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A STUDY OF MI CRO-HIGH-PERFORMANCE LIQUID C HROMATO
GRAPHY

J. DEVELOPM ENT OF TECHNIQUE FOR MINIATURIZATION OF HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY

D. ISHII , K. ASA I, K. HIBI, T . JONOK UCHI a nd M. NA GAYA

Department 0/ Applied Chemis try , Faculty 0/ Engineering , Nagoya University, Chik usa-ku , Nagoya -shi
(Japan)

(Received April 28th, 1977)

SUMM ARY

Several techn ical problems such as the following have been solved in order to
perform micro-high-performance liqu id chrom at ography (M H PLC): (1) a method
for packing a narrow co lumn with sta tionary phase and selection of suitable column
material s ; (2) preparati on of micro-flow cells suitable for a micro-column ; (3) im
provement of the dete ctor system ; (4) method s for the pressurized passage of mobile
phase at Jow flow-rate s and for inject ion of a micro-amount of sample solution ; and
(5) gradient elution methods suita ble for micro-columns.

The theory of the spreading of sample components in narrow tubes for column
connect ions is con sidered and examples of experiments usin g M H PLC are presented.

INTR OD UCTI ON

The columns for most commercia l high-p erformanc e liquid chro matographic
(HPLC) instruments are too large to be used for ana lytica l purposes a lone, and man y
advantages sho uld result from a red uctio n of the column cross-sectio n. The relat ion
ship between column diameter and col umn efficiency was invest igated by Wolf ' , who
found that as the co lumn diameter was reduced the column efficiency also decreased,
and the practical minimum column diameter was about 2 rnm, These phe nomena
have been sometimes sa id to result from "wall effects". However , we consider the
phenomena to be the effects resulting from a relati ve increase in the extra-column dead
volume , and that miniaturizati on of HPLC would be feasible by decreasing the extra
column dead volume.

EXPERIMENTAL

Preparation of micro-columns
PTFE tubing 01' 0.5 01 01 J.D . and 1.0 mm 0 .0. was selected as the main micro-
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column materi al , as it is readily ava ilable co mmercially, chemically stable and easy to
machine. Th is tubing has a cross-section abo ut one-fifteenth of the ca. 2 mm J.D.
tubing tha t is widely used in ordina ry high-perform ance liquid chromatog raphs. In
vestiga tions were carried out mainly with co lumns 5-30 em long.

The slurry pa cking techniq ue was used for packin g the stationa ry phase. A'
tube several time s longer th an that fina lly required was first prepared and the station
ary phase was suspended in a suitable solvent as a slurry, which was placed in a small
bottle. An air-ti ght syringe (ca. 250 ,ul) was connected with the tub e and they were filled
with the solvent that was used to prepare the slurry . Then the lower end of the tube
was dipped into the slurry, the syringe was attached to a micro-feeder and the slurry
was sucked up to the upper end of the tube by manual or elect rical operation of the
feeder. The lower end of the tube was plugged tightl y with a small amount of quartz
woo l (less than ca. 2 mm thick) so as to prevent the packin g mater ial from leaking out,
and the micro-feeder was operated manually or electrically, thereby discharging the
solvent . In this way, a den se pack ing of the stationary pha se was achieved. This
meth od easily gave a good packing ratio of60:40 (particles :vacancie s).

The condition of packing during the del ivery of the solvent under pressure
could be observed through the semi-transparent PTF E tub e. If a loose packing condi
tion was observed , the syringe was detached from the tube , filled with the solvent
and re-connected with the tub e to feed the solvent again und er pressure.

The column thu s pac ked was cut to the required length and a small plug of
qu art z-wool was placed on the packing at the upper part of the tube, leaving a
space 1-2 em long for connection of the mobile phase delivery tub e.

The method described can be used to prepare any micro-column with a volume
1- 2 %of that of columns used in ordinary HPLC. The same method is applicable to
packin g a 0.25 mm J.D. tube with sta tiona ry phase.

It has often been sta ted that if the column diameter is decreased below ca. 2
mm, the HETP would increase, and this effect has been described as a " wall effect" .
However, the decreased "wall effect" for the PTFE tubing may be considered to
result from the fact that as the PT FE tubing has a softer wall surface than that of
sta inless steel tubing, the sta tionary phase under pressure adheres to the wall surface
with a result ant increase in surface coverage.

Preparat ion of micro-flow cell and improvement of spec trophotometric detector
An investigation was made of the necessary struc ture of micro-flo w cells for

UV absorption th at are suita ble for use with such micro-columns. In the initial stage,
two parallel quartz plates and a PTFE spacer were used to form a Z-type cell, which
was found to be unsuitable. In the method currently being used a quartz tube 0.3-1
mm J.D . is connected directly with the micro- column, as shown in Fig. I, and the dead
space at the joint is mad e as small as possible. Th is meth od perm its the simple pre
parati on of flow cells of vario us sizes by using quartz tubes of different inner diam eters.
The volume of such a micro-flow cell is about 0.1-0.3 ,u1.

A photometer or a UVjvisible spectrophotometer (UV10 EC-l or UV[0 EC-l 00,
fro m Japan Spectroscop. Co. , Tok yo, Japan) can be used as the detector. The path
length of a micro-flow cell is relat ively sho rt, which results in a low sensitivity, but th is
can be increased by using a light source with a higher outp ut or a photomultipl ier with
a higher output and sensitivity. A high-sensitivity UV detector (SPO- I, from Shimadzu
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Fig. 1. Micro-flow cell. 1 -.~ Outlet (PTFE tube); 2 ~ focu sed plate ; 3 = micro-flow cell (quartz
tube) ; 4 ~ optical window ; 5 ~ quartz-wool ; 6 = stationary phase; 7 = separation column.

Seisakusho, Kyoto, Japan) for HPLC is capable of giving good results even when
connected directly with a micro-flow cell.

Methods for pressurized passage of mobile phase at low flow-rate and for injecting a
micro-amount of sample solution

If the same linear flow-rate as that used in ordinary HPLC is used in micro
high-performance liquid chromatography (M HPLC), similar retention times are
obtained . Thus, a flow-rate of ca. 10 ttl/min is adequate with a 0.5 mm 1.0. column in
MHPLC. If one run of a chromatographic experiment is completed within 20 min
with such a flow-rate, a total volume of about 200 ttl of mobile phase will be required,
which can be accommodated in a small syringe . As the diameter of the syringe plunger
is reduced, less pushing power is required and the accuracy of the flow-rate is in
creased . An air-tight syringe of volume 50-250 ttl was used to feed the mobile phase,
fitted with a commercial micro -feeder that consisted of a small synchronous motor,
gears and screws in orde r to push the plunger at a constant rate. Variab le flow-rates
could be obtained with this micro-feeder and these syringes. This system could also
be used to charge the packing mater ials, as described under Preparation of micro
columns. The cross -section of the plunger of a 250-/11 syringe is about 4 mm-, so that,
even if a pressure of 100 kg/ern! is required to feed the mobile phase, a plunger force
of only 4 kg is needed . This estimate indicates that the pump for the pressurized feed
ing of mobile phase in MHPLC requires a very sma ll force compared with that needed
with large-bore columns for fractionation .

The sample volume to be injected must be reduced in proportion to the column
size, and can be expected to be abo ut 0.05-0.5 ttl in M HPLC. The practical applica
bility of MHPLC depends on the exact injection of such a small volume of sample into
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the column inlet without being spread or disturbed . In the initial stage of development,
injection using a micro-syringe was tried . However, when the syringe needle was
withdrawn after a sample injection the injected sample solution was spread and dis
turbed, with unfavourable effects, as the diameter of the micro- syringe needle was
not negligible in comparison with the inner diameter of 0.5 mm of the micro-column. '
In MHPLC, the dead volume must be as small as possible , so that an on-column
system for sample injection is preferable.

We therefore employed a new sampling method, in which the air tight syringe
used for pressurized feeding of the mobiele phase, was available and this technique
was successful. The method adopted is illustrated in Fig. 2. First, the mobile phase is
sucked into the stainless-steel tube (ca. 0.3 mm J.D.) by operating the micro-feeder
manually, its lower end is then dipped into the sample solution and the micro-feede r
(equipped with a magnified micrometer) is slightly rotated manually so as to place a
micro-amount of the sample solution into the tube. The tip of the stainless-steel tube
is immediately dipped into a vessel containing mobile phase in order to wash the
out side wall of the tube, and then a microamount of mobile pha se is sucked in. Hence
a sandwich sampling operation is applied (this sequence of washing and sucking the
mobile phase can be omitted, when the sample solution is relatively diluted and the
contamination from the outside wall of stainless tube gives no undesirable influences
to chromatographic operation.) The stainlesssteel tube is then conne cted to the end
of the micro-column and finally the microfeeder is electrically operated to effect a
chromatographic elution .

4

2 2 2

3
4

~~-~
5

G
7

(2) (3) (4)

Fig. 2. Sample introduction . I = M icro-feeder; 2 = co nnection tu be; 3 ~ . sample solution ; 4 =

mobile phase; 5 = quartz-wool; 6 = packing material; 7 ~ micro-column. Operations: (I) suck up
carrier liquid ; (2) suck up sa mple so lution ; (3) suck up mobile phase ; (4) connection.
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Gradient elution
In HPLC, the gradient elution method is very useful as it allows the composi

tion of the mobile phase to be varied continuously, and various gradient elution
systems are commercially available. The gradient elution system is also suitable for
MHPLC. Unlike ordinary HPLC, a total amount of only ca. 200 It I of mobile phase
is required for one gradient elution chromatographic run in MHPLC. A continuous
supply of such an amount of gradient mobile phase, although apparently difficult, can
actually be achieved very easily, as follows . The gradient solution is sucked from a
mixing vessel and stored in a fine tube (0.5 mm I.D . and ca. 1 m long), which is connect
ed with a micro-column and , finally , the gradient solution is dispensed under pressure.
The scheme of this method is shown in Fig. 3.

1_

2

3

4

5

______ 3_ _

9 8

10

7

1

Fig. 3. System for preparation of gradient solution . I ~ Adding liquid ; 2 = gas-tight micro- syringe ;
3 ~ PTFE ; 4 ~- syringe plunger; 5 ", gas-tight micro-syringe; 6 ~ stock tube for gradient solution;
7 - mixing vessel ; 8 -~ mixture; 9 -" magnet ; 10 - magnetic stirrer ; II = connection tube.

RES ULTS AND DISCUSSION

Examples of experiments using micro-high-performance liquid chromatography
In MHPLC, good baseline stability was obtained over a wide range of wave

lengths and good resolution was achieved, as shown in Fig . 4. Fig. 5 shows the effect
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Fig. 4. Difference of peak response according to wavelength . Peaks : I ~ benzene ; 2 = naphthalene;
3 = biphenyl; 4 = anthracene. Sample: mixture of 2 % of benzene, 0.02 % of naphthalene, 0.02 % of
biphenyl and 0.004 % of anthracene in methanol. Sample size: 0.051'1. Column temperature : 15°.
Column : 15cm x 0.5 mm LD. PTFE tube packed with Perrnaphase ODS (30/lm). Mobile phase:
60% methanol in water. F low-rate : 8 pi /min.

2

1-:~
cJ '20

1 1 4

(1 ) 1 (2) 1 (3) (4)
3 (5)

4
3 2

3 4

1
3 4

3 4

2 2

20
(min)

Fig. 5. Effect of sample loading on co lumn efficiency. Peaks: I .. benzene; 2 naphthalene; 3 -_.
biphenyl; 4 = anthracene. Sample size : (I) 0.04/1I; (2) 0.081'1; (3) 0.12/,); (4) 0.17 pI; (5) 0.33/11.
Sample : mixture of 2 % of benzene, 0.02 % of naphthalene, 0.02 % of biphenyl and 0.004 % of an
thracene in methanol. Column: 15 em x 0.5 mm I.D. PTFE tube packed with Permaphase ODS
(30/lm). Column temperature : 15°. Mobile phase : 60 % methanol in water. Flow-rate: 8 Ill /min.
Wavelength: 250 nm.
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Fig 6 Typical separation on porous silica phase . Peaks : I = dioctyl phthalate; 2 = dibutyl phthal
ate . Sample size : 0.5111. Sample : mixture of 0.5 % of dioctyl phthalate and 0.5 % of dibutyl phthalate
in II-hexane. Column: PTFE tube (8 cm x 0.5 mm 1.0.) packed with silica beads (5 11m). Mobile
phase : water-saturated dichloromethane. Flow-rate : (a) 3.2 pi /min ; (b) 4.6 Ill/min. Column tempera
ture: ambient.

Fig. 7. Separation of aromatic hydrocarbons on Zorbax ODS. Peaks : I = naphthalene ; 2 = bi
phenyl; 3 = fluorene; 4 ~ anthracene. Sample: mixture of 0.033 % of naphthalene, 0.017 % of bi
phenyl, 0.033 % of fluorene and 0.0033 % of anthracene in methanol. Sample size: 0.25111. Column
temperature: 50.5°. Column : PTFE tube (12 Col x 0.5 mm J.D.) packed with Zorbax ODS . Mobile
phase: 60 % methanol in water. Flow-rate: 8/d/min.
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Fig. 8. Separation of aromatic hydrocarbons on a column of 0.25 mm J.D. Peaks: I = benzene; 2 =

naphthalene ; 3 = biphenyl; 4 = anthracene. Sample: mixture of 0.5 % of benzene, 0.02 % of naph
thalene, 0.02 % of biphenyl and 0.004 % of anthracene in methanol. Sample size: 0.06 Ill. Column:
PTFE tube (20 Col x 0.25 mm J.D .) packed with Permaphase ODS (30/lm) . Mobile phase: 50 %
methanol in water. Flow-rate : 4/d/min.

Fig. 9. Separation of aromatic compounds and measurement of UV spectra at the peak maximum.
Peaks: I = benzene; 2 = naphthalene ; 3 ~ biphenyl; 4 = anthracene. Sample size: 0.05 Ill. Sample:
mixture of 2 % of benzene, 0.02 % of naphthalene, 0.02 % of biphenyl and 0.04 % of anthracene in
methanol. Column : PTFE tube (15 cm x 0.5 mm 1.0.) packed with Permaphase ODS. Column
temperature: 15°. Mobile pha se: 60 % methanol in water. Flow-rate: 8 pI/min.
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F ig. 10. Typi cal example of gradient elut ion. Peaks: I - benzene ; 2 0= naphthalene ; 3 ~c biphenyl;
4 = anthracene. Sample : mixture of benzene, na phthalene, biphenyl and anthracene in meth anol.
Sample size : 0.05 Il l. Co lumn: PT FE t ube (15 cm x 0.5 mm J.D.) packed with Permaphase ODS
(30/lm). Mobile phase : 40- 60 % meth an ol in water. Flow-rate: 8 p i/min.
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Fig. 11. Schematic diagram of appa ratus for meas uring the dispersion of a so lute in a stream of so l
vent. 1 = Micro-feeder ; 2 = gas-tight micro-syr inge ; 3 - .. sa mple inlet ; 4 ~.- PT FE tub e ; 5 = de
tector (UV spec tropho to meter) ; 6 ~ reference cell ; 7 ~ micro-flow cell; 8 ~ reservoir.
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of sample loading on the column efficiency. It was found that the smaller was the sample
size, the bette r was the resolution, and a sample size below 0.2 ,u1 was preferable .
Fig. 6 shows a typical separatio n of dioctyl and dibutyl phthalate on porous silica and
Fig. 7 shows separa tion of aro matic hydrocarbons on a Zorbax ODS column. Fig. 8
shows a typical separat ion of aromatic hydrocarbon s on a 0.25 mm LO. co lumn.

Spectra with good signal-to-no ise ra tios co uld be obtai ned at wavelengths
from 200 to 300 nm using a micro-flow cell, and an example is shown in Fig. 9.
Measurements of U V absorption spectra were made by temporaril y sto pping the
pressurized delivery of mobil e phase at a suitable position . Thi s experiment showed
that a mixture conta ining I fig of benzene, lOng of naphthalene , lOng of biphenyl and
2 ng of anthracene can be separated and th at the mea surement of UV abso rption
spectra is also possible together with compo nent separation . Such separat ions, which
are based on a rerversed-p hase distribut ion provided by Permaph ase ODS, give
HETP values of 0.4-0.8 mm. The gradient elution method described under Gradient
elution was applied to these mixed aro matic hydrocarbons and yielded a goo d separa
tion (Fig. 10).

Dispersion ofa solute ill a stream of solvent through empty tubes
In a high-pe rformance liquid chromatograph, at least two connecting tub es

have genera lly been used, one at a point between the inject ion site and the column and
the other at a point between the column and the detector . Even if the diameters of
these tubes are small enough , the sample solute is dispersed in a stream of mobile
phase throu gh these tubes. In ordina ry HPLC, the extra-co lumn disper sion of solute
in these connecting tu bes may be estimated to be ca. 30-60 p I.

Such an extra-column dispersion in M HPL C may be less th an 1 ,ul and it may
be negligible, as "on-column" and "on-cell" systems are adopted in MHPLC. How
ever, the peak dispersion in MHPLC is comparatively small and therefore dispersion

288 332 373 417 463

Fig. 12. Dispersion of a so lute in a stream of so lvent. V, (t d> ~ amoun t of mo bile phase requ ired
from injection until the peak max imum eme rges. Co lumn : 0.5 mm 1.0 . emp ty PTF E tube. Mobile
phase : metha nol. Flow-rate : !lt d/mi n. Sampl e : monochlorobenzene. Sample size: 0.2 Ill.
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Fig. 13. Relationsh ip between V~ and V,. Vw (/t1) = dispersion of a solute in a stream of solvent;
V, (/tl) = retention volume. Column : 70 ern x 1.0 mm 1.0. PTFE tube. Mobile pha se: meth anol.
Flow-rate: (I) 32 pi /min ; (2) 16/11 /m in ; (3) SIl l/min; (4) 4/t1 /min . Sample : monochlorobenzene .
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near the joints may be significant in comparison with the total peak dispersion, so this
dispersion is considered below.

An apparatus for measuring this dispersion is shown in Fig. II . Two empty
tubes are connected to the front and rear of the micro-flow cell. Once the sample has
been injected, the sample is detected repeated ly by changing the direction offlow of the
mobile phase. The variation of the amount of mobile phase required until the peak
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Fig . 14. Relationship between V~/ V, and Q. VW (/t1) = disp ersion of a so lute in a strea m of solvent ;
V, (/11) = retent ion volume ; Q (p i/min) = flow-rate of mobil e phase. Column : 70 cm X 1.0 mm LD.
PTFE tube. Mobile phase : methanol. Sample: monochlorobenzene. Temperature : a mbient.

Fig . IS. Relationship between V~/V, and S . Vw (/11) = dispersion of a so lute in a stream of solvent;
V, (pI) = retention volume; S (mrrr') = cross-sect ion of the column. Column: PTFE tube, LD. 0.25,
0.5 and 1.0 mm . Mobile phase : methanol. Flow-rate : (I ) 32 /tl /min ; (2) l6pl/min ; (3) 8pl/min ; (4)
4/tl/min . Temperature: ambient. Sample : monochlorobenzene.
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TABLE I

DISPERSrON OF A SOLUTE IN A STREAM OF SOLVENT

22.1 9.28 3.90
52.8 15.47 4.53
86.3 19.41 4.37

117.3 23.03 4.52
149.8 25.70 4.41
181.2 28.80 4.58
213.7 31.14 4.54
245.7 33.60 4.59
288.4 36.37 4.59
331.5 39.14 4.62
373.1 41.38 4.59
416.8 44.37 4.72
462.6 46.93 4.76

Mean : 4.52
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maximum is detected (VI) was obtained by the above method . The inner diameter of
the tubing was 0.25-1.0 mrn and the volume of the micro-flow cell was about I pI. A
commercial UV spectrophotometer was used as a detector. The results are shown in
Figs. 12-15 and Table I.

The following equation can be derived from the results in Fig. 13:

(I)

where Vw (pi) is the disper sion of a solute in a stream of solvent. Similarly, from the
results in Fig. 14, we have

(2)

where Q (pI/min) is the flow-rate of the mobile phase. From the results in Fig. 15, we
obtain

V~ = k , S (3)

where S (rnm-) is the cross-section of the tubing. Finally, from eqns. 1, 2 and 3, we find

V~, = k V, Q S (4)

Taylor- dealt with the dispersion of a solute in a stream of solvent quantita
tively, and Ouano" introduced an equation for calculating the coefficient of molecular
diffusion :

D = 0.212 (Q/L) (V.JVwY
which can be rewritten as

V 2 = ~.212 . V Q S
W D I

where D is the coefficient of molecular diffusion and L is the length of the tubing.

(5)

(6)
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It was found that the empirical eqn. 4 obtained by MH PLC agreed with eqn. 6.
Further, we found that V~/Vt (4.52 from Table I) agreed with the calculated value
(4.49 from eqn. 5.)

The dispersion in the joints used in MHPLC is calculated to be less than 0.5,u1
from eqn. 6, which is very small compared with the total peak disper sion (several '
microlitres in MHPLC) and could be neglected. Moreover, it is expected that the
technique described will be useful for the simple measurement of D values.

CONCLUSION

It has been demonstrated that in HPLC the volume of the column can be re
duced to 1-2 %of its normal va lue without an y deleterious effects on its performance.
This reduction results not onl y in a great decrease in the amount of sample required
but also in a great decrease in the consumption of mobile phase and expen sive pack
ings . Micro columns can be easily prepared by investigators themselves and may be
applied to various separation by selecting the appropriate packing materials. and is
expected to be useful when applied to preparatory experiments in order to select
suitable conditions for fractionation by means of PH LC.
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BONDED PHASE FOR THE ANALYSIS OF SUGARS IN FOOD BY HIGH
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SUMMARY

Optimisation of the separation of fructose, glucose, sucrose, maltose and
lactose on an amino bonded phase is described. The factors affecting support loading
have been investigated with a view to simplifying and shortening the phase prepara
tion procedure. Columns were packed using different slurry media to determine the
effect on peak shape and column efficiency. It is shown that careful control of support
loading improves sugar separations thus permitting a faster analysis time.

INTROD UCTI ON

The analysis of saccharides in food by high-performance liquid chromato
graphy (HPLC) has become an attractive proposition owing to recent advances in
bonded phase columns. Separation time s are shorter than for gas-liquid chromato
graphy'. which also suffers from the problems of derivatisation and exten sive sample
clean-up. Although several papers-:" have demonstrated the HPLC separation of a
wide range of saccharides on bonded phases , only one author? has defined the nature
of the phase and given a method of preparation. There is no information concerning
investigation of pha se synthesis and the effect of support loading on chromatography.
As will be demonstrated , a full understanding of these factors is of fund amental im
portance if the full potential of the amino alkyl phase is to be realised for the analysi s
of saccharides in food.

EXPERIMENTAL

Apparatus
The detector was a differential refractometer model R40l from Waters Assoc.

(Hertford, Great Britain) and was used in conjunction with a Model 750/03 recipro
cating pump from Applied Chromatography Systems (Luton, Great Britain) . Sample
injection was achieved on a Specac 2,500-p.s.i. valve (Sidcup, Great Britain) fitted
with a 30-,ulloop. All columns were made from 316 grade seamless stainless-steel tube
6.35 mm 0.0. X 4.6 mm I.D. obtained from Tubesales(Southampton, Great Britain).
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An Orlita pump model DMP 1515 (A. J. G. Wafers, Slough, Great Britain) was used
for column packing. Stainless-steel unions were obtained from H. S. Chromatography
Packings (Bourne End, Great Britain) and stainless-steel mesh from Sankey Green
Wire Weaving (Warrington, Great Britain).

Chemicals and reagents
Acetonitrile and hexane were both HPLC grade from Rathburn (Walkerborn,

Great Britain). All other solvents were analytical reagent grade. Solvents that were
used for phase synthesis were stored over molecular sieve 4A in order to remove
residual water. The chromatographic support was Partisil 5 (the same batch was used
throughout) from Whatman (Maidstone, Great Britain) and was modified with y

aminopropyltriethoxysilane from Aldrich (Wembley, Great Britain).

Evaluation of bonding procedure
General technique and determination ofsupport loading. Silica used for bonding

was stored over a saturated solution of lithium chloride (relative humidity 12%, 20
35°) for 24 h prior to its reaction with silane. The silica was then either shaken at
room temperature or refluxed in a dry non-polar solvent with y-aminopropyltrieth
oxysilane. After filtering through a No. 4 sintered glass funnel and washing with
solvent, the bonded phase was dried in an oven at 1200

•

Support loading was determined by combusting approximately I g of phase
over a bunsen burner at 600 °. The percentage support loading was then expressed as:

% L
di _ Weight loss after combustion x 100

f) oa mg - W · h f h b f' bustierg top ase erore com ustron

Factors affecting support loading. The effect of silica:silane ratio, reaction tem
perature and reaction time on support loading were investigated with a view to obtain
ing a simple rapid procedure for phase preparation.

Electron microscopy. All phases were examined under the electron microscope
for evidence of silane polymerization. Since this has an important effect on chromato
graphy, it was felt that the technique might provide valuable information on the inter
pretation of the chromatographic performance.

Column packing
General technique. The packing equipment used was very similar to that de

scribed by other authors':" and consisted of a slurry reservoir and analytical column
connected by a 1/4-in. stainless-steel union. The analytical column was terminated in a
zero dead volume 1/4-1/16 in. reducing union fitted with a 8-,um mesh disc. Three grams
of phase were dispersed in a slurry medium and poured into the packing assembly.
The slurry was compressed to a compact bed by pumping solvent through the assembly
at 5000 p.s.i. The column was then rapidly equilibrated to the conditions required for
sugar analysis with 50 ml of acetonitrile-water (4:1, v/v). After disconnecting from
the reservoir the top of the column was fitted with a 8-!lm disc and al l,,-1 /'6 in. zero
dead volume reducing union.

Slurry packing investigation. All columns used in the chromatographic evalua
tion were slurried in acetonitrile-water (4:1) and the slurry compressed by pumping
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thr ough wit h hexane. Subsequently however , a slurry pack ing invest igation was under
taken to determine th e effect of different slurry media on column efficiency, pressure
and peak sha pe. The effect of using hexane and acetonit rile- water (4 :1) to compress
the slurry was investigated . Eac h co lumn was evalu ated in a n identical manner using
a 30-ltl sta nda rd contai n ing fructose, glucose and sucrose. Column efficiency was
determined using the sucrose peak (3 sepa rate determination s).

Chromatographic evaluation ofphases and application to sugar analysis
Ph ases with a wide ran ge of support loadings were evaluated chromatographi

ca lly using a sugar sta ndard containing fructose, glucose, sucrose, maltose, and lac
tose. Column efficiency (N ) an d ca pacity rat io' s (k ') were ca lculated and the opt imum
support load ing for th e separatio n of th e above five sugars determined .

RES ULTS A N D DISCU SSION

Factors affecting support loading
Sili ca :silane ratio. The effect of silica .silane ratio on support loading is sho wn

graphicall y in Fig. I. At high silane concentra t ions a small decrease in concentra tion
produced a large reduction in support loading. This trend is reversed at low concentra
tion s, where for instanc e ratio's of 20: I and 10: I gave a difference of only 0.8 %.

1 2'~-----~--------.--------.----------,;---....,

11

10

9

8

7

6

.~ 5
"o.s<
(; L
a.
a.
::J"' .

20:110 :15 ,1
Sili ca : si lane ratio Ig/ ml)

Fig. I. Gra ph of percentage sup po rt load ing agains t si lica :s ilan e rati o .O , 5-min shake; e, 2-h reflux.

't 3L- ---l.. ...L- ---,-.L- -'-,----_-J
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TABLE I

EFFECT O F TEMPERATUR E ON SUPPORT LOADING
--_.._--- - - - ~---

Solvent Reaction Pilose
temp erature loading
( OC) (%)

Hexane 25 10.2
Hexane 68 11.4
Tol uene 110 11.2
Xylene 142 12.4

TABLE II

EFFECT OF REACTION TIME A N D TE M PERAT URE ON SUPPORT LOADING

Reaction
tim e
(min )

90
60
30
15
5'

Support
loading
(%)

8.0
8.0
8.0
8.0
7.0

, At roo m tempe rature.

Fig . 2. "Webbing" effects on Partisil 5. Magnification, x 10,000; scale, 1 ,1m = 10 mm.
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Reaction temperature and time. Table 1 shows th at reaction temperature ha s
very little effect on support loading. It required a 117° rise in temperature to effect an
increase in loading from 10.2 to 12.4%. Further evidence of the ease with which the
ethoxysilane reacts with the surface silanols came from the investigation of the effect
of react ion time on loading (Table II). Identi cal loadings were recorded for silica
silane reacti ons taking place in refluxing hexane from 90 min down to 15 min. Indeed,
shaking for 5 min at room temperature still resulted in a 7 % loading. A graph of
silica:s ilane ratio against loading using the " 5-min shake" procedure gave a similar
curve to that obtained for the 2-h reflux and is shown in Fig. I. This curve was used to
obtain specific support loadings for chromatographic evaluation.

