(a ,a ,a-trifluoro-m-tolyl)-3(2H)-pyri­

da zinone], SAN 9789 [4-chlor o-5-(meth ylamino)-2-(a,a,a-trifluoro-m-to lyl)-3(2H)­
pyridazinone ; Norflurazon] , SAN 9774 [5-amino-4-chloro-2-(a ,a ,a-trifluoro-m-tol yl)­
3(2H)-pyridazinone], SAN 9785 [4-chloro-5-(dimethylamino)-2-phenyl-3(2H)-pyrida-
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No. Compound Substituents

9

, SAN 6706 R,=CF3.R2::([,R3::N(CH3)2
2 BAS 44521 ~ ::CF3,R2::(l,R3::OCH3
3 SAN 9789 R1::CF3 ,R2::ct,R3 ::NHCH3
4 SAN 9774 R1 ::CF3.R2::Cl,R3::NH2
5 SAN 9785 R1:: H ,R2 ::(l ,R3::N(CH3)2
6 BAS 33650 R1:: H ,R2 ::Br,R3=OCH3
7 SAN133-~O R1 = H ,R2::Cl,R3::NHCH3
B BAS13033 R1 = H ,R2=([ ,R3=NH2

Fig. 1. Chemical structures of pyridazinone derivatives .

zinone] and SAN 133-410 H [4-chloro-5-(methylamino-2-phenyl-3(2H)-pyridazinone]
were gifts from Sandoz (Basle, Switzerland). BAS 44521 [4-chloro-5-methoxy-2­
(a,a,a-trifluoro-m-tolyl)-3(2H)-pyridazinone], BAS 33650 (4-bromo-5-methoxy-2­
phenyl-3(2H)-pyridazinone], and BAS 13033 [5-amino-4-chloro-2-phenyl-3(2H)­
pyridazinone; Pyrazon) were kindly supplied by BASF (Ludwigshafen, G.F.R.). Some
of these compounds were technical products and recrystallized twice prior to use.
Distilled water was prepared with an all-glass double distilling unit (Heraeus-Schott,
Mainz, G.F.R.). All other reagents were of analytical-reagent grade (Merck, Darm­
stadt, G.F.R.) . A IO-,um LiChrosorb RP-18 column (25 em X 4.6 mm J.D .) (Merck)
was used without further treatment in all experiments.

Partition coefficient measurem ents
Previously water-saturated n-octanol and n-octanol-saturated water were used

as the liquid phases. Two different amounts of the herbicides (10 and 30 mg)
were introduced into 25-ml glass flasks equipped with glass stoppers and dissolved in
5 ml of n-octanol. A few drops of methanol improve dissolution without a measurable
effect on the partition coefficients. Then 5 ml of water were added and the flasks were
shaken mechanically with a Model TR I shaker (Jnfors, Basle, Switzerland) at a
frequency of 300 min - I for I h. All experiments were performed at room temperature
(20-23°C). The contents of the flaks were decanted into centrifuge tubes and the two
phases were allowed to separate. The upper n-octanol phase was carefully removed
and the remaining aqueous phase was centrifuged for I h at 5000 rpm in a Labofuge
HI (Heraus-Christ, Osterode, G.F.R.) to remove n-octanol droplets. Subsequently the
absorbance at the wavelength maximum was measured in a Gilford Model 250
spectrophotometer (Gilford, Oberlin, OH ., U.S.A.).

Quantitative evaluation was performed with molar absorption coefficients
which were determined by dissolving two different amounts of the herbicides in
n-octanol-saturated water and measuring the absorbance as described above. The
samples were diluted, if necessary, to yield an absorbance of 0.2-0.5.

The partition coefficients represent the means of six independent measure­
ments and the standard error of log P was better than ± 0.05.

Chromatography
The liquid chromatograph consisted of a Series 2/2 reciprocating pump
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(Perkin-Elmer, Norwalk, CT, U.S.A.), a Model LC-55 variable-wavelength UV-visi­
ble detector (Perking-Elmer) set at 280 nm, and a Servogor Model S pen recorder
(Metrawatt, Niirnberg, G.F.R.).

A volume of 5 ,ul of a 10- 4 M sample solution was injected with a IO-,ul preci­
sion syringe and the retention times were measured with a stop-watch. The mobile
phase consisted of different volume fractions of methanol in water, prepared with the
gradient former of the chromatograph. The flow-rate was 1.7 ml/rnin at room tern­
perature. The reproducibility of the retention times was checked by making a series
of six injections under fixed conditions and was found to be better than 1%, so that
in all other experiments two independent runs were carried out. The column dead
time was determined by the injection of a smaJI amount of acetone dissolved in water.
Acetone has a log P of -0.29 (ref. 3) and was expected not to be retained in our system.
The retention times were indeed the same at volume fractions of 0.55 and 0.80, so
that retention due to interactions with the stationary phase could be excluded. The
standard error of log k' determinations was better than ±0.005.

RESULTS AND DISCUSSION

Several studies have been reported on the variation of sample k' values with
the volume fraction, @, of organic solvent in water-organic solvent mixtures16

-
18

•

Snyder et al."' give this relationship as

log k' = log kw - S @B (2)

where kw represents the k' value of a compound with pure water as the mobile phase
(usually an extrapolation where the intercept on the ordinate is taken as log kw)
and S is related to the solvent strength of pure solvent B. For methanol-water and for
other polar organic solvents S should therefore be constant for a given column and
different types of solutes. Snyder et al. gave average values of S for methanol (3.0),
acetonitrile (3.1), tetrahydrofuran (4.4) and other organic solvents. If this suggestion
is true, the retention mechanism for different solutes in a particular system should be
the same, which is a prerequisite for a strong relationship between retention data in
RP-HPLC and partition coefficients. Table I shows the k' values for pyridazinones
over a range of 0.55-0.80 for @M' the volume fraction of methanol in the mobile phase.

As can be seen from Table II , eqn. 2 describes appropriately the behaviour of
the different solutes with a smaJI standard error of fit and a high linear correlation
coefficient. From these data we conclude, in accordance with Snyder et al:", that the
relationship between @M and log k' over a limited range of @M is perfectly linear and
that there is not need to introduce a parabolic function, as has been previously
suggested". However, with respect to S the solutes have to be divided into two dif­
ferent groups as the values of S are significantly different. The pyridazinones with a
trifluoromethyl substituent and different polar groups at the C-5 position have high
values of 4.45-4.68 for S, whereas the same pyridazinones without this lipophilic substi­
tuenthavevalues of only 3.42-3.72. The RP-HPLC system can clearly discriminate be­
tween solutes with and without a trifluoromethyl substituent due to different retention
mechanisms, which probably depend on electronic or steric contributions in addition
to the lipophilicity of this group. As a result, S depends not only on the solvent strength
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TABLE I

ISOCRATIC k ' VALUES FOR DIFFERENT VOLUME FRACTIONS OF METHANOL IN
WATER, ([)M. AND PARTITION COEFFIC IENTS IN n-O CTANOL-WATER (LOG P)
- _ .-_._ ._ -- _ .. -- _ .- ---- -- ._- -- -- - "-_.- . - - -- -

Compound Volume fraction , cj)" log P
No ..

0.55 0.60 0.65 0.70 0.80
. _ ..... ._- _ ..,._- ._---_. ..._ -_...

I 6.21 3.57 2.12 1.23 0.40 2.67
2 3.89 2.32 1.53 0.81 0.25 2.39
3 3.77 2.21 1.43 0.79 0.25 2.30
4 2.55 1.52 1.00 0.55 0.17 2.4 1
5 1.50 0.98 0.67 0.41 1.55
6 1.07 0.71 0.47 0.29 1.42
7 0.78 0.51 0.37 0.22 1.19
8 0.47 0.30 0.21 1.14

• See Fig . I .

TABLE II

REGRESSION ANALYSIS OF THE RELATIONSHIP BETWEEN THE VOLUME FRACTION
OF METHANOL cj)" AND LOG k' : LOG k ' = LOG kw - S (PM

Compound Log k w S
No .·

- - _ ._ _...._ ---- -----_ . .--_ .. .- - - -

2
3
4
5
6
7
8

3.340
3.042
3.134
3.003
2. 164
2.081
1.768
1.614

4.642
4.452
4.636
4.684
3.6 19
3.721
3.422
3.552

0.9999
0.9959
0.9992
0.9972
0.9976
0.9987
0.9925
0.9954

0.003
0.007
0.005
0.016
0.006
0.005
0.012
0.002

- - - - - -_ .- -- - - - - -- - _.-_ ._ _ .-

• See Fig . I .
•• Linear correlation coefficient.

••• Standard error of fit (a = 0.001).

of the mobile phase but also to a considerable extent on specific interactions betwee n
solutes, stationary phase and mobi le phase. Tanaka et al. l s have shown that the
composition of the mobile phase can have such an effect on hydrophobic group
selectivity and especially polar group selectivity. Pyridazinones offer several possibili­
ties for selectiv e interactions as both hydrophilic and hydrophobi c substituents are
available, whereas only the trifluoromethyl substituent can realize this property in
our particular separation system.

The relationship between log P and log k' is show n in Fig . 2, from which
the following linear equation is obtained:

log P = 1.537 log k ' + 1.473 (3)

with n = 8, r = 0.964 and s = 0.664 (a = 0.001). The correlation is not as good as
reported earlier for other types of solutes (see Table IV), as expected from the results
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Fig. 2. Log k' versus log P for eight pyridazinones (numbered as in Fig. I). k' was measured at a
volume fraction of methanol in water of tP = 0.55.

described above. However, the selective effects in Table II do not distort the relation­
ship. For comparison we performed the same experiments with a few benzene
derivatives for which literature data for partition coefficients were related to the
capacity factor at @M = 0.80, and obtained the equation

log P = 2.746 log k' + 3.021

with n = 4 and r = 0.994. Table III shows the relevant data for the benzenes.

(4)

TABLE III

CAPACITY FACTOR, «, AND PARTITION COEFFICIENTS FOR SOME BENZENE
DERIVATIVES

Mobile phase, 80% methanol-water ; flow-rate, 1.7 ml/rnin ; column, lO-pm LiChrosorb RP-18.

Compound k' Log k' Logr

Benzene 0.47 -0.33 2.14
Toluene 0.81 ~0.09 2.69
1,3-Dichlorobenzene 1.48 0.17 3.60
1,3,4-Trichlorobenzene 2.24 0.35 3.93
--~--_._._------_._-

* Data taken from ref. 3.

A similar regression curve was reported earlier!" for over 30 benzenes, toluenes
and anilines. The slope was nearly twice that for the pyridazinones, which indicates
different retention mechanisms for the two types of solutes. What has been shown
before within the class of heterocyclic pyridazinones now finds its counterpart in the
different log P versus log k' relationships for different chemical classes. Together with
some previously published data the following picture emerges (Table IV). When water
and buffers consisting of water with a small amount of an organic modifier (e.g., 1%
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TABLE IV

COMPARISON OF LIT ER AT UR E REGR ESSIO N DAT A FO R T H E RELATIONSHIP LOG
P = a LOG k ' + b

In some instances not a ll of the relevant da ta were included in the work repor ted . In these insta nces
we have ca rrie d ou t the reg ression ana lysis fro m the published k ' and Jog P, not knowi ng the
accuracy of the data , so tha t minor errors have to be taken into acco unt.
.-- "-- " _._"0"·--_ ",,

Class of compounds a b r Ref erence Separation sys tem.
Sulph onarnid es 0.98 - 8.03 0.937 7 ODS/buffer
Miscellaneo us 1.086 1.14 0.982 8 O DS/ I %TEA in wa ter
Miscellaneou s 1.006 - 0 .622 0. 999 6 n-Octanol -coated

silica /water
Phenols 1.907 1.922 0.961 9 ODS/acetone-water
Anilines 2.240 1.438 0. 968 9 O DS/acetone-water
Miscellan eous 1.701 1.293 0.988 19 ODS /metha no l-water
Miscellaneou s 1.451 1.016 0.983 19 O DS/ace ton itr ile-water
Benzenes, to luenes, anilines 2.50 2.12 0. 989 13 ODS/methan ol- wa ter
-- "._ . ..

• ODS = oc tadecy lsilica ; T EA = trieth ylamine.

of trie thylamine") are used as eluents in RP-HPLC, the result ing k' values of a variety
of substances ar e based on co mparable mechanisms, indicated by the same slope of
nearly 1.0 in all instances. Or gan ic- water mixtures, on th e ot her hand , produce
selective effects th at depend on both solute type and mobi le ph ase co mposition.

Th e view th at the solutes are parti tionin g between the hydrocarbonaceous
surface layer of the non- polar stat ionary ph ase and the mobile phase is to o simple an
analogy in thi s instance and does not account for the differences between Rp·HPLC
with orga nic-w ater eluents and a true liquid partitionin g syste m such as n-octanol­
water. Th e bonded phase may be only a monol ayer th ick and the bonded molecules
have fewer translati onal and rotational degrees of freedo m than th ose comprising a true
liquid. Th e behavi our of the bond ed ph ase further depend s on its type and surface
coverage. A theoret ical t reatment of the binding process has show rr" that the capacity
factor of a given so lute depends on th e volume rati o of th e stationary and mob ile
phases, th e free energy change for bind ing of th e solute to the bonded phase, th e free
energy change for cavity fo rmation in the mobile phase and Van del' Waals and elec­
trostati c contribut ions that result from th e int eracti on between th e solvent and solute.
Every term , except the volume rat io, is a functio n of th e molecular structures of the
solu tes and eluents, so th at it is expected that k ' will be sensitive to small va riations in
the ph ysical properties of th e structures concerned . With in a gro up of compounds of
comparable size, shape and polarity, good correlat ions between log k ' and log P can
always be obtained, but a relationship derived tor a particular groups canno t be
generalized to other solutes and sepa ration systems. Thi s conclusion rest ricts th e va lue
of such relati onships and offers littl e help for the case of unknown samples.

An alternative is provi ded by th e measurement of k ' values a t different (/)M as
describ ed above . The regression ana lysis result s in an extrapo lated log k w , th e capacity
factor with pure water as eluent. If these theoretical k' values are correlated with the
partition coefficients of the solutes, a much improved relati onship is obtained:

log P = 0.901 log k w - 0.384 (5)
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with 11 = 8, r = 0.992 and s = 0.207 (a = 0.001). The selective effects of the mobile
ph ase are eliminated as the slope is close to 1.0 and the linear correlation coefficient is
much better th an before. Schoenm aker et al,'? have shown that the relat ionship
between log k ' and (j> is not really linear over the whole range of (j) , especially at the
upp er and lower end of the range. They suggested a function of the followin g type:

log P = A (/>2 + B (/> + C (6)

Th e simple linear extra po lat ion to (j) M = 0 never theless yields lipophilicity data that
are strongly related to the partition coefficients of the n-octan ol-water system. The
validity of thi s appro ach for other chemica l classes however , has not yet been
dem onstrated but eqn. 2 certainly implies such a relationship.

Th e determination of log k w requires detailed studies of the eluti on of the
solute in question under different isocratic conditions and is necessary only if one has
to co rrelate partiti on and retention data of more complex molecules. Thi s is generally
of th eoretical interest for gaining an insight into retention mechani sms in RP-HPLC.
In QSAR the question is whether the model for the behaviour of chemicals du ring the
pa ssage thro ugh biological membranes is adequate. It is now well established that
these membran e struc tures are highly compar tmentalized with respect to their lipid
and protein moiet ies. Therefore , membrane s are expected to be far more discrimina­
tive than is indi cated by the gross lipophilic behaviour in n-octan ol- water partitioning.
Secondly, biomembranes will not behave like bulk y liquid s becau se their component s
are asymmetrically arranged with fewer translati onal and rot at ional degrees of free­
dom . Most of the memb rane s sho uld therefore be able to distinguish between minor
ste ric and electron ic var iations in molecular structure, a feature that is also common in
RP-HPLC. We have shown that in our system pyridazinones with and without a
triflu oromethyl subst ituent posse ss different retention mechan isms. Prel iminary
results, obtained in thi s laboratory, indicate that biomembranes of green plant s can
also discriminate between these two types of structures so th at the question arises of
whether the cap acity factor in RP-HPLC could be a better alte rna tive for modelling
the hydrophobicity of reagents in QSAR.
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SURFACE AFFINITY CHROMATOGRAPHIC SEPARATION OF BLOOD
CELLS

II. INFLUENCE OF MOBILE PHASE COMPOSITION ON THE CHROMATO­
GRAPHIC BEHAVIOUR OF HUMAN PERIPHERAL BLOOD CELLS ON
POLYETHYLENE GLYCOL-BONDED SEPHAROSE
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Division of Analytical Chemistry , Tokyo College of Pharmacy, 1432-1, Horinou chi, Hachioji, Tokyo
/9 2-03 (Japan)

(Fi rst received July 28th, 1980; revised manuscript received September 26th, 1980)

SUMMARY

The influence of mobile phase composition on the chromatographic behaviour
of human platelets, granulocytes, lymphocytes and erythrocytes has been studied by
using a bisoxirane-coupled polyethylene glycol 20M-Sepharose 6B column at pH 7.5.

Lowering of the concentration of dextran T40 from 8 to 2 %(w jw) produced
the highest separation factor between platelets and granulocytes. Addition of 0.5 %
(w jw) of DEAE-dextran to a mobile phase containing 2 % dextran T40 or T500
increased the retention of platelets, and discriminated the cells from erythrocytes.
Addition of sodium chloride increased the retention volumes of lymphocytes, granulo­
cytes and platelets. These blood cells were adsorbed to the column in isotonic phos­
phate-buffered eluent, whereas in imidazole-buffered eluent about 0.15-0.154 M
sodium chloride improved their resolution.

INTRODUCTION

In the previous paper' we described the partition of blood cell particles between
the bonded stationary phase and the mobile phase in a manner similar to aqueous
polymeric two-phase (APTP) systems established by Albertsson- by means of binding
of polyethylene glycol (PEG) to the support material in liquid chromatography. The
chromatographic separation of an artificial mixture of erythrocytes, granulocytes and
lymphocytes from human and rabbit peripheral blood was achieved by the use of
bisoxirane-coupled PEG 20M-Sepharose 68 (PEG 20M-Sepharose) as the column
pac kings and phosphate-buffered solution of 4.5 or 8.0 %(w jw) dextran as the mobile
phase. Bonded PEG stationary phases and mobile phases containing dextran systems
offer an approach to the chromatographic separation of blood cell populations.

It is, therefore, necessary to determine the effects of variables on the behaviour
of the blood cells in such chromatographic system s. The present paper describes the

0021-9673{81{0000-0000{S02.50 © 1981 Elsevier Scientific Publishing Company
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influence of the mobile phase composition on the elution behaviour of platelets,
granulocytes and lymphocytes from human peripheral blood on a PEG 20M­
Sepharose column. The variables studied include: concentrations of dextran T40 and
T500; several anionic or cationic buffers; addition of a neutral salt, such as sodium
chloride, and of a positively charged dextran, e.g., DEAE-dextran.

EXPERIMENTAL

Materials
Epoxy-activated Sepharose 6B, dextran T40 (weight-average molecular weight

M'; = 40,000), dextran T500 (Mw = 500,000) and diethylaminoethyldextran (DEAE­
dextran, M w = 500,000) were obtained from Pharmacia (Uppsala, Sweden). Poly­
ethylene glycol, number-average molecular weight M; = 6000-7500 and 15,000­
20,000 was purchased as PEG 6000 and 20M, respectively (extra pure grade; Wako,
Osaka, Japan). Other reagents were of analytical reagent grade.

Instruments
A Hitachi Model 034 liquid chromatograph, equipped with a Model 0037

multi-wavelength effluent monitor (Hitachi, Tokyo, Japan), was used. An LKB 2112
RediRac fraction collector (LKB, Bromma, Sweden) was employed for fractionation
of eluates. A Coulter Model D counter (Coulter Electronics, Harpenden, Great
Britain) was used for counting the number of blood cells.

Preparation of column packing
Bisoxirane-coupled PEG 20M-Sepharose 6B was prepared by coupling of

epoxy-activated Sepharose 6B with PEG 20M for 16 h at 40°C in a solution of pH
12.0, as described previously'. The product was treated with 1 M 2-aminoethanol for
the purpose of blocking residual free epoxy groups. The amount of PEG 20M coupled
under the optimal conditions as the bonded stationary phase was determined by
spectrophotometry! as 16 {lmol per gram of dry powder.

Collection and isolation of blood cells
Human blood was drawn from normal male adult donors by venous puncture

and heparin was added, 0.05 ml of a 1000 Urml solution per 10 ml of the blood.
Siliconized glassware was used in all procedures.

Erythrocytes. Blood was centrifuged at 500 g for 10 min, and the supernatant
and buffy coat layer were removed. The cells were washed three times with saline
and packed by centrifugation.

Granulocytes. The sodium metrizoate-dextran T500 sedimentation technique'
was used. The granulocyte preparation contained a variable amount of contaminating
erythrocytes.

Lymphocytes. The sodium metrizoate-Ficoll sedimentation technique" was
used. The erythrocyte contamination of the lymphocyte preparation was usually
between 1 and 5 %of the total number of cells. The isolation procedures for both the
above kinds of blood cells have been described in detail'.

Platelets. A centrifugal isolation technique based on that of Leeksma and
Cohen" was employed. A lO-ml volume of heparinized whole blood was mixed with
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I ml of ) %(wjv) disodium ethylenediarninetetraacetate in 0.9 %(wjv) saline, and was
centrifuged at 65 g for 20 min after filtration through an absorbent gauze. The super­
natant (platelet-rich plasma, PRP) was remo ved with a siliconized pipette. Generally,
not all of the PR P could be removed witho ut d isturbing the buffy coat. The PRP was
centrifuged at 250 g for 20 min. Most of the leukocytes and erythrocytes (if present)
were then collected on the bottom of the tube. On the top of these the platelets were
already partly sedimented. These were resuspended , precaution being taken to
prevent stirring of the bottom layer. The PRP was pipetted into another tube, cen­
trifuged at 250 g for 20 min and the sedimented platelets were then washed th rice
with 0.9 % (wjv) saline to remove other contaminating cells.

Chromatography
Nineteen kinds of eluents were used, the compositions of which are shown in

Tables I and II.
A jacketed glass column (25 X 0.9 ern 1.0.) filled with bisoxirane-coupled

PEG 20M-Sepharose 6B was used. The packing material was suspended in each of
the eluents, and the column was filled with the slurried packing. The column was
thoroughl y washed with the eluent to equ ilibrate the chemically bonded phase, using
a reciprocating or peri stalti c pump.

The total am ount of platelets, granulocytes, lymphocytes and erythrocytes
prepared as above was suspended in 0.6 ml of the eluent used. A 0.5-ml volume of the
cell suspension containing 6.6' 105-24.4 ' 105 platelets, 13.7' 104-20 .104 granulocytes,
9.5'104-14.5,104 lymphocytes or 2.5,104-3.4.104 erythrocytes was loaded in the
column, and the column was eluted with each of the eluent s. These operations were
performed at 4°C, the temperature being maintained by circulati on of cold water
through the column jacket. A flow-rate of 3-12 mljh was maintained by the use of
a pump. The absorbance of the eluate at 230, 260 and 570 nm was monitored con­
tinuously with a multi-wavelength effluent monitor. The fractions were collected in
glass vials every 10 min or 15 min, the volume ofeach fraction bein g about 0.75-2.0 rnl,
An aliquot of each fracti on was diluted with 5 ml of Isot on (aqueous elect rolyte
dilu ent for blood cell counting ; Coulter Diagnostics, Hialeah, FL , U.S.A .) and the
number of blood cells was counted with a Coulter counter. The recovery of the eluted
cells was calculated from the combined number in each fraction compared with the
cells loaded on the column.

RESU LTS

Influence of concentration and molecular weight of dextran in the mobile phase
Each suspension of erythrocytes , platelets, granulocytes and lymph ocytes from

human peripheral blood was chroma tographed by the use of a chemically bonded
PEG 20M- Sepha rose column. Seven kind s of mobile phases (I- VII ) containing either
dextran T40 or T500 (except for eluent V) were used. The se mobile phases were kept
essentially isotonic with 0.09 M sodium pho sphate buffer, pH 7.5.

Table I shows retention volumes and separation factor s for erythrocytes ,
platel ets, granulocytes and lymphocyte s eluted independently from the PEG 20M­
Sepharose column. All reported retention volumes of the blood cells are the mean s
of triplicate or further dete rminations. It can readily be seen that erythrocytes, plate-
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TABLE I

RETENTION VOLUMES AND SEPARATION FACTORS OF HUMAN ERYTHROCYTES (e),
PLATELETS (p), GRANULOCYTES (g) AND LYMPHOCYTES (I)

Column: bisoxirane-coupled PEG 20M-Sepharose 68 (25 x 0.9 cm LO.). Mobile phases I-X
contained 0.045 M NaH,PO. and 0.045 M Na,HPO. (pH 7.5). All retention volumes are the
means of triplicate or further determinations.

Retention volume (ml)Mobile
phase

Concentration (% wlw)

Dextran Dextran DEAE-
T40 T500 dextran

e p g

Separation factor

pie st» tls

8.0
4.5
2.0
1.0

I
II
III
IV
V
VI
VII
VIII
IX
X

4.5
2.0

4.5
2.0

2.0

0.5
0.5
0.5

3.8*
5.4*
5.8
5.6
5.1

ads. *
ads.

8.7**
5.9**

10.3 **

7.6
8.9
7.4
5.7
5.7

11.6
8.3
8.6

11.0
10.3

8.3 *

9.0*
13.2
6.1
6.2

12.1 *
10.6
14.0
15.4
12.6

22.0* 2.00
21.0* 1.64
16.2 1.28
14.6 1.02
4.9 1.12

18.0*
12.5
15.4 0.99
18.8 1.86
14.8 1.00

1.09
1.01
1.78
1.07
1.15
1.04
1.28
1.63
1.40
1.22

2.65*
2.33 *
1.23
2.39
1.04(ejl)
1.49*
1.18
1.10
1.22
1.17

* Data from ref. 1. ads.: adsorbed on the column.
*. A proportion of the erythrocytes was adsorbed at the top end of the column.

lets, granulocytes and lymphocytes were eluted from the column in the order of their
increasing retention volumes with every mobile phase used, except for eluent V in
which dextran was absent. Of the various factors investigated, the concentration and
the molecular weight of dextran in the eluent had a significant effect on the retention
volume of these blood cells. As shown previously', the retention volumes of erythro­
cytes and granulocytes increased with decreasing concentration of dextran T40
[from 8.0 to 4.5 % (w/w)]. In the present work, however, when the concentration of
dextran T40 and T500 was decreased from 4.5 to 2.0% (w/w), the retention volumes
of platelets, lymphocytes and granulocytes were decreased, the only exception being
those of granulocytes with eluent III. Retention volumes of erythrocytes, platelets
and granulocytes became very similar because of the reduced retention of the last
two groups of blood cells with eluent IV containing 1.0% (w/w) of dextran T40,
whereas lymphocytes were still appreciably retained with this eluent. Evidently, in
the absence of dextran in the mobile phase (V), all these kinds of blood cells were only
weakly retained on the stationary phase.

Of the seven kinds of mobile phases used, eluent Ill, containing 2.0 % (w/w)
of dextran T40, produced the best separation between platelets and granulocytes,
whereas that of erythrocytes and platelets was not good because of the reduced
retention of the latter on the stationary phase. On the other hand, the best resolution
of granulocytes and lymphocytes was achieved by the use of eluent I. Increasing the
concentration of dextran T40 or T500 from 2.0 to 4.5 % (w/w) retarded the elution
of these blood cells, and the separation factor between platelets and granulocytes was
reduced to 1.01-1.04 because of the delayed elution of the former cells.

An increase in the molecular weight of dextran from T40 to T500 appreciably
increased the retention of platelets and decreased those of granulocytes and lympho-
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cytes. With eluents VI and VII erythrocytes aggregated and were adsorbed on the
column. In general, of the seven mobi le phases used , eluent II , containing 4.5 %
(w/w) of dextran T40, produced the best resolution for all these kinds of blood cells.

Effect of addition of DEAE-dextran to the mobile phase
In order to examine the influence of a polycationic polymer in the eluents,

three kinds of mobile phases containing 0.5 % (w/w) of DEAE-dextran in addition
to either dextran T40 or T500 were also used. 11 has been pointed out in APTP
systems that dextran-PEG systems can be modified by incorporation of DEAE­
dextran to enhance sepa rat ions based on the surface charge of mammalian erythro­
cytes of a number of species":".

Table I shows that addition of 0.5 % (w/w) of DEAE-dextran to a mobile
phase containing 4.5 % (w/w) dextran T40 (eluent VJIl) decreased the retention
volumes of all the se kinds of blood cells and the separation factors were reduced as
compared with those obtained with eluent II. On the other hand , the cationic polymer
increased the retention of these cells in mobile phases containing 2.0 %(w/w) of either
dextran T40 (eluent IX) or T500 (eluent X) in comparison with those values obtained
with eluents III or VII. In every case the separation factor between platelets and
granulocytes was appreciably reduced because of the increased retention volume of
the platelets. The usefulness of mobile phase systems containing DEAE-dextran was
demonstrated by the fact that one can discriminate between erythrocytes and platelets
due to the retarded elut ion of the latter when using the eluent IX.

Effect of addition of neutral salt to the mobile phase
The effect of neutral salts, such as sodium chloride, on the retention of blood

cells in mobile phases buffered with either phosphate or organic amines was investi­
gated. Table II summarizes the result s of increasing the concentration of sodium
chloride on the retention volumes of platelets, granulocytes and lymphocytes. An

TABLE II

RETENTION VOLUMES AND SEPARATION FACTORS OF HUMAN PLATELETS (p),
GRANULOCYTES (g) AND LYMPHOCYTES (I) USING MOBILE PHASES CONTAINING
PHOSPHATE OR CATIONIC BUFFER (pH 7.5) IN THE PRESENCE OF SODIUM
C HLO RIDE

Co lumn as in Table I. Mobile phases XI-XIX contained 2.0 % (w jw) of dextran T40.
-- --- -- --_.._ - -_.

Mobile Concentration ( M ) Retention volume ( 11I1) Separation
phase ._,-_._- _._-- _. .. ' ..__.. fa ctor

NaCI NaH2PO. Na2HPO. Imidazole Tris p g ---- ---

glp tts
._ . _~- - _ .-

XI 0.07 0.03 0.03 5.8 8.6 12.6(ads.) 1.48 1.47
XI[ 0.11 0.02 0.02 5.5 10.4(31.4) 12.1(ads.) 1.89 1.16
XllI 0.13 0.01 0.01 5.3 17.2(ads.) 21.9(ads .) 3.25 1.27
XIV 0.12 0.465 3.6 3.6 3.6
XV 0.13 0.465 4.2 5.3 5.3 1.26
XVI 0.14 0.465 4.2 5.3 12.0 1.26 2.26
XVI[ 0.15 0.465 4.2 8.7 12.4 2.07 1.43
XVIII 0.154 0.465 5.3 9.8 13.1 1.85 1.34
XIX 0.03 0.07 4.5 9.5 15.8 2.11 1.66
- -- - -_._- - -- -_. ' - ---~--_. _ . _. .----- - - - - . ....__ . -- -- - '- -- - - ------ - - ---
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increase in sodium chloride concentration with a con comi tant decrease in pho sphate
concentration to keep the overall salt concentration essentia lly isotonic cau sed a
slight decrease in the retention volume of platel ets. On the other hand , the retent ion
volumes of granulocytes and lymphocytes decreased and a proportion of these cells
were ad sorbed on the column when eluent Xl contain ing 0.07 M of sodium chloride
was used. In particular, the affinity of granulocytes for the stat ionary phase was
significantly increased by the use of eIuents xn and X III , and lymphocytes were also
ad sorbed with eluent XIII. Erythrocytes were entirely adsorbed on the column with
eluents XII and XlIl .

From the effect of DEAE-dextran on retention of blood cells described ab ove,
it is considered that positively charged organic a mines are distributed in the bond ed
PEG stationary phase rather than in the mob ile phase, in contrast to the ani onic
pho sphate. In order to examine the influence of buffer ions and of the concentrat ion
of sodium chloride, three kind s of blood cells were chromatographed by using mobile
ph ases containing 2.0 % (w/w) of dextran T40 and several organic amines instead of
ph osphate. Table 11 shows the retention volumes of these blood cells with eluent s
XIV-XVIII which comprised 0.465 M imidazole-hydrochloric acid buffer solution ,
pH 7.5, and 0.12-0.145 M sodium chloride. In these eluents, from hypotonic to
hypertonic concentrations there was very little lysis of human erythrocytes. As shown
in Table II, a marked change of the retention was observed for granulocytes and
lymphocytes. Retention volumes of the three kind s of cells became the same with
eluent XIV containing 0.12 M of sodium chloride. The se values were still approxi­
matel y the same for platelets and granulocytes in 0.13 and 0.14 M sodium chloride. The
retention of lymphocytes was enhanced in 0.15 M sod ium chloride, and the most
rem arkable distinction of these cells was attained with 0.154 M sod ium chloride. Lysis
of erythrocytes due to the hypertonicity of the eluent was observed above thi s con­
cent ration.

By use of isot onic 0.07 M Tri s-hydrochloric acid- 0.03 M sodium chloride
buffer , pH 7.5, contain ing 2 %(w/w) dextran T40 (eluent XIX), the retention volumes
of these cells were d ifferent iated ; ho wever, their recoveries from the column were
very poor. Four kind s of Good 's buffer material s, N ,N-bis(2-hydroxyeth yl)glycine
(Bicine ), N-2-h ydroxyeth ylp ipera zine-N '-2-ethanesulphonic acid (HEPES), N-tris­
(hydroxymethyl)meth yl-2-am inoethane sulphonic acid (TES) and 2-(N-morpholino)­
eth ane sulphonic acid (M ES), in concentrations of 0.01-0.1 M resulted in irrever sible
adso rption on the column and/or poor recoveries of these cells in the presence of
isotonic 0.03-0.09 M sodi um chloride.

DISCUSSION

In the previous paper' , mobile phases containing either 8.0 or 4.5 % (w /w) of
dextran T40 or T500 and 0.09 M sodium phosphate buffer, pH 7.5, were used for the
sub-fractionation of hum an and rabbit peripheral blood cells, except platelets. The se
concentrations of dextran were chosen according to the concentrations used in the
APTP systems. It is con venient to imagine that charge-associated properties of the
membrane surface are a major determinant of the part ition of blood cells between
the bonded PEG stationary phase and these mob ile pha ses, since there is an
electrostatic potential difference between the two phases.
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It was shown in the present work that erythrocytes were eluted first, followed
by platelets, granulocytes and lymphocytes, with every eluent containing dextran. It
was also found the retention of lymphocytes and platelets to the stationary phase
requ ires the presen ce of dextr an in the mobile phase. As is seen from Table I, it was
very difficult to resolve platelets and erythrocytes by mean s of thi s chromatographic
system using eluents containing < 2.0% (wjw) dextran T40. In APTP systems,
Walter'"? partitioned platelets obtained from a number of different species in a system
containing 5.5 % (wjw) dextran- 4 % (wjw) PEG and 0.11 M sodium phosphate buffer ,
pH 6.8, and found that the partitions of platelets and erythrocytes from the same
species are remarkably similar. This indicates that platelets and erythrocytes in a
given species have similar surface properties, a t least with respect to those charac­
teristics which determine partition.

Lowering of the concentration of dextran T40 in the eluents from the 8%
(wjw) used in the previou s wor k to 2 % (wjw) results in several adva ntages such as
an improvement of the separation fact or between platelets and granulocytes and an
increase in flow-rate based on the decrease in the viscosity of the eluent.

In APTP systems, it has long been known 10 , but not further explored, that the
partition coefficient of cells increases when the polymer concentrati on is reduced in
the presence of a constant salt composition and concentrat ion. Walt er et al." pointed
out that since the electro static potential differen ce between the phases diminishes with
reduction of polymer concentration , the species-specific increase in partition coef­
ficients of mammalian erythrocy tes must be due to membrane surface properties other
than charge. Furthermore , since the potential difference between the two aqueous
polymeric phases caused by unequal partition of salts, notably phosphate, dimini shes
as the critical point is approached , it follows that the increase in partition of sells in
phases close to the crit ical point must be related to something other th an membrane
sur face char ge. It is most likely that the reduction in interfacial tension that accom­
panies redu ction in polymer concentration IZ result s in less cell adsor pt ion at the in­
terface. The extent of the interaction of the cell sur face with polymer dete rmines
the cell partition.

It has been also pointed out6 ,7 in APTP systems that the partition of rabbit
erythrocytes of low surface cha rge in a dextran-PEG phase system which also con­
tains DEAE-d extran is dependent on the partition of DEAE-dextr an itself. DEAE­
dextran is distributed unevenly between the two aqueous polymeric phases':'. In 5%
(wjw) dextran T500 and 4 % (wjw) PEG 6000 containing 0.11 M sodium phosphate,
pH 6.8, ca. 90 % of DEAE-dextran was found in the dextran-rich lower phase, which
is negati vely charged relative to the the upper phase"'. The binding of DEAE-dex­
tran to the ani onic surface of blood cells causes the latter to behave as more posi­
tively cha rged particles.

Based on th ese results, in the phosphate-buffered mobile phase, it might be
expected that the bind ing of DEAE-d extran would lead to a shift of the blo od cells
from the bonded PEG stationary phase to the mobile phase. By the use of a pho sphate­
buffered dextran mobile phase containing 0.5 %(wjw) of DEAE-dextran (eluents VIII,
IX and X), erythrocytes, and in particular platelets, were retained to the stationary
phase with eJuents VIII and X (Table I). On the other hand, erythrocytes were pulled
into the mobile phase with eluent IX. Th e retention volumes of platel ets, granulocytes
and lymphocytes were slightly increased, however , with eluent IX compared to the
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values obtained with eluent Ill. It is considered that this increase in retention may be
due to an affinity of discharged cells binding with the cationic polymer for the
stationary phase. The affinity is enhanced by increasing the concentration of dex­
tran T40 from 2.0 to 4.5 % (wjw). It must be noted that mobile phases containing
DEAE-dextran are not ideal. As has been reported by Marikovsky et al.t", the pres­
ence of charged polyelectrolytes has a tendency to cause agglutination of erythro­
cytes. In some of the mobile phases containing DEAE-dextran, after standing for a
long time, the erythrocytes were aggregated.

It is known in APTP systems that some salts, such as phosphate, sulphate and
citrate, are distributed unevenly, giving rise to an electrical and a zeta potential
between the two aqueous polymeric phases13

, 15 , 16 . This phase charge interacts with
membrane surface-charge associated properties of cells added to the phases17 , 18 . Thus
the partition of suspended materials is dependent, although not exclusively, on
charge. In addition, it has been pointed out that if sodium chloride is substituted for
the phase close to the critical point, there is no potential difference between the phases':'
since this salt partitions almost equally". Erythrocytes from most sources collect at
the interface in such a system. Cells that do partition in such a phase system must do
so through surface properties not related to their membrane charge.

In the present work, the interaction of blood cells with chemically bonded
PEG stationary phase is apparently selective, as lymphocytes and granulocytes are
more strongly retained on the column than platelets. The extent of retention of these
cells is significantly affected by incorporation of sodium chloride in the eluent buffer.
As shown in Table II, the retention behaviour of the blood cells gives an insight into
the role played by the surface properties of the cells in this chromatographic system.
Elution with mobile phases which are assumed to have zero potential difference with
the bonded PEG stationary phase results in increased retention volume and adsorp­
tion of granulocytes. The retention of lymphocytes is increased in the presence of
0.13 M sodium chloride and these cells are adsorbed on the column with eluents
XI-XIII. The chromatographic behaviour of platelets is little affected by the addition
of sodium chloride. It is therefore considered that the retention of these blood cells
when using a mobile phase containing sodium chloride and phosphate must depend
on properties other than the membrane surface charge, since the mobile phase and
the stationary phase provide no remarkable electrostatic potential difference with
which the membrane charge could interact. The retention volumes of lymphocytes
and granulocytes are also increased in the presence of 0.14--0.154 M sodium chloride
in the mobile phase buffered with imidazole (eluents XVI-XVIII). It is assumed that
these cells may be retained on the stationary phase by an interaction which is enhanced
in sodium chloride concentrations above 0.14 M.

The effect of addition of sodium chloride to the mobile phase shows that the
charge on the cell surface is one determinant of the retention of blood cells on the
column. Ionic interactions may playa role in the retention of erythrocytes on the
bonded PEG stationary phase; however, it is possible that the affinity oflymphocytes
and granulocytes is considerably dependent on the interaction of the cell surface with
the stationary phase. The contribution of hydrophobic interactions should also be
taken into consideration. A study of the surface interaction of blood cells will be
presented in a subsequent paper.
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SUM MARY

Two pairs of DuPont Zorbax PSM Bimodal gel permention chromatography
columns, packed with po rous silica particles have been used for the fracti onati on of
dextran . High initi al effi ciencies decreased with use and shrinkage of the bed suggested
silica was dissolving. Th e eluent requ ired a cert ain ionic strength to prevent some of
the dext ran being excluded.

The dissoluti on of two types of porous silica packings, LiChroprep SI-60 and
Zorb ax BP-SIL, has been invest igated in a batch system using several aqueo us solu­
tions of different ionic strengths at ambient tem perature. It was found that where a
low ionic strength was required to supress ionic exclusion of the dextran, the best
eluents were 0.001 M potassium phthalate and 0.001 M pot assium dihydrogen phos­
phate. However, silica dissolution with these eluent s or even with high purity water
will give columns packed with porous silica a finite life.

INTRODUCTION

We ha ve recently reported our experiences with various chromatographic
packings used in the aqueous gel permeati on chromatography (GPC) of dextran' . We
remarked in that paper on the doubtful long term sta bility of microparticular silaceous
chromatogr aphic packings in aqueous eluent s.

Silica packin gs are used to a considerable extent with aqueous eleuents in
reversed-phase chromatography and there has been little adverse comment on th e long
ter m sta bility of the se pac kings. However, comparatively little high-performan ce
GP C is carried out with aqueo us eluents.

Th at silaceous chroma tog rap hic packings would dissolve in aqueous solvents
with a pH greater than about 8 has long been recognised". On ly recently" has disso lu­
tion of silaceous reverse phase chroma tog raphic packings been accepted as a pr oblem
at lower pH values and the rate of silica loss reported is extremely high.

It is not surpising that pr oblems of silica dissoluti on in aqueous eluents should
exist. Th e normally accepted" equili brium solubility is about 100 ppm at pH values
between I and 8 altho ugh thi s can be much greater for microparticles",The complicated

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scienti fic Publi shing Company
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interaction between silica and water is summarised succintly by Unger" , It would
appear that chromatography on silaceous packings in aqueous eluents is only possible
because of the low rate of dissolution.

We have tested one of the new generation of high-performance silaceous
packings and subjected some of this packing to stability tests in various aqueous
eluents.

EXPERIMENTAL

Chromatography
Two pairs of DuPont Zorbax PSM Bimodal columns were tested. A simple

chromatographic system was used, consisting of a pump (Series II; Metering Pumps
Ltd., London, Great Britain), a sample injection valve (Type 30.501; Spectroscopic
Accessory Co., Sideup, Great Britain) fitted with a 20-pl sample loop and a differen­
tial refractometer detector (Model 1107LJ; Laboratory Data Control, Stone, Great
Britain).

Any deterioration in the chromatographic columns could be easily monitored
by measurement of their efficiency. The efficiency was calculated, with glucose as the
solute, by

N= 8(~)2
Wh/ e

where N is the number of theoretical plates, t R is the peak retention time and W h / e is
the peak width at the peak height, 11, divided bye, the base of the natural logarithm.

The pairs of columns were calibrated using Dextran "T" fractions (Pharmacia,
Uppsala, Sweden) and the elution of the solutes was compared in terms of the Wheaton
and Bauman distribution coefficient, Kd

7

where Ve is the elution volume of the solute and Vo is the void volume, measured by
the elution of a totally excluded solute, Dextran 2000 (Pharmacia). Vi is the internal
pore volume which is assumed to be the difference between the elution volume of
glucose, as a small solute, and the void volume.

A number of eluents were used in this work, all were made up from distilled
water and analytical grade reagents.

For the second pair of Zorbax columns a pre-column (25 x 0.4 em) filled
with LiChroprep Si-60, IS to 20 pm (E. Merck, Darmstadt, G .F.R.) was introduced.
Such a pre-column acts as an eluent filter and should contribute towards saturating
the eluent with silica.

Silica dissolution
Using static experiments, the dissolution of loose silaceous chromatographic

packings in various possible e1uents was measured. The silica dissolution was measured
as the silicon content of the solutions as assayed by atomic absorbtion spectroscopy.

The atomic absorption spectrophotometer was a Model lSI from Instrumen­
tation Laboratories Inc. (Lexington, MA, U.S.A .), fitted with a silicon hollow cath­
ode lamp from S & J Juiper and Co . (Harlow, Great Britain). The instrument set-



DISSOLUTION OF SILACE OUS PACKINGS IN AQUEOUS ELUE NTS 29

tings were as recommended by the manufacturer: lamp cur rent 12 mA ; slit width
80 .urn; wavelength 251.6 nm ; a rich acet ylene-nitrous oxide flame with a burner
height of 7 mm .

Two silaceous chromatogra phic packings were used in this work: (i) Li­
Chro prep Si-60, a 15- 25 .urn packin g normally used for preparative chromatography
(E. Merck) ; (ii) Zor bax BP-SIL, a mic ropa rticular packing very closely resembl ing
the Zorbax PSM 60 used in chroma tography.

The various solutions were made up from ana lytical grade reagents in eithe r
deionised water or "Water for Liquid Chroma togra phy" (BDH, Poole, Great Birtain).

The experimental procedure involved prepar ing 50 crrr' of the solutions,
mon itor ing the pH and then placing 0.2 g of the packing in the solution. The solutions
were vigorously agit ated occas iona lly, though the y were allowed to settle for at least
I h before the dissolved silicon con centration was det ermined direc tly by aspira ting
solutions from above the solid packing. Measurement s were taken as the average of
five 4-sec integrated signal s. It was assumed that all the silicon was dissolved silica,
the concent rations being expressed as parts per million (ppm) SiOz.

All the work was carried out using polythene containers although the "Water
for Liquid Chromatogra phy" was supplied in glass bottles.

RESULTS

Chromatography
The initial charac ter istics of the first pair of Zorbax PSM Bimod al columns

were very im pressive (Table I) . A flow-rate of I crrr' jrnin was maintained throughout
the life of this pai r of colum ns.

TA BLE I

INITIAL CHARACTERISTICS O F TH E FIRST PAIR OF ZORBAX COLUM NS

Column

PSM 60
PSM 1000
Co mbined

Efficiency
(plates)

7000
10,000
18,400

Pressure drop
(bar )

55
55

120

A slow deterioriati on in effic iency was observed over the first 80 h use, but then
there was a dramatic drop in efficiency which coincided with the application of a
number of samples of Dextran 2000, used to determine the void volume. After this
sudden drop in efficiency the columns maintained a steady performance for a further
250 h use. During thi s latter period of operation a vari ety of dextran samples were
successful1y ana lysed. It was not the reduced efficiency which caused problems but the
non-Gaussian peak shape. When the inlet end s of the columns were opened up it was
found that a definite void of abo ut 2 mm existed on the PSM 60 column and a slight
sett lement of the PSM 1000 also appea red to have taken place. The final characteri s­
tics of th is first pair of columns are shown in Table II.

A second pair of Zorbax PSM Bimodal columns were br ought into use. The
initial characteristics of this pair of columns were even more impressive (Table III) .
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TABLE II

FINA L CHA RACTER ISTICS OF THE FIRST PAIR OF ZOR BAX COLU M NS

Column

PSM 60
PSM 1000
Combined

Efficiency
(plates)

3600 '
8000
5000'

Pressure drop
(bar )

60
60

100

• Poor peak sha pe.

TABLE III

INITI AL CHAR ACTERISTICS OF TH E SECOND PAIR O F ZO RBAX COLU MN S

Column Efficiency Pressure drop
(plates) (bar)

. -_._-_ . .. ------ -

PSM 60 9900 88
PSM 1000 17,200 72
Combined 21,200 145
._----..

The fractionating range of both pairs of columns was ideal for the analysis of
clinical dextran fractions with no noticeable lower limit and an exclusion limit of abo ut
106 da ltons . Ho wever, the second pair of columns did show a consistent excluded
peak with dextran sam ples. This was presumed to be due to ionic exclusion an d pre­
vious experience had shown us that th is could usually be suppressed by increasing the
ion ic strength of the eluent. Our experiences with a number of e1uent s is summarised
in Table IV.

TABLE IV

EX PE R IENCES WITH VARIOUS ELUENTS
._- - - _._ -

Eluent Hours Sa mples Comments
used analysed

-_._-- - ----------- --_...

Distilled wa ter 60 160 Small excluded peak s
0 .5 % NaCi I 3
0.02 % NaN, 3 3 * • • 1Il

0.02 % Sodium
pentachlorophenol 2 3

0.02 % KHzPO. 80 140
0.02 % Potassium 9 4 ..., also a d ram at ic

hydrogen phthalate drop in efficiency
. .. ,-- - - '- ---,-.,_._------ --- -- _.,..

