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THEORY OF CHROMATOGRAPHY OF RIGID MOLECULES ON HY­
DROXYAPATITE COLUMNS WITH SMALL LOADS

IV. ESTIMATION OF THE ADSORPTION ENERGY OF NUCLEOSIDE
POLYPHOSPHATES

TSUTOMU KAWASAKI

Laboratoire de Genetique Moleculaire, lnstitut de Recherche en Biologie Moleculaire, Faculte des
Sciences, Paris 5° ( France)

(Received June 17th, 1977)

SUMMARY

Taves and Reedy postulated that phosphate ion s are adsorbed at hydroxyl
positions on the surface of hydroxyapatite, and proposed a model for the adsorption
of tripolyphosphate on the crystal surface. On the basis of thi s model and the hypoth­
esis that a hydroxyl position on the cry stal surface corresponds to a chromatographic
C site , the experimental chromatogram for a mixture of AMP, ADP, ATP and
adenosine tetraphosphate obtained by Bernardi was analysed by using the theory
developed in an earlier paper in this ser ies. It was estimated that the energy of ad sorp­
tion on a C site for a univalent phosphate group on the polyphosphate chain of
nucleo side polyphosphate is 0.9-1 kcal /rnole and that the adenosine group of the
molecule covers at most only one crystal site . Some other experimental parameters
were also evaluated. The reasonable results obtained in the calculation stro ngly sup­
port the hypothesis of the one-to-one correspondence between a hydrox yl po sition
and a chromatographic C site and the model of Taves and Reedy.

INTRODUCTION

A model of the surface stru cture of hydroxyapatite (HA) was proposed by
Taves and Reed y' on the ba sis of a comparison of the crystallographic structure of
HA with the structure of octacalcium phosphate (OCP). OCP contains alternating
sheets of an apatite structure-':" and a loose water-rich layer, which are parallel to the

(b, ~) plane of the crystal structurev". The apatite structure in OCP consists of a mono­
layer of apatite cells, each of the four edges (corresponding to four 63 axes 2

•
3

) of each
apatite cell being on the interface with the water-rich layer. Two positions that would
be occupied by OH- ion s in the HA structure are invol ved in this edge ; with OCP,
however, these positions are replaced by a water molecule and an HPO/- ion (see
Fig. I and refs. 5 and 6). Whether the crystal grows as OCP or HA appears to depend
on whether one of these po sitions is occupied by a phosphate ion or a hydroxyl ion".
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The fact that these positions are on the inter face between the HA cell and the water­

rich layer in the case of OCP suggests that the crystal surfaces [corresponding to (~, ~)

and (b , ~) planes] of HA must also involve these positions. The fact that OCP grows
more rapidly than HA, even though the latter is more stable, is consistent with this
hypothesis". Under physiological conditions where the hydroxyl ions in the sur­
rounding solution would be present in much lower concentration than the phosphat e
ions, these positions on the surfaces of HA must be occupied by many more phosphate
ions than hydroxyl ions", Further, it can be estimated that the HPOl- ion on the
crystal surface (or on the interface in the case of OCP) has oxygen-calcium distances
of 2.37,2.39 and 2.63 A and a hydro gen bond length of 2.46 A (see Fig. I), whereas
a hydroxyl in the corresponding position would ha ve only two comparable calcium­
oxygen distances and only a weak hydrogen bond, if any". The crystal growth of HA
must be blocked when the surface hydr oxyl position s are taken up by phosphate ions': ".

If unfilled, these po sition s form grooves running parallel to the -;; axis and these can
be con sidered as adsorption sites for phosphate ions':" . It is probable that the hydro xyl
po sition corresponds to a chromatographic C site, using the nomenclature of earlier

-0 X Calcium betowoncoo above plane
o Oxygen
o Pt'ospborcus

Fig. I. Atom ic positions in OC P on an (;, b) plane at the level of z "'" 1/4. The ion s connected by

da shed lines are those that are common to HA and ocr,and co nstitute an apa tite layer (pa ra llel to b)
inserted between water-rich layers. Two half- unit cells are shown for ocr and one for HA. The key
positions ani at the corners of the "HA unit cell" . To allo w the crystal to grow as HA, these must te
OH- ions instead of the H20 an d HPO / - shown here (for HP O/ - , only one of them is sho wn) ,
This hydr ogen ph osphate ion (with phosphorus No. 14) has oxygen-calcium distan ces of 2.37, 2.39
and 2.63 A and a hydrogen bond length of 2.46 A (between ato ms 20 and 36). A hydroxyl in the
position of oxygen No. 35 would ha ve only two com parable calcium - oxygen distances, an d only a

weak hyd rogen bond, if any. In both ocr an d HA , two types of the plane altern ate along the c axis

sepa ra ted by I ;; 1/2 or 3.44 A at z "'" 1/4 (show n in the figure) and z "'" 3/4, respectively, that is, in the
seco nd plane of the unit cell the HA cell cont ent s including the water and hydrogen phosphate are
located in a reversed or 1800 rotated mann er. If the corners of the " HA un it cell" are unfilled, they

for m gro oves running in the lateral surfaces parallel to the caxis. (This figure is reproduced from ref
1. with the permission of Dr. D. R . Taves).
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papers":" in this series (see Fig. 2). It was suggested by Kawasaki (Appendix I in ref.
7) that the C site exists on the side faces of the crystal or the lateral faces parallel to

the ~ axis, which is consistent with the hypothesis that a C site corresponds to a

hydroxyl position on the (i , ~) and the Cb, ;) surfaces of HA .

a or b

Fig. 2. Schematic representation of hydroxyl positions on the (; , ~) or the (b, ~) surface of HA . The

minimal interval between the positions in the; or bdirection (i.e., I ; Ior IbI) and the interval in the

cdirection (i .e., I ~ 1/2) are 9.42 and 3.44 A, respectively (cr, Fig. 1 and see refs. 2-4) . It is probable
that a hydroxyl position constitutes a chromatographic C site (see text) . This figure can be compared
with Fig. 3 in an earlier paper? in which the possible arrangement of P sites is shown.

It was shown by Krane and Glimcher'" that various nucleoside tri- and di­
phosphates as well as inorganic pyrophosphate are adsorbed on synthetic apatite
crystals at physiological temperature and pH and that the terminal phosphorus atom
of the bound nucleotide is transferred, after incubation for several minutes, to a crystal
surface phosphate with the formation of pyrophosphate on the crystal and the
respective di- and monophosphate (for the transphosphorylation, see Discussion). In
connection with this finding , it was proposed by Taves and Reedy! that tripolyphos-

phate is likely to be adsorbed on the surface of HA with its long axis parallel to the ~
axis of the crystal and that the three phosphate groups of the molecule occupy three
successive hydroxyl positions [separated by 3.44 A (see Fig. 2)] of HA, for the fol­
lowing reasons. Firstly, there is a very good fit when the ions on the hydroxyl positions
are replaced by a tripolyphosphate, while nothing comparable is found for other
orientations or replacements. Secondly, the displacement of HPOl- from a hydroxyl
position would be much easier than the displacement of a structural phosphate. The
former has three favourable electrostatic distances, 2.37-2.63 A, while the latter has
five or more good electrostatic distances.

This model is firmly supported by the HA chromatography of nucleoside
mono-, di-, tri- and tetraphosphates and their derivatives carried out by Bernardi" .
The non-phosphorylated derivatives were not retained by HA equilibrated with I mM
potassium phosphate buffer (pH 6.8); monophosphates were eluted by 1 mM potas­
sium phosphate buffer (pH 6.8) but they were retarded ; ADP, ATP* and adenosine
tetraphosphate were eluted at increasingly higher characteristic phosphate molarities

• Abbreviations : AMP = adenosine monophosphate ; ADP = adenosine diphosphate ; ATP =

adenosine triphosphate.
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with an almost linear relationship between the number of phosphates and the molarity
(F ig. 3). Thi s would indicate that the nucleoside phosphates are adsorbed via the
phosphate groups (on to C crystal sites) and that the interv al between the neighbouring
ph osphate groups on the polyphosphate cha in fits satisfactor ily with that between
adsorpti on sites on the crystal surface.
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F R ACT I ON N U M B E R

Fi g . 3. C hromatogra p hy, a t room temper ature , of a mixt ure of A M P, A DP, ATP a nd adenosi ne
tetraphosphate o n a 10 x I c m HA colum n. The loading of a bo ut 2 mg of the mixture (in a small
volume of 0.001 M potassi um phosphate buffer, pH 6.8) was carried o ut a t zero volu me!"; th is
amount (for a lO x 1 ern column) wo uld be sm all eno ugh for the effect of mutual int eraction s among
molecules adsorbed o n HA or the mutual d isplacem ent of molecul es" to be vir t ua lly negl igible icf. ,
Figs. 3-5 in ref. 14). Elution was ca rr ied o ut with a lin ear molarity grad ient of pota ss ium p hosp ha te
bu ffer (p H 6.8) (0.00 1- 0.5 M; 100 + 100 ml), whi ch was introd uce d after a vo lume of 4 ml had been
eluted after load ing , but whi ch begins at 40 ml owing to the ad sorption of the ions of the buffer o n to
the crysta l su rfac e (see D iscu ssion ) ; this was foll o wed by re fractomet ry and is indic a ted by the
broken lin e (r ight -hand ord inat e). On t he a bsc issa, both the fract ion number a nd th e elutio n vo lum e
a re shown ; the latter was est imated o n the basis that the slope o f the gr adient o f phospha te molarity
shou ld be 0.5/000 + 100) = 0.0025 (Mimi) icf'., Discussion) . The yields were 133, 1\ 3, 113 and 50 %
for AM P, A D P, AT P a nd ade nosine te tr aphosphate, resp ect ively, with a n overall reco ver y of 102%
(for an expl an a tion of which , see D iscu ssion). For necessary info rma t ion involved in th e figure, see
Table II. (This figure is rep roduced with slight mod ificat ion s, fro m Fig . I in ref. 11, with th e pe rmi s­
sion o f Prof. G . Bernardi) .

In thi s paper, on the basis of the Ta ves and Reedy model', an attempt is made
to apply the theory developed in an earlier pap er? to the experim ental results of the
chromatography of a mixture of AMP, ADP, ATP and adenosine tetraphosphate
carried out by Bernardi I I , which is shown in Fig. 3, and to evaluate the adsorpt ion
ene rgy per univalent phosphate group on the polypho sph ate cha in of the nucleotides.
Some other experimental parameters are also evaluated. The reasonable result s of the
calculation stron gly support the hypothesis th at a hydroxyl position on the crystal
surface corresponds to a chromatographic C site and the model for the manner of the
ads orption of polyphosphate proposed by Taves and Reedy'.

TH EOR ETICA L

In an earli er paper", it was show n that, pro vided the activity of comp eting ions
is proportional to the molarity, the eluti on molarity, me l u , at the maximum height '

• Unless s is extr emely sma ll, it sho u ld be the elut io n mola rity a t th e maximal he ight of the
chro ma togra phic peak that ca n be descr ibed by eq n. \5 in ref. 7 o r eq n. I in thi s pap er (see ref. 9).
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of each chromatographic peak of a mixture with a small load can be described by
eqn. 15 in ref. 7, or by

I [( , + I)X'+! _.. (m"m"n + l)X'+l]
S = (X~T)'rp~a eXE/kT' rp 'me l u 1

in which

S = gL

and

(I)

(2)

(3)

In eqn. 2, g is a constant representing the slope (molarity per unit column length) of
the linear gradient of competing ions and L is the length of the column; in eqn. 3,
il 2 is a parameter proportional to the activity of competing ions defined by eqn. 3 in
ref. 7 and m is the corresponding molarity. Therefore, cp' is a constant assuming
proportionality between the activity and the molarity. In eqn. I, min is the molarity
of competing ions in the initial buffer before the gradient is applied; x' is the number
of sites of HA on which competing ions cannot be adsorbed owing to the presence
of an adsorbed molecule; x is the number of adsorption groups of the molecule that
can react ,,'; ith sites of HA; _. E3 (E3 > 0) is the adsorption energy of an adsorption
group of the molecule on to one of the sites of HA'; and (J and fi3 are constants
related to the symmetry of the molecule" and to the property of the column, respec­
tively.

Now, we propose a model for the adsorption of AMP, ADP, ATP and
adenosine tetraphosphate on the HA surface as shown in Table I, in which En is the
adsorption energy (to one of the crystal sites) of a phosphate group of AMP or
the terminal phosphate group of the polyphosphate chain of ADP, ATP and aden­
osine tetraphosphate ; E' is the adsorption energy for one univalent phosphate
group on the polyphosphate chain of ADP, ATP and adenosine tetraphosphate ; and
x~ is the number of sites of HA on which competing ions cannot be adsorbed owing
to the presence of the terminal phosphate group plus the adenosine part of the
nucleotide, assuming that a univalent phosphate on the polyphosphate chain covers
only one crystal site. It seems also reasonable to assume that a terminal phosphate
group covers only one crystal site, according to which x~ - I indicates the number

• It is evident that the term XE3 in eqn. I can be re-written as X,c" I Xli';" if the molecule contains
two types of adsorption groups with different adsorption energies, E' and e"; which is the case with
nucleoside phosphate tcf., Table I).

•• In a 'following paper", it will be mentioned that the theory for rigid molecules can be extended
to the general case of flexible molecules and that a represents not only the symmetry but also the
flexibility of the molecule. It is reasonable to consider that the molecule of nucleoside phosphate is
not completely rigid. It also seems reasonable to assume, however, that the values of a for AMP,
ADP, ATP and adenosine tetraphosphate are almost equal, because except for the part of the
molecule fixed on the crystal surface or the phosphate chain (see below), the structures of these
molecules are identical.
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TABLE I

CHROMATOGRAPHIC MODELS O F AMP, AD P, AT P AN D ADENOS IN E T ETR A­
PHOSPHATE

In the last column, symbo ls ind icating the phosphate elution mo larities a t the maxima l height of the
ch romat ograp hic peaks a re a lso sho wn for ADP, ATP and ade nos ine tet raphosphate. AMP is not
retained on the column, however (see Fig. 3).

Molecule

A MP
ADP
ATP
Adenosine tetraphosp hate

Adsorption energy
per molecule

E"

E" + E'

£ " + 2E'
E" + 3 E'

x'

xli
Xu-j - I
Xu+ 2
Xu I 3

Phosphate elution molarity

No t retai ned on the colu mn
'''cl u ( AD Pi

111c lu CATP )

111c l u ( A t t tn P)

of crystal sites covered by the adenosine gro up of the nucleoside phosphate. On the
basis of th is model, eqn. I can be re-written for ADP, ATP and adenos ine tet raphos­
phate as

a
fJaet" /kT = - ---;-;-

(x~ + 2)· sp' . S (ADP) • ee'/kT

and

respectively, in which

a = (q/ " me lu (AD P) + l y~ + 2 - (q/ ' mi n + l y~ + 2

b = (cp' ' m e l u ( AT P ) + l y~ + 3 - (rr/ ' m i n + l y~ + 3

and

c - (m"m + I)X~ +4 - (m" m ,-n .+ I )X~ +4- , e l uf At e t ra f") 'r

(4)

(5)

(6)

(7)

(8)

(9)

where the subscript Ate tr aP represent s adenosine tet raphosphate. In eqns. 4-6, (-3 is
used instead of fJ3; S(A DI»' S(ATP) and S(Alet ra P) are the effective values of S (eqn. 2) for
ADP, ATP and adenosine tetraphosph ate , respecti vely, which are eq ual to S provided
that the RF values befo re the gradi ent of phosphate ions is applied are exactly zero.
Actually, ho wever , these values [RF . in (ADP ), R F . i n( AT P) and RF. i n( At etr aP )] must be
slightly greater than zero and incre ase in the order 0 ;:;; RF. in (A lel r a P ) < RF,in(ATP ) <
RF, i n(ADP) , which mean s that the effective lengths [L(ADP) ' L ( ATP) a nd L ( Al elr aP I) of the
column for these molecules are smaller than the actual length (L) and decrease in the
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order of L <: L CAle tr aP) > L CATP ) > L CADp ) . Thi s also means that S <: S CA t et ra P) >
SCATI') > SCA D I' ) (see eqn, 2). Now , by eliminating {Ja ee" /kT between eqns, 4 and 5 and
between eqns. 5 and 6, we obtain

and

e' /kT .1·CA D p ) x~ + 2 be = ---'---'-
SCATI') x~ + 3 a

(10)

e" /kT = S( AT p )

SCAl etraP)

x~ + 3
x~ + 4

c

b
(I I)

Further, by eliminating e e' /kT between eqns. 10and II, and by using eqn, 7, we obtain

m _ I .J[ S CA Dp) ' S CAleI ra P ) . (X~ + 2)· (x~ + 4) b2

eluCADP) - 7 1 S CATp)' (x~ + 3)2 .C +

Now, if the value s of x~, SCADP) , S CAT p ), SCAtetr aP) , rp' , min, l11eluCATP) and me1u CAtetraP) are
known, then the values of m eluCADI') and e " /kT can be estimated by using eqn. 12 and
eqn. lO(or eqn. II), respectively, which enables one to evaluate {Ja ef" /kT by using one
of eqns. 4--6.

In order to estimate the se values by using Fig . 3 or the information involved
in it as shown in Table II, we consider the following successive approximation method.
Let us introduce several hypothetical values such as I, 2, 3, ... into x~ and, as a first
step of the successive approximation, let us assume that SCADP) = S(ATP) = SCAtetraP) =

S (see Table 11). It should be noted that this assumption would be slightly different
from the actual case in Fig. 3 but that it can be realized, if the gradient of phosphate
ions can be applied immediately after loading of the sample is completed. We substitute
the hypothetical values of x~, SCADP) , SCATP) and SCAtetraP) and the experimental values
of m in, meluCATp) and meluCAtetr aP) (see Table II) into eqn. 12, which no w expresses
meluCADP) as a function of tp' only. Fig. 4 illustrates the dependence of m el uCADP) on
10g10 cp' for different values of x~. It can be seen that there exists a finite value of sp'
which gives meluCADP) a minimal value and that m elu(ADp) tends to different finite values
when tp' tends to zero (i.e., IOg10 tp' tends to - 00) and + 00, respectively, or we can
write

and

II'm m _ SCADP)' .1·CA te tr a P )
eluCADP ) - -----2- -

tp'-O SCATI ') /neluCAtetr al') - min
(13)

II'm I' _ f SCADP ) ' S CA te tr a P ) . (X~ + 2) · (x~ + 4)
<lelu CADp ) - 1---- -2- - X

q ' _+ ro SCAT P) (x~ + 3)2
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TABLE II

INFORMATION INVOLVED IN FIG. 3

Param eter Symbol In/ormation

10 (em)
I (em)

0.0025 (M /ml)

Room ternperature/
20 (rnl)

0.628 (rnl /cm) '
6.28 (rnl)
0.00157 (M/cm)"

0.314 11

0.08, (M)

0.287 (M )

0.200 (M )

0.0157 (M)
0.001 (M) ' "

40 (rnl )

B (n (AMI') or
RF • InCA M P)

nl el u ' ,\ OP )

l11elu tAt ctr aP )

111c ltIl ATP)

V

VT

g

L
o
grad

s

Phosphate eluti on molarity at the maximal height of
ADPpeak

Phosphate elution molarity at the maximal height of
ATP peak

Phosphate elution molarity at the maximal height of
adenosine tetraphosphate peak

, Calculated by the relati onship v = 0 2/4 . 7T • 0.8 = 0.628 0 2, where the factor 0.8 is the
ra tio of the interstitial volum e to the total packed volume of HA estimated by Bernardi".

" Calculated by the relat ionship g = v . grad.
", Th is is not precisel y the experimental value, but it must be close to the true value (see

Discussion).
§ The value of E' is estimated by assuming that room temperature is 25° (see Table IV).

§ § Calculated by the relationship B;n (AMP) or RI'o ;, , (AMI' ) ~ Vrl V( AMI' ) tcf., eqn . 20).

Column length
Column diameter
Slope of pho sphate molarity gradient (in molarity per unit

elution volume)
Interstitial volume per unit length of the column
Total interstitial volume of the column
Slope of ph osphate molarity gradient (in molarity per unit

column length)
Product of g and L
Molarity of phosphate ions before the gradient begins
Volume of the solvent eluted fro m sample loading

until the gradient begins
Temperature
Elution volume at the maximal height of AMP

chromatographic peak
B or R F value at the maximal height of AM P peak

It is evident that, in order for q/ to have a phys ical meaning, f{i' > 0 (see eqn. 3).
Now, in order for eqn. 12 to have a physical meaning, there must be a one-to­

one correspondence between 11le 1u(ADP) and f{i', which is evident because if the "activity
coefficient" tp' (see eqn . 3) is given , 111e 1u(ADP) should be defined uniquely, while, for
111el u (ADP) to be defined , f{i' must have a unique value. Thi s means that the part of each
curve in Fig. 4 which can have a physical meaning is either the point at which l11e 1u

is at a minimum or the region in which lim mel u < 111el u < lim 111el u' The latter
f/J'-+OO rpl_O

possibility can be excluded, because, provided that this is the situation, it is possible
that, when tp' varies (for instance, by the addition of an organic solvent to the :System),
11lel u(ADP) varies but that both l11e 1u(ATP) and l11el u(AlelraP) continue to ha ve constant
values. Th is is due to the fact that the shape of each curve in Fig. 4 is con stant provided
that both 111e 1u (ATP) and 11lel u( AtetraP) are constant, which is not the actual situation. The
reason why the mathematical expression , eqn. 12, invol ves phy sicall y meaningless
relationships is evident because, if 111e 1u(ADP) , 111el u(ATP) and l11elulA,elraP) are given , eqn .
12 can be considered as the equation for f{i' ; this should be soluble (provided that it
has solutions) whatever combinations among the values of 111el u(ADP), 111e 1u(ATP) and
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Fig. 4. f11e1ul ADP ) as a function of 10glO tp' for several values of .\'0 calculated in the first cycle of the
successive approximations . Two asymptotes obtained when log., tp' tend s to both - 00 and +00 are
also shown for each curve of f11c l u 1ADPI (for details , see text) .

melu(AletraP) may be assumed; it is only one of these combinations that can have a
physical meaning. Hence, the elution molarity of ADP mu st be written as

_ . (I . f [ S( A D P) ' S (A , c lra P ) • (x~ + 2) ' (x~ + 4) . .!!:_ +
me1u(ADP) - mtn -, l '

<p' rp S ( AT P l - (x~ + 3)2 c

. ]_1 l)+ (rP"Inin + I) xo+ z X~+Z - II (15)

from which the value of rp' can be determined at the same time. In the Appendix, we
give a mathematical proof for a more general relationship than eqn . 15:

( aMI) = 0
orp' MZ .M J

(15')

where M), Mz and MJ represent anyone of mclu(ADP), melu(ATP) and melu(AletraP),

respectively.
The following step of the calculation is to substitute the values of m elu(ADP)

and tp' obtained from eqn. 15 into eqn . 10, or only the latter value into eqn . 11, which
gives the value of ef ' lkT. We then substitute melu(ADP) or the experimental value of
either melu(ATP) or me1u(Alelr aP), the experimental value of m in and the hypothetical
values of x~ and S ( A D P) , S CATP) or s(A t e tra P) into eqn, 4, 5 or 6, which now gives the value
of {Jaef" lkT. By using this value of {Jaef" lkT, we can calculate the values of B or RF (see
ref. 7), B in or R F • im in the initial state of the chromatography before the gradient is



104 T. KAWASAKI

applied (in which the phosphate molarity is min) for AMP, ADP, ATP and adenosine
tetraphosphate, respectively, by the following relationships tcf., eqn. 1 in ref. 7):

1B - R . -- ----------
in(AMP) - F.Jn(AMP) - I + /3ae f " l kT (rp' min -I- I )-x~ (16)

I
Bin(ADP) = RF.in(ADP) = -I+~f"7kT f'lkT-('---+-I)-X'-lpoe e- (f! min 0

(17)

Bin(ATP) = RF.in(ATP) = I + /3ae f " l kT (ef ' l kT ) 2 (q/ min + l)-X~-2 (18)

and

It follows from eqn. 16 that the theoretical value of the elution volume of AMP,
V(AMP), is

(20)
VT

RF.in(AMP)
V(AMP) = ----=---=--

where VT is the total interstitial volume of the column (see Table 11). The effective
lengths of the column and the effective values of s for ADP, ATP and adenosine tetra­
phosphate can be calculated, by using eqns. 17-19, respectively, as

V'
L(ADP) = L - -;:;_. RF.in(ADPJ (21)

(22)

V'
L(Atetrap) = L - -v-' RF,in(Atetrap) (43)

S(ADPJ = g L(ADPJ (24)

S(ATP) = g L(ATP) (25)

and

S(AtetraP) = g L(AtetraPJ (26)

where V' is the volume of the initial buffer eluted from loading the sample until the
gradient begins (see Table 11) and v is the interstitial volume per unit length of the
column (see Table II).

The first cycle of the successive approximation is now finished. The second
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cycle begins by substituting the values of S( ADP), S (A TP) and s (A telraP) obtained by eqn s.
24-26 into eqn. 15, and the values of me1 u (ADP) , tp", V(AMP), S(ADP), S(ATP ), s(AtetraP) , etc. ,
are again calculated through eqns. 15-26 . These values must be slightly different from
the values calculated in the precedin g cycle. The discrepancy between the values ob­
tained in the nth and the n - Ith cycles must tend to zero when the value of n in­
creases , however. Hence, the theoretical values of me1u(ADPl> tp' ; V(AMP) [or RF.in(AMP)],

etc., can finally be estimated for each hypothetical value of x~ . The values of melu(ADP)

and V ( AMP) [or R F .in(AMP)] are compared with the experimental values (see Table II)
and the value of x~ is determined, from which it follows that the values of tp' , ee'/kT
(or 10' ), (1aet H

/
H , B1n(AMP) [or RF.in(AMP)], B in (ADP) [or RF. 1n(ADP)], B1 n(ATP) [or RF.in(ATP)] ,

B tn (Atet r ap) [or RF.in(AtetraP)] , L(ADP), L (ATP) , L(Atetr aP ) , S(ADP), S ( AT P) and s (AtetraP ) are
finally estim ated . Fig. 5 summarize s the method for the evaluation of these pa ram­
eters.

I ntroduction of several hypothetical val ues of x~ ,

an d exper im en tal va lues of m e1 u( ATP) and melu (A tetraP)
in Table II

!
Repe t ition of the cycl es of successive approximation
(see tex t) on the ba sis ot the model in Table I

Produ ction of t he para meters m elu (ADP) ' V(AMP)' 'P',
e E' / k T, (l6eE"Ik ~ etc., 0 5 fun ction s of x~

1
Compa r ison with expe r imenta l values of me1u(ADP) and

V(AMP) [ar RF, in (AMP l] in Table IT

1
The va lue of x~ is determ in ed I

1
The va l ue~ of cp', e <tiff, (J6e <"/k~ etc. , are deter m ined

Fig. 5. Meth od for the est imati on of the va lues of Xu, 'P' , e' ''kT, #ae,n'kT, etc.

RESULTS OF CALCULATIO NS

Table 1II shows values of ip' ; me1u(ADP) and V( AMP) calculated in the first to
sixth cycles of the successive approximation for the case when x~ = 2, in which it can
be seen that six cycles are sufficient to give good enough fits of the values with those
obtained in the preceding cycle. Similar calculations were carried out assuming x~ =
I, 3, 4,' 5, 6 and 7. In all instances, six cycles were suffi cient to give good fits. Fig. 6
illustrate s melu (ADP) as a function of log., tp' obtained through eqn . 12 in the last of
the six cycles for x~ = 1-4. The value of me1u ( ADP) with a physical meaning is at the
minimum of each curve (see Theoretical) . In Fig. 6, the experimental value 0I'me1u(ADP )

[0.083 M (see Table II)] is also shown ; thi s is clo sest to the minimum of the curve with
x~ = 2 (0.087 M), but also close to the minimum of the curve with x~ = I (0.077 M).
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TABLE II I

VALUES OF '1/, me luCADP) AND VCA M P) CA LCULATED IN THE F IRST TO THE SIXTH
CYCLES OF THE SUCCESSIVE APPROX IMATION FOR TH E CASE WHEN X~ = 2

-- --.--

N um ber of cycle rp ' me/u (ADP) ( M ) V(AMP) ( m l)

I 7.3 0.1048 20.5
2 4.6 0.0873 24.6
3 4.3 0.0844 27.6
4 4.6 0.0866 27.2
5 4.6 0.0870 26.7
6 4.6 0.0866 26.7

On the other hand, it can be show n that the experimental value of V(A MPl [20 ml (see
Table II) ] is closest to the theoretical value obtained assuming x~ = I (22 ml) and
next to the value corresponding to x~ = 2 (27 ml) . Table IV summarizes the values
of severa l parameters finally determined for both x~ = I and x~ = 2.

0 .1 2 ,---- - - - - - - - - - - - - - - - - - --,

0 .11

~ 0 .\0 J--~==-­
s
:>
Qi
E

0.09

0 .08

3o-1-2
[09 10 cp'

Fig. 6. lIIel n ( ADP) as a functi on of log lO tp' for severa l values of X ocalcul ated in the last of the six cycles
of the successive approximation . Two asymptotes obtained when loglO tp' tend s to both - 00 and
+00 are also shown for each curve of m e l u ( ADPI' The minimum of each curve gives the theoretical
value of m elu (AD P ) . It can be seen that the best fit with the experiment is obtained when X o= 2 (for
details, see text) .