Electron microscopy studies
Electron micro scop y on the high amino pha se loadings sho wed silica particles

that were either covered in a " web" or connected by long " strands" (see Fig. 2 and 3).
These effects were sti ll apparent after the phase had been combusted at 600°. The
strands in Fig. 3 arc 500-1000 A thick , although much of this is due to the gold film
with which the slide was made up. It is highly improbable that a large number of

Fig. 3. High amin o phase load ing on 5l-lm silica . Magnification x 15,000.
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small particles of silica are present prior to "bonding?". Therefore the strand thick
ness cannot be represented by small silica particles bonded to a siloxane chain as in
Fig. 4. This would therefore imply a considerable degree of polymerisation. The later
batches of phase were devoid of any "s trands" or " webbing" effects. It therefore seems
likely that these were caused either by water entering the reaction mixture or impure 
silane.

Fig. 4. Small silica part icles bonded to a siloxane chain.

Pha ses that exhibited "strands" also pro ved very difficult to pack . Although
the packing pressure was in excess of that used for routine analy sis, the level of the
phase always dropped by approximately I/Sin. below the top of the column after a
shor t period of use. This is probably caused by the continual shearing of the strands
under continuous mechanical pressure. The net result is a decrease in resolution as a
consequence of the dead volume left at the top of the column. We have also observed
"strands" with other bonded phases that exhibited " packing down".

Chromatographic evaluation ofphases and implications for sugar analysis
The effect of support loading on sugar capacity ratio's is shown in Fig. 5. The

graph may be divided into two specific region s. Above a support loading of 8.5 %,k' is
a constant for a particular sugar. Below this figure, k' decrease s in an approximately
linear manner. Since water on the silica surface can also cause silane condensation,
the increase in loading without an accompanying increase in k' is interpreted as re
presenting phase polymerisation. The fact that the more heavily loaded supports
yielded columns with lower efficiencies (Table III) favours this argument, as the lower
efficiencies would be anticipated on the grounds of poor mass transfer resulting from
the polymeric matrix'"". Initially, the predominant reaction probably occurs between
the silica surface silanols and the silane monomers, with only a small degree of poly
merisation. Once, however, all the available surface hydroxyls have reacted, i.e. a
monolayer of aminopropyl groups exists, the polymerisation of the silane monomers
undoubtedly becomes the predominant reaction. An 8.6 %loading, therefore, probably
repre sents an amino-phase monolayer.

Slurry packing investigation
A summary of the effect of different slurry media on column pressure, effi

ciency and peak shape is given in Table IV. Column number 145 was the only one
where hexane was used to compress the slurry, acetonitrile-water (4:1) being used for
the rest. The best column efficiency was obtained with a water slurry and pumping
through with acetonitrile-water. Using a water slurry but pumping through with
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Fig. 5. Graph of k' against support loading for fructose, glucose , sucrose, maltose and lactose.

hexane gave a lower column pressure and poorer efficiency. The acetonitrile and
acetonitrile-water slurries both gave columns with low back pressures and poor effi
ciencies. This cou ld be interpreted as due to a less compact bed . Both column s ex
hibited badly tai ling peak s. The tet rabromoethane slurry gave the column with the
highest pressure, suggesting a compact bed, however, it also yielded the lowest effi
ciency. This might at first appear to present an anomaly. However, the sugar k' values

TABLE III

EFFECT OF SUPPORT LOADING ON CO LUMN EFFICIENCY

Column efficiency
(plates per metreJ

4200
7500
6300
9200

Supp ort
loading
(%J

12.4
11.2
1I.4
10.2
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TABLE IV

EFFECT OF SLU RRY ME DIA ON CO LUMN PR ESS UR E, EFFICIENCY AN D PEAK
SH APE

Column S lurry
no. media

Pressure
(p.s.i. )

Column efficiency
(plates per metre)

2 3

A verage
efficiency

Peak
shape '

.. -_. __ _ 0._ -

137 Aceto nitri le-water (4: I) 1510 9600 10,700 11,300 10,500 T
138 Water 1720 12,400 12,100 11 ,300 12, 100 G
146 Water 1720 13,500 12,300 11 ,800 12,500 G
140 Acetoni tr ile 1570 9300 9100 10,100 9500 T
141 Ca rbon tetrachloride 1760 9000 9100 8600 8900 VG
142 Tet rabrom oethane 1980 9200 8600 8500 8800 L
145 Wat er 1620 10,000 9200 10,100 9800 G

- . . .__ .-

, T = ta il, G = good, VG = very good, L = leadin g edge.

on this system were considerably lower than expected and it is probable that this
effect was caused by the retention of the tetrabromoethane within the phase. High
column pressure could then be att ributed to the increased viscosity and the lower k'
values to the more hydrophobic nature of the phase. Peak shape on this system was
char acterised by a leading edge. The column pack ed with carbon tet rachloride slurry
exhibited similar characteri stics to the tetrabromoeth ane slurry.

Opt imisat ion of analysis time for sugars
Resolution '? is a function of « (separa tion factor), N (the column efficiency)

and k' (the column capacity rat io) :

(
a - I) .. ( k' )s, = t - a - - VN i +'Ie '

The resolution between maltose and lactose (Rm/ I ) and between fructose and glucose
(Rf / g) were plotted against support load ing to determ ine the value for which R mil and
R f j g are at a maximum. Sucrose was omitted from this study as it is always well sep
arated from the other four suga rs and therefore not a limitin g factor in the analysis
time. The graph obtained is given in Fig . 6. As might be anticipated Rf /y increased with
increasing phase loading and consequently 8.5 %represents the optimum for fructose
gluco se separation. Surprisingly R m/ I peaks at 6.3 % which consequently represe nts
the best value for maltose-lactose separation. The optimum load ing for all five sugars
was chosen as 7.0 %. Although Rf /y > Rm / I at this point the fructose peak tailed in
pr act ice and consequently 7.0 %and not 6.3 %was the loading at which equal resolu
tion was achieved between the malt ose-lactose and fruct ose- glucose peak s. If the re
solution between adjacent peak s exceeds baseline separation, analysis time is wasted.
Where thi s occurs the column efficiency is greater than required since, at a fixed per
centage load ing, resolution is a function of N . The efficiency may be reduced by an in
crease in the linear velocity or a redu ction in column length . High linear velocities are
com monly used with micropar ticulate silica owing to the relatively flat curve obtained
for the plot of HETP (height equivalent to a theoretical plate) vs. u (linear velocity).
Fig. 7 shows thi s plot for lactose using 6.2 % loading and flow-rates from I to 7 mil
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FIG

2

8765
% Phose loadIng

Fig. 6. Gra ph of resolution agai nst percentage support loadin g for fruc tose-glucose (FIG) and
maltose- lactose (M I L) .

min. From th is it ca n be seen tha t a six-fold increase in flow-rate, for lactose, produces
only a two-fold increase in HETP. Unfo rtunately a high linear velocity generates a high
column back pressure and co nsequently a co mpro mise was reached by reducing the
column length and increasing the flow-rat e to give a rapid analysis time with a reason
able back pressure. Fig. 8 demonstrates the separa t ion of all five sugars in 10 min on a
16 X 0.46 ern 1.0. co lumn a t a flow-rate of 3 mlJmin and a pressure of 1900 p .s.i.

Application to fo od analysis
We have been ana lysing sugars in a wide ran ge of foods tuffs for several months.

Over th is peri od of time a genera l extraction pr ocedure has evolved: (1) Sample
macera t ion (2) cold water extr action , (3) pr otein precipitati on , (4) filtration , (5) freeze
drying of filtrat e.

3.--- --r- - .,.-- - -r-- - .--- -.- - -.-- - -r-- - .....,
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E.s
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..,; '
w
:t
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Flo w rate I mi l min I

60 12 0 18-0
Linear veloci ty lem I min)
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6
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Fig. 7. Graph of HETP against flow-rate and linear velocity for lactose.
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A. D. JONES, J. W. BURNS, S. G. SELLINGS, J. A. COX

10 8 6 4 2 0
Min

Fig. 8. HPLC separation of sugars. I = Fructose, 2 = glucose, 3 = sucrose, 4 = maltose, 5 =
lactose. Solvent, acetonitrile-water (4: I). Column. Partisil 5, 7 % NH z phase, 16 x 0.46 em J.D.
Flow-rate, 3 ml/rnin.
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4 !

Min

!

8 6 4 2 0

Fig. 9. Ice cream extract. 1 = Fructose, 2 = glucose, 3 = sucrose, 4 ~ lactose. Solvent, aceto
nitrile-water (4:1). Column, Partisil5, 7% NH z phase, 16 x 0.46cm 1.0. Flow-rate, 3 ml/rnin.

Fig. 10. Enzyme-treated soy extract. 1 = Fructose, 2 = glucose, 3 = unknown, 4 = sucrose, 5 =

maltose. Other conditions as in Fig. 9.
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Obviously some food sample s need not be taken through all the steps (e.g.
sweets, fruit dr inks), but conversely we have not as yet been presented with a food
sample that we could not anal yse by this procedure. Sample s are taken through steps
1-5 (where necessary) as soon as they are received for analysis. In this manner the
possibil ity of sample degradation is eliminated. The freeze dried extract is then dis
solved in acet onitrile-water (3 :7) just prior to chromatography. Three examples of
food analyses are given in Fig. 9, 10 and II.

I I I

3

10 8 6 L 2 0

Fig. II . Breakfast cere al extract. I ~ Fructose, 2 ~ glucose, 3 = suc rose , 4 = maltose, 5 =

lactos e. Other condit ions as in Fig . 9.

CONC LUSIONS

A wide range of support loadings may be prepared in 5-10 min by shaking
Partisil in varying concentrations of y-aminopropyltriethoxysilane in hexane at room
temperature.

The best column efficiencies were obtained using a water slurry and pumping
acetonitrile-water (4: I) through the column to compress the phase to a compact bed.
This also serves to equilibrate the column to the conditions required for sugar
analysis. By using a 7 %support loading the separation of fructo se, glucose, sucrose,
maltose, and lactose may be achieved in onl y 10 min on a 16 x 0.46 em 1.0. column
at a pressure of 1900 p.s.i.
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The appli cation of the amino column to food ana lysis is not difficult. Some
sample extracts may be chromatographed directly. However, large quant ities of co
extractable material should, as far as possible, be removed in order to maintain a
reasonable column lifetime.
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S UMM ARY

The simultaneous gas chromatographic separation of a mixture of 14 lower
fatty acids, II phenol s and 7 indoles has been effected by usin g a glass capillary
column. Complete sepa ration of the mixture has been obta ined, except for phen ol and
a-cresol and a-ethylphenol and 3,5-xylenol whose peaks overlapped, and 2- and 3
methylindoles which were poorly separated. The opti mum conditions are as follows:
stationary pha se, FFAP or PEG-20M ; column (20 m x 0.28 mm 1.0.) temperature,
held for I min at 145° (FFAP) or 130° (PEG-20M) ; column oven, heate d at 4°jmin
from 145 or 130 to 180° (FFA P) or 1650 (PEG-20M), maintained at 180 or 1650 for
30 min ; carr ier gas (helium) flow-rate , 0.6 mljmin (FFA P), 1.3 mljmin (PEG-20M);
flame ionizati on detector. The meth od has been applied to the analysis of lower fatty
acids, phenols and indoles in Japanese cigarette smok e, where the peaks were identified
by the disappe arance method using an alkaline pre-column.

INTROD UCTI O N

The ident ification and quantitation of lower fatty acids, phenols and ind oles
is often required in the organic analysis of foods, cigarettes and cigarette smoke, drugs
and aut omobile exhaust gases, especially in odo ur pollutio n analysis. Because these
compounds have low odo ur th reshold values, at levels below I part per 109 in air, the
simultaneous analysis of these co mpounds present s an interesting problem. Direct
gas chromatograph ic (GC) analysis of these compo unds at low concentrations has
been limited by adsorption and decomposition in the column, gho sting phenomena,
the tailing of elution peaks and the separability of man y isomeric compounds.

Recently, Rob inson' reported the GC separation of C2-CS fatty acids on
Chromosorb 101 , with short analyses times. Okabayashi et al? obt ained good separa
tions of Cz-Cs fatty acids by using a FAL-M " and Oi Corcia and co-workers'"!"
separated C2-CS lower fatty acids, phenol isomers, lower aliphatic amine s, alcohols
and other comp ounds at the ng level by using gas- liquid-solid chro matography,
without adsor ptio n and tailin g. Hrivnak and co-work ers">" and Barber et alY re
ported the separat ion of lower fatt y acids and phen ols by using open -tubular columns

• Polyoxyeth ylene sorbitan ester -i- PEG-20M .
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containing tricresyl phosphates; capillary columns containing Ernulphor 0 (refs. 18
and 19), squalane'", Ucorr" and SF-96 (ref. 21) have also been used for the analysis of
lower fatty acids, phenols and indoles, and packed columns of silicone oil OC-550
(ref. 22), SE-30 and 52 (refs , 23 and 24) and XE-60 (ref. 25) and Reoplex 400 (ref. 26)
have been used for the analysis of indoles. Unfortunately, when packed columns are'
employed, the simultaneous GC separation of mixtures of lower fatty acids, phenols
and indoles is difficult, because the fatty acids exhibit relatively low boiling points
whereas the indoles have higher boiling points and many isomers. In general, the
identification of lower fatty acids, phenols and indoles from a complex mixture has
been carried out by means of gas chromatography-mass spectrometry (GC-MS). Thi s
technique is costly, requires complex instrumentation and is not convenient for on
site environmental pollution analysis.

In this study, glass capillary columns of high resolution were used to achieve
the simultaneous GC analysis of low concentrations of lower fatty acid s, phenols and
indoles, and the identification of these compounds was carried out by the disappear
ance method using an alkaline pre-column, since these compounds are acidic.

EXPERI MENTAL

Reagents
Fourteen lower fatty acids, II phenols, 7 indoles and ethanol were obtained

from PolyScience (Niles, III., U.S.A.), Aldrich (Milwaukee, Wisc., U.S.A.), Kata
yama (Osaka, Japan), Tokyo Kasei Kogyo (Tokyo, Japan) and Wako (Osaka, Japan).
All of the reagents used were guaranteed or reagent grade chem icals.

Apparatus
The gas chromatograph used was a Shimadzu Model GC5APsF (dual columns

system) equipped with on-column injection, flame ionization detector (FlO) and a
digital integrator (Shimadzu Model ITG-2A) for the determination of retention time
and quantitative analysis. Two support-coated open-tubular glass capillary (G-SCOT)
columns (20 m x 0.28 mm 1.0.) containing FFAP and PEG-20M , respectively, were
obtained from Gasukuro Kogyo (Tokyo, Japan).

Chromatographic conditions
The two glass capillary columns were preconditioned at 180° (FFAP) for 3 h,

or at 165° (PEG-20M) for 3 h, with a constant flow of helium (ca. I mljmin) before
being connected to the FlO. The chromatographic conditions were: (a) stationary
phase, FFAP; column temperature, held for 1 min at 145 0

; column oven, heated at
4°jmin from 145 to 180°, maintained at 1800 for 30 min and then cooled to 145° ;
injection port and detector temperatures , 180°; carrier gas (helium) flow-rate ; 0.6
mlfmin; purge gas (helium) flow-rate , 60 mljmin; splitting ratio, I :230 ; air and hy
drogen flow-rates for the FlO, 1.0 Ijmin and 50 mljmin, respectively ; (b) stationary
phase, PEG-20M; column temperature held for 1 min at 1300

; column oven, heated at
4°jmin from 130 to 165°, maintained at 1650 for 30 min and then cooled to 130°; in
jection port and detector temperatures, 180°; carrier gas (helium) flow-rate, 1.3 mlj
min; purge gas (helium) flow-rate, 60 ml/rnin : splitting ratio , I :100; air and hydrogen
flow-rates for the FlO, 1.0 Ijmin and 50 mljmin, respectively.
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Pre-column
Fig. I shows a pre-column used for the trapping of sample s such as cigarette

smoke. It consists of Pyrex glass (18 em x 4 mm 1.0.) packed with Tenax-GC (60
80 meshY7-34 and equipped with a nichrome wire for heating and a thermistor for
determining the temperature. An alkaline pre-column consisted of 2 % potassium
hydroxide on glass beads (30-60 mesh) : front port, 1.5 em x 4 mm 1.0. plus Tenax
GC (60-80 mesh) ; needle port, 15.5 cm X 4 mm 1.0. The pre-columns were pre
conditioned for 3 h at 220° with a nitrogen flow-rate of 60 ml /min.

c

t~ 0

carrier gas

ill

J ~ ~;T
abc

180 mm

~ 9 bypa ssdeVlrq:
h .

f f anal. I

9

o
C"l

J

Fig. I . Th e trapping pre-column : a ~ fitted G C injec tion port septum ; b = Pyrex glass tube (4 rum
1.0., 6 mrn 0.0.); c ~ glass fibre cloth; d ~ nichrome wire (0.25 mrn) ; e = thermistor; f =0
a luminium fo il ; g 7~ syringe needle (0.6 mrn 1.0.); h =~ capillary (1.5 rnrn 1.0.) . The syringe needle
and Pyrex glass tube were fitted by heat tre atment.

Fig. 2. Diagram of pre-column inject ion : a ~= sto p va lve; b = pressure controller; c = press ure
gauge ; d = flow meter; e ~= mass flow controller; f = molecular sieve 5 A (40 em x 6 mm I. D. stain
less steel); g = fou r-way cock (one-way stop) ; h = pre-column; i = G C inject ion port.

The method of trapping and injecting sample gas was as follo ws. In the case of
standard solutions, the standard solution was injected into the pre-column by use of
a microsyringe, and then let into the carrier gas line of the gas chromatograph (Fig.
2). In the trapping of a sample gas (cigarette smoke), the cigarette smoke was trapped
in the pre-column at a flow-rate ofO.21/min using a vacuum pump. The cigarette used
was a Japanese filter-less cigarette (70 mm) . After ca. IS min (necessary for the elu
tion of bulky solvent or lower hydrocarbons) the trapped sample was injected into the
pre-column, which was set into the carrier gas line of the gas chromatograph , by heat
ing the pre-column with a nichrome wire for 30 sec from room temperature to 200°,
maintaining this temperature for 30 min and then cooling to room temperature.

The standard solutions of the reagents were dissolved in water or ethanol to
give 10- 4 mol per 10 ml of solvent. The volume injected was usually 1-6,u1.
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Fig. 3. Typi cal gas chromatogra ms of a mixture of 14 lower fatty ac ids, 11 phenols and 7 indoles
obtained by the pre-colu mn injec tio n meth od using Tenax-G C (18 em x 4 mm J.D.). (a) G-SCOT
glass ca pilla ry co lumn (20 m x 0.28 mm J.D .) containing FFA P; other G C co ndit ions as in Experi
ment al , except for FID range 2 ( x 0.0 1 V) an d sensit ivity 10' ( x Mil). Peaks : I ~ solvent (water
etha nol); 2 = C H,COO H (l.2f1g) ; 3 = C2HsCOO H ( 1.5Ilg); 4 = iso-C,H,COO H ( 1.71/g) ; 5 ~
II-C,H,COO H (l.71/g); 6 = iso-C.H9CO OH (2.0f/g); 7 -~ II-C. H9COO H (2.0flg); 8 ~ iso-CsHw
CO O H (2A ft g) ; 9 = n-CsHIICOOH (2A f/g); 10 ~~ 2,6-C6H,(CH ' )20H (0. 5 f/ g) ; II ~. n-C6H13

CO OH (2 .61 /g) ; 12 = C6HsO H (0.3 fig) I o-C6H.(C H,) OH (0.9 fi g); 13 ..~ II-C, H,sCOO H (I AI/g) ;
14 = p-C6 HlC2Hs)O H (0 .3f/g); 15 ~ 2,5-C6H,(CH,hO H (0 .2Ilg) ; 1 6 ~· p-C6H.(CH,)OH (0.3
f ig); 17 = IIl-C6H. (CH ,)OH (OAf/g); 18 ~ 2,3-C. H,(CH')20 H (0 .2flg) ; 19 = 1,2-C.H s(CH ' )2N
( 1.0 f/g); 20 = n-C. H"COOH ( 1.61/g); 21 = o-C6H.(C2Hs)O H (OAI/g) + 3,5-C6H,(CH')20H (0.3
fig); 22 = 3,4-C6H,(CH')20 H (0 .9f/g); 23 = 1I-C9H,9COOH (1.7f/g) ; 24 =. II-C IOH 2,CO OH (1.9
f ig) ; 25 = C8H,N (l.9fl g) ; 26 = 3-C8H6(CH,)N (1.6 f/g); 27 = 2-C8H6(CH,) N ( U f/g); 28 = 11

CIIH 23COO H (2.0 f /g) ; 29 ~ 5-C8H6(CH, )N (O.l f l g) ; 30 ~- 2,3-C8Hs(CH ,hN (0.9 fig) ; 31 = 2,5
C8Hs(CH,hN ( 1.2 fig) . (b) G- SCOT glass ca pilla ry co lumn (20 m x 0.28 mm J.D .) co ntai n ing
PEG- 20M ; ot her GC con ditio ns as in Exper imenta l, except for F ID ra nge 16 ( x 0.01 V) a nd sensi tivity
10' ( x MQ) . Peaks: 1- 5, 7-9 and II as in (a); 6 - - iso-C. H9COO H (2 A f/g) ; 10 = 2,6
C6H,(CH,)20 H (I.Of/g); 12 ~ C6HsO H (0 .61 /g) + o-C6H.(CH,)OH ( l.8f/g); 13 = II-C, H.sCOOH
(204«s): 14 = p-C6H.(C2Hs)OH (0.6 f/ g ) -I- 2,5-C6H,<CH , hOH (004 fl·g) ; 15 = p-C6H.( CH , )OH
(0 .6 flg) + m-C6Hl CH,)OH (0. 8 f/g); 16 = 1,2-C8Hs(CH ' )2N (1.0 f/g); 17 ·~ 2,3-C6H,(CH,hOH
(OAI/g) ; 18 = 3,5-C6H,(CH,hOH (0 .6f1g); 19 = 1I-C8H17COO H (3 .21 /g); 20 = o-C6H.(C2Hs)OH
(0 .8 1/g) + 3,4-C6H,(CH,hO H (1. 81/g); 21 = II-C9H' 9CO OH (3AI/g ); 22 -•. II-CIO H2.COO H (3.8
fig) ; 23 = C. H,N (1.9f/g); 24 = 3-C8H6(CH,)N ( l.6f1g); 25 - 2-C8H6(CH,)N (Uf/g); 26 ~ 5
C8H6(CH,)N (0.1 flg) ; 27 ~ II-CII H2, CO OH (4.0 fi g ) ; 28 - 2,3-C. Hs(C H,hN (0.9 1/g) ; 29 = 2,5
C8Hs(CH,hN (1.2f/g) ·
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RESULTS AND DIS CUSS[ON

[85

Typical gas chromatograms
Typical gas chro matogra ms of a mixture of 14 lower fatty acids, 11 ph enols

and 7 indoles obtained by use of the Tenax-GC pre-column (18 cm x 4 mm 1.0.,
60- 80 mesh) injection meth od are show n in Figs. 3-5. Fig. 3 shows typical gas chro ma
togram s of a mixtur e of 32 comp ounds obta ined using F FAP (a) and PEG-20M (b)
glass cap illary columns. The analysis time of eac h chro matogram was less than 30
min. The separatio n of the 14 lower fatt y acid s was complete in the two liquid phases,
but that of the 11 pheno ls was incomplete, especially for pairs of compounds such as
phenol and o-cresol and o-ethylpheno l and 3,5-xylenol. The separation of the 7 in
doles was co mplete except for 2- and 3-methylindo le whose peaks were poorly sepa
rated . The separa tion of the two indoles was bett er on the PEG-20M column than on
the FFAP column, but the separa tio n of propi on ic and isobutyric acids was bett er on
the FFAP column than on the PEG-20M colum n.

4

1

I I
a 1 0 20 ( min) 30

26 ,27
20 29 30 31

191 21
2R1 8

13 L 22

o 10 20
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Fig. 4. Typical gas chromatogram of a mixture of 14 lower fatty acids, I t phenols and 7 indo les
ob tained by the pre-column injection meth od using columns of 2 % potassium hydro xide on glass
beads (1.5 em x 4 mm I.D .) + Tenax-GC (15.5 em x 4 mm J.D .). GC conditions and sample size
as in Fig. 3a.

Fig. 5. Typical gas chromatogram of a mixtu re of 14 lower fatty acids, II pheno ls and 7 indoles
ob tained by the pre-colu mn injection met hod using a Tenax-GC (18 ern x 4 rnrn I.D.) column. GC
condit ions as in Fig. 3a. Pea ks as in Fig. 3a but a ll amo unts are one tent h those previously
given.

Fig. 4 shows a typical gas chr omat ogram of a mixtu re of 14 lower fatt y acids,
II phenols and 7 indoles obtained by use of the pre-column injecti on method using
2 % potassium hydroxide on glass beads (1.5 cm x 4 mm 1.0.) plus Tenax-GC (15.5
cm x 4 mm I.D .) and the FFAP glass ca pillary co lumn. The peaks of 32 compounds
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disappeared completely, although th ree unknown peaks were produced which did not
overlap with those of the 32 compounds. It is important that the peaks of the 32 com
pounds, especially those of the 7 indo les, as well as those of lower fatty acids and
phenols, disappeared when the Tenax-GC-2 % potassium hydroxide system was
used. Thi s system is therefore superior for the identification of the 32 compounds.

Fig . 5 shows a typical gas chromatogram of a mixture of 14 lower fatty acids,
II phenols and 7 indoles at the O.I -pg level obtained by use of the Tenax -GC pre
column (18 em X 4 mm 1.0.). The chromatogram repre sents at the minimum detect 
ab le level of each compound by the present method. As shown in Fig. 5, n-butyri c acid
(a representative odorant of the lower fatty acids) and indole were still detected in the
lower limits of 0.17 and 0.19 ,ug, respectively . Therefore, the minim um detectable
quantity of the 32 compounds was ca. 0.05 pg , and this method may be applicable to
the trace analysis of these compounds.

Fig. 6 shows typical calibration curve s for the quantitat ive analysis of repre
sentative compounds, i.e., isobutyric acid , 2,6-xylenol and indole s, obtained using
the FFAP glass capillary column with the Tenax-GC (18 em X 4 mm J.D .) pre
column. The detector response produced a linear relation in the ranges 0.5-5 pg for
2,6-xylenol, 0.4-20 pg for indoles and 0.5-20 Ilg for isobutyric acid .
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Fig. 6. Typica l calibrat ion curves for isobutyr ic acid (3) . 2.6-xylenol (I) and ind ole (2) obtai ned using
a Tenax-G C pre-column (18 em x 4 mm I.D.). G C cond itions as in Fig . 3a .

Application to cigarette smok e
Fig. 7 shows a typical gas chromatogram of lower fatty acid s, phenols and in

doles in the smoke obtained from a Japanese cigarette (lO-mm portion of a 70-mm
filter-less cigarette). The pretreatment procedures were as described in Experimental.
As shown in Fig. 7, at least 75 peaks were recognized and 25 compounds were identi
fied as 10 lower fatty acids, II pheno ls and 4 indole s, i.e., iso- and n-butyric, iso- and
n-valeric , iso- and n-caproic, n-caprylic, n-pelargonic, n-capric and n-undecanoic
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acids, and phenol, 0-, m- and p-cresol, 0- and p-ethylphenol, 2,3-, 2,5-, 2,6-, 3,4- and
3,5-xylenol, indole, 2- and 3-methylindole and 1,2-dimethylindole. The quantitative
results for the representative compounds expressed in milligrams per cigarette, were
as follows: n-butyric acid, 0.075; isovaleric acid, 0.09; phenol, 0.13; 2,6-xylenol, 0.01;
indole, 0.01; 3-methylindole, 0.05. These results are in reasonable agreement with
literature values" for the lower fatty acids, but for the phenols were lower than the
results of Guerin et al/", while, the results for the indoles were greater than the values
of Hoffmann and Rathkamp".

1?356 9 10

o 10 20 30

( min)

Fig. 7. Typical gas chromatogram of lower fatty acids, phenols and indoles in the smoke obtained
from a Japanese cigarette using a Tenax-GC (18 em x 4 mm 1.0.) column. GC conditions as in
Fig. 3a. Peaks: 1 = iso-C3H,COOH; 2 = n-C3H,COOH; 3 = iso-C.H9COOH; 4 = n-C.HgCOOH;
5 - iso-CsHllCOOH; 6 n-CsHIlCOOH; 7 = 2,6-C.H3(CH3)20H; 8 = n-C6HnCOOH; 9 =0
C6H sOH -I o-C6H.(CH3)OH; 10 = n-C,H IsCOOH; 11 = p-C6H.(C2Hs)OH; 12 = 2,5-C 6H3(CH3h
OH + p-C6H.(CH3)OH; 13 ·= II1-C6H.(CH3)OH; 14 = 2,3-C 6H3(CH3hOH; 15 = 1,2-CsHs(CH 3h

N; 16 = n-CSH17COOH; 17 -r-: o-C6H.(C 2Hs)OH -I 3,5-C6H3(CH3)20H; 18 c= 3,4-C6HlCH3hOH;
19 n-C9H 19COOH; 20 n-C IOH21COOH; 21 = CsH,N; 22 = 2-CsH6(CH3)N + 3-CsH.(CH3)N.