• Suppressed excluded peak s, but it produced large negati ve peak s due to the absence of salt
in the sample .

•• With pH values of less tha n 7 these eluents were expected to enhance silica dissolut ion .
• • • Suppressed excluded pea ks with only a small negative pea k intro duced .

The efficiency dropped slowly during the per iod of time that phosphate was
used in the eluent. After 50 h use of the phosphate eluent the combined column
efficiency was 16,200 plate s. After the sudden drop in efficiency it was no longer
possible to maintain the I cm3Jmin flow-rate. Th e column efficiencies were measured
after being used with the phthalate eluent (Table V).
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TABLE V

CHARACTERISTICS OF THE SECOND PAI R OF ZORBAX COLUMNS AFTER 150 h USE

Column

PSM 60
PSM 1000
Combined

Efficiency
(plates)

1190
8040
6650

Pressure drop
(bar)

115
115
130

Flow-rate
( cm'[min)

1
1

0.7

• Poor peak shape.

When the inlet ends of the second pair of columns were opened up it was
found that there had been a considerable amount of sett ling with 2-mm and l-mm
voids on the PSM 60 and PSM 1000 columns respectively. The columns were "topped­
up" using the Zorbax BP-SIL material and a combined efficiency of 15,000 plates was
obtained . A further 250 h use was obtained from these columns with occasional
"topping-up". Although the combined efficiency was always kept well above 5000
plates, there was a steady increase in pressure drop and decrease in flow-rate . The
phthalate eluent was used for this later work.

The elution volumes of Dextran 2000 and glucose were recorded regu larly to
allow the use of the Wheaton and Bauman distribution coefficient. No change in the
calibration of these columns was obse rved.

Silica dissolution
The initial silica disso lution work was carried out with the LiChroprep Si-60

packing. The silica dissolut ion with time is recorded in Table VI.

TABLE VI

DI SSOLUTION OF LICHROPREP Si-60

Solution Approx. Silica concentration (ppm) Initial pH
molarity

16 II 98 II 122 h 27 days
_..-_ . _ . --'_ . . - - - - ----. -- . . . ....... _ . - ---_ . .-. - - -. -.._- .---

Deionised Water 41 73 92 118 5.5
0.5 % NaCl 0.1 51 81 105 113 5.6
0.05 % NaCI O.OJ 41 75 101 113 5.2
0.05 % KH2PO. 0.004 21 43 60 88 5.0
0.05 % K02C(C6H.)C02H 0.003 9 15 21 49 4.2
0.05 % KSCN 0.001 32 65 94 88 5.7
0.05 % NaN3 O.OJ 51 79 103 113 7.3
- .._. ---- - _. '- .

Zorbax BP-SIL was used in two separate dissolution experiments. In the first
experiment the solutions were made up in deionised water and the results are summa­
rised in Table VII. In the second dissolution experiment with Zorbax, the solutions
were made up in "Water for Liquid Chromatography" (Table VIII).
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TABLE VII

DISSOLUTION OF ZORBAX IN SOLUTIONS FROM D EIONISED WATER
-----_ ._._----_.

So lution Si lica concentration (ppm) Initia! pH
- - _.,-- _ .._--- - -~ - ----- _.-

J II 24 h 48 h

Deion ised water 2.1 2.4 9.0 5.7
0.1 M NaCl 3.4 24.2 54. 6 5.7
0.0 5 % NaN, 5.7 » 40 » 70 7.3
0 .1 M KH 2PO. 4.3 25.3 65.4 4.5
0 .0 1 M KH2PO. 3.2 18.9 44.6 4.5
0 .001 M KH2PO. 2.1 9.0 19.1 5.2
0.1 M K02C(C6H.)C02H 7.1 24.4 50.1 3.8
0.0 1 M K02C(C6H. )C02H 1.5 16.7 31.9 4.0
0.00 1 M K0 2C(C6H. )C02H 2.4 7.9 15.0 4.2
0.1 MKSCN 2.1 20.6 48.4 5.5
0.1 MHCI 1.7 7.9 12.0 0.6

--"-"-"_ .. '- --

TABLE VIII

DISSOLUTION OF ZORBAX IN SOLUTIONS FROM "WATER FO R LIQUID CHROMA­
TOGRAPHY"

So lution Silica concentration (ppm ) Initial pH

48 h 114 h

Deioni sed water 2. I
"Water for Liquid Chro ma tography" 3.2
0.001 M K02C(C6H.)C02H 8.9
0.1 M Na2S0 . 34.4
0.01 M Na2S0. 22.5
0.00 1 M Na2S0. 11.5

DI SCUSSION

8.8
9.2

19.3
50.6
35.4
23.4

5.7
4. 8
4. 2
6.2
6.8
6.8

It can be seen from the result s reported here on chromatogra phy with the
DuPont Zorbax PSM Bimod al columns that a useful practical life can be obtained
from microparticular silaceous GPC packings when used with aqueous eluents. The
first pair of columns exhibited an early dramatic drop in efficiency which was then
followed by a long period of stability. With the second pair of columns a significant
period of high efficiency was achieved before a sudden drop in efficiency again followed
by a steady lower efficiency. The later silica dissolution work indicates that there is
probably no connection between the sudden drop in efficiency of the second pair of
columns and the change to the phthalate eluent solution.

The difference in the initial pressure drops across the two pairs of columns is to
some extent explained by the introduction of the pre-column when using the second
pair. However , the higher efficiency and the higher presure drop of the second pair of
columns probably reflect an improvement in the column packing technique of the
manufacturer.

The very high efficiency found with the silaceous microparticular columns is
not generally required in GPC, though the short an alysis time is a great asset . When a
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void is created at the top of the column, a shoulder will usuall y be seen on the glucose
peak. It should be st ressed that it was th is lack of qu ality in the peak shape, rather
tha n the dr op in efficiency, that cau sed problems. However these voids at the top of
the column can be "to pped-up", even with a different packing, to imp ro ve the peak
shape and increase the effect ive life of the colum n.

The silica dissolution work with LiChroprep Si-60 was ori ginall y carried out to
test th e experimenta l method on a less va luable chromatogra phic packing. Since thi s
packing is likely to have different surface properties to the Zorbax, the result s have
been includ ed to allow compar ison s to be made.

The two experiments with the Zorbax BP-SIL pack ing used two test so lutions
common to each experiment [deionised water and 0.001 M KOzC(C6H 4)CO zH].
That the measured silica dissolu tion is so different in each case ind icates th at there
mu st be other important par ameters (e .g. , the degree and frequency of agita t ion) and
only th e relati ve solubilities sho uld be con sidered .

from the first experiment with Zorbax BP-SIL it can be clearl y seen that the
concentration of salts in solution have a dramatic effect on the amount of silica
dissolution. The con centration of sa lts is obviously more im portant th an small changes
in pH around thi s m ildly acid ic area. The more extreme pH values have a large effect
on silica dissoluti on . The effect of sod ium azide solut ion is of particular in terest; its
pH of 7.3 would normally be considered acceptable and in fact sod ium azide is
frequ ently used to inhibit bacterial growth either in aqueous sam ples or aqueous
eluents. How ever, th ese results suggest that sodium az ide enhances dissolu tion of
silica qu ite significantly.

The second experime nt with Zorbax BP-SIL was principally intended to com­
pare the silica dissolut ion pro perties of deionised water and "Wa ter fo r Liqu id
Ch romatography", though an additiona l salt , recommended to suppress "ghost"
peaks", sodium sulphate was also tes ted . There appeared to be no significant difference
between th e silica dissolution pro perties of de ioni sed water and "Water for Liquid
Ch romatography" . It was also surprising that this "Wa ter for Liquid Chromatog ra­
phy" had no record able silica concent ra tion as it was supplied in glass bottles ; th is
ma y well be because the ultra pure water does not contain the salts necessary to
promote silica dis solution.

Compari son of the phthala te and sod ium sulphate solut ions suggests tha t so­
dium sulpha te will cause similar silica d issolution to the other salts used at the same
concentration .

Sub sequ ent to the work reported here it was found? th at if the columns are
flushed with and stored in acetone after use, the ir lifetrme is considerably increased .
It is a lso reported" th at aqueou s methanol (10% methan ol-90%water, to which 2%
glycerol is added) has been successfully used as eluent elsewhere.

CO NCLUSIONS

There would appear to be always a sign ificant dissolution of microparticular
silaceo us chromatographic pack ings in aqueous eluents. In the slightly acidic region
of pH (3- 6), frequently used for chroma tog raphy, the concentra tion of salt in solution
is the impo rtant parameter . Usually only a low concentration of salts is required to
suppress an y adverse ionic effects of a ch romatographic column. We have found that
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0.001 M potassium phthalate or potassium dihydrogen phosphate suppresses the
small excluded "ghost" peaks, without introducing large negative peaks and these
solutions do not significantly enhance silica dissolution.

The life of the new generation of microparticular silaceous chromatographic
columns must be limited when used in aqueous eluents because of silica dissolution.
Whether or not the life of microparticular silaceous chromatography columns will
ju stify the cost of manufacturers pre-packed columns will depend on the applicat ion .
Where bulk chromatography pac kings are available thi s is probably a more sensible
approach as the columns can be readily re-packed.
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SUMMARY

Commercially available graphitized carbon black , after a fractionation process
to obtain particles of various sizes can be used for the preparation of columns for
high-performance liquid chromatography where it behaves as a natural reversed
phase. The chromatographic and packing performances of these columns have been
determined. Reduced plate heights of less than four have been obtained for retained
compounds (k' = 7), coupled with a satisfactory permeability. A critical evaluation
of the advantages and limitations of these columns is made. Some practical applications
are reported to allow a direct comparison between graphitized carbon black and other
reversed-phase chromatographic supports.

INTRODUCTION

Since the pioneering work of Kiselev and co-workers ':", graphitized carbon
black (GCB) has increasingly been applied in the gas chromatography of complex
organic mixtures", The versatility of this material is mainly due to the characteristics of
its surface which is almost free of unsaturated bonds and polar active sites so that
adsorption of various molecules occurs non-specifically. These features have been
exploited-:" in gas-solid chromatography (GSC) as well as in gas-liquid-solid chro­
matography (GLSC).

Although GCB is particularly suitable as a reversed phase in liquid chromato­
graphy and in high-performance liquid chromatography (HPLC), no direct use of
GCB has been reported mainly because, as pointed out by Colin et al.", practical
application is prevented owing to its poor mechanical properties. Those authors
tried to overcome this limitation by hardening the GCB surface by benzene pyrolysis
in an inert gas stream. This treatment , which yields a deposit of pyrolytic carbon,
renders the particles hard enough to stand the high pressures commonly required

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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when the so-called balanced-density slurry packing method" is employed. However,
drastic changes are produced in the properties of the original particles: the surface
area is decreased and the material is not as inert and hornogeneous':". Tailing is
frequently observed in peaks with arather high capacity ratio, and a further graphiti­
zation process has been proposed",

Since both the hardening and the graphitization processes require careful
control of some parameters (such as temperature, time and benzene flow-rate) in order
to obtain a sufficiently reproducible support, an investigation has been carried out
with commercially available GCB in an attempt to obtain HPLC columns. This
paper describes the preparation procedure and an evaluation of the performance of
the columns in terms of plate height as a function of mean particle diameter and
capacity ratio, k', Some practical applications are presented, together with a compari­
son between GCB and the most widely used materials in reversed-phase chromato­
graphy. The limitations and advantages of GCB in HPLC are also discussed.

EXPERIMENTAI

Column preparation
Carbopack B (80-100 mesh) supplied by Supelco (Supelco, Bellefonte, PA,

U.S.A.) surface area ca. 80 m2/g, was selected because of its mechanical stability
compared to other GCB. The material was ground on a mechanical sieving machine
with rubber balls. The resulting particles were then placed on the top of a set of metal
screens (200, 150,88, 75, 54,45,33,25, 15 ,um) having a diameter of22 em and acetone
was continuously added to the top screen. This preliminary treatment breaks down
those particles formed by simple agglomeration of microparticles present in the origi­
nal material. The frictional forces due to the flow of acetone dislocate the particles as
their cohesion is reduced by the decrease of the interparticular electrostatic interac­
tions; consequently microcrystallites from the core of the particles are washed out.
After this treatmenent the various GCB sizes were dried and the dried material was
sieved again. Examination under the microscope showed that particles having mean
diameters greater than 20 ,um are well defined and almost spherical, whereas those
having mean diameters less than 20 ,um appear to be mainly comprised of irregularly
shaped microparticles. Only particles in the former category were selected for our
investigation. Because we wished to check the packing arrangement during the
packing process as well as during the chromatographic analysis, glass columns, 25­
35 em in length, instead of stainless steel were employed. Glass tubes (6 mm O.D.,
1.6 mm J.D.) can be used even above 200 kg/ern", although the column capacity is
reduced.

Columns were prepared by a dry packing technique similar to that employed
for packing GCB micropacked columns commonly used in gas chromatography",
GCB was continuously placed on the top of the column with constant vibration of the
walls as well as of end of the column. As the use of fritted metal ends was found to
damage the GCB particles, the column ends were separated from the packing by
means of 180~200 ,um metal particles. These were kept in place by a 10-,um metal
screen supported on a PTFE a-ring placed in contact with the internal wall of the
metal fitting. Polyamide ferrules were used to ensure a tight metal-glass connection
and were found to be stable above 200 kgjcm'.
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Apparatus
To obtain a low dead volume, a home-made injector was employed. This

device permits observation of the sample injection and prevents column plugging
caused by the syringe needle; it is quite useful especially when soft particles are used .

The columns were set into a Varian Model 4100 liquid chromatograph (Varian
Aerograph, Walnut Creek, CA, U.S.A.) equipped with a variable-wavelength Variscan
UV detector and fed with a liquid of low viscosity (pentane) by slowly increasing
(2 h) the flow-rate from 0.1 to 2 ml /min. As this procedure generally causes a slight
rearrangement and a small decrease (ca. 2 ern) of the height of the packed material,
additional particles are required to fill the extra volume. For column safety, it is
suggested that GCB of larger particle size (120-180 .um) be added. A schematic dia­
gram of the injection device and of the connections of the glass columns with the
liquid chromatograph is shown in Fig. 1.

-4

Fig. I. Scheme of the injector and its connections to the column. 1 = Septum; 2 = liquid inlet;
3 = polyamide ferrules ; 4 = glass column filled with Carbopack B particles; 5 = 180-200llm metal
particles; 6 = 10-llm metal screen; 7 = I mm thick PTFE O-ring ; 8 = stainless-steel capillary tube
(0.2 mm 1.0.).

RESULTS AND DISCUSSION

GCB column performance
Three sets of columns filled with particles with mean diameters corresponding

to 75-88,33-45 and 25-33 .um respectively were prepared. Each column was then
connected to the chromatographic apparatus and its efficiency was measured for
compounds having a capacity ratio ranging from about 0.01 to 7. The test mixture
injected contained benzene, 1,3,5-trimethylbenzene, naphthalene, methylnaphthalene
and 3,6-dimethylnaphthalene and the elvent was pentane. Fig. 2 shows typical plots
of HETP vs. linear velocity for two of the most retained compounds (k' = 3.07 and
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Fig. 2. HETP vs. linear velocity for glass columns (25 cm x 1.6 mm J.D.) packed with Carbopack B
particles of different sizes. Eluent : pentane. Particle size : . , 75- 88 pm ; ..., 33-45 /1m; ., 25-33 /-1m.
Compounds : a = methylnaphthalene (k ' = 3.07); b = 3,6-dim eth ylnaphthalene (k ' = 7.01).

7.01 respectively). The var iations of HETP values vs. increa sing values of the capacity
ratio for various compounds are shown in Fig. 3a. All H ETP values correspond to the
of minimum values ob served in the HETP vs. linear velocity curves . The dashed
line refers to the HETP value smeasured at a linear velocity of I cm/sec with a column
filled with 25-33 flm particles.
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F ig. 3. a, HETP vs. capacity ratio calculated at a linear velocity corresponding to the minimum
H ETP value for Carbopack B particles of different sizes (see Fig. 2). The dashed line corresponds to
the HETP value measured a t a linea r velocity of I em/sec. b, Typical chromatogram obtained with a
glass column (25 em x 1.6 mm 1.0.) packed with Carbopack B (particle size, 25- 33 lim). Peaks :
1 = benzene; 2 = I,3,5-trimethylbenzene ; 3 = naphthalen e ; 4 = methyl naphthalene ; 5 = 3,6­
dimethylnaphthalene.
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When the above fractionating procedure described was carefully followed, the
differences in HETP between the various columns in each set never exceeded the
values in Figs. 2 and 3 by more than 10%. Fig. 3b shows a typical chromatogram
obtained with a 25-cm column filled with 25-33 ,urn particles and working at a linear
velocity of I em/sec.

From the results reported in Figs. 2 and 3 the following conclusions can be
made:

(1) The average minimum HETP values obtained for retained compounds
(k' from 3 to 7) are almost equ al to four times the particle diameter (reduced plate
height ranging from 3.7 to 4.0). This indicates that quite efficient columns can be
obtained with GCB. If the results obtained at low k' with GCB do not differ appre­
ciably from those obtained with hardened carbon black particles", the slope of the
HETP vs. it plots obtained at high linear velocity appears to be less with GCB than
with pyrolytic carbon.

(2) Plots of H ETP vs. k' are almost flat for different values of the mean particle
diameter and for the range of linear velocities employed. This means that efficiency
losses arising from non-linearity of the adsorption isotherm are negligible and there
is only slight tailing of the peaks due to the dead volume. This explains why the values
obtained at k' = 0 are slightly higher than expected on the basis of plate height theory. It
should be added, however, that whereas the value of the minimum HETP at k' = 0 is
of theoretical interest, in practice of greater importance is the HETP value measured
for a fairly strongly retained compound (k' = 3) when the linear velocity approaches
the values commonly used during analytical separations (0.5-1 em/sec). In this con­
tent , GCB columns show a comparable or better performance than those filled with
the commonly used reversed-phase packings, having the same particle diameter.

The above con siderations demonstrate the advantage in using Carbopack B
columns in comparison with pyrolytically hardened carbon black particles. The high
efficiency observed with the former at high values of the capacity ratio should un­
doubtedly be attributed to its greater homogeneity in comparison with the latter. The
pyrolytic treatment produces an increase of the number of active sites on the carbon
surface having an intermediate structure between amorphous and graphitized carbon,
and therefore a lower degree of homogeneity".

The packing performance of GCB columns has been evaluated also by mea­
suring the permeability exhibited by each set of columns characterized by different
particle size. Column permeabilities, rp, were calculated from the equation'? rp =
!JPdp

2/LlIYj , where !JP is the column pressure drop, L the column length, u the mobile
phase velocity and Yj the eluent viscosity . Values ranging from 650, when dp > 33,um,
to 870 when dp < 33 ,urn, have been calculated. Although the packing permeability
is not as good as that calculated for pyrolysed carbon black, the values obtained
indicate that GCB may be suitable for HPLC.

It has to be stressed, however, that Carbopack B columns have a more limited field
of application than tho se packed with modified carbon black. As they require solvents
of viscosity less than 0.7 cP, any attempt to use water-methanol (30:70) or even pure
ethanol as eluent has been unsuccessful. Although this limitation might in practice be
overcome by operating with eluents of low viscos ity, which in the case of carbon black
cover almost the entire scale of eluotropic strength7, care has to be raken to prevent
columns plugging when viscous eluents are needed in connection with rapid gradients.
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Moreover it has so far been impossible to prepare GCB particles smaller than 20 ,urn,
a size available for other packing materials.

Practical application ofGCB columns
Some analytical applications which can be performed rapidly without the use

of gradients or viscous solvents have been examined to provide a direct comparison
with the packings commonly used in reversed-phase liquid chromatography.

Fig. 4b shows the separation of a mixture of chlorinated pesticides and Fig 4a
the fingerprint of a commercial PCB mixture (Fenclor 64). As the former sample was
analyzed by using a more selective but also weaker eluent (methanol) than the latter,
it is suggested that GCB columns might fruitfully be employed for sample fractiona­
tion.

a b
...
E

02468 024 TIMElmln)

Fig. 4. a, Separation of a PCB mixture (Fenclor 64) on a glass column (25 em x 1.6 mm 1.0.)
packed with Carbopack B (25-33 pm). Eluent: pentane. Flow-rate: I ml /rnin. b, Analysi s of a
mixture of chlorinated pesticides on the sa me column as in a . Eluent : methanol. Flow-rate:
0.5 ml/rnin. Peaks: 1 = chlordane ; 2 = aldrin; 3 = pp '-OOT; 4 ~~ Metoxichlor; 5 = unknown.

Fig. 5a shows the chromatogram of a mixture of alkyl phthalates commonly
used as plastifiers, and Fig. 5b illustrates the analysis of an environmental sample
consisting of a water condensate collected from the gaseous emission of an urban
waste incinerator. Although these analyses can be performed with many other packings,
it is worth noting the selectivity exhibited by GCB in the separation of diisobutyl and
di-n-butyl phthalate isomers.

Fig. 6a shows the separation of atrazine, a known herbicide, from some of its
metabolites produced by bacterial degradation11.

Fig. 6b illustrates the direct analysis of the products formed during an "in
vitro" bacterial degradation of an atrazine solution.

Fig. 7 shows a typical pharmaceutical analysis, which is generally carried out by
reversed-phase chromatography: the separat ion of active components of an analgesic
pharmaceutical product consisting of phenylacetamide, phenacetin and caffeine.
Acetylsalicylic acid, if present in such drugs, is eluted after the phenylacetamide peak .
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Fig . 5. Separation of a mixture of plastifier s on a glass column (25 em x 1.6 mm 1.D.) packed with
Carbopack B (25-33/101 ). Eluent: methanol. Flow-rate : I ml/min , a, Chromatogram of a standard
mixture. Peaks : 1 = dimethyl phtha late ; 2 = diethyl phthalate; 3 = Dii sobutyl phthalat e ; 4 = di­
n-butyl phthalate ; 5 = di-s- octyl phthalate. b, Water condensate from urban was te incine rator .

Fig . 6. Analysis of some triazi ne isomers . Co lumn and eluent : same as in Fig. 5. F low-rate:
0.5 ml/min . a, Pure sta nda rds ; b, sa mple co llected from an "in vitro" bacterial degradation of
atrazine.
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Fig. 7. Separ ation of some constituents of a pharmaceutical preparation (an algesic). Conditions as
in Fig . 5. Peaks : I = phenylace tamide ; 2 = phe nacet in ; 3 = caffeine.

Fina lly Fig. 8 shows the separation of two UV absorbing free amino acids in
methanol solution: phenylalanine and tryptophan. This separation should be re­
garde d only as an attempt to demonstrate the versatility of GCB for the ana lysis of
such fractio nations.



42

...
E

o ~ ~ 11MElm in)

P. CICCIOLI, R. TAPPA, A. DI CORCIA, A. LIBERTI

Fig. 8. Separati on of two UV absor bing amino acid s. Co nditions as in Fig. 5. Peaks : 1 = phenyl­
alanine ; 2 = tryptophan.

CONCLUSIONS

Commercially available G CB can successfully be used for th e prepar ation of
HPLC columns providing the material is fract ionated into various sizes. Alth ough
there ar e some limitations related to the viscosity of the eluent s, GCB, which is a
natural reversed phase, may be spec ific in the analysis of polar low boiling isomers as
in the separation ofcomplex mixtures, especia lly when pa rticles having sma ll diameters
can be employed.
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SUMMARY

The application of an au tom ated on-line multi-dimensional liquid-liquid
chromat ographic technique for the clean-up and analysis of water-soluble samples was
investigated. The use of microparticulate aqueous-compatible ster ic exclusion columns
as the primary separat ion step coupled to either reversed-phase, normal-phase or
ion-exchange columns as the secondary step allowed the direct injection of complex
samples without pr ior clean-up . The entire operation was automatically controlled by
a microprocessor-based liquid chromatograph with time-programmable events which
allowed precise switching of high-pressure pne umatically operated valves. Both heart­
cutting and on-column concentration methods were used. The heart-cutting technique
had the advantage of selectivity but lacked sensitivity ; more successful was the on­
column concentration technique, which, by the concentration of the solute from a
larger volume of exclusion column effluent on to the secondary column, gave better
sensitivity. The technique was applied to the analysis of the oph ylline and caffeine in
biological fluids, catecholamines in urine, vitamins in a protein food supplement and
sugars in molasses and cand y bars.

---- --- - -- - --- - --- ----

INTRODUCTION

Multi-dimensional chromatography (also kno wn as coupled column chroma­
tography or column switching) refers to the technique in which fractions from one
column are selectively transferred to one or more secondary columns for further

• Presented at the 13th International Symposium on Chromatography, Cannes, June 30-July 4,
1980. Th e majority of the papers presented at this sympos ium has been publi shed in J. Chromatogr.,
Vols. 203 and 204 (1981).
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separation. Off-line multi-dimensional liquid chromatographic (LC) techniques have
been in use for some time. In particular, the use of gel permeation chromatography
(GPC) for the clean-up of complex sample matrices using organic solvents fol1owed
by either an LC step or a gas chromatographic (GC) separation of the col1ected frac­
tions is widespread (for an example, see ref. 1). Such off-line techniques are often time
consuming, inconvenient and difficult to quantitate and/or reproduce. Obviously, on­
line techniques are to be preferred.

The on-line combination of high-performance GPC and reversed-phase chro­
matography (RPC) employing two chromatographic pumps has been reported earlier".
In the earlier approach, complex organic soluble samples were first fractionated on a
microparticulate cro ss-linked pol ystyrene exclusion column using tetrahydrofuran
(THF) as the mobile phase and, using a heart-cutting approach, these fractions were
directed through a six-port sampling valve on to a rever sed-phase chromatographic
column using water-acetonitrile as the mobile phase. Two difficulties were encoun­
tered with this approach: (I) water-soluble samples could not be handled and (2)
because THF is a powerful modifier in reversed-phase chromatography, only a smal1
volume could be injected from the GPC column on to the reversed-phase column.
Large injection volumes of THF would cause partial migration of injected fractions
down the reversed-phase column, thereby limiting resolution. However, too small
volumes would limit the sensitivity of the technique.

With the recent developments in aqueous-compatible, rigid microparticulate
(lO-,um) exclusion (gel filtration) columns", it was of interest to explore the feasibility
of handling complex aqueous samples by multi-dimensional chromatography. Erni
and Frei" reported the successful coupling of aqueous-exclusion and reversed-phase
columns but used large porous glass particles as the exclusion media. Broad elution
profiles from low-efficiency primary columns limit the ultimate resolution and sensitivi­
ty of the multi-dimensional technique. In this work we utilized IO-,um high-perform­
ance microparticulate aqueous-exclusion columns coupled on-line with reversed­
phase, ion-exchange and normal bonded phase chromatographic columns. Such a
combination allow s the on-line clean-up of a wide range of aqueous samples, ran ging
from physiolo gical fluids to water-soluble industrial polymers. Thi s combination
technique also provides the capability of easily concentrating samples on to a second­
ary column.

The combination of aqueous-exclusion chromatography (EC) and RPC is ideal
from the standpoint that the solvents used in both techniques are compatible. The
predominant aqueous mobile phase used in EC is, fortunately, a "weak" mobile phase
in RPC. Such solvent compatibility allows, in addition to heart cutting, the technique
of on-column concentration to be carried out. In this mode of operation, the flow of
column 1 is directed for a finite period of time on to column 2 ; in effect, it directs a
portion of the chromatogram from column I on to column 2. By the use of automatic
valving , the entire operation can be carried out unattended.

In our earlier report", two or three pumps were employed . With the advent of
modern single-pump ternary gradient chromatographs, thi s less expensive alter­
native appeared to be more attractive. Therefore, one aim of this work was also to
investigate the use of a microprocessor-controlled single pump chromatograph in per­
forming all required tasks.
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EXP ERIM ENTAL

Instrumentation and columns
Fig. I is a schema tic dia gram of the mul ti-dimension al system employed . The

chromatograph is a Vari an Model 5060, which has a single pump wit h three-solvent
cap ab ility. It was equipped with an automatic six-port sam pling va lve (Valeo) for
injecti on of the sa mple on to the exclusion column. In addition , up to th ree other
auto ma tic six-po rt, two-posit ion va lves (Valco) were employe d . All valves could be
controlled by tim e-p rogrammabl e exte rna l events (powered contac t clos ures) fro m
the chrom atograph . T hey co uld be automat ically switched either ofT or on at pre­
det ermined t imes by single keyboa rd prog ramming.

COLUMN
1

COLUMN
2

r------ ---- ------
: VALVE B

: [SAMPLING
, ,VALVE

EXTERNAL: EXTERNAL'
EVENT 4'EVENT 3:

IRECORDER ~ -- -

Fig . I . System configurat ion fo r a utomated o n-line column-sw itching techni ques using Varian
Mode l 5000 LC external events . Dashed lines represent electrica l co nnecti ons.

The aqueous compatible micro pa rt iculate (IO-,um) exclu sion columns were
30 em X 7.5 mm 1.0. MicroPak T SK Type SW or TSK Type PW columns. Th e Type
SW co lum ns ar e reco mmende d for biop olymers and are packed with rig id particles of
silica gel especially chemically deactivated to avoid ad sorption of proteins. Th e Type
PW co lumns are packed with micropart iculate po lyether gels which contai n hydro­
philic hydroxyl surface groups . Th ey ar e recommended for simp le sacc harides, pol y­
sacc ha rides an d wate r-so luble industrial polymers, oligomers and additives. Co lumn
2 (30 ern x 4 mm 1.0.) was on e of three : (1) a MicroP ak- MCH-I O reversed-phase
co lumn which co nta ins 10-,um part icles with a mon olayer of bonded octadecylsilane;
(2) an Aminex HPX-87 (polystyrene-divinylbenzene) cat ion-exchange resin in the CaB
form , recommended for carbohydrates; or (3) a Micro Pak-Nl-l j-l O column, which
pos sesses surface amino propyl groups. All of the se co lumns are available from Vari an
(Palo Alto, CA, U. S.A.).

A Va rian UV-50 var iable-wavelength detector, a Varian Fluor ichrom filter
fluorimet er or a Bioan alyt ical Systems (W. Lafayette, IN , U.S.A .) LC-2 elec troche mi­
cal detector with a glassy ca rbon electro de were employed .

Valving configurations
By appropr iate configurat ions of th e switching valves, a nu mb er of flow options

were avai lable. F ig. 2 depicts the normal configuration when two switching valves
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Fig. 2. HPLC solvent flow diagram for automated on-line multi-dimensional chromatography.
Heavy lines represent solvent flow path for the normal configuration.

were employed. Such a configuration allows both heart cutting or on-column con­
centration to be carried out with no plumbing change. By using external events 3 and
4 from the Model 5060, valve A or valve B can be switched at different times in order to
obtain different flow paths. The heavy lines represent the flow paths for the normal
configuration at time zero. For heart cutting, when the solute of interest enters the
trapping loop, having been eluted from column I, both valves are switched and the
trapped solute (the volume of which is determined by the loop volume) is directed on
to column 2. In this switched configuration, using a single-pump chromatograph, some
mobile phase used for the exclusion separation that resides in the chromatograph
hydraulics and connecting lines is routed through column 2. In the usual case, the
passage of this volume of mobile phase, which at most represents 4 ml in the Model
5060, is not detrimental since water or buffered water is a weak solvent for RPC. By
switching valve B back to its normal state after all of the sample has been directed on
to column 2, most of this solvent goes to waste. Then chromatography on column 2
can be carried out by again switching valve B. Note that column I is isolated and other
fractions could, in turn, be chromatographed on column 2 when the first separation
has been completed.

In the on-column sample concentration configuration, valve B is switched
from the normal configuration in Fig. 2 when one desires to concentrate a portion of
the chromatogram. The total time selected is dependent on the volume desired to be
injected. When the volume is diverted from column I to column 2, then valve A is
placed in its switched position and now chromatography proceeds on column 2.

In cases where the solvent used in column I remains in the lines and is,
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therefore, partially pumped through column 2 during its chromatography step is
detrimental to the column or the separation, a second valving configuration employing
three valves can be used. Although not sho wn, an optional valve is placed bet ween
valves A and B. Its purpose is to act as a hold ing loop du ring heart cutt ing so that the
solvent in the lines can be dire cted to waste. Once all lines have been flushed, then the
sample is directed to column 2 and chromatography begins.

Solvents and chemicals
Acetonitrile and methan ol were distilled-in-glass materials obta ined from

Burdick and Jack son (Mu skegon , MI , U.S.A.). Water was purified by reverse osmo sis
and deioni zation. Buffer salts were of reagent grade.

Samples of molasses, candy bar and protein supplement were obtained locally.
Sugars and vitamins used as standa rds were of reagent grade . Samples of reagent­
grade DOPA (3,4-dihydroxyphenylalanine) sta ndard were obtained from Aldrich
(Milwaukee, WI , U.S.A .). Urine samples for DOPA analysis were obtained from the
Uni versity of California at San Francisco, Department of Dermatology.

Preparation ofsamples
Samples of molasses and candy bar were either suspended or shak en with

water for several minutes, then centrifuged, and the superna tant was filtered through an
0.45-,um membrane filter prior to injection . Urine and plasma were filtered through a
membrane filter. Standard samples were dissolved in water or buffer at the appropriate
concentration and then chromatographed.

Chromatography
Th e basic chromat ographic pro cedures were carried out in a similar manner.

The filtered sample was injected, either manually or with an AutoSampler, on to the
exclusion column. The Model 5060 pump allows use of one, two or three solvents and
either isocra tic or gradient opera tion. Blendin g is accomplished by high-speed solvent
proportioning valves on the low-pressure side of the pump. Th ese solvent com posi­
tions can be tim e programmed . Thus, the EC solvent used in column 1 can be different
from that used in column 2. For example, solvent A for EC can be water, and while
EC is pr oceeding solvent A only can be pumping. When the second separat ion step
commences on column 2, solvents B (aqueous buffer) and C (acetoni trile or methanol)
can be programmed to begin flow and solvent A stopped. Thus a single pu mp can
serve the pu rpose of a two- or three-pump system.

At the time heart cutting or on-column concentra t ion is to occur , the chroma­
tograph is simultaneously programmed to actuate the correct valves, thereby directing
the desired trapped volume or port ion of chromatogram as well as the desired solvent
or solvent combination.

RESULTS

Caffeine and theophylline in biological flu ids
The ophylline (I ,3-dimeth ylxanthine) is used in the treatment of bronchial

asthma and has been applied as a CN S stimulant an d diuret ic. High-perfor manc e
liquid chromatographic (H PLC) analyses of theophylline and a common interferent ,
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caffeine, in plasma and urine have been given considerable attention recently. These
analyses, however, rely on sample pre-treatment, such as extractions or pre-concen­
trations":". The following application allows the direct injection of biological fluids
without pre-treatment.

The analysis of caffeine and theophylline in biological fluids was carried out
using both the heart-cutting and on-column concentration methods. 1n both instances,
the first column was a MicroPak TSK 2000SW exclusion column (50 ern X 7.5 mm
1.0.) and the second column was a MicroPak MCH-IO reversed-phase column. The
effluent from both columns was monitored at 272 nm . Exclusion chromatography was
performed using water as the mobile phase at I mljmin. Caffeine and theophylline
were co-eluted from the aqueous exclusion column at 18.8 ml under these conditions.

Tn the heart-cutting method used for the analysis of caffeine, 50 pI of raw urine
were injected on to the exclusion column. At the elution volume of the caffeine peak
from the exclusion column (18.8 ml corresponding to the peak apex), the solute was
trapped by means of a 50-pI trapping loop. Solvent flow was switched to the reversed­
phase column by appropriate valve actuation and, after an equilibration period of
4 min at a mobile phase flow-rate of 4 ml/rnin , the trapped solute was injected on to
the reversed-phase column. RPC analysis of caffeine was performed isocratically using
a mobile phase containing 20 mM tetramethylammonium chloride, 10 mM potassium
dihydrogen orthophosphate and 24 %acetonitrile at a flow-rate of 1 mljmin. Fig. 3A
depicts the analysis of a caffeine standard using this technique. The elution volume of
caffeine is slightly above 4 ml under these conditions. The heart-cutting method
yielded a minimum detectable concentration of 5· 10- 3 mgjml of caffeine with 4
decades of linearity. Fig . 3B shows the analysis of a urine sample containing approxi­
mately 6· 10-3 mg/rnl of caffeine. Although the heart-cutting method allowed high
selectivity owing to the ability to trap small solute volumes, in this instance it was
insufficiently sensitive to detect theophylline at therapeutic levels.

1n the on-column concentration method for blood plasma and urine analysis,
a 2.S-ml volume, corresponding to the elution of caffeine and theophylline from the
exclusion column, was concentrated on to the head of the reversed-phase column.
Caffeine and theophylline were then analyzed using gradient elution, as shown in
Fig. 4A and B. Using this approach , a minimum detectable concentration of approxi­
mately 5 · J0--4 mgjml was obtained for both caffeine and theophylline, with linearity
to I mgjml. This can be compared with values in the literature? of 2 · 10- 5 rng/rnl. It
should be noted that although the method lacks the absolute sensit ivity of previously
reported analyses, it accomplishes automatic sample handling of complex matrices
and yields detection limits within therapeutic ranges. Although not as selective as the
heart-cutting method (necessitating gradient elution), the on-column method yielded
substantially better sensitivity.

Analysis ojvitamins in protein food supplement
Increasingly, many diverse food products are being fortified with vitamins to

enhance their nutritional value. One such food product, a protein supplement, was
selected for analysis of several B vitamins at levels ranging from 0.00 I %to 0.04 %by
weight in the protein supplement.

Direct injection of the protein supplement on to a reversed-phase column for
vitamin analysis would result in irreversible adsorption of the protein content of the
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Fig. 3. Heart-cutting technique for separation of caffeine in raw urin e. (A) Caffeine standard;
(B) raw urine sample. Conditions: EC column, MicroPak TSK 2000SW (50 cm x 7.5 mm J.D.); flow­
rate, water at 1.0 ml /min ; detection at 272 nm; 50 pi injected . RPC column : MicroPak MCH-IO
(30 cm x 4 mm LD .) ; flow-rate, 1 ml/min 20 mM tetramethylammonium chloride, 10 mM K H 2PO.

and 24 % acetonitrile; 50 p i injected from trapping loop ; detection at 272 nm; 0.002 a.u .f.s.

supplement to the column packing as well as possible matrix interferences. Therefore,
an on-column concentration technique was used for sample clean-up in addition to
concentration of low levels of the vitamins, accomplished by utilizing the high sample
capacity of the exclusion columns.

An on-column conce ntration technique employing a MicroPak TSK 2000SW
aqueous-exclusion column and a MicroPak MCH-IO reversed-phase column was used
for the analysis of vitamins in the protein supplement. The chromatogram of the
aqueous-exclusion analysis of the protein supplement is shown in Fig. SA. A 1.3-ml
volume of the eluent, corresponding to the elution interval of the vitamins from the
exclusion chromatogram, was concentrated on to the head of the reversed-phase col­
umn by appropriate switching valve act uation. Fig. 58 depicts the analysis of niacin,
pyridoxine, thiamine and riboflavin vitamin standards by reversed-phase grad ient
elution using l -heptanesulfonic acid (HSA) as an ion-pairing reagent.

The vitamin analysis of the protein supplement with on-colum n concentration
is shown in Fig. Sc. A 1O-IS-mg sample load was injected on to the aqueous-exclusion
column and the solute eluting fro m 8.2 to 9.5 ml (1.3ml volume) was concentrated on
to the reversedphase column. Gradient elution of the vitamins was then initiated.
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Fig. 4. On-column concentration technique for separation of caffeine and theophylline in biological
fluids. (A) Blood plasma; (B) raw urine. EC conditions as in Fig. 3 except injection volume (10 pl).
RPC conditions: column, MicroPak MCH -10 (30 em x 4 mm I. D.); flow-rate, 1 ml/min ; volume
concentrated from EC column, 2.8 ml; gradient, water with 0.01 M KH2PO. (pH 4)-acetonitrile,
o to 12% acetonitrile at 6%/min, then held for 10 min; detection at 272 nm; 0.032 a.u.f.s.

The chromatographic conditions used were the same as those in Fig. 5A for exclusion
analysis and Fig. 5B for reversed-phase analysis. Approximately 0.02 %of niacin,
0.003 % of pyridoxine, 0.009 % of riboflavin and 0.003 % of thiamine were found
in the food supplement. The analysis of these B vitamins by HPLC has been favorably
compared to chemical and microbiological analyses of these vitamins in foodstuff
matrices's". On-column concentration for the analysis of vitamins in food matrices
not only offers the advantage of speed by reducing the sample preparation time, but
also extends the technique to trace levels by effectively increasing the detection sensi­
tivity through the use of higher sample loadings on the EC column.

Analysis ofDOPA in urine
The analysis of DOPA and other catecholamines by HPLC has received con­

siderable attention owing to the advent of the highly sensitive and selective electro­
chemical detector. One of the major limitations of the currently available electro­
chemical detectors is their susceptibility to electrode poisoning, which is particularly
pronounced with complex biological samples. This factor has required that usual
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Fig. 5. On-column concentra tion tech nique for separa tion of B vita mins in food protein supplement :
(A) EC ana lysis of supplement. Column, Micro Pak TSK 2000SW (30 Col x 7.5 mm I.D .) ;
methanol- water ( I :9) with 0.1 M KH ,PO. and 0.01 M l-h eptanesulfoni c acid (HSA) at 1.2 ml /min ;
detection at 254 nm ; 2.0 a .u.f.s.: injectio n volume, 100 p I. (B) RP C analysis of vitami n standards.
Colu mn , MicroPak MCH-I O (30 Col x 4 rnm I.D .) ; flow-rate, 2 ml/min ; injection volume, 10 /11;
gradient, methanol-wate r (10 :90), to 80 % methanol with 0.01 M KH ,PO. and 0.01 M HSA at 15 %
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analysis in supplement ; conditions as in (A) and (B) except volume concentra ted from exclusion
chromatogram for injection on to RP C column (1.3 011).
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HPLC techniques include extens ive sample pre-t reat ment procedures'".! ' . The use of
two -dimensional on-li ne HPLC, as described below, eliminates sample pre-treatment
by allowing only the portion of the sample that includes the compound of interest to
pass through the electrochemical detector.

The analysis of DOPA in urine was carried out by a heart-cutting method . The
exclusion column used was a Micro Pak TSK 2000SW with water as the mobi le phase.
The second column was a MicroPak MCH-IO reversed-phase column using 20 mM
camphorsulfonic acid , 100 mM sodium dihydrogen orthophosphate and 0.1 mM
NaEDTA for the isocr atic elution of DOPA. DOPA eluted at 8.9 ml on the exclusion
column and a IOO-p l volume was trapped at this point. The trapped solute was then
injected on to the reversed-phase column and eluted at 15.2 ml. Th e exclusion chroma-

A
SAMPLED
HERE

, ,
0 4 8 12 16 20 0 4 8 12 16 20

TIME, m in TIME, m in

B SAMPLED
H ERE

DOPA

o 4 8 1 2 16 20 0 4 8 12 16 20
TIME , m in TIME, min

Fig. 6. Heart-cutting technique for the a nalysis of DOPA in urine . (A) Normal urine ; (B) ab nor mal
urine. EC ana lysis (left) : column, Micr oPak TSK 2000SW (30 cm x 7.5 mm I. D.) ; water at 1.0 mIl
min; injection volum e, 10 /tl raw urine ; dete ction at 230 nrn ; 2.0 a .u .f.s. RPC analysis (right) : co lumn ,
MicroPak MCH-IO (30 ern x 4 mm I.D.); water with 20 mM camphorsul fonic acid, 100 mM
NaH2PO. and 0.1 mM Na EDTA at I ml/min ; detection , electroc hemical detector with glassy
carbon electrode operated at 0.720 mV vs. Ag-AgCl ; attenuation, 2 nA/V; sample, 100 pI.
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togra phy was mon itored by UV at 230 nm and the reversed-phase effluent was mon­
itored using an electro chemical det ector operated at 720 mV l'S. a silver-silver chloride
electrode . Fig. 6A shows the analysis of norm al urine by thi s meth od and Fig. 6B
the analysis of urine from a melan oma patient with elevated DOPA levels. Note that
by using thi s approach not only is the reversed-p hase sepa ratio n simplified consider­
ably, but also the electrochemical detector is protected from poi soning by the raw
urine sample.

The purpose of th is applicati on was to illustrate the possibility of on-line
sample clean-up. Quan titati ve aspects are und er investigati on .

Analysis ofsugars in molasses and candy formulations
Th e amounts and types of suga rs present in food formulations has become a

subjec t of grea t concern to both food processor s and con sumers. LC techniques
empl oying both am inopropyl bonded phase columns for normal-phase chromato­
gra phy and ion-exchange resins in the Ca2+ for m have been used successfully for the
an alysis of sugars in various foodstuffs.

An on-column concentra tion technique was empl oyed for the analysis of sugars
in a candy bar formulati on using a TSK Type PW aqueous-exclusion column and an
Aminex HPX-87 cation-exchange column. The results for sucrose, glucose and
fru ctose standards on these columns are shown in Fig. 7A.

Th e chromatogra m of the EC analysis of the candy bar formulation is shown in
Fig. 7B. A 1.1-ml portion of the chromatogram , enco mpassing the elution interval of
the suga r standa rds, was concentrated on to the ion-exchan ge column for subsequent
separation. The higher molecular weight components seen as peak I in thi s chromato­
gra m are passed to waste to prevent contaminati on of the analytica l ion-excha nge
co lumn .

The result s of the on-c olumn concent ration technique are shown in Fig. 7C.
A sa mple of the cand y for mulation dissolved in water was injec ted on to th e EC
column and the solute elu ting from 5.4 to 6.5 ml was concentrated on to the ion­
excha nge column by ac tivat ion of switching valves. Analysis of the sugars was then
begun on the HPX-87 column. Th e chromatog ra phic cond itions for ana lysis on both
columns were the same as tho se for the sugar standards in F ig. 7A. Approximatel y
975 !lg of sucrose and 75 fl g of glucose were detected in the sample, represent ing
0.008 %and 0.1 % by weight, respectively, in the formulat ion .

Th e heart-cuttin g technique used for the analysis of sugars in molasses using
normal-phase chromatograph y represent s a special, non-id eal case in that the problem
of non-compat ible solvents for columns I and 2 grea tly restricts the volume of solvent
from the EC column ( I) that can be passed over the norm al-phase column (2). For
thi s analysis, an EC column was employed with water as a mobile phase. A MicroPak­
NH zcolumn was used for sugar analysis. For such a normal-phase column wate r is a
stro ng solvent. To circumvent this complication, a th ird switching valve was installed
between the two valves shown in F ig. 2 such that, by appro pr iate act uation, the ana lyti­
cal columns and trap ping loop (50-pi volume) can be isolated from the solvent flow
path while the dead volume of the chro matog raphic pumping system is flushed directly
to waste.

Fig . 8A dep icts the EC analysis of molasses using a TSK 2000PW column. Note
that the higher molecular weight polysacch arides eluting in peak I are flushed to waste
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Fig. 7. On-colum n co ncentrat ion method for sugar a na lysis in a ca ndy bar form ulation . (A) Sugar
standards ; (B) exclusion chromatography of candy ba r fo rmula tion ; (C) on-co lumn concentration
met hod for sugars in ca ndy bar for mul at ion. EC an alysis: co lumn, MicroP ak TS K 2000PW
(30 em x 7.5 mm I.D.) ; wa ter at 1.5 nil/min : injection volu me, 10 /d ; con cent ration volu me, Ll ml :
detect ion, RI ; attenua tion, 8 x ; UV, 192 nm, 0.5 a .u.f.s. Cation-excha nge chromatography : co lumn
HPX-87; temperat ure, 85"C; wate r a t 0.7 ml /rnin ; detection as above.
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nit rile- wate r (65: 35) a t 2.8 m l/mi n ; detection , U V, 192 nrn , 0. 2 a. u .f.s. (13), 0 .1 a .u .f.s. (C), trapp ing
loop vo lume, 501'1.
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to prevent contamination of the analytical column for sugar analysis. At an elution
volume of 7.S ml, the sugars were trapped by means of a 50-,ul trapping loop. The
trapping loop was then isolated and solvent flow directed to waste by appropriate
valve actuation. After flushing the chromatographic pumping system, switching valves
were again actuated to direct the trapped sugar solutes onto a Microl'ak-Nlfj-Iu
normal-phase column for isocratic analysis of the sugars. Fig. SB shows the analysis of
several sugar standards on the normal-phase column. A chromatogram of the trapped
sugar solutes from a molasses sample is shown in Fig . Sc. In this manner, sucrose,
fructose and glucose can be analyzed in the molasses sample. Levels of 15%of fruc­
to se and 5 %of sucrose were found in the molasses.

Methods for the HPLC analysis of sugars in molasses have been well docu­
mented using aminopropyl bonded phase columns", but lengthy sample preparation
and column clean-up procedures are often required . It should also be noted that,
although an additional valve is utilized in the heart-cutting scheme involving non­
compatible solvents, through judicious choice of solvent flow schemes a third powered
contact closure for actuation of this additional valve is not required and the third
valve can be actuated from one of the contact closures already employed.