DISCUSSION

All calculations were carried out by assuming that the mo larity, min, of
phosphate ions before the gradient begins is eq ua l to the mo larity of both the solven t
of the sample solution and the start ing buffer with which the gradient was made, i.e.,
0.001 M (see legend of Fig. 3). In the experiment in Fig. 3, however, the gradient of
phosphate ion s was introduced into the co lumn after a volume of onl y 4 ml had been
eluted after loading (which was done at zero volume ; see legend of Fig. 3), and it can
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TABLE IV

ESTIMATED VALUES OF SEVERAL EXPERIMENTAL PARAMETERS FOR x~ = I AND
x~ .= , 2

Parameter x~ Parameter x;,

2 2

tp' 6.7 4.6 Bin ( ATP) or RF.1n (AlP) 0.013 0.013
ef:"kT 5.45 4.80 B 1n(A tctr ap) or R ,..,in(Al elf <tp ) 0.0025 0.0028
c'/kT 1.70 1.57 L CADP) (ern) 5.6 6.2
f J (kcal /rnolc) ' 1.00 0.93 L (ATP) (em) 9.1 9.2
jJue," /kT 2.53 3.29 L cA(et"P) (ern) 9.8 9.8
Bin ( A ,,\fP ) or Rr,ilt ( A .\ iPI 0.28 0.23 SI ADP) (M) 0.0089 0.0097
Bjll ( ADP, or R,..,inC ,\ OPJ 0.068 0.060 .I'(A1P)(M) 0.0144 0.0144

SCAte',,,P) (M) 0.0155 0.0154

• Calculated assuming that T =" 25".

be seen that the gradient begins at an elution volume of 40 ml or that the volume of
the solvent eluting between the introduction and the beginning of the gradient is 36
ml, which is much larger than the total interstitial volume of the co lumn, i.e., 6.28 ml
(see Table Il). This would indicate that the gradient is de layed owing to the adsorption
of the ions of the buffer on to HA. On the other hand , it can generally be observed
that the actual slope of the gradient is virtually equal to the slope that would be realized
if there were no adsorption of the ion s on the crystal surface' ; this means that the
delay of the gradient occurs immediately after the gradient is introduced and that,
after the initia l delay, any part of the gradient migrates with the same rate and
RF = l , This may be due to the fact that the concentration of the ions in the interstices
of the column is extremely high and virtually independent of the adsorption on to the
crystal surface (except just at the beginning of the gradient). In Fig. 3, it is difficult
to know the exact molarity of the phosphate between the introduction and the
beginning of the gradient; this must be small because refractometry shows it to be
virtually zero", but it is probably higher than 0.001 M . Eqn s. 16-19 show that the
values of RF • 1n vary only very slightly with a variation in the val ue of m in, provided,
however , that q/ ' min «: l.

It is also assumed that the adsorption of a molecule on the surface of HA is
unique ; this is correct if a particular orientation of the mo lecule on the crystal surface
is energetically much more stable than the other poss ible orientations, and could be
applied approximately to all nucleoside phosphates in Fig. 3. However, the exactness
of the approximation must be different for different molecules and it must be better
following the order of the values of the adsorption energies in the most stable orienta­
tion, i.e., following the order adenosine tetraphosphate, ATP, ADP and AMP. Ac­
cording to this consideration, the theoretical values of V(AMP) and me1u(ADP) estimated
on thebasis of the approx imation of the unique adsorption of the molecule and by
using the experimental values of both melu(ATP) and m e1u(Aletr "P) (see Table II) might

• In the experiment in Fig. 3, however, it was reported" that the vo lume ofeach chromatographic
fraction is 3 ml. If the slope of the gradient is calculated by using this value, it becomes slightly larger.
This must be due to the fact that the measurement of the fracti on volume is not exact!' .
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be slightly larger than the cor responding experi menta l values ; this suggests that the
value 2 estimated for x~ is more probable than the value I becau se, if x~ = 2, both
the theoretical values of m elulADP) (0.087 M ) and V l A M P) (27 ml) are larger than the
corre sponding experimenta l values [m e l u l AD P ) = 0.083 M and V ( A MP ) = 20 ml], where­
as if x~ = I, the theoretical value of l1le 1u( A DP ) (0.077 M ) is sma ller than the 'experi­
mental value (see Results of calculations). On the other hand , however, a similar
experiment for poly-r-l ysine suggests that the theoretical value of m el u l A DP ) would be
slightly smaller than the experimenta l value owing to a slight deviat ion from linearity
of the relationship between / lz and m (see ref. 15).

In this step, it is difficult to determine the exact value of x~ . However, a value
of 1-2 estimated for x~, which would indicate that the adenosine group of adsorbed
nucleosides covers at most only one crysta l C site (see Theoret ical), seems reasonable
and consistent with the hypothesis that a C site correspond s to a void of the hydroxyl
ion of HA (see Introduction). The value (0.9-1 kcal /rnole) estim ated for Sf or the ad­
sorption energy for a univalent phosphate group on the polyphosphate chain of the
nucleotide (Table IV) is also reasonable and about twice the value (0.5 kcal /rnole)
estim ated for a carboxyl group on the basis of the microheterogeneous model of
tropocollagen 17. As these reasonable conclu sions were reached on the basis of the
assumption that each phosphate group on the polyphosphate chain should be ad­
sorbed on a C site with a good fit between the inter vals of neighbouring pho sphate
groups and neighbouring C sites, and as the good fit of the intervals would be pos­
sible only if a C site corresponds to a hydroxyl position of HA (see Introdu ction), it
can be concluded that these result s verify the hypothesis of the one-to-one correspon­
dence between a C site and a hydroxyl po sition (void of the hydroxyl ion).

lung et al.18 suggested, ho wever, from adsorption experiment s with inorganic
pyrophosphate and two dipho sphonates (conta ining a P-C-P structure in contras t to
a P-O-P struc ture in pyrophosphate), namely disodium ethane- l-hydroxy- I, l-di­
phosph onate (EHDP) and disodium dichl oromethylene diph osphonate (ClzMDP),
the existence of not only a commo n bind ing site but also a separate site preferential
for pyrophosphate. Thi s suggestio n is ju stified!" by the following arguments: (a) A
Scatchard plot (a plot of the ratio of the number of molecules bound to the free con­
centra tion in solution as a functi on of the amount bound ) shows that the affinity
consta nt of the first class of sites is highest for EH DP, followed by pyrophosphate,
and smallest for ClzMDP; but the index for the total bind ing capacity is lar gest for
pyrophosph ate , followed by EHDP and smallest for ClzMDP ' . When the concentra­
tion of pyrophosphate in solution (pH 7.4) is high, a binding of about two molecules
per surface un it cell of HA can be estim ated (under some assumptions, of course) ;
this is greater than the value predicted by the model of Taves and Reedy' (see Intro­
duct ion). (b) The addition of EHDP displaces pyrophosphate previously bound on
HA, but when EHDP is added in amounts up to 50% of the pyrophosphate previ­
ously present on the HA, the displaced pyrophosphate and the added EHDP are in
molar proporti ons of I :3. For larger amounts of EHDP, the relati ve displacement of

, It is necessary, however, to be careful enough about how the mutual interactions among
molecules adsorbed on the surface of HAl 3 influence the values obtained through the Scatchard plot ,
which would indicate, in the ideal case, the affinity of molecule for HA and the bind ing capacity of
HA .
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pyrophosphate decreases. These observations are consistent with the existence of two
types of adsorption sites *. It can be considered, however, that chromatography re­
flects mainl y the state where the den sity of molecules on the crystal sur face is small
enough, becau se the development of molecules is possible only when the density is
small, the state where a con siderable proportion of molecules in a section of the col­
umn is in solution being realized when the density is small. In thi s state, the strongest
site must be used mainly for the ad sorption of molecules , and this must be the C site.

It was shown by Krane and Glimcher'" that synthetic apatite crystals form
complexes with various nucleoside tri- and diphosphates as well as inorganic pyro­
phosphate at ph ysiological temperature and pH . The terminal phosphorus atom of
the bound nucleotide was transferred to a crystal surface phosphate with the forma­
tion of pyrophosphate on the crystal and the respective nucleoside di- and mono­
phosphate. It was also shown by Krane and Glimcher!" that the susceptibility to in­
organic pyrophosphatase of the pyrophosphate bound to the crystal was different,
depending on whether the pyrophosphate was bound as such from solution (82 %
hydrolysed) or whether it was formed from the transphosphorylation reaction with
ATP (16 % hydrolysed). On the other hand, when the crystals from both types of
experiment were dissolved and the pyrophosphate was isolated and allowed to react
with pyrophosphatase, essentially all of the inorganic pyrophosphate was converted
into inorganic orthophosphate. Krane and Glimcher suggested ." that thi s difference
in enzymatic susceptibility is due to a different orientation of the pyrophosphate on
the surface of the HA, depending on the origin of the pyrophosphate. A reasonable
atomic explanation was given by Tave s and Reedy', who considered that the position
of the result ing pyrophosph ate from the transphosphorylation reaction is roughly

perpendicular rather than parallel to the ~ axis of HA. It was reported by Bernardi"
that the chromatography of a mixture of AMP, ADP, ATP and adenosine tetra­
phosphate on an HA column (Fig. 3) gave yields of 133, 113, 113 and 50%, respec­
tively. It is probable that thi s is due to the fact that the terminal phosphorus of the
bound nucleoside di- , tri- and tetraphosphates was partially transferred to a crystal
surface pho sphate with the formation of pyrophosphate on the crystal and the respec­
tive nucleoside mono-, di- and triphosphate.

Another example of the molecular reaction that is catalysed by HA on its
crystal surface is the degradation of RNA at a high temperature (70 °), reported by
Martin son and Wagenaar!". In th is instance, it is con sidered'? that the crystal surface
of HA is not directly involved in the degradation of RNA but that the degradation
is due to a presumably very high concentration of Ca2+ ions near the crystal surface,
perhaps held there by the requirement of electrostatic charge balance. It was also
reported'? that there is no detectable degradation in the case of DNA, which is
consistent with the work of Bernardi?", who showed that, at room temperature, no
significant changes in the physical, chemical and biological properties of native DNA
take place upon the adsorption-elution pr ocess on HA columns.

Finally, the value of the parameter q/ (4.6-6.7) estimated in this work (Table
IV) for competing phosphate ion is comparable to the value of 5 estimated in earlier
work? for competing potassium ion [see Fig. 2 (e) in ref. 7]. However, this va lue is

• The possib ility that the second type of crystal site co rresponds to a P site?" can alm ost be
excluded, because this site reacts with the basic group of the molecule.
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much larger than the value of 0.6 estimated for phosphate ion", which was based on
the experimental data for tropocollagen (Fig. 5 in ref. 7); it was shown that x ' tp' =
179, and the value of 300 estimated for the parameter x' for tropocollagen by as­
suming that no C sites under the adsorbed molecule can react with phosphate ions ",
The estimation of the value of x' , which is based on the well known molecular-dimen­
sions and shape of tropocollagen, must be correct at least in its order of magnitude,
whereas if the value of 4.6-6.7 for the parameter tp' estimated in this work is substi­
tuted into the relationship x' sp' = 179, one obtains x ' = 27-39; this is much less than
300 . Tropocollagen is a rod-like molecule with three polypeptide chains forming a
triple helix, which involves mainly glycyl and imino residues occupying 1/3 and 1/5­
1/4 of the total residues, respectively; it is considered that the conformation of the
triple helix is similar to that of (Gly-Pro-Pro), (see ref. 21). As glycyl residues oc­
cupying 1/3 of the total residues have no side-chains, it might be possible that phos­
phate ions of the buffer can enter the spaces among presumably protruding side­
chains of aspartic and glutamic residues under the adsorbed molecule, carboxyl
groups of which are reacting with C sites; thi s would reduce considerably the value
of x' , In a following paper", it will be shown that it is probable that competing ions
can enter the spaces among protruding side-chains of poly-i-lysine, s-amino groups
of which are reacting with P sites-" of HA. One cannot, however, exclude the pos­
sibility that the adsorption of phosphate ions on to the molecular surface of tropo­
collagen, if it occurs to a high extent, changes the apparent values of x ' ,

APPENDIX

A mathematical proof for eqn . IS' is given below. According to our chromato­
graphic model, it can be considered that, under any experimental condition where (P'
has a constant value, M h M 2 and M 3 are functions of two parameters (concerning
the property of the sample molecule) e' and e* == f:" + kT log a if x~ is given,
respectively, or it can be written

M 2 = f2 (s', e*)

Now, eliminating e' and e* among eqns, A I-A3, one has

or

(A I)

(A2)

(A3)

(A4)

(AS)

• It can be considered that tropocollagen is adsorbed on to C sites by using carboxyl groups of
aspartic and glutamic residues ". These residues occupy about one tenth of the total residues.
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As the function F invo lves (P' as a parameter, it is po ssible to re-wri te eqns. A4 and
AS, respectively, as

(A6)

and

(A7)

On the other hand, it is possible to consider that eqn . A6 has the form

(A8)

from which we can deri ve

Now, by co mpa ring eqn. A9 with eqn. A7, it can be conclud ed that

(
a(p ) -- 07ir7 Mz.M) -

which is eqn. 15'. It sho uld be noted that (aW)M 2. MJ is a virtual displacement.
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SUMMARY

A simple and rapid method for the identification of ergot-peptide alkaloids is
described. At temperatures around 3000 instantaneous degradation of the free
alkaloids occurs in the injection port of the gas chromatograph, each alka loid yielding
a specific set of pept ide degradation products, which are subseq uently separated on
a SE-30 column. Since the lysergic acid moiety cannot be seen in the gas chromato­
gram, the separation of alkaloids which differ in that part of the molecule is not
possible and should be done by thin-layer chromatography or high-performance liquid
chromatography. However, combination of these two techniques with the present
method provides an excellent identific ation of a ll of the possible ergot-peptide
alkaloids, including stereoisomers.

INTROD UCTION

Despite numerous attempts, the identification of the ergot-peptide alkaloids
has remained cumbersome due to the relatively small differences in the molecular
structure of the peptide moiet y (Fig. I). The identificat ion is further complicated by
the potential occurrence of isomerization and/or hydrol ysis breakdown products'.
These products result from changes in the lysergic acid moiety, and the hydrol ysis
breakdown products can be separated relati vely eas ily':".

For the parent alkaloids, ergotamine, ergosine, ergost ine, ergocristine, ergo­
kryptine and ergocornine, a large number of thin-layer chromatography (TLC)
systems has been described2,s - 7, but, with one exception", none has provided an
adequate separa tion of all of these six components. The advantages of high-p erfor­
mance liquid chromatography (H PLC) have not yet been fully investigated''-":'" and it
remains to be seen whether this technique is abl e to pro vide adequate separation
efficiency, since the small differences in the peptide moiety hardly seem to affect the
chromatographic properties of the tot al molecule.

Because of the thermal instability and low vapour pressure of the ergot-peptide
alkaloids, gas-liquid chromat ography (G LC) had been found to be unsuitable for
the analysis of th is class of compounds" . Yet , so me observations in a case of death
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Rl~H;R2~CH ERGOSTINE - - -

Fig. 1. Structures of the ergot-peptide alkaloids.

involving ergotamine's, as well as recent work by Szepesi and Gazdag'", indicated
that GLC may still have some potential. The objective of the present study was to
test the applicability of GLC to the identification of the six ergot-peptide alkaloids.

EXPERIMENTAL

Materials
All of the chemicals and solvents were obtained from E. Merck, Darmstadt,

G.F.R. and were of analytical grade.
Reference samples ofergotamine, ergosine, ergostine, ergocristine, ergokryptine

and ergocornine were kindly supplied as hydrogen maleate or ditartrate salts by
Sandoz, Basle, Switzerland. The salts of the respective alkaloids were each dissolved
in demineralized water, and the solution was adjusted to pH 10 with 4 N ammonia
and extracted with chloroform. The chloroform extracts were evaporated to dryness
under a gentle stream of nitrogen in a water-bath at 50", and the residues were taken
up in ethanol to give solutions ca. 10- 3 M in free base. The free bases were found to
be at least 99 % pure using the TLC system of Phillips and Gardiner". Volumes of
5,u1 of the solutions of the free bases were used in the GLC experiments.

Reference samples of L-phenylalanine-L-proline lactam (i.-Phe-t-Pro lactam),
L-phenylalanine-o-proJine lactam (L-Phe-D-Pro lactam) and pyroergotamine were
also gifts from Sandoz. They were used as received and dissolved in ethanol to yield
ca. 10- 3 M solutions, 5 ,ul of which were used in the GLC experiments.

Gas chromatography
Analyses were done on a Hewlett-Packard Model 5830 instrument, equipped

with a hydrogen flame detector. Glass columns (1.8 m X 2 mm 1.0.) coated with
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HM DS were packed with 3 % SE-30 on Chromosorb G HP (80-100 mesh). The in­
jection po et had a glass inlet liner (2 mm I.D.) and was kept at 300°. The oven tem­
perature was 225°, and the detector temperature was 300°. Nitrogen was used as
carrier gas at a flow-rate of 30 mljmin . The flow-rates of hydrogen and air in the
detector were 30 mljm in and 300 mljmin, respectivel y.

Thin-layer chromatography
The system of Phillips and Gardiner" was used, with chloroform-methanol

(9:1) on NaOH-impregnated precoated silica gel plate s (silica gel F254 ; E. Merck).
Development was carri ed out in unsaturated chambers, whereas detection was done
in UV light of wavelength 254 nm and 365 nrn , followed by spraying with a 5% (wjv)
solution of 4-dimethylaminobenzaldehyde in methanol-hydrochloric acid (I: I)
(DMBA).

Gas chromatography- mass spectrome try ( GC- M S)
Analyses were done on a Finnigan 3300 GC/MSjCOM instrument. For

chemical ionization (Cl) spectra, methane was used as carrier gas and as reactant
gas, with the gas chromatograph coupled to the mass spectro meter by a 2 mm I.D .
stainless steel tube and a venting valve. The methane flow-rate was 20 mljmin,
resulting in an ion-chamber pressure of ca. 0.5 Torr. The ion-source temperature was
250°, the electron energy 70 eV and the ion-repeller voltage was 3 V. For electron
impact spectra, helium was used as carrier gas, with the gas chromatograph coupled
to the mass spectro meter by an all-glass jet separato r. The ion- source pre ssure was
kept at ca. 10- 5 Torr, the ion-source temperature was 250° and the electron energy
70eV.

High-resolution mass spectrome try
Exact mass determinations were obtained on an AEI Model MS-9 instrument

via a direct inlet system with a probe temperature of 180°. The electron energy was
70 eV and the acceleration voltage 8 kV. Calculations were car ried out on an Atlas­
Ferranti computer system.

RESULTS AND DISCUSSION

During a recent investigation into the cau se of death of a drug addict we
applied hydrol ysis in strongly acid medium! " to the post-mortem blood samples so
as to liberate any bound drug from blood cells or blood proteins. An alkal ine chloro­
form extract of the hydrolyzate then revealed the presence of L-Phe-n-Pro lactam,
i.-Phe-t-Pro lactam and a pyru voyl precursor of L-Phe-D-Pro lactam':'. Since these
products, in particular t.-Phe-o-Pro lactam, are characteristic of the decomposition
of ergotam ine under acidic conditions' , we concluded that the latter drug had been
present in the blood of the deceased.

Fig. 2 shows the decomposition pathways for ergotamine. However, further
investigations into the quantitative aspect s of the lactam formation showed that this
degradation took place to only a limited extent during the acid hydrolysis, but that
reproducible and instantaneous degradation was achieved in the injection port of the
gas chromatograph. Fig. 3 repre sents a gas chromatogram obtained by injecting a
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Fig . 2. Decomposition pathways of ergotamine. 1 .~ Erg otamine. LSA indicates the lysergic acid
m oiety. The dashed line indicates that the cleavage takes place between the a -nitro gen atom a nd the
a -ca rbon at om of the amino aci d invol ved , namely «-h ydr oxyalanine. This results in a pyruvoyl pre­
cursor of phenylalanine-proline lactam which can have structure 2 or 3 (ref. 17). Structure 3 is th at
of pyroergotamine , a reference sa mp le of which showed the sa me GC and MS behaviour as the above
pyruvoyl precursor. However, this do es not preclude structure 2 (which is more stable) for th is pre­
cursor, but for which no reference sample was available. Structure 4 is the phenylalanine-proline
lactarn, which is obtained in two forms, namely r.-Phe-o-Pro lact am and t-Phe-t-Pro lactam.

freshly prepared solution of ergotamine base in ethanol. The identity of the decom­
position products was further confirmed by GC-MS and high-resolution MS, and by
comparison with authentic reference samples" .

The optimal injection-port temperature was 300°. Lower temperatures, down
to 1800

, decreased the amount but not the number of decomposition products. Other
solvents, such as benzene , dichloromethane, chloroform, dichloroethane and aceto­
nitrile, gave exactly the same degradation patterns, but diethyl ether, dimethyl
sulphoxide and carbon disulphide were less sati sfactory, probably due to the poor
solubility of ergotamine in these solvents.

The other ergot-peptide alkaloids, ergosine, ergostine, ergocri stine , ergo­
kryptine and ergocornine, showed similar decomposition patterns in the injection
port, in that they all gave cyclic lactams containing two amino acids and a precursor
of these lactams which, besides these two amino acids, also contained a deaminated
third hydroxy-amino acid. Thi s was confirmed by GC-MS. Table I summarizes the
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Fig. 3. Gas chromatogram of ergotamine base on SE-30. Peaks : I = i.-Phe-i-Pro lactam; 2 = i.-Phe­
o-Pro lactam ; 3 = pyruvoyl precursor of i.-Phe-n-Pro lactam.

various degradation products, their retention times and retention indices" on SE-30,
and their quasi-molecular ions in CI-MS. Fig. 4 shows a gas chromatogram of a
mixture of the six ergot-peptide alkaloids, injected as bases in ethanol. It can be seen
that each individual alkaloid can be identified by the presence of two or three charac­
teristic degradation prod ucts.

It is interesting to note that the formation of an L-L dipeptide lactam together
with an L-D dipeptide lactam can only be seen with ergotamine, ergostine and ergo­
cristine, the three alkaloids that contain both phenylalanine and proline. The other
alkaloids , which do not contain phenylalanine, yield only one dipeptide lactam. Two
reasons may account for the latter phenomenon: the degradation occurs in favour of
only one configuration, or , if two configurations are formed, the separation of these
two is not accomplished under the present GLC conditions. Since the respective L-L

and L-D dipeptide lactams derived from ergosine, ergokryptine and ergocornine were
not available this question remained unanswered .

Our results do not seem to be in agreement with those ofSzepesi and Gazdag!".
These workers studied the G LC behaviour of dihydroergotoxine alkaloids and
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IDENTIFICATION OF ERGOT-PEPTIDE ALKALOIDS

4

1 3

119

b 2 4 6 8 10 12 min

Fig. 4. Gas chromatogram of the six ergot-peptide alka loids on SE-30. Ergotam ine : peaks I, 2 and 3;
ergosine : 4 and 5; ergostine: 1,2 and 6; ergoc ristine : 1,2 and 7; ergo kryptine: 4 and 8 : ergocornine:
9 and 10.

reported only one GLC peak for the co rn ine, kryptine and cristine peptide moieties
using steel injection ports at temperatures around 235°. Furthermore, they assumed
that there was clea vage of the amide bond between the lysergic acid moiet y and the
peptide moiety, resulting in a tr ipeptide moiety containing three nitrogen atoms. In
our studies, GC-MS and high-resolut ion MS showed that the initi al cleavage takes
place between the a-nitrogen atom and the a-carbon atom of the a-hydroxy-amino
acid in the peptide moiety, resulting in a deaminated tripeptide structure", We found
no difference between the behaviour of steel liners and glass liners.

Since the present method only identifies the peptide part of the molecule,
differentiation between components that differ in their lysergic acid moiety (stereo­
isomers such as -ine and -inine components, aci-components and deri vatives such as
lumi- and dihydro-components) is not possible. Yet, as the latter products can be
differentiated by TLC3,13 or HPLC4

, combination of these techniques with the present
GLC method allows unequivocal identification of all of the ergot alkaloids, also in
mixtures. On the other hand, differences in the structure of the lysergic acid moiety

• Szepesi and Ga zdag have recentl y obtai ned GC-MS informat ion on the site of cleavage of the
peptide moiety which is in agreement with o ur findingsI".
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do not affect the GlC degradation of the peptide moiety . For exampl e, aci-ergo­
tamine, ergo ta mine and dihydroergotamine were found to give the same gas chro­
matogram as ergotamine (see Fig. 3).

Co mbination of the present GlC technique with TlC or HPlC systems will
also provide a more reliable analysis of materials, suspected of containing lysergide
(lSD). For example, when subjected to TlC, various street drug samples show a
multitude of blue fluore scent spots giving a blue colour with DMBA and have R F

values close to that of LSD which may be caused by ergot-peptide a lka loids. By
collecting the spots from the plate and subject ing them to GlC, it can easily be
esta blished whether these products conta in a peptide moiety.

It should be noted that neither Iysergide , lyserg ic acid nor the lysergic acid
moiety of ergot-peptide alkaloid s can be de tected under the present G l C condit ions .

The qu antitat ive aspects of the meth od are sti ll under investigati on . With
ergo tamine, it seems th at the rat io in whic h the th ree degradat ion co mponents a re
formed differs slightly, but that the total area of the th ree peak s remains fa irly con­
stant with a variation coefficient of ca. 5 %.
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QUANTITATIVE ANALYSIS OF DIHYDROERGOTOXINE ALKALOIDS BY
GAS CHROMATOGRAPHY AND GAS CHROMATOGRAPHY-MASS SPEC­
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SUMMARY

A rapid , sensit ive and specific method for the analysis of the dihydroergotoxine
alkaloids (dihydroergocornine, dihydroergocryptine and dihydroergocristine) by gas
chromatography and gas chromatography-mass spectrometry is described. The
method is ba sed on the quantitative thermal decomposition of the compounds in the
injection port of the gas chromatograph, using a 3 ~~ SE-30 column with a nitrogen
detector. The sensit ivity is about 1-10 ng. Gas chromatography-mass spectro metry
was used for the structure elucidation of the thermal decomposition products of the
dihydroergotoxine alkaloids and for the determination of these compounds at the
picogram level.

INTRODUCTION

Dihydroergotoxine (DET) is a mixture of dihydroergocornine (DECO), di­
hydroergocryptine (DECY) and dihydroergocristine (DECl). The methanesulphonate
salt of dihydroergotoxine, Hydergine, is used in the treatment of peripheral and
cerebral vascular diseases. It has an a -adrenergic blocking action and produces a
generalized peripheral vasodilatation without lowering the blo od pressure in normo­
tensive patients, but it may cause a reduction in blood pre ssure when administered
to hypertensive patients. DET is obtained by hydrogenation of the ergotoxine fraction
of the Claviceps alkaloids. Thi s fraction is composed of ergocornine, ergocryptine
and ergocristine, in various ratios depending on the species of ergot. The isolation
and the physical and chemical characteristics of the DET alkaloids were first described
by Stoll and Hofmann' in 1943. Since then, many attempts ha ve been made to
develop sensitive and specific analytical methods for the identification and deter­
mination of the ergot and dihydroergot alkaloids.

The DET alkaloids can be separa ted by paper'>' , thin-layer (TLC)4-7, liquids-?
and gas chromatography (GC)lO or by counter-current distribution!' . Most methods
proposed for the determination of the DET alkaloids are based on separation by

• To whom correspondence should be addressed.
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TLC and quantitation of the separated alkal oids either directly by UV or UV-visible
spectrophotodensitometry or fluorodensitornetry'J "!" or indirectly by eluting the ac­
tive substa nce from the layer and measuring the UV absorption o r photometrically
by Van Urk's colour reaction!"?".

All of the se thin-layers method s are t ime consuming and, except " for the
fluoroden sitometr ic detection", are insens itive. Recently, a rapid GC method'" for
th e separation and determination of the DET alkaloids has been developed, using
an all-metal injector and column syste m with flame ionization detection . The pro­
cedure is based on the quantitative decomposition o f the compounds, catalysed by
a metal surface, a nd the subseq uent separat ion and detection of the peptide moieties
formed from various DET alkaloids. However,S ftg of each compound is required
for adequate quantitation.

In this paper we describe a rapid, sensit ive and specific procedure for the
analysis of DET alka loids by GC and combined GC-mass spectrometry (GC-MS).
The method is based on a quantitative, non-catalysed, thermal decompositi on of the
DET alk aloids int o a peptide moiety and dih ydrolysergic acid amide (DLAA) in the
injection port of the gas chromatograph. A normal all-glass system and a select ive
and sensitive nitrogen detector are used, and a sensitivity of about 1-10 ng for the
various DET alkaloids is obtained . With the aid o f the combination of GC and
chemical ionization (CI) mass fragmentography, a lO-fold increase in sensit ivity
compared with the GC method used is obtained. Electron impact (EI) and chemical
ionization mass spectrometry were used to elucidate the mechanism of the thermal
decomposition of the DET alkaloids.

EXPERIMENTAL

Reagents
All solvents were of analytical-reagent grade and were obtained from Merck

(Darmstadt , G .F.R.) . The methanesulphonates of dihydroergocornine , dih ydr o­
ergocryptine and dih ydroergocristine were obtained from United Pharmaceutical
Works (Prague, Czechoslovakia).

For the liberation of the bases of the DET alkaloids from their methane­
sulphonates, the strongly basic anion exchanger Dowex I-X2 (100-200 mesh; Fluka,
Buchs , Switzerland) in the hydroxide form was used in a methanolic medium. The
hydroxide form of the anion exchanger was prepared by eluting a chromatographic
column (20 X 2 ern) packed with about 10 g of Dowex I-X2 with 2.5 ml I N sodium
hydroxide solution until the eluate was alkaline to phen ophthalein, followed by
rinsing with water until the eluate was neutral ; the product was stored under methanol
until required.

A stock so lut ion of a I : I :1 mixture of the DET alkaloids was prepared by
dissolving 30.0 mg of each of the methanesulphonates in 5.00 ml of methanol in a
15-ml glass-stoppered tube. After adding 200 mg of air-d ried anion exchanger, swirling
on a Vortex-Genie mixer for 10 min and allowing the resin to settl e down, the solution
was used for the preparation of the calibration standards.

An internal standard ([ .S.) solution of 5.00 mgjml of codeine hydr ochloride
was prepared by dis solving 250 .0 mg of codeine hydrochloride (Merck), in 50.0 ml
of methanol. Calibration standards co nta ining 0.50 mg of I.S. and 0.10 , 0.20 , 0.50,
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1.00, 2.00, 3.00, 4.00 and 5.00 mgjrnl respectively o f each of the methanesulphonates
of the DET alkaloids were prepared by diluting mixtures of 100,u1 of l. S. and aliquots
of the DET stock so lution to 1.00 ml with meth anol in I-ml Reacti-vials (Pierce,
Rockford, Ill., U.S.A., Cat. No. 13221). The se solutions were stable for at least
4 weeks when stored in a refrigerator. Volumes of 1 ,ul were injected into the gas
chromatograph .

Samples
A commercial dih ydroergot oxine meth an esulphonate sample was d issolved in

methanol to a fi na l conce ntrat ion of each component of about 0.2 %(w/v) . A dihydro­
ergotoxine methane sulphonate formulation (oral tablets of 1.5 mg, sublingual tablets
of 0.25 mg, oral solutions of 1.00 mg/ml and injection solutions o f 0.30 mg/rnl) was
extracted either directly (solutio n) or after powdering and hom ogenization (ta blet)
with three port ions of 20 ml of chloro for m, the combined extr acts were filtered,
evaporated to dr yness under reduced pressur e in a Buchi Rotavapor and the residue
wasdissolved in a suita ble volume of meth an ol to a final co ncentration of each co m­
ponent of about 0.07 % (w/v) .