Fig. 8 shows a typical gas chromatogram of cigarette smoke obtained by use
of the column containing 2 % potassium hydroxide on glass beads (1.5 em x 4 mm
I. D.) plus Tenax-GC (15.5 em x 4 mm J.D.). The peaks of the acidic compounds
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o 1 0 20 30
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Fig. 8. Typica l gas chromatogram of lower fatty acids, pheno ls an d indo les from the smoke of a
Japanese cigarette obtai ned by the pre-column injection meth od using a co lumn of 2% potassium
hydroxide on glass beads (1.5 cm x 4 mm I.D .) + Tenax-G C (15.5 em x 4 mm I.D .). GC condi
tions as in Fig. 3a.

in Fig. 7, such as the lower fatty acids, phenols and indoles, respect ively, disappeared
completely; however , the remaining peaks had longer retention times than on the
column containing onl y Tenax-GC (Fig . 7), e.g., 9 co mpared with 8 min. The presence
of the lower fatty acids, phenols and indoles was confirmed by the d isappearance of
their peaks on the alkaline column containing Tenax-G'C.
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SUMMARY

A gas-liquid chromatographic (GLC) method has been developed for monitor
ing the metabolic reduction of acetophenone oxime or oxidative metabolism of the
corresponding amine , a-methylbenzylamine in liver homogenates. The oxime , amine,
N-hydroxy-a-methylbenzylamine and acetophenone are quantitatively determined
after G LC separation of components with temperature programming on an SP-2401
DB-coated column. The first three compounds were silylated with N,O-bis(trimethyl
silyl)-acetamide prior to chromatographic anal ysis to enhance the stability and im
prove the chromatographic properties of these components. The effluent gas was
monitored with flame ionization detection, and permitted quantitation of compo
nents at sub-zzg/rnl levels with reproducibility between injection s of ± 2 %.The optimal
composition of enantiomeric mixtures of (R,S)-a-methylbcnzylamin cs formed during
metabolic reduction of acetophenone oximes were determined by conversion to di
astereomeric amides and subsequent GLC analysis.

INTRODUCTION

Interest in the metabol ism of oximes was generated by the discovery that
primary aliphatic amines (e.g. amphetamine) are oxidat ively metabolized to oximes
which can then be converted to the corre sponding ketone by enzymatic or chemical
hydrolysis. The oxidation proceed s by initial N-oxidation to yield hydroxylam ines':"
which are dehydrogenated to yield the oxime, or alternatively via C-oxidation to gen
erate a transient carbinolaminev" which eliminate water to form an imine which is
N-hydroxyl ated to pro vide the oxime . The metaboli sm of the resultant oximes has
been similarly studied":". The oxime is reduced by hepatic enzymes to produce the cor
responding hydroxylamine and amin e.

Several gas and thin-l ayer chromatographic meth ods have been reported for
monitoring these reactions and have been reviewed by Beckett and Haya". The
hydroxylamine has been shown to be quite unstable both in solution and when subject-

• To whom correspondence should be add ressed.
.. On leave from the University of Hacett epe, Ank ara , Turkey.
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ed to the thermal stresses of gas-liquid chromatographic (G LC) analysis . The various
factors for handling these compounds in solution have been described recently by
Beckett et al?". Breakdown of the hydroxylamine during GLC ana lysis has required
prior derivatization of the hydroxylamine. Similarl y, the amin e and oxime have
proven to require derivatization to enhance their stability for G LC analysis as well ,as
to reduce the severe tailing observed during chromatography of these compounds.
None of these methods is capable of simultaneously analyzing for the ketone, oxime,
hydroxylamine and amine . Furthermore, reduction of the oxime generates an asym
metric carbon atom ; therefore , a method capable of determining the optical purity of
the metabolically derived hydroxylamine and amine was desired.

A GLC method is described for the simultaneous analysis of acetophenone
oxime and its metabolites N-hydroxy-a-methylbenzylamine, a-methylbenzylamine
and acetophenone from biological fluids. A means for resolving the enantiomeric
amine metabilotes is presented using a procedure similar to that previously described
by Martin et al,",

EXPERIMENTAL

Apparatus
Gas chromatography was carried out on a Varian 2100 chromatograph equip 

ped with flame ionization detector (FlO). High-performance liquid chromatography
(HPLC) was performed on a component system consi sting of a Water s Assoc. (Milford,
Mass ., U.S.A.) Model 6000-A solvent delivery system, Model U-6K septumles s in
jector and Model 440 dual-channel absorbance detector operated at 254 nm.

Reagents
Acetonitrile and methanol were purchased from Burdick & Jackson Labs.

(Muskegon, Mich. , U.S .A.) N,O-bis(trimethylsilyl)acetamide (BSA) was obtained
from Pierce (Rockford, Ill., U .S.A.). N-trifluoroacetyl-(S)-prolyl chloride (TPC) , 0.1
M solution in chloroform cont aining 6.95 %(R)-isomer, was purchased from Regis
(Chicago, Ill. , U.S .A.). (R)-(+)-, (S)-( - )- and (R ,S)-(± )-a-methylbenzylamine were
obtained from Aldrich (Milwaukee, Wis., U.S.A. ) and acetophenone and aceto
phenone oxime were obtained from Eastman-Kodak (Rochester, N.Y. , U.S.A.).
N-Hydroxy-a-methylbenzylamine was synth esized by redu ction of acetophenone
oxime with diborane' <,

Extraction
Microsomal suspensions (to which 0.001 %EDTA had been added) containing

oxime, hydroxylamine, am ine and ketone were adjusted to pH 4, deaerated with
nitrogen, and extracted with an equal volume of chloroform. The organic phase was
retained for further anal ysis. The aqueous layer was adju sted to pH 11 .5, and ex
tracted with an equal volume of chloroform.The organ ic phase was removed and either
combined with the chloroform solution obtained from the pH 4 extraction or pro
cessed separately.

To determine the extra ction efficiency for partitioning of amine and hydr o
xylamine into chloroform, both compounds were dissolved in acetate buffer (0.2 M ;
pH 4, containing 0.001 %EDTA) to the extent of 0.75 mg/rnl. The solutions were then
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carried through the 2-step extract ion just described. 4-Fluorophenol (0.5 mg /rnl) was
added to each separated phase as internal standard and the mixtures analyzed by
HPLC, Separation of a -methylbenzylamine, acetophenone oxime and N-hydroxy
a-methylbenzylamine utili zed a p Bondapak C IS column (4 mm 0 .0. X 30 ern)
(Waters Assoc .) operating at 2.0 ml/rnin with methanol-water containing potassium
hydrogen phosphate (7.1 g/I) adjusted to pH 4.2 (30:70) as mobile phase. With these
conditio ns the retent ion vo lumes of amine, hyd roxylamine, an d oxime were 5.6, 8.4
and 30.8 ml , respectively. Calcul ation of the amount of amine or hydroxylamine in
either aqueou s or organic phase was made by dr awing a n aliquot from either extrac
tion phase, inject ing it into th e chro ma tograph and comparing the peak height
(relative to internal standa rd) for the component of interest with standard curves
construc ted for the a mine and hydroxylamine. These sta ndard curves were generated
from HPLC analysis of solut ions of known concentration of amine and hydroxylamine
(in the concentrat ion range 0.25-1.0 mg/rnl) prepared both in chl oroform and 0.2 M
acetate (p H 4) buffer. All measurements were mad e relati ve to a constant am ount of
4-f1uorophenol (internal standard) and made in duplicate .

Silylation procedure
The chlorofo rm layers obtained after extraction of amine, hydroxylamine,

oxime and ket one were evaporated to dr yness. An approximate 60-fold molar excess
of BSA (20-fold excess for each derivatizable compound) was added to the mixture,
follo wed by 3 parts of dry acetonitrile (for each part of BSA). The mixture was
shaken vigo rously for I min, and then heated at 60-70° for 30 min. N ,N-Dimethyl
aniline was added as internal standa rd a nd the mixture diluted to vo lume with dry
acetonit rile.

Gas chromatographic: analysis
Mixtu res conta ining ketone a nd silyla ted a mine, hydroxylam ine and oxime

were separa ted on a 6 ft. X 1/4in. glass co lumn packed with OP 5 % SP-2401-0B
coated on Supelcoport (JOO-120 mesh). Nitrogen , used as carrier gas, flowed at a
rate of 30 rnl/rnin. Mi xtures were sepa rated with the aid of a temperature program:
75° for 2 min , then heated at JO o/min to 1250 where the temperature was maintained
for I min . The injector an d detector temperatures were 140° and 160°, respectively.
The amo unt of each component in a mixture was det ermined as the ratio of its peak
height relati ve to a known amount of N ,N -dimethylaniline (internal sta ndard) . Con
centrat ions were determined fro m calibration curves constructed for each com
pound , prepared by OLC analysis of standard solutions of silylated amine, hydro
xylamine, and oxime and underivati zed ket one , each at 13 different concentrations in
the ran ge of 0.3-500 ,ug/ml. Curves were prepared for each compound by plotting
concentration vs. peak height rati o of material. All measurements were made in tri
plicate and subjected to linear regression a na lysis (Table 1).

Determination of the optical composition of (R, S) -a-me thylbenzylamine mixtures
The chloro fo rm layer obta ined from the pH 11.5 extract ion was evaporated to

dryness and the residue dissol ved in 250 ,u1 chl oroform. Twenty-five microliters (2.5
,umoles) of TPC solution were added to the solution (containing ca. 1.25 ,umole of
acylable compound), followed in 1 min by the addition of 2.5 ,umoles of triethylamine.
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TABLE I

STANDARD CURVES FOR GLCANALYSIS OF ACETOPHENONE OXIME METABOLITES

Each curve represents triplicate analysis of each compound at 10 or 13 concentrations in the range
of 0.3-500 Ilg/ml. Analysis performed as described in Experimental. Sensitivity is based on I-pi in
jections.
---- - --- - ..._---

Compound Retention Sensitivity Linear regression parameters.
Time limit

(,tg/,d) Slope Intercept Correlation
coefficient

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

a- Methylbenzylamine 4.9 8.0 2.030 0.001 0.999
Acetophenone 5.5 0.3 1.650 0.002 0.998
N-Hydroxy-a-methylbenzylamine 6.3 0.3 2.259 0.002 0.999
Acetophenone oxime 6.7 0.3 2.018 0.004 0.999

• Amount of each compound determined as ratio of peak height of compound relative to internal
standard N,N-dimethylaniline.

One minute later, 250,u1 of sodium chloride-saturated I N HCI solution were added
and the mixture was shaken vigorously for I min. After phase sepatation, 2.5,u1 of the
chloroform solution were subjected to GLC analysis. The resulting diastereomeric
amides were chromatographed on a 4 ft. X 1/8 in. glass column packed with 3 %OY
17 coated on Gas-Chrom Q (100-120 mesh). Components were separated (with
nitrogen carrier gas flowing at 30 ml/rnin) isothermally (temperatures: injector, 250 0

;

column, 200 0
; FID, 260°).

RESULTS

The analysis of acetophenone oxime, its metabolites, N-hydroxy-a-methyl
benzylamine and a-methylbenzylamine, and degradation product, acetophenone, was
accomplished in three stages: (1) extraction from biological fluid (in the present study
rat liver homogenate), (2) chemical derivatization of the oxime, amine and hydro
xylamine, and (3) GLC analysis of the mixture with flame ionization detection of the
effluent gas.

Extraction
Extraction from biological fluid was carried out in two steps. The ketone,

oxime and hydroxylamine were extracted into chloroform after adjustment of the pH
to 4. At this pH the amine (pKa ~ 9.4) exists completely in the protonated form and
remains in the aqueous phase. No amine was detected in the organic phase after ex
traction; while at this pH the hydroxylamine (pKa ~ 4.8) was quantitatively (100 %)
extracted into chloroform. After readjustment of the pH to 11.5, the amine was quan
titatively extracted into chloroform. The chloroform extracts were then either com
bined or analyzed separately. Solvent was removed prior to the next stage in the
analysis sequence. At pH 4, only 0.8 %of the hydroxylamine was converted to oxime
in 4 h. At pH 11.5, however, the hydroxylamine proved unstable, being converted to
oxime. Similarly, the presence of EDTA (0.001 %) was required to maximize the
stability of the hydroxylamine". Extraction efficiency was determined by analyzing
the organic phase by a HPLC method capable of discriminating among amine, hydro-
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xylamine and oxime, a requirement not met by simple spectrophotometric monitor
ing of reaction mixtures . The amount present in either phase was determined by com
parison of peak height ratio with curves constructed from HPLC analysis of known
amounts of each component dissolved in chloroform or in pH 4 acetate buffer (Fig.
I).

o
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"«w
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2.0

/.0

CHCI.

0.25 0 .50
mo-ml- l

0 .75 100

CHCI.
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Fig . l. Calibration curves for determining the extraction of efficiency of acetophenone oxime ((»,
N-hydroxy-a-methylbcnzylamine (.) and rz-methylbenzylamine (0) from acetate buffer (pH 4) into
chloroform.

Attempts were also made to extract the amine and hydroxylamine into chloro
form over a pH range of 6.0-8.0, as an ion pair with heptafluorobutyric acid . This
procedure, however , provided poorer extraction selectivity than extracting the com
ponents as the free base .

Derivatization
Derivatization of the hydroxylamine, amine and oxime was required prior to

analysis . These components proved unstable to the stresses imposed by gas chromato
graphic analysis. The hydroxylamine disproportionates to oxime and amine. Instabil
ity of the amine and oxime was determined by the observation that GLC peak areas for
the components were not linearly related to concentration. Furthermore, tailing of
peaks was observed with non-derivatized molecules, necessitating their conversion
to more chromatographable compounds.

The oxime, hydroxylamine and amine were converted to trimethylsilyl deriva
tives by reaction with BSA. This was the only silylating reagent (of the six tried) ca
pable of reacting with all three compounds. Silylation of the oxime and hydroxylamine
occurred easily and reaction could be completed within 5 min at room temperature.
Among the silylating reagents tried [trimethylsilylchloride, BSA, hexamethyldisila
zane, N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA), trimethylsilylimidazole and
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tri-sil"], only BSA was capable of derivatizing the amine. Silylation of amine with this
reagent, however, still required somewhat strenuous conditions. The reaction was
allowed to proceed in dry acetonitrile with agitation at 60~70 %for 30 min. Maximum
yield of silylated products was obtained when the molar ratio of silylating reagent to
analyte was 50-60:1. Under these conditions, 100 %conversion of oxime, hydroxyl
amine and amine to the corresponding silyl derivative was observed, i.e. GLC anal
ysis revealed no underivatized compound. When reaction time was shortened or the
temperature lowered, less than quantitative silylation of amine was observed.

If provisions were made to exclude moisture from solutions containing these
derivatives, they were stable for 48-72 h. At 72 h, only 3 %loss of the hydroxylamine
and 2 %loss of oxime and amine were detected. All derivatives were stable for 24 h
when no such precautions were taken.

Gas chromatographic analysis
The ketone and silylated derivatives of the amine, oxime and hydroxylamine

were separated on a GP 5 % SP-2401-DB-coated column with temperature pro
gramming. As shown in Fig. 2, this approach gives sharp well-defined peaks with
good resolution of all components; while total analysis time for the four compounds
was still only 7 min. The retention times for each of the components is shown in Table
1. Quantitative analysis of the components was based on calibration curves generated
for each compound. The amount was determined as a ratio of peak height of com
pound relative to N,N-dimethylaniline (retention time 4.5 min), present as internal
standard. Standard curves were constructed with mixtures containing the four com
pounds of interest at thirteen different concentrations distributed over a concentra
tion range from 0.3 to 500,ug/m!. All measurements were made in triplicate and plots
of peak height ratio vs. concentration were constructed through linear regression
analysis. Regression constants for all components are shown in Table 1. Calibration
curves were repeated on three consecutive days and were highly reproducible. Sensi
tivity limits for the method are ca. 0.3,ug/ml for each component (8 ,ug/ml for the
amine) from I-,ul on-column injections. Precision between injections is ±2%.

Determination ofthe optical composition of(R)- and (S)-a-methylbenzylamine mixtures
Resolution of optical mixtures of (R)- and (S)-forms of a-methylbenzylamine

formed during enzymatic reduction of acetophenone oxime was accomplished by re
action of the enantiomeric amines with TPC!3 which converts them to diastereomeric
amides separable by GLC on an OV-17 column. GLC analysis produced two peaks
with retention times of 3.0 and 3.6 min (Fig. 3). The first peak corresponds to the
amide formed from the (R)-amine, as determined by subsequent injection of an
authentic sample of appropriately derivatized optically pure amine. This peak also
contains small amount of the amide formed by reaction of the (S)-amine and (R)-acid
chloride (present as a minor impurity in the resolving reagent), since (R,S)- and (S,R)
stereoisomers are, in fact, enantiomers and not resolvable. Quantitation of optical
composition was made from peak ratio measurements. Percent optical composition
was calculated making correction for the amount of (R)-TPC present as impurity in
the resolving reagent using the equation14

R = 50 (R o p p - x)
50 - x
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Fig. 2. Gas-l iquid chro matogram of (A) N,N-dimethylaniline (internal sta ndard) , (B) silylated a 
meth ylbenzylamine, (C) acet ophenone, (D) silyla ted N-hydroxy-a-methylben zylamine and (E)
silylat ed acet ophenone oxime, using the sepa rat io n system described in the text.

where R is the calculated percentage of (R)-amine, Rn p p is the apparent percentage of
(R)-amine determined from peak ratio measurements, and x is the percentage (R)
isomer in the TPC solution. Using mixtures of known optical composition , the per
centage of (R)-amine in mixtures could be determined with an accuracy of ± I %, over
the complete enantiomeric composition range (i.e. 0-100 %(R)-amine in the mixture).

DISCUSSION

A rapid, simple and sensitive GLC analysis for acetophenone oxime and its
major metabolites and breakdown product is described. Acetophenone oxime serves
only as a model compound . Similar metabolic products have been isolated from both
reductive oxime metabolism and oxida tive metabolism of aliphatic primary amines
(e.g. amphetamine). The method should serve as a general procedure for mon itoring
metabolic reac tions involving such compounds.
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Fig. 3. Gas chromatogram showing the resolution of a racemic modification of (RS)-( :1-)-(l-methyl
benzylamine as diastereomeric triflu oroacetyl-(S)-prolyl amides.

Considerable care must be exercised in handling the aliphatic hydroxylamine.
Beckett et al." have recently shown the lability of such compounds at higher pH
values and in the presence of many heavy metals. To preclude metal-catalyzed break
down, EDTA or 8-hydroxyquinone must be added to the mixture. The hydroxylamine
begins to show significant instability at pH > 7.5. Therefore, extraction must be
carried out in two steps since the amine only exists to an appreciable extent as the free
base above pH 10.5. The pH of the mixture was thus first adjusted to 4 to maximize
hydroxylamine stability, where all components except the amine were extracted. At
this pH, only 0.8 %of the hydroxylamine was lost in 4 h. Once the hydroxylamine had
been extracted, the mixture could safely be made alkaline so that the amine could be
extracted as its free base . This initial separation of amine from hydroxylamine was
also necessary in instances where the optical composition of enantiomeric amine
mixtures was to be determined, since both the amine and hydroxylamine are converted
to the same amide after reaction with TPC.

Whereas the extraction efficiency of amine, oxime or ketone could be monitored
spectrophotometrically, hydroxylamine extractability could only be monitored with
its prior chromatographic separation. The hydroxylamine is readily oxidized under



ACETOPHENONE OXIM E ANALYSIS 199

numerous conditions to the oxime!", which has a UV spectru m which overlaps with
that of the hydroxylamine. The molar ab sorptivity of the oxime is, however, two
orders of magnitude greater than that for the hydroxylamine; so that formation of a
small amount of oxime would give exceedingly high results for the extracti on effi
ciency of hydro xylamine determined by simple spectro photo metric analysis. Although
the LC method used , clearly resolved all components , it is unacceptable for monitor
metabolic levels, becau se of the poor sensitivity of the method, when the effluent is
mon itored spectrophoto metrica lly (UV ), i.e. the molar absor ptivity of amine and
hydr oxylamine are quite low (s R::! 200 at 254 nm ).

Quantitative derivatization of the oxime, amine and hydroxylamine was
attained using BSA as silylating agent. Th e amine was resistant to derivat ization and
could only be silylated with thi s reagent and only under strenuous conditions. Silyl
ation, however, enhanced the stability and redu ced tailing allowing the components
to be rapidly ana lyzed at submicrogram levels. Th e stand ard error of regression given
in Table I indicate the goodness of fit of the regression lines generated from 39 data
points at 13 different concentrations for each analyte . Deri vatization of the hydro
xylamine has alterna tively been reported using BSTFA9. 15 or triflu oroacetic anhy
drid e!". However, the other meth ods do not pro vide a none-step analysis of all four
components of interest. BSTFA , furtherm ore, did not effectively silylate the amine
and was therefore not a suitable reagent.

Redu ctive metabolism of oximes proceeds with the generation of an asym 
metric center. To determine the optical composition of the enantiomeric amine mix
ture formed during micro somal oxime redu ct ion, th e amines were converted to di
astereomeric amides with a chiral acid chloride; the amides were then separate d by
G LC. Th e (R)-isomer eluted prior to the (S)-amine. Th is is the same order of eluti on
found by Gord is':' for amphetamine reacted with (S)- T PC and by Martin et al," who
reacted variou s ~-pheny lisopropy l amines with N-pentafluorobenzoyl-(S)-( - )-prolyl
I-imidazole to effect GL C resolution.

Attempts to resolve the enanti omeri c N-hydroxY-lX- met hylbenzylamines by
reacti on with (S )-T PC to form diaster eome ric hydroxam ic acids were un successfu l.
GLC of the "derivatized" mixture s indicated that the hydroxylamines are con verted
to the same products which form on reacti on with c-rnethylbenzylamine. Thi s reac
tion has not been investigated , but since it may proceed with loss of chira lity, it is in
appropriate for analysis of the hydroxylamines. Since the hydroxylamine and amine
are quantit ati vely separated by extraction prior to der ivat ization , the optica l compos i
tion of the amine can sti ll be determined witho ut interference fro m the hydroxylamine.

Although other meth ods are available for analysis of such mixtures, they (l )
require multiple-column analysis, (2) require long analysis times, and (3) lack the
precision and simplicity of th is method.
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SUMMARY

A gas chromatographic and extraction method for the assay of orphenadrine in
plasma and urine has been developed, in which diphenhydramine is used as the internal
standard. The procedure involves extraction with isopentane and alkali flame ioniza
tion (nitrogen) detection. Orphenadrine N-oxide and N-dealkylated orphenadrine did
not interfere with the analysis. Orphenadrine concentrations down to I ng/rnl can be
determined. Application in a pharmacokinetic/bioavailability study is reported.

INTRODUCTION

Orphenadrine hydrochloride (trade names: Disipal, Brocadisipal, Brocasipal)
is frequently used in the therapy of Parkinson's disease, or drug-induced parkinson
ism. Although it has been used for many years and studies of its metabolic fate in the
rat!", dog-, monkey 2 and marr':" have been reported, detailed information on its
pharmacokinetics and therapeutically active blood levels is scarce. The extensi ve
study by Khan" on orphenadrine pharmacokinetics, based on urine data, involved
volunteers on a special dietary regimen (high water-loading; oral dosages of ammo
nium chloride to acidify the urine) intended to increase renal clearance, hence cannot
be regarded as representative of normal clinical conditions.

The pharmacokinetic profile of orphenadrine hydrochloride in man and the
relationship between action and blood levels are ill-defined largely because a sufficiently
sensitive and specific method for its determination in blood (plasma) is unavailable.

In their description of the determination of diphenhydramine at the nanogram
level in human plasma with the aid of a nitrogen-specific gas chromatographic (GC)
technique, Bilzer and Gundert-Rerny" noted that orphenadrine might be measured an
alogously. However, the method is not sufficiently specific, for two reasons: (i) the
orphenadrine metabolite orphenadrine N-oxide, which can be recovered from human
urine for ca. 5 %of the orphenadrine dose">, may interfere; and (ii) the GC separation
of orphenadrine from its metabolite N-demethylorphenadrine, which occurs in human
plasma and urine in significant quantities, is unsatisfactory.

This paper reports an extraction and GC method by which a kinetic plasma
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(and urine) study can be performed in human Subjects medicated with orphenadrine.
The a pplication of a sensitive nitrogen dete ctor make s it possible to determine

orphenadrine to the desired level of I ng/rnl, The extraction and GC procedure is such
th at interference due to the metab olite s orphenadrine N-oxide and N-dealkylorphena
dr ine can be avoided, and it even permits simulta neous qu antitative determination of
orphenadrine and N-demethylorphenadrine.

MATERIALS AND METHODS

All chemicals were of ana lytica l grade. Orphenadrine, N-demethylorphena
dr ine, N,N-didemethylorphenadrine and their hydrochlorides and orphenadrine
N-ox ide were prepared in our lab orat or y. On the thin-l ayer chromatograms, all com
pounds produced single spo ts at different retention time s in different solvent systems.
All solvents were distilled twice in glass prior to use. The glassware was treated with
nitr ic acid and carefully boiled out with ethanol. The phosphate buffer of pH 12 was
prepared by dissolving 22.25 g of NazHP04 • 2H zO and 4.46 g of NaOH in 500 ml
of distilled water.

Isolation pr ocedure
To 0.5-2 ml of blood plasma or urine in a glass-stoppered centr ifuge tube were

added 10-100 ng of internal sta nda rd, dissolved in distilled water. Diphenhydramine
hydrochl oride was chosen as interna l sta nda rd becau se of its structura l similarity to
orphenadrine. The pH was adj usted to 12 by addition of 5 M NaOH and 0.5 ml of
0.25 M phosphate buffer , and the solut ion was made up to 3 ml with water. After
eq uilibration for ca. 15 min , 3 ml of isopentane were added, and the mixture was ex
tracted for 30 min on a Heidolph appara tus. Afte r centrifugat io n at 2500 g for
10 min, the phases were separa ted and the aqueous phase was re-extracted with 3 ml
of isopentane . The organic phase was collected, and sha ken with I ml of 0.5 M HCI in
a clean centrifuge tube for 15 min. Th e ac idic aqueous phase was then washed out
with 3 ml of isopentane for 5 min.

Th e organic solvent was discarded and the aq ueo us ph ase made alkaline (pH
12) with 5 M NaOH and 0.5 ml of phosph ate buffer. Subsequently, a IS-min extrac
tion with 3 ml of isopentane and cent rifugat ion were ca rried out. The organic phase
was tran sferred to a clean tapered tube , the inner wall of which had been carefully
rinsed with ethanol. Finally, the sa mple was evaporated to dryness under a stream of
nitrogen , and the residue dissolved in 1O,u1 of ethanol. A 1-2,u1 sample was injected
onto the GC column.

Reduction of orphenadrin e N-oxide with TiC/3

To I ml of a solution of orphenadrine N-oxide in water (100 ng /ml), or to I ml
of pla sma, were added 1 ml of 2 M Hel and 0.2 ml of TiCI3 (15 %, w/v), and the mix
ture was kept in a glass-stoppered tu be in the dark at room temperature for 10 min.
Immediatel y after the reaction , 100 ng of the internal standard diphenh ydramine were
added, and the mixture was made a lka line and extracted for quantitat ive anal ysis, as
descr ibed above.
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Gas chromatography
Equipment . A Hewlett-Packard gas chromatograph Type HP 5750, fitted with

a sensitive nitrogen-flame ionization detector (rubidium bromide crystal) Model
14161 B plu s a select ive dete ctor to improve the signa l to noise ratio were used?

Very recentl y we have also used the dual nitrogen-phosphorus flame ioniza
tion detector Model HP 18789 A , installed in a gas chromatograph Type HP5730A.
Thi s dete ctor, with a new colle ctor design , enables highl y selective (it produces virtual
ly no respon se to hydrocarbons) and highl y sensit ive detection of a wide range of
compounds containing nitrogen and phosphoru s atoms".

Column. Glass columns (1.3 and 1.5 m X 2.3 rnm 1.0.), packed with 3 %
KOH + 3 %Carbowax 20 M on 100-120 mesh Gas-Chrorn Q, were used .

Operating conditions. The carrier gas had a flow-r ate of 30 ml/rnin. For optima l
opera tion of th e HP 14161 B detector auxilia ry helium gas (16 ml/min) had to be in
troduced directly into the detector system. The hydrogen flow was adju sted very care
fully to 28 ± 0.5 ml/rnin. Th e air flow-rate was 200 ml/rnin. Oven, detector and injec
tion port temperatures are indicated in the legends to the Figs. I and 3.

A high sensitivity and selectivity require optimal ionization current and, there
fore , the distance between the flame and the collecto r containing the RbBr crystal
had to be adjusted carefully":". The response of the detector varied with the cleanliness
of the crystal.

The hydr ogen flow-rate in the HP 18789A detector was 3 ml/rnin , and the air
flow-rate was 50 ml/min. Voltage control was set at 16 V.