DISCUSSION

For aqueous samples, the technique of multidimensional LC has proved to be
useful when aqueous-exclusion chromatography is the primary mode chosen. The LC
technique separates on the basis of size so that the high-molecular-weight components
in complex mixtures that frequently contaminate regular H PLC columns by being
irreversibly adsorbed can be effectively eliminated by directing them to waste while
the lower molecular weight components can be further separated on the second col­
umn, as was illustrated for the molasses sample.

A further advantage of EC is that, provided the appropriate pore size is
selected, low-molecular-weight components frequently elute as a single peak that can
be totally or partially directed to column 2 by on-column concentration or by heart
cutting. EC also has a higher sample capacity than the other LC modes and thus a
large sample can be fractionated and the individual fractions still contain an appre­
ciable amount of material for detection during the chromatographic step. This was
amply illustrated in the protein supplement example, where 10-15 mg of sample were
injected and trace amounts of vitamins were clearly observed in the reversed-phase
ion-pair separation.

For the secondary aqueous-compatible chromatographic step, the modes of
RPC or ion-exchange chromatography appear to have the most promise. Reversed­
phase chromatography is particularly attractive as it can be used for a wide variety of
ionic, ionizable and non-ionic compounds. If water or buffer is used for the EC step ,
use of RPC is attractive in that water is a weak solvent in this mode. II'for some reason,
such as for elimination of hydrophobic interactions in the ECcolumn, an organic solvent
must be added to the mobile phase, care should be exercised when directing large
sample volumes on to the RPC column. A large sample volume of a moderately strong
solvent may cause a partial movement (i.e., spreading out) of some sample components.
The technique of using column 2 as a holding column or by use of a third valve as a
holding loop will prove useful in such instances. After the sample is in holding, the
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solvent lines can be flushed of the strong solvent to waste. After flushing, the chro­
matography on column 2 can be carried out und er more typical eluti on conditions.

Analysis of molasses using an aqueous EC column as the primary column and
a normal-phase NH z column for sugar analysis illustrates an example of a non­
compatible solvent situation, water being th e strong solvent for normal-phase columns.
Through the use of a th ird switching valve to isolate the two columns and the trapping
valve from the solvent flow, systems involving otherwise incompat ible chromato­
graphic modes can be effectively coupled pro vided that trapping loop volumes are
kept small « 100-200 ,ul). Further work to evalu ate such column-switch ing schemes
more fully is currently under way.

As demonstrated with the urin e and plasma samples, an exciting possibility is
the direct injection of an untreated biological fluid on to an EC column. The columns
show little interacti on with the sample mat rix and under normal circumstances all
sample components elut e in one column volume. Samples merely have to be filtered
to remove particulate matter. With the use of sensitive electrochemical and fluores­
cence detectors, trace levels of end ogenous com pounds and drugs and drug metab­
olite s can be determined.

CONCLUSION

The technique of multi-dimensional LC combining aqueous-exclusion with
reversed-phase or ion-exclusi on chrom atography provides a powerful combination
for the approach of a " universa l" LC separation system for aqueous samples. Such a
system can be used to an alyze components in complex sample matrices with minimal
sample pre-treatment. For maximal select ivity, a heart-cutting technique shows ad­
vantages over an on-column concentration technique, while the on-c olumn concen­
tra tion approach yields greater sensitivity for LC analyses.
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SUMMARY

This report describes the separation of peptide and protein mixtures on a C18~

microparticulate support which was packed in a polyethylene cartridge and subjected
to radial compression of ca. 2600 p.s.i. The purpose of the radial compression was to
minimi se inhomogeneities in the column packing, in particular in the region of the
column wall and end fittings. The effectiveness of thi s new chromatographic system
was demonstrated by the efficient separation of the following mixtures: the C-apolipo­
proteins isolated from human very low density lipoproteins ; the polymorphs of
apolipoprotein A-I; the tryptic fragments of apolipoprotein C-lI ; the complex
mixture generated by partial proteolysis of apolipoprotein B; the tryptic fragments of
3H_ and 14C-labelled fJ-chain of murine IA alloantigen and the tryptic fragments of
carboxymethylated lambda chain isolated from human immunoglobulin G. The
separated peaks were identified by amino acid analysis, radi oactivity counting and in
the last example by amino acid sequence determination. The mobile phase consi sted
of I %aqueous solution of triethylammonium phosphate, pH 3.2 with acetonitrile or
isopropanol as the organic modifier.

INTRODUCTION

Recentl y reversed-phase high-performance liquid chromatography (HPLC) has
allowed the separation of a variety of peptide and protein samples' <". An important
factor in the resolution of such a diverse range of samples, by a single chromatographic
system, was the introduction of a number of ionic materials which can be added to

0021-9673/81/0000-OOOO/S02.50 © 1981 Elsevier Scientific Publi shing Company
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the mobile phase\,4.1l-'4. Such materials probably influence the chromatographic
separation by a m ixture of ion pairing effects12

-
15

, solvophobic interactions" and
column modificationv-!". Despite these imp ortant applications, the separations
achieved by rever sed-phase HPLC still require additiona l improvements, part icularl y
for complex mixtures present in partial protein hydrolysate s and in mixtures of closely
related proteins.

Recent rep orts have described the purifi cati on of peptides on a support which
consisted of 70-ltm Cts-silica particles, packed in large polyeth ylene cartridges wh ich
can be radially com pressed IS. 19 . These reports have demonstrated that radial com­
pression does greatly improve the efficiency of the column, so that rapid preparative
sepa ra tions can be achieved. The purpose of th is publ icat ion is to demonstrate th at
the corresponding analytical system, namel y IO-,um Cw silica particles packed in a
10 X 0.8 em pol yeth ylene ca rt ridge and subjected to a radial compression , can be
used to generate high effi ciency separa tions of peptide and protein mixtures.

EXPERIMENTAL

Apparatus
A Waters Assoc . (M ilford, MA, U.S.A.) HPLC system was used for the

ana lytical separation s, which con sisted of two M6000A solvent deli very units, an M660
solvent progr ammer and a U6K uni versal liquid chroma tog ra ph injector, coupl ed to
an M450 variable-wavelength UY spectropho tometer and an Omniscribe two-channel
chart recorder (H ouston Instruments, Austin , TX, U .S.A.). Sample injecti ons were
made using a Microliter 802 syringe (Hamilton, Reno, NY, U.S.A.). The Radial
Compression Module and th e Radial-PAK A (Cts) cartridge were purchased from
Waters Assoc.

Chemicals
Orthophosphoric acid (ana lytical-reagent grade) was obtained from May &

Baker (D agenham, Great Britain). Water and glass distilled, acetonitrile (UY grade)
was purchased from Burdick & Jackson Labs. (Muskegon , MI , U.S .A.). Triethylamine
was obtained from Aldrich (Milwaukee, WI , U .S.A .) and used without further
purificat ion. The A-I and C-apol ipoprote in m ixtures were obtained using establ ished
procedures-"-". Typical conditions for the preparation of a tr ypti c digest of a protein
sample are described in the publicati on on th e determination of the am ino acid
sequence of ap olip oprotein C-H 22.

Methods
The tri eth ylammonium phosph ate (TE AP) was prepared from a I %aqueous

solution of phosph or ic acid , to which triethylam ine was added unt il a pH of 3.2 was
reached. All pH values qu oted refer to the aqueous phase before addition of the
organic component in the gradient ana lysis.

All chromatography was carried out at room temperature (ca. n °C). The
samples were diss olved in a solvent which corresponded to the initial component of
the mobile phase. Other chromatographic conditions were the same as ha s been
described previously".
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The separation of a mixture of C-ap olipoproteins isolated from human very
low density lipoproteins (VLD L) is shown in Fig. I. Thi s mixture repre sents a partially
purified serum fraction which was isolated by ultracentrifugal flotation, de lipidation
and Sephacryl S-200 fractionation". The order of elution of the apolipoproteins on
the radiall y compressed C Il; (RC-C(8) column is apol ipoprotein C-I, C-lJI 1• Z and
C-II respectively. Apolipoprotein C-1I1 is a glycoprotein and exists in three major
isomeric forms which contain two , one or no sialic acid residues (C-JIlz, C-I II1 and
C-Il lo respectively) . The RC-C I 8 column does not separate the major isomers C-I IIz
and C-I1 1(, while the sma ll amo unt of C-IIIo present in thi s sam ple (as shown by
polyacrylamide gel electrophoresis) probably elutes at the trailing edge of the C-III
peak . As is shown in Tab le I amino acid analysis data allowed identification of these
peaks. The addit ional min or peak s in the chroma togram pr obably represent other
apolipo proteins which are coisolated with the C-ap olipoproteins. The amounts
present in these min or peak s were insuffi cien t for ident ification by amino acid analysis.

C-1II1.2

---

90 100

>'
C-Il .../

--- -'

110 120

RETENTION TIME(min)

Fig. I. The elution profile of a mixture of C-ap olipoproteins (0.2 mg) on a radi ally compressed CI 8

ca rtr idge (RC-C 18 ) . A flow-rate of 1.5 ml/min was used with a mobile phase con sisting of I %TEAP.
After elutio n from the column, the fract ions conta ining the ap olipoproteins were pooled separa tely,
freeze dried, hydr olysed with acid and ident ified by amino acid compositio na l data . Th e identity of
the prote in is indicated by lettering.

The analysis of a highly purified sample of apol ipoprotein A-Ion the RC-CI8

co lumn is shown in Fig. 2. The three protein containing peak s (3, 4 and 5 respectively)
were examined by amino acid an alysis. Peak s 4 and 5 gave compositional data which
agreed closely with the expected values for apolipoprotein A-I, whi le the amino acid
content of peak 3, a ltho ugh present in amo unts too small for quantitation, was also
suggestive of thi s ap olipoprotein .

Fig. 3 shows the elution profile for the tryptic digest of apolipoprot ein C-II on
a RC -C(8 column. Each peak was collected and identified by amino acid analysis (see
Tab le Il l). Some lar ge optical density peak s contai ned no significant amo unts of
amino acids, such as peak II , while a few sma ll peaks accounted for some of the
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TABLE I

AMINO ACID CO M POSIT ION AL DATA OBTAI N ED IN TH E SEP AR ATION OF A
C-A PO LI PO PROTEIN MIXTURE ON A RC-C '8 COLU M N

Other peaks did not give significant amino acid ana lyses . Trp a nd Cys were not measu red . Value s
expressed as moles per 100,000 g prot ein ; expected va lues from A. M. Scanu, Biochemistry of
Atherosclerosis, Academic Press, New York, 1979, p. 3.
- - _ . . ~ - _. - - _. __.._--- - - - - - --- _ . - -_....~ . -~- . - _ ._---

Amino C-I C-Il C-IIl'. 2
acid --- - _ ._- ... -- _ .~------ . . _~ ... ...- ._- -

Obtained Ex pected Obtained Expected Obta ined Ex pected
. .-_..._._-- --- - ._ ----_.- -~- -- -- --~ -

Asp 79 81 72 64 91 80
Ser ' 52 45 82 101 57 57
Thr' 96 106 81 99 120 125
Pr o 15 29 26 24 23
Glu 140 136 125 104 11 8 114
Gl y 26 15 36 28 28 34
Ala 42 45 75 75 120 114
Val 21 30 49 45 74 68
Met 9 15 20 21 II 23
lie 47 45 13 10 0 0
Leu 102 91 91 92 98 57
Tyr 8 0 55 53 19 23
Phe 47 45 25 24 48 46
His 0 0 0 0 12 II
Lys 131 136 83 70 75 68
Arg 45 10 13 24 23

.- ._-- - _._---- - .._--- - - - -- --- - - - -- - - - -
• Un corrected fo r losses du rin g ac id hyd rolysis.
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Fi g. 2. The elutio n pro file ob ta ined for 100 fi g purified apo lipoprotein A-I when analysed on the
R C-C'8 column. A flow- rate of 2 ml/rnin was used with a mobile phase of I % TEAP. Peak s : I a nd
2 = artifac ts cau sed by the solvent and sa lts present in the sa mp le ; 3. 4 and 5 = collected , freeze­
dried , hyd rol ysed and subjected to amino ac id ana lysis.

O.D·220nm

T
0.02

1

tryptic fragments (peaks 6 and 7). These fragments were small peptides which did not
con ta in any significant UV chromophores.

In Fig. 4 the gradient map for a parti al digest of apolipoprotein B is described.
The ap olipoprotein was solubilised using the copper(lI) procedure of Huang and
Lee23

• Du e to the presence of mul tiple basic residue s in this protein , a partial digestion
yielded an extremely complex mixture of peptides. Th e presence of overlap fragments
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TABLE II

AMINO ACm COMPOSITIONAL DATA OBTAINED IN THE ANALYSIS OF APOLIPO­
PROTEIN A-ION A RC-C' 8 COLUMN
- -----_ .."_._- ---~ -.- -- _. ._.. .__. ----- _.- -.

Amino Peak numb er.
acid - - _ .-. -- - _. - -~ ~ ..

J 4 5 apo »-r:
- - --- ._- --_._-

Asp + + "". 25 26 21
Ser + 15 11 10
Thr + + 15 17 15
Pro + 7.0 7.9 10
Glu + + + 44 46 46
Gl y + 13 24 10
Ala + + 16 13 19
Val + 15 11 13
Met 3 2.5 3
lie 2.5 0
Leu + + + 28 32 37
Tyr + 8.0 7.1 7
Phe + 6.5 6.2 6
His + 3.8 4.1 5
Lys + + 24 19 21
Arg + + 14 14 16
--- -- ._ ._--- .+- - - .. _ --- _.- ----- --

• Other data same as for Table J.
•• Theoretical values obtained from ref. 2 I.

••• Not sufficient material to allow quantitation of the amounts o f each amino acid, but the
relative amounts are indicated by the notation -1- , -1- + and + ++.
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Fig. 3. The elution profile obtained by chroma tography of the peptide mixture obtained from the
d igestion of apo lipo protein C-Il with trypsi n. The amount of peptides loaded on to the column
was 0.7 mg. The mobile phase con sisted of 1% TEAP and a flow-rate of 1.5 rnl/min was used;
so lvent B was isopropanol. A 0.5-ml sa mple was taken from the reaction mixture of the tryptic diges­
tion which contained 0.2 M ammonium bicarbonate and 0.5 g of guanidine hydrochloride. To this
aliquot, 0.5 ml of 1 %TEAP, which contained 6 M guan idine hydrochloride, was added and the total
sample was injected . A 2-h linear gradient from 0 to 40 %isopropanol was run . No significant peaks
were observed after 100 min of the grad ient run a nd thus thi s section of the elution profile is not
shown . Each peak was co llected a nd subjected to amino acid analysis a fter acid hydrolysis.
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TABL E III

PEAK ASS IGN MENT FO R TH E TRYPTI C PEPTID ES OF APOLI POPROTE IN C-II
SE PA RATE D O N A RC-C'8 COLU MN

Mobile phase: 1% T EAP ; flow-rate, J.5 rnl/rnin with a gradie nt of 0-40 % isopropanol. Assignments
based on amino ac id analytica l da ta and the am ino acid sequence data of Jackson et al.".

Peak number

6
7

15
18
19
22
27
32
35
43- 52
54

O.D.220nm

Assignment

T-8
T-5
T-6
T-3
T-5,6
T-4
T-I (dea mida ted ?)
T-2
T-l
Frag ments of par t ial tryptic digests
T-7,8

A

T
0.02

.i

2 3 4 5 6 7

RETENTION TIME (hours)

B

O.D·220nm 1-:-=,----~::::-----'----:-!:':,__---'----_:_!:::_-__1
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Fig . 4. Th e elution profi le of the tryp tic diges t of apo lipoprotein B on the RC-CI8 co lumn : A, the
full gradient ; B, an expansion of a l -h segment of the full analysis. A 10-mg sample of the tryptic
digest was disso lved in 0.5 011of I % T EAP , 6 M guanidine hydrochloride, pH 3.2 and applied to the
col um n. Th e mo bile phase was 1% TEA P, pH 3.2 at a flow-rate of I rnl/rnin. A linear gradient of
0-35 % acetonitrile over 10 h was run , 1-011 fract ions were co llected and the major peaks were
pooled, hydrolysed and examined by amino acid ana lysis. T he apolipoprotein B was solubi lised using
the 6 M guanidine-20 mM N H4CI-NH40 H procedure of Hu ang and Lee23

•
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in this mixture was confirmed by amino acid analysis studies which demonstrated that
many of the peptides still contained more than one ar ginine or lysine residue . Con­
ditions which give complete digestion of the protein , yielded a much less complex
mixture. Over 200 peptides were separated in a single grad ient run and Fig. 4B shows
an expan sion of a l -h segment of the grad ient to illustra te more clea rly the complex
nature of the elution profile.

The elution profile from a RC-C 18 a nalysis of the murine IA alloanti gen beta
chain tryptic d igest is shown in Fig. 5. Thi s membrane glycoprotein was labelled in
vitro with p4C]- and [JH] -Leu, -Ph e, -Arg and -Lys. Th e eluted peak s were mon itored
by a flow through rad ioacti ve cell. Fig. 6 shows the elut ion profile for a trypti c digest

A ,a- CHAINS

k - -- -
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<lJ

20 -5
if)
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.;0-- - - - --1 30 OJ
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FRACTION

Fig. 5. The elut ion profile for the separation of the tryptic fragmen ts of the murine IA alloan tigen
beta chains. The tryptic digest ion was carried out for 4 h. The mobile phase was I % ammonium
bicarbonate and the acet onitrile gradient used is sho wn by a solid line. Th e flow-ra te was I ml/min.
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Fig. 6. The separatio n of the tryptic fragment s from the d igestion of a carboxymethylated de rivati ve
of a hum an lam bda chain. A lO-mg sa mple was dissolved in 0.17 rnl of I %am monium bicarbon ate
and injected onto the co lumn. Th e mob ile phase was 1% ammonium bica rbonate an d the flow-rate
was 2 ml/rnin, A linear gradient of 0--40 /~ acetonitrile over 40 min was used .
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of a carboxymethylated sam ple of a human immunoglobulin lambda chain. The major
peptides isolated from thi s separation were subjected to an automated Edman
sequence anal ysis". The results of the sequence an alysis are shown in Table IV.

TABLE IV

SEQUENCE DATA FOR TH E MAJOR ELUT ED PEAKS FROM TH E SEPARATION OF
THE TRYPTI C FRAGM ENTS O F A CA R BO XYMET H Y LATE D LAMBDA CHAIN OF
HUMAN IMM UNOGLOB ULI N G

The one letter code for amino acids was used " ; C -~ Cys ; H . . His ; J =c lie; M ~ Met ; S = Ser;
V = Val ; A = Ala ; G C ~ Gly ; L = Leu ; P ,-= Pro ; T -c Thr ; F ~ Phe ; R c~ Arg ; Y = Tyr ;
W = Trp; D = Asp ; N '.-' Asn : E .-~ GIll; Q 0.= GIn ; K Lys .

Peak numb er

I
2
3
4
5
6
7
8
9

Sequence

A EK
QSNNK
SHK
AAPSVTLFPPSS EELQAN K
SYAGR
T VAPT ECS
LlIYG VWK
F II LLK
ATLVCLlSDFYPGAVTV AWK

- - ---- - -..__ .._-

DISCUSSION

Even in well packed columns, a "wall region" is present where the dispersion
of solutes is much greater in the packed region close to the walls than in the core of
the column. In certain cases the "wa ll region" can be very sign ificant, for example it is
sta ted that , for a column of 5 nun bore containing 20-,um particles, the fraction of the
column cross -section taken up by the annula r wa ll layer is a bout 40 %27. In an effort
to minimise thi s region , Waters Assoc . have introduced a Radial Compression
Separation System, in which flexibly walled ca rtr idges are compressed radially into
high efficiency columns", The use of a 30 X 5.7 em polyethylene cartridge with radial
compression has allowed the preparativ e sepa rat ion of multigram amounts of crude
materials" .

In recen t stud ies '<-'? thi s chroma togra phic system was used successfully to
purify a variety of synthetic peptides. It was observed 18 that desp ite the relatively large
size particles (70 /.lm) packed in the poly ethylene cartridge, high efficiency separations
were ob served. Such result s suggested that radial compression did indeed improve the
separation efficiencie s obtainable for a given silica-based support.

Recently, Wat ers Associate s introduced the corresponding analytical system.
The flexibly walled columns con sisted of a lO x 0.8 em polyeth ylene cartridge which
was packed with 10-/lm octadecyl-silica particles (Re-C ls) . Fig. 7 shows scanning
electron micrographs of the interior of one of these columns before and after radial
compression. These photographs indicate that such a column sho uld have a sma ller
d ispersion region near the column wall than for columns with inflexible walls. Becau se
of the successful use of thi s technology for preparative isolations, it was decided to
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Fig. 7. Scanning electron micrographs of the interior of a pol yeth ylene ca rtr idge before compression
(A) a nd after com pression (B a nd C) . In the latter two exa mples so me of the radia lly com pressed
silica particles ca n be seen ad hering to the co lumn wa lls afte r the co lumn had been emptied.
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examine the potential of the analytical system for the separation of complex peptide
and protein mixtures.

Fig. I shows that the majo r C-apolipoproteins isolated from human very low
density lipoproteins (VLD L) can be separated on a RC-C 18 co lumn. The elution order
and separation is similar to that obtained on a ,uBondapak-alkylphenyl column".
Both columns give much bett er separation of the C-ap olipoproteins than the ,uBond­
apa k CI 8 column. The lower surface loadings of the organosilane present in the former
column packings (5 and 10% versus 15% respecti vely) is suggested as a possible reason
for the differences in selectivity between the columns". Althou gh the RC-CI 8 can be
used at high flow-rates (up to ]0 ml/min) the separation of proteins was more efficient
at lower flow-rate s (0.5- 1.5 ml jmin), because of the lower diffusion rat es of the high­
molecular-weight solutes.

The molecular dimensions of the C-apolipoproteins (which range from 57 to
79 residues) is probabl y comparable to the pore size of the RC-C18 packing material
(ca. 90 A). Apolipoprotein A-I , which contains 245 residues, is unlikel y to be able to
penetrate most pores in thi s packing material and thu s intera ction of this protein with
the support probably occu rs mainly on the exterior surface of the silica particles.
Despite this limitation, the separation of at least I-mg amounts of apolipoprotein A-I
into three components was readily achieved on the RC-C I 8 column. Amino acid
analysis indicated that the composition of each of the thr ee peaks was con sistent with
the values expected for the a polipoprotein. Thi s result is in agreement with the ob­
servation of Herbert et alY that highly purified samples of apol ipoprotein A-I could
be resolved int o three species on polyacrylamide electrophoret ic analysis. It is not
known if the se multiple forms of the protein are cau sed by aggregation, deamidination
or some other process.

Figs. 3-6 show a number of elution profile s for complex peptide mixtures
produced by trypti c digestions of high-molecul ar-weight prote ins. A common diffi­
culty with apo lipopro tein prot eolytic digestions is the part ial aggregation of the
protein during the cleavage reaction, which result s in incomplete digestion of the
protein. In Figs . 3 and 4 a number of additiona l fragment s could be detected in the
complex elution profile for the digestion products from ap olipoprotein C-ll and B
respectively. In additio n the yield of pu rified pept ides based on the amo unt of prote in
digested was lower for the a polipopro teins (20-60 %) than for other proteins (often
qu antitati ve). In each exampl e the RC-C 18 column gave high efficiency separations
which were char acteri sed by excellent selectivit ies and high sample capacities (up to
20 mg). These separations were clearly superior to comparable analyses carried out
on the corresponding lO-,um analytical columns, packed in stainless steel columns
without radial compression . The improved performance of the RC-CI 8 column can
probably be attributed both to radial compression of the polyethylene cartridge and
to a mixed mode separation mechanism. Evidence is presented in a companion
publication that the packing material present in the RC-C I8 cartridge can give rise to
both a silanol and a reversed phase interaction with the solute". Such a mechanism
can be att ributed to significant levels of free silanol groups pre sent in the packing
material. Fo r this reason , the mobil e phaS;used in th is study contained an amine salt
a t relati vely high ionic strength, which minimises the interacti on of basic peptides
with silano l groups.

Other chromatographic parameters were chosen to be suitable for the analysis
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of peptides and proteins. For example, organic modifiers were chosen which exhibited
good solvent propert ies for the solutes, and slow, shallow solvent gradients were used
to avoid the prec ipitati on and/or denaturation of the samples".

In conclus ion, thi s publicat ion has dem on strated that the RC-C!8 system is
capable of high efficiency sepa ra tio ns of complex pept ide an d protein mixtures. The
a pplicatio n of thi s new separat ion system to the ana lysis and purificat ion of a number
of prot ein samples is currently under investigati on.
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SUMMARY

The packing material recently introduced for use in a radial compression
chamber, with a partially flexible cartridge, has a low Cis-coating (5%w/w) combined
with an absence of secondary capping. This report demonstrates that such a support,
which contains significant concentrations of both free silanol and hydrocarbon groups,
can allow a mixed-mode separation to occur via adsorption and reversed-phase sepa­
ration mechanisms. In any given separation, the predominant mechanism depends
both on the nature of the sample and the mobile phase. For efficient peptide and
protein separations, it was necessary to suppress most silanol group interactions by
the use of a mobile phase which contained a high concentration of an amine phos­
phate, e.g., 0.17 M triethylammonium phosphate, pH 3.2. In addition, it was neces­
sary to deactivate further the silanol groups by an initial column wash of at least 20
column volumes of methanol. Samples which contained strongly basic groups, for
example the guanidino group of arginine, can still exhibit poor separation efficiencies
on such a support. These problems were largely overcome, however, with the use of
isopropanol as an organic modifier. If these precautions were followed, the packing
material gave excellent selectivities in the separation of closely related materials, as
well as allowing increased sample capacities.

These observations will be supported by an examination of the chromato­
graphic properties of a range of small peptides, the C-apolipoprotein mixture present
in human very-low-density lipoproteins and the purification of an 8-mg sample of a
synthetic pentadecapeptide in a single chromatographic run.

INTRODUCTION

We described earlier' the use of the Radial Compression Separation System"
for the high-efficiency separation of complex peptide and protein mixtures. This

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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system uses flexibly walled cartridges pack ed with spherica l IO-,um silica particles
which were derivatised with a relati vely light loading (ca. 5% wjw) of a Cls-silaneJ •

Since the unreacted silanol groups are not bloc ked by "end-capping" with trim ethyl­
chloros ilane, thi s packin g materi al contains a significant concentration of free silanol
groups which can int era ct with the so lute molecules as well as with the mobile phase.
Several authors":" have suggested that such a packin g materi al would give mixed
retention mechanisms. Also Rabel and co-wor kers/ -" found that the use of a support
with low organic loadings gave greater selectivit ies in the sepa ration of polar, low­
molecular-weight solutes. The relatively high column effic iencies obtained with non­
polar sta t ionary phases with low surface coverages can be attributed to a higher
concentration of accessible silanol groups. Such gro ups, which are likely to be
hydrated, may reduce mass transfer res istance for a polar solute from the aqueous
eluent to the surface of the sta tiona ry phase. In addition silanol groups, in the
presence of low pH mobile phases, may introduce specific hydrogen bonding inter­
actions with polar solutes.

This report, therefore, examines the chromatography of small basic peptides
on this column, and demonstrat es that a strong inte raction between basic solutes and
silanol groups present in the packing material gives irreproducible results. However ,
the use of hydroxylic organic solvents and amine phosphate buffers minimises the
effect of silanol groups, so that sat isfactory peak sha pes and sample recoverie s can
be obtained. The resulting mixed-m ode chromatographic system was shown to allow
the efficient separation of a range of peptide and protein samples.

EXP ERIMENTAL

Apparatus
A Waters Assoc. (Milford, MA, U.S.A. ) high-performance liquid chromato­

graphic (H PLC) system was used for the analytical separat ions. Thi s con sisted of two
M6000A solvent delivery unit s, an M660 solvent programm er and a U6K universal
liquid chromatograph injector , co upled to an M450 variable wavelength UY spectro­
phot ometer (Waters Assoc.) and an Omni scribe two-channel char t recorder (Ho uston
Instruments, Austin , TX , U.S.A.). Sample injections were made using a Microliter
802 syringe (Ha milton, Ren o, NY, U.S.A.). The Rad ial Co mpression Modul e and
the Radial-PAK A(CIs) ca rtridge were also pu rchased from Wat ers Assoc. For con­
venience the radially co mpressed cartridges will be referred to as RC-Cls.

Chemicals
The solvents and chemicals used in this study arc identical to those described

in a previous paper'. The synthetic peptides were prepared by the solid phase method"
and the details of the synthesis will be described elsewhere. The C-apolipoprotein
mixture from very-low-density lipoproteins (YLD L), and the partial tryptic digest
of apo lipoprotein B were prepar ed as described' .

The trieth ylammon ium phosph ate (T EAP) buffer (I j;'., pH 3.2) was prepared
by the addition of phosphoric ac id (I %, vjv) to purified water and adjusting the pH
with triethylamine (unpuri ficd ; Aldrich, Milwaukee, WI , U.S.A.). The buffer was
pu rified by passage through a Cis-radially compressed cylinder (30 X 5.7 em) in a
Waters Prep-500 preparativ e liqu id chromatograph. Before use the cartridge was
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washed successively with 10 I each of isopropanol, isopropanol-water (1: 1) and
water, to remove any unbonded organosilane polymer. The amine phosphate buffer
(20 I) was then pumped through the column at a flow-rate of 100 mljmin and collected
in dark glass bottles. The use of plastic tubing was avoided whenever possible, because
the strong solvent properties of this buffer made further contamination inevitable.
The first 5 I of buffer were discarded. Each bottle was stored under nitrogen at 4°C in
the dark. The buffer had satisfactory stability under these conditions, for at least
1 month.

All chromatography was carried out at room temperature (ca. 22°C). The
samples were dissolved in a solvent which corresponded to the initial component of the
mobile phase.

RESULTS

Fig. 1 shows the elution profile obtained for the tripeptide Gly-Gly-Tyr on a
new radially compressed (RC-CI s ) column, with a mobile phase of acetonitrile-I %
TEAP (20: 80). Each successive injection (8 to F respectively) represents 50 fig of the
peptide chromatographed under identical conditions. Although a reproducible elution
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Fig. I. The elution profile for the peptide Gly-Gly-Tyr on a RC-C'8 column. The mobile phase con­
sisted of 1% TEAP-acetonitrile (80:20) at a flow-rate of 2 ml/min, The elution profiles shown
in parts B to F were obtained with a RC-C'8 column which had not been subjected to a pre-wash
with 200 ml of methanol at a flow-rate of 2 ml/rnin. The elution profile shown in A was obtained
with a column which had a methanol pre-wash before equilibration with the mobile phase. All in­
jections consisted of 50 fIg of the peptide dissolved in 50 pI of the mobile phase. All chromatographic
parameters were identical for elution profiles A~F.
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profile could not be obtained, a pattern of two optical density peaks with constant
retention time s was alway s observed . A different result was obtained if the RC-C I 8

column was washed with at least 200 ml of methanol at a flow-rate of 2 mljmin.
After equilibration of the column with the same mobile phase as before, chromato­
graphy of the tripeptide now only gave one peak with a retention time of 2.6 min.
Thi s effect was quite reproducible and could be demonstrated with a fresh column.

Other peptides, when chromatographed on the column without a methanol
pre-wash, exhibited either two peaks, an extremely broad peak , or were retained
indefinitely on the column even in the presence of high levels of acetonitrile. In most
cases, the use of a methanol pre-wash improved the elution profile of the peptide so
that a reasonably sharp peak was observed .

For small peptides, which contained the very basic guanidino group of arginine,
the methanol pre-wash was not effective, however , and Fig. 2B and D show broad
peak shapes for the peptides Leu-Trp-Met-Arg and Met-Arg-Phe respectively with a
mobile phase of I %TEAP-acetonitrile (80:20). The repl acement of acetonitrile with
the hydroxylic solvent isopropanol caused a dramatic improvement in the peak shapes
as is shown in Fig. 2A and C, respectively. A similar observation was made for other
peptides which exhibited poor peak shapes with acetonitrile as the organic modifier.

Fig. 3 shows the successful chromatography of a mixture of C-apolipoproteins
from human VLDL using two different gradient programmes. As was described' ,
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Fig. 2. The chromatography of the peptides Leu-Trp-Met-Arg (A and B) and Met-Arg-Phe (C and
D ) on a RC-CI 8 column. The column had been subjected to the meth an ol pre-wash. Each analysis was
carried out on 50 pg of the peptide dissolved in 50/11 of the mobil e phase. The O.D. sensitivity was
increased two-fold in Band D to allow for the broader peak sha pe. The flow-rate was 2 ml(min . In
A and C the mobile pha se was 1% TEAP-isopropanol (80 :20) while Band D used a mobil e pha se of
1 %TEAP-acetonitrile (80:20).



ANALYSIS OF PEPTIDIC COMPOUNDS BY MIXED-MODE HPLC

m·l

ID -I

OD 220nm

75

T
0.0 02

1

-
I

8 9 110 120 130 140

RETE~ TIO~ TIME (HOURS) RETE~T IO~ TIME ( MI ~ I

4 0 w
..J _
- I
~ I

30 :E I .z e:
-w
- til

20 Z ~
U I£0..
U

10 -

Fig. 3. The eluti on profiles of a mixture of C-ap olipoproteins obtained from human VLDL when
chromatographed on a RC-C,. co lumn and with different acetonitrile gradients (see dashed lines). A
O.l-m g sample of the protein mixture was dissolved in 0.1 ml of 1%TE AP, 6 M guanidine hydrochlo­
ride and then chromatog raphed on the RC-C, . column with an initial mobile ph ase of 1% TEAP,
pH 3.2. The T EAP used in the mobile phase was unpurified.

the RC-C ,s column clearly sepa rated apolipoprotein C-I from C-III1•2 and C-I1.
While a 2-h gradi ent of 0 to 40 %acetonitrile gave adequate resolution of the prote in
mixture, a much longer gradient of 0 to 40 % over 10 h did further improve the
resolution (see Fig. 3). A distinct advantage of the longer gradients was that the C­
apolipoproteins were eluted at a significantly lower concentration of organic modifier ,
for example C-IlI 1•2 was eluted at 33% acetonitrile with the 10-h gradient , while the
2-h gradient required 38%acet onitrile for eluti on of the protein. In a research situa­
tion where repetitive assays are not required , the long separation time is not necessarily
a disadvantage, particularly as the separation can be run overn ight , and the separated
proteins collected with a fraction collector. A key feature was the use of a high con­
cent ration of TEAP (0.17 M) in the mobile ph ase. If a ten-fold lower concentration
of the salt was used, a much lower recovery of the C-apoproteins was observed (41%
compared to 84 % with the higher concentrati on of the ion-pairing reagent). In
add ition poor peak shapes were observed with significant tail ing.

For preparative stud ies, it was found necessary to purify the TEAP as it con­
tain ed a non-polar impurity which co-eluted with apolipoprotein C-II. The salt was
purified as a 1% (vjv) solution by preparative HPLC on a CIs-cartridge using the
Waters Prep-500 liquid chromatograph. The purificati on procedure resulted in the
removal of impur ities with a ran ge of polarities. Fig. 4 shows the considerable improve­
ment in the low wavelength UV tr ansparency of the 1% TEAP solut ion after
passage through the prep arative CIs-column. A blank gradient analysis (see Fig. 5) also
showed considerable improvement in the number of opti cal density peaks eluting
during an acetonitrile gradient. In the analysis of both crude and purified TEAP
mobile pha ses a 30-min column equilibration with ju st the aqueous mobile phase
was used to allow any impurities to accumulate on the column, and thus increase the
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F ig. 5. A blank gradient run for the analysis of the pur ity of the I %T EAP aqueo us component of the
mo bile phase. A and B show the elut ion profi le for cr ude and pu rified I %TEAP respectively. In both
an alyses the column was equilibrated for 30 min at a flow-rate of 1.5 ml{min with the 1% TEAP
solution. A 250-,u1sample of each mob ile phase was injecte d and then gradient ana lysis of 0 to 80 %
acetonitrile was carried out over 2 h.

sensi tivity of the analys is. A very different elution pr ofile was observed with the
purified buffer as the C-apo lipoproteins exhibi ted a much stronger interaction with
the column. With the purified buffer, approximately twice as much acetonitrile was
requ ired to elute the pro tein sample and poor peak shapes with taili ng were ob served.
As was found with small basic peptides, the use of isopropanol instead of acetonitri le
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overcame the se problems, and allowed the satisfacto ry ana lysis of the C-ap olipo­
proteins in the presence of purified T EAP in the mobile phase. Fig. 6 shows the elut ion
profile of the C-apolipop rotein mixture with a mobile phase containing the purified
buffer and a isopropano l gradient. Again two different gradient pro gramme s were
used to illustr ate that a very shallow organic solvent gradient gave a better separation
of the prot ein mixtu re. The simi lar ity in the eluti on profile obta ined for the protein
mixture with the two different mob ile phases was confirmed by am ino acid analysis
of an 24-h, 6 M HCI hydrolysate of the pooled peak s (see ref. I for representati ve
values).
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Fig. 6. The elu tion pro files of a mixture of C-apolipoproteins with different isopropanol gradients
(see dashed lines). The T EAP used in the mobil e phase was purified as described in Experimental.
All other chro matographic parameters were as descr ibed in Fig. 3. The identi ty of the elu ted peaks
was the same as show n in Fig . 3.

The successful purificati on by the column of a synthetic pentadecapeptide is
shown in Fig. 7. Thi s peptide repre sent s an an alogue of the amino terminal region
of apolipoprotein C-I (1- 15), in which phenylalan ine at residue 14 is replaced with
p-iodophenylalanine. Th e peptide was purified by successively larger injections of
material (0.5, 2 and 8 mg shown in Parts A to C respecti vely) without any diminution
of the separation efficiency. A shallower gradient was used, however, at the higher
loadings as a slight decr ease in retention time s was observed with these concentrations.
In thi s example injections of up to 8 mg of crude synthet ic product could be separated
with out any decrease in resolution (Fig. 7). The material from peak 3 in the different
run s was pooled , and analysed by analytical HPLC (Fig. 70). The isolated material
was shown to be homogeneous by the single peak in the elution profile and by
amino acid analysis of a hydrolysate . Peaks I and 2 con sisted of small amount of
delet ion products (less than 10/.,) formed by incomplete coupling reactions near the
end of the synthesis. The early elut ing large 0 .0. peaks were either due to the guanidine
hydrochloride added to the injecti on mixture or to non-peptidic conta mina nts.

DIS CUSSIO N

The developm ent of a packing with a significant concentratio n of free silanol
groups does run counter to recent progress in liquid chromatography for the produc-
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Fig. 7. Th e pu rification of a synt hetic an alog of the 1-1 5 segment of hu man apolipoprot ein C-I, in
which Phe-14 is replaced with p-iodophenylalanin e in the chemica l synthesis . The mobile phase was
purified 1% T EAP with a linear gra dient of acetonitr ile (see the dashed lines). Th e !low-rat e was
1.5 ml/rnin . The loading s in A to C were 0.5, 2 and 8 rng of crude peptide dissolved in 1% TEAP,
3 M gua nid ine hydrochloride at a co ncentra tion of 10 mg/ml. Peak 3 cor respo nded to the desired
pept ide, and thi s frac tion from each run was pooled. T he ana lysis of an aliquo t of thi s pool is
sho wn in D .

tion of hydrocarbonaceous supports with very high carbon bondings an d min imal
silanol content'v'", Wh ile such suppor ts are undoubtedly successful for the separation
of low-molecul ar-weight solutes such as phen ylth iohydantoin (PTH)-amino acids or
aromatic compo unds, the high carbon bon dings can cau se difficultie s in the chroma to­
gra phy of high-molecular-weight sam ples such as proteins. For example both C- and
A-ap olip oproteins are retained indefinitely on CIs-reversed -phase packings which
ha ve a surface load ings of grea ter than 20 %wJw. Th is stro ng interacti on between the
non-polar stationary phase and the ap olipoproteins canno t be overcome by high
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levels of organic solvents, as the proteins precipitate and denature irreversibly under
these conditions.

For these reasons , the development of a reversed-phase column packing which
had a higher polarity due to the presence of free silano l groups, could pr ovide a
useful medium for the chromatography of relatively hydrophobic proteins. In addition
the silanol groups would be expected to increase the hydration of the pores in the
microparticulate silica, thereby facil itating diffusion of the pr otein molecules. A
serious problem with the use of such packings, however, is the propensity of proteins
to bind irreversibly to silanol groups!'. It was decided, therefore, to investigate the
use of the RC-C 18 column with small basic peptides and with prot ein samples known
to be sensitive to silanol groups.

Microparticulate silica pre sents a heterogeneous surface with silanol groups of
varying accessibility and acidity, with a pKa range of 5-6 (refs. 10, 12). The presence
of intramolecular hydrogen bonding is probably the cause of thi s var iation in pKa

values. In ad sorption chromat ography the more reactive silano l groups are dea cti­
vated by treatment of the silica with polar solvents such as water and meth an ol!".
F ig. I shows the importance of a methanol pre-wash of the RC-C I8 column before
chromatography of peptide samples. In the ab sence of thi s pre-wash, the tripeptide
Gly-Gly-Tyr exhib ited irreproducible elution profiles. The pep tide had been pre­
viously shown to be hom ogeneous by a variety of chromatographic studies", so that
the observation of multiple peaks could be attributed to the packing material and
not the sample. Aft er deactivation of silanol groups by the methanol wash , a single
elution peak was observed for all subsequent injections. All other studies were per­
formed on a RC- CI8 column which had been subjected to the methanol wash.

The addition of salts to the mobile phase is also an imp ortant procedure for
minimising interact ions between the silano l groups of the column and ammonium
gro ups present in the solute. The salt can either act as a genera l electrolyte thereby
suppressing ionic interactions, or in cert ain cases a more specific interaction may
occur . It was shown 13.14 that phosphate is capable of form ing an ion pair with suita ble
solutes, as described in the following equation:

Such a reacti on would be expected to also decrease interactions between ammonium
groups of the sample and silano l gro ups in the column packin g.

Recent ly amine phosph ate buffers have becom e popular in the HPLC of pep­
tides and proteinsl'":". Part of the success of the se buffers can be attributed to the
deactivation of silanol groups by ionic and/ or hyd rogen bonding interactions with
amines added to th e mobile phase. Alth ough a mobile phase of 0.1 % H 3P04 was
adequate for the successful ch rom at ogr aphy of Gly-Gl y-Tyr , other peptides such as
Gly-Leu-Tyr requi red a mobile phase which contained an amine phosphate such as
triethylammonium pho sphate (T EAP).

The pre sence of arginine in a peptide present s an additional strongly basic
site due to the guanidino side cha in. It is not surprising, therefore, that the peptides
Met-Arg-Phe , and Leu-Trp-Met-Arg exhibit poor peak shapes on the RC-C I8 column
even in the presence of I % TEAP in the mob ile phase (see Fig. 28 and D). The
replacement of acetonitrile with isopropanol as the organic modifier, however ,
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dramatically improves the elution profile for the se basic peptides (see Fig. 2A and C).
Methan ol doe s not have thi s effect when it is used instead of acetonitrile. A possible
explanation is th at isopropanol, which has a significant non-polar region , is particu­
larly suitable for penetrating the reversed-phase suppo rt and further deactivat ing the
silanol gro ups by hydrogen bonding.

In addition , the following pept ides were also exa mined on the RC-C18 column
with the different mobile ph ases described ab ove : Leu-Trp-Met-Arg-Phe, Gly-Phe ,
Phe-Ser-Lys-Gly-Asp-Gly, Gly-Leu-Tyr, Ala-Lys and Ser-Lys. The elution profiles
observed with these peptides dem onstrated aga in that the meth anol pre-wash of the
column was essential. The only peptides which could be satisfactorily chromato­
graphed in the absence of an amine salt in th e mobile phase, were simple peptides
which did not contain strongly basic and/or hydrophob ic gro ups, e.g., Gly-Gly-Tyr
or Gly-Phe. The other peptides required an amine salt in the mobil e phase to suppress
the major proportion of silanol group effects , while possibly retaining sufficient polar
interactions to allow useful select ivities to still be achieved. The se studies suggested
that a mobile phase which contained I % TEAP, pH 3.2, with isopropanol should
allow the chromatography of most peptides and proteins on the RC-C18 column.

The chromatography of the C-apolipoprotein mixture has been shown to be
extremely sensitive to silanol group effects". For example, it was recently shown that
the separation of thi s protein mixture on a pBondapak-alkylphenyl column with a
mobile phase of 0.1 % H3POcacetonitrile (20 :80) was predominantely a normal rather
th an rever sed-phase separation'" . In thi s system the most polar apolipopro tein C-I
was eluted last , rather than first as in the reversed-phase sepa ration shown in Fig. 3.
Also an increase in concentration of organic modifier resulted in an increased reten­
t ion time, an obser vat ion which is consistent with the proposed normal phase separa­
tion mech anism. Not surprisingly thi s separation was characterised by low recoveries
of the Cvapoliproteins'". If the mobile phase was modified from 0.1 % H3P04 to 1%
TEAP th en a reversed-phase separa tion was observed similar to the elution profiles
show n in Fig. 3.

In a similar manner the separa tion of the C-apol ipoprote ins on the RC-C I8

column could be shown to be extremely sensitive to the nature and concentration
of the amine ph osph ate used in the mobile phase. Triethylamine was shown to be
most effective of a number of a mines, e.g., ammoni a, tr iethylamine, hexylamin e and
ethanolamine. In the comparative study each amine was converted to the phosphate
sa lt as described for TEAP in Experimental. Also a high ionic strength was required ,
as a decrease from I % to 0.1 % in the concentration of TEAP caused a two-fold
reduction in recoveries of the apoproteins, as well as resulting in poor peak shapes
with excessive tailing.

When purified T EAP was used for the aqueous mobile phase, a distinct
difference was observed in the analysis of the C-apolip oprotein mixture. As was
described in Result s, the use of the purified amine phosphate buffer apparently
a llowed a st ronger int eraction to occur between the a polipoproteins and the column.
If acetoni trile was used as th e organ ic modifier, the proteins could not be eluted in a
satisfactory manner from the column. In fact the result s obtained parallel th ose
obtained with the small basic pept ides, in that a change in or ganic modifier from
acetonitrile to isopropanol allowed th e con venient eluti on of the C-apo lipoproteins .
At thi s stag e it is not clear what impurities are present in the crude solut ion of TEAP



ANALYSIS OF PEPTI DIC COMPOUNDS BY MIXED-MODE H PLC 81

that can acco unt for the differences in chromatographic behaviou r of the apolipo­
proteins between the crude and purified mobile phases. Since the ap olipoproteins are
known to be extremely sensit ive to silanol group effects, it is possible that a basic
impuri ty present in the crude triethy lamine was ab le to complex with the silanol
groups sti ll accessible in the RC-C 18 packing after methanol deac tivation.

The importan t feat ure of these studies, however, is th at operating conditions
have been described, which allow the separation of a range of peptide and protein
samples by a mixed-mode separation mechanism. Apparently the mixed retention
mechanism, which invo lves both reversed-phase and adsorption interactions, allow s
for a greater discri mination to be made in a mixt ure of closely related polar materials.
The separa tion of the extremel y compl ex mixture of tryptic fragments from a partial
digest ion of apolipoprotein B on a RC-C I8 col umn was described previously'. An
extra-ordinary degree of selectivity was obtained in this separation with over 200
distinct peptides separated in a single gradient run . T he maximum number of pep ­
tides separated on a pBondapak C I8 or p Bondapak-alkylpheny l column was 50-60
in a gradient run. The majo r reason for the poorer performance of the fully silanized
ana lytical columns relative to the RC-C I 8 system was not in term s of colum n efficien­
cies, but in the lack of selectivity of the former system where a large number of
peptides coeluted at ca. 20% acetonitrile in the grad ient analysis. In the separation
shown on the RC-C 18 column I these peptides were spread througho ut the gradient,
suggesting that greater selectivity is an important factor in the success of the Radial
Compression Separation System in the analysis of complex peptides mixt ure.

Another imp ortant feature of thi s system is that higher sample capacities are
avai lab le, despite the amount of packing material which is comparable to conven­
t ional analytical column s. Often 1O-20-mg load ings of complex peptide mixtures can
be chromatographed on the RC-C I8 co lumn withou t any decrease in separation
efficiency, for exam ple Fig . 7 shows the purification of 8 mg of a crude synthetic
peptide (the 1- 15 amino term inal fragment of apolipoprotein C-I). The corresponding
maximum load ing on a pBondapak CI 8 colu mn is usua lly up to 0.2 mg.
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SUMMARY

Gas-liquid chromatographic methods are described for measurement of the
isomer content of 3-meth ylaminomethyl-2-phenylbicyclo [2.2.2[octane following
chemical deri vati sation. The stereospecificity of its synthesis is confirmed and the
resolved enantiomers are shown to be essentially pure .

- ----- - - --

INTRODUCfION

Members of a series of cis- and trans-fused 3-aminomethyl-2-phenylbicyclo ­
[2.2.2]octanes have been shown to have potential antidepressant properties' in animal
models. The cis-series is the more potent. The most active compound (I) in the cis­
series has been resolved into its two enantiomers, the laevorotatory isomer showing
the greater acti vity. In support of the synthesis of I for use in toxicological and
clinical trials it was necessary to measure both optical and geometric isomer purities
of itself and selected synthetic precursors.