After ap plying about 100 mg of Dowex I-X2 (OH-) anion exchanger, aliquots
of these methan olic solutio ns were treated as described for the preparat ion of the
calibration sta ndards.

Gas chromatography
A Varian Mod el 2100 gas chrom atograph equipped with a phosphorus/nitrogen

detector contai ning a rubid ium sulphate sa lt t ip and a Varian Model A25 l-mV
recorder were used. A Varian C DS 101 Chromatograph y Integrator was employed for
the measurement of pea k retention ti mes and pea k areas.

A U-shaped glass column (125 em X 3.8 mm I.D.) packed with 3 % SE-30 on
Supelcoport, 80- 100 mesh (Supelco, Bellefonte, Pa., U.S.A.), was found to be the
most suitable. Th e following GC operat ing parameters were used : column temper­
ature, isothermal at 200° for 21 min , then programmed from 200° to 270° at JOo/min
(for routin e measureme nts the chro matog ra ph is programmed after two runs) ;
detector temperature, 2500

; injector temperature, 225"; nit rogen flow-rate, 26 ml/rnin;
hydrogen flow-rate, 34 ml/rnin ; ai r flow-rate, 180 ml/rnin ; amplifier range, 10- 12

AImV; electro meter attenuation setti ng, x 2-128; recorder cha rt speed, 2 rum/min.

Gas chromatography-mass spectrome try
Mass spectrometry was per formed on a Finn igan 101 5D GC-MS system

equipped with an EI source and on a Finnigan 3200F GC-MS system equipped with
a CI source. Both mass spectro meters were coupled to a Finnigan 6000 computer.
The GC conditions were as stated under Gas chromatography but the ca rrier gas was
helium for the EI inst rument and methane for the C I mass spectrometer . Th e sepa­
rator oven and tra nsfer line were kept at 260°. The CI source temp erature was
regulated at 1300 while the source pressure was maintained at 900 ,um Hg by the
methane colum n flow.
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DLAA

name

DECO
DECY
DECI

-R

-CH (CH3)2

-CH2 CH (CH3)2

- CH2C6HS

+

9¥
CH3

OH I

N ~C'CH3

crY " 0
R

peptide mo.ety

Fig. I. Structu res of the dihydroergotoxine alkal oids and the ir thermal decomposition products.

RESULTS

Gas chromatography
The GC analysis of the DET alkaloids in their base or salt forms cannot be

achieved because of their low volatility and thermal breakdown in the gas chromato­
graph. Hence the determination of these alkaloids by GC is possible only if a complete
and reproducible decomposition is observed.

Using a suitable injection temperature, the DET a lkaloids bases were each
split reproducibly into two components. The structures and the decomposition of
these compounds into a peptide moiet y and dihydrolysergic acid am ide (DLAA) are

DECO

DECY

rs

A DLAA

DECO

DEC

IS B

Fig. 2. Ga s chromatograms of calibration standards containing (A) 0.5pg/fLl of I.S. and lpg/pi of
DECO, DECY and DECI , and (B) 0.05 fIg/pi of I.S. and O.Ol/lg/lti DECO, DECY and DECI.
Volume injected ; 1/11. X = unkn own thermal decomposition products. Arrows indicate programmed
at IO"/min from 200" to 270".
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TABLE I

RELATIV E RET ENTION TIMES ON 3 % SE-30 OF THE DECOMPOSITION PRODUCTS OF
DIHYDROERGOCORNINE, DIHYDROERGOCRYPTINE, D1HYDROERGOCRISTINE
AND THE INTERNAL STANDARD

Compound

Internal standa rd
Dihydroerg oc orn ine
Dihydr oerg ocryptine
Dih ydroerg ocristine
Dih ydrolysergic acid amide

Relative retention tim e

1.00 (retention time = 12.67 min)
0.46
0.57
1.42
2.42

shown in Fig . I. These decomposition products were confirmed with the aid of
GC-MS (see below) . As these peptide moieties are d ifferent (Fig. I), after GC sepa­
ration they can be used for the analysis of the corresponding DET alkaloids. Figs. 2a
and 2b show the GC analysis of calibration standards containing I and 0.01 ttg /ttl,
respectively, of each of the DET alkaloids. The relative retention times of these
compounds were measured (Table I).

To establish the optimal conditions for the thermal decomposition, the in­
fluence of the injection temperature on the separation of the DET alkaloids was
investigated . Fig. 3 shows gas chromatograms for the separation of the se compounds
at injection temperatures of 200 0 (a) , 2250 (b), 250 0 (c) and 2750 (d). From Fig. 3 it

A 8

DECO

DECO

c o

DECO

IS

DECO

DEC

IS

DEC)

IS
DECY

DECI

10 20 10 20 0 10 ioo 10 20
m,n

Fig. 3. Gas chrom atograms of the separat ion of the DEl' alkaloids at injectio n temperatures of
(a) 200°, (b) 225°, (c) 250 0 and (d) 275". Injected: l,d of the calibration standard containing 0.5 11gfpl
of I.S., DECO , DECY and DECI. X _ 0 unknown thermal decomposit ion product.



126 T. A. PLO MP, J. G . LEFER1N K, R. A. A. MAES

can be seen th at a sat isfac to ry separation and a min or further breakdo wn of the
alk aloid s were obtai ned by using an injectio n temperature between 225° and 250°.
In further exper iments a temperature of 225° was employed.

Fig. 4 shows the gas chromatograms of a dih ydroergotoxine methane sul­
ph onate so lut ion before (a) and after (b) th e addition of the str ongly basic anion
exchanger Do wex I-X2. This figure clearly demonstrates that the ana lysis of these
alkaloids in their salt form s cannot be performed witho ut excessive decomposition .

DLAA

k
'"N

DECO

A

DECO

DECV

B

DECI

Fig. 4. G as chro matogra ms of a dihydroergot oxin e methane sulphonate solution containing I lig /ILl
of D ECO, DECY and D ECI befo re (a) and after (b) addit ion of the basic an ion exchang er Dowex
I-X2. Injected volu me : 1 p I. X = un known decompos ition prod uct. Arrows indicate programmed at
100 /min fro m 200° to 270°.

After the G C analysis of the ca libra tion sta ndards, calibration graphs for the
three DET alka lo ids were constructed by plotting the peak-area rat ios of d ihydro ­
ergocornine, dihydr oergocryptin e, dih ydroergocri stine and the I.S. aga inst the con­
centra t ion of these a lkaloids in the var ious calibration stan dards (F ig. 5). It can be
seen that the calibration graphs for the three DET alkaloids show a linear relati onship
from 0.10 up to 5.00 mgjm J. One of the ca libration sta nda rds was chro matographed
several t imes daily pri or to the determinati on of the unkn own samples ; the peak areas
of the DET alka loids and the I.S. were recorded and th e rati os were compared with
the calibration graphs in order to check the condition of the co lumn and the detector.

Th e reprodu cibil ity of the method was determined by fou r replicate ana lyses
on severa l days of five ca libratio n standards, and the result s a re sum marized in
Tabl e II. Th e limit of sensit ivity for the DET alkaloids varied from I to 10 ng and
was deri ved from the G C response of a cal ibration standa rd co ntai ning 0.01 fl gjflJ of
each alk aloid (F ig. 2).
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ratio of pe ak area s
DET al kaloid I! S

127

], ;:
J j~/.'
J t
I f/

2.0_ ).

,01 jY
lLl__I~~/}J1 D;T alka~oid

1 2 3 4 5

Fig. 5. Calibration graphs for (A) DECO , y = 1.443 x - 0.155, r = 0.99 ; (B) DECY, y = 1.3367
x - 0.130, r = 0.99; (C) DECI , y ~ 1.0943 x - 0.153, r = 0.99. Concentration of I.S.: 0.5pg/p\.

To evaluate the accuracy of the method, synthetic samples were assayed . These
samples were prepared by adding 10.0 mg of each of the dihydroergotoxine methane­
suIphonates to about 2 g of tablet powder, containing all tablet ingredients except
the DET alkaloids. The mean recovery in three experiments was 99.0 ± 1.5% for
DECO, 98.5 ± 1.8% for DECY and 98.2 ± 2.4 % for DECI.

The GC method was applied to the determination of the DET alkaloids in
commercial sample s and pharmaceutical preparations. The mean dihydroergotoxine
methane sulphonate content of five commercial samples was 95.2 ± 2.9 %, including
a mean DECO content of 30.9 ± 0.8 %, a mean DECY content of 32.8 ± 2.1 % and
a mean DECI content of 31.5 ± 3.6 %. In the analysis of three portions of ten tablets
of 1.5 mg obtained from two manufacturers, a mean dihydroergotoxine methane
sulphonate content of 92.9 ± 3.5 % of the declared value, including a mean DECO
content of 32.8 ± 1.8%, a mean DECY content of 32.3 ± 2.5 % and a mean DECI
content of 27.8 ± 3.5%, was found .

Gas chromatography-mass spectrometry
The decomposition products of the DET alkaloids were establi shed by means

TABLE II

RESULTS OF REPROD UCIBILITY STUDIES

Concentration of compound
(,tg/,d)

Standard deviation ( %) •

Dihydroergocornine Dihydroergocryptine Dihydroergocristine

0.10 6
0.20 3
0.50 2
1.00 I
3.00 I

11 16
6 6
2 4
1 3
2 3

• Relative standard deviation ( %) = (a /X) · 100of the peak area ratio of DET alkaloid to I.S.



128

A
DLAA IS

B

T. A. PLOMP, J. G . LEFERINK, R. A. A. MAES

DECO IS

o

DEC'

DECO

10 20 30
""n

Fig. 6. Gas chromatograms of calibration standards co nta ining (A) I flg/,tI and (B) 0.1pg /III of the
DET alkaloids using flame-ionization detection. Injected volume : I fll. Arrows indicate programmed
at lOa/m in from 2000 to 270°.
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Fig. 7. (a) EI mass spectrum of the DECO peptide mo iety. The masses indicated in the spectrum are
explained in Fig. 8. (b) The methane C I spectrum of the DECO peptide moiety.
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P9YOH
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mi. 154

of EI and C I mass spectrometry. The thermal degradati on of these substa nces involves
a cleavage of the NH-C21 peptide bond and a hydrogen transfer from the peptide
moiety to the DLAA, as indicated in Fig. I. The peptide moiety is characteristic of
the DET alkaloids. In the gas chromatograph these moietie s are eluted at their
respective retent ion times before the DLAA molecule (Fig . 2).

Figs. 7a and 7b show the El and C l spectra of the DECO peptide moiety .
The ion at m ]e 294 (Fig. 7a) is the molecular ion of the peptide and corresponds to
the quasi-molecular ion at m]e 295 (Fig. 7b). The ions above m]e 295 are the (M +

CflyOH 1:
I N C3 H6

o~y ------...
CH m/e 196

eH3 'CH3

J-H l-H
mi. 195 m/.'53
Fig. 8. The fragmentation scheme for the DECO EI mass spectrum.
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+CH2 16~ A

~ I ~HN'-
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-rQf

269 6

100 160 200 260

(b ) OH LYSERG AClO AMlOE CI

100
270 IM+HJ 45

(M+C2H6l

(M+C3H5l

130 150 200 250 300

Fig. 9. (a) The EI mass spectrum of DL AA. (b) The methane C I mass spectrum of DLAA.
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Fig. 10. The fragmentation scheme for the DLAA EI spectrum.

CzHs)+ and the (M +C3Hs)+ ion s usually found in CI with methane as reagent gas.
The additional structura l information as obta ined from the EI spectrum is summarized
in Fig. 8.

Figs. 9a and 9b show the EI and CI spectra of DLAA. The ion at m]e 269
(Fig. 9a) represents the molecular ion; in Fig. 9b the quasi-molecular ion at m]e 270
and the CzHs and C3Hs addition products are shown. The major fragments of the
EI spectru m are indicated in Fig. 10. The se fragment s agree with tho se observed by
Voigt et al.18 except for the mass difference of 2 a.m .u.due to differences in the ergo­
toxine and the dih ydroer gotox ine alkaloids. The fragments ind icated in Fig. 9a are
identical with those described by Voigt et al.

Similar results were obta ined for dihydroergocryptine and dihydroergocristine.
The major fragments and the ir intensities are compared with frag ments of dihydro­
ergocornine and are listed in Table III for both EI and CI.

In addition to the identificatio n studies, we used the CI instrument for mass
fragmentography. In Fig. 11 the computer-added trace of the three m]e values 295,
309 and 343 for the quasi-molecul ar ions of the DET alkaloids and the m]e value 300
of the I.S . codeine is shown. The amount per DET alkalo id injected into the gas
chromatograph was 500 pg.

TABLE III

MASSES AND RELATI VE INTENSITI ES OF TH E MAJOR FR AGM ENTS OF THE PEPTIDE
MOI ETIES

Ionizat ion Fragm ent ' Dihydroergo- Dihydroergo- Dihydroergo-
cornine.. cryptine .. cristine ..

EI M + 294 (1.7) 308 (1.9) 342 (3.8)
(M- CO) + 266 (1.4) 280 (0) 314 (0.6)
(M - C5H.0 2) + ( = F,) 196 (8) 210 (10) 244 (11)
(F 1- H)+ 195 (26) 209 (20) 243 (10)
(F, - R) t 154 (35) 154 (37) 154 (32)
(F, - R - H)+ 153 (12) 153 (5) 153 (3)

CI (M+ H) + 295 (100) 309 (100) 343 (100)
(M +CzH5) + 323 (16) 337 (19) 371 (17)
(M +C3 H5) + 335 (5) 349 (6) 383 (6)

• R is the substit uent gro up indicated in Fig. I.
•• Th e nu mbers in pa rentheses are the relative abundances of the respect ive ni ]e values.
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100
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Fig. II . Computer-added mass fragmcntogram trace s of a DET sample containing 500 pg of each
compound.

DISCUSSION

The GC procedure described here is more specific and sensitive than previously
reported chromatographic methods, the lowest measurable concentration of the di­
hydroergotoxine alkaloids varying from I to 10 ng. The method is also less time con­
suming, as the analysis of these alkaloids can be performed in about 35 min.

The result s demonstrate that the most important steps in the procedure for
DET are the conver sion of the salt forms of the alkaloids into their free base forms
with the aid of the strongly basic anion exchanger Dowex I-X2 (F ig. 4) and the
selection of a suitable injection temperature (Fig. 3).

As the " peptide moieties " of the DET alkaloids (Fig . I) have a nitrogen con­
tent varying from 8.2 to 9.5 %, it is obvious that a nitrogen detector should be used
with these compounds. Using this detector, a minimal solvent response and a selective
and sensitive response for the nitrogen-containing compounds is observed in the
analysis of methanolic DET solutions (Fig. 2). Our GC method can, of course, also
be performed with a flame-ionization detector, as shown in Fig. 6. However, as
would be expected with this detector, a much higher solvent response, a decreased
sensitivity and a lack of selectivity are obtained in the assay of the DET alkaloids.
From the results obtained in the analysis of a number of commercial samples and
pharmaceutical preparations, it can be concluded that our method is suitable for
detecting and determining the DET alkaloids in these products.

Compared with the GC method previously reported by Szepesi and Gazdag'",
the procedure described here has the advantages of much higher sensitivity and
selectivity. The favourable result s obtained with the standard glass column system
suggest that the thermal decomposition of the DET alkaloids is not catalysed by a
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metal surface. By using mass spectrometry we could identi fy the thermal degradation
products.

Although the structure of the peptide moiety could not be established with
certainty, the point of cleavage at the NH-Cl bond is certain, which is in contrast to
the suggested CO-NH cleavage proposed by Szepesi and Gazdag"'. The formation
of a double bond between Cl and the isopropyl group instead of the dioxocyclobutane
ring proposed by Hofmann'? is speculative but seems possible considering the relative
mass spectral stability of the peptide moiety.

Using the Cl mass spectrometer in the mass fragmentography mode, we were
able to detect even smaller amounts of the DET compounds. Quantification could
be performed easily at the 500-pg level.
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SUMMARY

A gas-liquid chromatographic (GLC) method is presented for the rapid
analysis of gentamicin, tobramycin, netilmicin, and amikacin from human serum.
This procedure may have application to all aminoglycoside drugs. The three isomers of
gentamicin are resolved as two bands, while tobramycin, netilmicin, and amikacin
appear in this system as single bands. Normal serum constituents do not interfere
with chromatograms. Thus far, no assay interference has been found in cases where
other drugs and antibiotics were administered concurrently with aminoglycoside
therapy. Dose-response data demonstrating linear recovery are included for all four
aminoglycosides as well as a comparison of the GLC method with the microbiological
method for the assay of gentamicin and amikacin.

Quantitation is based upon the relative response of the antibiotics to a fixed
amount of the internal standards, either kanamycin A or paromomycin B. These stan­
dards are clearly resolved as symmetrical peaks from the antibiotics of assay interest.
Isothermal chromatographic analysis time is less than 8 min, while total assay time
per single serum specimen is approximately 50 min. Preparation of serum includes:
precipitation, evaporative drying of the supernatant, a two-stage derivatization
(N-trimethylsilylimidazole, N-heptaftuorobutyrylimidazole), and a single hexane ex­
traction with a water wash. The methodology described may be applied to the analysis
of other compounds (e.g., saccharides, amino-saccharides, amino acids, etc.) which
do not readily partition into an organic phase.

INTRODUCTION

Arninoglycoside antibiotics have become the agents of choice for a variety of
serious infections involving Gram-negative bacilli. All compounds in this group have
a close toxic-therapeutic ratio. Thus, the dose recommended to ensure biologic
activity may prove toxic in a substantial portion of patients.

Current methods to measure serum levels of aminoglycoside include the
microbiological assay, enzymatic assay, and radioimmunoassay. All of these techni-
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ques have certain limitations which make them less than ideal for routine laboratory
use in a general hospital.

The microbiological assay is the most commonly used, but may require 4-24 h
of incubatiou'r" and can be quite inaccurate". The enzymatic assay" is an excellent
alternative, but the instability of enzyme s" as well as the cost of a scintillation-counter
may present difficulties. The radioimmunoassay is rapid (3-4 h), very sensitive and
accurate, and is not susceptible to interference from concurrent antimicrobials. The
disadvantages are the reluctance of clinical laboratories to use radioactive materials,
and the requirement for specific antibody for each aminoglycoside.

We have attempted to develop an aminoglycoside assay utilizing gas-liquid
chromatography (GLC). Thi s system offers the potential advantages of rapid per­
formance (less than one hour for determination); accuracy, based on internal stan­
dards ; readily available reagents which do not require rad iolabeling, stabilization of
enzyme s or growth of microorganisms; and use of equipment which is reasonably
priced and is versatile enough to be used for other chemical determinations in a
laboratory.

METHODS

Serum preparation
Human serum containing an aminoglycoside drug was accurately delivered

in O.I-ml aliquots, into 10 X 75 mm disposable culture tube s (Fig. I). 0.25 ml of a
2-J.1g/ml aqueous stock solution of kanamycin A was added as internal standard to
sera containing gentamicin, tobramycin, or netilmicin. For standardization of ami ­
kacin , 0.25 ml of a 12-pg/ml aqueous stock of paromomycin B was added. The solu­
tions were placed in a sandbath maintained at 81°_83°, allowed to equilibrate (3-5

f 0.25 ml kanamycin A (2 pg /ml )
0.1 ml seru m + 1

0.25 ml paromomycin B (I2/l.g/ml)

81°_83° for 3-5 min

I
precipitation : 0.025 ml of 0.5% H 2S0 4

.j,
centrifugat ion at 750 g for 3-5 min

.j,
supernatant: 0.025 ml of 0.25 % H2S0 4

.j,
evaporation: 81°_83° with air stream

.j,
derivatization: 0.1 ml pyridine + 0.1 ml TMSi

.j,
41 °- 43" for 7-10 min

.j,
0.05 ml HFBI

.j,
41°_43° for 7-10 min

.j,

extraction : 0.5 ml hexane + 1.0 ml water

Fig. I. Preparation technique for GLC ana lysis of serum arnin oglycoside levels.
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min), and precipitated by the addition of 0.025 mI of 0.5 % H 2S0 4 , The milky, finely
gra nula r specimens were immed iately centrifuged at 750 g for 3-5 min . The clear
superna ta nts were transferred to clean 10 X 75 mm tubes and supplemented with
0.025 ml of 0.25 % H2S04 (pH 4.5-5.0). Evap oration of the ac idified supernatant re­
quired approximately 5 min in the 8 1°_83° sand bath under a vigorous a ir st ream. At
apparent dr yness the tubes were sea led with cork stoppers (size no. I).

Derivatizat ion and ex traction
To the dr y residues, 0.1 ml of silylation grade pyridine and 0.1 ml of TMSI

(N-trimethylsilylimida zole; Pierce, Rockford, III., U.S.A .) were added. The tubes were
resea led and incubated at 41°_43° for 7-10 min. The reaction mixtures were then
supplemented with 0.05 ml of H FBI (N-heptafluorobutyrylimidazole ; Pierce), and
reincub ated at 41°_43° for 7- 10 min. Reagent-grade hexane s (0.5 ml) and 1.0 ml of
distilled water were added, the tubes were recorked, and the phases mixed by repeated
inversion . Routinely 2.0,u1 of the orga nic phase were injected into the chro matograph.

Chromatographic conditions and instrum entation
A Shimadzu GC4BMPF gas chrom atograph equipped with an electron cap­

ture detector (ECD) (63Ni, 10 me) was used. The detector was operated at a pulse
width of 8 psec, a frequency of 10 kH z, and a pulse voltage of 50 Y. The electrom­
eter input sensitivity was 10 MQ. The output range was 20 mY for gentamicin,
tobramycin , and neti lmicin , and 40 or 80 mY for amikacin. Gentamicin, tobram ycin
and netilmicin analyses were performed using silanized pyrex co lumns (2 m x 3 mm
1.0.) packed with 3 % OV-IOI coated onto 80- 100 mesh Chro moso rb W AW DMCS
(Applied Science Lab s., State College, Pa., U.S.A.). Nitrogen (column head pressure
2.8 kg/ern"; flow-rate, 60 rnl/min) was the ca rrier. The dete ctor and injector were kept
at 287° with the oven at 272°. Amik acin was chromatographed on 1% OY-17 with
nitrogen carrier (column head pressure, 3.45 kg/ern " ; flow, 80 ml /rnin) at detector,
injector and oven temperatures of 277°, 277°, and 262°. New columns were flow­
cond itioned for 2-3 days prior to attachment to the ECO. Oeri vat ized aminog lycoside
(equiva lent to 60 ,ug per ml seru m) was per iodi cally injected du ring thi s time. The
columns retain ed sufficient efficiency and resolution cap abilities for one year of con­
tinuous operati on . A Shimadzu R-20I strip-cha rt recorder was ope rat ed at 2.5 mrn/
min. Peak areas were measured by a Shimadzu ITG-2A elect roni c digital integrator
(th reshold, 200,uY ; count delay, 60 sec; minimum dete ctable slope, 50 ,uY/min.).

Standard serum antibiotic solutions
Aqu eous stock solutions (200 Itg/ml) were prepared from stand ard powders of

gentam icin, tobramycin, and netilmicin . Fo r each drug, 0.5 ml of the stock was added
to 4.5 ml of normal human serum obta ined from the hospital blo od bank. The final
concentrati on was 20 ,ug/mI which was two-fold serially diluted in serum down to
0.625 ,ug/ml. Serum containing amikacin was prepared in a similar fashio n, but was
diluted to lar ger concentrations, reflect ing the higher therapeutic serum levels. The
serum was sto red a t - 20° (no n-fros tfree freeze r). No change in chromatogra phic re­
sponse was noted over 2- 3 months of frozen storage.
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Internal standard stock solutions
Aqueous stock solutions (200 fig/ml) were prepared from standard powder of

kanamycin A and paromycin B. No significant changes in chromatographic response
were noted during 2-3 months of 5° storage. Working internal standards (kanamycin
A, 2 fig/ml; paromomycin B, 12 fig/ml) were carefully prepared by dilution -of these
stocks.

Serum aminoglycoside levels by microbiological assay
Serum levels of gentamicin and amikacin were measured by the agar well

microbiological method':",

Stability of the gentamicin-kanamycin A ratio
Sera containing known concentrations of gentamicin were supplemented with

kanamycin A, derivatized, extracted, and promptly chromatographed. These prepara­
tions (0.5 ml hexane over approximately 1.2 ml aqueous) were stored at -20 0 and
reinjected at 24, 48, and 120 h. The areas of the two derivatized drugs were measured
to monitor the stability of their ratio.

Blind comparison ofserum levels by microbiological and GLC technique
Dilutions of gentamicin in serum were prepared at I, 5, 10, and 20 fig per ml

serum (10 separate aliquots for each concentration). Twenty-one dilutions of amikacin
in serum were prepared over the range 0-64 fig per ml serum. These specimens were
encoded, frozen at -20 0

, and distributed for blind analysis by Gl.C and microbio­
logical technique.

Quantitation
Determinations of aminoglycoside concentrations in human sera were based

on the relative response of each drug to a fixed amount of the appropriate internal
standard. The calculation of serum gentamicin (Gm) levels with kanamycin A (KmA)
as the internal standard is used for illustrative purposes.

F
G

= area Gm . 5 fig KmA per illl serum
m area KmA fig Gm per ml serum

(I)

area Gm
fig Gm per ml serum = area KmA

5 fig KmA per ml serum
FG m

(2)

Eqn. 1 can be used to calculate the concentration response factor of gentamicin rel­
ative to kanamycin A, FG m , while eqn. 2 incorporates this factor into direct calcula­
tion of the serum levels. Table T lists the area ratios and F values obtained from in­
creasing concentrations of gentamicin (0.6-20 fig Gm per ml serum). The FG m values
were not constant over this range of known gentamicin concentrations.

To correct for the observed changes in FG m , a modification of this calculation
method was attempted. Experimental area ratios were compared to the area ratios of
the known standards (0.6-20 llg/ml). Gentamicin was calculated using the mean of
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TA BLE I

C HRO MATOG RA PH IC RESPONSE TO ST A N DA R D CONC ENTRATIO NS IN H U MAN
SE RU M OF G ENTAMICIN

Ab breviations : Grn , gentamic in ; KmA , ka na myci n A; con centrati on respon se factor FG m ­

area G m 5 fIg KmA
area Km A p g Gm .

( f ig Gm ) ( area Gill ) ••
nil serum area KmA '

F(;",

0.63 0.052 l 0.004 0.435
1.25 0.129 r 0.005 0.516
2.50 0.290 I 0.007 0.580
5.00 0.716 j 0.040 0.716

10.00 1.359 I 0.049 0.680
20.00 2.475 I 0.132 0.619

• 5/lg KmA per ml serum.
•• Mean of II separate trials I SEM ; a rea measurement by elect ron ic digital integrator.

the F value s obta ined from the next lowest and next highest area rati os of the known
standards. Thus, using Table J, an experimental area ratio (Gm/KmA) of 0.200 would
be calculated using an FG m value of 0.548 [= (0.516 -l- 0.580)/2].

RESULTS

Retention times
The relative retention times of derivatized gentamicin (three primary isomers),

tobramycin , and netilmicin were measured relative to kanam ycin A (Table II ). The
absolute retention time of kan am ycin A was between 6.0 and 6.3 min. Gentamicin
isomers CI A and C, are not resolved in this system and occur in one chro matogra phic
band . Gentamicin isomer C, is cleanl y resolved from both kan am ycin A and the
combined C1A-Cz band. Since the proportion of each isomer may vary among anti­
biotic lots, quantitation of gentamicin was based on a sum of the peak areas -the
combined C'A-CZ peak plus the single C, peak . Fig. 2 is a chroma togram which
illustrate s the relationships between the band s derived from sera supplemented with
each of the three authentic gent ami cin isomers and kanamycin A.

TABLE II

RETENTION TIMES FOR DERIVATIZED G ENTAMICIN, TOBRAMYCIN , AND NETIL­
MICIN RELATIVE TO KANAMYCIN A (R RTK m A )

Kanam ycin A abso lute retention time, 6.0-6.3 min . RRTK m A ma y va ry ± 0.005.

Aminogly cosidc

Gentamicin C.
Gentam icin CIA
Gentam icin C2

Tobramycin
Netilmicin

RRTXmA.

0.601
0.484
0.487
0.613
0.627
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Fig. 2. Gentam icin : chromatograph ic recove ry of isomers C" CIA, and C, from serum.

The retention time of amikacin relative to paromomycin B was 1.73
(RRTpm B = 1.73) on 1% aV-17. The absolute retention time of paromomycin B was
usually in the range 2.9-3.1 min. Among other aminoglycosides, the RRTK m A for
kan amycin B was 0.714. The ant ibiotic preparation designated "kanamycin base"
responds in thi s system with the retention characteristics of kanamycin A (RRTK m A =

1.0, RRTK m B = 1.408).

Chromatographic tracings
Figs. 3, 4 and 5 demonstrate dose-response chromatograms for derivatized

gentamicin, tobramycin, and netilmicin, respectively, on 3 % aV-lOI (0.6-20,ug per
ml serum). Fig. 6 illustrates derivatized amikacin on I % av-17 (5.0-60,ug per ml
serum). A new run can be initiated safely each 8-8 .5 min . For gentamicin, tobra­
mycin, and netilmicin, the optimum calculated range of drug quantities presented to
the detector is 0.26 ng (0.63 ,ug per ml seru m) to 8.0 ng (20,ug per ml serum).

Quantitation
Tables I, 111 , IV and V list the area ratios and concentrat ion response factors

(F) obtained from do se-response studies of gentamicin, tobramycin, netilmicin and
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Fig. 3. Gent amic in: chromatograph ic dose-response from serum.
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amikacin in human serum. In general , a two-fold increase in drug concentration is
correlated with an approximate doubl ing of area ratios.

Concentration response factor (Fo rn) varied from 0.580 to 0.716 over the range
2.5-20 tJ-gjm1 (Table I) . The concentration response factors calculated from 0.63
tJ-gjml (0.435) and 1.25 tJ-gjml (0.516) may indicate a substantial decre ase in unit
response to gentamicin at these low serum levels. Since Fo rn values were variable, the
calculation techniques described in Methods were applied.