Calibration graphs and recovery . Quantitative data were de rived from calibra
tion curves, obtained by the addition to blank plasma of diphenhydramine hydro
chloride as internal standa rd in con stant concentration and orphenadrine hydro
chloride in different co ncentrations . After extract ion of the plasma as outlined above,
the ratio of the GC peak areas of orphenadrine and diphenhydramine was plotted
aga inst their weight ratio . The same procedure was follo wed for N-d emethylorphen
adrine. The recovery at different concentra tions was measured by extraction of plasma
to which known amounts of orphenadrine hydrochloride had been added; following
extraction , a known amount of diphenhydramine was added as external standard, and
the rati o of the GC peak ar eas of the two ba ses was calcul ated and compared with
tho se of corresponding am ounts from standard solutions .

RESULTS

Fig. I shows typical gas chrom atograms obtained by injection of part of a
control human plasma extract and an extract of plasma to which , before extraction,
known am ounts of diphenhydramine, o rphenadrine, N-demethylorphenadrine and
N,N-didemethylorphenadrine had been added . Th e co lumn used had 1800 plate s. As
can be seen from the chromatogram, there was sufficient separa t ion between the
internal standard, orphenadrine and its two metabolites.

When the method is used in pharmacok inetic studies with orphenadrine, it is
of great importance to find out whether the metabolite o rphenadri ne N-oxide inte r
feres with the determination of orphenadrine. It was established that orphenadrine
N-oxide decomposes to orphenadrine and other products at the ambient temperature
in the injection port of the gas chro matog raph (unpublished result s). Thus, witho ut
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Fig. I. Typical gas chromatograms of blank plasma extract (a) and an extract of 1 ml of plasma (b),
to which 5 ng of diphenhydramine (r R 3.15 min) , 4.8 ng of orphenadrine (tR 3.65 min), 21.5 ng of N
demethylorphenadrine (r R 4.93 min) and 36.4 ng of N,N-d idemethylorphenadrine (tR 6.19 min) had
been added. Nitrogen detector HP 18789A. Integrator HP 3380. Electrometer : 5 .10- 12 A/mY. At
tenuat ion, I. Column length, 1.3 m. The tempe ratures of the oven, the detector and the injection port
were 2000 ,3000 and 2500

, respectively. Samples were injected with an automatic sampler HP 7671A;
injection volume: 2,u!.

further precautions, orphenadrine N-ox ide would partly be determined as orphena
drine and thus affect the specificity. By appropriate choice of extraction solvent, this
risk can be avoided.

Orphenadrine N-oxide can be extracted from plasma and urine with polar
organic solvents such as chloroform or , to a lesser extent, with diethyl ether. On the
other hand, no detectable amounts of the N-oxide are extracted when isopentane is
used as described in the isolation procedure. Even the addition of a lOG-fold excess of
orphenadrine N-oxide does not contribute significantly to the orphenadrine level in
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the 10-500 ngjrnl concentratio n ran ge. Such an excess is not observed in pract ice (see
applications), and thu s isopent ane is the solvent of choice.

A repre sent ati ve calibration gra ph is shown in Fig. 2. The lower detecti on limit,
defined as the amount giving a signal three time s greater than the noise at the maxim al
sensitivity of the nitrogen detector, is 0.05 ng or phenadr ine or ca. I ng in I ml of
plasma (see Fig. I). The meth od has a good precision . The sta ndard deviation s of the
analysis are ± 6 % (II = 4) in the concentrati on range 10- 200 ng/ml of plasma. The
average total recovery of orphenadrine from hum an plasma in the 20-200 ng/rnl con
centration ran ge is 77 %, with a standard deviat ion ca. 5%(n = 5). At lower concen
trations (down to I ng/rnl ), recovery is lower (ca. 60 %).
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Fig. 2. Standard curve fo r th e determ inat io n of orp henadri ne concentrati ons.

Applications
Th e appli cabil ity of the ana lytical meth od was dem onstrated by measuring as

a functi on of time the con centrations in plasma from a volunteer given a single oral
dose of 100 mg of orphenadrine. Fig. 3 shows a gas chro matogram of plasma extracted
24 h aft er administrat ion . Blood was collected in heparinized tubes, and centri fuged
at 2500 g. The sa mples were separated and froze n until an alysis.

Fig. 4 shows the variation with time of the orphenadrine and N-demethyl
orphenadrine plasm a concentrat ions. Th ere appear s to be a considerable rise in
orphenadr ine concentratio n ca. I h after administr at ion , indicating rapid absorptio n.
The linear tim e course on a log sca le during the elimination phase (monito red until
48 h aft er do sage) indicates a first-order kinet ic pr ocess . In th is example, the biologic al
half-life was calculated as ca. 16 h, consistent with the results of radio-tracer studies
in marr', N-Demeth ylorphenad rine has a longer half-life. When orphenadrine N-



206

(a ) (b )

2

3

J . J. M. LABOUT, C. T. THIJSSEN , W. HESPE

Fig. 3. Gas chroma togram of a control plasma extract (a) and a plasma extract from a volunteer's
blood 24 h after treatment with 100 mg of orphenadrine hydrochlor ide (b). Peak I, d iphenh ydram ine
(interna l sta nda rd) ; peak 2, o rphenadrine ; peak 3, N-demethylorphe nadrine. N,N-didemeth yl
or phenad rine was not found . Nitro gen detector : HP 15161B. Electr ometer : 10- 11 A/m V. Att enua
tion , 4. Co lumn length, 1.5 m. Th e temp eratures of the oven, detector and injectio n port were 180°,
400° and 220°, respect ively. Recorde r cha rt , 0.5 em/min.

oxide is added to human pla sma, it is reduced quantitatively to orphenadrine within
IO min by TiCI3 in hydrochlor ic acid, a medium in which orphenadrine itself is not
converted to a measurable degree.

In various plasma samples, including some from patients treated with a daily
300-mg oral dose of orphenad rine over periods up to a few year s, reduction with
TiCI3 never increased the orphenad rine concentration by more than 7 %. Since a 100
fold excess of N-oxide (added to plasma) failed to incre ase the respon se of orphen
adr ine significantly on applicati on of our isolation procedure, it ca n be concluded that
the amount of N-oxide present in the pla sma as a metab olite do es not interfere with
the determination of orphenadrine concentrations.
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Fig. 4. Plasma concentration-time curves of orphenadrine (0) and N-demethylorphenadrine ( 0 )
after a single oral dose of orphenadrine (100 mg as a tablet) to a healthy volunteer.

DISCUSSION

As Fig . 4 shows, the maximal plasma concentration after an oral 100 mg dose
of orphenadrine (in clinical practice, such a dose is applied for multimedication) is
ca. 150 ng/rnl, For a study of the pharmaco kinetic profile of orphenadrine the con
centration should be followed for at least three times the half-life. This implies accurate
measurement in the 5-150 ng range, wh ich is made possible by an isolation method
based on extraction with isopentane and sensitive nitrogen detection after separation
on a K Ol-l-Carbowax column. The method is selective and specific enough to separate
orphenadrine from its N-dealkylated metabolites and its Nsoxide '.

Although with normal flame ionization it is possible to detect concentrations
down to 5 ng/rnl, the technique requires a thorough clean-up procedure to eliminate
contaminants from blood plasma, extraction solvents, glassware, and rubber stoppers
as supplied together with vacutainer tubes . When a nitrogen detector is used, re-extrac
tion at pH 3 and washing with isopentane (it is essential that all the washing liquid
sh'ould be removed) suffices . Interfering peaks in the gas chromatogram are not

• Other metabolites containing nitrogen and having similar chromatographic properties were
not found, in agreement with current knowledge about metabolic pathways.
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observed, and the time elap sing bet ween two 'ind ividual injec tions can be limited to
ca. 10 min . The meth od is, therefore, suitable for routine purposes.

An important factor that may influence the reliability and accuracy of the
method , especially at low concent rations, is adso rption of orphenadrine onto the
glass walls. Such ad sorpt ion can be reduced considera bly by careful rin sing of the
inner wall of the glass centrifuge tube with ethanol ju st before the final isopentane
extr act is introduced.

In th is manner, an accepta ble recovery (50-60 %) is possible even at the lowest
concentrations. Adsorption on the column can be minimi zed by per iod ic in
iection of some extra base (e.g. I ftg ). It is recommend ed that solutions in water,
plasma , alcohol, etc., sho uld be stored for the shortest possible time, as loss on sta nd
ing due to ad sorption cannot be avoided. The above co nsiderations also hold for N
demethylorphenadrine if dete rmined quantitatively, a lone or simultaneously with
orphenadrine.

CONCLUSION

The method reported is suitable for routine determinations of low orphen
adrine concentrations in hum an plasma and urine. It separates orphenadrine from its
N-dealkylated met abolites and its N-o xide, thu s providing a useful tool in pharm aco
kinetic and bio-availability experiments.
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SUMMARY

In an aqueous solution of lactone-forming acids, several forms of the acids
exist, e.g. lactone forms and open-chain forms. The different forms of such acids were
separated as trimethylsilyl (TMS) derivatives by gas-liquid chromatography (GLC)
on OV-17. At pH 10 the lactone-forming acids used in this investigation were entirely
converted in the open-chain form, and under these conditions each acid gave one peak
by GLC of the corresponding TMS derivative. Acids derived from carbohydrates
were reduced in mixtures with other acids to their corresponding alditols and sepa
rated as acetates by GLC on OV-225.

The following acids can be separated by the above-mentioned methods: citric,
erythronic, o-galacturonic, o-glucaric, rn.-isocitric, nt.-malic, o-ribonic, and meso
tartaric acids.

INTRODUCTION

A mixture of acids derived from plants may contain different types of lactone
forming hydroxy acids: lactone-forming acids with few hydroxy groups, e.g. isocitric
acid I, or acids of carbohydrate derivation, e.g. o-glucaric-, o-galactaric" and n-galac
turonic acid",

Gas-liquid chromatography (GLC) of the open-chain trimethylsilyl (TMS)
derivatives is a convenient method for the separation and identification of lactone
forming acids-:", It has been shown that silylation of the lactonized acids, followed by
GLC, often gives multiple peaks on the gas chromatogram?

Co-chromatography with reference substances is necessary to ensure a reliable
identification. Most acids of carbohydrate derivation are difficult to obtain, but a
number of alditols are readily available. The configuration of the acids can be con
firmed by reduction to the corresponding alditols which, after derivatization, can be
analysed by GLC8

•
9

• The differences between the mass spectra of the diastereomeric
acids of carbohydrate derivation are due to differences in the relative intensities oftheir
peaks'"". Thus identification of such acids by use of gas chromatography-mass
spectrometry (GC-MS) depends on the availability of reference compounds.

In an investigation of lactone-forming acids in succulent plants'? the identifi-
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cation of such acids was greatly influenced by the methods for separation of the acid
mixtures, and the availability of reference substances. The results presented here
show that different methods of derivatization, combined with different conditions for
the GLC analysis, give information that is of great importance for the identification of
different types of hydroxy acid in mixtures, especially when reference acids are not
available. All methods for GLC separation described in this paper can be applied to
GC-MS analysis. Two common plant acids, malic and citric acid, were included in
the investigation, which was carried out with pure acids.

EXPERIMENTAL

Chemicals
The following substances were derivatizated and chromatographed: citric acid

(Merck, Darmstadt, G.F.R.), erythronolactone' (supplied by Dr. F. Wold, University
of Illinois, Urbana, Ill., U.S.A.), n-galacturonic acid monohydrate (Schuchardt,
Miinchen, G.F.R.), DL-isocitric acid lactone (Type III, Sigma, St. Louis, Mo.,
U.S.A.), DL-malic acid (BDH, Poole, Great Britain), D-ribonolactone (Sigma), D
glucaric acid 1,4-lactone (Sigma) and meso-tartaric acid monohydrate (Fluka, Buchs,
Switzerland).

The silylation was performed with trimethylchlorosilane (pure, Koch-Light,
Colnbrook, Great Britain) and 1,1,1,3,3,3-hexamethyldisilazane (Merck) and pyridine
(Merck) which, before use, was distilled and kept over pellets of sodium hydroxide
(Elektrokemiska Aktiebolaget, Bohus, Sweden).

The chemicals used for the preparation of the alcohol acetates were: Dowex
50W-X8 (H+), 20-50 mesh (Fluka), pretreated and kept in anhydrous methanol
(Merck)!", sodium borohydride (for synthesis, Merck-Schuchardt), The acetic acid,
acetic anhydride and chloroform were all from Merck and of analytical reagent
grade.

Apparatus
A Varian 1400 gas chromatograph with a flame-ionization detector was used.

Of the two columns applied, one column (glass coil, 3 m X 2 mm J.D.) was filled
with 10%OY-17 on Gas-Chrom Q (80-100 mesh), the other (glass coil, 2 m X 2 mm
J.D.) with 3 %OY-225 on Yaraport 30 (100-120 mesh). The OV-17, the Gas-Chrom Q
and the Varaport 30 were purchased from Supelco (Bellefonte, Pa., U.S.A.), while the
OY-225 was from Applied Science Labs. (State College, Pa., U.S.A.). The detector
temperature was 300° for the OV-17 column and 280° for the OV-225 column. The
injector temperature was 250°, and the carrier gas (nitrogen) was used at a flow-rate
of 40 ml/min. The temperature was programmed from 1200 at a rate of IO/min (OV
17), and from 150° at a rate of 2°/min (OV-225).

The retention times were recorded by an Autolab minigrator (Spectra Physics)
and the chromatograms printed out by an OmniScribe recorder (Houston Instru
ments).

Acid mixture
Samples of 5 mg of each acid were dissolved in water (40 ml) and kept at room

temperature for 3 days. Aliquots of 10 ml of this solution were used for derivatization.
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Sodium salts
The acid (10 mg) was dissolved in water (10 ml) and sodium hydroxide (0.1 N)

added until pH 10 was reached". The neutralized solution was heated for 30 min at
60° and the procedure repeated until pH remained at 10. The acid mixture was treated
in the same way.

TMS derivatives
The TMS derivatives were prepared directly from each reference acid, from

the dried acid mixture, from the sodium salt of each acid and from the sodium salts
prepared from the acid mixture. The silylation reagent was the same as that used by
Raunhardt et al.'

Reduction of the acids
Each acid (10 mg) and the dried mixture were separately esterified with meth

anol and Dowex 50W-X8 (H+)Z. The methyl esters, dissolved in water (10 ml), were
reduced by adding sodium borohydride (10 mg) twice, at an interval of 2 h.

After a total reduction time of 20 h, the excess of borohydride was neutralized
with acetic acid (8 M) and removed by repeated evaporation following addition of
acetic acid (0.8 M in methanol). Finally the alcohols were dissolved in anhydrous
methanol and evaporated to dryness.

Acetylation of the reduced acids
To the dried alcohols acetic anhydride (I ml) was added and the mixture heated

for I hat 1000
• After removal of excess acetic anhydride by evaporation, the acetates

were dissolved in water (2 ml) and extracted with chloroform (2 mI). Prior to GLC
analysis the acetates were dissolved in methanol.

RESULTS AND DISCUSSION

The GC retention data of the substances, after different methods of derivati
zation, are listed in Table I. The retention times were always measured relative to the
corresponding derivative of the meso-tartaric acid. Typical chromatograms of the
different derivatives of the acid mixture are shown in Figs. 1-3.

TMS derivatives
The lactone-forming acids usually exist in aqueous solution as an equilibrium

between the different forms. In most cases, evaporation and desiccation of a solution
of a lactone-forming acid does not lead to complete lactonization of the acid, hence
several peaks appear on the gas chromatogram (Fig. I). For all of the lactone-forming
acids used in this investigation, adjustment to pH 10 was sufficient to convert the acid
entirely into the open-chain form (Fig. 2). Under the conditions used two peaks were
obtained for galacturonic acid, originating from the a- and jJ-anomeric forms.

The retention time for the open-chain TMS derivative is shorter than for the
corresponding derivative of the same acid in lactone form. Acids that cannot form
lactones always give peaks with the same retention times. A comparison between the
gas chromatogram of the TMS derivatives directly prepared from an unknown acid
mixture and the chromatogram of the TMS derivatives prepared from the sodium
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TABLE I

RETENTION TIMES OF THE DIFFERENT ACID DERIVATIVES RELATIVE TO THE
CORRESPONDING DERIVATIVES OF MESO-TARTARIC ACID

For the chrom at ograph ic co nd itions, see und er Apparatus .

Substances

Ci tric acid
Erythro nic ac id
Eryth ron olacton e
a -Galacturonic ac id
fJ-G alacturonic acid
Isocitr ic acid
Isocitric acid lactone
Mal ic acid
Ribonic acid
Ribonolacton e
Glucaric acid
Gluca ric acid 1A-lacto ne
meso-Ta rtari c acid

TM S derivati ves
of the substances
chromatog raphed
a ll the a V-17 column

1.83
0.78
0.86
2.26
2.39
1.90
1.94
0.78
1.37
1.45
2.19
2.33
1.00

Acetat es prepared
of the reduced
substances
chromatographed
a ll the a v 225 column

2.13
1.00
1.00
2.3 1
2.3 I
2.13
2. I3
0.48
2.0l
2.01
3.22
3.22
1.00

r-n---- -rr- r--.- - ... -.------.. - . . . .. -

1 2 3

12

11
13

\..... ) '----'
20 30 40 50 60 min

Fig. I. Chromatogram of the TMS derivatives of the acid mixture. Column: OV-17. Peaks: I, malic
acid ; 2, erythronolactone ; 3, meso-t artaric acid ; 4, ribonolactone; 5, ribo nic acid ; 6, citric acid ; 7,
isoci tric acid ; 8, isocitric acid lacton e ; 9, unknown ; 10, glucaric acid ; II , a -ga lacturo nic acid ; 12,
gluca ric acid IA-lacto ne; 13, fJ-galacturonic ac id .
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50 60 min
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Fig. 2. Chromatogram of the TMS der ivatives prepa red from the sod ium salts of the acid mixture.
Co lumn: OV- l7 . Pea ks : 1, erythron ic acid, malic acid; 2, meso-tartaric acid; 3, ribon ic acid; 4, citr ic
ac id; 5, isocit ric acid; 6, gluca ric ac id; 7, (l-galacturo nic acid; 8, fJ-ga lacturo nic acid.

salts of the same mixtur e, provides an important basis for identification of the individu
al acids (Figs. I and 2). In thi s way not only could the lactone-form ing acid s be located
on the chro matograms, but also the number of the different lactones could be evalu
ated.

The mass spectr a of the TMS derivatives gave additional information. For the
acids derived fro m carbohydrates, the type of acid (-uro nic, -on ic, -aric) and the num
ber of carbon ato ms were read ily established'v! ' -!' .

Acetates of the reduced acids
The con fi guration s of the acid s derived from carbohydrate s were confirmed by

GL C of the acetates of the reduced acids. Many alditols, not commercially availabl e,
can easily be prepared by reduction of the corresponding ald oses and can be used as
reference compounds.

The acetate of the reduced malic acid gave a single peak whereas the cor
respond ing der ivatives of citric and isocitric acid gave a number of small peaks to
gether with the major ones (Fig . 3). The two last-mentioned acids were not separated
under the chro matographic condit ions used. As expected, erythronolactone and meso
tart aric acid gave peaks with the same retention time. Like the TMS derivatives, the
acetates can be ident ified by means of GC-MS.

These results show that the acids der ived from carbohydrates can be reduced
to aldito ls and chromatographed as acetates in the presence of normally occurring
plant acids.
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15

2

lLA
...l-. ---.L. i '

20 25 30 35 min10

Fig. 3. Chromatogram of the acetates of the reduced acid mixture. Column: OV-225. Peaks: I, malic
acid; 2, meso-tartaric acid (~ erythritol), erythronic acid (= erythritol); 3, ribonic acid (= ribitol);
4, citric acid, isocitric acid; 5, galacturonic acid (= galactitol); 6, glucaric acid (= glucitol). Most
unnumbered peaks are due to citric and isocitric acid.
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SUMMARY

A simple and sensitive gas-liquid chromatographic method has been developed
for the quantitative determination of clonidine and some structurally related
imidazolidines in rat brain tissue . The aqueous brain homogenates are first purified
and then extracted into benzene. Samples are injected directly into the gas chroma
tograph . The extraction procedure is selective, and the use of a phosphorus-nitrogen
detector enables accurate determinations corresponding to brain concentrations
down to at least 10 ng/g. The rat brain concentrations ofclonidine and its derivatives
achieved at the moment of maximal decrease in arterial pressure are proportional to
the do ses administered intravenously, and are not influenced by the effect of the com
pounds on the blood pressure or by the method of anaesthesia employed. It is con
cluded that, for the linear part of the dose-response curves for these compounds, the
brain concentration is a measure of the hypotensive effect.

INTRODUCTION

The antihypertensive drug clonidine (Catapresan '": 2-[2,6-dichlorophenyl
imino ]imidazolidine hydrochloride) manife sts its action via a central mechanism. Thi s
central hypotensive effect is presumably brought about by the excitation of central a

adrenergic receptors located at medullary sites' :". The therapeutic action of clonidine
is exerted after do ses in the microgram range and, consequently, plasma concentra
tion s and tissue contents are low. It has been possible to measure plasma and tissue
levels after the administration of rather high doses of radiolabelled clonidine to
humans and animals":", by gas-liquid chromatography (GLC)8-l0 and by GLC
mass spectrometry (MS]!' . These reports mainly aimed at a study of the fundamental
pharmacokinet ics of clonidine, and the G LC methods used were rather elaborate.
Hitherto, the relat ion between the brain concentration and depressor effect of
clonidine has been ignored , in spite of the fact that the therapeutic (hypotensive) ac
tion of this drug is of central nervous origin.
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The present paper describes a convenient sensitive G LC method for the quan
titative determination of clonidine and some of its structurally related imidazolidines
in rat brain tissue. The compounds were administered intravenously, and brain con
centrations were established at the moment of maximal decrease in blood pressure,
in order to relate them directly to the hypotensive effect.

MATERIALS AND METHODS

Administration of the drugs; extraction from brain tissue
Male Wistar rats (weight 190-220 g) were anaesthetized with diethyl ether and

surgically prepared in order to allow artificial respiration, injection of drugs via a
jugular vein and measurement of arterial pressure via a carotid artery. Pressure was
recorded via a Statham P23 Db transducer connected to a Hellige HE-19 recorder.
During the operation, and throughout the experiment, the animal was kept under
anaesthesia by continuous administration of diethyl ether (6.I J 0.2 %, vlv; n = 41;
for determination see Gas-liquid chromatography) to the inspiration air by means of
a "Vapor" evaporator device (Dragerwerk, Lubeck, G.F.R.). After an equilibrium
period of ca. 20 min, the blood pressure and heart rate had usually reached a constant
level.

The imidazolidine of which the brain content was to be established was injected
intravenously at a dose listed in Table 1. At a preselected time after administration
(see Table I), the animal was decapitated and the entire brain was removed imme
diately. The tissue was rinsed in saline to remove blood, gently blotted on filter paper
and weighed. The brain was then homogenized in an aqueous solution of0.02 Nhy
drochloric acid. The homogenate was transferred quantitatively to a 50-ml stoppered
glass centrifuge tube and the volume was made up to 20 ml with 0.02 N HC!. Sodium
chloride (1 g), benzene (10 m\) and ethyl acetate (10 ml, containing the internal standard)
were then added. The tube was stoppered and shaken by hand for 5 min. After
centrifugation for 10 min at 1000 g, the clear aqueous layer was isolated and again
shaken with benzene (20 ml) for 5 min followed by centrifugation (10 min, 1000 g). I ml
of an aqueous solution of I N sodium hydroxide was added to the isolated aqueous
layer which was then extracted with benzene (20 ml). After centrifugation (10 min,
1000 g), the organic phase was pipetted off and evaporated to dryness under reduced
pressure in a 10-ml conical glass tube. The residue was dissolved in 100 !~l of benzene,
and I-I O-~I samples were analysed by G LC.

Standards
Standard brain extracts were prepared by homogenation of the entire brains

of untreated control rats in 0.02 N hydrochloric acid containing a known amount of
the particular imidazolidine hydrochloride. The standards were then treated as de
scribed above.

Gas-liquid chromatography
Diethyl ether in the inspiration air was determined on a Packard Series 149

Becker gas chromatograph equipped with a flame ionization detector (temperature,
180°; hydrogen flow-rate, 30 ml/rnin ; air flow-rate, 300 ml/min) and I-mY Kipp
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TABLE I

BRAI N CO NCENT RATIO NS (MEA N ± S.E.) OF TZ-I , TZ-13 A ND TZ-1 8 AFTE R INTRA
VENOUS ADMI NISTRATIO N TO ET H ER-AN AEST HET IZ ED RATS

Assays of brai n co ntents were per formed at the mom ent of ma ximal decrease in blood pressure (t).
The results for TZ-18 obtained under pentobarbita l anaesthesia (see text) are mar ked with an
asterisk (*).

Im ida zolidine Dose Number of t Brain
derivat ive ( f ig /kg) determinations ( min} concentration

( ng/g )

TZ -I 10 4 8 18.0 + 2.6
(Clonidine) 20 4 10 39.7 ± 4.8

35 4 15 64.2 ore 4.9
50 3 20 91.5 :L 2.8

TZ-13 50 4 10 10.6 ± 2.0
(2-C1,4-Me) 100 5 15 22.2 + 2.1

200 4 20 44.6 :1 4.2
TZ-1 8 20 3 4 60.6 + 8.9
(2,4,6-tri-CI) 20 3 4 57.1 :1 6.1*

45 4 6 131 ± 7
70 3 8 198 ± 12

100 3 10 298 ± 8
100 3 10 293 ± 10*

recorder. A glass column (2 m X 2 rnm J.D .) packed with Por ap ak Q (80- 100 mesh)
was used at an oven temperature of J60° and an injector temperatu re of 180°. The
carrier gas was nitrogen ; flow-rate , 30 mlJmin . Samples of inspir ation ai r were injected
directly. The gas chromatograms were eva luated by an integrating system from
Spectra-Physics (Autolab system IV). Th e diethyl ether concentrati on ( %, vJv) was
determi ned by comparison with a standa rd solution in isooct ane .

Extracts of rat -brain homogenates were analyzed on a Perkin-Elmer Series
3920 gas chromatog raph equ ipped with a pho sph oru s-n itrogen detector (PND) and
a l-m V Kipp recorder. The setti ng and optimizing of the detect or for thi s particular
an alytical problem was performed according to the procedure outlined by Kolb
et al,' ?and by Hartigan et al."; which resulted in the follo wing operat ion parameters:
temp eratu re, 280°; hydrogen flow-rate, 2 rnl/rnin ; air flow-rate , 100 mlJmin. A glass
column (2 m x 2 mm 1.0.) packed with 3 % aV-17 on Chromosorb 750 (80-100
mesh) was used at an oven temperature of 200-270° (depending on the derivative to
be an alyzed) and an injector temperature of 280°. The carrier gas was helium; flow
rate , 30 ml/m in. Brain extracts obtained as described above were injected in benzene.
The gas chromatograms were evalu ated by an integrating system from Spectra-Physics
(Autolab system IV).

Chemicals and drugs used
Chromosorb 750 (80-100 mesh) (Chro mpack , Middelburg, The Netherlands) ;

av-17 (Packard , Delft , The Netherland s) ; Porapack Q (80-100 mesh) (Waters Assoc.,
Milford, Mass., U.S.A.) ; sodium chloride (Merck , Darmstadt , G .F.R. ), benzene
(Merck), dieth yl ether (Broc acef, Maar ssen, The Netherlands) and eth yl acetate
(Merck) were distilled through a 100-cm Vigreu x column before use. Clonidine
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(Cat apresan '" ; Boehringer, Ingelheim , G .F.R.), indicated by the code TZ-I; 2-(2,3
dichlorophenylimino)imidazolidine free base (TZ-9), 2-(2-chloro-4-methylphenyl
imino)imidazolidine hydrochloride (TZ-13), 2-(2,4,6-trichlorophenylimino)imidazol
idine hydrochloride (TZ-1 8) and 2-(4-bromo-2,6-dichlorophenyl imino)imidazolidine
free base (TZ-2l ) were obtained by synthesis!".

RESULTS

Standard curve s were co nstructed by anal yzing benzene samples to which the
free bases of clonidine (TZ-I ; 2,6-di-Cl) , TZ-13 (2-CI,4-Me) and TZ-1 8 (2,4,6-tri-CI)
had been added in different amo unts. These three compounds were selected becau se
the y represent the major classes of phen yl-substituted imidazol idines. The standard
curves pa ssed through the origin and were linear up to at least 500 ng of the der ivati ve
injected. This finding ind icated th at there were no ad sorpti on losses on the colum n
and also demonstrated the linearity of the recording with the PND. Standard curve s
were also prepared from brain homogenates to which known amounts of the hydro
chlorides of these three sub stances (25~400 ng) had been added. The internal stan
dards employed were 2-(arylimino)imidazolidine base s selected on account of their
retention times in order to ensure a convenient peak separation. TZ-9 (2,3-di-CI) was
used as internal standard for the determination of clonidine and TZ-13 , and TZ-21
(2,6-di-CI, 4-Br) was used as the internal standard for TZ-1 8.