The latter stages of the synthesis' are shown in Fig. I. Catalytic reduction of
the Diels-Alder adduct formed between cis-3,4-dichlorocinnamonitrile and 1,3-cyclo­
hexadiene gives the cis-fused 3-cyano-2-phenylbicyclo [2.2.2]octane (II). Compound I
is formed in two successive reactions, either by formation of the primary amine (III)
or the secondary amine (IV) . Chromatographic separation and purity measurements
of I were complicated by the presence of numerous homologue and dechlorinated
impurities. As high-performance liquid chromatography (HPLC) was not successful
in handling these molecules, gas-liquid chromatography (G LC) was utilised to analy se
the principal components, even though extens ive derivatisation procedures were
required. GLC-mass spectrometry (MS) was also the primary technique utili sed to
characterise impurities at the various synthetic stages .

EXPERIMENTAL

Instrum ents
GLC anal yses were carried out using either a Pye-Unicam Model 104 or a

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientifi c Publi shing Company
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Fig. I. Synthesis of 3-dimethylaminomethyl-2-(3 ',4 '-dichlorophenyl)-bi cyclo[2.2.2]octane ,

Hewlett-Packard Model 5700 gas chromatograph equipped with a flame ionisation
detector. An LKB Model 9000S mas s spectrometer (MS) was used for the GLC-MS
measurements.

Determination of trans-fused molecule ( /a) ill cis-fused molecule ( I) by formation of
the carbamate (lb)

The hydrochloride of I (3 mg) was dissolved in chloroform (I ml) and shaken
with 0.1 M sodium hydroxide solution. An aliquot (100 ,ul) of the chloroform layer
was transferred to a I-ml Reacti-vial (Pierce, Rockford, IL, U.S.A .). Aliquots (1,3 and
5,u1) of isomer la (0.3 mg/rnl) were added to further 100-,u1 volumes of I. 100,u1 of
ethyl chloroformate (Koch-Light , Colnbrook, Great Britain) and sodium carbonate
(10 mg) were added to each solution. The solutions were heated at 100°C for 45 min
and then blown to dr yness under nitrogen. Th e residue was redi ssolved in chloroform
(50,u1) and a sample analysed on a 2 %XE60 column at 210°C.

Conversion of compound / to /V
Compound I (3 mg) was converted to Ib as previously described. Hydrobromic­

glacial acetic acid (I: I) (0.5 ml) was added to the carbamate residue. The solution
was heated at 100°C for 90 min , basified with sodium hydroxide solut ion to pH 10,
and diluted with water. Compound IV was extracted into heptane ( x 6) and blown to
dryness.

Derivatisation of compound IV with optically acid chlorides
The residue of compound IV was reacted with 50 It! of either ( + )-a-methoxy­

a-trifluoro methylphenylacetyl chloride or N-heptafluorobutyryl-a-prolyl chloride
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(Regis, Morton Grove, IL, U.S.A. and triethylamine (10 pI). After 5 min the solution
was blown to dryness and the residue dissolved in methylene chloride. (+ )-a­
Methoxy-a-trifluoromethylphenylacetic acid (Aldrich, Milwaukee, WI, U.S.A.) was
converted to the corresponding acid chloride by reaction with oxalyl chloride in
triethylamine. The diastereomers V were analysed by GLC using an Apiezon M
column whilst VI were analysed using an N,N-bis(p-methoxybenzylidene-a,a'-bi-p
toluidine) (Eastman-Kodak, Rochester, NY, U.S.A.) liquid crystal column at 225°C.

Formation of diastereomeramide VI via formation of N-oxide VII
Compound 1(0.05 mg) was dissolved in methylene chloride (50 pI) and treated

with m-chloroperoxybenzoic acid (50 pg). The solution was blown to dryness after
5 min, again after the addition of triethylamine, and finally after the addition of
ethereal diazomethane. (+)-a-Methoxy-a-trifluoromethylphenylacetyl chloride (30 pI),
chloroform (50 pI) and triethylamine were added and the diastereomers analysed as
previously indicated.

Analysis of compounds III and IV
Aliquots (20 pI) of chloroform solution (1 mg/rnl) of compound III or IV

were reacted with 10 pI of pentafluorobenzoyl chloride (Fluorochem, Dinting Vale,
Great Britain) and triethylamine (2 pI) at 60°C for 15 min. After cooling the resultant
solution was shaken with distilled water (350 pI) and 0.880 ammonia (50 pI). An
aliquot of the chloroform layer was analysed on an Apiezon J column at 270°C.

RESULTS AND DISCUSSION

Determination of isomeric trans-fused molecule (Ia) in cis-fused 3-dimethylamino­
methyl-2- (3' ,4' -dichlorophenyl)bicyclo[2.2.2]octane (I)

Compound I not only exhibits poor GLC characteristics but it is difficult to
separate from the isomeric trans-fused molecule (Ia). An optimum relative retention
of only 1.05 was achieved for these two molecules on an Apiezon L column. The
separation was not suitable for measuring low levels of isomer la in I. Several attempts
have been made to improve the gas chromatographic properties of tertiary amines by
derivatisation. The Hofmann degradation reaction/ can be utilised to form olefins
characteristic of the parent amine. Reaction of a tertiary amine with an alkyl chloro­
forrnatev" has been shown to be a satisfactory method for determining low concen­
trations of drugs.

The levels of la in I were determined by this approach using ethyl chloro­
formate (Fig. 4). The resultant derivatives were then readily resolved by GLC. The
formation of the carbamate (Ib) was monitored at 10 min intervals using GLC. On
an XE-60 (cyanoethyl silicone) column, the two derivatives show a relative retention
time of 1.2. The peak area ratios of cis-carbamate to n-triacontane internal standard
are shown (Fig. 2). Optimum yield (90%) was observed after 60 min, GLC-MS con­
firming the identity of both carbamate peaks, viz: mje 369/371/373 [M +.]; 266/268/270

+
[M - N(CH3)COOCzHs] + and 116 [CHz=N(CH3)COOCzHs].As the synthesis route
of I shows a high degree of stereospecificity', levels of the trans-isomer in I were expected
to be below one percent although it was not possible to obtain a standard sample free
of trans-isomer la. Consequently the levels of la in I were determined by a spiking
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Fig. 2. Graph showing rate of formati on of ca rba ma te deri vati ve (Ib ).

technique and ratioing the areas of the respective carbamate peaks, assuming an
equality of resp onse from each molecule. Standard aliqu ots of unknown 1 were
spiked with known am ounts of la. From the calibration gra ph (Fig. 3) the intercept
value repre senting the required impurity level could be measured . Typical levels of
0.1-0.2 %were observed. A precision measurement on six sa mples gave a coefficient
of variation of 3.0 %for a mean value of 0.145 % trans-isomer in I.
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Fig. 3. Calibration graph for dete rmining the level of the trails-fused isom er in cis-fused 3-dimethyl­
aminomethyl-2-(3 ',4 '-dichlorophenyI)bicyclo[2.2.210ctane (I).
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H

Analysis of 3-amin omethyl-2- (3' ,4'-dichlorophenyl)bicyclo[2.2.2]octane (III) and 3­
methylaminometliyl-Z-i 3' ,4' -dichlorophenyl)bicyclo[ 2.2.2] octane (IV)

It was not necessary to regula rly measure the levels of the trans-fu sed isomer in
III or IV once it was established tha t no inversion of cis-fused material took place at
eith er of these synthetic stages. In contrast to the cyano-functional molecule (II),
neither III nor IV gave satisfactory chromatographic peaks and were best analysed
after benzoylation or acetylation when the respective isomeric derivatives were read ily
resolved. The pen tafluorobenzoate derivati ves of IV (m]e 491/493/495 [M +.], 266/

+
268/270 [M - N(CH 3)COCbFs] + and 238[CH2 = N( CH3)COC6Fs] were qu antita-
tively formed and easi ly resolved by G LC. Th ey indicated that in both cases minimal
levels of the trans-isom er were present and no inversion to ok place. Similar result s
were obtained from the derivatives of I II.

Determination of optical purity of cis-f used 3-dimethy lamino-2-(3' ,4' -dichlorophenyl) ­
bicyclo[2.2.2]octane ( I)

Using GLC a mine enantiomers can either be directly determined on optically
active sta tionary phases or as diastereoisomcrs on achiral ph ases5 ,6 . Although the
form er approach is more direct , it was not possible to implem ent it for I due to upp er
temp eratu re limit s imp osed by the volat ility of the optically act ive phase.

To form diastcrcoisome rs from I it was first necessary to int roduce a funct ional
group which coul d be derivati sed. In one approach compound I was demeth ylated
aft er initial conversion to the carbam ate (Ib). Compound Ib was then hydrolysed to
give compound IV, a seconda ry amine. Th e overa ll yield of thi s reaction was 70 %.
React ion of IV with N-heptafluorobutyryl-L-prolyl chloride? (F ig. 4) gave a diastereo­
isomer pair (V) which could be resolved on an Apiezon M column. However, thi s

'" C l
I
~ CI

H / CH3
C H2N,

COOC2H5
I b

v

Fig . 4. Derivatisation routes for the an alysis of cis-fused 3-dimethylamino-2-(3' ,4' -dichlorophenyl)­
bicyc1o[2.2.2]octane (I ) .
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latter reagent proved unsuitable for quantitative work due to its variable purity and
inversion during derivatisation. When IV was reacted with (+ )-a-methoxy-a-trifluoro­
methylphenylacetyl chlorides (Fig. 4) no inversion took place. In contrast to the
prolyl reagent the latter acid chloride lacks an a-hyd rogen and hence is resistant to
racemisation. The resultant diastereoisomers (VI) were resolved into two equal
intensity peaks using the liquid crystal phase N,N'-bis(p-methoxybenzylidene-a,a'­
bi-p-toluidine). Super-cooling of the liquid crystal improved the separation".

In a preferred alternative route to VI, compound I was converted to the corres­
ponding N-oxide (VII) by reaction with m-chloroperoxybenzoic acid. Reaction of
VII with (+ )-a-methoxy-a-trifluoromethylphenylacetyl chloride'? (Fig. 4) formed the
dia stereoamides (VI) ([M +'] m]e 513/515/517). The formation of VI can be followed
by GLC on a dimethyl silicone phase. The average overall conversion yield for both
diastereoisomers was 43 %(relative standard deviation = 4.9 %). The aldehyde (VIII)
([M +'] m]e 182/184/186) was a significant by-product whilst the formation of the
unwanted amide (IX)([M+ '] m]e 435/437/439/441) could be minimised by reaction of
excess m-chloroperoxybenzoic acid, m-chlorobenzoic acid or its acid chloride with
diazomethane.

TABLE I

PERCENTAGE OPTICAL PURITY OF CIS-FUSED 3-DIMETHYLAMINO-2-[3',4 '-DICHLO­
ROPHENYLj BICYCLO-[2.2.2jOCTANE(I)

( + ) -Isomer

Experimental

100.0

Comp ositi on
Synthetic mixture

100.0

---- ------ _. - - --~--- .- . -- - -_.

( -)-Isomer

Experimental Composition
Synthetic mixture

88.8
93.2
10.7
6.2

90.6
95.3
10.7
5.3

100.0
11.2
6.8

89.3
93.8

100.0
9.4
4.7

89.3
94.7

-----------------------~------

As the method required the determination of relative isomer concentration,
the respective peak area ratios gave a satisfactory measurement. Analysis of resolved
samples of the two enantiomers by this method suggest them to be essentially pure.
Synthetic mixtures of the enantiomers were prepared from these pure components.
The experimental composition of the synthetic mixtures was in close agreement with
expected levels (See Table I).
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SUMMARY

The measurement of acetate by gas chromatography at low concentrations in
biological fluids is a difficult task. A significant improvement can be brought about
by derivatization of acids as p-bromophenacyl esters.

By such a procedure, the determination of low-molecular-weight straight-chain
carboxylic acids (acetic, propionic and butyric acid s) was enhanced with respect to
sensitivity and specificity. The volatile fatty acids were esterified by means of an
extractive alkylation mechanism in acidic conditions from aqueous solutions. Tetra­
hexylammonium was used as counter-ion and the alkylating agent was a,p-dibromo­
acetophenone.

The phenacylation reaction was studied with respect to pH, concentration of
counter-ion and kinetics. The yield of derivatization was ca. 70 %after 2 h at 42°C.

A mass spectrometry study was performed in order to ascertain the structure
of derivatives using electron impact and chemical ionization.

The gas-liquid chromatographic behaviour of the p-bromophenacyl esters of
acetic , propionic and butyric acid s was studied on an OV-225 packed column and an
OV-l capillary column. Flame ionization detection was shown to be linear between
0.2 and 4 nmol injected , with a quantitative limit of detection of 3l pmol (i.e. 1.8 ng
of acetic acid).

INTRODUCTION

Many gas chromatographic (GC) methods for the measurement of acetate at
low concentrations (10-100 pM) have been reported' :", An exten sive review of the
techniques was compiled by Cochrane". In most of the se procedures, columns packed
with liquid phases suitable for the chromatography of the free acid were used . Many
pitfalls could be found in GC of volatile fatty acids (VFA). Among these, adsorption
of the acid into the chromatographic systems (inlet and columns) resulted in tailing,
irregular shape of peaks and gho sting":". Addition of formic acid to the carrier gas': ",n

0021-9673/81/OOOO--OOOO/502.50 © 1981 Elsevier Scientific Publi shing Company
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and/or addition of phosphoric acid to the stat ionary phase' <' -" was proposed to
improve thi s situat ion, but the lifetime of the columns then decreased. In addition ,
nonreproducible recoveries of YFA in aqueous biological fluids can occur during
pre-chromatographic manipulation , such as extraction with organic solvents, con­
centration by evaporation or vacuum microdistillations

,9 , 10 , 12 .

Another probl em occurs in the detection level of acetate. Owin g to its str ucture
(one methyl only) , acetate has a very low respon se factor to the flame ionization
detector (FlO). Since the FlO has a sensit ivity of 20 millicoul ornbs per gram of
carbon, the detection limit can be estimated at ca. 700 ng of injected aceta te at the
usual sensitivity of 10- 10 A (attenuation X 100) consistent with the noise level in
biological an alysis. In such conditions, acetate concentrations as low as 60 11M can
be measured without pre-concentration. Such a value is close to the normal acetate
concentration in human plasma. Accordingly, it is necessar y to enhance the detect­
ability of acet ate by FlO. This can be achieved by derivatization of the molecule.

Our objective was to select a suitable deriv ative for acetic acid that could be
prepared quantitatively, chromatographed and detected in good analytical conditions.

MATERIALS AND METHODS

Reagents
a ,p -Di bromoacetophenone (Merck, Darmstadt, G.F.R .) was dissolved in

methylene chloride at 36 mM concentration. All organic acids (Merck) were dissolved
in water, and freshly prepared solutions were used. Different counter-ions were tried :
tetrahexylammonium hyd rogen sulphate, tetrabutylammonium hydrogen sulphate or
chloride or bromide, tri eth ylbenzylammonium chloride, trim eth ylhexadecylamrno­
nium bromide, tributylhexadecylphosphoniurn bromide. They were all of analytical
grade and were purchased from Merck or Interchirn (M ontlucon, France) or INC
(Irvine, CA , U.S.A.) or Eastman (Rochester, NY, U.S.A.) . They were dissolved
at concentrations of 0.3-1 mM in pho sphate buffer solution of variable pH.

Gas-liquid chromatography
The reaction conditions were evaluated with a Pye Unicam 104 Model 84 gas

chroma tograph equ ipped with a FID. The glass column, 2.50 m X 0.4 em I.D., was
packed with 2.1% OY-225 on Gas-Chrom Q (Applied Science Labs ., State College,
PA, U.S.A .). Nitrogen was used as carrier gas at a flow-rate of 40 ml/min. The column
oven and detector temperatures were, respectively, 185 and 250°C. Studies in the
nanogram range were carried out with a Carlo-Erba 2150 gas chromat ograph
equipped with a FlO and a splitl ess injector. The carrier gas was hydrogen at a flow­
rate of 1 ml/rnin. The glass capill ary column, 30 m X 0.3 mrn 1.0. , was a soft pen i­
lylated glass as described by Grob':' and coated with OV-I , film thickness 0.15 /-lm.

Ma ss spectrometry
Mass spectrometry (MS) was carried out on a Ribermag R-IO-IOB (Rueil

Malmaison, France) apparatus. Sample introduction was via the GCinlet , OY-225 3%
on Chromosorb W HP 100-120 mesh support at 180°C. Helium was used as carr ier gas
at 1.8 bar. The solvent peak was diverted from the GC-MS interface held at 250°C.
The electron impact mass spectra were recorded at 70 eY ; the ionization current was
21(' /-lA. Chemical ionization mass spectra were recorded with ammonia as reagent gas .
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Evaluation of reaction conditio ns
The derivat izati on was carried out as follows. For ana lytica l purposes, 2 ml

of d iluted solution of acetic, propi on ic and but yric acids in the range 0.1125-1.1 25 mM
were added to 8 ml of buffer solution contain ing th e counter-ion. A I ml volume of
meth ylene chloride contai ning the alkylating reagent (36 m M ) and n-hexacosane
(1 .22 m M ) was added . Th e reac t ion mixture was shaken in screw-cap PTFE vials for
variou s t imes at 42°C. Th en 2 p I of th e organic phase were injected int o the gas chro­
matograph . Reaction yields were calculated from peak heights rati os with »-hexa­
cosa ne as internal standard.

Fo r prepar ati ve purposes, 2 mmol of acet ic acid in 150 ml of buffer solut ion
(pH 5) were derivatized with 2.2 mol of a,p-dibromoacetophenone in 20 1111 of meth­
ylene ch loride. The organic phase was re moved under vacuum. The residu e, redis­
solved in benzene, was filtered th rough 20 g of dry silica gel, 35- 70 mesh (Merck).
The alkylated deri vative was eluted with benzene and recrystallized from heptane.

RESULTS AND DISCUSSION

Critical examination of current techniques of synthesis of carboxylic acids
esters pri or to chromatographi c analysis'<"? indicates th at a need exists for methods
of derivat izing VFA , such as ace tic acid, in very dilute aqueous biological samples.
Ind eed , man y of th ese procedu res were found to be tedious because the y ent ailed
success ive steps of extraction, concentrat ion and derivat izat ion. Furthermore, when
using solid-liquid phase-t ran sfer catalysis'P-!" aqueo us media were excluded, and a
preliminary ion-exchange step was found necessary to resolve problems due to the
inte rference of Na +, Mg2+ and Ca2+ ion s".

One interesting breakthrough was the application of extr active alkylation,
which is well known in organic chernistry'v-" . Th e present study applied thi s deri vati­
zat ion procedure while using a very reactive alkylating reagent, a,p-dibromoaceto­
phenone'",

Th e phenacyl esters so prepared exhibit good chrom at ographi c properties. In
GC, the separa tion and detectability are noticeably enhanced whereas in liquid
chro matography such derivatives are nowadays lar gely used26-

28 becau se of their
UV properties!".

Derivat ization reaction
Extractive alkylation , a lso called liquid-liquid phase-t ransfer catalysis", is a

very convenient technique, co upling extraction and der ivati zation. (i) Extraction of
the anion of the acid as an ion-pair. This ion-pair, with a bulky lipophilic radical R,
is extracted into an organic ph ase where the alkylation takes place. As the an ion
present is highly reactive in poorly solvating solvents, th e nucl eophilic properties of
the carboxylate anion are enhanced. (ii) Alkylation with a highly reactive rea gent :
a,p-dibromoacetophenone.

Io1 CO O ....~ nc oo • II '

i ~,:~ • - ~_::~~_". • ---=:"
IoI R4 Dr Ill.: O O · Nli.

B'{).-eO;~OO CIl ~ B.-( }- ~O- l: I., B '
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Study of the phenacylation reaction
The extractive alkylation of VFA was the subject of our investigation. Many

parameters, such as pH and the nature and concentration of the counter-ion were
studied.

pH influence. The influence of pH on the reactivity is shown in Fig. I. The
optimal pH for acetate and propionate is between 5 and 6 and for butyrate it is in the
range 4-8.
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Fig . 1. Influence of pH on the reaction rate: 8 h at 42°C. Reactants: tetrahexylammonium hydrogen
sulphate 0.3 mM in buffer solution 1 M, organic acids 1.51ImoJ. Results are expressed in arbitrary units
as peak height ratio of organic acids to internal standard (n-hexacosane). The peak height ratio was,
respectively, 1.13,1.11 and 1.04 for equal amounts of acetic, propionic and butyric acids with respect
to internal standard.

The partition ratio of the carboxylate anion between the organic and aqueous
phases is a function of the concentrations of the quaternary ammonium ion and the
anion in the aqueous phase and of the extraction coefficient for the ion pair. Accord­
ingly, it is to be expected that the dissociation coefficients of the organic acids will
influence their reactivities. At a pH lower than the pK., VFA are not dissociated
enough to be extracted as ion-pairs in the organic phase. In other respects, all fatty
acids are totally dissociated at pH 9-10, which is the pH usually used for extractive
alkylation'"-". Fig. I shows that, above the pK. value of acetic acid, the reactivity
decreases significantly. This abnormal behaviour can be explained by the well-

+
known observation that the CH3COO-Na+ salt is more stable than the CH3COO- NR~
salt. Consequently, at pH 9-10 the acetate ion cannot be extracted quantitatively as

+
the CH3COO-NR~ion pair.

When the length of the alkyl chain of the organic acid increases, so does the
extraction coefficient of the ion-pair because of greater lipophilicity. Consequently,
for the propionate and butyrate anions, the equilibrium of step 1 is displaced to the

+
the right, i.e. the RCOO-NR~ ion-pair.

Nature and concentration of counter-ion. The results are listed in Table 1 for
acetic, propionic and butyric acids at pH 5 and 9.

The reactivity seems independent of the nature of the tetra-alkylammonium
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TABLE I

INFLU ENCE OF THE NATUR E OF THE CO UNTER-ION ON REA CTION RATE

Reactant s : counter-ion 0.3' 10- 3 M in buffer solution, orga nic acid 1.5 p mol, interna l sta ndard :
n-hexacosane . 8 h at 42"C. Result s are expressed in arbitra ry units relative to internal sta nda rd.
. - --- ----

Counter-ion Buff er solution, p H 5 Buffer solut ion, pH 9
__ .- " ' 0_ - -_._---- ,- . ._- --- - -

Acetic Propionic Butyric Acetic Propi onic Butyric
acid acid acid acid acid acid

.- -. --_._ ---_. -- - - - .._---
Tetrabutylammonium

hydrogen sulphate 0.03 0.06 0.10 0.05 0.12 0.31
Tetrabutylammonium

bromide 0.04 0.05 0.1 6 0 .04 0.06 0 .18
Tetrabutylamm onium

chloride 0.05 0.11 0.24 0.05 0.08 0.23
Tetrahexylamm onium

hydrogen sulphate 1045 l AO 1.23 0045 1.23 1.21
Tr iethylbenzylammonium

chloride 0 0 0 0. 05 0 .08 0. 23
Trimethylhexad ecyl-

amm onium bromide 0.04 0.14 0041 0 .08 0.22 0.53
Tributylhexadecyl-

phosphonium bromide 0 .66 0 .73 0 .74 0 .35 0 .98 0.9 6
- - -- ---

anion. On the other hand, as the extraction coefficient is a function of the lipophilic
character of the counter-ion , the reaction rate is influenced by the length of the alkyl
chain of the qu aternary amm onium ion . Table] shows that the tetrabutylammonium
salts are too hydrophilic. The best result s were obtained with the tetrahexylammo­
nium ion. Th is result is in good agreement with those publi shed by Dehrnlow" ,
which showed that the counter-ion must contain not less th an 15 carbon atoms.
When the phosphon ium salt was used, the reacti vity did not increase. Fo r the folIowing
experiments, tetrahexylammonium salts were used.

According to the scheme described above, the reactivity can be increased by a
higher concentration of the quaternary ammonium ion. Ho wever, only the rate of
deriv at ization of acetic acid increased with concentration of the tetrahexylammo­
nium ion (Fig. 2). For propionic and butyric acids, the deri vat ization was practicalIy
independent of thi s parameter. Thi s observati on can be explained by the more lipo­
phil ic cha racter of these acids.

Kinet ics of reaction. Fig. 3 shows the result s for the three acids at two concen­
trations of the quaternary ammonium ion. The yield of phenacyl acetate was constant
at reaction times over 2 h for a 10- 3 M concentra tion of tetrahexylammonium ion
and over 18 h at a 0.3 .10 - 3 M concentration. It is clear that a fast reaction for
hydr ophilic acids will require a high concentration of the lipophilic counter-ion.
The yield of the phenacyl ester ion remains constant at reaction time s between 3
and 24 h, indicating that no hydrolysis takes place. The phenacyl esters are highly
lipophilic and mainl y present in the organic phase, which decre ases the po ssibility of
decomposit ion in buffer phase solution.

Choice of solvent, The distribution of the ammonium salt between the aqueous
and organic phases depend s to a large extent on the nature of the organic phase.
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Fig . 2. Influe nce of tetrahe xylarnm oniurn ion concentration on the reaction rate. Reactants: organic
acids 1.5 pmol. For un its see Fig. I .
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Fig . 3. Phenacyl esterifica tion of acetic, prop ionic and but yric acid s (1.5 "mol) at pH 5. 0, Acet ic
acid; 6" propionic acid; 0 , butyric acid ; all with tet rahc xylarnrnon ium ion 10- 3 M . • , Acetic acid;
... , propionic acid ; . , butyric acid ; a ll with tctrahexylamrn onium ion 0.3 ' 10- 3 M .

Met hylene chloride, which is often recommended, showed by far the most favorab le
extraction coefficient. At 42°C, in optimal conditions, the yield of phenacyl acetate
was ca. 70% (determi ned with a known amount of pure phenacy l acetate as refer­
ence). Benzene and dichloroethane were also tested as solvents, princ ipally to increase
the reaction temperature; however, interfering side reactions occurred .
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Chromatographic analysis
Fig. 4 show s separation of acetic, propionic and butyric acid s as phenacyl

esters on an OV-225 packed column. All these peaks were quantitatively resolved
when using this polar liquid phase. The retention indices (RI) of the p-bromophenacyl
esters of acet ic, propionic and but yric were, respecti vely, 2334, 2409 and 2491 at
185°C on OV-225, and the a,p-dibro moaceto phenone reagent (RI = 2237) gave a
pronounced peak with mark ed tailing. Thi s tailing, if too great, made quantitative
measurement of acetic acid difficult. Thus, the use of high-performance gas chroma­
tog raphy (HPGC) on glass capillary columns was attempted.
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Fig. 4. Gas chromatogra m of acet ic, propionic and buty ric acid s as phen acyJ esters on 2.1%
OV-225 at 185°C.

Fig. 5 illustra tes the effect of the efficiency of GC on the separation of the
reagent , RBr, and the p-bromophenacyl ester s of acid s. Thi s separation was carried
out on a non-p olar liquid phase OV-I. It should be noted that when such an analysis
was carried on an OV-I packed column, the acetic acid peak was obscured by tailing
of the reagent peak. Retention indices of a,p-dibromoacetophenone and the p-bromo­
phenac yl ester s of acetic, propionic and butyric acids were, respectively, 1582, 1642,
1721 and 1778 on OV-!.
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Fig . 5. Ga s chromatogram of acetic, propionic and butyric acid s as phenacyl esters on glass
capillary column OV-l 30 m x 0.3 mm I.D ., film thickness, 0.15 Jim ; oven temperature, 150"C;
carrier gas, hydrogen at 0.5 bar. Split injection .

Mass spectrometry ofp-b romophenacy l esters
In order to identify p-bromophenacyl ester derivat ives, mass spectrometry

was performed with a GC-MS cou pled system using two ionizatio n modes.
The electron impact (EI) ionization gave a base peak at m]e 183, 185, corre­

sponding to the fragment ion BrCoH4CO +. Such a fragment was present in the mass
spectra of all the phenacyl esters studied (Fig. 6). It resulted from the elimination of
the RCOOCH 2 residue from the molecular ion by a fJ-c1eavage witho ut hydrogen
transfer. The pre sence of one bromine atom in the molecule provided a characteristic
isotopic pattern . Th is doublet was present in all the fragments containing an brom ine
atom C9Br and BI Br) with a relati ve ab undance of ab ou t one. The ions at m]e 155 and
76 corresponded , respectively, to the fragments BrCoH 4 + an d CoH4 +. Finally, while
using EI, the identity of the deriv atives was confirmed only by the molecular ions at
m ]e 256-258, 270-272 and 282-284. These molecular ions were ca. 3 /" of the inten sity
of the base peak . Ho wever, fragments characteristic of derivatized acids were observed
at low m]e 43, 57 and 71 for acetic, propionic and butyric acids, respectively . The se
ions corresponded to the fragm ents CH3CO +, C2H sCO + and C3H 7CO +.

Che mical ionization (CI) with am monia as reagent gas gave quasi-molecular
ions (QM+) at (M + 1)+: m ]e = 257-259, 271-273 and 285-287 for the three VFA
studied. A base peak (Fig . 7) was obtained at (M + 18) +, corresponding to ions
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Fig. 6. EI mass spectra of phenacyl esters of acetic, propion ic and butyric acids. R = Br- C6H.­

CO-CH,. For exper iment al cond itions see text.
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Fig. 7. CI mass spectra of phenacyl esters of acetic, prop ionic and butyric acids. Ammonia was used
as reagent gas.
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(Q - NH4 ") . Furthermore, the fra gment ions at m]e = 183, 185 were st ill present in
all the mass spectra. Thi s observation can be explained by the stabilization of the
fragment ion, p-BrC6H 4CO +, obtained by a resonance mechanism.

M easurement of VFA
In order to establish the advantages of the deri vati zation of VFA for quanti­

tative purposes, the linearity of respon se and the limit of detection were stud ied. A
linear response from 200 pmol to 4 nmol injected of each derivatized ac id was ob­
tained , as shown in Fig. 8.
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<l
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:<:
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BUT..

42 3

n mol es injec ted

Fig. 8. Standard curves for acetic, propionic and butyric acids as p-bromophenacyl esters. Chromato­
graphic conditions : 2.5 m x 0.4 cm J.D. column pack ed with 2. 1% OY-225 on Gas-Ch rom Q ;
oven tempera ture, 185°C ; flame ionizat ion detection ; sensitivity, 2 x 10- 10 A (full-scale deviati on) ;
internal standard, n-hexacosane.

By measuring the response of pure crystallized p-bromophenacyl ester of
acetic acid, it was shown that the yield of derivatization was only ca. 70 %in optimal
conditions. H owever , th is lack of total deri vatizat ion did not prevent quantitative
an alysis (Fig . 8). Nevertheless for quantitative analysis of biol ogical samples, it
wiIl be necessary to check that the reaction yield is identical with tha t of the standards .

The limit of detection is an important criterion. According to Curie", a
quantitative detection limit , Lq , can be defined as the level at which the precision of
the measurement will be sat isfact ory for quantitative determination. Thi s term Lq is
calculated as Lq = 10 (To, where (T o is the standard deviation of measurement at very
low levels ; for acetic acid it is 31 pmol or 1.8 ng injected in the gas chromato graph at
10- 10 A sensitivity. Under these conditions the determination of the plasma acetate
level in normal human subjects, 51 pM5, could be performed sat isfactory. Thi s
detection limit could be noticeably improved by using a capillary column.
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Alth ough severa l GC methods for the quantitati ve determinati on of aceta te
in biological fluids have been reported , almos t all were concerned with pathological
cases, such as hemod ialysis or metabolic diseases. Th e main problem is due to the
relatively low con centration of acetate in the plasma of healthy subjects. When such
sma ll amount have to be measured , the GC adsorption gives rise to tailin g, irregular
peak s and ghos ting, ma king quantitati ve analysis difficult. Furthermore, owing to
its structure, acetic acid gives a low signa l in a FlO (formic acid does not respond to
a FlO). Accordingly, in order to enhance det ectability, volatile fatty acids have often
been converted into their esters. However , owing to the non-quantitative recoveries
of the ester s, especially for the lower acids, these procedures are not suitable for
quanti tati ve analysis.

The authors atte mpted to improve the esterification procedure by using
phenacyl esters via an extractive alkylati on of acetic , prop ionic and butyric acids .
Phenacyl esters can be prepared easily and qu antitat ively, allowing the detection
of as little as 1.8 ng of C2 acid. The meth od of preparation is inexpen sive and rapid ,
coupling the extract ion and derivati zati on steps. Th e reacti on conditions do not
require the exclusion of water. GC detectability and sepa ration can be improved by
using a glass capill ary column. Furthermore, phenacyl esters are recognized as suitable
tags for UV detection in HPLC ana lysis!".

The formation of phenacyl esters of volatile fatty acids must thu s be considered
as a useful meth od for the quantitative analysis of acet at e. Ind eed, such a change in
the polar ity of the molecule cannot but enhance the specificity of the method .
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SUMMARY

A very sensitive method is described for the detection of aflatoxins in pistachio
nuts. The method employs the extraction procedure used in the BF method (described
in the Association of Official Analytical Chemists' Book of Methods) followed by an
acid alumina column clean-up to remove sample components which would otherwise
interfere in the final determinative step. The quantitation of the aflatoxins is carried
out by high-performance liquid chromatography on a C1S reversed-phase column after
conversion of aflatoxins B1 and G 1 to their more fluorescent derivatives, Bz a and G Za '

The limit of detection was found to be 0.5 flgfkg. The chromatograms were found to
be free of interfering peaks and multiple injections showed excellent reproducibility.

INTRODUCTION

Most methods commonly used for analysis of pistachio nuts for aflatoxins are
based on a clean-up procedure originally developed for grains and employ silica gel
thin-layer chromatography (TLC) in the final determination step. The dependence of
these methods upon quantitation can lead to variations in the results, presumably
because the resolution and fluorescent intensity of aflatoxins on thin-layer plates
varies with the type of silica gel and with the environmental conditions prevailing in a
given laboratory':". Intralaboratory collaborative studies where TLC was used to
quantitate the aflatoxin content have reported coefficients of variation ranging from
20 to 60% (refs. 5-7).

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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In recent years instrumentation for high-performance liquid chromatography
(HPLC) and high-resolution columns has become available. These advances have
resulted in several applications of this technique to the analysis of foodstuffs for the
presence of aflatoxins and other mycotoxins with the advantages of speed, good
resolution and high degree of accuracy and precision. HPLC has been applied to the
detection of aflatoxins in ground Aspergillus-infested grain samples", mold extracts",
cottonseed"; wine" , corn' " and some other mycotoxins including patulin in apple
juice':'. Recently we have also applied this technique successfully to the determination
of ochratoxin A in corn!".

Application of the HPLC technique to semipurified extracts of naturally
contaminated pistachio nuts obtained from Official Methods, AOACI 5 showed that
residual non-aflatoxin artifacts in the extract interfere with the resolution of aflatoxins.
In this article a very sensitive HPLC method for aflatoxin determination in pistachio
nuts is proposed in which the sample extract from Official Methods (BF method) is
further purified on a small acid alumina clean-up column designed to completely
remove the non-aflatoxin impurities followed by conversion of aflatoxins B1 and G1

to their hydroxylated derivatives B2a and G2a • The fluorescence characteristics of the
aflatoxins B2a and Gz a have been reported, and they were found to be more fluorescent
in polar solvents than B1 and G1 (refs. 12 and 16).

EXPERIMENTAL

Equipment
A DuPont Model 840 liquid chromatograph was used with a Valco septumless

injector and a Model 836 f1uorescnece detector with a Corning CS-7-54 excitation
filter (UV range 328-385 nm) and a CS-3-72 emission filter (UV cut-off 451 nm)
connected to a I-mV recorder. The stainless-steel HPLC column employed was
30 em x 4 mm I.D., and contained 1O-/lm ODS-bonded silica gel (/lBondapak;
Waters Assoc. , Milford, MA, U.S.A.). A Schoeffel Model SD 3000 f1uorodensitometer
was employed in TLC mode. A 300 x 15 mm I.D. glass column with a PTFE stopcock
and a 125-ml reservoir was used for acidic alumina column chromatography.

Reagents
Acidic alumina (Fisher A-948, 80-200 mesh) was prepared by adding 3%water

(w/w), shaking for several minutes and allowing to stand overnight to equilibrate.
Crystalline aflatoxins B1, Bz, G 1 and G, were obtained from the Food and Drug
Administration (Washington, DC, U.S.A.) and standard solutions were prepared
containing 0.030, 0.045, 0.060, 0.075 and 0.090 /lg/ml of each aflatoxin. The HPLC
elution solvent employed was distilled water-methanol-acetonitrile (67:20 :13)
degassed before use.

Sample preparation and extraction
Pistachio nut samples were prepared and 50 g of each sample was extracted

according to Official Methods, AOAC, 26.020-26.023 15 and evaporated to dryness .

Column chromatography
A ball of glass wool was placed in the bottom of the column and 2 g anhydrous
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sodium sulfate was added as a base for the acidic alumina. Benzene was added until
the column was about half full, then 5 g of acidic alumina was added. The sides of the
column were washed with about 10 ml of benzene and stirred to disperse the alumina.
The benzene was drained to about 3-5 em above the alumina, then 5 g of anhydrous
sodium sulfate was slowly added and the benzene was drained to the top of the
packing. The sample extract was dissolved in 2 ml of chloroform-benzene (l :4) and
quantitatively transferred onto the column. The sample beaker was rinsed with an
additional 5 ml of chloroform-benzene (l :4) and the contents added to the column.
To the column, 50 ml of benzene was added, drained at maximum flow-rate and dis­
carded. Finally, the aflatoxins were eluted with 50 ml of chloroform-methanol (97: 3)
into a 100-ml beaker. This solution was evaporated to about 2 ml on a steam bath,
transferred to a 5-ml vial and evaporated to dryness under a stream of nitrogen.

Derivative formation
The conversion of aflatoxins B1 and G1 to their water ad ducts Bza and GZa is

catalyzed by acid. A I-ml volume of each of the standard solutions was pipetted into
separate 5-ml vials and evaporated to dryness under a stream of nitrogen. To each
vial of standard and sample 100 ,ul of trifluoroacetic acid and 100 ,ul of water were
added. The vials were heated on a steam bath (at about 50°C) for 30 min. Then the
solutions were evaporated to dryness under nitrogen. Each sample or standard was
dissolved in I ml of mobile phase. If there were any particles in the sample solution,
these were filtered through a 5-,um filter prior to injection into the HPLC column.

HPLC determination
Pressure was applied to the HPLC column to give a flow-rate of I ml/min.

A 20-,ulvolume of the most dilute standard solution was injected and the detector was
set to give about "1" pen deflection for the first two peaks (Bza and Gza) .

A standard curve was prepared for each aflatoxin by injecting 20 ,ul of each
standard solution into the HPLC column and plotting peak height vs. standard con­
centration (in ng/ml). The four aflatoxins were eluted in the order G 1, B1 (as G za and
Bza), G z, and n,

A 20-,ulvolume of the sample extract was injected into the HPLC column and
the aflatoxin peaks were identified by comparing the retention times with those of
the stanards. The peak heights were measured and the concentrations were determined
in sample from the standard curves. The amount of each aflatoxin in the original
sample was calculated using the equation ,ug/kg = C, X Vs/5, where Vs is the final
sample volume (ml) and Cs is the aflatoxin concentration as read from the standard
curve (ng/ml),

If the aflatoxin peaks in the sample are larger than the most concentrated
aflatoxin standard solution, the samples should be diluted and re-injected.

RESULTS AND DISCUSSION

Several HPLC mobile-phase solvent mixtures were tried before deciding on the
mixture of water-methanol-acetonitrile (67 :20: 13). This solvent elutes the four
aflatoxins in from 6.8 to 15.8 min at a flow-rate of 1.0 ml/min. Fig. I is a chromato­
gram of 1.7 ng of each of the four aflatoxins. It was found that the solvent mixture
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F ig. I. Resolut ion of aflatoxins in reference standards, 1.7 ng each B" B" G , and G,. Chromato­
graphic conditions : column, CIS (octadecyl reversed phase) , detector, fluorescence at 8 NAFS;
pressure, 1200 p.s.i, to give a flow-rate of I mlJmin ; char t speed: 0.1 in.Jmin ; mobi le phase, water­
met hanol-acetonitrile (67 :20: 13).

had to be varied slight ly in order to achieve the same separation of the aflatoxins on a
series of CI S reversed-phase columns from the same manufacturer. With a new column
the solvent mixture described above was used as a starting point and a comparable
sepa ration of the aflatoxins was usually achieved by altering the methanol :water rat io
by 1 or 2 %. Once a satisfactory solvent mixture was found the separation was found
to be reproducible over several months.

TABLE I

R EPRODUCIBILITY OF RETENTION TIMES OF AFLATOX INS IN STANDARD SOLU­
TIONS AND SAMPLE EXTRACTS

For standard solutio ns 20-/d injections of solutio ns contai ning 0.3- 1.8 ng of each aflatox in were
made. For sample extracts 20-/d injectio ns of pistachio nut sample extracts which contai ned 10pg!
kg of each of the aflatoxins were made . N umber of injections was 6 in each case .

- --- -- - ._ --._-_ ._- - - ._-_ ._- -- _ . .._._-----
A/latoxin standards Sample extracts

._._- - -_.__ ..~-_.._-- _.~ .. - - ' . .. . .. ._- - -_._-- _... - -
Mean retention time (min) 6.81 8.79 11.39 15.8 6.82 8.79 11.21 15.88
Standard deviation 0.036 0.026 0.026 0.017 0.02 0.02 0.028 0,028
Coefficient of variation ( %) 0.4 0.3 0.24 0.10 0.3 0.2 0.25 0.2

---- - .._-- ---------
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To demonstrate the reproducibility of the retention times 20 ,ul of six standard
solutions ranging in concentration from 0.015-0.090 ng/,ul were injected into the HPLC
column and six 20-pl injections of a pistachio nut extract to which each of the four
aflatoxins had been added at levels of 10 ,ug/kg were also made. The mean retention
t imes, standard deviations and coefficients of variation for these injections are given in
Table 1. The low values for the standard deviations and coefficients of variation (0.1­
004 %for standards and 0.2-0.3 %for samples) demonstrate that the retention times
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Fig . 2. Typica l standard curves of aflatoxins H,. , Bz, Gz• and Gz. Chromatographic conditions are
the same as those in Fig. I.

are reproducible within the concentration range studied and are not affected by other
components in the sample extract.

The linearity of the HPLC fluorescence detector response for the four aflatoxins
was investigated over the range of 0.3-1 .8 ng. The response was found to be linear
for all four aflatoxins. Typical standard curves of peak height vs. amount injected (in
ng) are reproduced for Bz" Bz, OZa and o, (Fig. 2).

Before development of a new clean-up procedure, both BF (26.020-26.024) and
CB (26.014-26.019) methods of the AOAC methods'> for pistachio nuts were modi­
fied by substituting HPLC for TLC in the determinative steps. In Fig. 3 are reproduced
the HPLC chromatograms which were obtained following clean-up of a pistachio nut
sample by the BF and CB methods. Although sample clean-up by the CB method was
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Fig. 3. High-perform ance liquid chromatograms of pistachio nut extracts prepared by the BF and
CB methods. Chromatographic conditions a re the same as th ose in Fig. I.

mo re satisfacto ry, it was concluded that other com ponents in the sample would
interfere with the analysis for aflatoxins.

In Fig. 4 three chromatograms are reproduced of the HPLC analysis of pis­
tachi o nut extracts after sample clean-up by the procedure described earlier. The first
chromatogram is of a sample to which each of the four aflatoxins has been added at
the 10 f.1gfkg level. The second chromatogram is of a naturally contaminated pistachio
nut sample which contained a high level of B1 and smaller amounts of G 1, G2 and B2 •

The third chromatogram is from a sample in wh ich no aflatoxins were detected. These
chromatograms illustrate the effectiveness 0 the clean-up achieved ; in no case was an
appreciable background due to the sample matrix observed .

A total of nine pistachio nut samples, one sample to which no aflato xins were
added, six samples to which each of the four atlato xins was added at levels ranging
from 0.5-18.0 f.1g/kg, and two naturally contaminated sample s, were cleaned up by
the procedure described earlier. The aflatoxins were determined first by TLC using a
f1uorodensitometer, then by HPLC; in each case the same extracts were used. The
results of these analyses are tabulated in Table II. The total aflatoxins recovered ranged
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Fig. 4. High-perfor manc e liquid chromatograms of pistachio nu t extracts prepa red by the procedure
described in the Experimental section. Ch romatographic conditions ar e the sa me as those in Fig. 1.

TABLE II

COM PARISON OF T HE DETERM INATIO N OF AF LAT OXI NS IN PISTACHIO NUTS BY
TL C AN D HPLC

NC = Naturally co ntaminated.
._-_ .~ -_ . - .- - - .._ - .-- - ._.- _ .._--- -~_... . .- - - _.._ ---------

A/latoxins BJ B2 GJ G2 Total
added -_ ._ . ._---,---- --~ _. . __._-_._ -- - -- -- ---
(fi g/kg ) Found Found Found Found Found

- ----_...

fi g /kg % fi g /kg 0/ fig/kg % fig /kg % fig /kg %; 0
---_. --_ ._ -"-----".-. ...._ _. ... . ._-,~---- .._-- ._ _.,,,-- - -

HPL C analysis
0 0 0 0 0 0
0.5 0.46 92 0.22 44 0.47 94 0.27 54 1.42 71
2.0 1.43 72 1.2 60 1.4 70 1.2 60 5.23 65
6.1 5.0 82 3.09 51 4.83 79 2.8 46 15.72 64

10.0 ' 8.9 89 6.77 68 8.82 88 6.75 67 31.24 78
10.0 " 6.04 60 7.0 70 6.8 68 6.6 66 26.44 66
18.0 13.07 73 8.15 45 12.51 70 7.29 41 41.02 57
NC 2.06 0.3 0.83 0 3. 19
NC 100.4 13.8 11.4 1.91 127.5

TL C analysis
0 0 0 0 0 0
0. 5 0 0 0 0 0
2.0 1.46 73 1.26 63 1.31 66 1.12 56 5.15 64
6.1 4.78 78 3.66 60 3.23 53 3.26 54 14.93 61

10.0 " 5.4 54 7.1 71 7.32 73 6.9 69 26.7 67
18.0 12.6 70 9.54 53 12.8 71 8.46 47 43.4 60
NC 1.88 0 0 0 1.88
N C 101.5 14.0 11.0 1.4 122.9

--_. , -----,--~- , . - - "-'. -_ ..._--..._ -------

* Fi rst sample.
** Second sample. Tg is sam ple was used for TL C analysis in this table and in Table III.
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TABLE III

DETERMINATION OF AFLATOXINS IN PISTACHIO NUTS BY TLC PRIOR TO AL UMINA
COLU MN CLEAN-UP STEP
NC = nat urally conta mina ted .

Aflatox ins
Added
(Il g/kg )

% IIg/kg

o
6. 1

10.0'
18.0
NC
NC

FOUlld

pg/kg
---

o
4.8
5.7

12.06
1.42

97.4

79
57
67

B2

Found

o
3.54
7.4
9.72

o
14.4

%

58
74
54

G, G2

Foulld Found

I,g /kg % I ,g/kg

0 0
3.42 56 2.9
8.3 83 8.3

10.26 57 12.6
0 0

13.0 1.32

------ .__ .. -

Total
._ -- --_.-

FOlllld
.- --- -

% fig/kg %

0
48 14.7 61
83 29.7 74
70 44.6 62

1.42
126.1

. --_ ..- ... -- _.

• See footnote to Table II.

from 57-7 8 % for the HPLC analyses and from 60-67% for the TLC ana lyses al­
tho ugh recoveries of ind ividual aflatox ins showed grea ter variations. The agreement
between the HPLC and TLC ana lyses was excellent. To determ ine if there was any
loss of aflatoxins during the acid a lumina column clean-up step, the same samples
were analyzed by TLC after the init ial extraction . The results of these determ inati ons
are given in Table III. A comparison of these results with those in Table II indicates
that there is no loss of aflatoxins in the alumina column clean-up step.
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SUMMARY

A gas chromatographic method for the simultaneous determination of mor­
phine, 6-acetylmorphine and codeine in human plasma or blood has been developed.
The samples are buffered to pH 9 and extracted on silica columns, cleaned byextrac­
tion and finally acylated with pentaftuoropropionic anhydride. The deri vatives formed
are separated on a glass capillary column with falling glass needle injection and
electron-capture detection. The choice of the extraction conditions and the prepa­
ration of suitable capillary columns are discu ssed.

INTRODUCTION

There is a great need for sensitive and specific assay s of drugs in tissues. A large
number of analyses are often necessary , so that long-term reproducibility and time of
analysis are important. It is also of interest to be able to detect metabolites simul­
taneously. Codeine is metabolized to morphine, which is of interest in pharmacokinetic
investigations. The determinat ion of 6-acet ylmorphine and morphine in post mort em
blood specimens after acute heroin poisoning is another example.