Table III indicates that FT rn may be firm over the range from 1.25 to 20 tJ-gjml.
A possible decrease in unit respon se is again noted at 0.63 tJ-gjml. At 10 tJ-gjml , the
FT rn of 0.945 is clearly outside the trend of the other values.

-Serum recovery data for netilmicin (Table IV) suggests a unit detector respon se
approximately half that found with gentamicin. The FN rn values from 2.5 to 10 tJ-gjml
are very consistent. Curiously, FN rn at 0.63 tJ-gjml (0.299) is in line with the other three
consistent values, while FNrn at 1.25 tJ-g/ml (0.224) suggests a decrease in unit respon se.
An increase in response is observed at 20 tJ-gjml (0.377).

Amikac in (Tab le V), tested over its elevated range of expected therapeutic
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Fig. 4. Tob ram ycin : chro ma tograp hic dose-respon se from serum.

serum concentrations, appears to ha ve the highest, as well as the most con sistent ,
co ncentration response factors.

Stability ofderivatized drug
The sta bility of deri vati zed aminoglycoside ra tios was examined (Table IV) to

determine if specimens could be prepared at one time and reliably ana lyzed late r. In
thi s experiment, the ratios (G m/ KmA) were rea son abl y stable up to 48 h, with decom­
posit ion seen at 120 h. Th is 120-h decomposition may indicate a faster hydrolysis of
gentamicin eth ers and amides relat ive to th ose of kan am ycin A.

Comparison between assay systems
Blind compari son studies relating the chromatog raphic and microbiological

seru m gentam icin assay systems and establi shin g 95 %confidence limit s are summa­
rized in Table VII. Both techniques prov ide good estim ate s of the actua l values. For
the levels 5, 10 and 20 fig Gm per ml serum, G LC values tend to underestim ate ,
while the microbiological test slightly overestimates the act ua l va lues. The standard
errors over th is range are somewha t lower with the chro matogra phic techn ique .
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Statistica l an alysis of the two assay systems for amikacin showed that the pre­
cision of GLC was not significantly different from that of the microbiological techni­
que (Table VIlI). The mean s of percent deviations from actual amikacin concentra­
tions were 11 .2 %by the G LC estimate and 14.2 %by the microbiological estimate.

DI SCUSSIO N

Effective techniques have been developed in isomer separation and potency
determinati ons from standa rd powders, preparations, and ointments for at least five
aminoglycosides", The se analyses generally include : silylation, lyophilization, flame
ionization detection , and some forms of internal and external sta ndardization. The
internal standards (e.g., trilaurin) are not good homologue s of aminoglycosides in
terms of physic al and reactive characteristics. In general , these procedures are excel­
lent for potency studies in milligram ran ges, but are inappro priate for quantitati on of
aminoglycoside ant ibiot ics in seru m.

The analytica l system for aminoglycosides described in the rep ort appears to
combine speed and relative simplicity with accept able acc uracy and precision . A
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TA BLE III

CHROMATOGRAPH IC RESPONSE TO STANDARD CONCENTRATIONS OF TOBRA­
MIC IN IN H UMAN SE RUM

Abbreviations : Tm, to bramycin; KmA, kanamycin A; co ncentrat ion respo nse factor Fi .« =

area Tm 5 pg KmA
--- ---- - - ~

area KmA pg T m

( fIg Tm ) ( area Tm )
ml serum area K;IlA' •• FT m

0.6 0.064 0.533
1.25 0.203 0.812
2.5 0.432 0.864
5.0 0.812 0.812

10.0 1.890 0.945
20.0 2.996 0.749

• 5 flg KmA per ml serum .
•• Mea n of three separate tria ls; area measurement by electronic digita l integrator.
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TABLE IV

CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS OF NETIL­
MICIN IN HUMAN SERUM

Abbreviations: Nm, netilmicin; KmA, kanamycin A; concentration response factor EN m =

area Nm 5 fig KmA

area KmA ,Ilg Nm

( Ilg Nm ) ( area Nm )
ml serum area KmA* **

FN m

0.063 0.036 ± 0.003 0.299
1.25 0.056 er 0.005 0.224
2.5 0.154 ± 0.013 0.308
5.0 0.310 ± 0.008 0.310

10.0 0.603 ± 0.031 0.302
20.0 1.507 :+ 0.057 0.377

* 511g KmA per ml serum.
** Mean of 5 separate trials :+ I SEM; area measurement by electronic digital integrator.

TABLE V

CHROMATOGRAPHIC RESPONSE TO STANDARD CONCENTRATIONS OF AMIKACIN
IN HUMAN SERUM

Abbreviations: Am, amikacin; PmB, paromomycin B; concentration response factor EArn =
area Am 30 fig Pm B

area PmB fig Am

( fig Am ) ( area Am )
ml serum area PmB*

FA m

0.5 0.144 0.864
10 0307 0.921
20 0.699 1.049
30 0.942 0.942
40 1.532 1.150
50 1.783 1.070
60 2.246 1.123

* 30l1g PmB per ml serum.
** Mean of 3 separate trials; area measurement by electronic digital integrator.

TABLE VI

STABILITY OF GENTAMICIN/KANAMYCIN A AREA RATIOS DURING STORAGE OF
DERIVATIZED SPECIMENS

Derivatized preparations stored at -20 0 (0.5 ml hexane and approximately 1.2 ml aqueous). Ratios
are the mean of two separate trials.

/lg Gm per Area gentamicin/area kanamycin A
ml serum-

Oh 24 h 48 h 120 h
---~-_... _----

0.63 0.057 0.064 0.061 0.057
1.25 0.122 0.122 0.144 0.113
2.5 0.260 0.268 0.255 0.154
5.0 0.774 0.768 0.811 0.633

10.0 1.199 1.253 1.315 1.104
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TABLE VlI

BLIND COMPARISON OF GLC AND MICROBIOLOGICAL ASSAYS FOR SERUM
GENTAMICIN LEVELS

Ilg Gm per ml serum (estimated)Ilg Gm per
nil serum (actual)

I
5

IO
20

GLC assay'

1.11 ± 0.076
4.72 ± 0.265
9.55 ± 0.503

19.19 ± 0.639

Microbiological assay'

0.90 :1- 0.049
5.56 :f 0.356

11.11 ± 0.964
20.91 ± 0.716

• Mean of 10 sepa ra te trials -1 1 SEM.

TABLE V1I1

COMPARISON OF GLC AND MICROBIOLOGICAL ASSAYS FOR SERUM AM1KACIN
LEVELS

Actual concn. by
supplementing serum with
known quantities of drug (fig/ill!)

Omen. estimated

GLC (flg/ml) Microbiological ( flg/m!)

o
o
4
6
8
8

12
15
16
20
24
24
30
32
40
43
48
51
53
64
64

o
o
2.8
5.2
7.5
8.6

10.3
13.8
16.5
16.9
24.6
22.7
23.4
34.3
41.7
40.9
55.8
41.6
40.2
44.8
64.6

Number of trials, N 21
Degrees of freedom, df 20

Variance 36.996
Variance ratio, F 1.353

o
o
5.2
5.8
S.4
8.6

15.0
13.0
18.0
22.0
25.0
20.0
30.0
45.0
30.0
55.0
50.0
45.0
34.0
50.0
65.0

50.048

single serum specimen may be quantitated within 50 min . Since the chromatographic
bands of the derivatized drugs are directly visualized, the emergence of new or unique
peaks relative to the internal standard may indicate modification of the drug by host­
or microbe-mediated reactions. The technique should be applicable to all aminoglyco­
side drugs with variations only in choice of internal standard and chromatographic
conditions, i.e. liquid phase, temperature, carrier rate . The conditions described here
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for amik acin can be applied to butirosin A and B, paromomycin A, st repto mycin, a nd
neomycin. Th ese a ntibio tics a re primaril y in the 450-600 molecular weight range. In
addition, the procedures may be used for the br oad range of saccharides , amino­
saccharides, and other co mpo unds which do not readily partition into a n organi c
phase. A combinat ion of silylat ion and acylation for catecholamines has been de­
scribed".

No interfering chro matogra phic bands have been o bserved in normal seru m
when compared to serum containin g a uthentic aminoglycoside. Studies no w in pr ogress
with serum from patient s indicate to date no interference from simultaneously ad­
ministered cephalosporins, penicillins, chloramphenicol, or c1indamycin. A variety of
other drugs also were being administered to these patients.

The se ar e severa l points of the assay procedure worthy of exp anded discussion .
Optimal result s are ac hieved when preparation temperatures do not exceed 85°. The
formati on of silyl ethers (TMSI reacti on , specific for hydroxyl gro ups) do es occur more
rapidly at higher temperatures (e.g. 75°) but a compro mise has been chosen bet ween
time and temperature to generate reproducible chromatograms under the mildest of
preparat ion conditions. The format ion of heptafluorobutyrylamides (HFBI reaction)
above 70 u has resulted in the a ppearance of multiple chromatographic bands. O ur
most reliable result s with both silyla tion and acy lat ion ha ve been found at deri vatiz­
tion temperatures from 40 U to 55°. Re producible deri vati zat ion s of hydroxyl and am ino
groups with HFBI alone, as well as acylation attempts with trifluoroacetylimidazolc
and trifluoroacetic anhydride, have been unsatisfactory.

Derivat ized genta micin is sta ble for at least 48 h at - 20°. Prel iminar y data in­
dicate derivatized tobramycin and amikacin to be similarly sta ble. Ho wever, deri va­
tized net ilmicin a ppea rs to hydrolyze rapidly within 24 h. Dr ying of the hexane phase
and resoJubiJizat ion results in a lmost complete loss of chromatographic response.

In the protein precipitation step, the fluid should become opaque, white, and
fi nely granular in o rder to produce a clear supernata nt. The addi tio n of 0.25 %H2S04

to that supernata nt is vital for con sistent chr oma togra phy. Thi s may suggest that
formation of heptafluorobutyrylamides is favored when a mino groups of the tri ­
methylsilylated ant ibio tic are charged. Supernatants which have not been thoroughly
dried appear cloudy after the TMSI step and result in a cloudy final hexane phase.
Chromatographic result s from the se specimens are extremely unreliable.

Since kan am ycin A and parom om ycin B a re members of the sa me class of
compounds as the four a rninog lycosides di scussed , they ser ve as nearl y ideal internal
standards. Th ese markers sha re simi lar characteristics such as molecul ar weight and
configuration, reactive hydroxyl and amino groups, stability, solubility, and inter­
action with ch romatographic systems. Stock solutions of the standards a re easily
handled on a ro utine bas is.

Certain lot s of kanamycin A, however , may co ntain a tr ace band which elutes
at RRTKmA = 0.6 1.Thi s band does not confo rm to a uthentic ka na mycin B (RRTK m A =

0.71), but doe s occur in the region of gentamicin C I , tobramycin, and netilmicin , The
maximum relative are a of thi s band is less th an 0.2 flg aminoglycoside per ml serum.
Therefore, it is necessar y to check internal sta nda rd lots by add itio n to normal ser um
without other a minoglycos ides. An ana lago us band ha s no t been obse rved from
paromomycin B.

Extremely low absolute integration val ues for the internal standards can lead



146 J. W. MAYHEW, S. L. GORBACH

to substantial quantitative error. If the value is less than 50 %of the area expected, the
specimen should be redone.

In general , the relative sensitivity of ECD operation and preparation techni­
ques are designed to favor linear reproducible respon se over therapeutic amino­
glycoside ranges. The minimum detectable limit may in fact be a hundred-fold lower
than the 0.6 fig amin oglyco side per ml serum level.

CONCLUSION

Serum levels of gentamicin, tobramycin, netilmicin, and amikacin can be re­
liably assayed using gas-liquid chromatography and electron capture detection . The
internal standards used are kanamycin A and paromomycin B. Specimen preparation
includes: precipitation of the serum-internal standard mixture ; evaporation of the
resulting supernatant; two-stage derivatization with TMSI and HFBl ; and extraction
into hexane with water wash. Linear, reproducible dose-response curves of physio­
logical levels are presented . Gentamicin and amikacin serum levels by GLC compare
well to those determined by the microbiological method . Interfering peaks were not
detected in the sera of patients and normal individuals .
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SUMMARY

Various micro high-performance liquid chromatographic techniques have been
successfully applied to gel permeation chromatography by reducing detector cell
volume, injection volume and void volume in ports and joints. Phthalic esters, various
oligomers and polymers were separated on appropriate micro columns, as well as
on ordinary wide-bore columns. Use of these micro columns means that smaller
amounts of expensive packing materials and carrier sol vents are required, and that
the chromatographic operations and instruments can be simplified .

INTRODUCTION

Gel permeation chromatography (GPC) ha s a unique separation mechanism
based on differences in the molecular size of the sam ple components. It is a powerful
method, especially for the separation and identification of high-molecular-weight
substances and the determination of molecular-weight distribution 1-6. Column
dimensions of ca. 8 mm I.D. and 30-100 cm length have been generally adopted":",
except in a few instances--! ''. The diameter of the se columns is appreciably larger
than those of the columns used in other high-performance liquid chromatographic
(HPLC) methods, for the following reason. The partition coefficient (Ko) in GPC is
0-1 because of the chromatographic mechanism, so that a solute component gives a
relatively small di spersion. Therefore, if H PLC columns (2-3 mm I.D.) are used for
GPC, the dispersion in the columns becomes so sma ll that the dispersion in void
volume in other parts of the apparatus (mainly joints and injection ports) becomes
significant.

However, use of wide-bore columns requires large amounts of expensive
packing materials and carrier solvents. Furthermore, the solute components may
disperse widely, result ing in a decrease in the sen sitivity.

We have developed micro high-performance liquid chromatography (MHPLC)
for various columns by using the many available techniques!'. If MHPLC techniques
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could be applied to GPC, then the consumption of packing materi als, carrier
solvents and sample solutions would be decre ased and the sensitivity increa sed. The
dispersion of sa mple components would be smaller, and miniaturization of GPC
columns would make it smaller st ill, perhaps as little as 1-5 ,u1. We have investigated
these po ssibilities, using a detector cell system and injecti on system suited to G PC
micro columns, and achieved the separation ofphthalic esters, oligorners and polymers.

EXPERIM ENTAL

Packing materials and preparat ion of micro columns
The pack ing materials used are listed in Table I, by their commercial name s.

Fluororesin was used as the main column material. G PC micro columns were prepared
as described for MHPLC I 1

• The dispersion of a solute component in G PC micro
column is so sma ll that the detector cell volume and the injecti on volume must be
smaller than th at for ordinary MHPLC, and "on-column" and "on-cell" systems must
be adopted in order to minimize the dispersion in other parts of the apparatus . The se
problems were solved by the applicat ion of MHPLC techniques.

TABLE I

PHYSICAL CHARACTERISTI CS OF PACKING MATERIALS

Packing materials'

TSK GIOOOH
TSK G2000H
TSK G4000H
Shodex A-SOl
Shcdex A-S02
Shc dex A-S04
I-1SG-IO
I-1 SG-15
I-1SG-50

Particle size (" m)

15

5
10
10
10
8 -10
7 - 9
8 - 10

Excluded mot.wt." "

I . 103

I . 10'
4· 105

I . 10'
5 . 103

5 . 105

3 . 101

3 . 10-'
I . 10"

* Th ese are th e commercial nam es.
* . Based on polystyren e mol. wI.

Chromat ographic technique
Methods simila r to those used in ord inary MHPLC were employed for the

feed o f carrier liquid and the inject ion of sample solution . The method of inject ion
was slightly different from that described previously" . The sample solution was drawn
into a stainless steel tube, with ca. 0.1 ,ul of air, and the tip tube mopped with gauze
before being connected to the micro column. The air disappeared in the micro­
column owing to the pressur ized passage of the carrier liquid, and it did not in­
fluence the chromatographic operat ion . A UV spectropho to meter equipped with a
micro flow-cell was used as the dete ctor system .

RESULT AND DISCUSSION

Relationship between fl ow-rate and column efficiency
Fi g. I shows the relationship between flow-rate and column efficiency on the

GPC micro columns packed with various stationary pha ses, in the region of low
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Fig. I. Relationship between HETP and flow-rate. Columns: 0, 25 em x 0.5 mm I.D. Shodex
A-801; D, 16 em 0.5 mm I.D. TSK G2000H; (), 16 em x 0.5 mm J.D. HSG-IO. Sample, 1%
benzene in tetrahydrofuran; injection volume, 0.01 It!; eluent, THF; detection wavelength, 254 nm.

flow-rate. In the region of high flow-rate, the relationship was similar to that in the
ordinary GPC columns. However, column efficiency was reduced at extremely low
flow-rates, which does not occur with ordinary GPC columns. The increase of
HETP in flow-rates below I ,ttl/min may result from the fact that the contribution
to column efficiency by longitudinal diffusion of molecules, corresponding to the
second term in van Deemter equation, is generally negligible in HPLC, but, at the
low flow-rates in GPC micro columns, this diffusion in the mobile phase is no longer
negligible and may contribute to the column efficiency. The minimum HETP values
in Fig. I (0.03-0.04 mm) are not inferior to those obtaining in ordinary GPc.

The influence of sample size on the column efficiency and the separation of sample com­
ponents

The sample size must be reduced in proportion to the column size and the
column capacity. Fig. 2 shows the effects of varying the sample size on the resolution:
the smaller the sample, the better the resolution. The injection volume must therefore
be as small as possible, preferably 0.02 ,ttlor less. Such very small amounts of sample
solution can be injected by using the method developed during the investigation of
MHPLCII.

The influence offlow-cell volume on the resolution
Use of a GPC micro column may make the dispersion of solute components

very small (less than a few microlitres), and the volume of the micro flow-cell must
be suitably reduced. The influence of flow-cell volume on the separation of sample
components was investigated and the results are shown in Fig. 3. With a flow-cell
of volume 0.63 ,ttl, the separation of dioctyl phthalate (DOP) and dibutyl phthalate
(DBP) was incomplete. However, DOP and DBP were satisfactorily separated using
a micro flow-cell of volume 0.13 ,ttl. These results show that the cell volume should
preferably be 0.1 ,ttl or less.
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Fig. 2. Effect of sa mple size on resolution. Column, 16 em x 0.5 mm I.D . Shodex A-80 I. Peaks : 1 =

dioctyl phthalate ; 2 = dibut yl phthalate . Sample, 0.49 % DOP and 0.51 % DBP in tetrahydrofuran.
Sample size: (a) 0.006111 ; (b) 0.02 111 ; (c) 0.06 pI. Eluent, tetrahydrofutan ; flow-rate, 0.67 Ill/min ;
detection wavelength, 244 nm .

Examples of GPC separation
Separation ofphthalic esters. Fig. 4 shows a chromatogram of di lauryl phthal­

ate (DLP), DOP, DRP and diethyl phthalate (DEP) on a 25 em x 0.5 mm 1.0.
Teflon column packed with Shodex A-801. They were sat isfactorily separated, and
the dispersion of each peak was only 1.5 ,111. The Gl'C micro co lumn gave HETP
values of 0.04-0.08 mm , which are not inferior to those obtaining in ord inary Gl'C
using relati vely wide-bore columns.

The separation of the phthalic ester s was carried out on a 50 cm x 0.25 mm
1.0 . column packed with TSK aIOOOH, and on a 31 cm x 1.0 mm J.D. column
packed with Shodex A-SO l. As the cross -sectional area of the former column is on ly
one-thousandth that of an ord inary Gl'C column, chromatographic operating con­
dit ions may be reduced by a factor of 103

. Carrier flow-rate was reduced to 0.4 ,ul/min
and sample amounts to 50 ng, and consequently the dispersion of chromatogram to
0.7 ,111. The total amount of carrier liquid requ ired to complete chromatographic run
was 16 ,111. Under these conditions, good separations were achieved within 40 min.
The separation of phthalic este rs on the 1.0 mm column was somewhat better than
on the 0.5 mm column, and was achieved within 18 min. A typical chro matogram of
dinonyl phthalate (DNP), DLP, diheptyl phthalate (OHP), ORP, OE P and dimethyl
phthalate (DMP) on the 1.0 mm column is shown in Fig. 5.



STUDIES OF MICRO HPLC. II. 151

I~
o

2

------~

2

ci

I ~

L-.__l-_ -L_ _

I_ ----l...-_ _---.L

o 6 12 18 24 30
(m i n )

Fig. 3. Effect of cell volum e and sample size on resolution. Column, 12 em x 0.5 mm 1.0. Shodex A­
801. Sample : 0.47 % DOP and 0.53 % DBP. Sampl e size : (a) and (b) 0.06 ' ll ; (c) very small, Cell
volume: (a) 0.64,d; (b) and (c) 0.13'll. Peaks : I, DOP; 2. DBP. Eluent, tetrahydrofuran; flow-rate,
0.67JlI/min.

4

3
2

1 5

o 6 12 18 24
( mi n)

Fig. 4. Separation ofa mixture of DLP, DOP, DBP , DEP, and benzene . Peaks : I = DLP ; 2 = DOP ;
3 = DBP ; 4 = DEP ; 5 = benzene. Col umn, 25 em x 0.5 mm I.D. Shodex A-801. Sampl e: 0.8 %
DLP, 0.$ % DOP, 0.8 % DBP, 1.0% DEP and 1.3% benzene in tctrahydr ofuran. Sampl e size, 0.01
Jll; eluent, tet rahydrofuran ; flow-rate, 1.6 'l l/min.

These result s show that the micro columns are applicable to GPC, as the
column efficiency and separation are as good as the commercially available wide-bore
columns can achieve.
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Fig. 5. Separation of a mixture of DLP, DNP, DHP, DBP, DEP, DMP and benzene. Peaks: I
DLP; 2 = DNP; 3 = DHP; 4 = DBP; 5 = DEP; 6 -r-: DMP; 7 ~ benzene. Column, 32 em ;/ I
mm J.D. TSK GIOOOH. Sample: 0.60% DLP, 0.62% DNP, 0.62% DHP, 0.57% DBP, 0.63% DEP
0.61 % DMP and 0.97% benzene in tetrahydrofuran. Sample size. 0.006 pi; eluent, tetrahydrofuran;
now-rate, 8 Ill/min.

Separations of oligomers. It was relatively difficult to separate oligomers
satisfactorily in a short time when ordinary equipment and column sets were used.
Therefore, the separation was achieved with very long columns", recycle systems'<!:'
or soft gels!". However, the analysis time was long in all cases. Recently, it was shown
that high resolution is attainable using columns packed with very small gel particles,
and the application of high-resolution GPC to oligomers and plasticizers was re­
ported".

GPC of oligomers on the 0.5-mm GPC micro column did not give successful
results, apparently because of the insufficient column capacity. The problem was
solved by using the I.O-mm G PC micro column. A chromatogram of polystyrene 600
is shown in Fig. 6. The sample components are well separated, but a faster and better
separation may be possible using smaller diameter particles as packing material
(ca. 2-3,um).

Typical gel permeation chromatograms of oligomers of epoxy resin utilized in
adhesives are shown in Fig. 7. In the separation of Epicoat 828, peaks corresponding

() 5

I I

3° 42 4B 54
(min)

Fig. 6. Separation of polystyrene oligomers. Numbers at peaks are the degree of polymerization.
Column, 31 em x I mm J.D. TSK G2000H. Sample, 1.2% polystyrene 600 in tetrahydrofuran;
sample size, 0.12 Ill; eluent, tetrahydrofuran; now-rate, 2.67 Ill/min.
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EP-8 28

EP-l001

I I

423630 48 54
(min )

Fig. 7. Separation of polyepoxide o ligorne rs. Column, 31 em y 1 mrn LD . TSK G2000H. Sample,
I % Epieoat 828 and I % Epieoat 100I in tetrahydrofuran ; Sample size, 0.12 JlI; eluent, tetrahydro­
furan ; flow-rate, 2.67 ttl /min.

to degrees of pol ymerization 0, I, 2 and 3 were observed and in the separation of
Epicoat 1001, peak s corresponding to degree s of polymerization 0, I , 2, 3,4, 5 and 6
were observed. The se result s show that oligomers can be well separated on appropri­
ate GPC micro columns in a very short time . The separation may be improved by
varying the chromatographic conditions.

The separation of standard polystyrene. A mixture of high-molecular-weight
polymers could be separated by micro columns packed with polystyrene -gel particles
with pore sizes correspond ing to 400,000-500,000 excluded-molecular-weight. A
typical separation of standard narrow-distribution polystyrenes on a 34 cm X 0.5 mm
l.D. Teflon column packed with Shodex A-804 is shown in Fig. 8. The separation by
GPe micro column was not inferi or to that by the ordinary wide-bore colurnni -!".
The separations were a lso carried out at flow-rates varying in the ran ge 1-8 Ill/min.
The analysis time for one complete separa tion run was 14 min at a flow-rate of
4 ,Il l/min, and only 7 min at a flow-rate of 8 ,Ill /min. Thus, the separative an alysis of
polymers can be achieved in a short time using G PC micro columns.

I ~
o

: !4 'if)

( mill)
U I

2

"

1

Fig. 8. Separation of standa rd polystyrenes. Column, 34 em )< 0.5 mm LD . Shodex A-80~. Sa mple
size. 0.03 td; eluent, tetrahydrofu ran ; flow-rate, 2td/m in. Peaks : I c· 498,000 (Q .9 :~{,); 2
110,000 (0.9%) ; 3 , 37,000 (0.8 %); 4 10,000 (1.0 %) ; 5 , 2100 (LI %).
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CON C LUSION

D. ISHII , K. HIBI , K. ASAI , T. JO NOKUCHI

Micro G PC was develop ed by applicati on of the various techniques of MHPL C
to GPC, and the required amo unts of sample, packing material and carrier solvent
are decreased . Micro GPC ca n be eas ily performed by simple instruments and opera­
tions, and is useful for the analysis of various polymers and oligomers. It would be
applicable to preparatory experiments to select the operating conditions for fractiona­
tion by GPc.
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SUMMARY

Polychlorobiphenyls (PCBs) have been separated from DDT and its analogs
and from the other common chlorinated pesticides by ad sorption chromatography on
columns of alumina and charcoal. Elution from alumina columns with increasing
fractional amounts of hexane first isolates dieldrin and heptachlor epoxide from a
mixture of chlorinated pesticides and PCBs. The remaining fraction, when added to
a charcoal column, can be separated into two fractions, one containing the chlorinated
pesticides, the other containing the PCBs, by eluting with acetone-diethyl ether
(25:75) and benzene, respectively. The PCB s and the pesticides are then determined
by gas chromatography on the sepa ra te column eluates without cross interference.
The method is appl icable to samples prepared by multi-pesticide residue method­
ology and should be applicable to sample extracts prepared for gas chromatography.
Recoveries of the PCBs (Aroclors) and the chlorinated pesticides are good and the
method is applicable to sediment and marine biota samples.

INTRODUCTION

The ubiquitous nature of the polychlorobiphen yls (PCBs) in the en vironment
adds to the problems alwa ys present in the analysis of biota and soil samples for
chlor inated pestic ides. Attempts, more or less succe ssful, have been made by Rey­
nolds'v', Holden and Marsden", Armour and Burke", Feltz" and Berg et al" to solve
this problem by vari ous partitioning procedures utilizing alumina, silica gel, Celite
and/or charcoal as ad sorbents. Other problems which hamper these procedures
include the difficult y in obtaining subsequent supplies of alumina with repetitive
adsorbent characteristics and ma intaining the required technical expertise of the
analyst in preparing the ad sorbents for analytical use.

A method of analysis is presented which isolates the PCBs from pesticides,
thereby permitting the qual itative and semi-quantitative analyses of each of these
chemical groupings separately. The procedure incorporates features of the pre vious
studies with strict modifications necessary to successfully complete the analyses.
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Biological sa mples and soil samples are used to illu strate the applicability of the
analytical procedure.

EXPERIMENTAL

Reagents
Woelm Neutral Alumina (or an equivalent) for column chromatography.

Fisher No . 5-690 activated charcoal (50-200 mesh) (no substitute) from Fisher
Scientific, Fair Lawn, N.J ., U.S.A. 6 N Nitric acid (reagent grade). Sodium sulfate,
anhydrous granular, heated and stored at 200°. QUSO-G30, unreductionized pre­
cipitated silica (Philadelphia Quartz Co. , Philadelphia, Pa ., U.S.A.). Desiccant mix
(10 % QUSO, 90 % anhydrous sodium sulfate). Ottawa sand (acid washed) , Cat.
No . 3382 (J. T. Baker, Phillipsburg, N.J., U.S .A.). Isooctane (redistilled). Diethyl
ether, Mallinckrodt No. 0844. Acetone, benzene, hexane and light petroleum (nano­
grade; Mallinckrodt St. Louis, Mo ., U .S.A .).

Copper powder, as received from the supplier (J. T. Baker, Ph illipsburg, N.J. ,
U.S.A.), was treated for ca. 30 sec with 6 N nitric acid to remove surface oxides. The
acid was decanted, the copper was rinsed several times with distilled water, followed
by a rinse with acetone, and then air dried under a st rea m of nitrogen.

The alumina was treated as follows . 95 g of alumina (heated at 1200 for 5 h)
were weighed into a dry 500 ml ground-glass-stoppered erlenmeyer flask. 3 ml of
water were slowly added and the flask was shaken until the heat di ssipated. The
procedure was repeated with the addition of 2 ml of water, and the treated alumina
was mixed for 2 h and then stored in a desiccator. It was neces sary to check the
relative activity of each new batch (or manufacture' s lot number) of alumina.

The charcoal was treated as follows. The charcoal was refluxcd with acetone
on a steam-bath, cooled and the solvent was removed by suction: the procedure was
repeated and the charcoal was filtered. The filter-cake in the funnel was washed with
cold acetone, air dried and stored at 135° until needed .

Standard pesticide and PCB solutions
Stock solut ions were prepared of technical grade chlordane (I mg/rnl) , of a

mixture containing I ,ug/ml each of lindane, heptachlor, heptachlor epoxide, aldrin ,
p,p'-DDD , p,p'-DDT, p,p'-DDE and dieldrin and of I rng/rnl each of the PCB s
(Aroclors) 1242, 1248, 1254 and 1260 (Monsanto, St. Louis, Mo. , U.S.A.). Solutions
used for fortifying sample materials were as follows: chlordane (0.1 flg /,ul) ; PCBs
(I flg / IO ,ul); lindane (2.5 ng/5 ,ul); heptachlor, heptachlor epoxide and aldrin (5 ng/
5,u1); DDT, DOE, DOD and dieldrin (each 10 ng/5 fll). Standard solutions for gas
chromatography (GC) were as follows: a- and y-chlordane (each 0.5 ng/5 fll); tech­
nical grade chlordane (I ng/5 ,ul) ; lindane (0 .2 ng/5 fll); aldrin, heptachlor, heptachlor
epoxide, DOD, DOE, DDT and d ieldrin (each 0.4 ng/5 pi ) ; PCBs (each 10 ng/5 ,ul).
All of the pesticide and PCB standard solutions were prepared with nanograde
hexane.