The GLC peaks of the se derivat ives after extracti on from brain homogenates
were welI-defined; no interfering peak s were observed when comparing the chro mato
grams with those obtained from extracts of blank homogenates. The reproducibility
of the determinations was characterized by a relati ve standard deviation of ca. 3 %
when injecting the same sample repeatedly. The standa rd curve of clonidine is il
lustrated in Fig. I. The relation bet ween the relati ve peak area and the amount of
clonidine added to rat brain homogenates is linear up to at least 400 ng. The same
hold s true for the cur ves of TZ-13 and TZ-1 8. Thi s ind icates that the extraction
procedure is free from distu rbances.

The concentration of the sa me three imidazolidine der ivat ives achieved in rat
bra in tissue after intravenous administration of different amounts was establi shed .
The procedure prior to isolation of the brain (see Materials and meth ods) was identi cal
to that folIowed in order to quantify the hypotensive effect of these particular com
pound s". These experiments were ca rr ied out on anaesthet ized rats. However, due to
the interference of the pentobarbital peak in the chromat ograms, diethyl ether (ca.
6%, vlv ; for determinati on see Materials and methods) was employed as the
anaesthetic instead of pentobarbital. The doses chosen for the intravenous administra
tion of the imidazolidines spa nned the range of the dose-response characteristics cor
responding to the hypotensive effect". In order to relate the brain concentration
directl y to the hypotensive effect of the substances, the moment of maximal decrease
in blood pre ssure was taken as the time at which these assays of brain content were
performed. The particular preselected tim es were deduced from the respon se-time
curves, established separa tely".

Clonidine (TZ-I ; 10, 20,35 and 50,ug /kg), TZ-13 (50,100 and 200 ,ug/kg) and
TZ-1 8 (20, 45, 70 and 100 Jig/kg) were injected intr avenously into rats and the brain
contents of the se deri vati ves, reac hed at the moment of maximal decrease in blood
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Fig. I. Standard curve of clonidine. The compound was added in diffe rent amounts to rat brain
homogenates with TZ-9 as an internal standard. Each point represents the mean value ( ± S.E.) from
four experiments.

B

A

5 -10 min

Fig. 2. Typical gas-liquid chromatogram obtained from an extract of rat brain homogenate. Peaks:
A = c1onidine; B = TZ-9 as an internal standard. The animal had received 10 fIg/kg clonidine
intravenously and the entire brain was removed 8 min after injection. The relative peak area of
clonidine corresponded to 17.5 ng/g brain tissue (cf. Table I for the mean value from four experi
ments).
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pressure, were established. The results are listed in Table I and are expressed as ng
per g of brain tissue, calculated with the aid of the standard curves. Fig. 2 shows a
typical gas-liquid chromatogram obtained from an extract of a brain homogenate of
a rat which had received 10 flgjkg of clonidine (TZ-I) intravenously. This figure il
lustrates the selectivity of the extraction procedure and the sensitivity of the PND..

As can be seen from Table I, the method offers the possibility of the accurate
determination of imidazolidines from extracts of brain homogenates corresponding
to brain concentration levels down to at least ca. 10 ngjg. In principle, concentrations
ten times lower than this should be easily detectable.

The brain concentrations of clonidine (TZ-I), TZ-13 and TZ-18, listed in Table
I, are plotted in Fig. 3 against their corresponding intravenously administered doses.
The curves pass through the origin and are linear. It may be concluded that the brain
concentration reached at the moment of maximal decrease in blood pressure is pro
portional to the dose administered intravenously.

2,4,6- t r 1- Cl

12-CI4-Me------ 'x--~ )
50 100 150 200)-Lg/kg(IV)

100

ng/g brain tissue

i
300

200

Fig. 3. Relation between brain concentration (ng/g, mean .l- S.E.) of ether-anaesthetized rats and
dose (,ug/kg) administered intravenously for clonidine (2,6-di-Cl), TZ-13 (2-CI,4-Me) and TZ-18
(2,4,6-tri-Cl). Brain contents were established at the moment of maximal decrease in arterial pressure.
For numerical values see Table 1.

The effects on the blood pressure of ether-anaesthetized rats after intravenous
administration of clonidine and the two derivatives were considerably less than the
responses measured when pentobarbital was used as the anaesthetic *. Thus the
question arose as to whether the use of this volatile compound influences the disposi
tion of the imidazolidines in the brain. This was investigated for TZ-18 which possesses
a sufficiently long GLC retention time to enable an accurate determination of the

• It is outside the scope of this paper to go into a detailed discussion of these results, which are
the subject of forthcoming investigations.
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brain content without interference from pentobarbital in the chr omatogram. In addi
tion to the experiments described above, TZ-1 8 was given intravenously to rat s
anaesthetized with pentobarbital (75 mg/kg, intraperitoneal) at doses of 20 and 100
pg/kg. The brain concentra tions of TZ-18 at the moment of maximal decrease in
blood pressure are reported in Table I (marked with an asterisk), and are compared
with the result s obt ained previously (ether anaesthesia) in Fig. 4. The results clearly
demonstrate tha t the brain concentra tions achieved by TZ-1 8 were virtually the same
in ether and pent obarbital-anae sthetized rats. Furthermore , the se data indicate that
the results obt ained with dieth yl ether are directly comparable to tho se which would
have been encountered if pentobarbital had been used.

ng/g

i
300

200

100

20

..--'

100

D

j!g/ kg

ether

anaesthes ia

pentobarbital

anaesthes ia

Fig. 4. Brain conce ntrations (ngjg, mean + S.E. ) of TZ-18 after int ravenous application of 20 and
100 Ilg/kg to rats under pentobarbital (75 mgjkg, intrape ritonea l) or ether anae sthesia (ca. 6%. v jv),
Assays of brain con tents were perfo rmed at the moment of maximal decrease in arterial pressure. For
numerical values see Table I.

DISCUSSION

Apart from analytic al pro cedure s, which enabled radiolabelled clonidine to be
determined directly from tissue and plasma":", onl y a few Gl.C meth ods have been
reported for the evaluation of c1 onid ine. Cho and Curry" empl oyed electron-capture
GLC (G l C- ECD) after extr action . However, thi s meth od is not sufficiently sensitive
to permit accurate measurements and tailed peak s are observed on different stationary
phases. Concentrations of clonidine in plasma have been dete rmined by selective ion
monit oring after G lC-M SII . A G lC-ECD method has also been developed for the
monotrifluoroacetyl derivat ive of clonidine". However, in spite of the high sensitivity,
this procedure is elaborate and impurities in the internal standard are also detected.
Recently, Edlund and Paalzow'? described a GlC-ECD procedure for clonidine in
plasma, in which the dru g was assayed as the pentafluorobenzyl derivative. This
method is highly sensitive for c1onidine , but is probably not generally applicable to
the determinati on of related deri vat ives.

The procedure reported in the present pap er is simple, the extraction from
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brain homogenates is selective and the use of the PN D enables accurate determina
tions of brain concentrations down to lOng/g.

The concentrations ofTZ-I, TZ-13 (2-CI, 4-Me) and TZ-18 (2,4,6-tri-CI) in rat
brain at the moment of maximal decrease in blood pressure were found to be propor
tional to the dose administered intravenously (Fig. 3). It therefore seems that the brain
concentrations are not influenced by the effect of the compounds on the blood pres
sure. In addition, these results illustrate the importance of lipophilicity as a measure
of the tendency of the three substances to penetrate into the brain. The lipophilicity,
as determined by the partition coefficients (log P') between octanol and buffer (pH =

7.4), decreases from TZ-18 (log P' = 1.47) via clonidine (log P' = 0.62) to TZ-13
(log P' = -0.48) and is paralleled by the decrease in the slopes of the lines in Fig. 3.
Approximately 1.4 %of the amount of clonidine administered intravenously is found
in the brain, compared with ca. 2.3%for the more lipophilic TZ-18 and only 0.2 %
of the hydrophilic TZ-13. The use of diethyl ether as the anaesthetic instead of pento
barbital did not affect the brain content, as demonstrated for TZ-18.

The hypotensive effects of clonidine, TZ-13 and TZ-18 were quantified with
the aid of dose-response curves following intravenous application to pentobarbital
anaesthetized rats". The depressor activity of clonidine is very pronounced, whereas
TZ-13 and TZ-18 are less potent. The dose-response characteristics have a sigmoid
shape. For the linear part of the curves the logarithm of the dose administered intra
venously is directly proportional to the depressor response. A linear relation also
exists between the brain concentration and dose. Consequently, we submit that, for
the linear part of the dose-response characteristics of clonidine and its derivatives,
the logarithm of the brain concentration, assayed at the moment of maximal decrease
in blood pressure, is directly related to the hypotensive effect.
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School of Pharmacy, University of North Carolina, Chapel Hill, N.C. 27514 ( U.S .A.)

(Received Apr il 29th, 1977)

SUMMARY

A sensitive, accurate and specific spectrodensitometric method has been
developed for the determination of quinidine in biological fluids. It involves extrac
tion of quinidine, dihydroquinidine and metabolites, their separation on thin layers
and quantitation of the corresponding spots by direct scanning in a densitometer at
278 nm. A linear relationship was obtained between the ratio of the peak area of an
unknown sample to that of the standard and the concentration of the compounds at
0.4-4 ,ug/m!. The recovery from plasma was from 96 to 103%for quinidine and from
93.5 to 98.5 %for dihydroquinidine. A comparison was made between this thin-layer
chromatographic method and the fluorimetric assay frequently used for the determina
tion of quinidine in plasma at present. The method is recommended for clinical assays
and pharmacokinetics studies.

INTRODUCTION

Variations in the plasma levels after oral and intravenous administration of
quinidine, an effective atrial and ventricular cardiac anti arrhythmic agent, have
prompted the Food and Drug Administration to require evidence of drug bioavail
ability for all marketed oral quinidine pharmaceutical preparations'.

The reasons for substantial differences in bioavailability of quinidine are not
quite certain. Several studies have indicated that variations in both rate and the ex
tent of quinidine absorption from the gastrointestinal tract may be responsible for the
differences in quinidine plasma levels in subjects ingesting equivalent oral doses of
this drug. Another contributing factor may be weaknesses in the analytical procedures
used to evaluate quinidine plasma levels, many of which are neither specific nor
sensitive enough for the low concentrations observed.

Most of the analytical methods make use of the ability of quinidine to fluoresce
in acid and involve either precipitation of plasma proteins and direct fluorimetric
determination of the filtrate-v or extraction of the drug into an organic solvent and
fluorimetric determination after acidification or transfer to sulfuric acid":". A photo
fluorimetric method of this type" is the most frequently used assay for the determina
tion of quinid ine in plasma at present. In this case the drug is extracted from plasma
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with ben zene and from the ben zene into sulfuric acid . Flu ore scence of the sulfuric acid
solutio n is then measured". Extract ion of the drug from benzene int o acid is sa id to
sepa ra te quinid ine from its more pol ar metabolites and other interfering substa nces
from plasma". In another similar spectrofluorimetric assay'? th e benzene extr act s a re
washed with sodium hydroxide solution to remove so me of the fluore scent met abolites.
Consequently, the extraction method s produce lower results th an the method s no t
using extract ion, but they have grea ter specificity. None of these fluorimetric mea sur e
ments, however , differentiate s bet ween quinidine and dihydr oquinidine, a known im
purity in medicinal grade qu inidine.

More selective method s, includ ing gas chro ma tog ra phy' t' !', high-speed liquid
chrom atography combined with th in-layer chromatography (T LC) 14 and chem ical
ioniza tion ma ss spectrometry", have been used for determinat ion of qu inidine fro m
ph armaceutical preparations and biological fluids , but most of the se are time co n
suming procedures and require unu sual instrumentati on .

The use ofTLC ha s been pr oposed and a method devel oped for the separation
and quantitation of quinidine and other alkaloids in the extracts obtained from
Cinchona bark on thin layers of silica gel using direct reflecti on and fluorescence
measurements". Other TLC methods have consisted of separation of quinidine on
the plat es, elution of the corresponding quinidine bands into a suitable solvent
followed by measurements of th e drug using an appropriate physicochemical assay
procedu re'"-" . These meth ods require special ca re to avoid loss of the silica gel du ring
transfe r from the plates and to achieve complete ext raction from the ad sorbent.
Direct qu antitation of qu inid ine on chro matoplates ha s been repo rted for estimat ion
of quinidine in serum'". Sma ll vo lumes of deproteinated sera were spo tted directly
onto the chromatoplates and the fluorescence of the spo ts of qu inidine was measured
after development. In another TLC assay" the serum or plasma co ntaining quin idine
a nd sa licylic acid was applied dir ectly to silica gel layers without extraction, the pro
teins being pre cipitated on the plate with eth anol. Th e chro matog ra ms were th en
developed and qu antitated by fluore scence sca nning. These TLC methods ind icat e
the potential of TLC for quinidine measurements, but their fa ilure to separa te th e
drug and metabolites from ser um proteins before a pplying to the plate con stitutes a
troublesome wea kness, and their failure to demonstrat e separa tio n of dihyd roquin i
dine and met abolites gives them no distinct adva ntage over other methods.

In th is communication a method is described which is accurate for levels of
quinidine in biological fluid s found in single-dose studies. It involves extraction of
quinidine, dihydroquinidine and metabolites, their separati on on thin lay,ers and
qu antitation of the corresponding spots by direct scanning in a densitometer. This
procedure provides greater pre cision and sensitivity, its technique is simple and it is
time saving. The major advantage is its specificity and th e provi sion for simultaneous
qu antitation of quinidine , dihydroquinidine and metabolites on th e same chromato
plate. The deficiency of the fluorimetric assay was dem onstrated by chro matographic
sepa ration of the fluorescing compo nents in the extracts obtai ned by the fluorime tri c
pr ocedure" applied to sa mples of plasma spiked with quinid ine sulfate, and to rabbit
plasma and urine samples. Ap plicat ion of the TLC assay was dem on st rated by meas
uring rabbit plasma and urine following an intravenous dose of qu inidine gluconate .
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Materials and reagents
Silica gel 60 precoated plates 20 x 20 em were used (E. Merck, Darmstadt,

G.F.R.). A 50-,u1 Hamilton syringe was used for dissolving the evaporated extracted
samples and IO-,ul Hamilton syringes for spotting. The chromatograms were developed
in glass tanks, 7 x 22 x 22 cm, containing 100 ml of solvent. The developing liquid
was methanol-acetone (5: I).

All solvents were certified A.C.S. spectranalyzed grade.
Samples of quinidine sulfate and dihydroquinidine were received from Eli Lilly

(Indianapolis, Ind., U.S.A.). Quinidine gluconate injections USP 80 mg/ml (Eli Lilly)
were obtained commercially.

Authentic standard solutions of quinidine and dihydroquinidine were prepared
from the stock solutions in chloroform containing 0.1 mg/rnl, calculated as the free
base.

Apparatus
Absorbance was measured with a UV-VIS-2 chromatograph scanner (Farrand,

Valhalla, N.Y., U.S.A.) and recorded as a peak on a Farrand Model 100 strip chart
recorder. Simultaneously, the area under each peak was computed and recorded with
an integrator (CDS 101 Chromatography Data System, Varian, Palo Alto, Calif.,
U.S.A.).

Fluorescence was measured with an Aminco-Bowman spectrofluorimeter
(American Instrument, Silver Spring, Md., U.S.A.).

Extraction procedure
The extraction of quinidine from plasma and urine was done in the following

manner, which is similar to that applied to other basic drugs":":
To 0.5-1.0 ml of plasma or urine in a 15-ml glass centrifuge tube is added 0.5

ml of 0.1 N sodium hydroxide and 4 ml of dichloromethane, and the mixture is mech
anically shaken at room temperature for 15 min. The tube is then centrifuged for 10
min and the organic layer transferred to a second tube. The aqueous layer is re-extract
ed in the same manner with another 4 ml of dichloromethane and the combined
organic layers are evaporated to dryness at 45° under a stream of nitrogen. The residue
is dissolved in 50,u1 of chloroform and an aliquot of 10,u1 spotted on a TLC plate. On
each plate three 10-,u1 spots of standard solutions are placed to serve as control for the
particular plate. The plate is developed in the methanol-acetone solvent in a saturated
tank. After the plate is developed, it is allowed to air dry and the absorbance intensity
is measured at 278 nm in the spectrodensitometer.

The appropriate peak area corresponding to the quinidine in each unknown
sample (Au) is then divided by the area of the standard (As) on the same plate to obtain
the ratio Au/As.

Using standard solutions of quinidine and dihydroquinidine in chloroform,
standard curves of concentration vs. area ratio were prepared and they were used
for determination of quinidine (and if needed dihydroquinidine) in plasma and
urine specimens.
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Recovery
The recovery of quinidine and dihydroquinidine was determined by adding

known amounts of the drugs to plasma (concentration 0.5-5 ,Ltg/ml) and comparing
the absorbance peak areas obtained after extraction from these spiked plasma samples
with the respective authentic standards scanned on the same plate .

Animal experiment
A IO-mg/kg do se of quinidine gluconate solution was injected over a period of

I min int o the ear vein of a New Zealand albino rabbit. Blood and urine specimens
were collected and they were analyzed by the f1uorimetric assay" and this TLC method.

Procedure f or chromatographic analysis of the ex tracts from the flu orimetric method
Human plasma spiked with quin idine and collected rabbit plasma and urine

samples were analyzed according to the fluorescence method". After reading the fluor
escence on the spectrofluorimeter, the 3-ml sulfuric acid extracts were made alkaline
with sodium hydroxide and re-extracted with dichloromethane and chromatog raphed
on a thin-l ayer plate as described in the above TLC procedure. The developed chro
matoplate was observed under UV radi ation and it was scanned with the spectro
densitom eter .

RES ULTS A ND DIS CUSSION

Standard curves for quinidine and dihydroquinidine are illustrated in Fig. I.
A linear relationship between the area ratios and quinidine and dihydroquinidine
concentrations was observed in the range bet ween 0.4 and 4,Ltg/m!. A greater dilution
or a larger aliquot of the final solution may be readil y used to bring the concentration
of the drug in the sample applied to the plate within the desired range.

Recoveries of quinidine and dih ydroquinidine from spiked human plasma
samples were calcul ated by comparison of the areas under the peaks with tho se from
standard solutions which had been spotted dire ctly on the plate s. These dat a, pre-

6
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o
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I I -------l...--.__
1 234

Concent r ation (}J9 / rnl )

Fig. I . Relationship of area ratio, Au/A" to co ncentra tion, qui nidine «( ) and dihydroqu inid ine ( X ).
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TABLE I

RECOVERY OF QUINIDINE AND DfHYDROQUINJDINE FROM SPIKED HUMAN
PLASMA

Amounts added to
plasma (/i.g/ml)

Quinidine

0.5
1.0
2.0
4.0
5.0

Dihydro
quinidine

0.5
1.0
2.0
4.0
5.0

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

Number Recovered (fIg/ m!) Percent recovery ± coeff.
(){ variation
samples -" - ---~ ..__._- ------- -- -

Quinidine Dihydro- Quinidine Dihydro-
quinidine quinidine

---~----

5 0.49 97.5 :L 3.30
5 0.96 96.1 ± 2.40
5 2.06 103.4 ± 0.61
5 4.08 101.7 ± 9.70
5 5.00 100.3 ± 0.70
2 0.47 94.0 ± 0.00
2 0.94 93.9 ± 1.60
2 1.94 96.9 ± 4.00
2 3.81 93.5 ± 1.20
2 4.93 98.4 ± 0.20

sented in Table I, show recovery of 96-103 %for quinidine and 93.5-98.5 % for di
hydroquinidine.

The effect of quinidine metabolites and dihydroquinidine on the fluorimetric
assay was demonstrated on several samples of human plasma spiked with quinidine,

TABLE II

FRACTIONATION BY TLC OF THE EXTRACTS FROM THE FLUORIMETRIC ASSAY
----- ---- ----- ~--_._-----------~-~-------

Amount added Per cent distribution of each fraction found by TLC in the assay extracts
to plasma (pg/ml)

Quinidine Dihydroquinidine Endogenous Metabolites
fluorescent
compound

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

Spiked human plasma
0.5 20.8 0 79.2 0
1.0 39.4 8.6 52.0 0
2.0 54.1 13.5 32.4 0
4.0 65.4 15.6 19.0 0
5.0 67.6 15.5 16.9 0

Time after
dosage (min)
Rabbit plasma
15 33.8 0 0 66.2

120 18.2 0 0 81.8
300 17.7 0 0 82.3
Rabbit urine
15 100.0 0 0 0
30 70.8 0 0 29.2
60 100.0 0 0 0
90 86.7 5.7 0 7.6

120 61.0 24.6 0 14.4
180 43.9 6.0 0 50.1
240 40.8 9.2 0 50.0
300 35.9 16.1 0 48.0
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and plasma and urine specimens collected after an intravenous injection of quinidine
gluconate to a rabbit. These samples, measured by the fluorimetric method, were
chromatographed and they usually contained several fluorescent compounds other
than quinidine, including dihydroquinidine, metabolites and sometimes an endogen
ous compound extracted from human plasma. The results of these measurements are
presented in Table I\. It was noted that the amounts of the fluorescent compounds,
other than quinidine, varied between different samples from the same animal. Such
variations would constitute a substantial contribution to the difference commonly
observed with the fluorirnetric method.

Fig . 2 shows a typical recording of a plate scan from a sample of rabbit urine
extract. When examined under UV radiation, quinidine (spot 5 with RF 0.45), dihydro
quinidine (spot 4 with RF 0.26) and six additional fluorescent spots were observed on
the developed chromatoplate.

START

o
4

000
5 6 7 ~I

S.FRONT

Fig. 2. Thin-layer chromatogram and densitometric scan of quinidine (5), dihydroquinidine (4) and
metabolites (1, 2, 3, 6, 7, 8) isolated from rabbit urine.

The differences between the results obtained by the fluorimetric method and
this TLC method are presented in Table II\. Several plasma and urine samples from a
rabbit, after quinidine gluconate injection, were measured by the two methods sepa-
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TABLE III

COMPARISON OF THE RESULTS OF RABB IT PLASMA AN D URIN E SAMPLES USING
THE FLUOR IMET RIC AND TL C METHODS

Sample Quinidine in plasma Quinidine in urine
number (pg/m/) (I,g/m/)

Fluorimetric TLC Fluorim etric TL C
assay assay

I 0.15 0.10 0.23 0.22
2 0.08 0.05 0.44 0.30
3 0.04 0 0.22 0.20
4 1.32 1.02
5 2.06 1.20
6 3.40 1.52
7 2.60 1.20
8 3.00 1.05

ratel y. As expected , the fluorimetric method gave higher concentrations than the
T LC assa y, since it expresses all extractable fluore scing compounds as q uinidine. In
the TLC assay, metabolites and ot her fluorescing substances are separated from
quinidine (Fig . 2).

Quinidine is metabolized in the organi sm and these metabolites are present in
serum and urine in addition to unchanged quinidine (Table II) . Quinidine metabolites
show substantially less of the anti arrhythmic activity of quinidine and to control
quinidine therapy the actual quinidine concentration must be determined, especiall y
since the relative amount of quinidine metabolites in serum may vary considerably
between individuals . The described TLC method is the most specific in this respect.
It also enables the codeterm ination of dih ydroquin idine , a compound said to have
antiarrhythmic activity of the same order as that of quinidine or even greater and in
variably present in the commercial q uinidine preparations.
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SUMMARY

Semicrystalline niobium antimonate is shown to be suitable for use as an ion
exchanger from 40° to 300° It has high chemical stability and can be used to separate
MgH quantitatively from SrH , BaH, HgH, AI3+, Ga3 + , Fe3+, La3+ and Th4+.
MgH is eluted with 0.01 M nitric acid and the other ions are elute dwith a solution of
2 M in nitric acid and 0.25 M in ammonium nitrate. The results of X-ray, infrared
thermogravimetric and differential-scanning calorimetric studies of the crystalline'
sample are pre sented and discussed .

INTRODUCTION

Synthetic inorganic ion exchangers are being increasingly used in the field of
inorganic, nuclear and organic chemistry owing to their resistance to heat and to
radiation, and may prove to be important in biological and medicinal chemistry
because of their high selectivity. Although considerable work has been done on these
materials, some aspects of them need elucidation ; for example, amorphous materials
sometimes show a lack of reproducibility of composition, dissolve significant ly in the
eluents and are unstable at high temperatures.

The oxides of niobium and tantalum are noted for their chemical and
thermal inertness, and their salts may also prove to be superior in the se respects. We
have therefore attempted to make a systematic study of the ion-exchange behaviour of
these substances; our work on niobium arsenate', tantalum antimonate/ and tantalum
arsenate' :" has been published. Here, we describe the ion-exchange behaviour of semi
crystalline niobium antimonate, with particular regard to its reproducibility, chemical
dissolution, thermal stability and analytical utility.
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Reagents
Niobium pentoxide and antimony pentachloride were obtained from BOH

(Poole, Great Britain); all other reagents were of AnalaR grade. Niobium pentoxide
(20.00 g) was heated with 400 ml of concentrated sulphuric acid containing 200 g of
ammonium sulphate, and the clear solution was diluted with water to 750 ml to give a
solution 0.1 M in niobium.

Apparatus
The following instruments were used: a Bausch & Lomb Spectronic 20 colorim

eter, an Elico pH meter (model Li-IO), a Philips X-ray unit, a Perkin-Elmer spectro
photometer, Dupont 900 and 950 thermal analyzers, and an electric Sico shaker.

Syntheses of niobium antimonate
The samples were prepared by mixing acid solutions of 0.1 M niobium and 0.1

M antimony in the volume ratio 1:2 at room temperature; sodium hydroxide solu
tion was added to the mixture, with constant shaking, until the pH was nearly I. The
resulting precipitate was divided into two parts; one part was set aside at room tempe
rature for 24 h (sample AT]), and the other part was boiled under reflux with the
mother liquor for 20 h (sample ATz). Sample AT] was dried at 40°, then boiled under
reflux in 3 M sulphuric acid for 24 to 30 h (sample AT3) ; sample AT4 was prepared by
similarly refluxing sample AT] (dried at 40°) with 3 M sulphuric acid for ca. 100 h. To
prepare sample ATs, the precitate of niobium antimonate was washed with water until

TABLE I

SYNTHESIS, ION-EXCHANGE CAPACITY, COMPOSITION AND REPRODUCIBILITY OF
NIOBIUM ANTIMONATE

All samples were white in colour.

Sample No. lon-exchange Ratio of Nb Distribution coeff, in demineralized water
capacity for No: to Sb in product
(mequiv.jg) Mg2+ AI3+ Th4+

-----------

AT] 0.86 1.836 1067 1400 4400
0.84 1.845 1078 1420 4400
0.86 1.839 1076 1400 4400

AT 2 0.76 0892 800 550 4250
0.74 0.889 810 550 4250
0.78 0.881 800 550 4250

AT 3 I.IO 1.408 20 272 900
1.10 1.410 20 275 870
I.I2 1.406 24 275 870

AT, I.I6 1.234 2.85 62 385
1.16 1.228 2.80 62 390
I.I4 1.232 2.85 62 390

AT, 1.20 1.469 180 173 125
1.20 1.438 186 173 125
1.16 1.452 184 173 138
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the pH of the washings was 6, then the material was heated under reflux in 3 M
sulphuric acid for 24 to 30 h. Sam ples AT3 , AT4 and ATs were successively was hed
with I M and 0.25 M sulphuric acid and with demineral ized water, then dried at 40°
and con verted into the H+ form with d ilute nitri c ac id .

Synthesis ofhydrat ed antimony pentoxide
A concentrated solution of sodium hydroxide was added to 0.1 M antimony

pentachloride solution to brin g the pH to I, and the precipitate so obtained was wash
ed, filtered and dried at 40°. The dried product was heat ed under reflux with 3 M
sulphur ic acid for 24 to 30 h, then washed successive ly with I M and 0.25 M sul
phuric ac id and demineral ized water.

Synthesis ofhydrated niobium pentoxide
Concentrated sodium hydr oxide solution was added to the 0.1 M niobium

solution until the pH was I ; the subsequent treatment was as in the synthesis of hy
drated antimony pentoxide.

Ion-exchange capacity
The ion-exchange capac it ies of the vari ou s sa mples of niobium antimonate

were determined by the column meth od ; the results are sum ma rized in Tables 1and II.
The capacities of hydrated antimon y pent oxide and hydrated niob ium pentoxide were
1.80 and 0.68 mequi v.jg, respecti vely.

TA BLE "

IO N- EXCH ANG E CA PAC IT IES FO R VARIOUS CA T IONS

Cation Capacity {mequiv.lg) of sample

AT, AT, AT,

Li+ 0.36 0.44 0.50
Na" 0.84 1.10 1.20
K + 0.96 1.66 1.20
MgH 0.44 0.46 0.40
Ca' + 0.66 0.70 0.56
Sr'+ 0.86 0.76 0.80
BaH 1.10 1.00 1.20

Composition
A 200-mg portion of well-po wdered niobium antimonatc was dissolved in 25

ml of hot concentrated sulphuric acid, and antimony was precipitated from the solu
tion as sulphide and estimated volumetrically": the niobium was determined gravi
metrically with cupferron" as described prev iously' . The results are presented in Table
I.