Liquid chromatographic assays for morphine often make use of the reactivity
of the phenol gro up. Oxidation is used in amperometric detection] and formation of
dimeric products by pre-column derivatization and fluorescence detection",

Derivatization of morphine and related compounds is necessary in order to
reduce the polarity and to increa se the sensitivity (for electron-capture detection) prior
to gas chromatography (GC). Acylation with fluorinated anhydrides and N-hepta­
f1uorobutyryl imidazole has been used in combination with electron-capture detec­
tion"? or mass fragmentographic detection". Silylation has been used prior to ftame­
ionization detection? and mass fragmentography'". Only mass fragmentography and
electron-capture detection give detection limits low enough for pharmacokinetic
investigations where only a few nanograms per millilitre are to be detected. We have
been using a GC method with electron-capture detection for several years". However,

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientifi c Publi shing Company
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this method is laborious and we report here the results of our efforts to reduce the
time of analysis and to improve the reproducibility at low concentrations with the
aid of capillary chromatography.

EXPERIMENTAL

Morphine, codeine and nalorphine were obtained from the WHO Centre for
Chemical Reference Substances (Solna, Sweden). Diacetylmorphine was prepared by
heating 0.4 g of morphine hydrochloride with 0.2 g of sodium acetate and 2 ml of
acetic anhydride for 20 min at lOO°C, followed by addition of 30 ml of 1 M sodium
carbonate and extraction three times with 10 ml of dichloromethane-cyclohexane
(1 :5). The solvent was distilled off in a rotary evaporator and the product was
recr ystallized from ethanol-water. 6-Acet ylmorphine was synthesized according to
Wright!' and its purity was checked by thin-layer, liquid and gas-liquid chromato­
graphy. The product contained 0.5% of morphine but no other impurities were
detected by the se methods. Pentafluoropropionic anhydride (PFPA) was purchased
from Massanalys (Stockholm, Sweden) .

Dichloromethane, l-butanol and ethyl acetate were of LiChrosolv quality
(Merck, Darmstadt, G.F.R.). Extractions of samples were performed on columns
packed with Extrelut silica (Merck). The silica was packed in a large column and
purified with meth anol and ethanol until the eluent was free from impurities, followed
by drying in an oven at lOO°e.

A 1.2-g amount of the pure silica was packed in a glass ion-exchange column
(190 X 6 mm J.D .) with silanized glass-wool as outlet filter. Columns and test-tubes
were silanized with 2 % Drifilm (Pierce, Rockford, IL, U.S.A .) in cyclohexane ,
followed by three washes with methanol and drying at ambient temperature.

Preparation of buffers
Buffer A. Ammonia solution (1 M) was titrated with 2 M hydrochloric acid

using a pH meter with a glass electrode until pH 9.0 was obtained .
Buffer B. Ammonia solution (5 M) was added to buffer A until it gave pH 9.0

when mixed with an equal volume of 0.05 M sulphuric acid . This calibration should
be checked whenever a new dilution of sulphur ic acid is prep ared.

Preparation of capillary columns
Borosilicate columns (25 m X 0.36 mm I.D.) were filled with 20% hydro­

chloric acid and sea led under vacuum. The columns were heated at 160°C for 16 h,
followed by washing with ten column volumes of distilled water and drying at 120°C
with a flow of nitrogen.

Deposition of sodium chloride according to de Nijs et al.'? was used for the
preparation of columns with polar sta tionary phases. Deactivation of the glass sur face
was performed with N-cyclohex yl-3-azet idenol (CHAZ) according to Sandra and
Verzele'" or gas-phase deactivation with Carbowax 20M 14 , 15. Polar stationary phase s
were applied by dynamic coating using the mercury plug method. Non-polar station­
ary phases were appl ied with static coating by distillation of the solvent under vacuum.
The columns were cond itioned by temperature programming, followed by further
conditioning at 220°C overnight.
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Instruments
A Hewlett-Packard gas chromatograph equipped with a 63Ni electron-capture

detector was used . The injection port was enlarged to take a Packard glass solid
injector with a falling needle . Argon containing 5 % of methane as make-up gas for
the detector was connected with a tee-piece and glass-lined tubing.

The column (25 m X 0.36 mm 1.0.) was packed with OY-I. The injection
temperature was 250oe, the column temperature nooe, and the detector temperature
300°C. The flow-rate of the carrier gas (helium) was 35 em/sec and that of the make-up
gas was 40 ml/min.

Extraction procedure
Plasma (1 ml) and 0.1 ml of intemal standard solution containing nalorphine

and I ml of buffer A (pH 9.0) are mixed and poured on to an extraction column.
After 10 min, elution is carried out with a 5% solution of I-butanol in dichloro­
methane until 8 ml have been collected.

The organic phase is extracted with 0.5 ml of 0.05 M sulphuric acid and the
aqueous phase is separated by centrifugation and transferred into a new tube with a
pasteur pipette. The aqueous phase is made alkaline with 0.5 ml of buffer Band
extracted with the same solvent as above. The aqueous phase is aspirated off and
the organic phase is poured into a 3-ml tube. The organic phase is evaporated with
a stream of nitrogen at 500e in a heating bath and 100,ul of PFPA are added. The
tubes are sealed with glass stoppers and heated in a heating block at 65°e for 30 min,
then the PFPA is evaporated with a stream of nitrogen at ambient temperature. A
0.25-ml volume of ethyl acetate is added and the contents of the tube are thoroughly
mixed on a Whirlmixer. Then 1-3 fIl of this mixture is injected to the gas chromato­
graph. The concentrations of morphine, codeine and 6-acetylmorphine are evaluated
by using a calibration graph established by use of six standard samples.

RESULTS AND DISCUSSION

Extraction
Morphine is an ampholytic compound and the optimal pH for extraction has

been determined to be 8.96 (ref. 16). We earlier used carbonate buffers for adjustment
of pH prior to extraction, but have now changed to ammonium chloride buffers
owing to their better pH stability on storage. The extraction method described above
is not suitable for the quantitative determination of 6-acetylmorphine in samples
containing diacetylmorphine owing to partial hydrolysis of the latter during extrac­
tion. For analysis of samples containing diacetylmorphine, addition of enzyme inhi­
bitors and extraction at lower pH must be used'", 6-Acetylmorphine is more stable
and is not hydrolysed to morphine in the extraction method described above. This
was checked by extraction of spiked plasma samples containing 6-acetylmorphine
alone. Less than I % of 6-acetylmorphine was hydrolysed to morphine during ex­
traction.

The hydrolysis ofdiacetylmorphine in blood or plasma is very rapid. Nakamura
and Thornton" determined the half-life of diacetylmorphine in blood to be 9 min
and concluded that post mortem blood specimens should be analysed for the presence
of 6-acetylmorphine. Halogenated hydrocarbons mixed with alcohols have been
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widely used or the extr act ion of morphine from biological samples2 , 3 ,8 , I O, 19 . High
extraction recoveries are obtained with these polar solvents, but polar solvents also
extract more of the sample matrix. Less polar solvents such as toluene-butanol' v"
and benzene-butanol' ? have been used to achieve clean extract s. If the more polar
solvents are used the pH adjustments becom es less critical, and adso rption to glass
surfaces wilI be red uced .

Emulsions are formed when chlorinated hydrocarbo ns are shake n with buffered
plasma samples, which makes phase sepa ration difficul t. Column extraction has
proved to be useful for solving thi s problem. Different mater ials have been used to
absorb the aqueous phase, such as cellulose powder" silica" and gauze spon ges".
A good absorption matrix to hold the aqueous phase sho uld be inert with respect to
adsor ption of the compounds of interes t and it should not contain extractable
impurities. Extrelut silica was found to be suita ble after purificat ion with methanol
as descri bed above. Extracts with a low backgrou nd (Fig. I) and a high recovery
were obtained (Ta ble I).

I 2

4

o 4 10 min

Fig. I . Chroma to gra m obtained fro m a I-ml serum sta nda rd con tai ning 62 ng of mo rphine ( I), 546
ng of cod eine (2) , 76 ng of normorphine (3), 189 ng of 6-acetylmorphine (4) a nd 100 ng of nalorphine
(5) . Injection : I p i from 250 III by falli ng needle on to a 25 m x 0.36 rnm l. D. OV- I co lumn (co lumn
I , Table II ). Carrier gas, heliu m (35 cm/sec; make-up gas, argo n-5 % meth an e (40 rnl/rnin). Injection
temperatu re, 250°C ; column temperature, 220°C ; detector temperature, 300°C . Hewlett-Packa rd
electron-capture detector (6JNi so urce) .

Injection and chromatography
A solid injector with a falIing glass needle was used due to its inertness and the

possibil ity of injecting large fractions of the total sa mple. It is possible to evaporate
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TABLE I

RECOVERY AND PRECISION

113

Compound Elution Amount Recovery Coeffi cient No. of Detection
tim e added ± S .D. a/variation. determinations limit (ng/ml)
(sec) (ng ) (%) (%)

--_ ...__ ..__ . - . ""' - ---,._- - ._ - .-
Morphine 314 62 98 ± 6 4 7

0.8 10 8
Codeine 341 546 98 ± 4 3 7 5

4 7 8
Normorphine 368 76 24 ± 2 7 7
6-Acetylmo rphine 389 409 98 ± 2 2 7 2

- - _. - --_. -- '-- - - --- _..- -- -"--- - --- -

• Relati ve peak height versus nalorphine.

the PFPA directly on the falling needle , but thi s is not recommended for routine
work. The density of PFPA is high, which makes it difficult to inject without releasing
a drop down to the column.

Our first attempts to use capillary columns for morphine and codeine analysis
gave contradictory result s. No peak s appeared after injection of nanogram amounts
of the derivatives on some columns, while others appeared to be inert. Surface pre­
treatment and deactivation are usually not carried out with commercially available
columns. Therefore, we decided to test some different methods described in the
literature to find one suitable for opiate analysis. After some preliminary tests it
became clear that some kind of standard chromatographic test for opiates was
needed in order to be able to compare different columns and to control a column in
use. A methanolic solution of morphine, codeine and pentazocine was evaporated
and treated with PFPA. The PFPA was evaporated and the test sample was dissolved
in ethyl acetate containing aldrin. The test sample was chromatographed and the
peak area per mole relative to aldrin was calculated. The results are presented in
Table II.

TABLE II

RESULTS FOR DETERMINATION OF OPIATES USING DIFFERENT COLUMNS

Columns 3 a nd 6 were supplied by Hewlett-Packard ; the others were prepa red as described under
Experimental. Carbowax 20M deactivation, columns I , 2 a nd 3 ; CH AZ deac tivation columns 4 and
5.

Relative peak area/mole versus aldrinColumn

OV-l
OV-l
Methylsilicone fused silica
OV-l7
OV-225

Carbowax 20M fused silica

No.

1
2
3
4
5

6

Column
temperature
( OC)

220
220
220
220
180
200
220
240
220

Penta zocine

0.53
0.41
0.38
0. 31
0.59
0.47
0.52
0.48
0 .19

Morphine

1.34
1.13
0.63
0.74
1.82
1.5 6
1.62
0.5 8
0.13

Codeine

0.25
0.15
0.24
0.09
0.27
0.19
0.103
0.013
0.074
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Table II indicates that degradation of morphine and codeine occurs on all
columns to some extent, and the sensitivity to degrad at ion decreases in the order
codeine ~ morphine » pent azocine.

It is difficult to estimate how much of the derivatives have survived chromato­
graphy from chromatographic data alone, as no ab solutely inert column is available,
and the degradation might proceed without catalysis. It seems probable that the
degradation follows a first-order reaction with catalysis (pyrolysis of ester s on glass
bead s has been used for the synthesis of alkenes ; Tschu gaev elimination). De Nijs
et al.l s measured the first-ord er rate constant for the degradation of endrin in order
to compare the activity of different columns. It should be possible to make similar
measurements for opia te der ivatives, bu t it is very time consum ing. To be able to
obtain a figure for the peak area ra tio with small or negligible degradati on and for
kinetic investigations, a 10 m x 0.5 mm J.D . capillary coated with OV-225 was
prepared. Test mixtures of aldrin, morphine and codeine derivati ves were chro rnato­
graphed at almost constant elution time at different temperatures using extreme flow­
rates (Fig. 2). One experiment with variation of the flow-rate at constant temperature
was also carried out (Fig . 3).

Relat ive peak area / mole
versus Aldr in

Relati ve pea k a rea/m ole
versu s Aldrin

1.5
0.3

1.0
0.2

0.5
0.1

(bJ
240200160

(0 )

° 160 20 0 240 °
Column tem p. C Colu mn temp.C

Fig. 2. Variation with column temperature of relat ive peak area for PFPA-acylated morphine (a)
and codeine (b). Th e elution time was kept constant by variation of the flow-rates. Column : 10 m x
0.5 mm I.D. with sodium chloride deposition and CHAZ deactivation followed by coating with
OV-225.

From Figs. 2 and 3 it is clear that degradati on will always occur on columns
used for analysis as excessive flow-rates canno t be used and a column temperature
of at least 200°C is needed in ord er to achie ve a reasonable time of analysis. Ho wever,
the degradati on is very reproducible so th at analyses can be carr ied out in spite of
degradation, but regula r column control and ca libra tion are advisable. If there is
interest in an alysing codeine alone, 3-0-ethylmorphine might be used rather than
nalorphine as a more suitable internal standard.
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Relat i ve peak area Im ole
vers us Aldrin

1.5 . Re la t ive pea k area /mole
versus Aldri n

115

1.0

c,

0.2

0.5

(aJ

0.1

uo

200 4 00 60 0 Sec

Elut ion ti me
20 0 4 0 0 600 Sec

Eluti on tim e

Fig. 3. Variation of relative peak area peak area for PFPA-acylated morphine (a) and codeine (b)
a t d ifferent elution times by variatio n of flow-rate. Column as in Fig. 2, operated a t 200°C.

Both the CHAZ and Carbowax 20M deactivation methods gave useful
columns. The advantage of using gas-phase deactivation with Carbowax 20M is that
it can be used to deactivate old columns. Good results were most easily obtained with
Carbowax 20M deactivation and coat ing with OV-!. One of these OV-I columns has
been used for the ana lysis of at least 500 biological samples so far without any sign
of deteri oration.

The meth od described is suitable for the simultaneous determinat ion of
morphine, codeine and 6-acetylmorphine in biological samples. Normorphine can
also be determined , but the extraction recovery is only 24 %. The method has been
used for the investigati on of the specificity of radioimmunoassay of morphine in
plasma , the determination of morphine and codeine after codeine adm inistration and
the determ ination of 6-acetylmorphine and morphine in different tissues after acute
heroin poisonin g to determine the cau se of death.
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SUMMARY

A procedure for the determination of LJ9-tetrahydrocannabino l (LJ9-THC) in
the presence of its degradation products in pharmaceutical vehicles by high-perform­
ance liquid chromatography (HPLC) is described . The method compares favorably
with a standa rd gas-liquid chromatographic procedure used for the anal ysis of LJ 9_
TH C in sesame oil USP. The HPLC method is suita ble for quantitat ing LJ9-THC in
the presence of several pharmaceutical vehicles and excipients including: sesame oil
USP, polyvinylpyrrolidone , Emulpho r EL620 and Cremophor EL. Extractions
are not requ ired and samples require little preparation. Onl y the addition of an
internal standard in an appropriate solvent is necessary before injection. The proce­
dure has been applied to stability studies of LJ 9-THC in various pharmaceutical
vehicles.

- - _ . . . . _--- - _.__ . .. . -. _ - - _ .. --_.._ - - _._-- - ---- - ---- -

INTRODUCTION

The preparation of dosage form s of LJ9-tetrahydrocannabinol (LJ9-THC)
suitable for human use presents interesting and challenging problems. The water
solubility of LJ 9-T HC has been determined by Garrett and Hunt! to be 2.8 Itg /m!.
This poor solubility coupled with its viscous tar-like nature make routine handling
and solubilization difficult. Additionally, LJ9-THC decomposes more readily in the
presence of light or oxygen":' . Much work has been directed toward the formulation
of products of !J9-THC that are useful in evaluating the ph armacological properties
of the drug. However, more attention needs to be directed to the optimization of
formulations suitable for rout ine therapeutic use in humans. Specifically of interest
are products suita ble for use in ant iemetic therapy in combinat ion with antitumor
agents. The usefulness of LJ9_THC as an antiemetic was first reported by Sallan et al."
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in 1975. Since then the activity of /19-THC has been confirmed in several clinical
trials versus chemotherapy induced emesis ':". These trials were conducted with /]9_
THC products distributed by the National Institute on Drug Abuse, specifically a
standardized marihuana cigarette and a soft gelatin capsule containing 11 9_THC in
sesame oil. Some problems were encountered with the use of these dosage forms.
There is reluctance in some older patients towards the use of marihuana cigarettes
due to the associated social and legal implications. Also, the effectiveness of the
cigarette as a dosage form depends heavily on the smoking process itself. Patients
must be carefully trained in proper smoking techniques for administration to be
successful. At best, only a fraction of the actual amount of ,1]9-THC available is
introduced to the lungs for absorption and the amounts of drug absorbed may be
less predictable than desired". Also, the use of the cigarette as a dosage form inherently
involves the administration of various other marihuana components and combustion
products which may present problems of their own. Likewise, the absorption of
11 9_THC from the gastrointestinal tract has been unpredictable':". Chang et al. S

reported blood levels of 1']9_THC which suggested variable absorption of the drug
after oral administration. Likewise, Frytak et al" observed similar variations in
plasma levels of /19-THe. These problems might be avoided by the use of alternate
dosage forms.

Due to some of these drug delivery problems, formulation studies were begun
to develop new dosage forms of /19_THC suitable for intravenous, intramuscular or
oral administration to humans. Numerous methods for the quantitation of /19-THC

in a variety of biological media and botanical products have been reported. Many
have been summarized in monographs or reviews'Pr!". A gas-liquid chromatographic
(GLC) method employing multiple extractions has been used for analysis of delta-9­
THC in capsules containing the drug in sesame oil'", Our goal was to develop a
reversed-phase high-performance liquid chromatographic (HPLC) method that
would be generally applicable to the analysis of ;19_THC in the presence of its decom­
position products in a variety of pharmaceutical vehicles. A HPLC method was
desirable to avoid laborious extractive work-up of samples. This non-destructive
technique would also permit the collection and subsequent identification of degrada­
tion products. This report describes the development of such a method and its
utility for the analysis of /19_THC in several potential pharmaceutical vehicles.

EXPERIMENTAL

HPLC apparatus and conditions
Method A. A modular high-performance liquid chromatograph (Model 3500B,

Spectra-Physics, Santa Clara, CA, U.S.A.), including a reciprocating piston pump
with flow feedback control, delivered mobile phase at a constant rate (l ml/min) to
a stainless-steel column (250 x 4.6 mrn 1.0.) packed with lO-,um particles of silica gel
chemically bonded to a Cs hydrocarbon phase (Altex LiChrosorb RP-8, 10 ,um,
Altex Scientific, Berkeley, CA, U.S.A.). A fixed-wavelength (280 nm) ultraviolet detec­
tor (Model 8200, Spectra-Physics) with a sensitivity setting of 0.08 a.u.f.s. detected
the eluted compounds. The detector output signal was recorded with a strip chart
recorder equipped with variable chart speed controls (Model A5211-1, Omniscribe,
Houston Instruments, Austin, TX, U.S.A.). Samples were introduced to the column
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with a manual injection valve equipped with a IO-pl sam ple loop (M odel CY-6-UHP­
a-N60, Yaleo Instrument Com pany, Houston, TX , U.S.A .).

The mobile pha se consisted of methanol-dist illed water (78 :22). The column
pressure wa s about 630 p.s.i. at a flow-rate of 1 ml jmin. All separation s were affected
isocratically at ambient temperature.

M ethod B. This procedure is identical to Method A with the following excep­
tions: mobile phase con sisted of methanol-distilled water (73 :27). The column
packing material con sisted of a dim eth ylsilane ph ase chemically bonded to silica
gel (Altex LiChrosorb RP-2 , 10 pm).

Qu antitation wa s performed using an internal standard method. Standard
curves con structed from the ratio of peak heights of LJ9_THC to the internal standard
tetraphenylethylene (I.S .) versus concentration were linear (r > 0.99) .

Reagents
/19-T HC was supplied by the National Institute on Drug Abuse (Rockville,

MD, U.S.A.). Tetraphenylethylene (Aldrich, Milwaukee, WI, U.S.A.) was used as
received. Methanol, HPLC grade (Fisher Scientific, Fair Lawn, NJ , U.S.A.) and
distilled water were filtered through 0.5-pm and 0.8-[nn solvent-resistant filter s,
respectively (Millipore, Bedford, MA , U.S.A .). Reference sam ples of.d B-THC, canna­
binol and cannabidiol were used as received (Supeleo, Bellefonte, PA, U .S.A .).
Solutions of ethanol- Emulphor EL6 20 (I: I) and of ethanol-Cremophor EL (I : I)
were supplied by the Division of Cancer Treatment , National Cancer In stitute
(National Institutes of Health, Bethesda, MD, U.S.A.). All other chemicals were
reagent grade and were used as received.

Mo st Ll9-THC-conta ining samples were diluted or reconstituted with absolute
ethanol to give a drug concentration of 5 or 10 mg/ml , An aliquot of this solution
(100 pI) was diluted with 600 pI of a solution of tetraphenylethylene in eth anol
(150 pgjml) . This solution (10 pI) was injected directly for HPLC analysis. Ll9-THC
in seame oil USP was quantitated by weighing individual sam ples (25-40 mg) of the
drug in sesame oil (3 % Ll9_THC, wjw) and then di ssolving the sam ple in 600 pi of
n-butanol containing tetraphenylethylene (128.5 [Ig jml). The resulting solution was
injected directly for HPLC analysis. Samples for GLC analysis were prepared in
ethanol to contain about 0.3 mg jml of f I9-T HC and 0.45 mg jml androst-4-ene-3,17­
dione (internal standard) according to a modification of a standard methodI 3

•
15

•

Preparation of experimental formulations
Several formulations were investigated. The following vehicle and packaging

variations were prepared and the contents subjected to HPLC an alysis:
(A) An evacuated vial containing 10 mg Ll9-THC prepared by a low-tempera­

ture vacuum dr ying procedure!".
(B) A solution conta in ing 10 mgjml /19-T HC in ethanol-Emulphor EL620­

sodium chloride injection USP (5: 5 :90) was prepared as described previously!".
Al iquot s (0.5 ml) of thi s so lution were di spensed and sealed under room air in clear
glass ampules.

(C) A solution containing 10 mg jml i r9-T HC in ethanol-Cremophor EL­
sodium chloride injection USP (5:5:90) was prepared and dispensed in a manner
similar to formulation B.



120 K. P. FLORA, J. C. CRADOCK, J. P. DAVIGNON

(D) A solution containing 100 mg/ml ,19-T HC in ethanol-Emulphor EL620
(I: 1) sealed under nitrogen in a glass ampule.

(E) A solution containing 100 mg /rnl d 9-THC in ethanol-Cremophor EL
(I :1) sealed under nitrogen in a glass ampule.

(F) Adsorbates with polyvinylpyrrolidone containing 3.5 %(w/w) L19_THe.
(G) A solutiorr of 3%(w/w) of A9-T H C in sesame oil USP.

RESULTS AND DISCUSSION

Chromatography
Ll 9-THC and several related cannabinoids: AS-THC, cannabinol and canna­

bidiol could be resolved by either HPLC method (Fig. 1). Preliminary studies of
Ll9-THC decomposition in formulation B under accelerated conditions of heat and
light in the presence of air indicated cannabinol, cannabidiol and several relatively
polar products were formed. Little or no ,,'1 s-T HC was detected. The elution of the
various cannabinoids was more prolonged from the Cs column as compared to the
Cz column with equivalent mobile phases. Increasing the organic component in either
system resulted in faster elution of all components; however, L'19-THC and Lls-THC
could no longer be resolved. Mobile phases containing less organic component
required more time for elution of the components with subsequent peak broadening
and tailing. Ultraviolet detection at 280 nm was satisfactory as both L'1 9_THC and
L'1s-THC have absorbance maxima in that region (L'19-THC, UV m a . in ethanol : 282
and 278 nm (s, 2075 and 2040 l-mol r v cm -1; IJ s-T HC, UV max. in ethanol: 283, 276
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Fig. 1. HPLC chromatograms of a mixture of L19-T HC (I), ,18-T HC (2), cannabinol (3), cannabidiol
(4) and the internal standard tetraphenylethylene (5) using Method B and Method A.
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and 209nm (s, 1390, 1330 and 41,000 l'mol- 1'cm- 1
; ref. 18). Cannabinol, the

aromatic degradation product of L\9-THC, has a much greater molar absorptivity
than L\9-THC or D 8- THC (UVrna x • in ethanol: 286 nm (s, 18,300 l'mol-1'cm-1;

ref. 19) and consequently displays peaks which are disproportionately large for the
amount present.

Method A was chosen for stability studies because of the somewhat better
resolution of the cannabinol and /1 9-THC peaks. This was important because canna­
binol is produced from the decomposition of J9_THC and possesses a strong chromo­
phore. The resolution of ;j9-THC and J8-THC was of lesser concern because J8-THC
was not produced in significant amounts in preliminary studies and contains a weaker
chromophore than that of J9_THe.

The HPLC system (Method A) was compared to a standard GLC method
which has been used for the analytical evaluation of the J9-THC sesame oil capsules
produced for the National Institute on Drug Abuse13

•
15. Duplicate shelf life samples

of formulation A were subjected to HPLC and GLC analysis. Results of these com­
parative analyses are presented in Table]. These data show reasonable agreement
for the two methods for samples stored at 25° or 50°e.

TABLE I

COMPARISON OF GLC AND HPLC METHODS ON ANALYSIS OF LOW-TEMPERATURE
VACUUM DRIED ,,1"-THC (FORMULATION A)

Time (weeks) Percent a/initial assay

HPLC GLC HPLC GLC

4
8

12
20

100.0
92.0
82.1
76.2

101.4
93.5
80.4
74.6

101.1
100.0
98.0

100.7
102.2
97.8

L1 9-THC in sesame oil (formulation G) was also determined by HPLC and
GLe. The GLC procedure required multiple extraction (six times) and an evapora­
tion step": Six individual samples of formulation G were weighed (250-350 mg for
GLC analysis and 25-40 mg for HPLC analysis) for analysis by each method. The
results were in agreement. The precision, as measured by percent relative standard
deviation, of the HPLC method was somewhat better (2.25 %as compared to 3.05 %
for the GLC method.)

The analysis of other formulations some of which contain various surfactants
and oils can also be accomplished directly with this HPLC method. Direct injection
offers distinct advantages over the GLC method which would require multiple extrac­
tions in most instances. Emulphor EL620 and Cremophor EL do not exhibit UV
absorbance at 280 nm and are thus not detected during HPLC analysis. However,
detection at 220 nm indicated two large peaks eluted after the injection of samples
containing either Emulphor EL620 (retention volume, VR ~ 27-37 m!) or Cremo­
phor EL (VR ~ 28-35 ml). Several peaks in sesame oil USP are eluted and detected
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at 280 nm with retention volumes ranging from 3.8 to 8.1 m\. Po lyvinylpyrrol idone
produced no peak s that were dete ctable at 280 11m. At 220 nm , a large tail ing peak
was ob served between VR 1.8 and J2.0 m\. Fortunately none of the peaks eluted from
the various vehicle s interfered with the Ilq

- TH C peak or the internal standard peak at
280 nm. Repeated injections of any of the formulations described did not affect
resolution, retention volumes or overall co lumn per form ance. As a precaution,
however, the column was routinely flushed with methanol for 1-2 h after each 2-3 days
of an alysis.

This HPLC method was suitable for sta bility studies of Llq-T HC in any of the
vehicle s described. Typical stability data in severa l vehicle s are seen in Table II.
Formulations 8 and C demonstrat e the more rap id decomposit ion of I lq-THC in the
pre sence of air and water. Other vehicles with the product sto red an inert nitrogen
atmosphere (formulati ons D and E) are con siderably more sta ble. Da y-to-day varia­
tion based on the an alysis of a standard solut ion of I lq-T HC in ethanol over a period
of 6 months resulted in a relative standard deviation of 4.40 %.

TABLE II

STABILITY OF Ll9-T HC IN VARIOUS VEH ICL ES AT 25T

Time Percent of initial assay

Formulation B Formulat ion C Formulation D Formulation E
o _ ______

0 100.0 100 .0 100.0 100.0
2 Days 86.0 91. 6
7 Days 82.9 86.5

10 Days 81.1 84.2
6 Weeks 96. 2 98.1

14 Weeks 97.0 96.0
20 Weeks 96.2 97.5
- __-___0'.'

HPLC ha s proven to be a useful method for formulation and stability studies
with Llq-THC The procedure compares favorab ly to a standard G LC method used
in other formulation related ana lysis of / lq-THC The method is simple and requires
no extraction pr ior to analysis in the vehicles investigated.
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METHODE DE DOSAGE PAR CHROMATOGRAPHIE LIQUIDE HAUTE
PERFORMANCE D E L'ETHYLENETHIOUREE DANS LES FORMULATIONS
A. BASE D'ETHYLENE-BIS-DITHIOCARBAMATES

r-c. VAN DAMME*, M . GALOUX et J. VERDIER

St ation de Phytopharmacie de ['Etat , 11 Rue du Bordia, B-5800 Gembloux ( Belgique)

(Re~u Ie 11 septernbre 1980)

SUMMARY

Reve rsed-phase high-performance liquid chromatography determination of ethylenethio­
urea in ethylenebisdithiocarbamate formulation s

The ethylenethiourea (ETU) contents of ethylenebisdithiocarbamate formu­
lations have been determined by reversed-phase chromatography. The method is
simple, rapid (25 min), and allo ws to control easily the analysis time in order to
minimize the ETU formation fro m the intermediary degradation products in solutions.
The analyzed products contain less than 0.2 % ETU except for the more than three
year s old formulations. Samples stored under normal conditions have shown an ETU
increase of 30 to 80 %after two yea rs.

- - - ----------.-._- --- ._- --- - - --- - - - - ---_._- --_._--- - -

INTRODUCTION

Les fongicides du groupe des ethylene-bis-dithiocarbamates (EBDC) sont
probablement les fongicides les plus utili ses it l'echelle mondiale. Les recherches sur
la toxicite des EBDC ont montre que cette toxicite etait principalcment due it l'ethylene­
thiouree ou imidazolidine-2-thione (ETU). Ce compose est connu depuis longtemps
comme agent cancerigene, teratogene et comme responsable de modifications de la
fonction thyroidicnnc. Les residus d'ETU sur les vegetaux peuvent provenir de la
degradation ou de la metabolisation des EBDC apres les traitements et de l'ETU
initi alement present dans les formulations commerciales. Afin de pou voir evaluer les
teneurs en ETU dans les formulations , il est indispensable de disposer d'une methode
de dosage specifique et precise. De nombreuses methodes ont ete decrites dans la
Iitterature. Elles sont basees sur differentes techniques : couche mince , electrophorese,
polarographic, chromatographie en phase gazeuse etc. Un releve de ces methodes a
ete public dans Ie rapport sur I'ethylenethiouree presente par Ics experts de la "Com­
mission on Terminal Pesticide Residues" du IUPAC1

•

En 1962, Johnson et Tyler- ont preuve, en chromatographiant sur papier des
extraits aqueux des divers derives dithiocarbarniques, que les fon gicides ethylene-his­
dithioca rbamiqucs contenaient une impurete, identifi ee comme etant de I'ETU. En
1972, Bontoyan et al,", en appliquant une methode de chromatographic en phase

0021-9673/81 oo/$02.50סס--0000/ © 1981 Elsevier Scientific Publi shing Company
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gaze use (O LC), on t de celc dan s les formulati on s commerciales des teneurs en ETU
va ria nt de O. I % aplu s de 2 %. Et plus tard, Bontoyan et Looker" ont preuve que de
I'ETU se formait au co urs du stockage des EBDC, en fonction de la teneur en hu midite,
de la temp eratu re et de la du ree de stockage.

La methode de ch romatographie en phase liquide a haute performance
(HPLC) , decri te dans Ie present ar t icle, a etc presentee a u Sym posium CIPAC en
1978 (bi bl. 5) et co mpa ree aune methode de ch romatograph ie en phase gazeuse apres
der ivatisation de I'ETU en S-benzyl ETU . La methode OlC donn ait des resultats
syste rnati quement supcrieurs . Ce tt e difference avai t cte att ribuee a ux produits inter­
mediaires de decomposition qui peuvent fo rme r de l' ETU 1, 5 - 8 .

La method e par chromatog ra phie liquide a I'avantage d' opcrer a tem perature
ambiante, d'etre rapide et reprodu ct ible si le temps ent re l'extraction et I'inj ection
est st ricte ment respec te ca r, dans ces co nd itio ns, la format ion d'ET U en co urs
d'analyse est fortement lirn itee,

M ATERI EL ET M ETHODE

Mate riel et reactifs
( I) Filtre Milli pore de 0.45 ,um de porosite (r ef. HA WP 02500) ou equivalent;

(2) tube a centrifuger de 100 ml , fond rond et bou ch on a visser Sovirel no. 22 ou
equivalent; (3) centrifugeu se (2900 g); (4) evaporateur rot atif sous vide ; (5) bain
thermostatique de precision ; (6) ET U pur ; (7) methan ol p.a . ; (8) te t rahydrofuranne
Uvasol (Merck , Darmstadt , R.F. A., 8110 ou eq uiva len t); (9) solution de stock : pr e­
pa rer une solu tion contenant 20 mg d' ETU dans 200 ml d'eau dist illee ; (10) solutions
eta lons: d iluer la so lution de stock de maniere a obtenir des so lutions eta lons conte­
nant 4, 10, 15, 20, 30 et 40 ,ug d' ETU pa r ml.

Appareillage el conditions de la chromat ographic liquide
(I ) Chromatographe liquide Tracor 990 eq uipc dun detecteur a lon gueur

d 'onde variable T racor 970, d'une vanne Rheodyne 7 120 munie d'une boucle d' injec­
ti on de 20,111, d 'un enregistreur et d'un intcgrateur lnfotronics CRS 304 ; (2) colonne
de 200 X 4.6 rnm contena nt du Nucleosil 50 C18 de 5 ,11m ou co lonne de 125 x 4 mm
contenant du LiChrosorb RP-18 de 5 ,11m; (3) eluan t : eau dis t illee contenant 0.05%
de tetrahydrofuranne (ag ite r magnetiquernent et chau ffer a env iron 40°C pour deg a­
zer ) ; (4) debit : 1.0 ml/rnin , pression: 1500 p.s.i. pour la co lonne de Nucleosil et
1000 p.s.i . pour la colonne de LiChrosorb ; (5) temperature ambiante ; (6) lon gueur
d 'onde : 233 nm .

M ode operatoire
Dans Ie tube acentrifuger, peser a0.1 mg pres une pri se d 'essai (Pg) contenant

en viron 0.8 g d' EBDC. Ajouter, a la pipette, 50 ml de meth an ol. Boucher herrnet ique­
ment et agi ter pe ndant exactement 5 min. Centrifuger a 2900 g pendant 5 min. Pre­
lever im mediaternent 10 ml de surn ageant dans un erlen meyer de 50 ml a rod age
norm al ise. Evapo rer a sec, so us vide au moy en d'un evapo ra teur ro ta t if (1 = 35°C) .
Reprendre Ie residu sec par addit ion , a la pipette, de 20 ml d'eau, Agiter 2 a 3 min
pou r dissoudre I'ETU. Filtrer sur filt re M illipore. Sui vant la teneur en ET U, la solu­
ti on filtr ee peut etre diluee (facteur de dilution = d). lnjecter la solution finale exacte-
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rnent 15 min a prcs Ie prc lcvernent dan s les co ndi tions decrites ci-desso us. Ne t raiter
qu 'une pr ise d 'essai a la foi s. La temperature devapo rat ion et les temps entre la mise
en so lutio n , Ie prelevcment et l'inject ion doi ven t etre st ricte mcnt respec tes ,

Determination en H PLC
rnjecter 20 p i d'une o u deux so lut ions eta lons, injccte r ensuite la so lutio n a

ana lyser, la isser Ie chro rnatograrnme se deve lopper pendan t 15 min , pui s injecter une
o u plu sieurs solut ions cta lons de co nce n trations vo isines. Calculer la qu anti te d'ETU
en p g/llli (Q) dan s la solution an al ysee en ra ppo rtant la hauteur du pic it celie du pic
de la so lut ion eta lon de co nce nt ra t ion la plu s vo isine . Te neur en ET U (%m/rn) =
Q ·d/P· IOO o u P est poids de la prise d' essai en g ct d Ie facte ur de di lutio n cventuelle
a pres filtra tio n.

RESU LTATS ET DI SCU SSION

L'extraction de I' ETU soit par l'eau, so it par Ie methan ol donne des extraits
co ntenan t parfoi s un gra nd nombre de substances pou vant int erferer avec I'ETU
dan s les cond it ions de la method e. De plu s, l'ext ract ion par l'eau ou pa r un melan ge
ea u- rnethanol donne, mem e a pres cent ri fugat ion, un surnageant relati vement trouble.

Les essa is ont montrc qu e la meilleure mani ere de procede r etai t d'ext raire
I'ETU par agita tion de la pr ise dessai dan s du metha nol, de cent r ifuger, de prelcver
une pa rt ie a liq uote de l'extr a it met hanol ique, dcvaporer Ie meth anol et de reprendre
Ie residu par de l'eau. La recuper ati on dans l'eau possede l' avani age d 'el iminer un
cert ain nornbre de subs tances extr aites par Ie metha nol mais insolubles dans I'eau et
d'eviter ai nsi l' accurnula t ion de ces sub stance s sur la co lonne. La filtr ation de l'extrai t
aq ueux sur papier filtre ne pennet pas dobte nir des so lutions lirnpides: pa r co ntre ,
a pres une filt ra t ion sur filtr e Millipore, Ie filtrat est parfaitem ent clair. Au cours
d 'essais de reproductibilite, les resultats obten us indiquaient une a ugmentat ion de la
teneur en ET U en fonc tion du temps lo rs d'i njec tio ns success ives d 'une merne pr ise
d'es sai.

Le Tabl eau I montre qu 'il es t necessaire de co nt roler Ie temps d'analyse, de
mainten ir la prise d 'e ssai au x enviro ns de 0.8 g d ' EBDC et de ne procede r qu 'a un e
seule injecti on de l'ech antillon ca r la tene ur en ET U passe de : 0.096 a 0.123, soit
une augmentat ion denviron 30 %, lorsque l'e xtrait methanolique est con serve pen­
dant de ux heu res avant de poursui vre l'analyse, et de 0 .096 it 0.115, so it une a ug­
menta tion de 20 %, lorsq ue la so lutio n aq ueu se, apres filtrat ion , est conservee pendant
t roi s heures avant d 'etre injectee .

TAB LEA U I

T ENEUR EN ET U EN %, M ESUREE EN FONCTION D U T EMPS DA NS L 'EXTRAIT
METHANOUQUE ET EN SOLUTION A QUEUSE POUR L 'ECH ANTILLON NO.1

Temps entre la mise en solution dans l'eau et l'injection ( mill)Prelevement
de Pextrait
metltanolique

I rnrned ia tem en t
Apre s 1 h
Apres 2 h

20

0.096
0.11 4
0. 123

100

0. 105
0 . 125
0. 134

180

0.115
0. 135
0 . 145
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Des essais pre lirninaires sur des colonnes de gel de silice nor mal o u rnodifie
chimiquement par des gro upements - CN ou -N(CH 3h n'ont pas permis de separer
parfaitement I'ETU de nombreuses substa nces se tr ou vant dan s l'extrait methanolique
sans uti liser un gradient d'eluti on . Cependa nt, Farring ton et Hopkins" ont dep uis
publie une meth ode util isan t une colonne de Sph er isorb CN de 5 Jlm avec cornm e
elua nt 35 %(vjv) d'ethan ol absolu dan s l'hexane. L'ETU ctant polaire et soluble dan s
l'eau n'est pa s o u peu retenu sur une colonne de " reversed-phase" si on util ise pour
l'elution un melange tel que eau-rneth an ol. C'est po urquoi, l' elution a ete effectuee
avec de l'eau contenant 0.05 %de tetrah ydr ofurann e. Dan s ces cond itions, Ie temps
de retention de I'ETU est de 4 min 35 sec pour la colonne de Nucleosil C IS' mais n' est

la)--r
0,064 A

-L

(b)

(c )

4 6 8 '10 MIN

Fig. I . (a) Chromatogra mme d'une so lution etaIon cont enant 20 f i g ET U par m!' (b) Chromato­
gra mme de l'echan tillon no . 5 (voir Tab leau IV). (c) Ch romat ogramme de l'echantillon no . 9 (voir
Tableau IV).
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separe que d'en viron 30 sec d'une substance pre sente en faible qu an tit e dans la
plu part des formulations (Fig. I). Pour cett e raison , il est preferable de mesurer la
hauteur des pies et non leur surface. Certaines des an alyses de 1980 ont ete effectuees
sur une colonne LiCh rosorb RP-18. Le temps de retentio n est alors de 2 min 40 sec;
Ie pic et Ja sepa rat ion obtenus sont egalernent satisfaisa nts .

La reproductibilite obtenue pour neuf injections de solutio ns eta lons de
different es concentra tions est illustree au Tableau I I. Le coefficient de var iation est
de 0.17 % et Ie rapp ort hauteur /concentrati on indique une bonne lineari te dans la
gamme des concentrati ons utili sees.

TABLEAU II

REPRODUCTIBILITE ET L1N EARITE OBT EN U ES PO UR N EU F INJ ECTI ON S D E SO LU ­
TI ONS ETALONS

Concentrat ion en £TV (pg!ml)

10
10
15
15
20
40
15
10
10

Moyenn e
Ecart-type
Coefficien t de variation

, Unite arbi tra ire.

Hauteur!Concentration'

II 1.6
112.0
II 1.6
111.7
112.2
111.8
111.9
111.9
111.8

111.8
0.19
0. 17%

Les coefficients de variation de I'ord re de 2 %, obtenus pour des prises d'essai
croissantes d'une formulation de zirame dopee a 0.1 et 0.5 % d 'ETU, montrent que
l'extraction est compl ete et la reproductibil ite de la methode est satisfaisante car
sept repetiti ons sur l'echantillon no. lO ont donn e un coefficient de variation de 2.5 %
(Tableau III) .

TABL EAU III

TAUX D E RECUP ERATION ET REPRODUCTIBILITE D E LA ME THODE
-. _ .. ..._ ..- - -_.. ._- _ . ..._ _. . ~_.._ . .._ -- '-'--- ._ _._ -- - - - -
Zirame dope a0. 1% d 'ETV Zirame dope a0.5% d'ETV Repetitions sur Pechantillon no.IO
- - -- -_._-. ..__ ... .---- .-- "- - _. - -_._-- _ . '_ ._ - - - _ .
Prise J 'essai £TV Prise d 'essai ETV Prise d 'essai ETV
(gJ ( %J (g ) ( %J (g J ( %J

--- . . .- - ----_ . - - . .- -~- - - -- - ----""- - -_._--_.
0.4982 0.104 0.3024 0.482 1.0358 0.104
0.6952 0.10 2 0.5031 0.493 1.0043 0.10 3
0.9849 0. 105 0.7491 0.493 1.0043 0.101
1.5489 0.106 1.0010 0. 505 1.0073 0.106
2.1174 0.101 1.5203 0.4 83 1.0330 0.100
2.6402 0.1 01 2. 1738 0. 501 1.0155 0.099

1.0067 0.100
Moyenne 0.103 0.493 0.102
Coefficient de
variation ( %) 2.1 1.9 2.5
_.--- _.'-'-' - '. .. ... -. _._-- -- ---..- -- - -_ . -- - --- ._-_. . _ -_._- ---
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Les teneurs en ETU des formulati ons comm erciales ana lysees en 1978 et en
1980 sont presentee s au Tableau IV. Ces teneurs sont de l'ordre de 0.1 % pour les
echantillons de man ebe de fabri cati on recente (1977-1 978) ; par contre, pour des
produits plus ancients tels que l'echantillon no. 7 (1975) et l'cch antillon no. 8 (I9 71),
elles sont respectivement de 0.32 et de 0.63 /" et augmentent de 40 a 60 % au cours
de deu x annees supplementaires de stoc kage dans des conditions norm ales. Les deux
echanti llons de manc ozebe ont des teneurs inferieures a 0.1 %et , apres deux annees
de stockage, ces teneurs sont de l'ordre de 0.1 %. Les echanti llons contenant du
mancozebe et du manebe en melange avec d'autres fongicides contiennent tres peu
d' ETU bien que ces cchantillons aient etc conserves pendant dix-huit mois au labora­
toire avant d'etre anal yses.

TABLEAU IV

T ENEURS EN ET U DANS LES FORMU LATIONS'

No .
Echantillon

I
2
3
4
5
6
7
8
9

10
11

12

13

14

Typ e de produ it A III /(:e de
fabr ication

Ziramc dope it 3 % ETU
Manebe 85 %
Manebc 80 % 1978
Manebe 80 % 1977
Man ebe 80 % 1977
Manebe 80 %
Manebe 80 % 1975
Manebe 80 % 1971
Mancozebe 83 %
Mancozebe 83 % 1978
Mancozebe 67 % -I-

ca rbcnda zime 8 %
Man cozebe 35.5 % + ca rbenda ­

zime 3.3 % + soufre 40 %
Manebe 60 % +

thi ophanaternethyl 14%
Manebe 25 % + thiophanatc­

methyl 7 % + soufrc 50 %

• Mo yenne d'au moins 3 determinations.

ETU ( %)

Resultats de
1978

2.95
0.D7
0.10
0.10
0. 11
0 .12
0.32
0.63
0.06
0.07

Rrsultats de
1980

0.09
0.17

0.43
0.89
0.11
0.10

0 .04

0.01

0.D3

0.02

CONCL USIO N

La meth ode dccrit e perm et de doser avec une repr odu ctib ilite satisfaisante
I'ETU dan s les formulations d ' EBDC ; la durce d'an alyse est courte et les conditions
operatoires doivent etre strictement cont rolees afin de limiter au maximum la for­
mation d 'ETU pend ant les manipulati ons.

R EM ERCIEM ENTS

Les auteurs ont grandement apprecic I'aide technique de Monsieur R. Luxen
et de Madame J. Huybreck-Potvin. lis remercient les firmes phytoph armaceutiques
qui ont eu l'obligeance de leur fourn ir les formulations commerciales.



HP LC DE L' ETHYLENETHIOUR EE

RESUM E

131

Les teneurs en cthylenethiouree (ET U) de formulations a ba se d 'ethylene-bis­
dithiocarbamates ont etc determinees par chromatographie liquide au moyen d 'une
coJonne de Nu cleosil CIS de 5 Jim ou de LiChrosorb RP-18 de 5 /im . La methode est
simple et rapide (25 min) et permet de controler aisernent Ie temps d 'analyse afin de
limiter au maximum la formation d 'ETU a u cours de s manipulations. Les teneurs
trouvees sont inferieures i1 0.2 % sa uf pour les formulations de plus de t rois ans.
Dan s des conditions norrnales , les teneurs en ET U ont au grnente, en deux an s, de
30 a 80 %dans les formulations stoc kees .
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Note

Sample applicator for granular gel slabs: effect of sample orientation on the
sensitivity of detection in isoelectric focusing

J AM ES BO NITATI

Departm ent of Medicine, Renal Research Lab. , Veterans Administra tion Hospital, 3495 Bailey
Avenue, Buffalo, NY 14215 ( U.S .A.)

(First received April 2nd, 1980 ; revised ma nuscri pt received Sep tem ber 22nd, 1980)

Numerous methods have been described for sample application on gel slabs of
the continuous matrix type (e.g. polyacrylamide)' . Th ese methods are generally not
suitable on slabs of the gra nular type (e.g. Sephadex), because the gels are compara­
tively fragile. In an alyt ical focusing on granular layers, the sample is usually ap plied
to the slab on the edge of a cover-glass. Thi s is done either freehand or with the hand
steadied on a platform over the gel plate "; either way, the procedure is tedious becau se
the gel is easily smeared. The requirement for a steady hand becomes increasingly
imp ortant when contact with the slab must be prolonged while the sa mple soaks in.

The appl icator described in Figs. 1-3 redu ces much of the tedium of this
procedure and provides a steady sample applica tion. Th e ap plicator will acco moda te
sta ndard 20 X 20 em, and 10 x 20 cm plat es. In pract ice, the gel plate is placed under
the applicator, and then the latter is shifted along the j-axis of the plate to the desired
positi on. Th e sample rod is detached from the magnet ic surface of the slide bar , and
the cover-glass is load ed with sample. The sa mple rod is returned to the slide bar and
the latter shifted alon g the bridge to the desired position on the x-axis of the gel plate.

F
B

Fig. 1. Diagram of sa mple app licator. A, Base : lucite, or woo d, 11 .5 x 4.5 >< 1.9 em. A hole,
t in . in d iam eter a nd 1.5 em deep, is d rilled in the center of each base to rece ive the spi ndles
(B): t in . a luminu m rods, 14 em long. A littl e Pliobond cement (GC Electronics, Rockford, IL,
U.S.A.) is int roduced into each hole, an d the spind les are tapped into position . C, Co mp ression
springs : medi um strength, 23/4 in . long, 5/16 in . J.D. , 3/8 in. 0.0. 0 , Bridge : lucite, 36.5 x 2.0 x
2.0cm. A hole, 5jl6 in. in d iameter , is dri lled 5 em fro m eac h end . E, Slide-ba r (see Fig . 2).
F , Sa mp le rod (see Fig. 3).