Apparatus
Aerograph 1200 and 204 gas chromatographs were used. The Aerograph 1200

contained a glass column (6 ft. X 0.125 in.) packed with 4 % SE-30-6 % SP-4201 on
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Chromosorb W (1OD-120 mesh). The Aerograph 204 contained a glass column
(6 ft. x 0.125 in.) with 4 % SE-30-6 % QF-I on Chromosorb W (8D-100 mesh). The
operating conditions of the gas chromatographs were:

1200 204

Column temperature 1800 1850

Jnjector temperature 2150 2000

Detector temperature 200° 2000

Nitrogen gas flow-rate 25 ml/rnin 30 mlfmin
Both instruments contained an electron capture detector with a tritium-foil source.

For GC-mass spectrometry (MS), a Varian 1400 gas chromatograph coupled
to a Finnegan 3000 mass spectrometer. The 1400 was equipped with a glass column
(6ft. x 2mm J.D.) packed with 4 % SE-30-6 % SP-4201 on Supelcoport (100-120
mesh). The operating conditions were: column temperature, 21 0 0

: transfer-line tem­
perature, 250°; gas-jet separator temperature, 2250

; flow-rate of helium gas, 12 mIl
min; sensitivity, 10- 7 A/V; electron-multiplier voltage, 2.25 kV; electron-ionization
current, 6.95 eV.

Biota samples were homogenized in either a Sorvall Omni-Mixer or a Waring
Blendor. Sample extracts were concentrated on a rotary evaporator. Prior to use, all
of the glassware was soaked in acidic dichromate solution, followed by a thorough
rinse with water and acetone. The dried glassware was stored in an oven at 2000

until used. Glass wool was rinsed with hexane and acetone and heated overnight at
200°.

Sample preparation
Oyster shells were opened by cracking the hinge; water was removed by shaking

the shell after it had opened but before the adductor muscle was cut. The entire
animal was removed and mixed in a Waring Blendor. A 30-g amount of the homog­
enate was weighed into a pint Mason jar and the jars were chilled (but not frozen) in
a freezer for 30 min . Desiccant mix (120 g) was added to the chilled sample and
thoroughly incorporated with the oyster tissue by means of a spoon after which the
mixture was frozen. The frozen mixture was ground in the Sorvall Omni-Mixer
until the material was free-flowing. The sample was maintained at freezing tempera­
ture during the mixing stage, and stored frozen until needed for analysis.

Screened soil samples were air dried at room temperature for at least 72 h,
then blended in a Waring Blendor for I min. The soil was transferred to Mason jars
and stored in a freezer until needed for analysis.

The oyster and soil samples were soxhlet extracted for 8 h with light petroleum
for the oysters and acetone-light petroleum (I :9) far the soils.

Sample clean-up
Alumina column . To a chromatographic column (10 x 30 mm, Kontes Chro­

maflex, Cat. No . K-420320 or an equivalent) containing a glass-wool plug were
added 1.0 cm of anhydrous sodium sulfate, 8 ern of alumina adsorbent and finally
1.0em of anhydrous sodium sulfate. The column was tapped to ensure proper settling
of the granules. Each layer must be flat and not tilted otherwise poor chromatography
will result.
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The hexane solution of the concentrated extract (less than 1.0 ml) was care­
fully added to the top of the dr y adsorbent in the co lumn. Hexane eluates were col­
lected in 50 ml graduated cylinders and transferred to round bottom flasks for con­
centration . Eluate volumes will va ry from batch to batch of a lumina. The follo wing
eluti on scheme detail s the pestic ide sepa rat ion :

Sample
(hexa ne extract) - --,

Al um ina
co lu mn

t
Second fraction

(31- 60 ml he xan e)
t

dieldrin,
heptachlor cpo xide

First fraction

(0-30 ml he xan e)
t

a ld rin, chlorda ne,
p,p '-DDT, p,p '-DDD,

p,p'-DDE, lindane,
heptachlor, and PCBs

Charcoal column. A Pyrex micro chromatographic tube (140 x 6 mm 1.0.)
with a 50 ml reservoir was plugged by a small wad of solvent-washed glass wool.
ca. 25 mm of acid-washed Ottawa sand was added to the column to retain the fines
from the charcoa l. An acetone slurry of the adsorbent was add until the height of
the charcoal was 90 mm . [The acetone drains almost instantaneou sly thr ough the
micro tube, and the analyst should be read y to immediately add the concentrated
residue of the first fra ction from the a lumina column (concentrat ed in acetone to
1 ml) to the charcoa l column.] The flask was rinsed with severa l 1.0 ml portion s of
acetone and the rin sings were added to the column.

The DDT group of pest icides was eluted with 90 ml of 25 %ace tone in diethyl
eth er. A subsequent elution of the same column with 60 ml of benzene removed the
PCBs from the column as noted in the follo wing elution scheme :

Sa mp le
(Fi rst fracti on
from alumi na

in acet on e)

C ha rcoal
co lumn

t
Second frac tio n

(60 ml ben zene)
t

PCBs

First frac tion

190 ml acet on e-diet hyl
ethe r (25 :75)1

t
aldrin , hept achl or,

p,p'-DDE, p,p'-DDT,
p,p'-DDD, lind an e,

chlordane

Analysis
Ana lyses were made by G C, and the identification of the PCBs was confirmed

by MS .
Elementa l sulfur may be present in soi ls and perhap s in some biological

materials ; if present it will pass through the descr ibed ana lytica l schemes a nd will be
evident in the gas chro matograms? thus confusing the interpreta tion of the chro mato­
gra ms. In order to avoid th is problem, the extract or any fracti on of the extract from
the clean-up procedures may be treated as follo ws. Th e sample extract is evaporated
to dr yness; I ml each of hexane and isooctane, plus 100 mg of treated copper powder,
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are added to the residue. The mixture is shaken vigorously and allowed to stand for
I h ; it is then evaporated to dryness and appropriate dilutions are made for GC
analysi s. Additional amounts of copper may be necessary depending the amount of
sulfur present in the sample.

RES ULTS AND DI SCUSSION

A summatio n of the elut ion of the chlorinated organic pesticides and the PCB s
from the alumina column is given in Table J. Heptachlor epoxide and dieldrin were
removed from the column by extending the elution solvent beyond the 30 ml volume
with an additiona l, but separa te, elution vo lume of 30 ml (tota l 60 ml). The PCBs
remained an integral part of the mixture containing the pesticides in the first 30 ml of
eluate. The eluti on pattern of alumina column Fraction J on the charcoal column,
Table II, shows that the pest icides were separa ted from the PCBs by mean s of the
acetone-diethyl ether eluent. The PCBs were subsequently removed from the charcoal

TABLE I

PERCENT AGE R ECOVERY O F PESTI CID ES EL UT ED FROM N EU T RA L AL UMINA

Compound First frac tion Second fr action

0- /5 1/1/ / 5-201/1/ 20- 25 /Ill 25-30 1/11 30-60 11/1

Lindane 10 90
Heptachlor 100
Aldrin 100
Heptachlor epox ide 100
p,p'-DD E 100
Dieldrin 100
p,p'-DDD 50 50
p,p'-DDT 100
PCBs 100
Chlordane y 10 80 10

It 80 20
---- --

TABLE II

PERC ENTAGE R ECOVERY O F PESTICIDES ELUTED FROM CHARCOAL

Compound First fraction Second frac tion
90 1/1/ acetone-diethyl ether ( 25:75) 60 m/ benzene

--_.-

0- 30/ll1 30-60 /ll1 60-90 1/11 0- 30 1/11 30-60 /ll1

Lindane' 30 40 30
Heptachlor 100
Aldrin 100
p,p'-DD E 50 50
p,p'-DDT 80 20
PCBs 80 20
Chlord ane 100

- - -- ..-
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column with benzene . Known amounts of pesticides and PCBs (Aroclo r 1254) were
added to soils and oyster samples; the samples were analyzed as described herein to
check the efficiency of the analytica l procedure. Recoveries of the added chemicals to
the soils and the oysters were consistent and acceptable (Ta bles III and IV). The
limits of detectability of the chem icals examined (Table V) refer to th ose obtained
from pure solutions and they are also applicable to sample extracts ; at limes, however,

TABL E 1Il

RECO VERY OF PESTICIDES AN D PCBs F ROM FORTIF1 ED SOIL SAMPLES

Pesticide

Lindane
Hept achlor
Aldr in
Hept achl or epoxide
p,p'-DDE
Dield rin
p, p'-DDD
p,p'-DDT
y-Chlor da ne
a-Chlor dane
PCB (Aroclor 1254)

Fortified (ppm)
----- - -

0.0013
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0027
0.0033
0.0033
0.066

Recovered (ppm)

0.001 1
0.0022
0.0023
0.0025
0.0025
0.0026
0.0027
0.0027
0.0035
0.0037
0.066

Recovered ( %)

84.6
81.5
85.2
92.6
92.6
96.3

100
100
106
112
100

TABLE IV

R ECO VERY OF PESTICIDES AN D PCBs F RO M FORTI FI ED OYS T ERS

- - - - --- - - ---_ .- --
Pesticide

Heptachlor
Aldrin
Hept achlor epoxide
«-Chlordane
PCB (Aroclor 1254)

Fortified (ppm)

0.0027
0.0027
0.0027
0.00 33
0.066

Recovered (ppm)

0.0019
0.0021
0.0028
0.0033
0.045

Recovery ( %)

70.4
77.8

102
100
68.2

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

TABLE V

LIMITS OF D ETECTABlLITY OF PESTICIDES AND PCBs USING TH E DESCRIBED
PROCEDURE UNDER ID EAL CO N D ITI O NS

Pest icide Detectability (ppb *)

Lindane
Heptachlor
Ald rin
Heptachlor epoxide
p,p '-DDE
Dield rin
p,p'-DDD
p,p'-DDT
y-Chlorda ne
a-Chlorda ne
Aroclors 1254, 1260 (PCBs)

0.04
0.05
0.06
0.10
0.14
0.14
0.25
0.33
0.10
0.11
6.5

• Th e American billion 00·) is meant.
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it may be difficult, if not impossible , to min imize background contamina nt levels
suffi ciently to observe this low level o f detectability. Man y PCBs are present in the
environment and their composition is var iable , resulting usually in multicomponent
peaks on the gas chromatogram. However, when using the recommended analytical
procedure, there is always a sufficient number of ident ifiing peak s to illustrate that
they are indeed PCBs and thi s fact can be confirmed by mass spectrometry. It may be
possible to estimate the amount of PCBs in a sample using the procedure described
but, in man y instances, it is more important to acerta in their presence or absence
under a given set of circum stances.

ACKNOWLEDG EM ENT

The GC-MS confirmation of the PCB s was performed by Karl Yanagih ara,
whose assistance is greatly appreciated.

REF ER ENCE S

1 L. M. Reynolds, Bull. Environ. Contamin. Tox icol., 4 (1969) 128.
2 L. M. Reynolds , Residue Rev., 34 (1971) 27.
3 A. V. Holden and K. Mar sden , J . Chromatogr ., 44 (1969) 481.
4 J. A. Armour and J. A. Burke, J. Ass. Ojfic. Anal. Chem., 53 (1970) 761.
5 H. R. Feltz, Personal co mmun ication , U.S. Department of the Interior , Geological Sur vey, Water

Resources Division , Arl ington , Virginia (1971).
6 O. W. Berg , P. L. Diosady and G . A. V. Rees, Bull. Environ. Contamin . Toxicol., 7 (1972) 338.
7 M. T. Shafik, J. F. Th ompson, R. F. Moseman and J. B. Mann (Edito rs), Analysis of Pesticide

Residues in Human and Environmental Samples, U.S . Enviro nmental Protection Agency, Research
Triangle, North Ca rolina, 1974.



Journal of Chromatography , 15\ (1978) 163-\70
© Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands

CHROM. 10,53\

UNE METHODE SIMPLE DE SEPARATION ET D'ESTERIFICATION DES
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(Recu Ie 2 aout J977)

SUMMARY

All easy method of separation and esterification of amino acids prior to their mass
spectrometric analysis

An easy method for the identification of amino acids in a mixture by mass
spectrometry (MS) without using a gas chromatography-MS apparatus is described .
After separat ion on a classical amino acid analyzer without prior purification, amino
acids are esterified using dimethoxypropane at ambient temperature and analyzed
by MS.

INTRODUCTION

Si I'on veut trouver ou confirmer la st ructure des acides arn ines d'un melange
par spectrometric de masse, il faut deux etapes preliminaires: I'obtention de derives
volatils et la separation des con stituants du melange. Dan s Ie couplage chrornato­
graphie en phase gazeu se-spectrometrie de masse (GC-MS), les deux etapes sont
realisees dan s cet ordre.

Si l'on ne dispose pas de I'appareillage neccssaire a cette technique, on peut
operer en sens inverse en reali sant d'abord une separation sur resine echangeuse d'ions
en tampons volatils puis l'esterification de chaque acide amine avant passage en MS.

Mai s, apres chromatograph ie, on obtient des acides arnines contarnines par
des produits reiargues par la resine et par des sets non volatils formes entre la base
contenue dans Ie tampon et les anions presents dans l'echantillon,

D'autre part, les techniques d'esterification sont souvent delicates a mettre en
oeuvre. Au ssi, nous avons etudie une methode simple qui permet de resoudre ces
differents problernes.

MATERIEL ET METHODES

Les produits chimiques utili ses sont des produits purs pour analyse sauf le
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dirnethoxypropane (Merck, pour synthese). Seule la pyridine est purifiee par distil­
lation. Les esters methyliques temoins sont des produits Fluk a et Cyclochemical.

Esterification
Dans des tubes de verre bouches emeri de 150 x 17 mrn, on introduit 1'acide

amine, Ie methanol, la solution d'acide chlorhydrique (d =-., 1.19) et Ie dirnethoxy­
propane. Apres reaction a temperature ordinaire, Ie melange est evapore par un
courant d'azotc et repris par 3 ml d'eau. Cette solution est extraite successivement
par 10 ml d'ether, 5 ml de dichl orethane et deux fois 2 ml d'ether.

Chaque extraction est faite directement dans Ie tube par agitation moderee
pendant I min et aspiration de la phase organique avec une pipette reliee a u vide.
La phase aqueuse qui contient I'ester methylique est ensuitc evaporee ou lyophylisee.

Purification complementaire
Dans Ie cas ou l'acide amine est contarnine par une importante quantite de

sels non volatils, on ajoute dans Ie tube ou se trouve Ie residu d'evaporation 2 ml de
dichlorethane et l'on fait barboter de l'ammoniac pendant 5 min; on filtre; on chasse
l'exces d'ammoniac par un courant d'azote ; on ajoute 0.2 ml d'acide acetique et on
evapore la solution pour obtenir l'ester meth ylique sous forme d'acetate.

Dosage des esters methyliques
Au cours de l'etude de la reaction d'esterification, Ie dosage des ester s est

realise par colorimetric en les transformant en acides hydroxamiques. Ceux-ci donnent
des complexes ferriques dont Ie maximum d'absorbance est situe vers 520 nm l

, 2. La
concentration de chaque ester est proportionnelle a la densite optique lue.

Chromatographie en phase gazeuse des esters methyliques
Les ester s methyliques des amino-acides ont ete analyses en GC dans les

conditions experimentales suivantes: appareil Carlo Erba Fractovap 2.200 muni d'un
detecteur a ionisation de flamme ; colonne de verre (0.3 x 200 ern) rempli e de Chromo­
sorb W AW OMCS (80-100 mesh) contenant 2.4 % de OV-225 ; la colonne a ete
conditionnee a 210°; la temperature de I'injecteur et du detecteur est de 3100

; la
temperature de la colonne est programmee pour un palier de 8 min a 90° puis une
augmentation de SO/min ju squ 'a 160°.

Spectrometric de masse des esters methyliques
Les spectres de masse ont ete realises dans les conditions suivantes: appareil

type AEI MS-902; energie des electrons 70 eV; courant d'ernission du filament
100 !lA; temperature du bloc source 110°; temperature de la sonde d'introduction
entre 30° et 80°.

Separation des acides amines sur resines echangeuses d'ions
Elle est effectuee au moyen d'un appareil Carlo Erba modele 3A27. Les acides

am ines acides et neutres sont separes sur une colonne Carlo Erba AN-55 de 550 x 9 mm
1.0. remplie avec une resine Carlo Erba 3AR4A25. Les acides amines basiques sont
separes sur une colonne Carlo Erba AN-15 de J50 x 9 rnm I. O. rempl ie avec une
resine Carlo Erba 3AR2A25. Les colonnes sont therrnostatees a 50°.
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Avant d'etre mises dans les colonnes, les resines sont transforrnees en sels de
pyridinium. Les tampons servant a l'elution sont exprimes en concentration de
pyridine. lis sont prepares en milieu aqueux en ajustant Ie pH par de l'acide acetique" .
On utilise: tampon pH 2.70,0.1 M ; tampon pH 2.90, 0.1 M; tampon pH 4.10, 0.8 M;
tampon pH 5.00, I M. Avant d'et re pose, l'echantillon est acid ifie par un tampon
0.1 M (pH 2.20) prepare en ajoutant une quantite convenable d'acide formique au
tampon pH 2.70.

Un appareil LKB Ultrograd est utilise pour la preparation des gradients. Pour
la separation des acides amine s acides et neutres, on equilibre la colonne avec Ie
tampon pH 2.70. Apres la pose de l'echantillon, on elue avec Ie gradient donne
Fig. 1. Pour la separation des acides amines basiques, on equilibre la colonne avec
Ie tampon pH 2.90 et apres pose de l'echantillon, on elue avec le gradient donne
Fig. 2. Apres chaque separation, les colonnes sont regenerees par du tampon pH 5.00.

%Tampon
pH : 2.70

10 0 - - - -- - -- - - - - --- - - -

O/oTampon

pH :4.10
' 0 0

°kTampon
pH :2 .90

10 0 -- -- -- -- -- -- - - - - 0

o

50

%Tampon

pH:2 .90

50

Temp. (h)

16 18

5 0

o 8

5 0

,0 0 Temp. (h )

%rampon

pH:5.00

Fig. I. Gradient d'elution des acides arnines acides et neutres: pourcentage en volume du tampon
pH 2.7 par rapport au tampon pH 2.9 pui s du tampon pH 2.9 par rapport au tampon pH 4.1 en
fonction du temps (h).

Fig. 2. Gradient d'elut ion des acides amines basiques: pourcentage en volume du tampon pH 2.9 par
rapp ort au tampon pH 5 en fonction du temps (h).

Tous les tampons sont pornpes it une vitesse de 60 ml/h, En sortie de colonne,
l'eluat est divise en deux parties: I'une est collectee au moyen d'un collecteur LKB
Minirac en fraction d'une duree de 5 min, l'autre est diluee dans de I'eau et envoyee
par une pompe Technicon PI dans Ie reacteur du chromatographe pour mettre en
evidence la presence des acides amines par reaction avec la ninhydrine (Fig. 3).

Au moment OU on collecte dans Ie premier tube , on pompe une solution de
nitr ate d'ammonium 10- 4 M ala place de l'eau avec la pompe PI. Le pic obtenu sur
Ie trace permet, en tenant compte de la vitesse de deroulement du papier de l'enre­
gistreur et de la duree de collection dan s chaque tube, de savoir a queIs tube s corres­
pond chaque partie du trace.

Apres separation, on reunit les tubes corre spondant a chaque fraction. On
amene Ie pH de ces fractions it la neutralite en ajoutant une solut ion concentree
d'ammoniaque de facon it deplacer la pyridine, puis on Iyophilise.
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Chromatographe

Y. PEGON, Cl. QUINCY, D. DERUAZ

Reccteur

Ninhydrine

Pornp e P.I

Eau Colledeur

Fig. 3. Schema du systerne utilise pour collecter et detecter les acidcs arnines (diametre interne des
tuyaux de pompe, 0.01 pouce).

RESULTATS ET DISCUSSIONS

Choix de fa methode d' esterification
Comme il est particulierernent interessant de pouvoir utili ser une methode

d 'esterification ayant lieu atemperature ordinaire et ne necessitant pas Ia manipulation
de reactifs tres toxiques ou difficiles a preparer et a conserver, nous avons repri s Ie
principe propose par Rachele" pour l'e sterification a l'echelle preparative de quelques
acides arnines par Ie melange dirnethoxypropane , so lut io n aqueuse d 'acide chlor­
hydrique. Nous avons cherche quelles etaient les meilleures conditions de reaction
et de purification de I'ester methylique forme.

Nous avons observe que l'adjonction de methanol diminue la polyrnerisation
du dimethoxypropane, ce qui facilite la purification .

En fai sant varier la quantite de dirnethoxypropane et en gardant constantes
les quantites d'acides amines (10 pM), de solution d'acide chlorhydrique (0 .1 ml ;
so it environ 24 mM H'Cl) et de methanol (0.5 ml) dans Ie melange reactionnel , on
determine quelle doit etre la proportion entre les quantites de dimethoxypropane et
de solut ion d'acide chlorhydrique ajoutees. Pour des temps de reaction de 3, 6
et 24 h, la qu antite de dimethoxypropane doit etre comprise entre 0.7 et 2.8 ml (5.5 et
22 mM environ) (Fig. 4). Une quantite trop faible de dirnethoxypropane ne pennet

Absorbance

Volume Dimefhoxypropone (ml )

o 0.' 1,5 2.5

Fig . 4. Quantite d'ester forme , exprimee en unite d'absorbance, en fonction du volume (rnl) de
dimethoxypropane ajoute pour un temps de react ion de 3 h CAl, 6 h (e) ct 24 h (_ ). Dosage par for­
mation d'hydroxamate ferrique.
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pas de transformer toute l'eau ajoutee avec la solution d'acide chlorhydrique, une
quantite trap forte a un effet de dilution prejudiciable a la cinetique de la reaction.
On a choisi un rapport entre les quantites de dimethoxypropane et de solution d'acide
chlorhydrique de 10:1.

Si l'on ajoute des quantites croissantes du melange dimethoxypropane­
solution d'acide chlorhydrique 10:1 a une quantite fixe d'acide amine (10 f-lM) et de
methanol (0.5 ml), Ie meilleur rendement correspond a un volume de 2.2 ml du
melange (Fig. 5). Les courbes tracees Figs. 4 et 5 correspondent a la formation de
l'ester methylique de l'alanine. Des resultats analogues ont ete obtenus pour d'autres
acides amines.

Absorbance

Volume Melange (rnt )
, ..
'0

Fig. 5. Quantite d'ester forme, exprirnee en unite d'absorbance, en fonction du volume du melange
(rnl) dimcthoxypropane-solution d'acide chlorhydrique (10:1), pour un temps de reaction de 3 h
(A), 6 h (e) et 24 h (_). Dosage par formation d'hydroxamate ferrique.

Si l'on ajoute a 10 u M d'un acide amine, 0.5 ml de methanol, 0.2 ml de solution
d'acide chlorhydrique et 2 rnl de dimethoxypropane et si l'on etudie la cinetique de
la reaction pour differents types d'acides amines, on voit que l'equilibre est prati­
quement atteint apres 12 h (Figs. 6 et 7).

Absorbance

12 18

Temps lh)

24

Absorbance

18

Temps (h)

24

Fig. 6. Quantite d'ester forme, exprimee en unite d'absorbance, en fonction du temps (h) pour la
lysine (A), I'alanine (_) et I'acide aspartique (e). Dosage par formation d'hydroxamate ferrique.

Fig. 7. Quantite d'ester forme, exprimee en unite d'absorbance, en fonction du temps (h) pour la
serine (A), la proline (_) et la phenylalanine (e). Dosage par formation d'hydroxamate ferrique.
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En se basant sur ces resultat s, nous util isons pour esterifier les acides amines,
les conditions experim entales suivantes: meth anol 0.5 ml, solution d' acide chlor­
hydrique 0.2 ml, dirnethoxypropane 2 ml, temps de react ion 24 h.

Les solvants d'extra ction ont ete choisis pour perrnettre l'elimination des
produits secondai res de la reaction et de certains des contaminants dus au passage
sur resine , Le precede retenu est simple et rapide.

Dans le cas ou l'echantillon pose en chromatographie sur resine echangeuse
d'ion est tres charge en sels non volati ls, une quantite importante de ces sels peut etre
eluee avec cert ains des acides amines. Pour pouvoir ester ifier, ceux-ci, il faut ajouter
un volume de solution d'acide chlorh ydrique et de dirnethoxypropane suffisant pour
que l'acide chlorhydrique soit en execs et pu isse jo uer de role de catalyseur. II faut
egalernent operer une etape de purification complernentaire pour elirniner tous les sels.

Etude des esters en chromatographie en phase gazeus e et ell spectrometric de masse
Pour les identifier et determ iner leur purete, les esters methyliques prepares

et purifies en une etape et en deux etapes a partir des acides arnines suivants : acide
aspa rtique, acide gluta mique, thr eonine, serine, prol ine, glycine, alanine, valine, leu­
cine, isoleucine, methi onin e, cysteine, phenylalan ine, tyrosine, lysine et histidine , sont
ana lyses en G C et en MS.

En GC chaque ester do nne un seul pic, identique a celui obtenu avec l'ester
methylique ternoin , sauf pour l'ester de l'h istidine qui est decompose sur la colonne".

En MS, ces esters donnent un spectre proche de celui decr it par Biemann et al:"
pour les esters ethyliques compte tenu des d ifferences de masse des ions ayant Ie
groupement ester. Pour identifi er rap idement un acide am ine, nous utilisons Ie
Ta bleau I ou sont ind iquees la masse du pic de base ainsi que la masse de deux ions
caracteris tiques avec leur pou rcent age par rapport au pic de base.

TABLEAU I

PIC DE BASE ET PICS CARACTE R IST IQ UES DES ESTE RS METH YLI QUES D ES
ACIDES AM INES

Acide amine Pie de base All/res pies
- -.~ . ' --_ .- ..'-

Glycine 30 89 ( 8 %)
Alanine 44 88 ( 3 %), 103 ( 2 %)
Serine 60 88 (45 %), 42 (30 %)
Meth ion ine 61 56 (75 %), 104 (37%)
Prol ine 70 129 ( 1%)
Valine 72 88 (35 %), 55 (28 %)
Cysteine 76 88 (70 %), 59 (51%)
Hist idine 82 11 0 (26 %)
Gl utamiq ue 84 116 (61 %), 56 (41%)
Lysine 84 56 (25 %), 101 (17 %)
Leucine 86 88 (27 %), 30 (14 %)
Isoleucine 86 88 (44 %), 30 (22 %)
Phen ylalanine 88 120 (71%), 9 1 (21%l
Threon ine 89 74 (84 %), 57 (75 %)
Aspartiq ue 102 7000 %), 88 (20 %)
Tyrosine 107 88 06 %), 195 (II %)
--- - . - - --- --- ----- --_ .-.-~._-
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Application
Nou s utili sons couramment cette methode dans I'etude des acides ammes

libres ou result ant de l'h ydrol yse de peptides separes apartir de culture de mycelium
de champignons superieurs (La caria Lacata Scop. ex Fr). A titre d'exernple, I'identi­
ficati on des acides amines de deux hydr olysats est donnee Fig. 8. Ces hydrolysats
cor respond ant a des fracti ons separees sur DEAE-Sephadex en tampon pho sphate,
ont des concentrations tres import antes en ions phosphates et en ions chlorures.
Neanmoins, ils sont poses directemen t en chromatographie sur resine echangeuse
d' ions. Apres adjonction d'ammoniaque, les fractions sont lyophilisees, ester ifiees et
purifiees en deux temps. Les spectres de masse obtenus sont analogues a ceux des
composes purs et permettent une identification immedi ate.

Tra nsm itance

Glu

Gly

50

100 l-.._-/1----!;---'--'--'-L....l..~:__'---__7""-J.l--.L...<-{1-­

Temp , In)

Transm itan c e

a

Glu

Asp Thr

Val

50

100 l-..-II-_-:'---~_--->~...lL"'>""__~---'''''---''--+loL-.....:::>..i'/_

Temp, (0)

Fig. 8. Chromatographies des acides arnines acidcs et neutres resultant de l'h ydr olyse de deux frac­
tions separees sur DEAE-Sephadex en tampon ph osphate. L'identification a ele faite par spectro­
metr ic de masse. Hyp -~ Hydroxyprol ine

CONCLUSION

Le precede propose est plus long que celui base sur Ie coupl age GC-MS ; mais
il n ecessite seulement l'emploi d'un appareillage classique de chr omatographie
d'acides amines sur resine echan geuse d'ions sans pur ificati on prealable de l'ech an­
t illon. De plus, les techniques a mettre en oeuvre sont simples. Seuls des reacti fs
faciles a man ipuler sont utili ses.
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RESUME

Les auteurs decri vent un precede simple it mettre en oeuvre permettant de
sepa rer les ac ides amines sur un appa reillage classique de chromatog raphie sur resine
echangeuse d'i on s pui s de les ester ifier par une nou velle methode utili sant Ie dirnetho­
xypro pane it temperature ord ina ire. Apres purific ation, les esters rneth yliques des
acides amines ainsi obtenus sont etudies par spectrometric de masse.
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ZUR KENNTNIS DES ELUTIONSVERHALTENS EINIGER PFLANZEN­
SCHUTZMlTTELWIRKSTOFFKLASSEN BEl DER GELCHROMATOGRA­
PHIE

J. PFLUGMACHER und W. EBING

Institut fur Pflanzenschut zmittelforschung, Biologische Bundesanstalt fiir Land- und Forstwirtschaft;
D-/OOO Berlin 33 (B.R.D.)

(Eingegangen am 8. August 1977)

SUMMARY

Evaluation of the elution behaviour ofsome classes ofpesticides in gel chromatography

The elution behaviour of insecticides and herbicides of the organophosphorus,
carbamate, phenylurea, triazine, chlorophenoxy acid and ester types has been studied
on gel such as Sephadex, Bio-beads, and Merckogel. By comparing the elution volumes
of the compounds within each class it was found that in most case s the order of
elution doe s not follow the pure gel permeation principle, but is modified by several
influences of sub stituents , n-systems a nd the overall polarities of the compounds chro­
matographed. In triazine herbicides some linear relationships within severa l sub­
groups have been evaluated.

The effects described may be used for differentiation and identification of
pesticides.