Dissolution
To study its chemical stability, 200 mg of the material was shaken with 25 ml of

the ap pro priate solution for 6 h ; after rem oval of undi ssolved material , niob ium and
antimony were determined in the filtrate by methods involving use of potassium thio
cyanate (with diethyl ether extract ion)? and Rhodamine 8 8 , respectively. The results
are shown in Table III.
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Drying of the sample
The sample was dr ied in an elect ric furnace In air for I h at eac h selected

temperature.

X-ray studies
X- Ray diffractograms were taken with use of Cu K« radi at ion (nickel filter) ;

the results are shown in Table IV.

TA BLE IY

COMPARISON OF dOSPA C INGS (ft.)

1/10 = percent t ransm itta nce.

Samp le AT, ' Sample AT, ' Antimony Antimonic An timon ic
pentoxide' , acid*" acid I

- --
dO 1/10 dO 1/10 dO 1/10 dO 1/10 dO 1/10

-- - -

5.97 42 5.975 45 6.00 100 6.00 100 5.83 100
3.13 55 3.13 36 3. 10 80 3.128 80 3.09 62-70
3.01 54 3.0 1 37 2.97 80 2.995 75 2.957 62- 70
2.60 16 2.59 I I 2.594 15 2.569 14-17
2.40 17 2.40 8
2.04 16 1.998 17 1.981 14-1 8
1.84 24 1.76 12 1.82 50 1.835 3\ 1.822 31-36
1.76 19 1.754 22 1.741 22-23
1.57 18 1.57 12 1.550 36 1.565 14 1.565 22- 29
1.50 18
1.467 12 1.467 8
1.350 10 1.15 4

, Thi s work on niobium antimonate, with Cu radiation.
*' With Mo radiat ion (see ref. 9).

** , With C u radiation (see ref. 10).
I With C u radiation (see ref. II).

Infrared studies
The infrared (I R) spect ra were recorded by the Nujol method and are shown in

Figs. I and 2.

Thermogravimetric and differential-calorimetric analysis
T hermogravimetric ana lysis (TGA) was perfor med und er an atmosphere of

250035004000 2000 1800 1600 1400 1200 1000 800 625

WAVENUMBER ICM-
1
j

Fig. I. IR spectra of niobium antimonate samples.
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Fig. 2. IR spect ra of n iob ium a ntimonate sa mples and anti monic acid. I = Antimon ic acid
(crys tal line); II = NbSb (sample AT 3) ; III = N bSb (sa mple AT 3) heated at 1000°.

nit rogen flowing at 400 rnl/rnin ; the heating rate was 50/min and the time constant was
I sec Differential scanning calorimetry was carried out in an atmosphere of nitrogen as
well as in air; the results are shown in Figs. 3-5.

Determ ination of distribution coefficients
A 250-mg portion of the exchanger (H + form ) was allowed to stand in 25 ml of

the ca tio n solution in the appropriate solvent, the amount of ca tion being 3 %of the
tota l ion-exchange capaci ty of the exchanger. The mixtu re was sha ken intermittently,
and porti ons of the supernata nt liqu id were withdraw n and titrated with 2 m M EDTA .
The result s are show n in Figs. 6-8 and in Tabl e V.

32
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Fig. 3. TGA curves for niobiu m a ntim onate sa mples.
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Fig. 4. Differential-scanning calorimetric curves for niobium antimonate samples.

Separation
For separation studies, a glass column was filled with 1.5 g of niobium anti

monate (sample AT), in the H + form, on a glass-wool support. The flow-rate in all
the separations was 0.6-0.8 rnl/rnin . Mg2+ was eluted with 0.01 M nitric acid and the
other ions were eluted with a solution which is 2 M in nitric acid and 0.25 M in
ammonium nitrate. The results are shown in Table VI.

For separation studies on sample AT) dried at 300°, Cd2+, Cu2+ and Ni2+ were

o
x
UJ

~ 1

2

~-----~--3

o
o
z
UJ

50045040015010050 200 250 300 350
°c ICHROMEL' ALUMELI

Fig. 5. Differential-scanning calorimetric curves for sample AT,. I = Under nitrogen (400 ml /min):
2 = in static air; 3 c~ dynamic a ir (400 rnl/rnin),
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Fig. 7. K. values on sample AT., at various temperatures.

eluted with a solution 0.1 M in nitric acid and 0.2 %in ammonium nitrate, and Hg2+
and Pb2+ were eluted with a solution 2 M in nitric acid and 1.5 M in ammonium
nitrate. The other conditions were the same. The results are shown in Table Vl l.

RESULTS AND DISCUSSION

It is clear from Table 1 th at, even although the mixing ratio of the two reagents
is the same for all five sa mples of niobium antimonate, the ratio of niobium to anti
mony ratio in the samples varies from 0.889 to 1.839; this is due to the different pro
cedures used in the syntheses. Refluxing with 3 M sulphuric acid improves the repro
ducibility of the material (sample AT3) , probably because the material becomes more
homogeneous. The reproducible behaviour of the samples was checked by determining
the distribution coefficients of Mg2+, AI3+ and Th4+ . The results, which showed that
the deviation was within the limits of experimental error, are included in Table I.

The results of tests on the chemical dissolution of niobium antimonate are
shown in Table III; all five samples were chemically stable. The stability in deminer
alized water a nd in mineral acid s is decreased in the order AT 4, ATs, AT 3, AT!> ATz,
which indicates that refluxing with sulphuric acid improves the stability. Niobium
antirnonate is less stable in alkaline medium due to its conversion into niobates and
in 4 M hydrochloric acid due to formation of chloro-complexes of antimony.

The ion -exchange capacities of samples AT], AT3 and ATs for various cations
are listed in Table II , from which it is apparent that the capacity for a cation increases
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Fig. 8. K. values on sam ple AT 3 dried at 300°.

TABLE V

K. VALUES AT pH 1 (0.1 M NITRIC ACID)

Cation

MgH
CaH

Sr2 +
BaH
CuH

Zn H

CdH

HgH
PbH

NiH
AP +
Ga3 +
In3+
Fe3+
y 3+
La3+
Ce3+
Gd3+
Th4 +
V5+

Niobium
alii intonate
( A T3 )

2.85
17.50
23.30

280.00
25.86
37.50
39.24

410.00
1066.67

26.67
160.00
325.00
27 1.45
285.72

30.00
50.00
20.00
34.48
95.00

260.00

Hydrated
S b20 s

1.40
126.67
196.00
470.00

683.34
1450.00
218.20
140.00

308.00

176.80

350.00
50.11

Hydrated
Nb20 ,

0.00
0.00
4.62

62.20
2.88
2.95
0.00

370.00
425.00

12.90
0.00

17.50
4.45

22.08
10.76
2.04
0.00
0.00

50.00
142.86
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TABLE VI

SEPARATIONS ACHIEVED ON NIOBIUM ANT IMONATE SAMPLE AT,

Exp eriment Mixture Cation Eluent " Total Amount Amound Error
No. loaded ell/ted volum e loaded found ('Yo)

0/ (llg ) (fi g)
effluent
(ml)

Mg2+-Sr2+ Mg2+ A 120 172.80 174.72 -1- 1.\ 0
Sr2+ B 60 319.20 319.20 -/ 0. 18

2 Mg2+-Ba2+ Mg2+ A 120 172.80 173.76 + 0.55
Ba' + B 60 4 14.00 397.44 - 4.00

3 Mg2 +-AP+ Mg2+ A 120 172.80 173.76 -1- 0.55
AIJ+ B 70 135.20 132.60 - 1.924

4 Mg'+ -Hg2+ Mg2+ A 120 172.80 168.96 - 2.22
Hg2+ B 80 800.00 784.00 - 2.00

5 Mg2+··GaJ+ Mg2+ A 120 172.80 168.96 --2.22
GaJ+ B 40 154.00 157.60 -1- 1.92

6 Mg2+-FeJ+ Mg2+ A 120 172.80 173.76 -1- 0.55
FeJ+ B 80 296.80 280.00 - 5.67

7 Mg' +-LaJ+ Mg2+ A 120 172.80 174.68 -j 2.20
LaJ+ B 60 583.80 583.80 0.00

8 Mg2+-Th4+ Mg"" A 120 172.80 173.76 + 0.55
Th4+ B 80 88 1.60 844.48 - 4.21

, A = 0.0 1 M nitric acid; B = 2 M nitric ac id---{}.25 M ammonium nitrate.

as the radius of the hydrated ion decreases. This shows that ion exchange takes place
with the hydrated form of the cation.

X-Ray diffractograms (not shown) of samples AT!> AT 2 and AT3 showed that
AT2 and AT3 were semicrystalline, whereas AT! was amorphous. Hydrated niob ium
pentox ide is also amorphous, but hydrated antimony pentoxide?shows some d spacing
(d, spacing between adjacent planes in the crystal). An timonic acid sam ples prepared
by Ito and Abe 10 and by Baetsle and Huys!' a lso showed crystalline characteristics.
A comparison of the d values of niobi um antimonate, hydrated antimony pentoxide
and different antimonic acids is made inTable IV. The d spacings of niobium anti -

TABLE VII

SEPARATIONS ACHIEVED ON NIOBIUM ANTIMONATE SAMPLE AT, DRIED AT 300 0

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

Experiment Mixture Cation Eluent' Total Amount Amount Error
No. loaded eluted volume loaded found ( 'Yo)

of (f Ig) (fig)
eff luent
(ml)

Cd 2+_Hg2+ Cd 2+ C 100 414.40 403.20 - 2.70
Hg2+ D 60 262.60 272.70 + 3.66

2 Cu2+-Pb2+ Cu 2+ C 80 390.60 378.00 - 3.0 1
Pb2+ D 60 724.50 701.28 - 2.94

Ni ' +-Pb2+ N i2+ C 90 318.60 323.50 + 1.84
Ph2+ D 60 724.50 701.28 - 2.94

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

, C = 0.1 M nit ric acid---{}.2 % a mmo nium nitrate ; D = 2 M nitric acid-1.5 % ammonium
nitrate.
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monate resemble those reported for hydrated antimony pentoxide and antimonic acid.
The maximum inter-layer distances in AT1 and AT3 are 5.95 and 5.97 A, respectively.

The IR spectra of sa mples AT•• AT1• AT3 and AT4 a re shown in Figs. I and 2;
all four samples have peak s at ca. 1600 cm- · and 750 em- I, and samples AT3 and AT 4

show peaks at 1150 em - I. The other maxima in the spectra represent Nujol peaks. The
maximum at 1600 em - I corresponds to the deformation vibrations of interstiti al
water and of the hydroxyl groups [r5 l ( H10 ) and (OH)] and the maximum at ca.
750 em -I is due to the stretching vibration of the M-O bonds [vl(Nb-O, Sb-O)].
Earlier I R stud ies on crystalline antimonic acid 11 showed that the maxima bet ween
1100 and 1330 cm" ' corresponded to the deformation of Sb-OH groups [t51(Sb- O H)].
Crystalline antimonic acid shows a peak at ca. 1280 em:", but niobium antimonate
(sa mples AT3 and AT4) shows one at ca. 1150 cm - I

• Thus, we interpret thi s maximum
as arising only from deformation of Sb-OH groups. Thi s also sugge sts that sample
AT3 is crysta lline, the shift in band frequency may be due to differences in the cr ystal
struc tur es of the two materials.

Th e peak maxima at 1600 em - I and 1150 cm " ! are heat-sensitive and disappear
when the material is heated for 30 min at 1000°. The peak at 1600 em-I is lost due to
the removal of the interst itial water, and that at 1150 cm- I due to conversion of
Sb(OH)s into Sb10s and finall y Sb103 .

T he results of the thermogravimetric a na lysis a re show n in Fig. 3, from which
it can be seen that the thermal stability of the samples decreases in the order AT3,

AT4 , AT1, ATI • Sample ATI loses more weight up to 400 °, a nd, aft er thi s, its weight
remains con stant up to 700 °. Thus, thi s sample contain s a greater number of external
water molecules, and the weight loss is due to the removal of the se molecule s and to
condensation of hydro xyl groups (the condensatio n takes place between 450 ° and
700 °). The weight losses ( %) between 450 ° and 700 ° as calculated from the curves are
0,42, 3.80 , 3.30 and 1.68 for samples ATI , AT1 , AT3 and AT4 , respectively. Of the se
samples, the total weight loss on heating to 400 ° is the least for AT3, so th at this material
can be sa fely used at temperatures up to 400 °. There is one inflexion point on the
TGA curves bet ween 900 ° and 1000°. The weight loss in thi s range is due only to co n
version of Sb10 S into Sb10 3• the optimum temperature for thi s reaction being 930°.
The weight losses ( %) in thi s range are 1.27,4.05.4.84 and 0.86 for ATI , AT 1 , AT3 and
AT4 , respectively. Our contention that sa mples AT1 and AT 3 lose more weight owing
to conversion of Sb10S into Sb10 3 is suppo rted by th e fact that the se samples contain
more antimony than do sa mples AT1 a nd AT4 •

The results of d ifferential scanning calorimetry are shown in Figs. 4 and 5 and
suggest th at sa mple AT3 is probably the best of all the materials studied. Removal of
water of crystallization begins at 45, 85, 75 and 50° for AT!> AT1, AT 3 and AT4,

respectively, and condensati on starts a t 200, 250 and 200 0 for AT1, AT 3 and AT4 ,

respectively. Th is confi rm s the greater sta bi lity of sa mple AT3 with respect to con
den sation .

The ion-exchange ca pacity of AT 3 on dr ying in ai r decreases with increase in
temperature. The result s are plotted in Fig. 9 ; for co mpa rison, dat a on other anti
monates, i.e., th ose of tin! ' , tit an ium':', tantalum ", chromium" ; cerium!", a luminium'?
a nd iron! ", are included . The curves show th at sa mple AT3 is seco nd only to ferr ic
antimona te in thi s respect. The fall in ion-exchange capacit y is due to condensation of
hydroxyl gro ups at high er temperatures.
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Fig. 9. Loss of ion-exchange capacity (lEC, mequiv .rg) of vari ous antimonate s.

The distribution coefficient s of metal ion s in demineralised water are so high
that one cannot decide whether or not niobium antimonate is selective for any cation.
In order to investigate its selectivity for metal ions distribution coefficients (Kd) were
determined in 0.1 M , I M and 4 M nitric acid; the results are shown in Fig. 6. The Kd

values at pH 1 indicate the selectivity of the material. The selectivity sequence is almo st
the same for all samples, but the Kd values differ between samples. Thi s difference is
probably attributable to differences in composition and in the meth od of synthesis.
The materi al having the greatest antimony content ha s the greate st uptake of ions. To
find out whether niobium antimonate is a new pha se or only a mixture of the oxides
of niob ium and antimony, the K, values of some metal ions were determined on
hydrated antimony pentoxide and hydrated niobium pentoxide at pH 1. The results
for these material s and for sample AT3 are given in Table V and show that the uptake
of ions is different for the three materials ; thus, AT3 is not a mixture of oxides, but is
a new phase. This conclusion is not confi rmed by the X-ray data, since the dvalues for
AT3 are the same as those for antimonic acid .

The distribution coefficients for the dried sa mples of AT3 show a regular trend,
i.e. , the Kd values of most cations increase on drying the samples from 40° to 300°, and
then decrease on drying to a higher temperature. The results are plotted in Fig . 7. This
increase in Kd value may be due to a decrease in hydroxyl groups, as the oxides have a
greater ad sorptive power than the hydroxides. The dried material was selective to
wards HgH , PbH , Fe3+ and Th 4+ throughout the temperature range studied . The
K, values on AT3 dried at 300° were also determined in 0.1 M nitri c acid , 0.1 M
ammonium nitrate and a mixture of the two ; the results are given in Fig. 8, which
shows that the K, values decreases as the content of 0 .1 M nitric acid in the system in
creases.

Niobium antimon ate sample AT3 appears to be specific for separa ting MgH
from numerous metal ions ; MgH is only slightly adsorbed and hence can be separated
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quantitatively from Sr2+, Ba2+, Hg2+, AP +, Ga3+, Fe3+ , La3+ and Th 4+ (see Table
VI). The Kd values of Hg2+ and Pb 2+ differ from those of Cu 2+, Ni2+ and Cd2+ on
sample AT3 (dried at 300°) in 0.1 M nitric acid as well as in 0.1 M nitric acid-O. l M
ammonium nitrate (I :1) hence Cd2+, Cu2+ and Ni2+ have been separa ted from Hg2+
and Pb2+ on columns of AT 3 so dried (see Table VII) .
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SU MM ARY

The adsorption of thiocyanate ion on a Sephadex G-15 gel has been studied.
The chr omatographic sepa ration of thiocyanate , chloride, b romide and iodide on a
Sephadex G-J 5 column was achieved by eluti on with 0.25 M sodium sulphate solu
tion . Distribution rat ios of alk al ine ea rth metal , Zn2+ , Cd 2+ , Mn2+ , Co2+ and Ni2+
on Sephadex G-15 gel were determined. The chromatographic separation of the above
metal ions on Sephadex G-15 gel was investigated.

INTRODUCTION

Gel chroma togra phy is one of the useful analytical techn iques in liquid chroma
tography. The mechanism of separation in gel chro matography is based on the molec
ular sieve effect , and thi s techn ique has been applied exten sively in biochemistr y and
organic pol ymer chemistry.

Since J966, gel chromatographic studies of inorganic compounds have been
undertaken by several workers' >'. It has been reported that side-effects such as ad
sorption play an important role in the gel chromatograph ic sepa ration of inorga nic
compounds':", but little information is ava ilable on these side-effects.

In thi s study, we have found that thiocyanate ion is ad sorbed on Sephadex gels
and have investigated some chromatographic applications of thi s pheno menon. It has
been clarified that the adsorption occurs reversibly and that a relati vely sho rt time is
required for the establishment of the ad sorption equil ibrium. The adsorption iso
therm of thi ocyanate ion on Sephadex G-15 is linear , which explain s the symmetric
elution curve of thiocyanate ion on a gel column using water as the eluent.

The separa tion bet ween thiocyan ate and halide ions other than fluoride has
been examined. As many metal ion s form thiocyanate complexes, it was worthwhile
investigat ing the chromatographic behaviour of metal ions on Seph adex gel with
adsorbed th iocyan ate ion in an aqueou s thiocyan ate medium in order to ascerta in
whether an y useful sepa rations could be achieved? The metal ion s studied were
alkaline earth metal ions and severa l bivalent tr ansiti on metal ions. Distribution
ratios for these metal ions were det ermined at various metal or th iocyanate ion con
centrations.
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All of the batch and elution experiments were carried out at 20 ± 1°.

Materials
All reagents used were of commercially available analytical grade, unless

otherwise stated.
Sodium trimetaphosphate was prepared by the method described in the liter-

Gel
Sephadex G-15 gel from Pharmacia (Uppsala, Sweden) was used.

Adsorption of thiocyanat e ion on Sephadex G-/5
Five grams of Sephadex G-15 gel were placed in a conical flask fitted with a

rubber stopper and 40 ml of 0.1 M thiocyanate solution were added. The flask was
shaken mechanically for various time periods, then the gel was allowed to settle and
the thiocyanate ion in the supernatant solution was analysed by the Volhard method.

Solvent uptake by the Sephadex G-15 was determined by a batch method
using Blue Dextran 2000, which is considered not to be able to diffuse in the gel
phase.

Effect of the presence of electrolytes on the adsorption of thiocyanate ion
The extent of adsorption of thiocyanate ion was determined by similar experi

ments to those mentioned above. The concentrations of co-existing electrolytes were
varied from 0.05 to I M, while the initial concentration of thiocyanate ion was kept
constant at 0.1 M.

The concentration of thiocyanate ion was determined by the Volhard method
or colorimetry using iron(III) ion.

Measurement ofdistribution ratios ofmetal ions
Distribution ratios of a metal ion in the Sephadex G-15 -thiocyanate system

were measured by changing the metal ion concentration at a constant thiocyanate
concentration. About 5 g of gel and 40 ml of solution containing thiocyanate and the
metal ion were used. The pH of the aqueous phase in these system s was adjusted to
about 2.0 with hydrochloric acid.

Determination of metal ions
Metal ion concentrations in the thiocyanate media were determined by atomic

absorption or atomic-emission spectroscopy using a Nippon Jarrel-Ash Model
AA 781 instrument.

Elution procedure
A Sephadex G-15 column was prepared as described in the literature". A col

umn of length 60 cm and 1. D. 1.0 cm was used for elution with Sephadex G-15 gel.
In each elution, the volume of sample solution delivered to the column was I ml and
the eluents were changed stepwise in order to obtain satisfactory separations. Each
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fraction of the effluent was collected with an automatic fraction collector and analysed
for each component. The flow-rates in each elution were about 25 mljh.

RESULTS AND DISCUSSION

The rate of adsorption of thiocyanate ion on Sephadex G-15 gel is shown in
Fig. I. Adsorption equilibrium is attained in the first 1-2 h. Although detailed data
are omitted here, preliminary experiments indicated that the rate of desorption of
thiocyanate ion on Sephadex G-15 is as fast as the rate of adsorption. In batch ex
periments, therefore, the shaking time of reaction flask was set at 4 h.

0.2

0.1

T
a 1 2 3 4 5 6 12

Shaking time (hour)

Fig. I. Rate of adso rpt ion of thiocyanate ion on Sephadex G-15 .

In batch experiments, the amounts of thiocyanate ion adsorbed on the gel
were determined as a function of equilibrium concentrations of thiocyanate ion in a
solution phase. In Fig. 2, the result s at 20 0 are plotted, with milliequivalents of ad
sorbed thiocyanate ion per gram of the gel on the ordinate and milliequivalents of
thioc yanate ion per millilitre of equilibrium solution on the abscissa . A linear ad
sorption isotherm was obtained for a range of thio cyanate concentration of about
1.5 M. The slope of the isotherm is then equal to the distribution ratio, D, where

D = mequiv . of SCN - per gram of gel
mequiv. of SCN per ml of solut ion

This straight line indicates that the distribution ratio is independent of the solute
concentration in the range examined and that the adsorption is not of the chemi
sorption type, which entails strong, covalent bonding between solute and adsorbent
and slow rate s of desorption 10. A pH dependence of the amount of thiocyanate ad
sorbed was not observed .

Sephadex G-15 gel equ ilibrated with 10 M aqueous thiocyanate solution ad
sorbed 14.8 mequiv. of thiocyanate per gram of gel. Di Gregorio and Sinibaldi!'
suggested that the adsorption of thiocyanate ion on Sephadex gel can be attributed
to a "hydrophobic interaction".

We investigated the adsorption of thiocyanate ion on Sephadex gel in the
presence of several anions such as perchlorate, chloride, nitrate, sulphate and tri-
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Fig. 2. Ads orption isotherm of thiocyanate ion on Sephadex G -15 a t 20".

metaphosphate. The initia l concentration of sodium thiocyanate was kept constant
at 0.1 M and the concentrat ions of the above co-existing electrolytes, except tr imeta
phosphate, were varied from 0.05 to 1 M ; for trimetaphosphate, the concentration
was varied from 0.05 to 0.5 M . In Fig. 3, the amounts of adsorbed thiocyanate ion are
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Fig. 3. Effect of various ani ons on th e adsorpt io n of thiocyanate on Sephadex G - 15.
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plotted as a functi on of the concentration of electrolyte present. It can be seen that the
amount of thiocyanate ion adsorbed decreased when 0.05 M of perchlorate was added .
However , further add ition of perchlorate cau sed no change in the amount of thi o
cyanate ad sorbed. On the contrary to the ab ove result , the addit ion of am ions other
than perchlorate gave an increase of the amount of th iocyanate ion adsorbed on the
gel. In every instance, the amount of thiocyanate ion ad sorbed increased with increase
in the electrolyte concentration, in the order nitrate < chloride < sulphate < tri
metaphosphate. Th is trend is related to the affinit y of t hese anions for Sephadex gel;
the anions that interact more stro ngly with the gel cause a greater decrease in the
amount of thiocyanate ion ad sorbed .

In ad sorption chro matog raphy, when the adso rption isotherm is linear , the
band migration rate is independent of the solute concentration and the band sha pe is
of a symmetrical Gaussian type'", A chromatographic run of thiocyanate ion with
Sephadex G-15 using water as the eluent gave a symmetrica l elution curve, as expected.

We applied thi s characterist ic ad sorption of t hiocyana te ion on Sephadex gel
to effect the separation between thiocyanate and halide ion s (except fluoride), which
interfere in the argentimetric determination of thiocyanate ion. Chloride and bromide
ions have been cons idered not to be adso rbed strongly on Sephadex G-15 gel, but it
has been pointed out by Deguchi" that iodide ion is ad sorbed on the gel. An elution
diagram for a mixture of chloride, bromide, iodide and thiocyanate ions using water
as the eluent is shown in Fig. 4a. It ca n be seen that iodide ion is adsorbed on the gel
more weakly than thi ocyanate ion . The elution volume of Blue Dextran 2000 coin 
cides with the void volume of the gel column. Fig . 4a shows that the separation of
thiocyanate ion and chloride and/or bromide ion s is almost co mplete. However,
overlapping of the elution curves of iodide and thi ocyanate ions also occurs, and we

3 Eluent :11 2 0 Cl Br SC N

2
B.D.

+-' 1' M
C
;:l

>-.. 0 20 30(a)1\1..
+-'
' M

Cl Eluent : 0. 2 5 M Na 2 so
4

.D.. 3 Br1\1

c 2 B.D.
u
c SeN0
u 1

0
40

(b)
60 80

Volume of e f f l u e n t (ml)

Fig. 4. Gel chromatographic separation of th iocyan ate, iod ide, bromide and ch loride ions by use of
a Sephadex G-1 5 gel co lumn. B.D . =~ Blue Dext ran 2000. Sam ple concentra t ion: 0.1 M . Eluent : (a)
water; (b) 0.25 M sod ium sulphate so lut ion.
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used 0.25 M sodium sulphate solution as the eluent in order to improve this separa
tion (Fig. 4b). As expected from the data shown in Fig . 3, the elution volume of each
ion increased, but the separation of chloride, bromide, iodide and thiocyanate ions
could be achieved completely by this procedure.

Sephadex G-15 gel with adsorbed th iocyanate is applica ble to the separation-of
metal ions that have different affinities for th iocyanate in the gel phase. To determine
the affi nity quantitatively we have defined the distribution ratio for a metal ion, D , as
(milliequivalents of a metal ion per gram of the gel)/(milliequivalents of a metal ion
per millilitre of solution). The distribution rat io would be expected to depend on both
the ratio of the concentration of a metal ion to that of th iocyan ate ion in the gel or
solution phase and the absolute concentrati ons of the metal or thiocyanate ion in the
solution (gel) phase. We then examined the change in the distribution ratio with the
metal ion concentration when the init ial concentration of thiocyanate ion in solution
was kept at 0.1 M. The result s are shown in Fig. 5. The value of D increases with a de
crease in the metal ion concentration and reache s a nearly con stant value when the
metal ion concentration falls below 10- 3 M .

The dependence of the distribution rati os of metal ions on thiocyanate con 
centration was measured and the result s are shown in Fig. 6. The concentrations of
the metal ions in this experiment were about 10- 4 M. The distribution ratios tend to
increase with increase in the concentr ation of thiocyanate ion present in the aqu eous
phase. However, for most of the metal ions , other than Co2+ and Zn2+, the magnitude
of the increase is relatively sma ll. Although the distribution ratios for Zn2+ are not

D
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0 3'M....
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'M....
" 2 2+.0 Mg' M.......
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Me t a l io n c o nc n , (M)

Fig . 5. D istr ibu tion rat io of metal ions on Sephadex G -15 at various metal ion concentra tions. Am
mo nium th iocyanate concentra tion , 0.1 M ; pH = 2.
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Fig. 6. Distribution ratios of metal ions on Sephadex G -15 at various thiocyanate concentrations.
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shown in Fig. 6, the values are 7.3, 84 and 114 for thiocyanate ion concentrations of
0.1,0.5 and I M, respectively. The dist ribution ratio of Zn H depends markedly on the
thiocyana te ion concentration.

The separation of mixtures of a lkaline earth metal and several transitio n metal
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Fig. 7. Separation of several metal ions by use of a Sephadex G- 15 column. Sample concentration =

10- 3 M .
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ions was examined with the Sephadex column using O. I M ammonium thi ocyanate
solution of pH 2 as the eluent. Th is eluent was considered to give a better resolution .
Zn2+ was expected from the equilibrium data to be adsorbed strongly on the gel
co lumn, the eluent was changed to 0.01 M hydrochloric acid so lution at an effl uent
volume of 60 mI. A typical eluti on diagram is shown in Fig. 7. Mg2+ , Co 2+ , CdH ,

Ba2+ and Zn 2+ can be separated almost completely from each other. Howe ver, Mn2+,
Ni2+, Ca 2+ and Sr2+ were eluted to gether at the same elution position as that of Co2+.