0021-9673/81/oooo-0ooo/S02.50 © 1981 Elsevier Scient ific Publishing Co mpa ny
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The sample rod is lowered to about I em above the gel plat e and then adjusted from
side to side until the cover-glass is coplanar with the gel surface. As the bridge is
depressed, the cover-glass is observed at eye level to insure that coplanarity is main­
tained. There is sufficient clear ance between the moving parts of the applicator to
permit small adju stments in each plane as the bridge is depre ssed.

a

d

Fig. 2. D iagram of slide-bar. The following component s are cut frorn d in. lucite sheet, and glued
together with lucite cement . a , 2.0 x 2.0 cm ; b, 3.0 x 2.0 crn ; c, 5.8 x 2.0 em, After the com ­
ponents a re assembled, a piece of adhesive magnetic str ip d (Wa lbead, New Yor k, N Y, U .S.A. )
is cut to size and fixed to compo nent c, as shown in the figure.

Fig. 3. Diagram of sample rod. a, Adjusting rod: l /8-in . steel ro d, square cross -section, 14 cm long.
b, Cover-glass hold er: luc ite, i -in . sheet, 2.2 x 1.9 em . Th e lower 1.0 ern of one face is recessed to
a depth of 2 mm , as shown in th e figure . A hole, 1.8 in . in diameter and 6 mm deep , is drilled in the
top. Six mm of one end of the aju sting rod is filed round and inserted into the hole with a little
Pliobond cement ; one face of (b) should be pa ra llel with one face of the rod. A rubber band (c)
holds a cove r-glass (d) to the cover-glass holder. Cover-glasses (18 x 18 mrn, or 20 x 20 mm) are
easily slipped under the rubber band, as required. The sample rod is held firmly to the slide-bar by
the magnet ic str ip, and ca n be rai sed and lowered , rotated around its axis, an d pivoted from side to
side, without danger of fallin g.

The sample rod is capable of rotation around its long axis, which permits
sa mple application in eith er of two directions perpendicular to each other. Thi s is of
some advantage in the electr ofocusing of dilute samples, owing to the concentrating
effect achieved when the sample is applied in a line parallel with the electric field (y ­
axis).

Fig. 4 shows the effect of sample orientation on protein detectability. The
protein used in this study was ,B-Iactoglobulin, 1%stock solution in water. Decreasing
concentrations of protein were elect rofocused on 10 x 20 ern plate s containing 16 g
of gel slurry of the follow ing co mposition: Sephadex G-75 (superfine) 5 %, and
carr ier ampholyte (Servalyt, pH 2 to II) 3 % (w j v). Samples were applied with
18 x 18 mm cover-glasses or iented either perpendicular o r parallel to the elect ric
field. Plates were run at constant voltage at 4°C for 16 h at 200 V,followed by 4 h a t
850 V. Paper prints of focused plates were made as descr ibed by Radola J ; they were
sta ined with Coomassie brilli ant blue G-250. The photograph shows three paper
pr ints, each with four sample tracks. With perpendi cular application the smallest
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Fig. 4. Effect of sample orientation on protein detection ability. See text for details. Num bers
refer to sample tra ck. After eac h number is listed , in order : the sa mple concentrati on (g %), the
sa mple volume, and the direction of application. I = 1%, 5 p i, perpendi cular (perp) ; 2 = 1%,
5 Ill , pa rallel (para); 3 = 0.5 %, 5p l. perp ; 4 = 0.5 %, 5p I, para ; 5 = 0.1 %, IOpl , perp ; 6 = 0. 1%,
10 pI , para; 7 = 0.1 %, 5 pi, perp ; 8 = 0.1 %, 5 pi, par a ; 9 = 0.1 %, 5 Id, para; 10 = 0.05 %,
10 pI , para; II = 0.05 %. 5 p I, para ; 12 = 0.01 %. 10 p i, par a .

amount of protein detectable is 10 f-lg, on tra ck 5. With parallel application the
smallest amount is 2.5 f-lg, in track II. Horizontal pencil lines on the prints, and
dark spots on the first print (left) , are location guide s which were utilized in unrel ated
experiments and should be disregarded.

As seen in Fig. 4, a four-fold increase in sensitivity of sample detection is ach ieved
with parallel compared with perpendicular application . In the former arrangement
the sample is concentrated into a narrower area than in the latter arrangement.

A further advantage of parallel sample application is that a larger number of
samples can be run on a given plate: twice as many sa mples may be accomodated with
parallel compared with perpendicular application.

In parallel application, samples should be placed as far away as possible from
the expected focusing site, because the application slit sometimes distorts the focused
sample bands.

ACKNOWLEDG EM ENTS

This work was supported by funds from the Veterans Administration and
the American Heart Association.

RE FERENCES

I P. G. Righetti and J. W. Drysdale, Isoelectric FOCI/sing , North-Holl and, Amsterd am , 1976,
pp. 459-460.

2 Operating Manual No. 17l E f or lsoelectric FOCI/sing , Brinkman Instruments, Westbury, NY ,
1977.

3 B. J. Radola, Biochim, Biophys, Acta, 295 (1973) 412.



Journal of Chromatography, 206 ( 1981) 135-138
Elsevier Scienti fic Publi shing Co mpany, Am sterd am - Print ed in The Netherlands

CHROM. 13,399

Note

Packing of Toyopearl columns for gel filtration

II. Dependence of optimal packing velocity on column size

YOSHIO KATO *, KATSUO KOMIYA, TOSHI NAO IWA ED A, HIROO SASAKI and TSUTO­
M U HASHI MOTO

Central Research Laboratory, Toyo S oda Mfg. Co., Ltd. , Tonda , Sliinnanyo, Yamaguchi (Japan)

(Received October 6th, 1980)

It is well known in high-performance liquid chromatography that the column
packing technique grea tly influences th e performance of the co lumns obtained .
However , the importance of th e pac king technique has not been recognized for soft
gels such as Sephadex, as pointed out by Sosa I . Onl y a few studies have been reported
on packings of soft ge!s2 .3 and efficient and reprodu cible packin g procedures st ill
seem to be lacking. We have been investigating th e influence of various packing con­
ditions on th e column perform ance for semi-soft gels by using T oyopearl (Toyo Sod a,
Tokyo, Japan), which is a hydrophilic porou s polymer packing material for gel
filtr a tion, resistant to pressures up to several atmospheres. The dependence of column
performance on packing velocity for constant-velocity pac kin gs has already been
reported", The influence of column size on the dependence of column performance
on packing velocity is described in thi s note.

Toyop earl HW55S (Lot No. 55009-16M) of particl e size 20-40 l Im was used .
Thi s is the same mat erial as Fractogel TSK HW 55 (0.025- 0.037 mm) ava ilable from
E. Merck (Da rmstadt, G.F.R.). Thi s gel was packed into commercial glass columns
(Amicon, Lexington , MA , U.S .A.) of several different sizes (Table I) by the constant­
velocity meth od and th e performance of the packed columns was tested with a
mixture of bovine serum albumin an d myoglobin as described previously", with two
exceptions. A slurry with a 40 % gel concentration was empl oyed in the pack ing of

TABLE I

SIZES OF CHROMATOG RA PHIC COLU MNS AND SLU RRY RESERVOIRS

Chroma tographic column (cm) Slurry reservoir (e m)

30 X 2.2 1.0.
45 x 2.21.0 .
60 x 2.2 J.D .
90 X 2.2 LD.
60 X 1.0 J.D.
60 x 1.6 J.D .
60 x 3.2 J.D .
60 x 4.4 J.D.

---- --- ---- - ..

45 x 2.2 J.D.
60 x 2.2 1.0 .
90 X 2.2 1.0.

120 X 2.2 LD .
120 X 1.01.0.
90 X 1.6 J.D .
90 x 3.21.0.
90 X 4.4 J.D .

----_._-_.---- ...

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publi shing Compan y
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60 X 1.0 ern J.D. columns because of inferior packi ng reproducibility with a slurry
concentration of 45 % for thi s size of column. The protein concentrations of the
solutions injected were varied in proportion to the column capacities.

The resolut ion factor for bovine serum albumin and myoglobin, R(BSA,
myoglobin), was calculated by using eqn . I in ref. 4 as a measure of column per­
formance . The dependences of R(BSA, myoglobin) an d the fina l pack ing pressure on
packing velocity are shown in Figs . I an d 2. Very similar tendencies were observed
for all columns (except the 90 X 2.2 cm J.D . column), viz., R(BSA , myoglobin) was
con stant above some critical packing velocity and decreased with packing velocity
below the cr itical point. On the other hand, the final packing pressure s increa sed
approximately linearly with increasing packing velocity at low packing velocitie s but
began to rise more rapidly at higher packing velocities. Although these two kind s of
critical packing velocities differed according to column size, the final packing pres­
sures corresponding to them were independent of column size and were approximately
0.6 and 1.0 atm, respectively. Accordingly, we defined the packing velocities between
the final packing pressures of 0.6 and 1.0 atm as optimum, and these optimal packing
velocities ar e summarized in Table II and are plotted against column length and
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TABLE II

OPTIMAL PACKING VELOCITIES AND R(BSA, MYOGLOBIN) FOR COLUMNS PACK­
ED AT OPTIMAL VELO CITI ES FOR TOYOPEARL HW55S

Column dimensions
(em)

30 x 2.2 J.D.
45 x 2.21.D.
60 x 2.2 J.D .
90 x 2.2 J.D .
60 x 1.0 J.D .
60 x 1.6 J.D .
60 x 3.2 J.D.
60 x 4.4 J.D.

Optimal packing velocity
(mllh- cm' )

47-63
33-44
26-36
19-26
36-47
31-42
23-32
22-32

R ( BSA, myoglobin)

1.57
1.90
2.22
2.65
1.98
2.21
2.25
2.23

column inner diameter in Figs. 3 and 4, respectively. These results indicate that the
optimal packing velocities vary with both column length and column inner diameter.
Therefore, the optimal packing velocity must be known for each column to be packed.
However, it cannot be established exactly from the above results, but an approximate
estimate may be possible by assuming that the optimal packing velocities are inversely
proportional to column length, as shown in Fig. 5 for columns of 2.2 em J.D. First,
the optimal packing velocity for the 60 em long column of the same inner diameter
as the column to be packed is known from Fig. 4. Then, the optimal packing velocity
is corrected for the column length by utilizing the assumption of the above inver sely
proportional relationsh ip.
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Fig. 3. Dependence of optimal packing velocity on column length in constant-velocity packings of
Toyopearl HW55S in 2.2 ern J.D. columns.

Fig . 4. Dependence of optimal packing velocity on column inner diameter in constant-velocity
packings of To yopearl HW55S in 60 ern long columns.

Table 11 or Fig. 3 shows that the optimal packing velocity decreases with
increasing the column length. Thi s means that the time required to pack longer
column increases more than proportionately to the column length. Moreover, as the
maxim al operating velocities of packed columns are lower than the packing velocities
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Fig . 5. Plots of optimal packing velocity against reciprocal of column length in con stant-velocity
packings of Toyopearl HW55 S in 2.2 em J.D. columns.

Fig. 6. Dependence of R(BSA , myoglobin) on column length for 2.2 em J.D. columns packed with
Toyope arl HW55S by the cons tant-velocity method at optima l velocities.

used initiall y, it is more convenient to use sever alsho rt columns in series when a lon­
ger column is required. Tabl e II or F ig. 4 also shows that the optimal packing veloc­
ity increases with decreasing column inner diameter, especia lly with columns of small
inner diameter. Ho wever , altho ugh almost the same resoluti ons were obt ained with
columns with inner diameters lar ger than or equal to 1.6 em, a considerable decrease
in resolution was observed with columns of 1.0 em I.D., as shown in Table II. There­
fore, very narrow columns a re not desirable when there is no limitation to the column
size. Columns of about 2 em J.D. seem to be best in such instances.

Fig. 6 shows the dependence of R(BSA , myoglob in) on column length for
2.2 em J.D. columns. R(BSA , myoglobin) was prop or tional to the square root of
column length, as theoret ically expected, ind icat ing that longer columns were packed
as well as sho rter co lumns.
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Note

Integral high-performance liquid chromatographic-electron spin resonance
spectrometer for in situ studies of thermal and photochemical free radical
reactions

Separation of phenoxy, hydrazyl, nitroxide and silyl-substituted semiquinone
radicals

T ERRY R EICH , KUANG S. CHE N and J EFFR EY K . S. WAN*

Departm ent 0/ Chemist ry, Queen's University; Kingston, Ontario K7L 3N6 ( Canada)

(Received September 22nd , 1980)

The pot enti al and wide applications of high-performance liquid chroma togra­
phy (HPLC) in chemical and biochemical studies are beyond debate . In the past ten
years we have extensively used electron spin resonance (ESR) spectroscopy to charac­
teri ze transient free radic als and paramagnetic intermediates involved in organic and
orga nometallic reactions. Man y of these radi cal int ermediates are very persistent and
it is often desirable to separat e them for a full spect roscopic cha racterization, in­
cluding electronic, vibra tio nal and nuclear magnetic spectroscopy. Prompted by the
recent reports of a Japanese group' r ' on the separation of the stable nitroxide radicals
formed in radi olysis by HPLC with ESR detecti on , we wish to present here a more
extensive use of a sim ple integra l HPLC-ESR system assembled in our laborat or y for
in situ stud ies of thermal and photochemical free radi cal reacti ons. Three separa te
chemical systems will be used to illustrate the genera l applicat ions of our inte gral
HPLC- ESR spectrometer. The y include the thermal reactions of diphenylpicr ylhydra­
zyl rad ical (OPPH) and d i-tert. -butyl peroxide (80 0 B) with subst ituted phen ols", the
photochemical reaction of2-meth yl-2-nitrosopropane (T BN O) and the ph otochemi cal
reaction of 2,6-di-tert.-buty l-p-benzoquinone (OTBQ) and triphenylsilane in the
presence of BOOB 6

•

EXPER IME NTAL

The principal components of the integra l HPLC-ESR system are shown in
Fig. 1. It cons ists of a positive-displacement pump (La boratory Data Control, Model
396) coupled to a home-made pulse damper , a Valco sam ple-injec tion 6-port valve
(universa l HPLC injection system) with a sam ple loop modified for in situ thermal
and photochemical reacti ons . For thermal reactions, the sampl e coil was thermo­
statted in an oil bath at a pre-selected temperature for a pre-determ ined period of
time , usually 20 sec. For phot ochemical studies, a short length of a small quartz
tubing was included in the modifi ed sample loop for irradi ation by a mercur y arc . All
columns were packed in our laboratory with Whatman Partisil-IO (silica gel) ; the
short column is 30 em X 2 mm and the long one measure s 60 em X 3 mm.

0021-9673/81/0000-0000/502.50 © 1981 Elsevier Scientific Publ ishin g Company
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Fig. 1. F low dia gram of an integra l HPLC- ESR system.
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NOTES

All HPLC components were mounted on a platformed next to the IO-in.
magnet of an old Vari an V4500 X-band ESR spectrometer with 100 kHz field modula­
tion. Th e connection between the HPLC column and the ESR cavity is made by PTFE
tubings (0.03 in. J.D.). The PT F E tubings are coiled around a qu artz tube insert ed
int o the cavity and the coi l is a pproximately 2 em in length and in double layers.
A standa rd rad ical sample placed in a capillary tube can be inserted into the quar tz
tube in the cav ity witho ut distrubing the PTFE sample coil. The magnetic field is
manu ally set by the standa rd sample and locked in by a Vari an F-8A fluxmeter. The
sta ndard is then removed before the HPLC operation begins. In o rder to enha nce the
sens itivity of the old ESR spectrometer, the sta te-of-the-art low noi se GaAs micro­
wave preamplifier (Narda, Model N6244S-43) was instalIed at the signal front ends .
Th is provides an approximately 3-fold improvement in sensi tivity and a detection
limit ofabout 10- 12 mole offree rad icals.

In the du al-detector configuration, the samp le solution was routed from the
ESR cav ity dir ectly to a Varian SF330 double beam spectrofluo rometer for either
emission or ab sorption studies.

All chemicals used were supplied by Aldrich ; quin ones and phenol s were
vacuum sublimed before use. Benzene was used as the solvent in all chemical systems
and degassed benzene was also used as eluting so lvent. In a typical opera t ion, a
benzene solution of the chemical system was injected into the sample loop (modified
as the ill situ reactor , 30-50 p I) and after a pre-det ermined reaction time the system
was eluted at a flow-rate of 0.6 ml /min .

R ESULTS AND DISCUSSIO N

Table I summarizes the retenti on times of various free radicals in benzene un­
der identical operationa l conditions as detected by ESR. It is rema rkable that the
nitroxide radi cals have a relati vely very long retenti on tim e. Thi s is not too surprising
as the nitroxide is the mo st polar rad ical amo ng th ose studiec here . Th e potent ial
usefulness of the HPLC-ESR systems in stud ies of free radi cal reactions is illustrated
in the following three chemical systems .
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TA BLE I

RETENTI ON TI MES OF SOME PH ENOXY, HYDR AZYL , NITROX IDE AN D SILYL­
SU BSTITU TE D SEMIQUIN ONE RADICALS IN BENZENE

Flow-ra te: 0.6 ml/rnin .

Radical Retention time (mill)

2,4,6-tri-t ert .-Butylphe noxy 0.70
1,I -D iphenylpicrylhydrazyl 1.06
(t-Bu),N '- O 8.03

x

pn3sl-0-<9!-0 0.72

x
For compari son , the parent quinone,
2,5-di-tert .-buty l-p-benzo quino ne 2.22

Thermal reaction of DPPH and BOOB with phenol
The thermal rea ct ion s of BOOB and D PPH wit h substituted phenols a re well

estab lished and acco unted for by the following me chanisms :

BOOB
6.

2 BO (1)- - ---7

BO + PhO H --- ~ BOH -+ PhO (2)

D PP H + PhOH
1\

DPPHz -+ PhO (3)- - - ).

Here PhOH rep resent s the 2.4 ,6-t ri-tert .-b uty lphenol. In the first BOOB-PhOH
system, the inc rease in PhO rad ical concentra tio n with temperature as seen by the
HPLC- ESR spectrometeer reflects the increases of rat es for both reactions 1 and 2.1n
the second system, both the DPPH and t he PhO were de tected and sepa ra ted by th e
H PLC- ES R spect rome ter but the rat ios of the co ncentra t ions of th e two radicals
va ried wit h temp erat ure. Fo r exam ple, [DPPH]/[PhO] = 0.82 a t 30°C and the ratio
decreased to 0.72 at 49°C. This is co nsistent with the fact that althoug h rea cti on 3 is
" rcversible'", the forward react ion proc eed s much fas te r with increas ing temperature.

Photolysis of2-methyl-2-nitrosopropane in benzene
TBNO ha s been used wide ly as a spintra p to conve rt short-lived int ermed iate

rad icals int o the more sta ble n itroxid es. However , TBNO itself is relatively phot o­
sens it ive and in a benzene so lution a self-tra pping reaction will proceed as foll ows :

t. -BuNO -+ hv ---7 (CH3)i : -+ NO

(C H3hC -+ t .-BuNO ---7 [(C H3h C] zN '-0

(4)

(5)

Th e co ncentra t ion of the nitroxide radicals increases with the irrad iation t ime. Be­
ca use of the ext raord ina rily long retent ion times, Mak ino and co-workers' <" have
dem onstrat ed that in the rad iolysis of an aqueo us so lutio n of TBNO, at least five
kinds of scJf-t rapped ni t roxids radi cals were sepa rated by HPLC and cha racterized by
ES R. The ph ot od ecomposition of TBNO in a benzene solut ion appea rs to be much
less extensive and only one major nitroxide radi cal was prod uced via reaction 5.
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Photolysis ofDTBQ-triphenylsilane-BOOB in a benzene solution
The ph otolysis of a typical benzene solutio n containing 10- 3 M of DTBQ and

triphenylsilane with an exce ss of BOOB led to a strong blue fluorescence and the
observ ation of a persistent ESR spect rum. The ESR spectrum can be assigned to the
triphenylsilyl radical adduct of DTBQ formed by the following me chanism":

BOOB + ltv ~ 2 BO

BO + Ph3SiH ~ BOH + Ph 3Si

x

Ph3Si + DTBQ ~ Ph3Si-0--<Q/-0
x

(6)

(7)

(8)

It was not immed iat ely obvious whether th e st ro ng blue fluorescence is due to the
persistent triphen ylsilyl radical adduct of DTBQ, since both the fluorescence and the
ESR spectrum a ppea r sim ultaneo usly. When thi s chemical system wa s studied in the
HPLC- ESR spectrome te r with the sam ple irradiation t ime of about 15 min, the per­
sistent radical add uct formed in reaction 8 was sepa rated and identified by ESR. How­
ever , the eluent containing this radi cal did not give a ny fluore scence. Subsequently,
the fracti on of eluent containing the fluorescent mater ial was run throu gh ano ther
commercial h igh-per formance liquid ch romatogr aph (Wa ters Assoc., refr act ive ind ex
detector) and th e fluorescent material was tentatively identified as the di-silyl sub­
st ituted hydroquinone, probabl y formed by the combinati on of the DTBQ radi cal
adduct with another triphenylsilan e radical:

Finally, while the present note demonstrates ade qua tely th e potent ial and the
wider genera l a pplica t ions of an in tegra l HPLC-ESR spectromete r in free rad ical
stud ies, o ther novel metalorganic radical s involved in o rga no me ta llic reactions are now
being successfully separa ted and characterized by thi s technique.
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Gas chromatographic separation of lX-hydroxycarboxylic acid ester enan­
tiomers using amino acid derivatives as chiral stationary phase
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(Received September 26th , 1980)

It is well known that amino ac id ena ntiomers in th e form of th eir N- acyl
esters'v' or N-acyl a rnides- can be resolved by gas chro ma tography (GC) with amino
acid derivat ives as opt ically act ive sta tiona ry phase. This separati on has been att ri­
buted to diaste reomeric inte rac tion including hydrogen bonding between CON H
groups.

In contras t, a-hydroxycarboxy lic acid enantiomers have never been separated
in the form of their O-acyl esters and it was necessary to use the corresponding
O-acyl a mides to resolve the enantiomers". This has been cons idered to be due to the
absence of a nit rogen-attached hydrogen in O-acyl a-hydroxycarboxy lic acid esters.

In th is paper we describe th e direct separation of enantiom ers of a-hydroxy­
carboxylic ac id esters, which have no NH gro ups, using amino ac id deri vati ves as
ch iral stationary phase.

EXPE RIME NTAL

A Shimadzu G C-7A gas chromatograph equipped with a flam e ionization
de tector was employed. Glass ca pilla ry columns (40 m X 0.25 mm 1.0.) were coated
with the optically active sta t ionary phases N ,N '- [2,4-(6-eth oxy-1,3,5-t riazine)diyl]bis
(r-valyl-r.-valine isopro pyl ester) (OA-200)5, N ,N '-[2,4-(6-ethoxy-l ,3,5-triazine)diyl]
bisu-valyl-t-valyl-i.-valine isopropyl ester) (OA-300)6 and N ,N' ,N "-[2,4,6-(1,3,5­
tri azine)t riyl]tris(N U-lauroyl-L-lysine tert .-butylamid e) (OA -400)? which were prepared
as described previousl y.

L- and DL-Iacti c ac id and DL-a-h ydr oxybutyric acid were purch ased from Wako
(Osaka, Jap an) . The various esters or am ines for GC were prepared from these acids
by treatment with corresp ond ing alcoho ls or am ides. Some esters and am ides were
O-acylated with acetic anhyd ride or trifluo roace tic anhyd ride.

RESULTS AND DI SCUS SION

Th e results ar e summarized in Tabl es I and II. A typical chromatogram is
shown in F ig. I .

Enantiom ers of severa l a-hydroxyca rboxylic ac id esters were resolved into
their antip odes when the a-hydroxy group was not acylated , as shown in Table I. Th e

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scient ific Publ ishing Company
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[ 0 15 10

Fig. I . Gas chrom at ogram of m.-n-hexy l lactat e. Column: glass ca pilla ry (40 m x 0.25 mm I.D.)
coa ted with OA- 300 -t OA -200 (I : I ). Temperatu re : 130"C.

fact that enantiomers could not be resolved und er the same chromatographic con­
diti ons when the a-hydrox y group was acylated indicates the free a-hydroxy group
makes a large contribution to the separat ion of a-hydroxycarboxylic acid ester
enantio mers.

The enant iomers of lact ic acid amide were resolved even when the a-hydroxy
grou p was acylated, as shown in Table II. Thi s result suggests the CONH group exert s
the main influence on the enantiomeric sepa rat ion of the se amides .

TABL E II

G C SE PA RAT ION O F LACTIC ACID AM IDE ENANTIO MERS

Chrom atographed on 40 m x 0.25 mm I.D. glass ca pillary co lum ns coated with OA-300 + OA-200
( I :I). Carrier gas : heliu m at 0.6 ml /min. Col um n tem perature: 150°C.

H

!
CHrC'-CON H R

I
OX

X R

Retention time '
(mill)

1st peak Znd peak

Separation fa ctor ,
a
(2nd/ Ist )

H
COCF,
H
COCF,

H

H

n-C6 H u
n-C6 H u
cyclo-C6 H lI

cyclo-C,H 11

C H3

I
C-CH3

I
C H3

C H3 C H3

i I
C-CH ,-C-CH3

I I
C H 3 C H3

161.1 (D)
20.5 (D)

181.3 (D)
14.7 (D)

14.4

60.8

163.8 (L)
20.7 (L)

182.7 (L)
15.0 (L)

14.6

62.3

1.017
1.010
1.008
1.020

1.014

1.025

, Measured from so lvent peak.
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Peak identifications were made by chro ma tographing successively racemic and
1:3 mixt ures of enantiomers of cyclohexyl-, n-hexyl esters and cyclohexyl-, »-hexyl
amides of lactic ac id . It is very interestin g that L-isomers were eluted pr ior to D­
isomers in the ester form, but D-isomers were eluted prior to L-isomers in the amide
form. Th is reversal of the order of emergence on the same chiral sta tionary phase
appa rently indicates that the solute-solvent interaction in the ester form is different
from tha t in the a mide form. Hitherto it had been believed that the existence of a
nitrogen-attach ed hydr ogen was requ ired for the formati on of a strong diastereomeric
associat ion co mplex in the sepa rat ion of enant iomers on a mino acid der ivat ives.

It is noti ceable that a free OH group linked to the asymmetric carbon atom
is effective in the sepa ra tion of enantiomers. We con sider this finding th rows new
light on the mechani sm of the sepa ra tion of ena ntiomers.
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Gas-liquid chromatography of the isomers of dichlorobenzophenone, di­
(chlorophenyl)methane and 1,1-di(chlorophenyl)ethane

MICHAEL H. ABRAHAM*, D1LRUBA HUQ and R ENATE U. KO ENIGSB ERG ER

Department 0/ Chemistry , University 0/ Surrey, Guildford, Surr ey (Great Britain)

and

JOHN B. ROS E

I.C. I. Limited, Plastics Division , Wel ll'yn Garden City , Herts ( Great Britain )

(Received September 11th, 1980)

The identification and quantitative estim ation of the six dichloro isomers or
dichl orobenzophenone , the six dichloro isomers of di(chlorophenyl)methane and the
six dichloro isomers of I, l-dit chlorophenyljethane were required , becau se the
dichloro isomers in the three series' were expect ed reaction products in a number of
Friedel-Crafts syntheses. All six isomers of dichlorobenzophenone are known' , but
no attempts to identify and to estimate the six isomers in mixtures have been reported .
Only four of the di(chlorophenyl)methane isomers and two of the) , l-ditchlorophenyl)­
ethane isomers have been mentioned in the literature, but all six dichloro isomers in
each of the three series have now been prepared by unambiguous synthetic routes",
Alth ough several groups have used infra-red and !H nucle ar magnetic resonance
(N MR) spectroscop y to determine isomer ratios in compounds related to the present
series":" , we found that these techniques, as well as that of mass spectroscopy, were
of limited use. We did find, however, that IH NMR could be used to determine ratios
between various groups of isomers in the diechlorophenyl)methane and the I, I-di­
(chlorophenyl)ethane series, viz. the groups (2,2') to (2,3' plus 2,4') to (3,3' plus 3,4'
plus 4,4') .

Since! H NM R could not be used to identify or to determine all the six isomers
in any of the three series, we therefore studied the gas-liquid chromatographic (GLC)
characteristics of the isomers in all three series.

EXP ERIMENTAL

The apparatus used for the GLC analyses was a Perkin-Elmer F-II instrument
with a flame-ionisation detector. All analyses were carried out isothermally. The
columns and operating conditions that were finally used for the analyses were as
follow s. For the dichlorobenzophenones a 2 m X 2 mm column of 2t % Carbowax
20M on 80-100 mesh Chromosorb W was used ; the column temperature was 180°C,
the injection temperature 200°C, nitrogen pressure was 24 p.s.i., air pressure 19 p.s.i. ,

• In each series, the aromat ic nuclei are monosubstituted, making six possible dichloro isomers.

0021-9673/81/0000--0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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hydrogen pressure 22 p.s.i ., and the chart run at 5 mm per min. The column and
operat ing conditions for the di(chlorophenyl)meth anes were the same except that
the co lumn temperatu re was 160°C and the chart speed 15 mm per min . For analyses
of the l ,l-di(chlorophenyl)eth anes a 2 m x 2 mm column of 6 % dieth yleneglycol
succina te on 85- 100 mesh Celite AW DM CS was used ; the column temperatu re was
150°C, the injection temperatu re 200°C, nitrogen pressure 20 p.s.i., air pressure
24 p. s.i., hydrogen pressure 24 p.s.i., and the chart speed 5 mm per min .

For both qu al itati ve and quan t itati ve ana lyses, it was found con venient to use
internal standa rds, making sure that no peaks were masked. The standa rds used were
benzophenone for the dichlorobenzophenone and di(chlorophenyl)methane series
and meth yl steara te in the case of the l ,l-di(chlorophenyl)ethan e series. Qualitati ve
an alyses were carried out by the addition of small amounts of the known dichloro
isomers to an unknown mixture, in order to identify the various components present.
The retention time s of the six dichloro isomers in each series of compounds are given
in Table I. In quantitat ive ana lyses, peak areas were calculated from the produ ct of
peak height and peak width at half peak height. It was found that in each series of
isomers the areas were proportioned to the weights of isomers in the mixture, so that
within each series the molar response of the six dichloro isomers was the same. The
compounds (singly or as mixtures) were inject ed as 5 % solut ions in acetone (0.1 ,ul).

TABLE I

RET ENTION TIMES O F TH E DI CHLORO ISOM ER S IN TH E DlCHLOROBENZOPH E­
NONE, DI(CHLOROPHENYL)M ETHAN E AND I , I-Dl(CHLOROPHEN YL)ETHANE SERIES

Isomer Retention time (min)

Dichlorobenzophenone ' Di(chlorophenyl Imethane' I ,I-Di(chlorophenyl j ethane '"

2,2'
2,3'
2,4'
3,3'
3,4'
4,4'
Intern al

standard

31.3
33.0
34.8
36.8
38.0
41. 6
20.0 1

9.9
11.4
12.0
12.7
13.3
13.9
24. 11

16.0
17.8
20.4
23.0
26.2
28.8
14.1 "

• On 2' /2% Carbowax at I SOaC.
.. On 2' /2% Carbowax a t 160°C .

. .. On 6 % diethyleneglycol succina te at 150"C.
I Benzophenone.

II Methyl stearate .

RESULTS AND DISC USSION

The retention tim es given in Table I show that in all three series of compounds,
the order of increasing retent ion time follo ws th e sequence :

2,2' < 2,3' < 2,4' < 3,3' < 3,4' < 4,4' (I )

Thi s agrees with previous work on related series. For example the retention times of
dichlorobiphenyls on a lar ge number of stationa ry phases always follow the ab ove
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sequence' t". In compounds of type YC6H4X, where X is F, CI, Br or I and Y is PhCHz
or CH 3, etc., the order of retention times quite generally is 1,2 < 1,3 < 1,4, which
aga in follows the pattern of sequence I (ref. 9). It seems possible, therefore, that th e
general sequence I could be ass umed to hold in cases where authentic samples of all
th e isomers are not available. Th e onl y major exception to this genera l sequence,
known to us, is that for the difluorobenzophenones retention time s, on the same
Ca rbowa x column as used for th e dichlorobenzophenones, a re in the unu sual ord er
of 3,4' < 2,4' < 4,4' (ref. 2).

Quantitati ve analyses of the isomers within each series was helped by our
observation that the molar respon ses of thc six isomers were ident ical. In other related
series thi s has not been found to be the case; Albro and F ishbein? observed that for
the corresponding six isomers in the dichlorobiphenyl series, molar responses varied
by up to about 20 % (i.e. to with in ± 10%) bet ween the vari ous isomers. To some
extent we were able to check our results against 'H NMR analyses for the di(chloro­
phenyl)methanes and l ,l-di(chlorophenyl)ethanes. Details are in Tables II and III,
for representative analyses. Agreement between the two method s is reasonably good
and confirms our quantitative procedure. Since the 1H N M R analyses are carried out

I
with respect to the aliphatic proton signa ls of the Ar-CHz-Ar and Ar-CH-Ar groups,
the meth od is not applicabl e to th e dichlorobenzophenoncs, and we were unable to
use the N MR method as a check in this series.

TABLE JI

ANALYSIS OF THE DI (CHLOROPH ENYL)M ETHAN E JSOMERS BY GLC AND 'H N M R

Isomer Compositi on ( %)

OL C ' HNM R
. -- -- - --- ..__._. _._- --

2,2' 9.3 9. 3 9.2
2,3' 27.2L

43. 2 42.42,4' 16.0f

3,3' 20.1}
3,4' 18.7 47.5 48.4
4,4' 8.7

,- -- ----_._--- - - -

TABLE IJ]

A NALYSIS OF THE I,I-DI(CHLOROPHENYL)ETHANE JSOMERS BY GLC AND lH NMR
--,--_.._-_... ,.,------- ---- ---

Isomer Composition (%)

OLC 'H N MR

2 ,,' 5.2 5.2 4.6,-
2,3' 6.2} 47.5 48.52,4' 41.3

3,3'
O.2}3,4' 16.1 47.3 46.9

4,4' 31.0
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We also tested th e reproducibility of th e qu ant itative ana lyses by repeated
injectio ns of a mixture of isomers. Some rep resentative ana lyses of th e I, l-dii chloro­
phenyl)ethane isom ers a re given in Tabl e IV, with di fferent mixtures of the isomers
ob ta ined as reaction product s. Th e reproducibil ity of the ana lysis varies somewhat
fro m mixture to mixt ure, bu t in general th e perce ntage com posit ion of a mixture of
all six isomers can be ascertained to within about one "abso lute" percent.

TABLE IV

R EPRODUCJBILITY OF A NALYSES or TH E I, I-D I(C H LO RO PH EN Y L)ET HANE ISOM ER S
BY G LC

Isomer Composition ofmixture ( %) '

2 ')',-
2,3 '
2,4 '
3,3 '
3,4 '
4,4'
Number of analyses

A

4.5 ± 0.3
6.8 :L 0.9

32.7 :1: 0.7
2.0 :1: 0 .5

18.5 ± 0.4
35.6 ± L.4

8

B

4.2 :1: 0.4
5.9 ± 0.7

35.4 ± 4.0
1.3 ± 1.4

17.1 ± 1.7
35.8 ± 1.4
12

C

3.3 ± 0.4
4.8 ± 0.6

37.4 ± 1.8
< I
17.3 ± 1. 1
37.2 ± 1.4

8

• Sta ndard deviations are given in a ll cases. Note that mixt ure s A, B a nd C are not the same.
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Quantitative determination of naproxen in formulated rat feed by gas chro­
matography-mass spectrometry and gas chromatography-flame-ionization
detection

B. AMOS, L. MARPLE, J. SMITH ERS and S. B. MATIN*

Department of Analytical ami Me tabolic Chemistry, Syntex Research, 3401 Hill view Avenue, Palo
Alto, CA 94304 ( U.S .A.)

(Received September 18th, 1980)

Good laboratory pract ices require quality control of the drug-feed mixtures
fed to anim als on lon g term toxi city studi es. In th e past few years an increasing number
of pap ers have been publi shed which described meth ods for the analysis of a
wide variety of co mpounds in feed1, 2. These procedures employed a range of tech­
niques including UV spect ro pho tometry, gas chromatograph y (G C) and high-p erfor­
mance liquid chro matography (HPLC).

Drug dosage is dep end ent up on body weight so drug concent rations in feed
are low for the young rats and increase in proportion as the rat matures , typical
concent ratio ns bein g in the ran ge 0.002-0.05 !., of naproxen in the feed . It is essent ial
with thi s type of feedin g approach to to xicity studies th at the hom ogeneou s mixing of
the drug in feed and its sta bi lity th erein be con stantly monitored.

Once the drug has been mixed with feed and subjected to th e repelleting process
it is necessa ry to use polar solvents for complete ext rac tion. None of the currently
ava ilable methods for the determinati on of naproxen in plasma or ur ine":" could be
applied to feed eith er for efficiency of extract ion or their ability to clean up the tre­
mendous a mount of background interference.

Thi s pap er describes th e analysis of naproxen, ( -f- )-6-methoxy-a-m ethyl-2­
naphthaleneacet ic acid, from feed using either GC-mass spectro metry (MS) or GC­
fl ame-i onizati on detector (Fl D) techniques. Th e two techniques between them
provide the necessa ry specificity, sensit ivity and a method for routine an alysis of
large numbers of feed sa mples. Appl icat ion of th e GC-MS meth od to demon strate
the homogeneity and stability of naproxen in repelleted formulated rat feed is described.

EXPE RI MENTAL

Reagents
Diazometh ane was prepared from N-m eth yl N-n itr oso-p-t oluene sulfona mide

as per the instruc tio ns on the manufacturers label (Diaza ld ; Aldrich, Milwau kee, WI,
U.S.A.). All solvents used were either glass distill ed or an alytical reagent grade.

Inst rum entation

The gas chromato graph-mass spectro meter (Fi nniga n Model 3200) was eq uipped

002 1 -9673/8 1 OO/$02.50סס-OOסס/ © 1981 Elsevier Scient ific Publ ish ing Co mpa ny
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with a chemical-ionization source and a Model 6000 data system. Methane was used
as the carrier gas (20 ml/rnin) and also as chemical ionization reagent gas, the source
pressure being maintained at approximately I torr. The column was 150 em X 2 mm
1.0. glass packed with 3 %OV-I in 100-120 mesh Chromosorb W.

Column, injection port, transfer oven and source temperatures were maintained
at 150, 260, 260 and 120°C, respectively. The mass spectrometer was operated in the
selected ion recording mode, monitoring ions at 231 and 245 a.m.u.

The gas chromatograph (Model 2100, Varian, Walnut Creek, CA, U.S.A.)
was equipped with an FlO. The column was 180 em X 2 mm 1.0. glass packed with
3 % SP-240l on 100-120 mesh Supelcoport (Supelco, Bellefonte, PA, U.S.A.). In­
jector, column and detector were maintained at 275, 150 and 300°C, respectively.

Procedure
Method A: GC-MS. To 25 grams of well ground and mixed sample in a 500­

ml erlenmeyer flask was added the appropriate amount of internal standard, 6­
methoxynaphthylacetic acid in methanol.

Extraction was achieved by stirring in 240 ml of acetonitrile-water (I: I) for
20 min at 35°C. After centrifugation, a portion of the supernatant, approximately
3 ml, was transferred to a separatory funnel. A 9-ml volume of acetate buffer (pH 3.4)
was added and the solution extracted with 10 ml of ether. The organic layer was
filtered through a plug of anhydrous sodium sulfate and evaporated to dryness at
40°C under nitrogen. Diazomethane in ether (0.8 ml) was added and the methylation
reaction was allowed to proceed for 5 min at room temperature. After evaporation
of excess reagent under nitrogen, the residue was dissolved in 200 ,ul of methanol
and 2-5 ,ul were injected for analysis in the GC-MS system.

Method B: GC-FID. Initial extraction from the feed was similar to method A
with 6-ethoxy naphthyl acetic acid being used as the internal standard. A 2-ml volume
of the supernatant was acidified with 2 ml of2 N HCI, extracted with 10 ml of dichloro­
methane-hexane (3 :7) and centrifuged. The organic layer was evaporated to dryness
at 40°C under nitrogen. The residue was dissolved in 3 ml of 1 N sodium hydroxide,
washed with 7 ml of dichloromethane, acidified with 1.7 ml of 2 N HCI and extracted
with 5 ml of ether. The residue after evaporation of the ether was methylated in the
same manner as in method A. The final residue was dissolved in 100 ,ul of carbon
disulfide and 1-2,u1 injected for analysis on the gas chromatograph.

RESULTS AND DISCUSSION

Naproxen is a polar compound containing a carboxylic acid function which
necessitates the use of very polar solvents to achieve complete extraction. This, of
course, tends to elute more background interference from the very complex and
variable feed matrix. The GC-MS technique, due to its greater specificity, did not
detect much of the background interference thereby allowing the development of a
simple procedure in a short time. The specificity afforded by the GC-MS stems
from the use of chemical ionization and selected ion monitoring techniques. Chemical
ionization spectra are usually simpler than electron impact spectra and therefore give
rise to less interference from endogenous compounds. The selected ion monitoring
technique provides sensitivity and specificity since only the quasi-molecular ions of
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naproxen and the int ernal standa rd are actually monitored so lessening the chance of
background interference. In fact GC ana lysis of the extracts did show background
interference that was not visible on the GC-MS ion chro matograms. Th e chemica l
ionizat ion mass spect ra obtained for the meth yl esters of naproxen and the internal
standard ar e shown in Fig. I. Typical ion chromatograms obtained by monitoring the
quasi-molecular ions of MH+ = 245 for na proxen and MH + = 231 for the internal
standard are shown in Fig. 2. The sensit ivity necessary to measure the lowest required
level of 0.002 %could easily be obtai ned and calib rati on curves prepared in th e range
of 0.00 I to 0.03 % were linea r.

The dat a presented in Table I show that the drug is accurately formulated and
homogenously distr ibuted in the feed. Assay result s were usually within 5 % of the
labe l strength. In order to determine homogeneous mixing of the dru g in feed , sa mples
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Fig. 2. Selected ion chromatograms obtained for method A. (A), reference standar ds of the methyl
esters of nap roxen and interna l sta ndard ; (8), blank feed sa mple spiked with internal standar d;
(C) , formulated feed sa mple spiked with interna l sta ndard.
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TABLE I

ASSAY RESULTS IN DI CATI NG ACCURACY O F FORMULATION AND HOMOG E­
NEITY OF NAPROX EN IN RAT F EED

The feed was repelletized aft er form ulation a nd sa mp les taken for a na lysis dur ing the beginning,
middl e a nd end of th e pellet ing run to check hom ogen eity.

Sample

Beginnin g
Middl e
End
Beginn ing
Middle
End
Beginn ing
Middle
End
Beginnin g
Middle
End
Beginn ing
Middle
End

Label strength ( %)

0.004 0
0.0040
0.0040
0 .0080
0.0080
0.00 80
0.0120
0.0120
0.01 20
0.0053
0.0053
0.0053
0.01 59
0.015 9
0.0159

Assay value ( %)

0.0037
0.0038
0.0039
0.00 78
0.0077
0.0078
0.0\17
0.011 6
0.0118
0.00 51
0.0051
0.0050
0.0154
0.0153
0.015 8

TABLE II

ASSAY RESULTS IND ICATING TH E STABILITY OF NAPROX EN IN FO RM U LAT E D
FE ED

Sample Label Initial I JVeek 3 Week .J Week I Week
strength assay r{/(JII/ temp. room temp. 1'00111 temp . 37'C
( %) (% of l.s .)' (% 4 1..1'.) (~{, ofl.s .} ( ~~ of1..1'.) ( Yt. of1..1'.)

" Sta bility" 0.0\00 lao \01 101
No. 850 0.0053 96 98
No. 851 0.010 6 95 95
No. 852 0.01 59 96 93
No. 864 0.007 5 87 89
No. 865 0.01 50 96 95
No. 866 0 .0225 93 96

• I.s. = La bel stre ngth.

of the feed were tak en for analysis at the beginning, middle and end of the repelleting
process.

It is an essent ial requi rement that the dru g be sta ble in the feed for the period
elap sing bet ween formulat ion and utili zation. The dat a presented in Table II show
that naproxen levels were unch anged when analyzed one month later.

As the rat toxicity study progressed we adapted the GC-MS method to the
more routine and economically attractive GC-FID technique. To achieve thi s end, it
was necessary to increase the number of clean-up steps, as outlined in method B.
Typical gas chromatog ra ms are shown in Fig. 3. A slightly modified procedure was
eventually used to monitor the remainder of the two-year rat toxicology study.
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GC-MS is an expensive technique when compared with GC and HPLC and
would not normally be the method of choice for economic reasons. However, it
should be remembered that when the inst rument is ava ilable it can be used to con­
sidera ble advantage as a highly specific detector as well as in its more tr aditional role
as a highly sensitive technique.

In conclusion , analytical procedures have been presented which covered all
the feed assay requirements for a 2-year chronic to xicity study for naproxen in rats.
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CHROM. 13,382

Note

Determination of N-nitrosodiethanolamine in cosmetics by gas chromato­
graphy with electron capture detection

B. ROLL MANN*, P. LOMBA RT, J. RO N DELET and M. ME RCIER

Laboratoire de Biotoxicologie et de Physicochimic Therapeutique, University of l.ouvain, School of
Pharma cy . U.C. L. -73.69. B-1200 Brussels ( Belgium )

(First received Augu st 6th. 1980; revised manuscr ipt received October 211l1, 1980)

N -Ni trosodietha nolamine (N DELA) has been show n to be weakly carcinogenic
in rats afte r oral ad minist ra tion' and in ham sters after subcutaneo us injec tions",
H epa tocellular carcinomas and rena l ade no mas are ind uced in rat s, and ade nocarc i­
nomas of th e nasal cavity, papilla ry tumours of the trachea, hepatocellular adenomas
and local fibrosarcomas are produced in hamsters. N DE LA has also bee n reported
to be mu tagenic on Actinom yc es either olivaceus or griseofia vus" , as well as on Salmo­
nella typhimurium st ra ins TA l00 and T A 1535 in th e abse nce o f a met abol ic act ivat ion
sys te m".

N DELA has bee n detected in th e urine of a human wea ring a N DELA-con ta­
m inated facial cos metic, thereby demon st rati ng its ready absorption in the skins.
Very high levels (up to 3 %) o f N D E LA have bee n found in n it rite- tr iethanolamine
based cutt ing and grind ing fluid s used in met al wo rk ing 6

,7 . Levels up to 4.9 X 104 ppb
have also been shown to be present in facial cosmet ics, hand and body lot ion s and
ha ir sha mpoos". Several me thods have been descr ibed for the analysis of N DE LA.
inc lud ing high -performan ce liqu id chromatography co mbined with a thermal energy
analyser (TEA). and gas chromatography (GC) co up led ei ther with a TEA or with a
high resolution ma ss spetromete r (MS).

A s tho se sophisticated instruments are not available in most labora tor ies. we
have developed a me thod fo r th e de te rminat ion of N D EL A using co nve ntio nal GC
wit h electron capture detection . This sens it ive and select ive method has been applied
to the detection of N DE LA present at the ppb level in several cosmetics and derrno­
pharmaceut ica ls.

EXPERIMENTA L

Reagents
A ll reagents were of analytical grade. D iethano la rnine , 2-ch loroethano l, 3­

hyd roxy-n-pro pylarni ne, thi on yl chloride and tr ifluoroacet ic anhydride were obtained
from Aldrich Europe (Beerse, Belgium) and hyd ro gen peroxide from Sol vay (Brussels,
Belgiu m). T he reagents were used witho ut furt her pu rificat ion. except for th ionyl
chloride and trifluoroacetic an hyd ride which were purified by disti lla tion .

N D ELA and N -ni trosopropano letha no la l11 ine (N PE LA), used as the in ternal

002 1-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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standard, were synt hesized by reaction of the cor responding a mines with sodium
nitrite according to Jones and Wilson? with minor mod ifications : the pH of the me­
dium was ma inta ined at the opti mal value 01 3 and the N-nitrosamines were pu rified
by extraction with p-dioxa n aft er elimination of wa ter and solvents und er vacuum.
Their purity was checked by thin-layer chromatography (T LC) and GC-MS. n­
Prop an olethanolarnine was obtai ned by d irect react ion between 2-chloroethano l and
3-hydroxy-n-propanolamine in water at 120°C dur ing 24 h, and subsequently purified .

Peroxotrifluoro acetic acid (PTFA) reagent was prepared as follows : 0.5 ml
98 % hydrogen peroxide was added to 7 ml ethyl ace ta te kept at O°e. Five 0.5-ml
aliquot s of trifluo roa cetic anhydride were successively added und er constant shak ing
to the solution cooled at O°e. The reagent was kept in the dark and in ice ; a new
a mount was prepa red every week.