EINLEITUNG

Die Gelchromatographie findet in letzter Zeit zunehmend auch zur Trennung
von Verbindungen mit niedrigen Molekulargewichten (100 < M.G . < 1000) An­
wendung. Dabei spielen mehrere physikalische Vorgange in unterschiedlichem Masse
eine Rolle. Nach dem Molekularsiebeffekt werden die Substanzen lediglich aufgrund
der Unterschiede in ihren Molvolumina, in der Regel in der Reihenfolge ihrer Mol­
gewichte, differenziert. Haufig kommt es aber zwischen funktionellen Gruppen oder
den energetischen Feldern ganzer Bindungssysteme der Probenkomponenten und der
Gelmatrix zu Nahewechselwirkungen, so dass die Elutionsvolumina der Kompo­
nenten in solchen Fallen nicht mehr von der Molekulgrosse allein bestimmt werden.
Eine Reihe von Autoren untersuchte die Wechselwirkungen zwischen verschiedenen
Gelen einerseits und mehreren Verbindungsklassen andererseits . So wurde u.a. von
Wilk et al.', Joustra et a1. 2, Oelerr', Brook und Munday", Streuli", Determann und
Lampert", Berek und Bakos", Coupek et al" , Klimisch und Ambrosius? und Shopova
et al.1O da s Elutionsverhalten verschiedener aliphati scher und aromatischer Kohlen­
wasserstoffe an Sephadex LH-20 mit unterschiedlichen Elutionsmitteln untersucht ;
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Klimisch und Reese l 1, Coupek et al" sowie Asche und Oelert" ermittelten das gel­
chromatographische Verhalten ein- und mehrkerniger Aromaten sowie das von
Aminen und Phenolen an Polystyrolgelen; ferner untersuchten Oelert':' das Elutions­
verhalten von Mineralolen und Kohlenwasserstoffen, Klimisch und Reese!' das der
Polyaromaten an einem Vinylacetatgel.

Uber das Elutionsverhalten von Verbindungsklassen, die als Pflanzenschutz­
mittelwirkstoffe eingesetzt werden, wurde bisher nur fur insektizide Phosphorsaure­
ester von Ruzicka et al.14 und von den Autoreri" dieser Arbeit an Sephadex LH-20
berichtet. In einer Reihe weiterer Publikationen'v-" wird der Einsatz der Ge1chro­
matographie zur Abtrennung von Pflanzenschutzmittelruckstanden aus pflanzlichen
und tierischen Rohextrakten beschrieben.

Infolge des ihr hauptsachlich zugrundeliegenden Trennprinzips kann die Gel­
chromatographie grundsatzlich auf aile Stoffe zerstorungsfrei angewendet werden.
Voraussetzung ist das Vorhandensein eines Spektrums von Gelsystemen mit einer
Palette weitstreuender Porendurchmesser. Die sehr lange Wiederverwendbarkeit der
ge1chromatographischen Trennsaulen errnoglicht eine Automatisierung ihres Be­
triebes, die gelegentlich schon versucht wurde22

, 23 . Damit eroffnen sich besonders
viele Einsatzrnoglichkeiten fiir so1che Verfahren. Deshalb erschien es uns sinnvoll, das
Elutionsverhalten von insektiziden Phosphorsaureestern, insektiziden und herbiziden
Carbaminsaureestern, herbiziden Phenylharnstoff- und Triazinderivaten sowie von
herbiziden Phenoxyalkancarbonsauren und -estern an verschiedenen Gelsystemen
zu untersuchen.

EXPERI MENTELLES

Gerdte
Rotationsverdampfer: Vapsilator KRV 65/30 (Chemophor, Zurich, Schweiz);

ge1chromatographische Ausrustung, bestehend aus Pumpen: Modell CMP 3 (Chro­
matronix, Berkeley, Calif., U.S.A.) bzw. Modell T4P 1001 SC (Chemie und Filter,
Heidelberg, B.R.D.), Probenaufgabeventil: Modell SV-8031 (Chromatronix); Saulen:
Glas, 1 m x 20 mm i.D. Modell SR 25/1000 (Pharmacia, Uppsala, Schweden) bzw.
G1as, 1 m x 25 mm i.D. oder 0.5 m x 15 mm i.D. (Quickfit, Wiesbaden, B.R.D.);
Detektoren: Modell Fractoscan UV-Monitor (Buchler, Fort Lee, N.J., U.S.A.) bzw.
Modell 1205 H (vorma1s Hupe und Busch,jetzt Hewlett-Packard, Frankfurt, B.R.D.);
und Kompensationsschreiber: Modell Servogor RE 511 (Metrawatt, Nurnberg,
B.R.D.).

Materialien
Athanol, abs., unvergallt (Monopolverwaltung Berlin); Hexan, p.a. (Merck,

Darmstadt, B.R.D.); Isopropanol, p.a. (Merck); Methanol, p.a. (Merck); Tetra­
hydrofuran, rein (Merck), HCI-behandelt und uber Na destilliert.

Gele: Sephadex LH-20 (Pharmacia), Bio-Beads SX-4 (Bio-Rad Labs., Miin­
chen, B.R.D.), Merckogel OR-500 (Merck).

Die in den Tabellen autgefuhrten Pflanzenschutzmittelwirkstoffe besassen den
hochstmoglichen, von den Herstellern erhaltlichen Reinheitsgrad.
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Siiulenh erstellung
Die zur Fiillung der Saulen verwendeten Gele wurden jeweils 24 h in dem

betreffenden Elutionsmittel gequollen. Vor dem Fullen der Saulen wurden die Gel­
suspensionen im Ultraschallbad geruhrt, um evtl. Teilchenagglomerate aufzulosen
und Luftblasen zu entfernen . Nach beendeter Fullung wurde solange Lo sung smittel
mit einer Durchflussrate von 50 ml/h durch die Saule gepumpt, bis sich eine kon stante
Gelbetthohe ergab. Die Fixierung des Gelbettes erfolgte durch zwei Adapter.

Ermitt/ung der Elutionsvolumina
Zur Ermittlung der Elutionsvolumina der einzelnen WirkstofTe wurden jeweils

0.5011 einer Reinlosung in Konzentrationen zwischen 1 und 10,Ltg/ml mit Hilfe des
Probenaufgabeventils auf die Saule gegeben . Das aus der Saule au sfliessende Eluat
durchstrornte die Kuvette des UV-Monitors. Die Messung erfolgte in der Regel bei
254 nm. In Fallen zu schwacher Absorption bei dieser Wellenlange wurde im Ab­
sorptionsmaximum des Stoffes gemessen. Die erhaltenen Chromatogramme des UV­
Detektors wurden graphisch ausgewertet. Der Schnittpunkt der Wendetangenten der
Peakflanken ergibt den Wert des absoluten Elutionsvolumens. Fur diejenigen Ver­
bindungen, die im UV-Bereich nicht absorbieren, wurden die Punkte fur da s Gel­
chromatogramm dadurch gefunden, da ss das Sauleneluat in 4-011 Fraktionen aufge­
fangen, diese an schliessend gaschromatographisch untersucht und deren Konzen­
trationen gegen die eluierten Milliliter aufgetragen wurden . In den Tabellen I-IV,
und VI und VII finden sich die auf das Elutionsvolumen von Benzol bezogenen,
relativen ElutionsvoJumina der einzelnen Wirkstoffe. Die Werte konnten mit einem
relativen Fehler von 1-2 % Genauigkeit bestimmt werden .

ERGEBNISS E UNO OISKUSSION

lnsektizide Phosphorsiiureester
In Tabelle I sind die rclativen Elutionsvolumina von 37 Pho sphorsaureester­

insektizidcn an drei Gelsystemen (in der Reihenfolge steigender Elutionswerte an
Sephadex) aufgelistet, mit deren Hilfe sie sich voneinander eindeutig unterscheiden
und identifizieren lassen. Dabei gilt da s Kriterium , dass die Elutionskennwerte samt
ihrer Streubereiche von jeweil s ± 0.02 Einheiten sich nicht iiberlappen. Von 666
paarweisen Kombinationsrnoglichkeiten konnen mit diesen drei Gelsystemen ledig­
lieh 10 nieht sicher differenziert werden . Die Tabelle I maeht ferner deutlich, dass
Molgewichtsabnahme und Elutionsvolumenzunahme an Sephadex LH-20/Athanol
keineswegs exakt parallel verlaufen, wic es ein streng gelchromatographisches Trenn­
prinzip bewirken wilrde. Vielmehr treten andere, strukturspezifische Nahewechsel­
wirkungskrafte in Konkurrenz zu den gelchromatographischen Vorgangen und
tragen so zu der Moglichkeit bei , zwischen den Individuen einer Stoffklasse zu
differenzieren. Doppelbindungen und aromati sehe Systeme in den Molekulen der
Wirkstoffe diirften dabei erheblichen Anteil haben, wie schon Wilk et al,' hervor­
hoben.

Es zcigt sich, dass Verbindungen, die ein mehrkerniges Ring system aufweisen,
wie Azinphos-athyl, Azinphos-methyl, Coumaphos und Coumithoat, starker zuriick­
gehalten werden als manche kleineren Molekule, die nur einen aromatischen Kern
besitzen. Ferner lassen sieh Regeln tiber dem Molekiilsortierungsprinzip entgegen-
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wirkende Substituenteneinflilsse auf die Elutionsvolumina ableiten. Ersatz eines H­
Atoms (oder einer Cl-lj-Gruppe) durch ein Cl-Atorn erhoht das Elutionsvolumen VEl>

wie die Paare Parathion-methyl (M.G. ;::,; 263 ; VEl = 1.32) und Chlorthion (M.G. ;::,;
298; VEl = 1.37) bzw. Carbophenothion (M.G. ;::,; 343; VEl = 1.09) und Phenkapton
(M.G.;::,; 377; VEl = 1.10) bzw . Dichlofenthion (M.G.;::,; 315 ; VEl = 1.00) und
Fenchlorphos (M.G. ;::,; 322; VEl = 1.17) bzw. Fenitrothion (M .G. ;::,; 277; VEl =

1.22) und Chlorthion (M.G. ;::,; 298 ; VEl = 1.37) zeigen. Innerhalb der zur Verfiigung
stehenden Stoffe dieser Verbindungsklasse sind die Strukturvarietaten zu erheblich,
als dass man weitere Gesetzrnassigkeiten mit einiger Sicherheit erkennen konnte,

1m System Merckogel OR-500jTetrahydrofuran (THF) sind die Abweichungen
vom Molekiilsortierverhalten bereits zahlenmassig geringer und weitaus kleiner. Vor
allem scheinen keine storenden Wechselwirkungen zwischen dem Gel und den aro­
matischen Phosphorsaureestern mehr einzutreten. lin System Bio-Beads SX 4jTHF
schliesslich weichen die Eluierungsfolgen der Wirkstoffe nur noch selten von den Er­
wartungen aus der reinen Gelchromatographie abo

fnsektizide und herbizide Carbaminsiiureester
Fur die insektizid- bzw. herbizidwirksamen Carbaminsaureester stellen schon

die drei ersten Systeme der Tabelle II, Sephadex LH-20jlsopropanol , Sephadex
LH-20jTHF und Merckogel OR~500jTHF eine leistungsf'ahige ldentifizierungskom­
bination dar. Aile 15 untersuchten Verbindungen konnen differenziert werden.

Auch hier ist, besonders beim System Sephadex LH-20jAthanol , der Elutions­
volumen erhohende Effekt der CI-Substitution erkennbar (Chlorpropham, CPPC).
Ansonsten ilberlagern sich offensichtlich diverse Einflusse. Bei den insektiziden N,N­
Oimethylcarbamaten scheinen ilbliche adsorptionschromatographische Vorgange zu
iiberwiegen: Die Elutionsfolge liegt in der Reihenfolge steigenden Molekulargewichts.

Bei den ilbrigen Gelsystemen werden die Effekte geringfiigiger und damit
weniger deutlich. Umkehrungen einzelner Elutionsfolgen treten auf, was der Differen­
zierung zu Identifizierungszwecken entgegenkommt. Die deutlich niedrigeren Elu­
tionsvolumina der meisten Verbindungen im Vergleich zum Benzol (= 1.0) ist das
Ergebnis verminderter Wechselwirkungsfahigkeit dieser Gele mit aromatischen
Systemen .

Phenylharnstoffherbizide
Von den 16 Wirkstoffen wird an den ausgewahlten Gelsystemen der Tabelle III

nur das Substanzenpaar Monolinuron-Metobromuron noch nicht befriedigend ge­
trennt.

Auch hier kann der CI-Substitutionseffekt, wenn auch nicht besonders aus­
gepragt, beobachtet werden (vgl. z.B. Fenuron-Monuron-Diuron). Daruberhinaus
wird durch Ersatz von Cl durch Br wiederum eine retentionserhohende Wirkung be­
obachtet (vgl. Monolinuron-Metobromuron; Linuron-Chlorbrornuron), woruber
bei Klassen einfacherer Verbindungen bereits Brook und Munday" berichteten. Sehr
deutlich ist ferner das retentionserhohende Ergebnis nach dem Austausch der N­
Methyl- gegen die N-Methoxy-Gruppe (vgl. Monuron ----* Monolinuron bzw. Diuron
~ Linuron).

Oer Ubergang vorn Athanol zu Isopropanol als Quell- und Elutionsmittel
bewirkt ein Schrumpfen des Sephadexvolumens urn ca. 20 % und zugleich die Tren-
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nung der meisten, mit Athanol noch nicht aufgelosten Stoffpaare. Dies legt die Ver­
mutung nahe, dass abnehmende Porengrosse der Gelmatrix mit einer Zunahme der
Fahigkeit zu adsorptionschromatographischen Wechselwirkungen einhergeht.

Die obengenannten Einflusse schwinden auch fiir die Phenylharnstoffe in den
letzten beiden Gelsystemen merklich, und es gelten auch hier die gleichen Aussagen
wie bei den Carbaminsaureestern.

Herbizide 1,3,5-Triazinderivate
Wie die Tabelle IV zeigt, gelingt die Auftrennung der - meist herbizidwirk­

samen- 17 Triazinderivate an vier Gelsystemen deutlich unvollkommener (7 Paar­
Kombinationen werden nicht ausreichend differenziert). Das liegt in der teilweise
sehr engen Strukturverwandtschaft der Individuen dieser Gruppe begrundet. Da uns
hier einige Verbindungen mit nur sehr geringen Strukturabwandlungen zur Ver­
fiigung standen (vgl. Ubersicht in Tabelle V), die ihrerseits teilweise wieder in Unter­
gruppen zusammengefasst werden konnten , wurden einige Verhaltensvergleichs­
studien unternommen . Das Ergebnis lasst sich folgendermassen zusammenfassen:
Das rein gelchromatographische Verhalten dieser Triazinderivate wird stark ilber­
lagert vorn Einfluss anderer Wechselwirkungskrafte. Der Substituentenaustausch am
(C(2)-Atom des heterozyklischen Ringes (-OCH3 , -CI, -SCH3) bei sonst gleichblei­
bendem Molekiilbau bewirkt keine Elutionsverschiebung, wie sie nach rein gel­
chromatographischen Verhalten zu erwarten ware , vielmehr ist sie zuweilen gleich­
sinnig mit dem Molgewichtsanstieg und vor allem sind die Unterschiede in den
Elutionsvolumina bei -CI +-> -OCH3 viel grosser, dagegen beim Vergleich -CI mit
-SCH3 sehr gering oder gleich Null. Ferner wird das Elutionsverhalten sehr empfind­
lich von den NH-Gruppen in 4- und 6-Stellung beeinflusst. So lassen sich die Chlor­
bzw. die Methoxy- bzw. die Methylmercaptotriazine, die noch 2 NH-Gruppen be­
sitzen und dieselben ihrseits nicht zu unterschiedlich substituiert sind, als eine quasi
homologe Reihe auffassen. Regressionsrechnungen ergaben, dass die relativen Elutions­
volumina VEl der Methylmercapto-Triazine Simetryn, Desmetryn, Ametryn, Pro me­
tryn und Terbutryn eine lineare Funktion des dekadischen Logarithmus ihrer Mole­
kulargewichte sind . Und zwar gilt im System Sephadex LH-20jAthanol VEl =

-4.280 ·log M.G. + 11.169 (Bestimmtheitsmass 94.6 %), im System Sephadex LH-20j
THF VE l = - 3.245 · log M.G.+8.579 (Bestimmtheitsmass 96.6%), im System
Merckogel OR-500jTHF VEl = - 1.205 ' log M.G. + 3.616 (Bestimmtheitsmass
96.7%). 1m System Bio-Beads SX 4jTHF liess sich die lineare Abhangigkeit statistisch
nicht sicher stellen , desgleichen nicht fur die Chlor-Triazinderivate Simazin , Norazin,
Atrazin, Propazin. Die Anzahl der fur die Untersuchung zur Verfiigung stehenden
Verbindungen reicht offenbar nicht aus, urn gesicherte Schlussfolgerungen uber die
Zusamrnenhange ziehen zu konnen. Ahnlich muss ilber die Methoxy-Triazinderivate
geurteilt werden, obwohl die drei untersuchten Glieder dieser Reihe in allen Systemen
recht gut einer Geraden VEl = alog M.G. +b zugeordnet werden konnen.

Herbizide Phenoxyalkancarbonsiiuren
Aile 9 Sauren dieser in der Praxis besonders wichtigen Herbizidwirkstoffklasse

lassen sich an den Systemen Sephadex LH-20jAthanol und Merckogel OR-500jTHF
differenzieren (vgl. Tabelle VI). Auch bei den Phenoxyalkancarbonsauren macht sich
der Chlorsubstitutionseffekt im System LH-20jAthanol deutlich, im System Bio-
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TABELLE V

SYSTEMATIK D ER UNTERSU CHTEN 1,3,5-TRIAZINDERI VATE

R-Cr4J C( 6 )-R' - C1 - OCH 3 -SCH 3

H5C2- NH N H - C 2 H 5 Simazi n Sim eton Simetryn

H3C\
CH - N H N H - C H 3 Norazin Desmetryn

/
HF

H3C,

Atrazin Atraton Arnet rynCH - NH N H-C2H5/
H3C

H3~ FH 3
Prop az in Prometon PrometrynC H-N H NH -C H

/ ,
H 3C CH3

H3C,

H3C - r - N H NH -C 2 H 5 Terbutryn
H3C

/C H 3

H3CO ' H6C )" N H NH - C H Methoprotryn,
C H3

H5C,,
N N H - C , H 5 Trietazin/

H 5C,

H 5 \ 2 FH
3

N N H -C H Ipazin
/ ,

H5 C 2 C H3

H5 \2 F , H 5

ChlorazinN N
/ ,

H 5C2 C 2 H 5

CI
NHV An ilazin

C I
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Beads SX-4/THF geringfiigig bemerk bar. Dagegen scheint sich beim System Mercko­
gel OR- 500/TH F die Ge sarntpolaritat der Molekule mehr auf das Elut ion sverh alten
auszuwirken.

Herbizide Phenoxyalkancarbonsiiureester
8ei den II unt crsuchten Estern der Tabel1e VII konnen mit Hilfe der verwende­

ten dre i Gel systeme von den denkbaren Kombinat ionen 2 Paare nicht voneina nder
unterschieden werden.

Aus Grunden des hoheren Molge wicht s, aber besonders wegen der verminder­
ten Polaritat, eluieren die Ester in a llen Systemen deutlich fruher als die zugehorigen
Sauren . Jedoch nehmen strukturspezifische Kr afte Einflu ss auf da s gelchromato­
graphische Verhalten der Ester. Innerhalb der Mecoprop-Ester-Reihe ist da s Mole­
ktilsortierprinzip nahezu gewahrt.

Zusammenfassend kann abge1eitet werden, dass bei der Gel schromatographie
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der behandelten biozidwirksamen Stoffe (bei gleichbleibendem Elutionsmittel) die
chemische Struktur de s Gels eine nicht unwe sentliche Rolle spielt ; es gerat in Nahe­
wech selwirkungen mit den Strukturen der chromatographierenden Komponenten .
Darau s konnen Gemeinsamkeiten fur sehr nahe verwandte Substanzen abgelcitet
werden. Als Nutzen fiir die praktische Anwendung ergibt sich aber besonders die
Mogl ichkeit zur Differenzierung und Identifizierung verwandter Substanzen im Be­
reich kleinerer Molekiile. Die s zu zeigen ist der Zweck der vorgelegten Arbeit. Die
Verfasser bedienen sich dieser Methodik bei der Isolierung und Identifiz ierung von
Spurenruckstanden in komplexen Vielfachgemischen.
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von Umweltchemikalien und Bioziden" vom Bundesministerium fur Forschung und
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Unterstiitzung bei den gaschromatographischen Messungen.

ZUSAMMENFASSUNG

Das Elutionsverhalten von insektizid- bzw. herbizidwirksamen Phosphor­
saureestern, Carbamaten, Phenylharnstoffen, Triazinen, Chlorphenoxysauren und
-estern wurde an Sephadex LH-20, Bio-Beads SX-4, SX-8 und Merckogel OR-SOO
mit verschiedenen Elutionsmitteln untersucht. Die Einflii sse der Sub stituenten , des
Bindungssystems der Polaritat und des Eluens auf das Elutionsverhalten der einzelnen
Verbindungen wurden diskutiert. Dabei zeigte sich , dass bei den verwendeten Elu­
tionsmitteln die oben genannten Einfliis se sich sta rk bei den polaren Gelen Sephadex
LH-20 und Merckogel OR-SaO bemerkbar machen , wahrend sie bci den schwach
polaren Bio-Beads-Gelen weniger merkbar sind . Ferner werden die Moglichkeiten
der Trennung und ldentifizierung der einzelnen Verbindungen innerhalb der ver­
schiedenen Wirkstoffklassen anhand der unterschiedlichen Elutionsvolurnina dis­
kutiert.
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ANALYSIS OF RIFAMPICIN AND OF ITS HYDROGENATED DERIVA­
TIVES BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY

V. VLASAKOVA, J . BENES and K. ZIVNY

Isotope Laboratory of the Institutes for Biological Research, Czechoslovak Academy of Sciences,
/4220 Prague ( Czechoslovakia}

(First received February 28th, 1977; revised manuscript received August 1st, 1977)

SUMMARY

A rapid and complete separation of rifampicin from its quinone was accom­
plished in 7 min using a filled column of the MicroPak NH z type and a chemically
bonded phase on silica gel (IOllm). The eluent was chloroform-methanol (97:3)
under isocratic conditions. The same columns and conditions were used for a com­
plete separation of all of the reaction products of the hydrogenation of rifampicin,
including the dih ydro and tetrahydro deri vat ives. The plate heights were optimally
0.5-1.9 mm . The method is particularly useful for the rapid control of the reaction
products of hydrogenation .

INTROD UCTION

Rifamycins were isolated from cultures of Streptomyces mediterranei n.sp. as
metabolic products and many of the derivatives were shown to possess important
therapeutical activities, such as the commonly used rifamycin SV. Similarly, rifam­
picin or 3-(4-methylpiperazinyl)iminomethylrifamycin SV has been applied success­
fully in the treatment of var ious diseases. Some of its physico-chemical properties
were described in 1966 by Maggi et al.' , who compared some of the analytical methods
available and examined the stability of rifampicin in different media. However, the
analysis of rifampicin by liquid chromatography has not been described so far,
although Schmit et al.' analyzed rifamycin SV by high-performance liquid chromato­
graphy on a column with ODS Permaphase, employing gradient elution. The mobile
phase used was water-methanol. Schmit et al.' also mentioned the separa tion of
3-formylrifampicin SV from some contaminants on a Zipax-polyamide column with
n-hexane-ethanol as eluent.

When following the course of hydrogenation of rifampicin", we used high­
performance liquid chromatography and found that the product is not a unique
dihydro derivative, as one might have expected, but that the reaction course is much
more complex .
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EXPERIMENTAL

v. VLASA KO vA, J. BENES, K. ZIVNY

Apparatus
A Varian Model 4100 high-pressure liquid chromatograph (Varian Aero­

graph, Palo Alt o, Calif., U.S.A.) was used. Th e detector was a Variscan UV spect ro­
photometer (Varian) with a varia ble wavelength (190-900 nm). The 10 x I mm cell
had a volume of 8.u1. Samples were injected with a Hamilton Type 701 SN (10 .ul)
micro-syringe using the stop-flow technique. UV spectra were recorded with the
Var iscan spectrophotometer and with a Specord UV-Vis spectrophoto meter (Zeiss,
lena, G.D.R .).

Columns
Stainless-steel columns (25 ern x 2 mm 1.0.) were filled with MicroPak Si-IO

and Micro-Pak CN with chemically bonded alk ylnitril e groups on silica gel, and with
MicroPak NH2 with chemically bonded alkylamine gro ups on silica gel. The silica gel
was always 1O-.um LiChrosorb.

Chemicals
The samples of rifampicin were obtained by purificat ion of its dru g-for m

Rifad in, produced by UMB Dru gs (Bucharest , Rum ania) under licence from Lepet it
(Milan, Italy). The purification was descr ibed in detail by Hanu s et 01.5 • The hydro­
genated deri vati ves were prepared in thi s lab oratory". The quin one form of rifampicin
was obtained by preparative isolation on the silica gel column and its identity was
check ed by NMR spectroscopy.

The solvents used were methanol for UV spectroscopy (Lachema, Brno,
Czechoslovakia) and ana lyt ically pure chloro form (Lachema), which were furth er
purified on an activated silica gel column in the usual way.

Chromatograph ic analysis
Samples of rifampicin or its deriv at ives were dissolved in chlo roform to a

concentration of 200-400 .ug/ml. The column was injected with 2-10-.u1 samples.
The mobile phase used was chloro form-methano l in various proportions and

it was de-gassed before use. The elution flow-rates were 0.2-0.7 ml/rnin at pressures
of 1.36-3.40 MPa.

Rifampicin and its derivat ives were detected in the Variscan spectro photo meter
at 334 nm .

Capacity factors (k ') were calcul ated from k ' ,.,~ (tR-tO)to where tR is the
retention time of the sample and to the retention t ime of a non-retained compound
(n-hexane in thi s work). The the oretical plate height (H) was calculated from the
elution chromatogram according to H = (L jl6) (W,/ t R)2 where L is the column length
and w, the peak width at the baseline.

R ESULTS AND DIS CUSSION

Analysis of rifampicin
Before analysis of the samples we removed the various additives, such as

sta rch and magnesium stea rate, which adve rsely affect the analytica l result s, by
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extract ion with diethyl ether and passage thro ugh a prepa rative co lumn containing
activated silica gel.

An adso rption column contai ning MicroPak Si-lO and columns filled with
silica gel with a chemically bond ed phase of the type MicroP ak NH z and MicroPak
CN were used for the analysis, MicroPak N Hz being the most suitable. When using
chloroform- met hano l (97 :3) as the mobile pha se under isocra tic condit ions, the
substance proper was preceded by a con ta minant which was identified as a quinone
form of rifampicin. The separatio n of rifampi cin from its qu inone is illustrated in
Fig. I.

3

2

Q)
u
c
o
.o
Lo
'"!)
<t

o 2 4 6 8 m in

Fig. 1. C hromatog ra m of a mixture of rifa mpici n and its q uino ne form. Mic ro Pak NH, (10 l i m)
25 cm >' 0.2 ern co lumn, elution with chloroform- met ha no l (97 :3), flow-ra te 0.7 mljmin. Peaks : I ,
n-hexane ; 2, rifampicin q uino ne ; 3, rifam p icin.

In a silica gel adso rptio n column, rifampicin was separat ed from the qu inone
only on using a strongly polar eluent with a high methanol content . The chromato­
grams obta ined were poorly reproducible and the efficiency of the column decreased
rapidly. The MicroPak CN column possessed more suitable properties but the sepa­
ration of the two compounds was not complete.

The contaminant was dete rm ined using a standard of rifampicin quinone and
UV spectra. These were recorded in the Vari scan spectrophotometer in an aqueous
medium (pH 7.38) and the result s were compared with publi shed values. The spectra
of the two substances are shown in Fig. 2.

Table J shows the retention time s, capaci ty factors and the value s of measured
and reported absorption pea ks.

The quino ne form of rifampicin found as an impurity acco mpanying the
starti ng preparat ion is formed read ily by oxida tion with atmospheric oxygen and is
detected by a purple colour of the solut ion. The am ount of quin one in rifampicin is
hence dependent on the conditions and length of sto rage. In add itio n to these factors,
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Fig . 2. UV spectrum of rifampi cin (a) and its quin one (b) measured in a phosphate buffer of pH 7.38
in a Variscan spectrophotometer.

TABLE I

RETENTION TIMES (tR), CAPACITY FACTORS (k ' ) AND WAVELENGTHS OF MAXIMUM
ABSORPTION P'rn".) OF RI FA MPICIN AN D ITS QUINONE

Compound l « (min)' k " Wa velength ofmaximum absorpt ion (nm) ••

Rifampicin
Qu inone

4.7
1.6

3.7
0.6

Measured values

235, 255, 333, 474
259, 332, 539

Published values I

237, 255, 334,475
260, 332, 540

• Analyzed in a 25 x 0.2 cm column, MicroPak NH 2 ; elutio n with chloroform-methanol
(97:3) at a flow-rate of 0.7 ml/min .

.. Measured in a medium of pH 7.38.

the presence of the qui none form is affected by the preliminar y pur ification proce­
dure s, whereupon its content decrease s. The formulae of rifampicin and its quinone
are shown in Fig . 3.

OX ida t ion

r>:
CH = N- V-CH 3

R

Fig . 3. Stru cturalformulae of rifampi cin (R) and its quin one (Q).

'0

1\
CH= N- N'---.!'- CH 3

Q
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Analysis of hydrogenated derivatives of rifampicin
Rifampicin was hydrogenated at low and medium pressure on palladium(ll)

oxide. In following the course of hydrogenation and checking the purity of the reaction
products, the best results were obtained with the MicroPak NHz column and chloro­
form-methanol (97 :3) as the mobile phase. Depending on the reaction conditions,
the products were hydrogenated at one or two double bonds.

Liquid chromatography showed that in all instances a mixture of four hydro­
genated derivatives was formed, eluted from the column as peaks C, D, E en F. The
proportions of these compounds differed, depending on the conditions and period of
hydrogenation. The overall course of hydrogenation is illustrated in Fig. 4.

R

a

b

~
C D

E F
A

C

~
I I ! I I ! I I

o 4 B 12 16 20 24 26
min

Fig. 4. Course of hydrogenation of rifampicin shown by liquid chromatography. (a) Rifampicin (R)
and its quinone form (B). (b) Reaction products after first-degree hydrogenation. A, Solvent; B,
quinone form; C, D , E and F, hydrogenated derivatives. (c) Reaction products after second-degree
hydrogenation. Peaks as in (b). (d) Reaction products after total hydrogenation . Peaks as in (b).