Although the strong affinit y of Ba2+ for thiocyanate ion has not been reported,
barium is strongly ad sorbed on the gel with adso rbed thiocyan ate ion. Furthermore,
extensive analytical applications using Sephadex G-15 gel with adsorbed thiocyanate
ion are to be expected .
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Much progress has been made in the development of glass open-tubular
columns, especially for apolar stationary phases. However, current methods of de
activation of the column wall are open to criticism, particularly for high-temperature
analyses (above 200°) and trace analyses at the picogram level. As a workable alter
native, we advocated the use of relatively thick films of the stationary phase, so as to
mask rather than eliminate the activity of the column wall'. However, the separation
times on these columns are quite long and the need for well-deactivated columns of
high-phase ratio (;?: 500) is obvious.

Aue et al? described the formation of an ultra-thin film of chemically bonded
PEG 20M on diatomaceous earth supports, and in a subsequent paper' they showed
that these surfaces were highly inert. Cronin" applied this method to glass open
tubular columns in order to achieve a compatible surface for subsequent coating with
PEG 20M. Blomberg", Schomburg et al" and Grab and Grob? used variants of the
method primarily to effect a deactivation, rather than to obtain a retentive film of
chemically bonded phase. In all of these variants the PEG 20M was applied as a solu
tion in dichloromethane. However, in 1970 Ives and Giuffrida" showed that vapours
of PEG 20M, bled from a short pre-column on to a ready-to-use column, were con
siderably more effective in reducing tailing than was treatment of the support with
solutions of PEG 20M.

We have examined the procedure of lves and Giuffrida for the deactivation of
non-coated glass open-tubular columns.

EXPERIMENTAL

A glass tube (8 X 0.25 in 0.0., 2 mm 1.0.), packed over a length of 3 in. with
5%PEG 20M on Chromosorb W AW, was inserted in the hot zone of the injection
port of a gas chromatograph. In the oven compartment the exit end of this pre-column
tapered off to 1.2 mm to match the outer diameter of the Duran 50 glass capillary

" Present address: Chemical Laboratory Kipp Analytica, Emmen (The Netherlands).
"" To whom requests for reprints should be addressed.
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Fig. 1. (A) Test mixture ( ltd) on a th in film PEG 20M deact ivated co lumn coated with SE-30.
Peaks : I = dieldr in ; 2 = endrin; 3 = p ,p' -DDD. (8) Test mixture ( I Il l) on a th in film non-deactivated
co lumn coa ted with SE-30. Peaks : J = dield rin ; 3 = p,p'-DDD ; 4 = endrin decomposit ion prod uct
J ; 5 = end rin decomposition product 2. (C) Test mixture (I p i) on a thick-film non-d eactivated SE-30
column. Peaks as in (A). For conditio ns and compositions of the test mixtures, see text.
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column. The connection between the two columns was made with shrinkable PTFE
tubing. The temperature of the pre-column was ca. 5-10 0 higher than th at of the
capillary column. The exac t temperatures do not seem to be very cri tical and were
ca. 250°. The PEG 20M was allowed to bleed through the capillary column overn ight,
at a nitrogen flow-rate of 1-3 ml/rnin. In order to test the deactivation of the resulting
column wall, a deactivated Duran column (30 m x 0.4 mm) was coated with a film
of 0.2.um SE-30 (phase ratio 500) according to the static method of Bouche and
Verzele". For comparative purposes, a second similar column was prepared but
witho ut deactivat ion . SE-30 was chosen as the sta tionary liquid , becau se a thin layer
of th is apolar phase does not contribute subs tantially to the deact ivati on of the
column wall', whereas a polar phase exert s a deacti vating effect of its own.

Both columns were cond itioned overnig ht at 2350 and then kept at 220° for
4 weeks. An aliquot of I III of a test mixture, containing 1.5 pg of dieldrin and 7.5 pg
eac h ofend rin and p,p' -D D D, was injected using a solids injection system'". The gas
chroma tograph was a Pye Series 104 Model 84, equipped with a 10-mCi 63 Ni electron
capture detector (ECD). The oven temperature was 217°, and the detector was kept
at 300°. Carrie r gas, argon- metha ne (95 :5); pre-pressure, 0.2 atm. Detector purge gas,
a rgon- methane (95 :5) ; flow-rate , 25 ml/rnin .

R ESULTS AN D DIS CUSSI ON

Endrin is know n to be very sensit ive to the adsor ptive and catalytic activity of
the column wall. Fig. la shows the elution pattern of the test mixture on a PEG 20M
deac tivated co lumn. End rin is eluted between d ieldrin and p.p' -DOD, as is the case
on a thick film (ph ase rati o 190) non-deactivated SE-30 column (Fig. Ic). Hence , the
eluti on sequence in Fig. la is not affected by the presence of the deactivating agent.
As shown in Fig. Ib, endrin is not eluted from a thin film non-deactivated column.
The compound decomposes to yield two products, which elute after p,p'-DDD and
show reduced plate numbers. We presume that co mplete decomposition takes place
in the first few meters of the co lumn, since a gradua l breakdown over the entire col
umn length would give rise to an increased noise level, rather than to two distinct
peak s.

The ab sence of decomposition products in the chromatograms a and c shows
that the decomposition is indeed due to the co lumn wall activity and not to decompo
sition in the injectio n system.

CO NC LUSIO NS

We have described a new simple method for deactivat ion of the colu mn wall.
The surfaces obtai ned even allowed the ana lysis of lab ile (e.g., endrin) compou nds at
the picogram level. A more detailed study on the properties of the surfaces obtained
will be publi shed in a subsequent paper. A co mparison will be made between the
thermal stability of columns deactivated by the above method and by other meth ods
involving PEG 20M . The compat ibility of these surfaces with po lar stationary phases
will also be discussed. Pre liminary results suggest that the gas-phase PEG 20M de
activation meth od will be genera lly applicable .
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Therapeuti c levels o f ca rba mazepine in plasma are now det ermined routinely
in man y labor atories, and gas- liquid chromatography (G LC) is the technique
genera lly empl oyed' :". Unfortunately, carbamazepine has low thermal sta bility and
in many GLC systems read ily und ergoes acid-cata lysed hydrolysis to iminostilbene
and rearrangement to 9-methylacridine6

, resulting in multiple peaks and poor repro
ducibil ity. To overcome thi s problem the use of derivati ves, which may have greater
thermal stability, has been suggested":" but thi s introduces int o the pr ocedure an
addit iona l step which may be difficult to control.

Th ere is therefore a need for a simple and reliabl e GLC procedure in which
carbamazepine can be chromatographed underivati sed and give a single reproducible
peak. In thi s paper, a system that fulfils the se criteria is described.

EX PER IMENTAL

Mater ials and equipmen t
Carbarnazepine, iminostilbene and 9-methylacrid ine were kindl y supplied by

Geigy (Macclesfield, Great Britain) and am itript yline was obtai ned fro m Roche
(Londo n, Great-Britain). Dieth yl eth er and acetone were redi stilled before use. GLC
analyses were ca rried out with a Pye Unicam Serie s 104 chromat ograph equipped
with an alkali flame ionizat ion detector, and infrared (I R) spectra were measured in
chloroform with a Pye Unicam SP 4000 spectrophotometer using NaCI optics. Mass
spectra were obta ined with a VG Microm ass M M 168 mass spectrometer via a direct
inlet system.

M ethod
Carbamazepine together with added internal standa rd (amitriptyline, 0.02 ,umol)

was' extracted from plasma (I ml) by shaking with diethyl ether (8 ml) for 5 min . A fter
the addition of ammonium sulphate (2 g, d ieth yl ether-was hed) and further sha king
for 30 sec, the organic phase was decanted into a co nica l centrifuge tube and evapo
rated to dr yness und er nitrogen at 40°. The residue was dissolved in acetone (50,u1)
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and an aliquot (3 ,ul) injec ted into the chro matograph. Ch rom at ograms were run at
2350 with a glass column (1.0 m X 4 mm i.d.) packed with 5%Apiezo n L-I %KOH
on diat omite CLQ (JJ 's Chromatog ra phy, King's Lynn , Great Britain ) and a ca rrier
gas (argon) flow-rat e of 45 rnl/rnin. The injection port temp erature was 2500 and the
detector temperature was 260°. The concent rat ion of car ba maze pine was calculated
by measur ing the peak height rati o of carbamazepin e to internal standard in each
chromatogram and relating it to a calibrat ion graph (Table I).

T ABL E I

PR EPARATION OF CA LI BRAT ION G RA PH

Th e drugs were added to I-ml aliquots of drug-free plasma and then assayed as deta iled in the
Meth od sectio n

Tube no.

1
2
3
4
5
6
7
8

Carbamazepine (umol]I)

2
5

10
20
40
60
80

100

Amitripty line [p.molll)

20
20
20
20
20
20
20
20

Reproducibility
Within-bat ch precision was determined from rep licat e (II = 20) analyses made

simulta neo usly on a plasma pool to which carbamazepine (64.0 ,umol/l ) had been
added. Between-b atch precision was determined from seria l ana lyses (II = 20) of the
plasma pool made over th ree mon ths. Th e coe fficient of variation (sta ndard deviatio n
divided by the mean ) was then calculated in each case .

Stab ility of carbamazepine during GLC
The GLC colu mn was connected to an effluent splitter (ratio 100:1) and the

effluent containing the carbamazepine peak condensed in a glass trap at room
temperature. The product thus collected was exam ined by mass spectrometry (ioni
zation beam energy 70 eV, ion source temperature 220°, accelerating voltage 4 kV)
and IR spectroscopy and the result s compared with spectra obta ined from authentic
carbamazepine, iminostilbene and 9-methylacridine.

RESULTS

Typical chromatograms obtained with this GLC system are shown in Fig. I.
Fig. IA is an extract of dru g-free plasma and Fig . IB is an extract of plasma from a
pat ient undergoin g anti-epileptic the rapy with carbam azepin e. It can be seen that
carbamazepine (peak I) gives a single, sha rp and symmetrical peak (retention time
3.2 min) which is adequately separated from the internal standard (amitriptyline,
pea k 2, retentio n time 4.6 min.), N o inter fering plasma peaks occur in the same region
of the chromatogram (2-6 min) as ca rbamazepine and amitriptyline and no subse
quent components a re eluted when the chromatog ram is run for up to 3 h.
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Fig. I. Chromatograms (A) from an extract of dru g-free plasma and (B) from plasma conta ining
17 /1mol/1 car bamazep ine (pea k I) and 20 I Imol/I am itript yline (peak 2).

Fig. 2, which is a calibration graph prepared as detailed in Table I, shows that
the meth od is linear for carbam azepine concentra tio ns in the range 2-100 /-lmol/ l and
that the sta nda rd cur ve passes through the origin. Th e within-batch precision as
determined from the plasma pool (the oretical value 64.0/-lmol/ l) was 63.5 ± 2.2
/-lmol/I (coefficient of variation 3.5 %) and the between-b atch precision was 63.7 ± 4.2

PEAK
HEIGHT
RATIO

10 20 30 40 50 60 70 80 90 100

CARBAMAZEPINE CONCENTRATION l~mDIIl)

Fig. 2. Cal ibrati on graph obta ined by plott ing the peak height ra tio of carbamazepine to intern al
standard agai nst carbamazepine conce ntration., Each point represents a single estimation.
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,umol/ l (coefficient of variation 6.6 %). The recovery of carba mazepine and amitrip
tyline from plasma was 80 % and 85 %, respect ively.

Fig. 3 displays the IR spectra for the range s 4000-2900 ern -I and 1800-400
cm - I of the three sta ndard compounds (i) carbam azepine, (i i) 9-methyl,-,_crid ine and
(iii) irninostilbene, togeth er with th e single column effluent ( iv).

3500 2900 1800
I

1500 1000 soo -1em

(i) carbamazepi ne

(ii) 9-methy l acridine

(iii) imino stilbene

(iv) col umn ef fluent

Fig. 3. TR spectra of (i) carbamaz epine, (ii) 9-me thylacr idine, (iii) iminosti lbene and (iv) co lumn
effluent measured in chloro form with NaCI wind ows.

DISCUSSION

The major problem associated with the OLe determination of therapeutic
levels of carbamazepine in plasma is the weak thermal sta bility of the dru g and the
ease with which it undergoes on-column, ac id-cata lysed degradat ion and rearrange-
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ment to multiple products". Because the degree o f decomposition is not con stant,
systems in which it occurs tend to suffer fro m poor precision. Although it is possible
to sta bilise carbamazepine pr ior to G LC by making the tr imetb ylsilyl? or cyano?
deri vati ves, or by reacting it with d imeth ylformam ide dimethyl aceta l", we have found
that a more simple a lterna tive is to chromatograph the underivati sed drug on a
column of Apiezon L incorporating KOH. Under such alkaline conditions, carbama
zepine emer ges as a single peak (Fi g. IB) which is sha rp, symmetrica l and reproducible
from one injection to an other. The mass spectru m of the column effluent shows a
major ion at m]e = 193 corresponding to M + - 43, i.e. loss of the amide moiety from
carba mazepine accompanied by a hydrogen migrati on . The mass spectrum of the
carbamazepine standard, under the same conditions, show s no parent ion at m]e = 236
and variation of the ionising voltage down to 25 eV produces no significant effect.
The major ion recorded occu rs at m]e ~= 193. The mass spectra of both iminosti lbene
and 9-methylacridine display parent ions a t m ]e ,,= 193 and the fragmenta tion pattern
for a ll three co mpo unds is essentially the same though some minor variatio ns in
inten sity are noticable.

The IR spectra of carbamazepine, iminostilbene and 9-methylacri dine together
with that of the column effluent are show n in Fig. 3. Carbam azepine is cha racterised
by the band s at 3543 and 3435 em - 1 which are assigned to V N_ II and the very strong
band at 1680 cm - I indicating the presence of a ca rbo nyl group. The spectrum of
9-methylacridine is more complex and displays significant stro ng bands at 1563, 1418
and 600 em - I . Strong bands at 1473, 111 8 and 448 em - 1 characterise the spectrum of
iminosti lbene. The IR spect rum of the column effluent is clea rly identified as that of
iminosti lbene and the absence of band s at 1563, 1418 and 600 ern- I suggests that no
significant am ount of 9-methylacrid ine is produced . Neither does an y carba mazepine
remain. ln th is system therefore carbamazepinc undergoes complete hydrolysis to
yield a single stable product identified as iminostilbene. Subsequent reactions such
as rearrangement to 9-methylacridine do not occur. Thus the method is entirely
suita ble for the routine measurement of carbamazep ine. Not onl y is it linear (Fig. 2)
over and beyond the therapeuti c ran ge (upper limit approximatel y 60 p mol/ I), but
also it is accurate and precise. Excellent agreement was obta ined between the observed
values of the serum pool (63.5 ± 2.2 pm01/1 within-batch, coefficient of vari ation
3.5%; 63.7 ± 4.2 pmol/I between-b atch, coeffi cient of variatio n 6.6 %) and the
weighed-in value (64.0 p mol/ I). In addition , the method is simple to per form, involving
only a single ether extraction followed by direct GLC an alysis of the extract. Thi s is
made possible by the use o f an alka li flame ioni zat ion detecto r which eliminates any
interference that might otherwise occur from non-nitrogen containing, diethyl ether
soluble plasm a constituents such as lipids and chol esterol. Similarly, interference from
other anti-epilept ic drugs such as phenobarbitone, primidone and diphenylhydantoin ,
one or more of which may be given simultaneously with carbamazepine, does not
occur. Although these drugs are extracted by d iethyl eth er, being acidic in nature
they are retained by the alk al ine column and do not produce peaks on the chromato
gram,

The method has now been used successfully for several months to monitor
plasm a carbamazepine levels, thereby assist ing in the control of dosage. It has also
been used to co mpare and correlate levels of ca rba mazepine in plasma with those in
saliva10.
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The separation of ortho, meta, and para isomers by high-performance liqu id
chromatography (HPLC) is desirable for resaon s of speed and quantitation. The
problems encountered with paper and thin-l ayer chromatography, such as lack of
precise quantitati on, or with gas-liquid chromatography (G LC), which often re
quire s derivat ization and sometimes lead s to thermal degradation, are not common to
HPLC 1

•

Wulf and Nagel' have demonstrated the separation of 0- and p-hydroxyben
zoic acid isomers on ,uBondapak C1S® *' Waters Assoc. (Milford, Mass., U.S.A.) has
also indicated the separation of 0-, m-, and p-benzenedicarboxylic acid isomers on
,uBondapak CIS'

Excessive excretion of (p-hydrox yphenyl)acetic acid occurs in disorders such
as cystic fibrosis, scurvy, steatorrhoea, macrocytic anemia, and tyrosinosis of the
newborn", Improved methods of analysis for this metabolite could be of great im
portance. Methods for the determination of (o-hydroxyphenyl)acetic acid in disorders
of phenylalan inernia! and phen ylketonuria" are also imp ortant. In our research , a
separation of 0 - , m-, and p-isomer s of (hydroxyphenyl )acet ic acid was needed for some
plant isolation work. It is the purpose of this note to report a facile separation of these
three isomers.

MATERIALS AND METHODS

Apparatus
A Waters Assoc. ALC-100 liquid chromatograph equipped with an M-6000

pump, a U6K injector, and a Model 440 absorbance detector (l2.5,u1 volume) was

* Mention of a trade name or propr ietary produ ct does not co nstitute an endorsement by the
U.S. Department of Agriculture.
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used for all separations. A Waters Assoc. ,uBol1dapak CI S column (30 x 0.4 em £.0.),
particle size 10 ,urn, was selected for the separations.

Reagents
Phenylacetic acid and 0-, m-, and p-isomers of (hydroxyphenyl)acetic acid were

obtained from Aldrich (Milwaukee, Wisc., U.S.A .). Distilled water, methanol distil
led-in-glass from Burdick and Jackson Labs. (Muskegon, Mich., U.S.A.), and anal
yzed reagent acetic acid from J. T. Baker (Phillipsburg, N.J ., U.S .A.) were used as
eluents for the liquid chromatography.

Column chromatographic procedure
Solutions of (o-hydroxyphenyl)acetic acid (1.0 %), (m-hydroxyphenyl)acetic

acid (0.85 %), (p-hydroxyphenyl)acetic acid (1.0 %) and phenylacetic acid (4 %) in
methanol were prepared for injection onto the ,uBondapak CIS column (volumes of
solutions are indicated in the figures). Detection was by ultraviolet absorption at
254 nm.

First, the retention volume (R v) of phenylacetic acid was determined with the
following eluents : methanol, methanol-water (9: I), methanol-water (3: I), methanol
water (I: I), methanol-5 % acetic acid (I: I), and methanol-5 % acetic acid (I :3).
Then the retention volumes of each of the three (hydroxyphenyl)acetic acids
were determined individually with methanol-5 % acetic acid (I :3) as the eluent. A
mixture of these three isomers and phenylacetic acid then was injected with the same
eluent to visualize the separation.

Finally, a mixture of the three (hydroxyphenyl)acetic acids was injected with
the following eluents : methanol-5 % acetic acid (3: 17), methanol-5 % acetic acid
(I :9), and 5 % acetic acid .

RESULTS AND DISCUSSION

The R; value of phenylacetic acid was found to vary little with changes in the
eluent concentration from straight methanol to methanol-water (I : I). The polarity
of the molecule due to its ionization caused it to elute near the void volume. In order
to increase the R; of phenylacetic acid, one must suppress the ionization of the mole
cule to decrease its polarity by the addition of acetic acid to the eluent. The use of
methanol-5 % acetic acid (I :3) gave a satisfactory R; for phenylacetic acid and served
as a starting point for the resolution of the three (hydroxyphenyl)acetic acids.

The optimal separation of 0-, m-, and p-isomers of (hydroxyphenyl)acetic acid
with reference to phenylacetic acid is illustrated in Fig. I. The small unidentified peak
following the ortho isomer is an impurity in the meta isomer. The separation shown in
Fig. I occurred because of the differences in reduced polarity of the isomers in the
presence of acetic acid.

The effect of reducing the methanol concentration on the elution of the iso
meric (hydroxyphenyl)acetic acids is shown in Fig. 2. The retention volumes of the
isomers increase as the concentration of methanol in the eluent decreases. The separa
tion between the meta and ortho isomers almost disappears; however, the separation
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Fig. 1. Optimal separat ion of 0-, m-, an d p-isomers of (hydroxypheny l)acet ic acid with reference to
phenylacet ic acid (PAA) . Column, Il Bonda pa k CIS (30 x 0.4 em . I.D.), particle size, 10 pm. Eluent ,
rneth an ol- S% acet ic acid (I :3). Detect ion, 254 nm ; attenua t ion , 0.5 absorbance un its. Sa mple size,
20 II I (5 p i of eac h co mponent so lut ion). Flow-rate, I rnl/rnin. Tempera tu re, am bien t.

Fig. 2. Effect of red ucing the meth anol co ncentra tio n on the eluti on of (hydroxy phe nyl)acetic acids.
Same co nditions as in Fig. I except : eluent, 5 % acetic acid; sa mple size, 25/li (5 pI of a-isomer solu
tion and 10 I ii of each of the 1Il- a nd p-isomer so lut ions).

of the para and meta isomers is maintained . The differences in retention volumes
again are attributable to differences in redu ced polarity of the isomers in the presence
of acetic acid .

RE FERENCES

I L. W. Wulf a nd C. W. Nagel, J. Chromatogr. , 116 (1976) 271.
2 P. M. Tocci, J . Phill ips a nd R. Sager, Clin. Chilli. Ac ta, 40 (1972) 449.
3- J. L. Dhond t, B. Car t igny and J. P. Fa rria ux, Ann. BioI. Clin. ( Paris) , 32 (1974) 499.
4 F. Carnevale, R. Penza a nd G. DiBitonto , Boll. So C' . Ital. BioI. Sper., 48 (1972) 347.



Journal of Chromatography, 144 (1977) 266-269
© Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROM.IO,I77

Note

Determination of anticoagulants in serum by column liquid chromatography

J. H. M. VAN DEN BERG, J. P. M. W[ELDERS' and P. J. H. SCHEEREN

Laboratory of Instrumental Analysis, Eindho ven University of Technology , Eindhoven ( The Nether
lands)

(Received May 5th , [977)

A rapid and reliable determination of anticoagulants in blood serum is urgently
needed for the control of the concentration of the se drugs during the treatment of
heart and arterial diseases. In the past mainly fluorimetric procedures have been
used , which failed to be specific unless combined with thin-layer chromatography" ;
more recently, ga s chromatographic methods have been described. Mundy et al?
pointed out that these gas chromatographic determinations were not suitable and this
has been confirmed by experiments in our laboratory.

The first liquid chromatographic investigations were performed by Vesell and
Shivel y" using a peIIicular packing material, and similar work was carried out later by
Mundy et al.' , Fasco et al: and Vanhaelen-Fastre and Vanhaelen" pre sented a method
based on reversed-phase liq uid chromatography.

The aim of our study was to achieve an efficient separation and a rapid quan
tification of some commonly used anticoagulants using a versatile selective mobile
phase system in liquid-solid chromatography on silica . The procedure presented here
may serve as a basis for the development of a routine analytical method.

EXPERIMENTAL

The anticoagulants used in this study are listed in Table I.
All solvents were of pro analysi grade and obtained from Merck (Darmstadt,

G.F.R.) . A Kipp 771 liquid chromatograph (K ipp & Sons, Delft, The Netherlands)
equipped with a Zeiss PM2A variable-wavelength UV detector (Carl Zeis s, Ober
kochen , G.F.R.) operated at 281 nm has been used throughout thi s study. The packing
material was LiChrosorb SI 60 (Merck) with a mean particle diameter of 5/101.

The extraction procedure was similar to the procedure described by De Wolff
and Van Kempen' and is outlined in Table II.

The columns (300 mm X 4.6 mm 1.0.) were packed by means of a balanced
density slurry technique. Plate numbers achieved with these columns ranged from
10,000 to 15,000.

The composition of the mobile phase, which consisted of dichloromethane,
ethanol and water, was varied in order to find optimal separation conditions, as has
been described elsewhere". Capacity ratios (k) were calculated from the retention

• To whom requests for reprints should be addressed.
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TABLE I

AN TICOAG U LA NTS USED
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Com mon flame

Warfari n

D icoumarol

Marcou mar

Sintrom

Manufacture r

Sigma
(St. Louis, Mo ., U.S .A.)

Sigma

Hoffman n-La Roche
(Nutley, N.J ., U.S.A .)

Ciba-G eigy
(Summit, N.J ., U.S.A .)

Sy stemat ic fill/li e and st ructure

4-Hydroxy-3 -(3-oxo - I-pheny lbutyl)-2H-c hromen
2-one

4,4 '-Dihyd roxy-3,3'-methylened i-(2H- chromen-2
on e)

OH OH

~CH2~
~oAoo~oV

4-Hyd roxy-3-( l-phenylpropyl)-2//-chromen -2-on e

4-Hydroxy-3-[ \- (4-n itrophenyl)- 3-oxo butyl] -
2/f-chromen-2-o ne

m
O" r:('}NO

-::? ~ 2

I -
~ 0 0

TABL E II

SCHEM E FOR EXT RACTI ON O F AN TI COAGU LANTS FROM SE R U M

Stage

Extracti on

Concent rat ion

Sample preparation

Operations

( I) Mix2 ml of serum withO.2 ml of5 N hydrochlori c acid and homogenize.
(2) Add 10 ml of trichl orom eth ane an d hom ogenize fo r 3 min.
(3) Centrifuge for 10 min at 2000 rpm.

(4) Co llect 8 ml of the or gan ic phase (lower layer).
(5) Eva porate the solvent to dryness in a stream of nitrogen at 60°.

(6) Dissolve the residu e in 0.5 ml of eluent an d ult rason icate for 1 min.
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times of the components and an unretarded compound (benzene). Samples were in
jected by means of an injection valve with a 50-pi loop .

RESULTS AND DISCUSSION

The optimal eluent composition for the separation of a test mixture containing
all four anticoagulants in Table J was found to be dichlorornethanc-ethanol-water
(98.8: 1.0:0.2, vlv/v).

A chromatogram of the test mixture is shown in Fig. I. As far as the eluent
composition is concerned, it is necessar y to work outside the miscibility gap of the
dichlorornethane-ethanol-water phase diagram". In ord er to ensure stable separation
conditions, it is also necessary to control carefully the water and ethanol contents.

The overall extraction efficiency is determined by, among other factors , the pH
and the protein content of the aqueous phase, the type of organic phase and the
mixing conditions. The composition of the aqueous phase also determines whether
only the free drugs or also the originally protein-bound drugs will show up in the

PEAKAREA
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Fig. I. Chromatogram of a test mixture of anticoagu lants. Column : 300 x 4.6 mm I.D. , LiChrosorb
SI 60, dp = 51,m. Eluen t : d ichloromethane-ethanol-water (98.8 :1.0 :0.2, vlvlv). Flow-rate: 1.5
cm3 · min- 1• Detection: UV, 28 1 nm. Component s: I , Marcoumar (k = 0.5) ; 2, warfa rin (k = 0.9);
3, sint rom (k = 1.5); 4 , dicouma rol (k = 2.1). Volume injected : 50 I I I.

Fig. 2. Calibrat ion graphs. I , S introm serum extrac t (_ ), correlat ion coefficient 99.6 %; 2, sint rom
test mixture (0 ), correlation coe fficient 99.7 % ; 3, marcoumar serum extract (e), co rrelat ion coeffi
cient 99.5 %; 4, rnarcoumar test mixture (0), correlat ion coefficient 99.5 %.
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Fig. 3. Chromatogram of bovine serum extract. Conditions as in Fig . I. Components: 1, marcoumar,
185 ng injected , 1.54 /tg/ml in serum ; 2, sintrom , 267 ng injected , 2.03/tg/ml in serum.

organic phase. The calibration graphs in Fig. 2 show that the overall recoveries of
marcoumar and sintrom, dissolved in human serum and extracted as described in
Table II, were 100 ± 3 % and 102 ± 3 %, respectively. The correl ation coefficients
for the calibration graphs were better than 99.5 %.

We used the serum calibration graphs in Fig. 2 to determine the concentra
tion s of sintrom and marcoumar in bovine serum samples. A typical chromatogram
is shown in Fig. 3.

Anticoagulant concentrations ranged from 0.5 to 2.5 ,ugJml in serum. The
reproducibility of our analysis was within 3 %, deri ved from the standard deviation
of the recovery experiments. This method can be used for concentrations down to
0.1 ,ugJml in serum . The minimal detectable amount for each of the four drugs
studied was 2 ng. The presence of acetylsalicylic acid did not interfere with our
anticoagulant determination' .
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The rifamycins (Fig. 1) are a famil y of antibiotics obtained by fermentation
and chemical mod ification whose structures consist of a naphthoquinone moiety
spanned by an aliphatic ansa bridge' . Rifam ycin B (the major fermentation product)
has the unusual property that in aqueous solutions containing dissolved oxygen it
changes spontaneously into microbiol ogically more active substances such as rifa
mycin 0 and rifam ycin S2. Rifamycin SV, obtai ned from rifamycin S by mild reduc
tion, has been employed as a parenteral anti-tubercular drug since 1962. 3-Formyl
rifamycin SV, prepared by oxidizing Mannich bases of rifamycin SV, has yielded
several derivatives with remar kable biological activity. The most the rapeutically im
portant of these is the 3-(4-methylpipera zinoiminomethyl) derivati ve, rifarnpin", a
broad-spectrum antibiotic used orally in the treatment of tube rculosis.