Apparatus and conditions
A Perkin-Elmer Model 3920 gas chromatog raph, equipped with a bJNi elect ron

ca pture detector (EC O) was used . A spira l borosilicat e glass column (2 m x 2 mm
LO .) packed with 3% OY-225 on Supelco port (100-1 20 mesh) was empl oyed. Th e
opera ting conditio ns were as follows : column temperature, 210°C ; injec tor and
detector temperature, 250°C ; carrier gas (argon-methane, 95 :5) fl ow-rat e, 100 mIl
min; standing current for the ECO, 2 nA.

A LKB 9000 S gas chromatog ra ph- mass spectrometer was used for confirma ­
tion of the identity of the N-nitrosamine derivatives. The operat ing conditio ns were
as follows: spira l glass column (2 m x 3 mm 1.0.) packed with 1% OY- I on chro mo­
sorb W (60-80 mesh) ; carrier gas (helium) flow-rate, 30 ml/rnin ; oven tem perature,
200°C; injector temperature, 230°C: sepa rato r temperature, 240°C; ion- source tem­
perature, 270°C; trap current ,60 nA; energy, 70 eY; accelerating volt age, 3.5 kY.

Clean-up procedure
In order to preven t n itrosation artifacts during the analytical procedure,

ammon ium sulpharn a te (I g) was added to I g of the cosmetic to be ana lysed ; NP ELA
( IOD III of an aq ueou s solutio n of I JIg NPELA/ml) was added as the interna l standard .
The sample was stirred at 30°C for 20 min in a mixture of 10 ml of 2,2-dimethoxy­
propane, 25 ml of meth yl tat.-bu tyl ether and 100 p I of 10% aqueous oxa lic ac id
solution. Th e mixture was then neutralized with an excess of calcium carbo nate and
th e solvent removed under vacuum in a rot ary evapora tor opera ted at 30°e.

The residue was ext racted four times with 50 ml light pet roleum (b.p. 45-60°C)
and four times with 50 ml ethyl ace tate . The extracts were successively loaded on a
silica gel column (20 x 2 em, Merck silica gel 60A , 70- 230 mesh). Ethyl acetate
(150 ml) was used to wash o ut the impurities and 250 ml acetone subsequently eluted
the N-ni trosamines. Th e ace tone fract ion was evapora ted to dryness und er vacuum
at 50°C and th e residue dissolved in 5 ml aceto ne.

Dcrivatizat ion
A 2-ml aliquot of th e final aceto ne solution was evapo rated und er a strea m of

nit rogen in a react ion via l; the resid ue was dissolved in 2 ml ethyl acetate, 10 p I of
th ionyl chloride were added and the vial was th en heated at 5SOC for J h. Th e organ ic
phase was washed by shaking with I ml of J M sodium hydroxid e and th e two phases



160 NOTES

were separated after freezing the aqueous phase at -50°e. A 200-fil volume of the
PTFA reagent was added to the ethyl acetate solution, followed by standing at
55°C for I h. The organic solution was washed with I ml of I M NaOH and an
aliquot (I fil) of the reaction mixture used for GC analysis.

Photolysis
Two aliquots (I ml) of the acetone solution were evaporated to dryness under

nitrogen . The residues were dissolved in 500 It! ethyl acetate and the solution placed
in photolysis tubes of soft glass (16 X 0.25 J.D. x 0.35 em 0.0.) which were then
flame sealed. One tube was irradiated with UV light for 3 h; the other was kept in
the dark for the same period and served as a control. The UV light was emitted from
a 8-W germicide lamp situated 4 ern from the samples and submitted to a oscillatory
movement so as to make the irradiation uniform. The solut ions were then diluted in
1.5 ml of ethyl acetate and IO fil of thionyl chloride, heated at 55°C for I hand
finally derivatized as above.

RESULTS AND DISCUSSION

Denitrosation of N-nitrosamines with thionyl chloride in methylene chloride,
leading to the formation of nitrosyl chloride, has been used by others'? as a method
for the analysis of non-volatile nitrosamines. It was therefore essential to carefully
select the reaction conditions (nature of the solvent, temperature and duration of the
treatment, thionyl chloride concentration) to enable the specific transformation of
NDELA into volatile bis(2-chloroethyl)-N-nitrosamine with minimal denitrosation.

The reaction has been carried out in different solvents and the products
examined by TLe. Bis(2-chloroethyl)-N-nitrosamine was found to be the only
derivative formed when ethyl acetate was used as the solvent; in other solvents, such
as dichloromethane or diethyl ether, two or more other products were present. Under
our conditions, 5 f-lg thionyl chloride/rnl has been found to be the optimal concen­
tration. The results presented in Fig. I indicate that the reaction is complete after
standing for I h at 55°e. At higher temperatures the derivative formed starts to break
down.

N02DELA CI2
INT 510

30

20

Fig . I. Effect of time on the reaction of SOCI 2 (8 mgjml) with NDELA (51lg jml) at 55 and 70°C.
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Fig. 2 indicates that similar reaction conditions were also the most appro­
priate for the subsequent transformation of bis(2-chlo roethyl)-N-nitrosamine into the
corre sponding nitramine with the PTFA reagent. Moreover , the utilizat ion of eth yl
acetate as solvent permits aliquot samples to be taken of the organic phase, previously
washed with a sodium hydroxide solution, for direct injection into the gas chromat o­
graph-ECD; the hydroxide solution is used to destroy the excess of PT FA reagent.

I
~Q:'~OROET_HYLI ~ ITRAMINE

INT. STD.
~.o ·

_ t------ --- -;-------

Fig. 2. Effect of time on the oxidat ion of bis(2-chlo roethyl)-N -nitrosamine to nitramine with
peroxotrifluoroacetic acid (100 Iii PTFA reagent per ml mixture) in ethyl acet ate at 55°C.

When pure NDELA was treated, a linear relationship was found between
ECD response and NDELA concentration, from a to 200 ng NDELAjml. The
sensitivit y of the method allows the determination of less th an 5 ng NDELAjml.
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Fig. 3. Gas chr omatograms : a, pure NDELA and NPELA (500 ng/rnl of each) aft er der ivatizat ion ;
b, NDELA (1 ppm) after ext raction from a cosmetic preparation and derivati zation (sample 1,
Table n.
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With cosmet ic samples, the chromatograms are more complex and It IS not
possible to determine less than 50 ng NDELA/ml (Fig. 3). The concentration s of
NDELA present in the analysed samples were computed from a standard graph
(Fig. 4) constructed from chromatograms of cosmetic preparations containing known
added amounts (0-400 fig/kg) of NDELA and a fixed amount (600 pg /kg) of NP ELA
used as internal standard. The results obtained are presented in Table I , and were

____.._ 1.. _

2.53 38 0
ppm NDELA

._•• .J.

1.27

.>:
-~~'--

- 0.38 0

05

1O~
N0 2DELA C!2

N0 2 PELA Cl2

F ig. 4. Calibration curve for N D ELA in cosmetic preparation , o bta ined by addition of increasing
a mounts of NDELA to sam ple (I in Table I).

TABLE I

LEVELS OF NDELA (fig /kg) IN C OS M ET IC AND DERMOPIIARMACEUTICAL PREPA­
RATIONS COMMERCIALLY AVAILABLE IN BELGIUM

Fo r each preparation , two different sa mples purchased in sepa ra te shops were submitte d to
a nalys is. n.d. = Not detectable .

Preparation Utilization

2

3

4

Cosmetics
Cream

Cream

" Fo r night" cream

Cream

350
350
n .d .
n .d .
100
380'
100
100

5
Derm opharma ceutical preparations

Slimming gel n.d .
n.d.

6

7

8

9

10

Cleaning gel for eyes
Lot J810
Lot T826

Cream

Cream (1. 34 % triethanolamine)

Cream (1. 3 % triethanolamine)

Cream (1.35 % tri ethanolamine)

300
300
n.d.
200
170
250
110
220
100
100

• Confirmed by photolysis.
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confirmed for samples with the highest levels of NDELA by photolysis according to
Doerr and Fiddler" .
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Note

Metal chelate affinity chromatography

II. Group separat ion of mono- and dinucleotides

P. HUBERT' and J. PORATH*

Institute of Biochemistry, Universi ty of Uppsala, Box 576, S-75 1 23 Uppsala (S weden)

(Received September 26th, 1980)

In a recent communication' we investigated the influence of various param­
eters such as pH, buffer composition and ionic strength on the retent ion of various
nucleotides and related compounds in copper chelate affinity chromatography. In the
present paper, we report an extension of our studies to illuminate further the potential
of our method to separate nucleotides according to thei r metal affinity.

EX PERIMENTAL

The gel used was a bis-carboxymethylamino Sepharose 6B. It was prepared
according to the pub lished proced ure-" by activation ofSepharose 68 with epichloro­
hydrin , followed by treatment with sodium iminodiacetate. The ad sorbent was packed
into columns (diameter I em, V, = 2-5 ml), loaded with the desired metal ion (20 mM
aqueous solution of CuS04 • 5 H20 or NiS04 ' 7 H20), washed with distilled water and
eq uilibrated with the desired buffer unti l loose ly bound metal was completely eluted.

Artificial mixtures to be tested were prepared from aqueous solutions (2.5 mg/ml)
of different nucleotides. The elution profile was recorded at 280 nm. Identification
of the peaks was made from the reduced elut ion volumes, Vel V" of the compounds
chromatographed as pure samples.

Specific conditions used in eac h separation experiment (composi tion of the
nucleotide mixture, V, of the column, elution buffer) are indicated in the legends to the
figures.

R ES ULTS AND DISCUSSION

Group fractionation of pyrimid ine and purine mononucleot ides can easily be
achieved on a copper chelate adsorbent, as shown in Fig. I . Since all the pyrimidines
show litt le interaction with the bound metal' they are eluted toget her in a single peak
at the void volume . The stronger complexation of purine mononucleotides allows
their separation from pyrimidine mononucleotides and also provides suffi cient selec­
tivit y to differentiate AMP from GM P.

• Present address: Laboratoire de Ch imie-Physique Macromoleculaire, ENSIC, Universite de
Nancy, I , rue Grandville, 54000 Nancy, Fr ance .

0021-9673/81/0000-o000iS02 .50 © 1981 Elsevier Scientific Publishing Company
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0.05

0.04
eMP

GMP

165

0.03

0.02

0.01

AMP

2 3 HOURS

2 4 6 8 10 Ve/Vt

Fig. 1. Fractionation of C MP (62.511g per 25 It!) -j- GMP (62.5 flg per 25 It! ) + AMP (250 flg per
100 Ill ). Copper co lumn: V, = 4.8 ml. Flow-ra te : 15 mljh . Buller : 0.1 M ethylmo rpholine-acctic
acid (pH 6.5)-0.2 M MgSO •.

The same behaviour was observed with the deo xy deri vati ves (Fig. 2). How­
ever, the fractionation of AMP or GMP from their respecti ve deo xy homologues
could not be achieved (results not shown), indicating a minor contribution of the
2'-OH group in the retention process.

0.04

0.03

0.02

deoxy-GMP

deoxy-AMP

0.01

4-HOURS

2 4 6 12 14 Ve/Vt

Fig. 2. Fractiona tion of dcoxy- GMP (100 Ilg p CI' 40 It!) +- deoxy-AMP (300 flg per 120 Ill). Copper
column: VI = 4.5 ml. Other deta ils as in Fig . I .

Copper chelate affinity chroma tog raphy affords excellent separation of di­
nucle otides. However , with this met al the dipurine compounds are generally strongly
adso rbed(ApA: Vel VI R::i45 inO.05 MTris-HCl(pH 7.0)-1 M NaCI)and cannot be eluted
within a reasonably short time. To overcome this difficulty, the ligand exchange
capacity of the gel can be decrea sed by raising the pH, the molarit y of the elution
buffer or land its nucle ophilic cha racter ' . Alt ernatively, we performed the group
experiment on a gel loaded with NiH , a less potent chelat ing ion under our conditions.
Fig. 3 shows that isocratic elution of a m ixture of d inucleotides allo ws total fractiona-
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OD280

0.07 PYpPY
(CpC)

0.06

PYpPU/PUpPY

0.05 (ApC+ GpCl

0.04

0.03

0.02

0.01

1 2 3 HOURS

2 4 6 8 10 12 14 Ve/Vt

Fig. 3. Group fract ionation of Cp C (I7.5 ,ug per 7 ,u1) + G pC (25 11g per 10 pi) + ApC (37.5"g
per 15 I t! ) + Ap e (75 flg per 30,,1) + ApA (I25flg per 50 111). Nickel column : V, = 3 ml. Flow­
rate: 14 rnl/h, Buffer as in Fig . I.

tion into three peak s on the basis of the purine content of the dinucleotide molecules :
PUpPU > PUpPY, PYpPU » PYpPY. Fraction ation within the PUpPYjPYpPU
group can be obtained when the experiment is performed on the copper chelate gel
(Fig. 4).

0.05

CpG

0.04

0.03

0.02

0.01

ApC

1 2
2 4 6 8 10 1214 16 18

3 HOURS

Fig. 4. Fract ion ati on of CpG (62 .5/Ig per 25 I II ) + Ap C (250 Il g per 100,ul). Copper column :
V, = 2.45 ml. Flo w-rate : 17 rnl/h. Buffer as in Fig . I.
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The high selectivity of metal chelate affinity chromatography is further
demonstrated by the total separation afforded of a mixture of dinucleotides belonging
to the PUpPY/PYpPU group, on the basis of the position of the purine moiety in the
molecule. Figs. 5 and 6 show, respectively, the separation ofCpG from GpC and CpA
from ApC in an isocratic elution process.

0°280

0.0 6
Cp G

0.05

0.04

GpC 0°280

0.03 0.03
CpA (i-s')

0.0 2 0.02

0.01 0.Q1

1 2 3 HOURS 1

2 4 6 8 10 12 14 Ve/Vt 2 4

Fig. 5. Fractionation of CpG (87.5 fig per 35 flI) -I. GpC (87.5 fig per 35 f l l) . Copper column :
V, = 2.75 ml. Flow-rate: 13.2 rnl/h , Buffer as in Fig. I .

Fig. 6. Fractionation of ApC (87.5 fig per 35 fll) + CpA(2' -S') (87.5 flg per 35 fll) . Copper column :
V, = 4.5 ml. Flow-rate: 19.2 ml/h. Buffer as in Fig . l.

The retention of nucleotides on metal chelate affinity chromatography is due
to complex phenomena. The abundance of potential binding sites (nitrogen and
oxygen atoms on the bases, hydroxyl groups on the ribose and negatively charged
oxygen atoms in the phosphate residue) account for this complexity, although our
data seem to rule out any major contribution of either the phosphate or the ribose
moieties to the binding.

The dominant role played by the bases in the coordination mechanism, as
suggested by our results, has already been demonstrated by crystallographic studies as
well as experiments in solution". The nature of the bases present in an oligonucleotide
is obviously very important (Figs . 1-4), but the conformation of the molecule should
also be taken into account. In the case of ApC and CpA for instance, the examination
of models as well as theoretical calculations" indicates the existence of very small
differences, concerning mainly the orientation of the heterocyclic rings . These differen­
ces presumably affect the overlapping of the orbital systems of the two bases and
modify also the environment of the most strongly inte racting centre, i.e., purine N 7

(ref. 3). This different environment of the N 7 purine binding site, along with the fact
that the immobilization of the metal on a rather rigid matrix may favour the approach
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of molecules having a certain type of conformation, may explain the surprisingly good
separation obtained. Alternatively, the occurrence of a fifth or even sixth copper
coordination bonds and the participation of the pyrimidine ring in a weak binding
could also be responsible for the effect observed, due to a slight difference (between
the two derivatives) in the base-metal-base spatial arrangement. These differences
and their reflection in the chromatographic behaviour should be further explored in
order to develop particularly efficient methods for fractionation of nucleotides on a
preparative scale .
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Diosgenin is one of the most important and versa tile starting materials for the
manufacture of steroid dr ugs, including oral contraceptives. The steroid drug industry
in India relies almost entirely on diosgenin as the base material, the chief sources
being the yam s of the differen t Dioscorea spp. New sources of diosgenin, such as
Costus sp eciosusb? and Kallstr oemia pub escensr:", are being developed for commercial
exploit ation . Whether it is a Dioscorea tuber or a plant sample to be screened for the
presence of diosgenin, or whether it is a cell mass from tissue culture or a plant part
from a breeding pro gramme, the diosgenin content must be determined by an accurate
and reprod ucible method. Severa l procedures are ava ilable for the determination of
diosgenin, such as gravimetric'<!", spectropho to rnetric 't -P, gas-liquid chromato­
gra phic (G LC) I4, den sitometric thin -layer chromatographic (TLC)15,16 and IR spec­
trometric' ? meth ods. The gravimetric method is widely used on account of its simplicity
and inexpen sive apparatus. However, it has some disadvantages , e.g., it gives the
total sapogenin content and no t only diosgenin. The other met hods mentioned above
a lso have disadvantages". The GLC method developed by Cooke':', although it works
well with cert ain Dioscorea spp. where there is no interference from other substa nces,
is unsatisfactor y when such interfering compounds are pre sent.

High-performance liquid chromatographic (HPLC) techniques have been
reported for determination of var ious materials, including glycyrrhizin'S?", cholesterol
autoxidation products", potato glycoalkaloids'" and monoterpenes". The separation
of diosgenin by HPLC has also been reported". Th is paper reports an HPLC meth od
for the determination of diosgenin in some plant species.

EXPERIMENTAL

Apparatus
The liquid chromatograph consi sted of a Waters Assoc. Model 6000A pump,

U6K injector, Model 440 absorbance detector with a fixed wavelength of 254 nm and
an R-401 different ial refractometer connected to an Omniscribe recorder. The chro­
matograph contained a Waters Assoc. 30 ern X 3.9 mm I. D. stainless-steel column
packed with a .uPoras il micropart iculate (10 .um) silica gel column. The mobile phase
was light petroleum (b.p. 60-80°C)-isopropanol (12:1) , the flow-rate 0.8 ml/rnin , the
pressure 125 p.s.i., the temperature 20c C, the attenuati on 8 X and the recorder chart
speed I em/m in.

0021-9673/8 1/0000-0000/$02.50 © 1981 Elsevier Scientifi c Publi shing Company
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Chemicals and reagents
AIl solvents used were glass-disti lled. The diosgenin used for the preparation

of the calibra tion graph was isolated from Kallstroemia pubescens and purified by
chromatography [m.p. 206-207°C ; [a]D -11 9° (CHC I3) ] .

Preparation of standards
A set of ten sta nda rd solut ions were prepared conta ining 2.26-0.226 mg/rnl of

diosgenin and were stored at ambient temperature .

Extraction procedure
Plant sam ples were dried , either in air or at II DoC in an air oven, and then

powdered . Each of the samples (500 mg) was placed in a 25-ml conical flask and
hydrolysed with 2.5 N hydrochloric acid (7 ml) for 4 h by keeping the flask part ially
immersed in boiling water, keeping the mouth loosely closed with a stopper. The
contents of the flask were cooled, filtered quan titatively using a Whatman No. 41
filter-paper and washed unt il the residue was free from acid . The washed residue was
dried at 105°C and then extract ed with light petroleum (b.p. 60-80°C) in a Soxhlet
extractor for 4 h. The solvent was evaporated and the residue was dissolved in HPLC­
grade light petroleum-isopropanol (1 2 : I) and filtered into a measuring flask using a
sample clarificat ion kit (Millipore, Bedford, MA , U.S.A .) consisting of a lO-ml
syringe, Swinney filter holder and Millipore filters (0.5 ,urn). The solution was then
made up to a suitable concentrat ion by dilut ion with the same solvent in a volumetric
flask. A 20-,u1 volume of the solution was injected into the chromatograp h with a
25-,u1 Hamilton syringe.

R ESULTS AND DIS CUSSIO N

As diosgenin does not exhibit any UV absorption that would be helpful for
detection with the 254-nm UV detector , a differential refractometer was used. With a
30 em X 3.9 mm J.D. column and a mobile phase flow-rate of 0.8 ml/min the re­
tent ion time was 347 ± 5 sec for diosgenin based on 20 measurement s. The reten tion
time was very sensitive to the light petroleum- isop ropanol mob ile phase composition.
Differences in retenti on time between bat ches existed, indicating a slight var iation in
the compo sition of the mobile phase from time to time. An internal standa rd was not
incorpo rated in the assay procedure, becau se the recoveries were consistent and almost
identical with the theoretical recovery.

Of all column and mobile phase combinations tried , the ,uPorasil column with
light petroleum-isopropanol (12:1) proved to be the best because there were no
int erfering peaks. The line obtained by plott ing peak height against concentration was
always straight. Calibration graphs were constructed every time a new series of plant
mater ial was extracted. A calibrat ion graph covering the range from 2.26 to 0.226
mg/ml of diosgenin is shown in Fig. I.

For each analysis 500 mg of dried plant sample was used and the meth od was
found to be quantitat ive and reproducible. The same results were obtained when
more than 500 mg of plant material was used. However , less than 500 mg of plant
sample gave a slightly low value. Ten samples of Kallstroemia pubescens, two samples
of Dioscoreaprazeri and one sample each of Dioscorea floribunda, Dioscorea deltoidea
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Fig. 2. Representati ve chromatograms of (a) Kallst roemia pubescens ; (b) Dioscorea floribunda ;
(c) Dioscorea deltoidea ; (d) Dioscorea prazeri ; (e) Cos/us spec iosus, Peak 1 = dio sgenin.
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and Cos/us speciosus were assayed by the proposed H PLC method. Chromatograms
of one sample of each species are shown in Fig . 2.

Attempts were made to combine the hydrolysis and extraction stages by
heating the plant sample with 2.5 N hydrochloric ac id and n-hexane and working
up in the usual way, but much too low values were obtained even after heating for
6 h so these attempts were abando ned.

The result s obtained by HPLC were checked against the usual gravimetric
determination by using aliquots from a larger sample. A comparison of the values
obtained is shown in Table I. As would be expected, the result s obtained by HPLC
were found lower as diosgenin alone is determined, whereas in the gravimetric method
other con stituents present in the diosgenin extract are also dete rmined.

TABLE I

COMPARISON OF R ESULTS OBTAINED FOR SAMPLES OF KALLSTRO EMIA
PUBESCENS (KP), DIOS COREA FLORIBUN DA (OF), DIOSCOREA DELTOIDEA (D O) ,
DIOSCOR EA PRAZ ERI (0 1') AN D COSTVS SPECIOSUS (CS) BY HPL C AN D GR AVI­
METRIC METHODS

Sample Diosgenin (%)

HPLC method Gravimetric method

KP-l
KP-2
KP-3
KP-4
KP-5
KP- 6
KP-7
KP-8
KP-9
KP-I0
DF-l
DD-l
DP-l
DP-2
CS-l

0.93
1.14
1.05
0.88
0.88
0.93
1.04
1.06
1.05
1.04
1.42
3.48
0.62
1.92
0.34

1.04
1.27
1.19
1.01
1.02
1.12
1.08
1.I I
1.09
1.21
1.63
3.70
0.65
2.08
0.39

- - - - ---- - --- - - -- _.._----
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Analysis of testolactone and its formulations by high-performance liquid
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Testolactone (o-homo-17a-oxaandrosta-I,4-diene-3,17-dione) is used in the
adjunctive and palJiative treatment of inoperable breast cancer in women1. Although
structura lJy related to the androgens, it is essentialJy devoid of androgenic activity in
therapeutic doses. It is obtained from a number of steroidal compounds (testosterone,
progesterone, l l-deoxycortisol) by microbial tr an sformation using , for example,
Cylindrocarpon radicicola ATCC 11011 (ref. 2). Such starting materials a re therefore
potential impurities.

The cornpendial method:' for testolactone raw material , suspension and tablets
is colorimetric, based on condensation with isoniazid . It is, therefore , non-specific,
since it would be interfered with by the ab ove mentioned start ing materials if they
were present as impurities. To overcome th is problem partialJy, The National Forrnu­
lary" (NF) requires in the raw material monograph a test for foreign ster oids and other
impurities, which is based on thin-layer chromatography (TLC). There is no such
requirement for the suspension or the tablets, and con sequently a laboratory per­
forming the N F analysis of testolactone in formulations would be unable to detect any
impurities which might be present. To alJeviate this problem, a high-p erformance
liquid chromatographic (HPLC) procedure has been developed which alJows the
assay of the drug and the detection of starting material s.

EXPERIMENTAL

Apparatus
A modular HPLC system was used , con sisting of a pump (Constametric II,

Laboratory Data Control , Riviera Beach, FL , U.S.A. ) operated at 1.75 ml/rnin, a
variable-wavelength UV detector (Schoeffel Model SF 700, Westwood, NJ, U.S.A.)
set at 240 nrn and a loop injector (Rheodyne septurnless valve injector Model 7120,
Berkeley, CA, U.S.A.) equipped with a 10-,ulloop. The co lumn was a 250 X 4.6 rnm
J.D. commercially available octyl silane, chemically bonded to totalJy porous irregu­
larly shaped 10 ,um micro-silica particles (RP-8, Brownlee Labs., Santa Clara, CA
U.S.A.).

Peak retention time s and areas were obtained by the use of a reporting inte­
grator (Automation System 3385A, Hewlett-Packard, Avondale, PA , U.S.A.).

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publi shing Company
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Reagents
Testolactone was N F reference standard. Propylparaben (Aldrich, Milwaukee,

WI, U.S.A.) was recrystallized commercial grade. Methanol was HPLC grade (Fisher,
Fair Lawn, NJ , U.S .A.). Water was double-distilled in glass.

Mobile phase
Methanol in water (55 :45): previously filtered through a membrane (HA

0.45 f.lm , Millipore, Bedford, MA, U.S.A.) and degassed was used.

Internal standard solution
A solution of propylparaben in aqueous methanol (60 %vlv) was prepared at a

concentration of I mg/ml ,

Standard preparation
About 20.0 rng of test olactone reference standard, accurately weighed, was

transferred to a 100-ml volumetric flask and dissolved in 50 m! of methanol. Internal
standard solution (20.0 ml) was added . While mixing , water was added to volume.

Sample preparation
Tablets. A portion, accurately weighed, of finely powdered tablets, equivalent

to about 50 mg of testolactone was tran sferred to a 50-m! volumetric flask, to which
was added 30 ml of methano l. The flask was stoppered and was vigorously shaken
for 30 min. Water was added to volume and the contents were well mixed and filtered.
A 20.0-ml portion of the filtrate was pipetted and transferred to a 100-ml volumetric
flask . Internal standa rd solution (20.0 ml) was added and mobile phase was added to
volume and the contents were mixed.

Su spension. An accurate ly measured volume of well mixed testolactone suspen­
sion, equi valent to 100 mg, was transferred to a 100-ml volumetric flask, to which was
added 60 ml of methanol. The flask was made up to volume with water, and the
contents were well mixed and filtered (if necessary). A 20.0-ml po rtion of the clear
solution was treated as above (Tablets) .

Procedure
A 10-f.l1 portion of the standard preparat ion and the sample preparation was

successively injected into the column via the 10-pl loop injector.
The ratio (R) of the area of testo!actone to the area of internal standard was

recorded for the standard preparation and sample preparation. The concentration of
testolactonc in sa mple preparation was obt ained by the following formu la :

where CII is concentration of testolactone in sa mple prep aration, C, is concentration
of testolactone in standard prep aration (mg/rnl), R

II
is ratio of areas for sample

preparation and R; is ratio of areas for standard preparation.
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R ESULTS AND DI SCUSSION

NOT ES

Baseline resolution was achieved between solvent front, benzyl alcohol,
testolactone intern al standard and with the three potenti al synthesis residues, namely
testosterone, progeste rone and l l- deoxycort isol' (Table 1). The limit of detectabil ity
of each impur ity was found to be 0.1 %w/w of testo lactone. No impurity was detected
from either the tablets or the suspension. Sample preparati on s were relatively stable,
and no dete ctable degradat ion products appeared within 48 h.

TABLE I

CAPAC ITY FA CTORS OF T ESTOLACTONE AND RELATED CO M PO UN DS

Substance

Testolactone
Tes tos terone
Progesterone
II-Deoxycort isol
Propylpa raben
Benzylalcohol*
Degrad ation product
Androsta-1,4-d iene-3,17-d ione *.
Androsta - l ,4-d iene-17-B-ol-3-one' *

k ' (t -to/t ll )

1.89
14.35
32.27

6. 12
4.78
1.05
3.69
5.35
8.5 1

• Benzylalcoh ol was inclu ded because it is present in the suspensions.
.. Th ese two co mpounds are included because they are potent ial impurities.

Linear respon se versus concentration was found up to a concentra tion of 3 fl g
injected. Within this ran ge, the standard cu rve passed close to the orig in and its
co rrelation coefficient was nearl y ideal (0.99996).

Quantitati ve analysis of two commercia l formulat ions are compared in Table 11
to the N F color imetric procedure. All result s are within compendiall imit s (90-110%
for tablet s and 90-120 % for suspensions). Coefficients of variation are excellent. The
difference of about 2.0 % between results is most likely explained by the inherent
differences between the two techniques.

TABLE II

COMPA R ISON OF HPLC TO N F ASSAY PROCEDUR E

Values are th e average of five determinat ions.

Formulation

Testol actone tabl et
Testolactone suspension
- - - _ ..-_ ._ ..._....

CONCLUSION

HPLC ( %)

99.0 ± 0.6
108.1 ± 1.1

N F ( %)

100.4 ± 0.6
109.9 ± 1.9

Th is HPLC procedure for the analysis of testolactone and its formulati ons is
fast , specific and accurate.
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Several studies have shown that acti vated T cell superna tants ' r ', sera frac­
tionst -" and lymphoid organs6

-
1l contain immunosuppressive agents which depress

the humoral response in mice.
Working with bovine spleen extracts, we demonstrated'" that in thi s case the

immunosuppressive activity could be attributed to th e presence of a low-molecu lar­
weight spleen-derived immunosuppressive peptide (SOIP) which was non-covalently
bound to high-molecular-weight carriers. Taking ad vantage of thi s observation, we
isolated the active fraction through ultrafiltration (Amicon PM 10) of an acetic
extract prepared from a bovine spleen acetonic powder!'. Then we develop ed a
reproducible but tedious purificati on procedure (Fig. I) which led to 107·fold purified
SOIpI 4

•

As a preliminary high-performance liquid chromatographic (HPLC) analysis
of SOl P showed that the biologically act ive agents could be separated from some
contaminants which were still present in the pu rified fraction, thi s technique has been
developed in orde r to curtail the actual purification procedure. Th e results presented
here show th at, from the ultrafiltrate, a three-step purification procedure (one molecu­
lar sieving plus two HPLC steps) yields an homogeneous substance.

EXP ERIMENTAL

As evaluation of the isolated substance by weighing was inpractical in routine
work, the concentra tion and quantit ies were estimated by measuring the opti cal
density of aqu eous solutions at 220 nrn. On e A 220 nm un it represents the quantity of
substance d issolved in I ml of water which has an opt ical density of I at 220 nm in a
I-ml cuvette.

Preparation of the ultrafiltrate, U
The extraction procedure and the ultrafiltration were perfor med in a pilot

plant, using 10-100 kg spleen. An acetone extract was obtained from spleen, the
solvent removed and the po wder was extr acted with wate r. The extract was concen-

oo21-9673/81/0000-OOOO/S02.50 © 1981 Elsevier Scientific Publi shin g Co mpa ny
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BOVINE SPLEEN (2.5 kg)
I

RESIDUE FROM ACETONE EXTRACT
I

AQUEOUS EXTRACT (acetic acid 10- 2 M, rnercaptoethanol 10- 3 M)

I
ULTRAFILTRATE U (100 g)

I

Bio-Gel P-2
[

ACTIVE FRACTION (I g = 20,000 AnD nm)

I

NOTES

I~_~~----

Neutral alumina (100 mg = 1500 AnD nm
(ethyl acetate, methanol, water)

I
Sephadex LH-20

I
2 Cellulose TLC separations

(butanol, acetic acid, water) (100 ./g = 10 Am nm)

I
2 Cellulose thin-layer electrophoreses
(pyridine, acetic acid, acetone, water)

I
SDIP (15-25 mAnD nm)

Fig. 1. SDIP purification procedures.

I
Preparative HPLC

Waters Prep-Pak 500/C Is methanol-water
I

19 AnD

I
Micropreparative HPLC

flBondapak CIS, methanol-water (+ TFA)
I

I
SDlP (400-600 mAnD nm)

trated ten-fold by ultrafiltration on Sartorius membranes. After I :50 dilution with
water, the concentrate was again subjected to ultrafiltration. The successive ultra­
filtrates thus obtained contained the active factor.

Chromatography offraction U
The ultrafiltrates were chromatographed on a Bio-Gel P-2 column (750 X

95 mm) as previously described':', using 10- 2 M acetic acid as solvent (flow-rate
3 ml/rnin). The active fraction was eluted between 2.6 and 3.4 Va, where Va is the void
volume of the column.

Preparative HPLC
A Waters Assoc. Prep LCjsystem 500 and a Gilson Spectochrom UV detector

were used. Two cartridges of Prep-Pak 500/Cl s (30 X 5.7 em, particle size 37 {tm)
(Waters) were used and equilibrated in the eluent prior to sample injection. A 1.6-g
amount of the active fraction was dissolved in 40 ml methanol-water (80:20) and
injected. The column was eluted with methanol-water (80:20) at a rate of 200 ml/
mm.

Microscale HPLC purification of SDIP
A Waters HPLC system equipped with a Pye Unicam LC3 UV detector was

used. Separation was carried out on a {tBondapak CIS stainless-steel column (30 em X

4 mm) (Waters) using methanol-water (+ 0.1 % trifluoroacetic acid, TFA) (38 :62)
as solvent. Flow-rate was 1 ml/rnin. Peak heights at 215 nm were recorded. The sample
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to be injected was dissolved in water (I ml) and passed through a Millipore filter.
AlI experiments were carried out at room temperature.

The bulk of biological activity was eluted between 34 and 40 min (Fig . 2). The
active peak was colIected and analysed under the same conditions and on the same
column using acetonitrile-isopropanol-water (+ 0.1 %TFA) (225 :75 :700) as eluent,
as shown in Fig. 3. Electrophoresis confirmed that the isolated substance is homo­
geneous.
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Fig . 2. HPLC chromatogram of SDIP on a IlBondapak C's column, with methanol-water (+ 0.1 %
TFA) (38:62) as solvent. A2I 5 nm unit s are x 103 •

Compared to previously established purification schemes, application of
HPLC permits very rapid recovery of a highly pure substance, with a considerably
improved yield. Furthermore, these analytical conditions should allow the detection
of SDIP in different organ extracts, and the comparison of SDIP to the different
Iymphokines described in the literature which exhibit analogous biological activities.

HPLC analysis ofpurified SDIP
The previously described apparatus and conditions were used. The solvent was

acetonitrile-isopropanol-water (+ 0.1 % TFA) (225 :75 :700) or methanol-water
(+ 0.1 %TFA) (38:62) .

RESULTS AND DISCUSSION

Bovine spleen was extracted in a pilot plant as previously described':'. In brief,
lipids and water were removed from bovine tissue by acetone extraction. The powder
was extracted in acetic acid (10- 2 M) in presence of 2-mercaptoethanol (10- 3 M) and
the aqueous extract was submitted to ultrafiltration. The ultrafiltrates were chrornato­
graphed on a Bio-Gel P-2 column, using dilute acetic acid solution as eluent.
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Fig. 3. HPLC analysis of pu rified SDIP on a {tBondapak C's co lumn, with acetonitrile-isopropanol­
water (+ 0.1 %TFA) (225 :75 :700) as so lvent.

The acti ve fracti ons were pooled and submitted to preparative reversed-phase
liquid chromatography on cart ridges of Prep-Pak SOO/C.s (Wa ters), using methan ol­
water (80 :20) as solvent. Thi s techn ique allo wed the separation of rou ghly 99%of the
inactive material elut ed before 16 min from the active material which is retained on
the column and elut ed between 42 and 60 min.

These fra ction s were then submitt ed to a micropreparative separation on a
,uBondapak Cl S column using as elution system the mixture methanol-water (+ 0. 1%
TFA) (38 :62), which has recently been recommended for peptide separations'" ,
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High-performance liquid chromatographic analysis of technical Ruelene in­
secticide
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Analytical Laborat ories, Do H' Chemical U.S .A ., 5 7-1 Building; Midkuul, M I -186-10 ( U.S .A .)

(Received Oc tober 3rd, 1980)

Ru elen e insec tici de whic h co nta ins the ac tive ingred ien t, 4-( C/'(.-butyl-2-chl o ro­
phen yl me thy l methylphospho ram idat e (co mmo n na me, crufornate) has found use as
an anthelmintic and insecticide ': ". Besides the ac t ive ingredient, thi s pr oduct contains
two sig nificant impurit ies, 4-(erl .-b ut yl-2-chl orophcn yl d imet hyl phosphate (trie ster)
and 4-(crt .-butyl- l -chl o rophcnyl N, N I-d imcthylp hosp ho ro d ia midate (diarn idate) .

Technical R uelene insectici de has been a na lyzed interna lly by an in frared ( IR)
method usin g the PO CH 3 vib ra t io n. Altho ug h giving good results, it requires two
scans, a d ifferentia l sca n fo r impuri tie s and a sca n for as say. Based on th e co nce n tra­
tions lo r those im pu riti es ha ving POCH 3 a bsorptio n , a correct ion of th e assay va lue is
made.

G as chromatography": 5 ha s been used for trace cr ufo rnate det erm ination . It
has a lso been used in te rna lly for assay ; howeve r , ex tens ive co lumn co nditioning and
freq uent stand ardi za tion are ne cessa ry to o btai n sat isfacto ry results.

This p roduct has been an alyzed grav imetr ica lly" based on ph osphorus content
but th is a pproach is non -specific.

Hi gh -performance liquid chroma tography (H PL C) see med like a viable a p­
proach for analysi s of th e technical product.

EXPE RIMENTA L

Reagents
(a) 4-Chlorophenol , 99 ;'> \ , Cat. N o . 18578-7 (A ldrich , M ilwaukee , WI.

U.S.A.).
(b) C ru forn atc, 99 i;. (Dow Chem .). Pu rity and ident itica tio n were made by

appropriate tests.
(c) Triester (see b).
(d) Dia rnidat e (sec b).
(e) 4-(e /"(.- Butyl-l-chlorophen ol (see b) .
(f) Acetonitri le, di st illed-in-glass grade (Burdic k & Jackson Labs. , Muskegon ,

MI, U.S.A.).
(g) Eluent, 50 I:' v[v aceton itrile-water.
(h) Di amida te-t rieste r stock so lution . Wei gh 25 rug of t he dia mida te and

t riester sta nda rd to th e nearest 0.0 1 rug int o the sa me 25-ml vo lumet ric flask . Di ssolve
and di lute to vo lume wi th ace to nit ri le.

002 1-9673j8 I jOOOO- OOOOjS02.50 <1.) 19l11 Elsevier Scie ntific Publishing Compa ny
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(i) Calibration solution. Weight 20-30 mg 4-chlorophenol to the nearest
0.0 I mg into a 4-dram vial. Into the same vial weigh 40-60 mg of crufomate standard.
Pipet in 2 ml of diamidate-triester standard (h) and follow with 8 ml of acetonitrile.

Apparatus
Liquid chromatograph-modular: a unit composed of a model M-6000 pump

(Waters Assoc ., Milford, MA, U.S A.), a Model 70-10 injection valve with 20-,ulloop
(Rheodyne, Berkeley, CA, U.S .A.) , a variable wavelength detector, Model LC 55
(Perkin-Elmer, Norwalk , CT, U.S.A.), a computing integrator, Model 3380A,
Hewlett-Packard, Avondale, PA, U.S.A.), a ,uBondapak CIS reversed-phase column
(30 cm X 3.9 mm) , Cat. No. 27324 (Waters Assoc.) protected with a guard column
(50 X 2.1 mm) packed with pellicular Corasil CIS(Waters Assoc.).

Preparation of sample
Weigh 20-30 mg 4-chlorophenol internal standard to the nearest 0.01 mg into

a 4-dram vial. Into the same vial weigh 40-60 mg of Ruelene insecticide sample. Add
10 ml of acetonitrile!

Determination
Inject 20-,u1 aliquots of the calibration solution (i) until the respon se factor

varies < I % for consecutive injecti ons . Inject 20-pl duplicate aliquots of the sample
solution. Record the peak areas on a computing integrator and average the results.
Calculation

where RF = response factor , Pi, = internal standard peak area in reference standard
solution, P r = crufomate standard peak are a in reference standard solution, W l r =
weight in grams of internal standard and W r = weight in grams ofcrufomate standard.

where R F = response factor, P; = peak area of crufomate peak in sample solution,
Pis = peak area of internal standard peak in sample solution, Ws = weight in grams
of sample; Wis = weight in grams of internal standard and P = purity of standard.

RESULTS AND DISCUSSION

High-performance liquid chromatograms for a Ruelene insecticide sample and
standard are pre sented in Fig. I.

Coefficient of vari ation data for the analysis of technical Ruelene insecticide
was obtained by analyzing one sample five times on two successive days. Results are
given in Table I. The values for the diamidate and trie ster were obtained in the same
run as the assay value therefore their coefficients of variation would be expected to
greater than crufomate.

Recovery data was obtained by preparing synthetic samples and analyzing
these by the method. Result s are pre sented in Table II.
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Fig. I. Liquid chromatogram fo r 4-chl orophenol (internal sta nda rd) (A), d iamidate (B), cru fomate
(C ), 4-tert .-butyl-2-chlorophenol ( D) and triester (E).

TAB LEJ

PRECISION STUDY FOR T HE ANALYS IS OF R UELENE INSECTI CIDE

Mean ( %)
S. D. ( %)
Coeff. of Var. ( %)

Diamidate
( % )

2.64
2.61
2.67
2.6 1
2.63
2.43
2.42
2.44
2.45
2.44

2.53
0. 10
4.0

Crt/Jon/ate
(%)

94.08
93.91
94. 17
93.69
93.2 1
93.78
93.72
93.85
93.63
93.79

93.78
0.26
0.28

Triester
(%)

1.75
1.75
1.86
1.79
1.69
1.73
1.84
1.89
1.81
1.83

1.79
0.063
3.5

The retention times for a nu mber of potent ial imp urities were determined.
None of these was found to interfere with the internal standard or assay peak. They are
shown in Table HI.
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N OTES I S5

T ABL E III

HPLC R ET ENTION T IM L'.S F f\P IU i l 'l .FN E IN SECTI l.:·IDF A ND POT EN T IA l. IM­
PURITI ES

Comp onent Time [min )

Solvent fro n t 1.04
4-tert .-Butyl- 2-chlorophcnyl mcihvl ph osphat e dill1eth ylalll ine sa lt 1.18
Meth yl nhenyl N-mcthy l phosphnrami d~l le 2. 13
2-Ch lorophe ny l me thy l N- mcl hylphospho :a mid .uc 2.56
-t-C hlo ro phcnyl meth yl N -mcthvlphoxnborami.Iate 2.7 1
-l-Chl o ro phcnol ( interna l s ta nda rd ) 3.26
2.4- D ich lo rl1phenyl m et hyl N-met hylp h",pho ra lll idatc 3.56
4-ten.-llulyl-2-l·h l<.1ll -phcn yl N,N '-dimet hy Ipl,," p lwrndi:l mid a te (dia rnid at c ) 4 .50
4-Tett .- Huty llllct hyl N- llleth ylplwsphll ' :II11 id:w: 4 .5 8
4- T(,l't.- But yl-2 -chll1rnph cnyl met hyl N-'nc thylplwsp horamida lc (cru fomat c t 6 .32
4- t('/'T.- But yl-2,6-d ieh lnrnphcny I meth vl N -mc thvlp hospho ra m id at c 7.49
4-tcrt. -B u tyl- 2-chl o ro ph en yl d imet hyl ph nsphalc (triest cri 8.97
Bis(4-t l'l't .- bu tyl-2 eh lo rophenvl ) met hy l p hll sp ha tc 30
Bis( 4-tcrt ...bu ty l- j -ch lorn phc uyl) met hyJpl w splllll';lmidatc 30
Tris(4- ter t .-h u tyl-2-chlp rnp lw nyl) pl1l1spiia l e 30

A wave lengt h of270 11m wa s c hosen for mon itorin g th e se para t io n beca use it is
ve ry near th e wa velen gth o f max im u m abso rpt io n for crufo mate a nd related impurities.

A met han ol - wat er e luen t was a lso tri ed fo r thi s separa t io n: ho we ver, 4-fcrt .­

hutyl-z -chl orophcnol \\ , IS not sc pa rat': d from th e ot he r co m pone nts.

REFER EN C ES

I E. C. Tu rner, D.I. "VaI SDn and I . S. :\1.:( 'I:llIgherty.J . .t in , Vel. Mcd. As s.. 141 (1962) 360..361.
2 C. O . K n o wles and .1 . I' Cas id« , J '1" 1. h ·"d Ch, ·/II. , 14 (1 9h(,) 566 ·572 .
3 M. C. Bo wm an a nd M . Bo ro vn . ./ . ,1\\ . Ott«, /1/11/1 . Cl ir», .. 53 ( 1'l70) 4')l)50X.
4 V. V. E rm a ko v, /h . .·I I/,I! . Kh im .. :'4 (1\)(,9) 12M 1270 .
5 R . R . Walls a nd R. \V. Siorhcrr. ./. . 1\ .1. Of/i,·. Ana l, Ch"III ., 52 ( 1%9) 5 13 ·52 1.
6 K . I. K orol ' kovu and I . 1\1. Sh """,,ln '.'\ . 'Ii . 1",,- fl'-rae" f llT"l. A-fill . Zda vook hr, KiI? SS R, 16

(1 9(,9 ) 6) ·(, 7.



Journal 0/ Chromatography, 206 (1981) 186-192
Elsevier Scientific Publishing Company, Am sterdam - Printed in The Netherlands

CHROM .13,389

Note

Isolation and purification of Amadori compounds by semi-preparative
reversed-phase high-performance liquid chromatography

N. MOLL and B. GROSS*

Laboratoire de Chimie Organique III (E RA CNRS) , Univers ite de Nancy I, C.O , /40,54037 Nancy
Cedex (France)

(Received October J rd, 1980)

During heat processing or storage of food s and beverages the non-enzymatic
Maillard browning reaction occurs between the carbonyl group of a reducing sugar
and the amino group of an amine or amino acid . In the first steps of the reaction ,
Amador i compounds (l-amino-I-deoxy-2-ketoses) are formed . The se compounds
have been separated from several biological materials and are considered as precur­
sors of the colour, ar oma and flavour of processed food s1-5. The bound amino acid in
an Amadori compound is not available as a source of amino acid which result s in a
decrease in the nutritional value of the Iood s":". Furthermore, the Maillard reaction
has been shown to be responsible for some physiological and toxicological effects?"!' .
There is thu s a growing interest in these compounds.

For their analysis in natural products, high-performance liquid chromato­
graphy (HPLC) on a cation-exchange resin '? or in the reversed-phase mode' :' has been
proved to be very suitable. However, the Amadori compounds have been investigated
to date in relati vely few biological products. Thi s fact is due to the tediou s procedures
for their isolation and purification. The methods generally described!":" comprise
multiple ion-exchange chromatographic separa tions which are time-consuming and
result in poor yields.

In the first step of our work on the separat ion of Amadori compounds from
biological mat erial s we tried to isolat e and purify them in a short time and in a
sufficient amount for further systematic studies. We first confirmed the result s de­
scribed in the literature' :' on the separation of Amad ori compounds from n-gluco se and
the aromatic amino acids by ionic suppression and ion-pairing reversed-phase H PLC.
These procedures were suitable for the investigation of a number of Maillard reactions
starting from aliphatic amino acid s. In some cases, the separat ion of the Amadori
compound on a C I 8 reversed-phase analytical column. using water as eluent. has
proved to be efficient. An application of these result s to the analysis on a C18 reversed­
phase semi-preparative column ofcrude Maillard reactions between valine and glucose
and between proline and maltose allowed the direct isolation and purification of the
Amadori compounds as free products . In our preliminary work, we found it more
con venient to use as a model system a mixture of proline (PRO) and its Amadori
compound proline-fructose (PRO-FRU) previou sly obtained by crystallization' :".

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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Reagents
Amino acids and sugars were from Fluka (Buchs, Switzerland). Water as

eluent for the HPLC analysis was very high purity grade. Samples and water for
HPLC were passed through a 0.45-,um Sartorius filter.

Thin-layer plates were coated with Polygram Sl L G silica gel (Machery, Nagel
& Co , Duren, G.F.R .).

Preparation ofmodel Maillard browning systems
L-Valine (0.01 mole) and ( + )-D-glucose monohydrate (0.03 mole) were dis­

solved in methanol (200 ml) and refluxed for I h. After cooling, the solution was
evaporated to dryness under reduced pre ssure at 15°C. The residue was extracted with
150 ml anhydrous methanol and refluxed for another 3 h, removing water as its ben­
zene azeotrope. Aft er cooling, the mixture was evaporated to dryness and dissolved in
a small amount of water for the HPLC analyses. The crude samples were injected
directly into the liquid chromatograph.