After hydrogenation to the first degree the reaction products were mainly
peaks E and F, fully separated, plus the minor peaks C and D and peaks of solvent A
and the quinone form B (Fig. 4b). After hydrogenation to the second degree a product
was obtained with major peaks C and D, minor peaks E and F and again peaks of
the solvent A and the quinone B (Fig. 4c). After a prolonged total hydrogenation
the final product was still a mixture of the substances with predominating peak C
(Fig.4d).

The individual eluates C, D, E and F were isolated and collected by the stop­
flow technique and their individual UV spectra were recorded. Comparison of the
spectra showed full agreement in the positions of all absorption peaks with the four
derivatives. The spectra coincided with the spectrum of pure rifampicin (Fig. 5).

The analogies in the spectral analysis indicate that we are dealing with deriva­
tives in which none of the principal conjugations were disturbed, i.e., the naphthalene
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Fig. 5. UV spectrum of the fou r eluti on peaks C. D, E and F formed on hyd rogenation of
rifampicin , measured in ethanol in a Specord UV -VIS spectro pho to meter. a, Starting rifampi cin;
b, hydrogenated derivat ives C, D, E and F ; c, quinone form of the hydr ogenated derivatives.

skeleton was preserved, together with the conjugated C ' N bond (see structural
formul ae in Fig. 3).

The degree of separa t ion of the hydrogenated derivatives of rifampicin was
found to depend on the proportion of methanol in the chloroform-methanol mobile
phase. With less than 2 % (vjv) of meth an ol , the compounds were not completely
eluted from the column and the peaks were broad and tailed. At concentrations higher
than 4.5 % (vjv), peaks E and F were not separated, while at concentrations above
6 %(vjv), even peaks C and D could not be resolved. The optimum concentration of
methanol was 2-3 %(vjv). Fig. 6 sho ws that the separat ion of eluate s E and F is much
more affected by the methanol con centration than is the sepa rat ion of derivatives C
and D.

5 .0

K '

4 .0

3.0

2 .0

1.0

0.001 234 5

Methanol concent r ation (Ofo,vlv)

Fig. 6. Effect of methanol co ncentrat ion in the mobile phase on the separat ion of hydrogenated
derivati ves of rifampicin .
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TABLE II

DEPEND ENCE OF RETENTION TIMES (In) AND CAPACITY FACTORS (k') ON CON­
CENT RATION OF METHANOL IN MOBILE PHASE

Analysis in a 25 x 0.2 cm column ; MicroPak NH, (lOpm) ; eluti on with chl oroform-methanol,
flow-rate of 0.7 ml/min .

Compound Methanol concentration ( %, vlv)

2 3 4 4.5

l « k' In k' t n k' t n k'
(min) (min) (min) (min)

B 1.4 0.4 1.1 0.1
C 2.05 1.05 1.8 0.8 1.55 0.55 1.4 0.4
D 2.8 1.8 2.4 1.4 1.9 0.9 1.7 0.7
E 4.4 3.4 3.8 2.8 3.0 2.0 2.3 1.2
F 5.5 4.5 4.9 3.9 3.8 2.8 2.8 1.7

D

B
E

c

m in

Fig. 7. Chromatograms of the hydrogenation p ro duc ts of rifampicin (so lid line) and of rifampicin
and its quinon e (broken line). Peak s as in Fig .4(b) .

The retention times and the capacity factors of all of the hydrogenated products
are summarized in Table I I .

The starting preparation of rifampicin cou ld not be separated in any of the
systems tested from the hydrogenated forms E and F. The chromatogram in Fig. 7
shows the position of the two peak s E and F and that of rifampicin, lying between
them.

The op timal efficiency o f the MicroPak NH z col umn expressed as the theo­
retical plate height was 0.5- 1.9 mm. After about 20 days, the efficiency of the column
decreased.
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SUMMARY

Several chro matogra phic systems are proposed that provide the po ssibility of
determining all a mino acid s commonly found in proteins as diphenylindenone thio­
hydantoins and diphenylindenone sulphonamides at the picomole level using two­
dimensional thin-layer chromatography on polyamide sheets.

INTROD UCTION

2-p-l sothiocyanophenyl-3-phenylindenone or diphenylindenonyl isothiocyanate
(DIITC) was pr oposed as a coloured reagent for sequencing proteins and peptides' .
With the corresponding sulphochloride 2-p-chlorsulphophenyl-3-phenylindenone2 or
diphenylindenonesulphonyl chloride (DIS-CI), a highly sensitive fluorescent method
for the detection of N-term inal gro ups of peptides and proteins was developed",

Using DIITC, the N-terminal amino acid was identified on a thin layer of
silica gel G as a col oured (diphenyl)indenonylthiohydantoin (ITH) derivative" or as
a fluorescent isobenzofuran derivative", With DIS-CI, the N-terminal amino acid
was identified on a thin layer of silica gel G as a coloured diphenylindenonesulphony I
(disyl or DIS) amino acid or as a fluore scent isobenzofuran derivative' using solvent
systems described in a n earlier pap er".

These two type s of diphenylindenone derivatives, ITl-l-amino acids and DIS­
amino acid s, can be used in a double checking technique in the sequence analysis of
proteins. The purpose of th is work was to find suitable solvent systems for the sepa­
ration on polyam ide sheets of ITH and DIS deri vatives of the amino acids found in
native proteins.

EXPERIMENTAL

Polyamide sheets
Cheng-Chin polyamide sheets (15 x 15 em) from SDH Chemicals, Poole, Great

Britain, were cut into 5 X 5 cm sq ua res.
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Preparation of ITH derivatives
ITH-amino aci ds were synthesized , pu rified and characterized as described

earlierl-". These compo unds were obtained in micromole amounts in the followin g
way ' . To a solution of 3 ,umole of amino ac id in 0.3 ml of 0.4 M dimethylallylam ine
buffer (pH 9.6) was added 0.3 ml of a pyridine so lution of 3.39 mg ( 10 ,umo le) of
DIlTC. The rea ction was carried out at 40° unde r a nitrogen atmosphere. Aft er 2 h,
th e solution was evaporated to dr yness in vacuo over phosph orus pentoxide and potas­
sium hydroxide. The residue was dissolved in 0.2 ml of a mixture of ace tic ac id and G
M hydrochloric acid (5 :1) and the solution was warmed for 10 min at 80° und er ni­
tr ogen . Th e solvents were evaporated over potassium hydr oxide . On thin-layer
chro ma togra ms the spot of ITH deri vat ive was eas ily dist ingu ished from the other
spots, due mainly to the unreacted reage nt and bisdiphenylind enon ylthi ou rea, by its
colour and Rp value.

Preparation of DIS derivatives
Th e prepa rat ion , purifi cation and IR cha rac teriza t ion of the DIS- amino acids

were described earliert -!". For chromatog raphic purposes, as described ea rlier", DIS ­
amino ac ids can be prep ared by adding DIS-Cl dissolved in aceto ne (I mg/rnl) to
an equal volume of a 0. 1 M sodium hydr ogen carbo na te solut ion of 5 nmole of amino
acid or of an amino ac id mixture (the concentrat ion of each amino acid being 5
nmolejml). After leaving the solution for 3 h in a closed tube at room temper ature,
it was evap orated to dr yness at low pressure. Th e residue was dissolved in meth an ol
and al iquot volumes were applied on the chromatog ra m.

The solvents »-pentane, benzene , tolu ene , n-butanol, acetic acid, propionic
ac id and eth ylene chlorhydrin were re-di stilled .

Chromatography
ITH-amino acids in acetone or methanol solut ions and DIS- amino acids in

methan ol solutio ns were applied on polyamide sheets (5 x 5 cm) using a micro­
capillary tube. Th e sa mples were spo tted at a distance of 0.5 cm fro m the edge of the
sheet. For optimal separa t ion, the diameter of the spots should not exceed 2 mm.
The chromatogram s were developed in a 250-ml closed glass chamber, conta ining
10 ml of solvent system and filter-paper for sat ura t ion of the atmos phere. A pre­
equil ibrati on of about 10-15 min was used before immersion of the chro matog ram.
When the solvent front reached the edge of the sheet the latter was removed and
dried in a st rea m of hot air. For the development of a two-dimensio na l chro matog ram
the sheet was chro matogra phed in two solvent systems in perpend icular dire ctions
with intermediate dr ying. The same solvent system was used for about fi ve chromato­
grams, then replaced with fresh solvent.

ITH-am ino ac ids and DIS- am ino ac ids are coloured co mpo unds and, when
spotte d in amounts greater th an 0.1 nrnole, a re detected on polyam ide sheets as yellow
or yellow-oran ge spots. To detect smaller am ounts, the polyamide chr omatogram was
ob served under UV light (365 nrn). Diphenylindenone de rivati ves were detected as
dark vio let spo ts on light blue back ground as a result of the increased ab sorption of
UV light due to the ar oma tic system (d iphenylindenone residue). On treatment of the
polyamide sheet with sodium ethoxide solut ion (5 g of sodium per 100 ml of 96 %
ethanol) diphenylindenone der ivati ves were dete cted as yellow-green fluor escent spots
under UV lightJ ,5 .
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For repeated use of the polyamide sheets, the layers were washed with the
solvents suggested by Wang and WU 11

: acetone-85 % formic acid (9:1) and acetone­
29 % ammonia (9 :I). The chromatogram must be washed immediately after chro­
mato graph y and location of the spots in order to avoid irreversible ad sorption on the
polyamide. If the sheet has been treated with sod ium ethoxide for UV detection ,
preliminary washing with water is necessary before dipping it in the above rin se
solution. Under these conditions of washing, the sodium etho xide detection does not
decrease the possibility of repeated use of the polyamide sheet.

RESULTS AND DISCUSSION

Separation oj I'T'H-amino acids
Using published data for the separation of phenylthiohydantoin amino

acids12
•13 and on the basis of our own investigati ons, the following solvent systems

can be proposed as suita ble for the separation of ITH-amino acids : I, toluene- s­
pentan e-glacial acetic acid (60: 30: 15); I I, 60 I~ aqueous acet ic acid. The running time
in solvent I is IS min and in solvent 11 60 min .

The two solvent systems can be used separately for one-dimensional and in
combinat ion for two-d imensional chro matography of lTH-amino acids. A two­
dimensional chromatogram for the separation of ITH derivatives of 22 amino acids,
DIlTe and its by-products in sequencing [mono(diphen yl)indenonyIthiourea (MITU)
and bis(diphenyl)inden onylthioure a (BIT U)] is presented in Fig. I. On the starting
point, 0.5 em from both edges of the sheet, a mixture containing 0.5 nmoIe of each
shown compo und, d issolved in acet one-methanol (l :1), was applied. After consec-

1/4••AIJ'

~JN6'#t7 t7/AlE#J/6'#//l j

Fig. I. Two-d imensional separation of 22 (diphenyl)indeno nylthiohydantoi n (IT H) amin o acids, 2­
p-isothiocyanophenyl-3-phenylindenone (0 1ITC), mono(diphenyl)indenonylthiourea (MIT U) and
bis(diphenyI)indenonylth iourea (BIT U) on Chen g-Chin pol yam ide sheet. Solvents : first dimension ,
solvent I [toluene- a-pentane-glacia l acetic acid (60:30: 15)]. 4.5 em, IS min; second dimension .
solvent II (60 %aqu eous acet ic acid). 4.5 em, 60 min. ITH derivatives are indicate d by abbrev iations for
the cor responding amino acids ; Cys O, H = cysteic acid; Met O2 = methion ine sulpho ne.
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utive development in two perpendicular di rections in systems I and II , 23 coloured
spots were detected on the chromatogram. Onl y the ITH-derivati ves of leucine and
isoleucine and those of phenylalanine and methionine remained unseparated. ITH­
methionine and ITH-phenylalanine can readil y be separated in solvent III : n-butan ol­
glacial acetic acid (9 :1) (R F values 0.63 ± 0.01 and 0.71 ± 0.0 1, respectively): Also
in solvent 1lI lTH-leucine and ITH-isoleucine have similar RF values of 0.52 ± 0.0 I
and 0.55 ± 0.01, respectively, but their relative positions are very reproducible and
the ir differentiation is reliable .

The spots of ITH-I ysine and SITU are close together, but the y differ in colour
and shape. On the other hand, SITU is usually extracted compl etely in sequencing.
The difference between the colour of the ITH-amino acid s (yellow and yellow-ora nge)
and the colour of the reagent and its thiourea products (pink-red) facilitate the
identificati on of the N-terminal amino ac id as a co loured spot.

RF values of the ITH-amino acids, Dl l'TC and its by-products in the proposed
solvent systems are presented in Table J (average values from 21 dete rmin ations).

The sens itiv ity of the colour and UV detecti on of the ITH -amino ac ids is
shown in Fig. 2. On starting points 1-6 of a one-dimensional chromatogram were

TABL E I

RF VAL UES OF ITH-AMINO ACIDS, 2-p-ISOTHIOCYANOPH ENYL-3-PHENYLINDENON E
(D IITC) AND MONO- AND BIS(DlPHENYL)INDENONYLTHIOUR EAS (MIT U AND
BIT U) ON POLYAMIDE SHEETS

Distance : 4.5 em.

ITH-amino acid

Alan ine
Arginin e
Asparagine
Aspartic acid
Cyste ic acid
Glu tamine
Glutami c acid
Gl ycine
Histidine
Hydroxyproline
Isoleucine
Leucine
Lysine
Methionine
Methionine sulphone
Phenylalan ine
Pro line
Serine
Threonine
Tryptophan
Tyrosine
Val ine
DIITC
MITU
BIT U
- --_.- -_. .

So /pent system

I

0.61 ± 0.02
0.Q3 ± 0.01
0.18 ± 0.02
0.12 ± 0.01
0.00
0.29 ± 0.Q3
0.25 ± 0.03
0.52 ± 0.02
0.12 :±- 0.02
0.35 ± 0.Q3
0.75 ± 0.02
0.75 ± 0.02
0.31 ± 0.01
0.65 ± 0.02
0.23 ± 0.02
0.67 ± 0.03
0.84 ± 0.03
0.18 ± 0.Q3
0.28 ± 0.02
0.29 ± 0.03
0.11 ± 0.02
0.72 :±- 0.02
0.93 ± 0.Q3
0.44 ± 0.03
0.39 ± 0.01

1/

0.37 ± 0.02
0.88 ± 0.02
0.48 :+ 0.02
0.32 :.1 0.02
0.06 ± 0.02
0.50 ± 0.02
0.35 J: 0.02
0.41 :/ 0.02
0.90 :-1- 0.02
0.39 ± 0.02
0.26 ± 0.02
0.24 ± 0.02
0.01 ± 0.00
0.27 ± 0.Q3
0.50 ± 0.02
0.27 :! 0.02
0.32 ± 0.Q3
0.44 ,J. 0.02
0.44 ± 0.02
0.17 ± 0.02
0.23 ± 0.02
0.30 ::1- 0.02
0.14 ± 0.01
0.14 :I: 0.01
0.00

1//

0.55 ± 0.01
0.52 ± 0.01

0.63 ± 0.01

0.71 1 0.01
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Fig. 2. Sensitivity of detection of a mixture of ITH-am ino acids applied in the following amounts:
(I) 0.4 nmole of each derivative; (2) 0.2 nmole; (3) 0.1 nmole; (4) 0.05 nm ole ; (5) 0.02 nmole ; (6) 0.01
nmole. The identities of the spots, in order of increasing Rh are : I'Tl-l-tyrosine, I'Tl-l-glutami c acid ,
lTl-l-glycine, ITH-prol ine. Chromatograph y was ca rried o ut in a single dimension with so lvent I
[toluene-Il-pentane- glacial ace tic acid (60 :30 :15)]. Distance, 4.5 em. e, Col oured spot t O ispot
visible only und er UV light (d irect ly as a dark violet spot or as a fluorescent spo t after trea tment
with sodium ethoxi de).

applied decreasing amounts of the following ITH-amino acids with different RF

values in solvent system I: ITH-tyrosine, ITH-glut am ic acid , ITH-glycine and ITH­
proline. The amo unts spott ed were as follows : on start ing point 1, 0.4 nmole from
each derivative ; on starting point 2, 0.2 nrnol e ; on starting point 3, 0.1 nmole ; on
sta rt ing point 4, 0.05 nrnole ; on sta rting point 5, 0.02 nmole ; and on starting point 6,
0.01 nmole. As can be seen in Fig. 2, the sensitiv ity of the co lour detection is 0.1-0.2
nrnole. When the sa me chromat ogram was inspected unde r UV light the spots or ig­
inally indicated only by a contour were detected addit iona lly as dark violet spots and
the sensit ivity increases to 0.01-0.05 nrnole. Th e application of fluo rescence detection
with sodium eth oxide under UV light does not increase thi s sensit ivity further. Thi s
fact can be explained by the slight fluore scence of the polyam ide layer , which decreases
the contras t of the fluorescent spots and the detection lim it is 0.01-0.05 nm ole .
Therefore, the visua l dete ction of co loured spots and of quenched spots under UV
light is recommended.

In this way, the sensitivity of detection of the ITH-amino acids on a polyamide
layer as coloured spots and unde r UV light (0.1-0.01 nrnole) is 10-100 times higher
than the corresponding sensitivity when the same derivatives are chromatographed
on silica gel G ( I nmole)". By inspection of the polyamide sheet under UV light the
high sensit ivity of the sodium eth oxide det ect ion of ITl-l-amino acids on silica gel G
(0.01-0,04 nrnole)" was achie ved . On the other hand, the sensit ivity of detection of
ITH-amino acids on a polyamide sheet (0.01-0.05 nmole) under UV light is therefore
higher than that for the correspond ing phenylth ioh ydantoin deri vat ives by quenching
the fluorescence of the polyam ide layer (0.05-0.2 nmole) ".

Coloured th iohydantoin s for sequencing work and amino acid identification
have also been used by Chang et al,": The azo group permits the detection of 4-N,N-
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dimethylaminoazobenzene-4'-thiohydantoins of amino acids as red spots directl y on
the polyamide sheet with high sensitivity (I pmole) .

Separation of DIS-amino acids
The solvent systems for the separation of dansyl derivatives according to

Woods and Wang'" on polyamide sheets were unsuitable for the disyl amino acids.
We suggest the following solvent systems for their separation : (I) 60 % aqueous acetic
acid; (2) benzene-propionic acid (I: I); (2a) benzene-propionic acid (8.5: 1.5);
(3) toluene-ethylene chlorohydrin-25 % ammonia (3 :5 :2)16. Solvents I and 3 were
used without a filter in the chamber for saturation of the atmosphere. The running
time in solvent systems I and 3 is 60 min, while in systems 2 and 2a it is 30 min.

The R F values of the disyl amino acids for solvent systems I and 2 are given
in Table II (averages from ten determinations). Solvent system 2a is suggested for the
separation of disylleucine and disylisoleucine. To distinguish disylcysteic acid and
disylsulphonic acid, solvent system 3 is suitable.

The reliable detection of most of the disyl derivatives can be achieved ty two­
dimensional chromatography (5 X 5 ern) in solvent systems I (first dimension) and 2
(second dimension) (Fig. 3). It can be seen that the disyl derivatives of the pair s
serine- methionine sulphone and threonine-asparagine are not separated. The sepa-

TABLE II

RF VALUES OF DISYL AMINO ACIDS, DISYL CHLORIDE, DISYLAMIDE AND D1SYL­
SULPHONIC ACID ON POLYAMIDE SHEETS

Distance : 4.5 em.

Disyl amino acid

Alanine
Arginine
Asparagine
Aspa rtic acid
Cysteic acid
Glutamine
Glutamic acid
Glyc ine
Histidine
Isoleucine
Leucine
s-Lysine
Bis-Iysine
Methionine sulphone
Phenylalan ine
Proline
Serine
Threonine
Bis-tyrosine
Valine
DIS-amide
DIS-chloride
DIS-sulphonic acid

Solvent system

0.41 ± 0.Q3
0.84 ± 0.02
0.53 ± 0.02
0.41 ± 0.01
0.00
0.42 ± 0.01
0.42 ± 0.01
0.04 ± 0.02
0.84 ± 0.02
0.33 ± 0.02
0.32 ± 0.02
0.84 ± 0.01
0.08 ± 0.01
0.53 ± 0.01
0.30 ± 0.02
0.52 ± 0.02
0.52 ± 0.02
0.53 ± 0.02
0.00
0.39 ± 0.02
0.43 ± 0.02
0.30 ± 0.02
0.00

2

0.62 ± 0.02
0.72 ± 0.03
0.37 ± 0.02
0.20 ± 0.02
0.00
0.47 ± 0.01
0.31 ± 0.01
0.41 ± 0.02
0.37 ± 0.02
0.81 ± 0.03
0.78 ± 0.01
0.27 ± 0.02
0.52 ± 0.02
0.28 ± om
0.66 ± 0.01
0.81 ± 0.Q3
0.25 ± 0.02
0.38 ± 0.02
0.69 ± 0.02
0.79 ± 0.02
0.59 ± 0.02
0.95 ± 0.01
0.00

2a

0.00

0.66 ± 0.01
0.57 ± 0.01

0.58 -+ 0.01

0.00

3

0.79 1 0.01

0.09 ± 0.02
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Fig. 3. Two-dimensional chromatogra m of disyl amino acids on polyamide sheet (5 x 5 cm). First
dimension , 60 % aqu eous acetic acid ; second dimension , benzene-pro pionic acid (I :1). The starting
point is 5 mm from both edges of the polyamide sheet. Disyl derivatives are indica ted by abbrevia­
tions for the corresponding amino acids.

ration of threonine from asparagine is not necessary, as after hydrolysis one would
expect the appearance of a more inten se spot, corresponding to disylaspartic acid , the
R,.. value of which differs considerably from that of disylasparagine. When a single
spot appears, it sho uld be due to disylthreonine. Disylcysteic acid and disylsulphonic
acid remain at the start. They can be separated with solvent system 3, even on 3 X 3 cm
sheets. All disyl am ino acids, as well as the artefacts disylamide and disyl chloride,
move with the front in solvent 3, whereas disylsulphonic acid remains at the start .

The sensitivity of the technique is shown in Fig. 4. On starting points 1-8
increasing amounts of a mixture of three disyl am ino acids (aspartic acid, glutamine
and valine) with different RF values were spotted. The chro matogram was developed
with solvent system 2. The amounts spotted were as follows: on starting po int I,
0.0075 nmole (of all disyl amino acids) ; on starting point 2, 0.01 nmole ; on sta rting
point 3, 0.025 nmole ; on start ing point 4, 0.05 nmole ; on starting po int 5, 0.075 nmole ;
on starting point 6, 0.1 nmole ; on sta rting point 7, 0.25 nmole; and on sta rt ing
point 8, 0.5 nmole (Fig. 4). The results indicate that amounts from 0.25 to 0.1 nmole
of the disyl derivatives can be detected as coloured spo ts. Amounts from 0.1 to
0.05 nmole can be detected by ultraviolet irradiation (365 nm) due to the ab sorption
of the diphenylindenonesulph onyl residue. Amounts from 0.01 to 0.0075 nmole are
detected after treatment with sodium eth oxide , following the transformation of the
disyl derivatives into fluorescent isobenzofuran derivati ves", These result s indicate
that the sensit ivity of detecti on of the disyl der ivat ives on polyamide sheets (0.1 nmole)
is considerably higher than the corresponding colour detection of the same derivatives
on silica gel G (l nmole). The sensitiv ity of detection of the disyl amino acids as
fluorescent spots is lower than the cor responding fluorescent detect ion on silica gel G
(I pmole)", owing to the fluorescence of the polyester foil of the polyamide sheet,
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Fig. 4. One-d imensional chromatogram of a mixture of disyl der ivatives of aspart ic ac id, glutamine
and valine in increasing amounts from 0.01 to 0.5 nmoles . Solvent system 2 : benzene-propionic acid
(I :1). e, Coloured spo t ; 0 , spo t visible under UV light ; C\ fluorescent spo t visible under UV light
after treatment with sod ium ethoxide .

which decreases the contrast between the spots and the back ground. Th is effect was
ob served by Zimmer et a/ .I ? in the detection of dansyl amino acids . They established
that when the polyester foil is repl aced with an alum inium one, which does not
fluoresce, the detection limit increases. Und er analogous condition s (pol yamide layer
on the a luminium foil) the detect ion limit increases to 3 prnole (as a result of the
absorption under UV light) and to I pmole after treatment with sodium ethoxide.
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D ET ECTION A N D D ET ERMIN ATION OF N-NITROSAMINO AC ID S BY
THIN-LAYER CH RO MATOG RA PHY USING FLUOR ESCAMIN E*

J. CH R ISTO PHER YOUNG

Chemistry and Biology Research Institute, Agriculture Canada, Ottawa, Ontario KIA OC6 ( Canada)

(Fi rst rece ived May 27th, 1977; revised ma nusc ript received August 4th, 1977)

SUMMARY

A novel procedure is described for the detection and determination of N­
nitrosamino acids (NAAs) on activated silica gel thin-layer chroma togra phic plates.
N-N itrososarcosine, N-nitrosoprol ine, and N-nitroso-4-hydrox ypr oline could be
dete cted as fluor ophors at the 200-pmole level (20-30 ng) after being irr adi ated with
ultraviolet light and sprayed with fluorescamine reagent. Spectrophot ometri c deter­
minat ion of the relat ive fluorescence of 0.4-40 nmoles of NAAs gave rise to similar
calibrat ion curves when plotted on a log-log sca le. An applicat ion of this method to
the detection of NAAs in uncoo ked bacon is descr ibed .

INTROD UCTI O N

N-N itro samino ac ids (NA As) are co nsidered to be poten ti al precursor s to the
carcinoge nic N-nit rosamines (NAs)I" ll . N-N it roso pro line (N-Pro) has been con­
verted to N-nit rosopyrrolid ine (N-Pyr) on heating in mod el food systems4- fi ,8,9 and
by microb ial ac t ionl2, and N-nitroso-4-hydroxyprol ine (N-HO-Pro) has been con­
verted to N-nitroso-3-hydro xypyrr olid ine (N-HO-Pyr)" . N-Pro has been dete cted
in raw but not in cooked baco n, whereas N-Pyr is found in cooked but not in raw
bacon ':', and N-HO-Py r has been de tected in cooked bacon " . Product ion of NA s
from various amino acids and sod ium n itrite has been demonstrated-!".

Volatile NAs are generally determ ined directly by gas chro matog ra phy (GC)
combined with high-resolution mass spectro metry (MS). Method ol ogy for analysis
of NA s has been recently reviewed' v- !", NAAs have been detected or determined by
thin-l ayer chro matography (TLC) on paper , cellulose powder or silica geI18- 31; liquid
chrom atograph y (LC)18,32,33 ; polarograph y' t -" : thermal energy ana lysis32,40,41 ; by
conversion to their corresponding a lkyl6,9 ,42-46 or tetramethylsilyl"? esters followed
by GC or G C-MS ; cleavage in so lution by ult ra violet (UV ) irrad iatiorr'V ", hydro­
brom ic acid in glacial acet ic acid'", or thi on yl chloride" to give n itri te, which is then
complexed and determined co lorimetrica lly, or to give the free amino ac id, which is
converted to a fluore scent deri vat ive'" and then quantitated by TLC or LC ; and

• Co ntributio n Number 980.
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cleavage by hydrobromic acid to give nitrosylbrornide, which is quantitated by
chemiluminescence".

Detection of NAAs o n TLC plates has been acco mplished with a wide va riety
o f reagents including: bromocresol green19, bromophenol blu e' ", diazotized a­
d ianisid ine'", 4-dimethylam ino benza lde hyde -"-" , 4-d imet hylaminoc inna ma lde hyde'",
Dragendorff reageneO,22, ferri c chloride"; fluorescam ine", Griess reagent (UV irr adi­
at ion and I-naphthylamine-sulfanilic acid )" ..26, isat irr", iodineI9,27,28, NEDSA
reagent (UV irradiat ion and N-I-naphthylened iamine- sulfanil ic ac id)", ninhy­
drin20- 22,26,3o, 4-n itrobenzenediazonium fluoborate' ", phosph omolybdic acid" ; Preuss­
mann reagent (UV irradiation and pall ad ium chlor ide-diphe nylaminej'<?", and
sulfur ic acid and hear" . The maj or ity of these reagents have been used onl y for
di agnostic purposes ; detection limits of 2, 20, and 500!fg have been reported for
NE DSA29, iod ine and sulfuric acid", and Preussmann reagent s" , respecti vely.

In earl ier studie s it was observ ed th at mo st NAsS3 and the NA A N-nitroso­
N-(phos phonomethy l) glycine" cou ld be de tected and det ermined by TLC at th e
p icomole level with fluorescamine. This paper rep orts an extension of the usc of
fluorescamine to the detection and determination of other NAAs on TLC plates and
its applica t ion to some samples of bacon.

EX PER IMENTA L

Materials
i.-Proline, 4-h yd rox Y-L-proline, and sa rcosi ne were purchased from Ald rich

(M ilwaukee, W is., U. S.A.). The correspondi ng NA As were synthesized by the method
of Hansen et al.27 and gave infrared ( IR) and nucl ear magnetic resonan ce (NMR)
spectra co ns istent with those reported by Lijinsky et al.", Methyl esters were prepared
by treatment o f the parent NAA with ethereal diazomethane. Standard so lut ions of
N AA s in methylene chl oride were freshly prepared before each determination and
sto red in a refrigerato r. Solutions o f 0.1 rng/ml fluorescamine (F ishe r Scienti fic,
Pitt sburgh , Pa ., U.S.A .) in ace to ne were prep ared and sto red at room temperature
in a sto ppe red flask . Eastman Chromagra m sheets (No. 13179 ; 0.1 mm silica gel)
without fluorescent indicator (Fisher) were sto red in a dry a tmosphere and acti vated
by heating at 105° for I h prior to use. Acidic aluminum oxide (W200 acid Woelm
from ICN Ph a rmaceuticals, C leveland, Ohio , U .S.A .) (10 g) was was hed first with
20 % hyd rochl ori c acid (100 ml) and then sufficient water until th e eluate was neu tral ,
heated a t 400 0 for 4 h, cooled, mixed with water (0.3 rnl) , placed in a stoppered flask ,
and kept overn ight in a dessicator prior to use. Bacon was pu rchased fro m local
grocery stores . All other reagents and solvents wer e of reagent grade and used as
received from co mmercial so urces .