RIFAMYCIN B R:CH2COOH, X:H

RIFAMYCIN SV R: H,X:H

3 - FORMYLRIFAMYCIN SV R:H , X: CHO

1\
RIFAMPIN R: H, x: CH=N-NJ-CH3

Fig. 1. Structures of rifamycins.

RIFAMYCIN 5 X: H

RIFAMPIN QUINONE

1\x: CH= N- N N-CH3
'--.I

Impurities in rifampin can arise from incomplete separati on of the drug
from its precursors and from degradative changes during formulation and sto rage'.
Under acidic conditions, rifampin is hydrolyzed to form 3-formyl rifamycin SV. At
pH values greater than 7 and in the presence of atmospheri c oxygen, rifampin under-
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goes oxidation to rifampin quinone and to an N-oxide. The major metabolite in man"
25-desacetylrifampin, can also form 25-desacetylrifampin quinone.

Rifampin is available in Canada from a variety of commercial sources. It is
listed in the USps and governed by regulations published in the Code of Federal Regu
lations", USP specifications include identity controls for rifampin bulk drug material
by infrared spectroscopy. No identity or purity tests are stipulated for finished prod
ucts. In Canada, rifampin products are controlled under Division 8 of the Food and
Drug Regulations and quality standards for raw materials and finished dosage forms
are contained in the New Drug Submission".

Under drug quality assessment programs operating in this country, large
numbers of samples are tested for identity, potency and purity, necessitating the use
of reliable and time-saving methods. The present paper describes a thin-layer chroma
tographic (TLC) method for the identification of rifampin and for its resolution from
the above-mentioned possible degradative and synthetic by-products. Direct compari
son of spot intensities with known quantities allows the semi-quantitative determina
tion of the more common impurities, rifampin quinone, 3-formylrifamycin SV and
rifampin N-oxide.

EXPERIMENTAL

Chemicals and equipment
Authentic samples of rifamycin B, rifamycin 0, rifamycin S, 3-formylrifa

mycin SV, 25-desacetylrifampin, 25-desacetylrifampin quinone, rifampin, rifampin
quinone and rifampin N-oxide were generously provided by Ciba (Dorval, Canada)
and Dow Chemical (Richmond Hill, Canada). USP rifampin reference standard, Lot
F, was used as the working standard for purity comparisons. I-Amino-4-methylpipe
razine was purchased from ICN Pharmaceuticals (Plainview, N.Y., U.S.A.).

Commercially available precoated silica gel 60F (Merck, Elmsford, N. Y.,
U.S.A.) plates (EM Brand 20 X 20 em, 0.25 mm thickness) were used. The solvent
system consisted of chloroform-methanol-water (80:20:2.5).

Solutions for spotting
Standard solutions. Solutions (1.5 mgjml) of each of the above rifamycins

(Table I) were prepared in chloroform. An additional more concentrated solution of
the USP rifampin reference standard (15.0 mgjml) was prepared in chloroform.

Sample solutions. For the rifampin bulk drug substance and capsules, solutions
containing 15 mgjml were prepared by placing an accurately weighed portion of
powder equivalent to 150 mg rifampin in a IO-ml volumetric flask, shaking thorough
ly, then diluting with chloroform to volume.

Chromatographic procedure
Identity test. For identification purposes, standard solutions (1 fll) of all the

rifamycins were spotted on the plate. In addition, a IO-fll aliquot of the sample solu
tion representing 150 flg of rifampin was also applied. The plate was inserted into a
filter paper-lined chromatographic chamber which had been saturated with solvent
vapour for 1 h prior to use. The plate was developed to a height of 15 em (ca. 45 min),
removed from the chamber and allowed to dry at room temperature. The rifamycins
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appear as co loured spots ranging from yellow to purple on a white background.
Visualizat ion may also be obtained by viewing the plate under short-wavelength
ultraviolet light. In thi s case, the rifamyc ins appear as dark spots on a bright green
background. The iden tit y test is positive when the major spot in the sample solution
appear s at the same R F as that of the spot from the USP rifa mpin reference standa rd'
solution.

Purity test . For a semi-q uantita tive determin ati on of the a mounts of impuri
ties present in the sample solution, 1- and 2-,u1aliquots of the impurity in question (as
identified by the ab ove TLC test) , represent ing 1.5 and 3.0 ,ug, respectively, were
applied to the plate. Ten-microliter aliquots of the sample solutions (equivalent to 150
f lg of rifampin) were also spotted. For comparison purposes, a 10-/1.1 a liquot of the
more concentrated USP rifam pin reference sta nda rd soluti on (15 mg/ml) was spotted
as well. The plates were developed as described above and the level of impurity was
evaluated by comparing the intensity of the impurity spo t in the sample with that of
the standards.

RESULTS AND DISCUSSION

In Table I are listed the R F values, minimum detectable am ounts and colours
of the spots of the various rifamycins when chromatographed in this system. All are
resolved except for rifam ycin Sand 0 ; however , these two can be distinguished by
their different colours. Other TLC systems have been published, but these usually dealt
only with rifampin alone', its metabolites' or other rifamycins":", Therefore, this
rep ort includ es TLC data on all the rifamycins listed in Table I. The l-amino-4-methyl
piperazine was not visible unless sprayed with a reagent such as ninh ydrin , but all
other compounds exhibited co loured spots without spray ing. The minimum detect
able quantities listed in Table I are the amounts of the se coloured spot s visible with
out any further treatment. Increased sensitivity is possible by fl uorescence quen ching
when the spo ts are viewed under short-wavelength ultraviolet light.

TABL E I

e, VALUES OF RI FAMYCI NS O N SILICA G EL 60

Solvent system: chloroform-methanol-water (80 :20 :2.5).

Compound Minimum detectable RF Vallie. Spo t colour
amount (f ig)

- - - .

Rifamycin 0 0.75 0.83 yellow
Rifam ycin S 0.75 0.81 brow n
Ri fampin qui none 0.30 0.75 purple
25-Desacety lrifa mpin quinone 0.15 0.66 purple
Rifampin 0.30 0.60 ora nge
25-Desaccty lrifam pin 0.30 0.41 orange
3-Formylrifamyc in SV 0.75 0.27 pink
Rifamycin B 0.75 0.15 yellow
Rifarnp in N-oxide 0. 15 0.09 yellow
l-Amino-4-meth ylpi peraz ine 0.15" 0.05 " brown

• Average of five plates.
" Visible only after spray ing with ninhy dri n.
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Fig. 2 shows a chromat ogram of commercial formulations, representative of
tho se available on the Canadi an market , in which the levels of rifampin quinone, 3
formylrifamycin SV and rifampin N-oxide are quantitated . From a compari son of the
spot intensities these impurities generally were found to be present at less than 1%
levels except in the case of product C (an expired lot, spot 5) where the rifampin
quinone level was about 2 %. The USP rifampin reference standard (spot 6), which has
a labelled potency of 98.8 %, was shown to contain rifampin quinone and N-oxide but
at less than the I %impurity level.

' 8•5
. I

3
I

1

I
i
I;
~

Fig. 2. TLC ch rom at ogram of rifampin formulation s and impurit ies on silica gel. I = 1.5 f ig of
rifarnpin quinone; 2 = 3.0 f i g of rifa rnp in qu inone ; 3 = 150 fig of product A ; 4 = 150 fig of product
B; 5 ~ 150 fig of produ ct C; 6 = 150 fig of USP rifarnpin reference sta nda rd; 7 = 150 fig of product
D ; 8 = 1.5 fig of rifampin N-oxide ; 9 = 3.0 fig of rifa rnpin N-oxide ; 10 = 1.5 pg of 3-forrnylrif
amycin SV; II ,= 3.0 fig of 3-formylr ifamy cin SV.

Although amounts of rifampin equivalent to 150 ftg were spotted, levels of up
to 300 ftg could be chromatographed without spot distortion or streaking. With the
minimum detectable am ount of rifampin N-oxid e being 0.15 fi g, the application of
300 fi g of rifampin would allow the dete ction of 0.05 % levels of this impurity by thi s
TLC procedure.

The proposed TLC meth od is a simple procedure suitable for the identifica
tion of rifampin and as a limit test for the known related impurities.
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CHROM. 10,211

Letter to the Readers

Flat-bed ion-exchange materials

Flat-bed techniques using ion exchangers have been employed for 23 years.
Amongst the early type s there were home-made resin-impregnated filter-papers which
were soon superseded by a range of Amberlite ion-exchange papers containing various
resins. Unfortunatel y, the most useful paper for investigations in inorganic chemistry,
namely that with the strongly basic anion-exchange resin , Amberl ite SB-2 paper, is
no longer available in Europe.

We tried to replace thi s paper with a ready-made thin layer which is marketed
by Macherey, Nagel & Co. (Duren, G.F.R.), Polygram lonex-25 SB-Ac, and which,
according to the label, has a layer of "0.25 mm strongly basic ion-exchange resin,
acetate form" .

As it is virtua lly impossible to convert such layers into another ani on ic form
by washing, we felt that the acetate form was well chosen as it would not interfere
much with eluents such as hydrochloric acid . We had published a survey of the
behaviour of metal ions in nitrite media using these layer s! and the results were con
firmed with other medial.

Recently, we sta rted to re-examine the anion-exchange behaviou r of some
coba lt(l ll ) complexes of the type Co(en)/ + on the se layer s as there have been some
reports that anionic outer-sphere complexes could be studied in equilibrium experi
ments with anion-exchange resins' . We were therefore pleased when some preliminary
experiments with Polygram Jonex-25 SB-Ac layers showed rather strong ad sorption
for this type of complex. Typical results are shown in Fig . I.

We were less enthusiastic , and even perplexed, when even stronger ad sorption
was found und er conditions where no outer-sphere complexation was likely (Fig. 2).
We thought at first of phenomena associated with some particular property of the
resin, mainly becau se no ad sorption could be ob served either on Amberlite SB-2
papers or on Dowex-I columns. As the label doe s not indicate the degree of cross
linking of the strongly basic ion-exchange resin, we wrote to the manufacturer for
further informati on .

We were informed that the layer is made of "Kieselgel for thin layers ion
exchange resin, strongly basic , 8 %DYB with quaternary ammonium groups, acetate
form , binder as usual for the preparation of thin-layer plates or sheets". This reply
explained the unu suall y strong adsorption of the cationic complexes : Kieselgel is a
very efficient cati on exchanger for these complexes, as we had reported previously",

The composition and the manufacturer's reply po se a rather serious problem .
Much of the chromatographic work carried out nowadays is not performed merely
in order to obtain a separation, but usually some chemical problem or discussion
concerning the mechanism of such a separation is invol ved, with conclusions based
on what one thinks the sorbent- solute interactions are about. This is impossible,
however, if the label for the thin-layer material is misleading or incomplete. J consider
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Fig. I. (a) Movement (from left to right) of NiH, Co(enh3+, Co(tn)/+, Co(pnh3+, Co(dip)3J+ ,
Coto-phenjr'" and CrO/- on Polygram lonex-25 SB-Ac developed with 4 N ammonium sulphate
solution. (b) Movement (from left to right) of Co(enh 3+, Co(tnh3+, Co(pnh3+, Co(dip)/+ and
Coto-phenj r'" on Polygram lonex-25 SB-Ac developed with 5 N pcrchloric acid.
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Fig. 2. Chromatogram of cobalt complexes on Polygram lonex-25 SB-Ac. The complexes (from left
to right) arc Co (enh 3+ , Co(tnh 3+ , Co(pnh3+, Co(diph 3+ and Coto-phenj r' :". Developing solvent:
(a) 0.5 N sodium acetat e solution ; (b) I N hydrochloric acid; (c) 6 N hydrochloric acid .
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it undesirable for a manufacturer to market an anion exchanger that has a cation
exchanger added witho ut mentionin g the fact. Furthermore, the reply from the
manufactu rer in th is instance also men tions a "binder as usual for the preparat ion of
thin-layer plates of sheets", which seems to be unnecessaril y vag ue information. It
will certainly add a factor of uncertainty to any speculation based on the chromato
graphic behavi ou r on such " secret" layers.

In describing this problem I am aware that it is onl y an example and that
similar problems exist nowadays with column supports for both gas and liquid chro
mat ograph y as well as for most other read y-mad e thin layers.

I conclude thu s this letter with a plea to a ll manufacturers to label their chro ma
tograph ic pr odu cts correct ly and co mpletely, and with a further plea to all au th ors who
encou nter similar problems to report them prom ptl y in the literature and, when using
unusual suppor ts, to describe them as fully as possible .

Laboratorio di Cromatografia del C.N.R.,
Via Romagnosi /8/A,
00196-Rome (italy)
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CHROM. 10,204

Letter to the Editor

Computer processing of fatty acid analysis data

Sir,
Recently, Aston' presented a Fortran program for processing fatty acid data

which computes the concentrations of each fatty acid , the percentage of glycerol , the
theoretical iodine va lue, etc . It allows pr ocessing of a large amount of data and may
be of value to those who are not familiar with computer pro gramming. Howe ver, we
noticed that the program does not take into account the amount of water lost during
esterification of the fatty acids with glycerol, and thus the amount of fat formed from
100 g of fatty acids is overestimated. Thi s gives rise to an apprec iable underestimation
of th e " theoretical iodine value" and weight %of glycerol.

Since I mole of fat is formed by the esterifi cation of I mole of glycerol with 3
moles of fatty acid s and the elimination of 3 moles of water, the amount of fat (W F)
from 100 g of fatty acids (f.a.) may be calculated as:

WF = 100 + 1'( Wt. %of La . ) ( 92.09 _ 18.02) or
1 Mol. wt, of f.a . i 3

WF = 100 + (moles of glycerol associated with 100 g of f.a .) x
x (92.09 - 18.02 x 3) (I )

The addition of iodine to 100 g of fatty acids is co rrectly represented by ii (ref. I , p.
123, line 42) if the term " iod ine equivalent" (= the number of gram atoms of iodine
bound to 100 g of fatt y acids) replaces " iod ine mole equ ivalent". The iodine
va lue (IVT ) ma y then be est imated from gas chromatographic ana lysis (ref. I , p. 123,
iv, line 48) as :

IVT = "theoretical iodine value" =
Weight of iodine associated with 100 g of f.a .' s

WF x 100 (2)

ref. 1, p. 123, vi,Accordingly, the wt. % of glycerol in fat should be given by (cf,
line 30):

Weight of glycerol residues associ ated with 100 g of f.a. '5 .

WF /. 100 (3)

(4)

Neglect of the am ount of water eliminated during esteri ficat ion gives rise to an
underestimation of the " theoretica l iodine value" of 5-7 % depending on the mean

molecular weight of the fatty acid s (Mol. wt. ) in the fat. The de viati on Cd IVT) between
the true "theoretical iodine va lue" and that pr esented by Aston I may be estimated
from the expression :

E % L1 IVT 100 = 100 (I_ (Mol. wt.) -I- 12.683 )
rror 0 = IV.;:- x

(Mol. wt.) + 30.699
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Ta king butter fat (M ol. wt. = 230) and hor se fat (M ol. wt. = 280) as typic al examples,
er rors of 6.9 and 5.8 % respecti vely are calculated .

Th e program may be corrected according to eqns. 3 and 2 by changing state
ment numbers 76 and 77 (ref. I, p. 128, lines 6 and 10):

C GLCW = WEIGHT OF FAT DERIVED FROM 100 GM OF FATTY
ACIDS

(75) GLMT = GLCM + GLMN
(76) GLCW = GLMT* 38.049
C
C COGL = PERCENT GLYCEROL RESIDU ES I N FAT
(77) COGL = GLMT* 89.071* 100/(100 + GLCW )
As part of graduate training in fat analysi s' , students of the faculty have to

eheck " theo retical iod ine va lues", ca lculated from gas chromatogra ms, against th e
values obtained by direct titr imetry of the far', We have found that for dry fat s there
is genera lly clo se ag reement between the experi mental and calculated iod ine values.
However, significantly lower "theoretical iod ine va lues" than titrimetric values are
calculated if higher un saturat ed fatty ac ids are missing from the chromatog ram.

Laboratory of Chemical Analysis
of Foodfrom Animal Origin,
Veterinary Faculty of the University ofGhent,
Casinoplein, 24, B-9000 Ghent (Belgium)

H. F. DE BRABANDER
R.VERBEKE

I J. W. Aston, J . Chroma togr., 131 (1977) 121.
2 R. Verbeke, Scheikun dige analyse der eet waren van dierlijk e oorsprong , Graduate course, Veterinary

Faculty, Un iv. G hent , 1973.
3 H. Pard un, Handbuch der Lebensmitte lchemie, Bd. I V, Lipids , Spri nger, Berlin , 1969, p. 573.
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Reply

Sir,
The alteration to the equation for th e calculation of the th eoretical iodine

value in the ab ove pap er by Drs. De Brabander and Verbeke is correct. The fa ilure
to account for the loss of water of esterification was an oversight on my part. I will
enclose correction notes with all future rep rint requests.

Otto Madsen Dairy Research Laboratory ,
Hercules Street, Hamilt on, Queensland
4007 (Australia)

(Received May 12th , 1977)

J. W. ASTON
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CHROM . 10,371A

Letter to the Editor

Human metabolism of methoxyphenamine

Sir,
Our initial studies of the in vivo meta bolism of methoxyphen amine (Orth

exine") in primates were complete! before we became aware of a preliminary study of
Chundela and Slecht ova- describing the excreti on of methoxyphen amine and two of its
metabolites in the urine of man . The se workers examined concentrated ether extracts
of urine, the pH of which ranged bet ween 5.5 and 6.9, by mean s of thin-layer chro ma
tography (T LC), gas- liquid chromatog raphy (G LC) and combined gas-liquid chro
matography-mass spectrometry (G LC-M S), and showed th at three products were
pre sent ; the major one was unchanged meth oxyphen am ine (Ia).

I
OR

rl CHzCH NHR
Z

V- I
CH3

R
1

R
Z

0) CH3 CH3

b) CH3 H

c ) H CH3

I

OCH3

n CHz CHOHV- I
CH3

II lIT

Metabolite I was identified correctly by interpretation of its mass spectru m as
2-amino- I-(o-methoxy phenyl)propane (lb) although Chundela and Slecht ova? named
it wrongly as a dimethyl derivative of methoxyphenamine (I ) rather than as the N
demethylated derivati ve of I. The y did not compare the TLC, GLC and GLC-MS
behaviour of metabolite I with an authentic synthetic sample of lb. In our study', such
a comparison was made of trifluoroacet ylated metab olite I and synthetic lb. The
compounds were ident ical.

Chundela and Slechtova- did not identify their metab olite 2 but suggested that
it could be either N-hydroxylated methoxyphenamine (HI) or a metabolite of the
latter, namely 1-(o-methoxyphenyl)-2-propanol (II), though they do not interpret their
mass spectrum of thi s metabolite in terms of II or III . We have synthesized II a nd III
to assist us in identifying in vitro metabolites of meth oxyphen arnine", The mass
spectra of the se compo unds (F ig. IA and B) were clearly different from the reported-
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Fig. I. Normalised mass spectra of I I (A) and III (B).

spectrum of metabolite 2. Diagnostic ion s observed in the mass spectra of II and III
(Fig . I) are rationalized in Figs . 2 and 3.

A comparison of their spectrum of metabolite 2 with that of our' synthetic and
metabolically produced 1-(0-hydroxyphenyl)-2-(methylamino)propane (Ie) revealed
that these spectra were ident ical , apart from th e minor diffe rences expected when dif
ferent instrumentation is used . Metabolite 2 described by Chundela and Slechtova- is
therefore the O-demethylated derivative of methoxyphenamine which we found to be
the major metabolite of methoxyphenamine in man.

SYNTHESIS OF REFERENCE COMPOUNDS II AND II I

Detailed syntheses will be described elsewhere ; condensed descriptions are given here.

Preparation of 1-(o-methoxyphenyl ) -2-propanol (ll)
Reduction of l -Io-methoxypheny lj-z -propanone with sodium borohydride in

methanol gave II as a colorless oil which had infrared , proton magnetic resonance and
mass spectra (Fig. IA) consistent with its structure. GLC analysis on a glass column,
1.8 m X 0.3 ern 1.0., packed with 5 %OV-225 on Chromosorb W AW DMCS, 100
120 mesh, with nitrogen (60 ml/min) as carrier gas and at oven temperature of 1400

gave a sing le peak, t, = 2.9 min.
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Preparation of 1-(o-methox)'phen)'/)- 2-propylhydroxylamine ( Ill)
[J) was prepared by reductive N-methylhydroxylamination of l-(o-methoxy

phenyl)-2-propanone according to the method of Morgan and Beckett". The oxal ate
salt with m.p . 148-149° analyzed (C,H ,N) sat isfactorily for the st ructure. Infrared,
proton magnetic resonance and mass spectra (Fig. IB) were consistent with the struc
ture .
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CHROM. 10,371B

Letter to the Editor

Human metabolism of methoxyphenamine

Sir,
K. K. Midha and R . T. Coutts have rightly show n ou r er ro r in naming the

first metabolite isolated from urine afte r ad m iniste ring methoxyphenamine. This
was, in fa ct , an error introduced during printing a s the origina l manuscript and the
inaugural di ssertation o f the first a ut ho r, pre sented in Oct ober 1975 (pp. 117-123) at
the Medi cal School , Charles Uni versit y, Prague, name the first met abolite as th e N
demethylated der ivative of methoxyphenamine. The habilitation paper describes its
parameters in both TLC and GLC, includ ing measured retention indi ces. We apolo
gize for our lack of attention in correcting our preliminary note. We are a lso sorry
that we did not have at our disposal an authent ic synthet ic sa mple of metabol ite 2 for
the interpret ati on of the mass spec tru m. After the preliminar y not e was publ ished we
obtained a reagent for methylation and thus we were ab le to cont ra dict o ur suggest ion
that metabolite 2 is not N-hydroxylated methoxyphenamine but the O-demethyla ted
deri vative of methoxyphenamine.

Institut e f or Tox icology ,
Charles University , Prague ( Czechoslovakia)

(Received Jun e 22nd, 1977)
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C HRO M. 10,503

Book Review

The hydrophobic f ragmental constant .. Its derivation and application .. A means of characterizing mem
brane sys tems (Pha rmacochemistry Library, Vol. I) , by R. F. Rekker, Elsevier, Amsterdam,
Oxford , New Yor k, 1977, XIX -l- 389 pp. , pr ice Oft . 97.50, US$ 38.95, ISBN 0-444-41548-3.

Had it not been for the spectac ular ascent of "reversed- phase" ch romatogra phy as the leading
techn ique in high- performance liqu id chro matog rap hy, thi s book co uld be of littl e interest to the
reade rs of the journal. The mag ic of " hyd ropho bic" or "solvopho bic" interact ions, wh ich are re
sponsible for so lute retent ion on non-polar sta t iona ry phases, however , is increas ingly used by chro
matographers to so lve a wide ran ge of sepa ra tion pro blems very co nvenient ly and efficientl y. There
fore , the extensive litera ture in medical chemistry dealin g with the hydr oph o bic propert ies of vario us
bio logica lly imp ort ant compounds suddenly has beco me interesting for the potent ial of predicting
retention behavi our in "reversed-phase" chromatography from "hydrophobicity" of so lutes.

What the hydrophobic effect actually is still remains controversial as far as a rigoro us ther
modynamic treatment is conc ern ed . Indisputably, it is a kind of non-covalent interacti on which is
litera lly cau sed by the hatred of water. Thi s make s the thought of a hyd rop hobic bound outre with
rega rd to orthodox textbook chemistry, whereas other non-co valent molecular interact ions such as
cou lomb ic and hyd rogen bond ing, which are due to attractio n between the species, have been lon g
unders too d . Attract ion and repul sion a re easy to ap prec iate, they a re ingrained in human nature.
This may be the reason why scient ists have had a relati vely easy ta sk in quantifying the co rresponding
forces on the molecular level and adequately describing the phenomena .

To deal with the world of bio logica l molecules a nd to understand th eir interaction s entirely
we have to reach beyo nd the simplistic notions of love a nd hatred . Th e enlightment has come from
the realizat ion th at not on ly gove rn ments and peo ple bu t also mo lecules can act on th e pri nciple
" the enemy of my ene my is my friend". Hyd ro pho bic or mo re genera lly lyophob ic interactions,
which play an ext remely important ro le in determining the architecture and dynamic behaviour of
bio logical substances, a rise from suc h a molecular atti tude with the so lvent , in particular water,
playing the role of the enemy. As suc h "friendship" is not easy to understa nd, it is no wonder that
the q uantitative descript ion of the phe nomenon has been d ifficult a nd the progress is slow. Not having
a nything bette r to cha rac terize the per tinent molecular propert ies, a relat ively modest a mo unt of
pa rt ition coe fficient data ob tai ned in syste ms co mpose d of wa ter and a non-polar so lvent have been
su bjected to a monu mental sta t istica l a na lysis in or der to fact or out so me num bers on the hyd ro
phob icity of the str uctura l clement s of the solu te molecules.

Rekker's book is the late st co mprehensive treat ment of the subject which has been po pular ized
by Hansch. It is an expansion of the a utho r's work o n hydr ophobi c fragmental constan ts which mea
su re the hydr oph o bicity of structura l elements in chemica l co mpounds . Like the rz-values int roduced
by Hansch a nd used widely, they a re derived from pa rt ition coefficien ts ob ta ined in suita ble organi c
so lvent-water systems. Although the subt itle pro mises a characterizati on of membrane systems, the
acco mplishments of the book in th is regard are less noteworthy.

It is not easy to read the book for many reasons. At the beg inning the un initiated reader
finds the lingua franca of this type of literature so mewha t st range. Th e first terms encountered are
SAR a nd QSAR , th e ac ronyms for st ructure-activ ity relat ionsh ip a nd qu ant itative SAR, respec tively.
Th e use of such terms is so widesp read that in the preface feelings a re expressed "in SAR-like terms" .
Neverthel ess with some effor ts the reader ca n acq uire the skill to follow the text and it is a worthy
undert aking.

• Th e book presents a lar ge amo unt of dat a dist illed via correlat ion ana lysis but a curso ry read-
ing does not make it clear to a chrorna tog rap her how to use the mater ial. To draw maximum benefit s
fro m the book , further read ing of the pertinent lite ratu re may be required . It would have been desir
a ble to have a more deta iled genera l introduction to linear free energy relat ionships, the point d 'appui
of the whole approach.

What lies behind the vast data a nalysis and sometimes quodl ibet ic attent ion to minor details
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is clear. Medi cinal chemists and chrornatographers bo th want to know ho w the chem ical structure
of a substance det ermines its behaviour in their respect ive system s. Some t ime ago, the center of such
activiti es was in th e realm of chromat ography due to the need to identify the spots or pea ks on the
chromatogram . In the recent years, however, the main emphasis is shifted to predi ct the biolo gical
activity of a substance from its chemi cal st ructure. The reason for th is is th e high cost of biological
test ing of potential drugs as well as toxi c or carcin ogenic substances. In fact , by employing so ph ist i
cated statis t ica l an alysi s with high speed computers, medicinal chem istry ha s made great advances in
thi s regard wh ile chro matog ra phers ha ve been preoccupied with the development of high-performance
liquid chro mato gra phy.

Both chromatographic retent ion and biological acti vity can be described by linea r free energy
relationshi ps which hav e been used by phy sical chem ists to int erpret the effect of structura l param
ete rs on chemical rates and equilibris. With biol ogic al compounds th e so-called hyd rophobi c proper
ties ar e of particular interest because an unambiguous definit ion of a hyd rophobic free energy is
difficult. Here, reversed-phase chromato graphy in its new form as practiced today can fill a gap.

For this reaso n anyo ne fam iliar with th e acco m plishments and potential of high-performance
liquid chromato graphy would feel th at th e technique doe s not receive du e attention in th is book .
Th is is pr obably ow ing to the fact th at most dat a came from partition coefficients mea sured in oc
tanol-water. Yet , the excellent tre atise on the use a nd relevance of chrom atograph ic measurements
by Tomlinson in Chromatographic Reviews' should hav e been ment ioned . This reviewer is convinced
th at modern liquid chromatog raphy as a versa t ile, rapid m icroan alytica l tool will playa significant
role in coll ecting data fo r QSAR studies. The present gap can be eliminated when the QSAR people
becom e acquainted with the po tent ia l and methodology of modern liqu id chromatography and
ch ro rna togra phers sup ply enough ev ide nce that th eir technique is superior to the classical metho ds.

With th is in mind, Rekker's boo k can be not onl y a useful source of hydrophobic param eter s
to be used for qu antitative structure-retent ion relationships, QSRR if yo u do n't mind, but also a
st imulant for the development of more refined chro mat og ra ph ic method s and mean s for co llect ing
and analysis of da ta for use in QSAR.

New Haven, Conn. (U.S .A.;

I E. Tomlinson, J . Chromatogr .; I 13 (1975) I.
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