L-Proline (0.010 mole) and ( + )-D-maltose monohydrate (0.011 mole) were
refluxed for I h in 200 ml methanol. After cooling, the solution was evaporated to
dryness and the residue dissolved in 150 ml anhydrous methanol. Refluxing was con­
tinued , remo ving water as its benzene azeotrope, for another 8 h. The solution was
then evaporated to dryness and the residue dissolved in a small amount of water for
the HPLC analyses. The reactions were followed by thin-layer chromatography
(TLC) on silica gel (eluent:methanol).

HPLC apparatus alld procedures
The chromatographic system (Waters Assoc., Milford, MA, U.S.A.) included

a Model 6000 A pump, a Model U6K injector and a Model R-40l differential refrac­
tometer. The analytical column (300 X 3.9 mm J.D.) was packed with Nucleosil 10
Ct 8 (Machery, Nagel & Co.) . The semi-preparative column (600 x 8 mm J.D.) was
packed with 30-,um RSIL C I 8 HL (R.S .L. , Eke, Belgium). The precolumn (25 X

3.9 mm J.D .) was packed with 30-38 ,um CO: PELL ODS (Chrompack, Middelburg,
The Netherlands).

On the anal ytical column, aliquots (25-30 ,ul) of the Maillard reactions were
separated at a water flow-rate of 0.3-1 nil/min. On the semi-preparative column, ali­
quots (500-700 pI) were separated at a water flow-rate of 3-7 ml/rnin. In both these
separations, the mobile pha se flow-rate was increased after the elution of the Amadori
compounds .

Spectrom etric apparatus and procedures
The IR spectrophotometer was a Mod el PE 580 E (Perkin-Elmer). The

Cam eca N M R spectrometer was operated at 250 MHz. The 13C N M R spectra were
conducted in 2H20 as solvent with DSS as internal standard (0 TMS = <5 DSS'). The
Ribermag R 10/10 quadrupole mass spectrometer coupled to the Sidar III A data
processing system was purchased from Nermag. The analyses were carried out ac­
cording to the chemical ionization-desorption (Cl/ D) technique". The reactant gas

• DSS = Sodium tr imethylsilyl propionate-d•.
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used was NH 3. In this case the CI/D analyses generally give three h.I1S corresponding
to M, M r- H+ (M+ I) and MI NH 4' (M I IX). Conditions: desorption, 40-500
mA; speed 0.7 mA/sec; desorption point 378 in A: source temperature 70'C. For the
desorption process, I III of a methanolic solution of the sample (5 mg in 5 1111) was
deposited on the filament.

RESULTS AND DISCUSSION

The analytical H PLC profiles of the crude Maillurd react ions bet ween valine
and glucose and between proline and maltose ale shown in Figs. lA and 2A re­
spectively. In the latter case, the presence on the chromatogram of glucose and PRO­
FRU is proof of some thermal decomposit ion of PRO-l1laltulosl~during the reflux
process.

/6" _.~ OH COOH

~ OH ~~ 0<1
OH f_11/ CH2"NH-CH

OH .111
CH

f/"'~
CH3 CH 3

VAL-FRU

TIME (min)

r D

1

E

I <,

0- f-t-----t- t-
o 4 8 12

t* -t4-i-
12 0 4 8 12

TIME (min)

Fig. 1. HPLC profiles of the crude Maillard reaction bctvccn v.i linc and glucose on the analytical
column (A) and the semi-preparative column (8). Two succcxsive purifications (C and D) of the
collected peak of VAL -FRU in B give a pure compound (L). Chromatographic conditions:
A, Nuc1eosillO Cg, mobile phase (water) flow-rate 1!.1-I ml/miu ; Ii .,n-,lIm RSIL C 18 HL. mobile
phase (water) flow-rate 3-7 ml/min. A.U. Arbitrary units.

Figs. IBand 28 show the analysis of the two samples on the semi-preparative
column. The peaks are not as well resolved as in A, but the fraction containing the
Amadori compound can be recovered (shaded portions on the chromatograms).

After evaporation of the fractions to a small volume a second chromatogra­
phic separation was carried out. Three purifications were generally sufficient to obtain
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Fig . 2. HPLC profiles of the crude Maillard reaction between proti ne a nd malt ose on the analytica
co lumn (A) a nd the semi- prepa ra tive co lumn (B). F raction I co ntai ning PRO- FRU a nd significant
traces of PR O-maltulose is purified in C. Fraction 2 containing PR O- malt olu se is purified in D.
Both co llected frac tions l ' a nd 2' conta in PR O-malt ulose and are pu rified together in E an d F.
Chromatograph ic co nd itio ns as in Fig . 1.

the pure Ama dori compound . The residu e, obtai ned a fter eva po ra t ion to d ryne ss of
the last purified fractions, was crys tallized th ree times from a small amoun t of anhy­
dro us metha no l. We obtained 900 mg VA L- FR U (yield :30 % fro m va line) and 500 mg
PRO-maltulose (yield : 10 % fro m prol ine). Both yield s ca n be optimized . The purity
of th e A ma dori compounds was examined by T LC and HPLC on th e analyt ica l
co lumn. Their structures were co nfirmed as follo ws.

VAL-FRU
IR (K lsr):» (C = 0) at 1620 cm - I

. Mass spectrum : parent VA L-FRU, 280
(M + I) ; fragments: fructose, 180 (M) and va line , 118 (M + I). DC N M R : the che mi­
ca l shifts with respect to tetrarnethylsilan e (T M S) (Table I) were co mpa red with
litera ture dat aZ,

-
z3

• In zHzO as solvent, VAL- FRU ca n occ ur as an eq uilibrium
mixtu re of the fu ranose and pyranose struc tures a and f; via th e open-chai n st ructure.
Based on C-2 signa ls, th e percentages o f the d itTer ent co nfig urations are: fJ-pyranose,
71 % ; fJ-furanose, 23 % and a-fu ra nose, 6 :;:,. T he pred o minance of th e fJ-pyranose
con figurati on at neutral pH confirm s th e literature" results.
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TABLE I

DC NM R ASSIGNMENTS FO R VAL-FRU (FIG . I )

p ~ Pyran ose ; f ~. , fur ano se .

NOT ES

,5 ( ppm) ITM S

[75.211
175.03J
101.59}
98.06
98.00

85.381
85.29 f
80.88)
78 73J

72,91 )
72.1 !
71.85
71.73
71.67
71.52

66.64 1
63.55f
60.22}
56. 13

31.801
31.68f

21.24]21.09
[9.89
19.74

Fructose

Carbon atom

2

3
4

3
5

3,4, 5

1, 6

Config uration

a-p , /I-f, /I-p

u-I,
a-I', {J-f

11-1'
a -f, {J-f

(I-P, {J-p

u- p, u -f, {3-f

Valine

carbon ato m

COOH

C-a

C-{J

C-y

PRO- maltulose
IR (KBr) :v (C = 0 ) at 1627 cm " '. Mass spec trum :no parent peak of PRO­

mal tul ose was found , probabl y du e to the therm al inst ability of th is compound.
F rag mentation peak s : proline 11 6 (M -+ 1),1 33 (M + 18) ; glucose, fruc tose 180 (M ),
198 (M + 18), 216 (M + 2 x 18) ; PRO-FRU 278 (M + I) ; maltulose 342 (M - H20 ),
378 (M + 2 x 18). I3C N MR :the ass ignments to the suga r moiety co uld not be mad e
with precision on accou nt of the co mplexity of the spec tr um due to the equilibrium in
so lutio n bet ween the different co nfigurat ions (Tab le II). Th e ass ignment s were
co mpared with th e literatu re da ta 2 1

-
23

•

Based on the above resul ts, we consider that the semi-pre parat ive H PLC
separat ions of Amadori co mpou nds from crude Ma illard reac tions can be cond ucted
ra pid ly, with good recoveries o f the desired produ ct and low so lvent cost. Th e
avai lability o f sufficien t amounts of t he Amadori co mpounds in a shorter tim e would
pe rmit more sys tema tic studies of them and of their biological roles.
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TABL E II

lJC N MR ASS IGNMENTS FOR PR O-M ALTULOSE (FIG . 3)

() (pplIl)/T M S M altulose Proline

Carbo n atom Configuratio» carbon atom

176.591 COO H
176.45 1

103.36)
100.65
98.50 2 1/-1', a- f, ti-v, fJ-f
98.45
85.20 1

3, 4 a -f, fJ-f82.97

J80.53
75.61
75.50
75.29
75.17

1

2; 3; 4; 5'
74.52
74.23
73.91
72 41

1
72.23 3, 4,5 a-I', {3-p
72.11
71.58
66.581

1, 6 n-p, u-f, {I-f63.37J
63.23
60 .02 C-a
51.72 C-,\

31.48} C-{3
31.04

26.15}
26.06 Coy
26.0 1

6'
CH20 H

5' COOH

'0... J9

t H
2
N

S T

Fig . 3. Str ucture of PRO-l11a ltu losc .
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Note

Potential errors in benzoylecgonine and cocaine analysis

S. M . FL ET CHER" a nd VIRGI NIA S. HA NCOC K

Home Office Central Research Establishment, Aklermas ton , Reading , Berk s RG7 4PN ( Great Britain}

(Fir st receive d June 23rd , 1980; revised manuscript received September 22nd, 1980)

Benzoylecgon ine is conside red to be the major metabol ite of cocaine in man .
Man y methods have been reported for its dete ction and measurement in ur ine'< '? and
som e workers ha ve reported its detection in blood. Others, however, suggest that
benzoylecgonine may not be a true metabolite of cocaine, in th e sense that it is pro­
duced by non-enzymic hydrolysis' r""'". These work ers have sho wn th at conversion of
cocaine to benzoylecgonine occurs at a substantial ra te in pla sma and urine at alkaline
pH.

Since most of the meth od s repo rted for benzoylecgonine ana lysis have in­
volved an alkaline extrac tion stage, it may be that some prop ortion of the amount
detected could be du e to conversion of cocaine d uring such ext ractions. In orde r to
check thi s possibil ity it was cons idere d essent ial to deter mine the rate of con version of
cocai ne to ben zoylecgonine at d ifferent pH values.

EXPERIM ENTAL

Solutions of cocaine hydrochloride were made in distill ed water at a concen­
t rat ion of 50 pg/m!. Th ese were adj usted to pH values ran ging from 2.0 to 9.4 with
0. 1 M HCl or 0.1 M NaOH. Th e so lutions were analysed immediately, and after
standing for vario us times at room temp erature, by high-performance liquid chro ma­
tograph y (HPLC).

HPLC was carried out using a Waters Assoc. (No rthwich, Great Britain )
M6000A pump with a reversed-phase suppo rt. Hypersil-5-0 OS (5 p m; Shand on
Southern Products, Runcorn , Great Britain) column (10 cm X 4.6 rnm 1.0.) and an
eluent composition of methanol-water (55 :45) (adjusted to pH 3.8 with syrupy phos­
pho ric acid). The eluat e was monitored by det ermining UV ab sorbance at 232 nm
with a CE212 UV mon itor (Cecil Instruments, Ca mbridge, G reat Birtain). Flow-rate
was 2 ml/rnin. Under th ese condit ions benzoylecgonine eluted at a retention t ime of
1.4 min and cocaine a t 3.4 min . Conversion of cocaine to benzoylccgonine was
ca lculated from the peak heigth s for the two co mpounds.

The preci sion of th e method was estima ted by repli cat e (10) determinati on s of
a solution containing 10 pg/ml cocaine and 10 p g/m] benzoylecgonin e at pH 4.0. Th e
mean s and standard deviat ion s were, for cocaine, 9.7 ± 0.4 ; and for benzoylecgonine,
9.8 ± 0.5.

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scien tific Publishing Company
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RESULTS AND DIS CUSSIO N

NOTES

Th e degrees of conversion of cocaine to benzoylecgonin e taking place at
different pH values over the period of one hour are sho wn in Table I. The con version
ta king place at pH 8 over a longer period is given in Table II.

TABL E I

THE EFFECT OF pH ON TH E CONVE RS ION O F COCAINE TO BENZOYLECG ONI NE

COl/version ( %) •pH of
solution

2
4
6
7
8
9
9.4

Initial

o
o
o
o
1.7
3.2
3.9

After 1 11

o
o
0.6
1.4

16.7
27.5
40 .7

• Mean of 3 determinat ions.

TABLE II

TH E CONVERSION OF COCA INE TO BEN ZOYL ECGONI N E AT pH 8

Age vf Conversion (%) '
solution ( 11)

o 0.6
1.0 15.6
2.0 21.3
3.0 26.2
4. 5 34.7
6.75 45.1

• Mean of 3 determinations.

These results clearl y ind icate that cocaine is susceptible to hydrolysis in slightly
alkaline conditi ons. Since most pub lished meth ods for cocaine and benzoylecgoninc
analysis involve an alkaline extraction step the result s obt ained with these methods
must be recons idered. It is likely that cocaine levels will have been underestimated and
benzoylecgonine levels overestim ated. Relevant detai ls of the extraction procedures of
most of the methods ar e given in Table II I.

Significant cocaine hydrolysis at neu tral and slightly alkaline pH has important
implications in toxicological ana lysis since the delay in analysing samples after they
have been taken can be considerabl e. Blood samples generally become alkaline (to
pH 8- 9) on standing and alka line urine is often encountered. Unless such samples are
sto red frozen, or adjusted to acid pH upon receipt, any cocaine present may have
disappeared by the time ana lysis is performed.
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TABLE 1II

DETAILS OF ALKALIN E CONDITIONS USED FOR THE EXTRACTION O F CO CAINE OR
8ENZ()YLECGONINE FROM BLOOD AND URIN E BY VARIOUS WORKERS

Ref

2
3
4
5
6
7
8
9

10
II
12
13

p H of ex trac tion
stage

8.0
8.5
8.9
9.5
sat . NazCO.,
ca. 9.6
ca . 10.0
sa t. NaHCO,
9.5
sa t. NaHCO,
8.9
9.0
8.5

Coli/act time
with alkaline
phase [min}

?
?

10
4

10
5

15
20

?
10
5
?

II

The evidence presented here does not exclude the po ssibility of enzy mic
hydrolysis of cocaine in th e body, but it could explain th e widel y divergent estimates
of how much cocaine is excr eted unchan ged.
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Preadsorbent thin-layer chromatography

III. Direct detection of quinine in urine as a presumptive test for heroin

J. A. VTNSON*, M. A. PACZ KOWSKI a nd C. PRO NKO

Chemistry Department, University of Scranton, Scra nton, PA 185 10 ( U.S. A.)

(First received July 1st, 1980 ; revised manuscript received September 26th, 1980)

Many methods are currently available for detect ing morphi ne in the ur ine of
heroin users. Those which have p ro ven useful in screen ing large numbers of sa mples
a re thin-l ayer chromatography (TLC) ,,2, gas - liq uid chro ma togra phy3 , 4 , flu ororn­
etry>", rad ioimmunoassay", enzy me mul t ipl ied immunoassay" a nd hem aggluti­
na t ion in hibiti ori ' "-!' . These methods have rece ntly been cri tically reviewed" -':'.

T he irnrnunoassays are highly sen sitive, de tecti ng fro m 30-400 ng jml of to ta l
morphine for a preliminary screen 13 . They are easy to use, rapid and do not require
sa mple t reatme nt. H owever , th ese assay s suffer fro m cross-reactivi ty with a number
o f drugs a nd thus give rise to false posit ives as compared with TLC of th e hyd rol yzed
ext ract. In addi t ion, th e cost is quite high fo r imrnunoassays.

F luorome try is a lso quite sensi t ive and reliabl y detects 0.22 ,ugjml of free
morphine". A new manua l method is sens it ive to 0.04 Ilg jmF . Ho wever, fluorometry
requires considerable sample pre-treatment , and is subject to non-specific endogenous
background interferen ce. In add it ion , th e ext ract for mo rphine ana lysis by fluo rom ­
etry ca nnot th en be used to screen fo r other drugs.

Gas chromat ography is also very sens it ive but th e ex pense a nd relatively lon g
retention times fo r morphine with man y liquid sta t iona ry ph ases limits gas chro ma to ­
graphy to co nfir mat ion rather th an ini t ia l screeni ng .

TLC sutTers from two fau lt s, a lac k of sensit ivity and the need fo r sa mple
trea tment , a lthough the ext ract ca n be utili zed for screening othe r drugs. The sens i­
t ivity of T LC fo r free morphine is I Ilg jm l at th e 100 % detection level!' . Since th e
a mount of free morphine excreted varies from 5 to 20 /{, o f th e to ta l, on ly an acid­
hyd rolyzed urine is suita b le for efficien t screen ing using TLC. Th e big advantages of
TLC a re it s low cos t a nd select ivity. It is th e least expens ive and thus the most widely
used of a ll th e screeni ng meth od s.

Q uin ine is a majo r d iluent o f hero in , especially in the eastern part of th e United
States. It is used chiefly as a camouflage to prevent user determinations of purity by
tast e. It is rea di ly detectable by th e sa me fluo rometric method s used to detect mor­
phi ne in urine. The limi t of de tection o f qu in ine by fluorometry afte r extract ion is
0.1 ,ugj mP. A N ew York City study in 197312 sho wed th at in 42 urine samples fro m
methadon e patients, of those positi ve for qu in ine, 78.5 %were positi ve for mo rph ine
by TLC after acid hydrolysis . Mule and H ush in" found on ly 1.3 % of urines were

002 1-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Company
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positive for morphine and negative for quinine by fluorometry. The fa lse neg at ives
were 6.6 %, i.e., quinine positi ve and morphine negative. However , so me of these
samples were probably po sitive for morphine but below th e detection lim it of th e
assay. Thus, it appears quinine is an excellent marker fo r predi cti on of heroin use.

This wo rk describ es a simple, rapid procedure fo r th e detecti on of quinine in
urine by TLC witho ut extract ion.

MAT ERI ALS

Microcaps, Drummond, 10 ,ul di sposable ; developing tank, Kontes Glass,
22 X 10 X 23 cm ; developing so lven t: chl oroform-methan ol-acetic ac id (80:20: 3);
ult ra violet visualiza t ion cha mbe r, Ultraviolet Products, M od el CC- 20 ; silica gel
pla tes (Whatrnan, Cl ifton , NJ , U.S.A. ), precoat ed LKD-5, 20 X 20 em glass plates
with nin eteen I-cm channels contain ing a 250-!lm layer of silica gel and a 3-cm pr ead­
sorbent a rea .

Ur ine sa mples fro m a methad on e pr ogram were obtai ne d from th e Allegheny
County Coroner Drug Urine Screening Prog ram.

PR OCED URE

Urine sa mples were sto red fro zen until use. After thawing, they were filter ed or
centri fuged to remove solids. A 50-Il l vo lume of each ur ine is spo tted with a IOO-,ll I
syringe a long with 10 III of a so lut ion of q uinine sulfa te standa rd (I mg/ml ) in metha­
nol. These were spotte d in the middle of the preadsorbent a rea of each ch annel. A
ma ximum of eighteen sa mples a nd one sta ndard can be spo tted on eac h plate. The
sa mples a re a pplied with th e TLC plates o n a hot plate at a ma ximum temperature of
65°C or with the ai d o f a ha ir dr yer. No attempt is mad e to keep th e spots smal l bu t th e
preadsorbent area sho uld not be completely flood ed verticall y with sample for opt i­
mum ch ro ma togra phy . After the plat e is d ried. it is placed in a developing tank which
has been eq ui libra ted with solvent for 30 min using a sheet of filte r pap er wet with
sol vent. The plate was dev eloped at 20°C fo r 10 em fro m th e top of th e preadsorbent
a rea . After rem oval. th e plat e was a ir-d r ied fo r 5 min. Th e pla te was th en observed
for t he blue fluorescen ce of qu inine and its met abolites in lon g (366 nrn) or sho rt wave
(254 nm ) UV light. Those sa mples positi ve for qu inine and/or its met ab oli tes sho uld
then be confirmed for morphine by other methods such as TLC, gas ch romatography
or immunoassay. The sa mples negat ive fo r qu inine sho uld th en be screened fo r d rugs
and morphine by the usual TLC meth od.

RES ULTS AND DISCU SSION

In a study of qu inine met ab oli sm, 325 mg of qu inine sulfa te (Li lly, Indian a poli s,
IN , U.S.A .) was ingested and urine sa mples obtained daily for twelve days. The RF

va lues (meas ured from th e top of th e preadsorbent a rea) for the ban ds du e to qu inine
and its two meta bolites are shown in Tabl e I. M, a nd M2 are probabl y hyd roxy
metabol ites o f quinine (Q) and are more polar thus having lower RF values than qui­
nin e. Q and M I are detected th e da y a fter ingestion and decrease rapidly th er eafter.
M2 is seen th e day after in gesti on and th en increases to a maximum five days a fte r
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TABLE 1

s, VALUES O F QU IN INE AND ITS META BO LITES

N OTES

Compound

Qui nine Q (sta ndard)
Quinine Q (uri ne)
Metabol ite M, (ur ine)
Meta bo lite M1 (ur ine)

R, · range

0 .77-0.79
0 .74-0.77
0.73-0.75
0 .46-0.53

ingesti on. It can st ill be seen ten days later. No spo ts were visible eleven days after
inges tion . A similar detect ion limit was seen by Mul e and Hu shin" using fluo ro metry.
A sens itivity study using a blank urine spiked with qu inine gave a limit of detect ion of
0.4 ng in 50 fi l which is equivalent to 8 ng/rnl of ur ine. Th is is much lower than the
100 ng/rnl found for the solutio n f1uorom etri c meth od. The limitation of sol ut ion
fluorometry is due to th e endogeno us background fluorescence in a ll urines which must
be "blanked out" using drug-free urine. The acidi c nature of the developing so lvent
in the TLC method appea rs to increase the fluore scence. Complete removal of the
developing solvent by heating in an oven greatly diminishes the fluorescence.

The speci ally manufactured preadsorbent a rea retains the highly polar com ­
pounds in urine and allows the less polar materials to move with the developin g
so lvent until th e top of the pread sorbent ar ea is reac hed. Th en th e devel op ing so lvent
in contact with silica gel sepa ra tes th ese compounds as band s. Band s are pr eferabl e
to spots, which a re the norm for convent iona l TLC, becau se improved resolution and
sensi tiv ity resul t. Endogeno us fluorescent spo ts a re often seen below an R F of 0.3 and
a ppea r as blue, yellow and pur ple bands.

A study was made of thirteen drugs which were fluorescent in a published T LC
street drug procedu re!' and thus, possible int er ferences. The results a re show n in
Tabl e II. Due to th e excellent TLC sepa rat ion, no drug consti tutes a n interference to
detect ing quinine or its metab olit es by thi s meth od . No fluorescence was seen for
mor phine, ph enmetrazine, diphenhydramine, chloroquine, adrena line, thi op ropazate
and perphazine in thi s TLC pr ocedure.

Fifty ur ines were obtai ned from a Pennsylvan ia meth ad on e clinic and subjec t­
ed to the direct TLC proced ure. Th ey were also ana lyzed by conventiona l extraction
and TLC for qu inine, morphine, a mpheta mines, barbi turates and methadon e. Of the
50 sa mples, i I were found positive for morphine by conventiona l meth odology and
9 of these II or 82 ~~ were fo und to be po sitive for qu inine by direct TLC (Tabl e III ).
Ten of these I J sa mples were found to contain quinine by conventional TL C. Th e

T ABLE II

R l.) u l nl n , VALUES O F Q UININ E M ETABOLITES AND D RUGS R ELATIVE TO QUININ E

Drug

Trifluoperazine
Morph ine
Mephen termine
Metabolite M1

Meta bol ite M ,
Q uinine
T hiori diazine
Pen tazocine
Qu inidine

Color

Blue- green
No n-fluorescent
Blue
Blue
Blue
Blue
Blue
Blue
Blue

R Qll i ll i ll l'

0.43
0,45
0.5 1
0 .68
0.96
1.00
1.10
1.28
1.31
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false negative rate was 1/11 or 9 %. Interestingly, unchanged quin ine rather th an its
metab olites appears to be the most prevalent form in th ese urines.

TABLE III

A CO MPA R ISON O F TH E STAN DA RD EXT RA CT ION /T LC M ETHOD AN D TH E DIRECT
TL C MET HO D FO R TH E DETECTION OF QU IN IN E (Q), ITS MET ABOLITES M , AN D
M" AN D MO RPHINE

Samp le number

1
2
3
4
5
6
7
8
9

10
I I

CO NC LUS IO N

Results

Conventional TLC

+ Q, -I-Morphine
-I-Q, 1- Morph ine
I-Q, t-M orphine
I-Q, -t-Mo rph ine

+ Q , +Morphine
t-Q , + Morphine
+ Q , + Morph ine
\-Q, +Mo rph ine

+ Q , I- Mo rphine
+ Q, -l- M orphine
- Q, I-Mo rph ine

Direct TL C

-I Q , + M" + M,
+ Q, + M" + M,
+ Q, + M " -I-M ,
+ Q , "I- M " -I-M ,
+ Q, + M " - M ,
+ Q
I Q

+ Q
+ Q
+ Q
- Q

Thi s paper describes a simple, rapid TLC procedure for t he detecti on of
quinine in urin e. Quinine is a co mmo n dilu ent of her oin and its presence in the urine
is an indica to r of heroin abuse. Urine is directly spotted on a commercial TLC pla te
equipped with a pread sorbent a rea and detected by nati ve fluorescence.
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Thin-layer chromatography of phospholipids

Separation of major phospholipid classes of milk without previous isolation
from total lipid extracts

PET ER R . GENTNE R*, MON IKA BAUER and INGRID DI ET ERI CH

Department of Research, Mi lupu AG, Bahnst rasse 20-30, D-6382 Friedrichsdorf ( G. F. R.)

( Received October 8t h, 1980)

The triglycerid e content of milk lipids, am ounting u p to 99 %,cau ses problems in
qu antifying and cha racterizing other lipid subclasses. For instan ce, the direct en­
zymatic determ inati on of cho lestero l in milk sa mples is imp ossible without previous
a lka line hydro lysis of tr iglycerid es and subsequent ext ract ion of the non- sap on ifiable
matter1

, 2 . With regard to phos pho lipids, we have been look ing for a method for
separat ing and determining single phospholi pid classes by thi n-layer chromatography
(T LC) . However , th e amo unts of lip id extract applied to the plat es requi red for the
determinati on or fu rther ana lysis of the majo r ph osph olipid classes of milk caused
un satisfactory sepa ra tion owing to overloading by neutral lipid s. We therefore in­
vestigated severa l solvent systems, kn own to move only neu tr al lipids from the start ing
region , in o rde r to ensure th at th ey do not influence th e recovery in addi t ion to the
composition of pho spho lip ids.

Further, the one-d imensiona l T LC separation of sphingomyelin, lecithin,
ph osphatidylserin e, phosph atidylinositol and phosph at idyleth anolamine could not be
ach ieved using co mmer cially availabl e pre-coat ed plat es. Phosphatidylserin e an d
ph osphat idylin ositol either chro matog ra phed together or they could not be resolved
pr operl y by an y of the solvent systems und er investigati on :' : ". We know of only one
syste m tha t permi ts th e separat ion of a ll phosph olipid classes we are interested in ;
a lmo st equidista nt spots are obta ined by devel opment with ch loroform -methanol­
ace t ic acid-water (25 :15 :4 :2) if silica gel plates prepared with I mM sodium carbonate
so lutio n instead o f wate r a re used?

Owing to the time- and space-consuming technique of preparing th in-layer
pla tes by hand , we first looked for a method for post-impregnating ready-for-use
plates wit h sodi um ca rbo na te. Earl y results were enco uraging but eventually the
meth od proved not to be rea lly sa tisfac tory. We therefore trie d to find a new so lvent
system o r a co mbinatio n of solvent systems th at could meet our demands for a reliab le
TLC separa tion of all of the major phospholipid classes of milk.

EX PER1MENTAL

Ma terials
Phosph olipid sta nda rds were obtai ned from Sigma (St. Lou is, MO, U. S.A.)

002 1-9673/81/0000-0000/$02. 50 © 1981 Elsevier Scientific Publishing Company
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and Applied Science Europe (Oud-Beije rland, Th e Netherlands). TLC plate s were
purchased from E. Merck (Darmstadt , G.F.R.) and Macherey, Nagel & Co . (Du ren,
G.F.R .). All chemicals were of analyt ical-reagent grade (Merck) .

Meth ods
A total lipid extract was prepared by a slightly modified procedure of Bligh and

Dyer s. Extraction and centrifugation were performed in 140 x 24 mm 0.0. sampling
tub es (Sarstedt , Numbrecht, G.F.R. ). A 4-ml volume of milk was thoroughly mixed
with 10 ml of meth an ol. Aft er addition of 5 ml of chloroform and thorou gh sha king,
the sa mples were incuba ted for 15 min at 37°C, coo led to room temperature and
mixed with a further 5 ml of chloroform and 5 ml of distilled water. Before phase
sepa ration by centrifugat ion (15 min at 2500 g) the samples were kept in an ice-bat h
for at least 10 min with inte rmittent shaking. The organic solvent layer , cont ainin g
the lipid material , was removed by syringe and cannula. Th e solvent was evaporated
under reduced pressur e and the lipids were red issolved in 4 ml of chloroform ­
meth an ol (19: I).

TL C was performed using pre-coated silica gel 60 plates. Phospholipid stan­
dards (up to 200 fig) or aliquots of the lipid ext ract (up to 10 mg) were appl ied as a
narrow band (2.5 cm in length) 1.5 ern above the lower edge of the th in layer plat e.

T he first and second development s were performed using light petroleum
(boi ling ran ge 40- 60oq-dieth yl ether-acetic acid (90: 10:1)9 and acetone, respectively,
each to a distance about 15 cm above the star t ing line. Separati on of ph osph olipid
classes was achieved by subsequent development with ethyl aceta te-2-pro pano l-water
(50 :35 :15) to a distance 12 cm above the sta rting line (thi rd development). Fina lly,
chloroform-methanol- water (75:25 :4) was allowed to rise 8.5 cm above the starting
line (fourth development).

All developments were carried out in well equilibrated chromatographic tanks
with intermediate drying of the plates under an electric fan. Staining was perform ed
eith er by expos ur e to iodine vapo ur or by spraying with a 20 % (wjv) solution of
molybd ophosph ori c acid in ethano l and heating the plate s for 10 min at 105°C.
Pho sph ol ipid classes were identified using authentic markers.

Tot al ph osph olipid s and single pho sph olip id classes were determined by
phosph oru s assay as described previously'".

RESULTS

If run singly, none of the so lvent mixtures or organic solvents known to sepa­
rate neutral lipids and phospholipids by TLC, the latter remaining at the starting line,
is abl e to move all of the neutral lipids to the upp er part of the TLC plate. However,
development with light petroleum-diethyl eth er- acet ic acid (90 :10 :1) followed by a
second development with acetone is successful (Fig . I). Thus it is possible to elimina te
all interferences to the TLC separat ion of phosph olipid classes ca used by neutral
lipid s.

Using phosph olipid standards we were able to show that no lytic products ar e
generated, that none of the phosph olip id classes is lost in conside rable amo unts,
recovery ran ging between 95 %and 97.5 %, and that the composit ion of the pho spho­
lipid fraction is not influenced by thi s procedure (Ta ble 1).
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Fig. I. Elution of neutral lipids from the lower part of the TLC plates. (A) Fir st development with
light petroleum-diethyl ether-acetic acid (90:10:1) . (B) Fir st development as for (A) and seeond
development with acetone. PL = phospholipids; MG = monoglyeerides; C = cholesterol ; FFA
= free fatty acids; TG = triglyceridcs ; CE = cholesterol esters.

TABLE I

RECOVERY AND RELATIVE AMOUNTS OF SINGLE PHOSPHOLIPID CLASSES AFTER
TLC SEPARATION ACCORDING TO THE PROPOSED PROCEDURE

Aliquots of a phospholipid sta nda rd mixture were applied to the plates and subjected to TLC
separation including all four consecutive developments. Recoveries and relative amounts were
calculated from data obtained from quantitative analysis of the single phospholipid classes by
phosphorus assay.

Relative amounts (mole- % of total PL) •Phospholipid Recovery after TLC
separation ( %)

Mean Range

Sphingomyelin 95.5 95.2-95.9
Lecithin 96.7 96.4-97.2
Phosphatidyl- 97.1 96.5 -97.5

serine
Phosphatidyl- 95.4 95.1 -95 .8

inositol
Phosphatidyl- 95.4 95.0-95.7

ethanolamine

• Mean of five determinations.

Standard
mixture

19.7
20.5
19.5

18.1

22.2

After TLC
separation

19.6
20.6
19.8

18.0

22.1

Satisfactory TLC separation of the phospholipid classes so far remaining at
the starting line can be achieved by consecutive developments with ethyl acetate­
propanol-water (50 :35: 15) and chloroform-methanol-water (75 :25 :4) to 12 and
8.5 em, respectively, above the starting line. The former solvent system is able to
separate phosphatidylserine and phosphatidylinositol and the latter system accom­
plishes the separation of sphingomyelin and lecithin and also phosphatidylinositol
and phosphatidylcthanolamine (Fig. 2). Lyso-Iecithin chromatographs beneath
sphingomyelin, and Iyso-phosphatidylethanolamine between phosphatidylserine and
phosphatidylinositol.
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Fig. 2. TL C sepa ra tion of phosph o lipid classes from milk . Pre-developments as in Fig. I . (A) Third
development with ethyl aceta te- pro pano l-2- water (50:35 :15). (B) Pre-developments and third
development as for (A) ; fo urth developmen t with ch loroform-methanol-water (75 :25 :4). SPH =

sph ingo myelin; PC = lecithin; PS = ph osph atidylserine ; PI = ph osph atidylinosit ol ; PE = ph os­
pha tidylethanolarnine ; L-P E = Iyso-phosphatidyleth anolamine ; S = starting line .

DIS CUSSIO N

Th e TLC sepa ra t ion of phosph olipid classes from lipid extracts contairung
large a mounts of neutral lipid s is imp ossible with out pre vious isolation of tot al
phosph olipid s, for instance by column chromatography or acetone precipita­
t ion 4 , 5 , l l - 15 . Howe ver , th e time required , possible reduction of yield, and influences on
rela tive amo unts of single phosph olipid classes (e.g ., refs. 12, 16 and 17) involved in
these procedures ar e inconvenient if large sample series, containing only sma ll
a mo unts of phosph olipids, ha ve to be an alysed . In addition , we ha ve not been able to
find any so lvent system described in the literature that was really able to separ ate the
five major phosph olipid classes of milk by one-dimensional TLC using pre-coated
silica gel plates, th e separa tion of ph osphatidylinositol and phosphatidylserine bein g
the main problem.

Problems due to overloading the plate s with neut ral lipids, by application of
lipid extract in sufficient amounts to analyse phospholipid classes quantitatively ,
could eas ily be avoided by pre-development with light petroleum-diethyl ether-acetic
ac id (90 :10:1) and acetone successively. How ever , we had to test many differ ent
so lvent syste ms before we achi eved a sa tisfactory one-dimensional TLC separa tion of
a ll the ph osph olipid classes und er investigation . Th e prop osed co mbination of four
consecutive development s not only mak es it possible to apply sufficient amo unts of
phospholipids to TLC plat es with out previou s isolati on from total lipid extracts , even
if neu tral lipid s grea tly predo mina te, but a lso allows the separa t ion of phospholipid s,
e.g., from milk, using co mmercia lly avai lable pre-coat ed silica gel plat es. If neutral
lipid s a re present in sma ll a mounts the first two developments ca n be om itte d witho ut
cha nging the chromatographic behaviour of the sing le phosph olipids.
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Moreover, using non-destruct ive detection methods, the present procedure
can also be applied to the di rect small-sca le preparative isolati on of single phospho­
lip id classes fro m total lipid extr acts and therefore might be of interest to many
lab oratories engaged in analytical work on pho spholipids.
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12th ANNUAL SYMPOSIUM ON THE ANALYTI CAL CHEMISTRY OF POLLUT ANTS

The twelfth Annu al Symposium on the Analyt ical Chemistry of Pollutants will be held April
14-16,1982, in the Congress Centre of th e Free University, De Boelelaan 1105 , 1081 HV
Amsterdam, The Netherland s. The scient ific prog ramme will consist of invited plenary lectures, in­
vited and submitt ed research lectur es and poster presentations coveri ng the whole field of environ-



mental analyt ical chemistry. One day will be devoted to interdisciplinary top ics: Analytical Chem­
istry and Water Chemistr y; and Analytical Chemistry and Mutagenicit y with special emphasis on
water pollu tants .

Th ose int erested in giving a research lecture (20 min incl. discussion) or a poster presentat ion
should send an abstract of no more than 200 words to th e Congress Office by March IS , 1981. T he
co ngress language will be English: there will be no simultaneou s translat ion . Further information can
be obtained from Prof. Dr. R.W. Frei, Congress Office, 12th Annu al Symposium on the Analyt ical
Chemistry of Pollutants, Congress Bureau , Vrije Universiteit , P.O. Box 7161, 1007 MC Amsterdam,
The Netherlands.

9th INTERNATIONAL MASS SPECTR OMETR Y CONFER ENCE

Th e ninth Int ern ati onal Mass Spectrometry Conference will be held fro m August 30 un til
Sep tem ber 3, 1982 , in the historical castle " Hofburg" in the center of Vienna, Austr ia. Th e con­
ference is organized by the Aust rian Mass Spectrometry Gro up, the Austrian Society for Microchem­
istry and Analytical Chemistry , the Austrian Chemical Society and th e Institute of Analytical Chem­
istry of the University of Vienn a in coo peration with an Intern ati onal Scientific Committee. The
scientific program will cover all aspects of mass spectrometry . T he progr am will consist of invited
lectures, submitted papers and posters. Also an extensive commercial exhibit ion will be included.
Fu rther information is available from the secretariat of the confe rence : Int erconvention, P.O. Box
l OS, A-1014 Vienna, Austria.
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F.R .G.

1981 Pittsburgh Conference

Con tact :
John A. Queiser, Programm e Chairman, 1981 Pittsburgh Conference ,
2523 Greenboro Lane, Pitt sburgh, PA 15220, U.S.A.
Tel. (412) 795-711 0.

Course: Biochemical Separation Methods

Contac t:
Secret ary, Eva Linder, Institute of Biochemistry, University of
Upp sala, Box 576, S-751 23 Uppsala, Sweden .

International Symposium on Electroanalysis in Clinical, Environmental
and Pharmaceutical Chemistry

Co ntac t:
Short Courses Section (Electroanalysis Symposium), UWIST,
Cardiff CF l 3NU, Wales, United Kingdom .

4th Int ernational Symposium on Capillary Chromatography

Contac t:
Dr. J . Rijk s, Laboratory of Instrument al Analysis, Eindhoven
University of Techn ology, P.O. Box 5 13, NL-5600 MB Eindhoven,
Th e Netherlands.
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XXIXth Annual Colloquium Protides of the Biological Fluids
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Dr. Hubert Peeters , Colloquium secretariat, c/o Lipid and Protein
Dept., Institute for Medical Biology, Alsembergsesteenweg 196,
B-1180 Brussels, Belgium. Tel. (32-2) 344.19 .50 .

Separation Science and Technology for Energy Applications

Contact:
A.P. Malinauskas, Oak Ridge National Laboratory, P.O. Box X, Oak
Ridge, TN 37830, U.S.A.

5th International Symposium on Column Liquid Chromatography

Contact :
Professor G. Guiochon , Eco le Polytechnique, Laboratoire de Chimie
Analytique Physique, Rout e de Saclay, 91128 Palaiseau, Fran ce.
(Fu rther details published, Vol. 194, No.3).
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Contact:
Prof. Dr. R.W. Frei, The Free University, De Boelelaan 1083 ,
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II th German Hospital Conference
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Joint Working Committee of German Hospitals, Tersteegenstr . 9 ,
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Symposium on the Analysis of Steroids

Cont act :
Prof. S. Gorog, c/o Hungarian Chemical Society, 1061 Budapest VI,
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Ist International Symposium on Chromatography in Biochemistry,
Medicine and Environmental Research

Contact :
Dr. A. Frigerio , Italian Group for Mass Spectr ometry in Biochemistry
and Medicine, c/o Istituto di Ricerche Farmacologiche " Mario Negri",
Via Eritrea 62, 20157 Milan, Italy. Tel 35.54.546.

8th International Symposium on Mass Spectrometry in Biochemistry,
Medicine and Environmental Research

Contact:
Dr. A. Frigerio, Italian Group for Mass Spectrometry in Biochemistry
and Medicine, c/o Istituto di Ricerche Farmacologiche "Mario Negri",
Via Eritrea 62, 20157 Milan, Italy . Tel. 35.54 .546.

4th International Symposium on Affinity Chromatography and
Related Techniques

Contact :
Secretariat, 4th Int. Syrup . on Affinity Chromatography and Related
Techniques, Department of Organic Chemist ry, Faculty of Sciences ,
Katholieke Universite it , Toernooiveld, 6525 ED Nijmegen ,
The Netherlands. (Further details published in Vol. 205, No.2).
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30th Denver Conference on Applications of X-Ray Analysis

Cont act :
Mrs, Mildred Cain, Denver Resear ch Institute , University of Denver,
Denver, CO 80208, U.S.A. Tel. (303) 753-2141.

Euroanalysis IV - Triennial Conference of the Federation of
European Chemical Societies

Contact :
Professor L. Niinistoe, Department of Chemistry, Helsinki
University of Technology, SF-02150 Espoo 15, Finland.

XI International Congress of Clinical Chemistry - IV European
Congress of Clinical Chemistry

Contact :
Congress Secretariat , Int erconvention, P.O. Box 35, A-I095 Vienna,
Austria. Tel. (0222) 42135 2.

3rd International Symposium on Organic Free Radicals

Contact :
Gescllschaft Deutscher Chemiker, P.O. Box 900440,
D-6000 Frankfurt/Main 90, F.R.G .

3rd Danube Symposium on Chromatography

Contact:
Hungarian Chemical Societ y, H-1368 Budapest, P.O.B. 240,
Hungary. Tel. Budapest 427 -343. (Further details published in
Vol. 189, No.2).

ILMAC Rl; 8th International Exhibition of Laboratory. Chemical
Engineering, Measurement and Automation Techniques in
Chemistry

Contact:
D. Gammeter, Secret ariat ILMAC 81, Postfach, CH-4021 Basle,
Switzerland . Tel. 061 202020.

Resource Recovery and Environmental Issues of Industrial Solid
Wastes

Contact:
J.S. Watson, Oak Ridge Nat ional Laboratory, P.O. Box X, Oak
Ridge, TN 37830, U.S.A.

2nd International Congress on Analytical Techniques in
Environmental Chemistry

Contact :
Dr. Joan Albaiges, General Secretary , Plaza de Espana, Barcelona-4,
Spain. Tel. 223 31 01.

12th Annual Symposium on the Analytical Chemistry of Pollutants

Contact :
Prof. Dr. R.W. Frei, c/o Congress Bureau , Vrije Universiteit , P.O.
Box 7161 , 1007 Me Amsterdam. The Netherlands.



PUBLICATION SCHEDULE FOR 1981

Journal af Chromatography (incorporat ing Chromatographic Reviews) and Journal of Chromatogrophy, Biomedical
Applications

MONTH N D I F M A I M I J II IA I5 I 0 1N lD1980 1980

[ournal of 203 206/1 207/1
Chromatography 204 206/2 207/2

205/1 206/3 207/3
205/2

The publi carion schedule
Chromatographic fo r furt he r issues wi ll be
Reviews pub lished later .

Biomedical 221/1 221/2 222/1 222/2 222/3
Application s

INFORMATION FOR AUTHORS

(Detailed Instructions to Authors were published in Vol. 193, No.3, pp. 529-532. A free reprint can be obtained
by application to the publi sher)

Types of Contributions. The follow ing types of papers are publ ished in the Journal of Chromatography and the
sect ion on Biomedical Applicotions: Regular research papers (Full-length papers) , Short communications and
Notes. Short communications are prelim inary announcements of important new developments and will,
whenever poss ible, be publ ished with maxi mum speed. Notes ar e usually descript ions of short invest igations
and reflect the same quality of rese arch as Full-length papers, but should preferably not exc eed four pr inted
pages. For reviews, see page 2 of cover und er Submission of Papers.

Submission. ~very pape r must be accompanied by a letter from t he senior aut hor , st ating that he is submitting
the paper for publication in th e Journal of Chromatography. Please do not send a letter signed by the director of
t he insti tu t e or the professor un less he is one of t he authors .

Manuscripts. Manuscripts shou ld be typed in double spacing on consecutively numbered pages of uniform size.
The manuscript should be preceded by a sheet of manu script paper carry ing the t it le of the paper and the name
and full postal address of the person to whom the proofs are to be sent . Authors of papers in French or German
are requested to supply an English translat ion of the t itle of t he paper. As a rule , papers should be divided
into sections , headed by a caption (e.g., Summary, Introduction, Expe rimental , Results, Discussion , etc.). All
illustrations , photographs, tables, etc. should be on separate sheets.

Introduction. Every paper must have a concise int roduct ion men t ioning what has been done before on the topic
descr ibed , and st at ing clea rly w hat is new in t he pape r now sub mitted.

Summary. Full-length papers and Review articles should have a summary of 50--100 words wh ich clearly and
br iefly indicates what is new , different and significant . In the case of French or German articles an additional
summ ary in English, headed by an English trans lation of the t itle , shou ld also be provided. (Short comm uni­
cat ions and Notes are publish ed without a summary .)

Illust ra t io ns. The figures should be submitted in a for m suitable for reproduction , drawn in Indian ink on
drawing or tracing paper. Each illust ration should have a legend , all the legends being typed (with double
spacing) together on a separate sheet . If structures are given in the text, the original drawings should be sup­
plied . Coloured illust rat io ns are reproduced at the author's expense, the cost being determined by the number
of pages and by the number of colours needed. The written permission of the author and publisher must be
obtained for the use of any figure already published. Its source must be indicated in the legend.

References. References should be numbered in the order in which they are cited in the text , and listed in
nume rical sequence on a separate sheet at the end of the article. Please check a recent issue for the lay-out of
the reference list . Abbreviat ions for the titles of journals should follow the system used by Chemical Abstracts.
Articles not yet published should be given as " in press", "submitted for publicat ion", "in preparation" or
" personal communication".

Proofs. One set of proofs will be sent to the author to be carefully checked for pr inter's errors. Corrections
must be restr icted to inst ances in wh ich the proof is at var iance with the manuscript. " Ext ra corrections" will
be inserted at the author 's expense.

Reprints. Fifty reprints of Full-length pape rs , Short communications and Notes wil l be supplied free of charge.
Add it ional reprints can be ordered by the authors. An order form con taining price quotations will be sent to
the authors together with the proofs of their article.

News. News releases of new products and developments , and infor mati on leaflets of meetings should be ad­
dr essed to : The Editor of the News Section, Journ al of Chromatography/journal of Chromatography, Biomedical
App licat ions , Elsevier Scientific Publishing Company, P.O . Box 330, 1000 AH Amsterdam, The Netherlands.

Advertisements. Advertisement rates are availab le from the pub lisher on request. The Editors of the journal
accept no responsibility for the contents of the advertisements.



I.

JOURNAL OF ORGANOMETALLI~
CHEMISTRY LffiRARY
A series of books presenting reviews of recent developments and
techniques in the expanding field of organometallic chemistry.

Coordinating Editor: D. SEYFERTH, Massachusetts Institute of Tecnnoloi
Cambridge, Mass., U.S.A.

Volume 7: Organometallic Chemistry Reviews
CONTENTS: Non-catalytic hydrogenation via organoboranes (K. Avasthi, D. Devet:
bhakara and A. Suzuki). Allyl derivatives of the Group IVA metals and mercury (J.
Mangravite). Silyl-mercurials in organic synthesis (W. P. Neumann and K. Reuter). '
ganosiliciumverbindungen des Schwefels, Selens und Teliurs (D. Brandes). Ferrocer
carbocations and related species (W. E. Watts). The chemistry of cobaltocene, cot
ticinium salts and other cobalt sandwich compounds (J. E. Sheats).

1979 viii + 522 pages US $109. 75/Dfl. 225.00 ISBN: 0-444-41788-5

Volume 6: Organometallic Chemistry Reviews (1976); Annual Surveys: Silica
Germanium· Tin- Lead

.19Z,8 .~ viii .+ 550 pages US $97.50/Dfl. 200.00 ISBN: 0-444-41698-6

Volume 5: Organometallic Ch.emistry Reviews
~977 viii + 320 pages US $87.75/Dfl. 180.00 ISBN: 0-444-41633-1

Volume 4: Organometallic Chemistry Reviews (1975); Annual Surveys- Silicon­
Tln- Lead
1977 viii + 548 pages US $87.75/Dfl. 180.00 ISBN: 0-444-41591-2

Volume 3: Organometallic Chemistry Reviews
1977 viii + 342 pages US $87.75/Dfl. 180.00 ISBN: 0-444-41538-6

Volume 2: Organometallic Chemistry Reviews: Organosilicon Reviews
1976 viii + 404 pages US $87.75/ Dfl. 180.00 ISBN: 0-444~41488-6

Volume 1: New Applications of Organometallic Reagents in Organic Synthe
Out of Print
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The Netherlands
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