Spectral determinations
IR spectra were determined in ch loro form or nujol mull on a Beckman IR-20A

spectro meter . N M R spectra were determined in pyridine-d , on a Vari an T-60 spectro m­
ete r. Mass spect ra were determined on a F inni gan Model 9500 gas chro ma togra ph
( 1.8 m x 6.5 mm 0 .0. glass co lum n co nta ining 3 % SE-30 ultraphase on high­
performan ce Chro mosorb W, 80- 100 mesh ) co up led to a Mo del 3100 0 qu adropole
mass spectromete r and a Mo del 6000 co m pute r con t rolled dat a aq uisitio n system.
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Thin-layer chromatography
Standard solutions of NAAs were spotted, developed in 95 % ethanol-benzene­

water (4:1 :1)25, dried for 15 min in a vacuum desiccator, and irradiated with UV light
using the apparatus previously described": The plates were then sprayed sequentially
with f1uorescamine solution and triethanolamine (10% in methylene chloride) and
viewed under long-wave UV light. Fluorescence intensities were determined'" and the
relative values normalized by assigning to 1.0 nmole of each NAA a value of 10.
Detection limits were determined by spotting decreasing volumes of standard solutions
of each NAA, developing, irradiating, spraying with f1uorescamine reagent, and then
viewing under UV light. Mixtures of methanol-chloroform (4:1) and acetonitrile­
chloroform-95% ethanol-acetic acid (100:100:97:3) were also used as developers.

Gas chromatography
The methyl esters of NAAs were examined on a Pye Model 104 gas chromato­

graph (1.5 m X 6.5 mm 0.0. glass column containing 5% Carbowax 20M-TPA on
high-performance Chromosorb W, 80-100 mesh) fitted with both a flame ionization
detector and an alkali flame ionization detector.

Column chromatography
Mixtures to be analyzed were dissolved in methylene chloride (25 ml) and

passed through a column of acidic aluminum oxide (2 g). The column was then eluted
successively with ethyl acetate, acetone-methanol (3: I), and water (25 ml each), and
20 % aqueous acetic acid (50 ml). The final fraction was evaporated to dryness under
reduced pressure, dissolved in acetonitrile, filtered if necessary, and analyzed by TLC
using methanol-chloroform (4: I) as developer.

Extraction and analysis of bacon
The clean-up procedure is based on one developed by Sen et al:": A 50-g

sample of ground bacon was extracted in a blender for 10 min with acetonitrile
(125 ml), allowed to settle for several minutes and the supernatant filtered through
glass wool. The residue was treated in a similar manner and the combined filtrates
washed with heptane (2 x 250 ml) and evaporated to dryness under reduced pressure.
A methylene chloride solution (25 ml) of this residue was further purified by column
chromatography and then analyzed by TLC. Samples spiked by addition of NAAs
to the ground bacon were also analyzed.

To confirm the identity ofNAAs, samples were spotted, developed in methanol­
chloroform (4: I), developed in the other dimension with acetonitrile-chloroform-95 %
ethanol-acetic acid (100:100:97:3), irradiated, sprayed with f1uorescamine reagent
and viewed under UV light. In addition, samples were spotted, developed in methanol­
chloroform (4: I), irradiated, developed in the other dimension first with a 0.0 I %
solution of f1uorescamine in hexane-acetone (4: 1)55 and then with methanol-chloro­
form (4:1), sprayed with triethanolamine solution and viewed under UV light.
Alternatively, after development, the adsorbent at the appropriate RF was scraped
off, collected using the apparatus of Clemetr", and eluted with 300,u1 of ethereal
diazomethane. The eluate was concentrated under a stream of dry nitrogen and then
examined by GC or GC-MS.
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Safety precautions
Many NAs and some NAAs are known to be potent carcinogens. Thus, safety

precautions to prevent skin contact and inhalation must be exercised at all times.

RESULTS AND DISCUSSION

Alkyl and some heterocyclic NAs can be cleaved by UV light on activated
silica gel TLC plates to give products that yield fluorophors after being sprayed with
fluorescarnine reagent". Under similar conditions, NAAs also yield fluorophors.
This technique is very sensitive and can detect as little as 200 pmoles. Detection limits
and RF values for the three NAAs studied are given in Table I. In this context,
detection limit is the minimum amount of an NAA that ultimately gives a detectable
visual fluorescence. The NAA N-nitroso-N-(phosphonomethyl) glycine can be
detected at the 50-pmole level".

TABLE I

THIN-LAYER CHROMATOGRAPHIC R, VALUES AND VISUAL FLUORESCENCE DE­
TECTION LIMITS OF N-NITROSAMINO ACIDS

N-Nitrosamino acids are determined on activated silica gel by spotting, developing, irradiating
with UV light, spraying with f1uorescamine reagent, and viewing under long-wave UV light. Amino
acids are detected by spraying with ninhydrin reagent and heating. Solvent systems: A, 95 %
ethanol-benzene-water (4: I: I); B, methanol-chloroform (4: I); C, acetonitrile-chloroforrn-vc 'z,
ethanol-acetic acid (100:100:97:3).

Compound R F Detection limit'

A B C Nanograms Picomoles

N-N itrososarcosine 0.64,0.70 0.71 0.75 20 180
Sarcosine 0.23 0.10" 0.02
N -N itroso-L-proline 0.63,0.69 0.72 0.21 30 200
L-Proline 0.33 0.12" 0.03
N-Nitroso-4-hydroxY-L-proline 0.60,0.66 0.67 0.13 33 210
4-HydroxY-L-proline 0.28 0.09" 0.01

, Determined in solvent system A.
" Streak.

Fig. 1 shows that the calibration curves for the NAAs are not significantly
different.

There is a 23-kcal/mole barrier to rotation'? about the nitrogen-nitrogen bond
in the N-N =0 system due to contribution from the zwitterionic form. Since NAAs
are unsymmetrical, (E)- and (Z)-conformers (e.g. I and II, respectively, for L-proline)
are possible and can be resolved by LC t 8 , 33 or TLC I8 , 19 ,26 ,3 1, S8 . In this study it was

~COOH
II
N
'0-

(U)
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Fig. I. Ca libration cur ves for UV- irradiated a nd fluorescarnine-treated N-nitrososarcosine (--...--) ,
N-nitroso-L-proline (- . -), and Nsnitroso-q-hydroxy-t-prof ine ( .. . • ' , . ) on silica gel TLC p lates.
Fluorescence values normalized so that 1.0 nrnole gave a relative fluorescence of 10, Error bars are
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Fig, 2. Two-d imensional th in-layer chromatogram of purified uncooked bac on extract. Silica gel
plate was developed, irradiated with UV light , sprayed with fluorescamine reagent , and viewed under
long-wave UV ligh t. Mixt ure of Nsnitrososa rcosine (N-SAR), N-n itrosop rol ine (N-PRO), and N­
nitrosohydroxyproline (N -HO-PRO) standa rds spotted alongside.
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observed that the conformers could be separated with the ethanol-benzene-water
(4:1 :1) developer and their ratios determined directly from the TLC plate, thu s
complementing LC18

, 19 or NMR54 methods of ratio determination. Agreement with
the NMR method was good.

Recovery of NAA s in bacon samples spiked at the l-ppm level from columns
of aluminum oxide was variable, rangin g from 25-80 % (med ian , 30 %) and depended
not only upon the brand of adsorbent but also upon the individual lot. The highest
recoveries were obtained from W200 acid Woelm (aminotropic) that had been acid
washed, heated to 400°, and made to 3 % water. Th is brand was used for the analysis.

Two samples each of two brands of uncooked bacon were examined for the
presence of NAAs. In only one sample of one brand was N-Pro detected at the ppm
level. The presence of N-Pro was confirmed by two-dimensional TL C (Fig. 2), by
comparison of RF values of the fluorescamine derivat ive" of the UV photolysis
product, and by GC and GC-MS of the methyl ester. N-Pro has been reported at the
)-pprn level in some uncooked bacon samples" and not observed in others". N-Nitroso­
sarcosine and N-HO -Pro were not detected in any samples at this level.
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Simple method for improving the efficiency of liquid chromatographic
columns filled with soft gels

D USAN BER EK
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(Received September 12th, 1977)

Unexpected cha nges in sepa ra tio n efficienc y a re sometimes observed in liquid
chromatography with co lumns filled with so ft or semi-rigid organic gels. A det ailed
study of th is phenomenon showed that it is connected with changes in size of the
swollen gel particles of the column packing. These changes are cau sed by the injection
of solutes that reduce the swelling of the gel co nside rably or by accidental penetrati on
of air into the gel bed. The practical aspects of these effects are d iscussed here.

EXPE RIME NTAL

The experiments were performed on a simple home-made low-pressure appa­
ratus' . Gl ass columns (15- 28 mm 1.0.) were filled by the class ica l low-pre ssure slurry
technique', Th e volumes of the gel beds (VI) were 200-400 crrr' . Air and liquid samples
were injected into the co lumns from a 2-cm3 loop of the injector. The co lumns were
washed with a large volume (CQ. VI) of the de-gassed eluent after the injection of air
or a liquid that reduced the swelling of the gel con siderably. In all expe riments, de­
scending elution was applied . A decrease in the gel bed volume was usually
observed after injecti on of air or deswelling liquid and subseq uent washing of the
co lumn. Therefore, the adjustable column end-pieces were re-set before efficiency
testing with diluted so lutions of benzene or n-heptane. A Model R-4 differential
refractometer (Waters Assoc. , Milford , Ma ss., U.S .A.) was used as the detector. The
pressu re applied was 0.05--0.5 MPa at an eluti on rate of 0.5-1.0 cm3Jmin.

RESULTS AND DI SC USSIO N

Table J gives several typical examples that show the column efficiencie s ob­
tained after injection of air or deswelling liquid into gel bed . The result s can be
summarized as follo ws.

( I) Injection of small amo unts of air or a liquid that reduces the swelling of the
gel pa rticle s co nsiderably int o the co lumn und er controlled condi tio ns may substa n­
t ially increase the column efficiency . This effect is most pronounced in less efficient
co lumns.

(2) Th e total filling of the gel bed with air does not necessar ily destroy the
column. Thi s observa tion co ntradicts the statements th at are often found in the
literature.
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TABL E I

COLUMN EF FIC IENCI ES AF TE R INJEC TIO N OF A IR OR LIQUID INTO TH E GEL BED

Gel Eluent Conditioning Numberof
theoretical
plates per metre

. . __ ._.. ._ -
Sephadex LH- 20 ' Meth anol 1400

2 em' of air 1650
2 x 2 em' of a ir 1900
20 x 2 em' of air 3700
Co mplete filling of the
gel bed with ai r 3400

Sephadex LH-20 ' Methano l 1600
2 x 2 crrr' of benzene-
methanol (9 :I, v/vl 1850

Seph adex LH-20' Tet rah ydrofuran 1700
2 x 2 ern' of ai r 2000

Sephadex LH-20 " Benzene- methano l
(77.8 :22.2, vjv) 4900

5 x 2 em' of a ir 5200
Sephadex LH-20 " Methan ol 5500

20 x 2 em' of air 6800
Hydroxypr opylated

Sephad ex 0 -50'" Meth an ol 1500
2 x 2 em' of air 1750

Bio-Beads SX-3 § Tetr ah yd rofu ran 2500
5 x 2 em' of air 3200

Bio-Beads SX-3 § Benzene-methanol
(77.8 :22.2, v/v) 4300

2 x 2 ern' of ai r 1500

• Hydroxypropylated cross linked dextran gel (Pharmacia Fine Chemica ls, Up psa la, Sweden) .
Part icle size, 25- 125 /Im (d ry).

•• Smallest and larges t gel part icles remove d by sedimentatio n.
•• • Irregular par ticles. Prepared by hydr oxypropylation of Seph adex G- 50.

I Styrene- divinylbenzene gel (Bio-Ra d La bs., Richmond, Calif. , U.S.A.) . Part icle size, 37- 74 p m
(dry).

(3) Injection of air considerably redu ces the co lumn efficiency of styrene­
divinylbenzene gel if benzene-met han ol (77.8 :22.2, vjv) is used as the eluent. Th is
mixture is an extremely poor solvent for linea r pol ystyrene . It swells the styrene­
divinylbenzene gel on ly to a sma ll extent and the gel part icles tend to form clusters in
the slurry. On the other hand, Seph ade x LH-20 gel swells in the above mixture to
virtually the same extent as in pure meth anol and no cluster formation in the slurry
was observed.

(4) No changes in the separa t ion ran ges according to the size of molecules of
oligomers during gel chromatograph ic experiments afte r re-swellin g of gels were
observed. Hence the decreases in gel bed volumes and in the co rresponding elution
volumes are ca used by decre ases in the inter-par ticu late (dead ) volumes only.

A possible explanati on of these results involves local deswelling of the gel
part icles in the zone of eluent co ntai ning ai r or deswelling liqu id and their subseq uent
tighter re-packing, which results in the decrease in the gel bed volume and an in­
crease in the co lumn efficiency. If the deswollen gel particles ca nno t mo ve in the gel
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bed sufficiently as the extent of deswelling is too small and/or their mutual adhesion
is too great, channels appear in the gel bed and the column efficiency decreases. The
gel particles may also be deswollen osmotically by relatively low concentrations of
larger solute molecules injected into the columrr':". This could explain the frequently
observed changes in the column separation efficiencies during gel chromatographic
separations with soft gels.

The effects described have been routinely applied for several years in this lab­
oratory for improving the separation efficiencies of low-pressure liquid chromato­
graphic columns packed with soft organic gels. Small amounts of air are injected
until no changes in the gel bed volume are observed. The use of air as a deswelling
agent is generally most convenient as some adjustable column end-pieces are attacked
by organic solvents that can be applied with hydrophilic gels.

In addition to the increase in column efficiency, an advantage of this column
"conditioning" is that in the event of accidental penetration of air into the conditioned
column its gel bed volume will not change further and the elution volumes of separated
substances remain constant. Hence the column need not be re-calibrated.
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In 1974, we described a major human metabolite of LJ9-tetrahydrocannabinol
(THC) which we could not positively identify'. Its mobility when chromatographed
in a thin-layer solvent system of petroleum ether-diethyl ether-glacial acetic acid
(50:50:1) (solvent system A), was about the same as that of 8fJ-hydroxy-THC. It was
not the latter, however, as in a solvent system of chloroform-acetone-glacial acetic
acid (16:4:1) (solvent system B), the mobilities were different. Then gas-liquid chro­
matography-mass spectrometry (GLC-MS) specific-ion detection techniques elim­
inated other metabolites: II-hydroxy-, 8a-hydroxy-, 8,ll-dihydroxy, as well as 8fJ­
hydroxy-THC. It also eliminated the possibility of other compounds of molecular
weight 328 (keto-derivatives of TH C) and 330 (monohydroxy- or epoxy-derivatives of
THC).

At that time LJ9-THC-I I-oic acid (THC-II-oic acid) was not available as a
reference standard. Acidic metabolites of THC that were described in the literature
had been obtained from rabbits->, Based upon newer developments in our thin-layer
chromatography (TLC) procedures, refinement of our multistep extraction procedure,
and the availability of THC-ll-oic acid as a reference standard, we can identify this
major metabolite as THC-II-oic acidv".

The new development in our TLC procedure, sequential TLC, permits separa­
tion of THC compounds into natural neutrals, alcoholic neutrals and acidics. The
refinement of our multistep extraction procedure was to extract with hexane at pH 8
instead of 5.5, because it was found that THC-I l-oic acid was partially extracted by
hexane from an aqueous solution of the latter pHS. Using these techniques, we were
subsequently able to show THC-II-oic acid as a major THC metabolite. The question
arose as to whether or not it was the same major metabolite we had previously found
but had not been able to identify.

We used two urine specimens known to contain THC-II-oic acid as deter­
mined by our later techniques. These urine specimens were obtained from two separate
subjects, one taken 6-12 h after drug ingestion, the other 24-48 h after. These urines
were hydrolyzed, concentrated and extracted with hexane at pH 5.5 and the residues
of the extracts were separately chromatographed, one in solvent system A, the other
in solvent system B1

• Chromatograms of reference standards of THC-II-oic acid, 8fJ-
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hydroxy-, 11f'$-hydroxy-, and 8f'$,II-dihydroxy-THC were also run on each plate.
Zones corresponding to the THC-II-oic acid reference standard were eluted with
ethanol from untreated chromatograms (Figs. IA and IB). These ethanol eluates
were then chromatographed in chloroform-acetone-triethylamine (80 :20: I) (solvent
system C) in which neutral compounds move away from the origin, but in which
acidic compounds, such as THC-II-oic acid, remain. Ethanol eluates of the material
at the origin of this plate were chromatographed in petroleum ether-ether-glacial
acetic acid (50:50:1) (solvent system D) in which acidic compounds move". This
procedure is shown in Figs. 2A and 28.

A B
Subject B

Rt ot spots iz-r». urine

Standards
11-01eOH-AU Color ot
ac id THe spots

Subject A
Rt. of spots I 48 hr. urine

Standards
n-o.c OH-A' Colo' ot
Jew THe spots

r----r--:;;r----,-------;-------,r--r-,-----",-----,-----,-----

Orange

Orang

Grav- Gray-Blue Violet
8/l- Magenta

Red Red

11- Magenta -AU 8{)- Magenta AU

j
THC

81111d!

Fig. J. Chromatograms of hexane extracts prepared at pH 5.5. (A) 48-h post-THC urine of subject
A chromatographed in petroleum ether-ether-glacial acetic acid (50: 50: I). (B) l2-h post-THC urine
of subject B chromatographed in chloroform-acetone-glacial acetic acid (16:4: I). /, Zones of silica
gel, suspected to contain THC-II-oie acid, eluted with ethanol and chromatographed sequentially,
Fig. 2. Color of spots due to reaction with Fast Blue Salt B. Spots colored orange, gray-blue, gray­
violet and yellow probably not due to cannabinoids. Correction to Fig. I B: The RF value of
,6,9-THC-II-oic acid should be the same as that of l l-hydroxy-At-Tl-l C.

The silica gel zones corresponding to THC-II-oic acid that were eluted from
the chromatograms prepared in solvent systems A and B respectively, had the same
mobility as THC-11-oic acid when chromatographed sequentially in solvent systems
C and D. This confirmed that the previously unidentified metabolite that was ex­
tracted in hexane at pH 5.5 was THC-11-oic acid'.

Since the publication in 1974, others have demonstrated the presence of THC­
II-oic acid in the urine of humans after ingestion of THC and we have also confirmed
the presence of this metabolite in extracts of equivalent urines prepared by our multi­
step extraction procedure and analyzed by high-performance liquid chromatography
and GLC-MS6-10.
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OH·.19 RL oi 48-hr. 12 hr. n-ote RLol 48·hr. 48 -hr.

THC spots urine urine acid spot urine uri ne

h

I ; 1
8t> "

I
11

.19. THC .~

,
j !

81~ ·l ldi I
X X

Fig. 2. Sequ ent ial chro matography of etha no l elu ates of silica gel zo nes eluted from chromato gra ms
described by Fig. I. (A) Chro matogra phed in chloroform-acetone- tr iethylamine (80 :20 :1), in which
acidic com pounds remai n at the origin. (8) Chrom atogram s of the etha no l eluates of the zone s de­
scribed by x , Fig. 2A, in petroleu m ether-ether-glacia l acetic acid (50 :50:1), in which ac ids are
mobilized". Col or of spo ts due to reac tion with Fast Blue Salt B. All spo ts are magenta colored.
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The synthetic amino acid 4-nitro-L-hi stidine was first prepared by Tautz et al,'
by direct nitration of histid ine. It has been recently used in our laboratory in the solid­
phase synthesis of two modified hypothalamic peptide hormones, namely [4-nitro-L­
histidinej'<thyrotropin releasing factor (nitro-TRF) and [4-nitro-L-histidine]2-lutein­
izing hormone releasing factorv"; substitution of 4-nitro-L-histid ine for L-histidine
enh ances the acidity of the imida zole side chain, thu s providing a tool for studying
the role played by histidine in the biological activity of natural peptides.

Acid hydrolysi s followed by automatic ion-exchange chromatographic analysis
is the usual way to control the synthesis and check the purity of the synthetic pept ides".
Fig. I shows the chromatogram corresponding to a nitro-TRF hydrolysate obtained
from a Beckman 120-C autoanalyzer equipped with a M 82 resin and work ing at
standard conditions. Peaks corre sponding to 4-nitro-L-histidine and proline are eluted
simultaneously and therefore not resolved. Similar results were obt ained when using
a Beckman-Unichrom autoanalyzer equipped with a M 72 resin. In view of these
difficulties, we have studied in detail the problem of chromatograph ic dete rminat ion
of 4-nitro-L-histidine .

EXPERIMENT AL

-l-Nitro-t-histidine was synthesized by treating L-histidine with a sulphuric
acid-fuming nitric acid mixture as described by Tautz et al. J. The produ ct was
precipitated at its isoelectric point and recrystallized twice from water : m.p . 197­
198°; [a]~5 = - 23.5° (c 1, 5 N HC\). NMR spectr um (Z HzO, NaO ZH): 8.56 ppm (s,
1 H , imidazole proton); Ox = 3.72 ppm, bA = 3.15 ppm, bB ~= 3.34 ppm , lAX = II
Hz, lox = 3.5 Hz , J AB = 13.8 Hz) (3H, ABX system of protons from Cu and CiJ).

Gas chromatography
A Perkin-Elmer F-II apparatus equipped with a flame ionization detect or was

used. The carrier gas (nitrogen) flow-rate was 34 nil/min. Chromat ograms were re­
corded between 60 and 210° employing a temperature gradient of 5°/m in. The col-
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Fig. I. Ion-exchange chromatogram corresponding to an hydrolysate of nitro-TRF. The analysis was
performed on a Beckman 120-C autoanalyzer equipped with a M 82 resin. Temperature, 55°; sodium
citrate buffers, pH 3.25 <0.2 N Na" , 0.2 N citrate), pH 4.12 (0.4 N Na", 0.2 N citrate), pH 6.40 (1.0 N
Na +, 0.2 N citrate).

umns contained either Chromosorb-4 % poiy(phenyl ether) or Chromosorb-0.65 %
ethyleneglycol adipate. N-Trifluoroacetyl-n-butyl derivatives of amino acids were
prepared by treatment of the amino acid with 3 N hydrogen chloride-butanol and
25%trifluoroacetic anhydride-methylene chloride following standard procedures",

Spectrophotometric determination
Spectra were recorded on a Perkin-Elmer 124 spectrophotometer. The molar

extinction coefficient of 4-nitro-L-histidine was determined from the absorptions at
295 nm of 14 solutions havnig concentrations ranging from 8.35.10- 6 to 1.67.10- 4 M
(linear regression coefficient, 0.9982).

Ion-exchange chromatography
Acid hydrolyses of peptides were performed with 6 N hydrochloric acid in

vacuum-degassed sealed tubes at 110° for 24 h, norleucine being added as the internal
standard. The resolution of proline and 4-nitro-L-histidine was achieved by using a
Beckman 119-C autoanalyzer equipped with an AA 20 resin and operating under the
following conditions: column, 46 x 0.6 em; flow-rates, 35 ml/h (buffer), 17.5 ml/h
(ninhydrin); sodium citrate buffers, pH 3.25 (0.2 N Na ", 0.2 N citrate), pH 4.12 (0.4
N Na ", 0.2 N citrate), pH 6.40 (1.0 N Na ", 0.2 N citrate); temperature, 50°. 4-Nitro­
L-histidine was quantitated at 570 nm, using a colorimetric constant of 0.530 relative
to leucine",

The spectra shown in Fig. 3 were recorded after heating at 100° for 20 min a
mixture of I ml of the ninhydrin solution used by the analyzer and I ml of a solution
of each amino acid in the initial citrate buffer.
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RESULTS AND DIS CUSSION

NOTES

Gas chromatographic analysis
Gas chromatography of N-trifluoroacetyl-4-n itro-L-hi stidine n-butyl ester

using columns of either Chrornosorb- ethyleneglycol adipate or Ch rornosorb-poly­
(phenyl ether) under the conditions desc ribed by Kaiser et al.sled to no definite peak s.
This behaviour is probably due to decomposition of the derivatized 4-nitro-L-histidine

Glu

I

z-n it ro -L-His

I

Fig . 2. ron -exchan ge chromatogram of a hyd rolysate of nitro-TR F o bta ined using a Beckman J 19-C
autoanalyzer equipped with a AA 20 resin. For co nditions see Experimental sectio n.

0 .5

CJ
u
C
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L,L,O 570 nm

Fig . 3. Visible spectra of the products of react ion of ninhydrin with proline, leucine and 4-n itro-t.­
histidine.
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on the column. An analogous decomposition of derivatized t.-histidine has been
previously described? However, the application of this method to the analysis of
hydrolysates of nitrated analogues of hypothalamic hormones allows the determina­
tion of amino acids other than 4-nitro-L-histidine. Proline can also be determined by
gas chromatography, thus avoiding the difficulties encountered in its ion-exchange
chromatographic separation from 4-nitro-L-histidine (Fig. I).

Spectrophotometric determination
The combination of gas chromatography and UV spectroscopy allows analysis

of most nitrated hypothalamic hormone hydrolysates. The UV spectrum of 4-nitro-L­
histidine in acid solution shows an absorption maximum at 295 nm (8 = 5661, I N
H'Cl) corresponding to the nitroimidazole side chain. Beer's law is obeyed over the
whole range of concentrations examined (up to 1.67.10- 4 M). Thus, 4-nitro-L­
histidine can be determined spectrophotometrically from peptide hydrolysates using
1 N hydrochloric acid as solvent.

Ion-exchange chromatography
As mentioned in the introduction, proline and 4-nitro-L-histidine are eluted

simultaneously when M 82 and M 72 resins are used in Beckman analyzers under
standard conditions. We have thoroughly varied the experimental parameters (tem­
perature, buffer p H, buffer ionic strength) but could not resolve the two amino acids.
However, the use of a Beckman AA 20 resin in a Beckman 119-C autoanalyzer under
standard conditions (see Experimental section) provides a fairly good separation
(Fig. 2).

The 570 nm :440 nm absorption ratio at the peak corresponding to 4-nitro-L­
histidine in Fig. 2 is lower than the values usually found for other amino acids con­
taining primary amine functions. The visible spectrum of a previously heated mixture
of ninhydrin and 4-nitro-L-histidine is shown in Fig. 3 and compared with those of
leucine and proline. Although the spectrum is very similar to that of leucine, the
570 nm :440 nm absorption ratio is lower for 4-nitro-L-histidine than for leucine. This
suggests that the anomalous shape of the 4-nitro-L-histidine peak in Fig. 2 is not due
to an inefficient separation from proline but rather to the chromophoric properties
of the reaction product of ninhydrin and 4-nitro-L-histidine.
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The use of the sweetening agent saccharin (2,3-dihydro-3-oxobenzisosulphon­
azole) in food and cosmetics has increased during the last decade. Although only
small amounts are added, questions have recently been raised about its safety ': ",

The determination of trace amounts of saccharin in urine or blood samples
requires selective and sensitive methods. Saccharin has been determined by gas chro­
matography with flame-ioni zation detection after methylation with diazornethane":",
methyl iodide":", dimethyl sulphate? or dimethylformamide dimethylacetal'? or after
silylation?'!'. Saccharin can also be detected with an electron-capture detectorv!"
after methylation.

Extractive alkylation is a flexible and convenient means of derivatizing or­
ganic acids before gas chromatographic analysis' v:". Recently, the direct determina­
tion of clioquinol in plasma and urine samples after extractive meth ylation was
demonstrated",

Thi s paper presents a sensitive and selective method for the determination of
saccharin in urine by electron-capture gas chromatography after extractive methyl­
ation. The method con sists in extraction of saccharin as an ion pair with tetrabutyl­
ammonium with meth ylene chloride containing meth yl iodide . Excess of methyl
iodide and meth ylene chloride are removed by evaporation and tetrabutylammonium
iodide by extraction with silver sulphate solution.

EXPERIMENTAL

Apparatus
Gas chromatography . A Varian 1400 gas chromatograph with a trrtium

electron-capture detector operated in the d.c. mode was used. The glass column
(150 X 0.2 ern 1.0.) was filled with 3 %OV-17 on Gas-Chrom Q (80-100 mesh) and
operated at 180°. The injector and detector temperatures were 250° and 210°, respec­
tively . The flow-rate of the carrier gas (nitrogen) was 30 ml/min,

Mass spectrom etry . N-Methyl- and N-propylsaccharin were identified with an
LKB 9000 mass spectrometer. The ionization energy was 70 eV.

Sp ectrophotometry. The photometric measurements were performed with a
Zeiss PMQ II Spectral photometer.
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Reagents and chemicals
N-Methyl and N-propylsaccharin (internal standard) were synthesized from

sodium saccharin an d meth yl or propy l iodide (Merck, Darm stadt , G.F.R. ) in d imethyl
sulpho xide", Tetrabutylammonium hydrogen sulpha te (A B Hassle, Molndal , Sweden )
was neutralized with sod ium hydro xide and the so lut ion was d ilut ed to 0.5 M with
phosphate buffer of pH 7.4 (fi = 0.5). Ethyl aceta te (Kebo AB , SoIn a, Sweden) was
distilled before use.

Methods
Determination of ex traction constant. The partinon experiments were per­

formed with equal phase volumes of methylene chloride and aqueo us ph osphate buf­
fer of pH II (,t = 0.1) using an equ ilib rati on time of 30 min in a th ermostated wate r­
bath (25 ± 0.1 °). Th e concentration of tetrabutylammonium in the aqueous phase
was 5-50 . 10- 4 M an d th at of sacc ha rin 5.5-55' 10- 4 M. Afte r sepa ra tion of the
phases, the concentra t ion of sacc ha rin as th e anion was determined photometrically
in the aqueous phase. The ext raction constant was calculated as described elsewhere!".

Determination of saccharin in urine. The urine sample (4.0 ml) is mixed with
1.0 ml of tetrabutylammon ium (0.5 M) in butTer of pH 7.4. The solutio n is sha ken for
I h wit h a mixture of 0.2 ml of meth yl iod ide and 0.3 ml of methylene chloride con­
taining N-propylsaccharin (10 fig/ml). An a liquot (10 fil) of the organic ph ase is
transferre d into a tu be containing 100 fi l of ethyl ace ta te. Afte r evaporat ion to dr yne ss
by a stream of nitr ogen , 1.0 ml of ethyl aceta te is added and the so lution is shaken
with saturated silver sulphate solut ion for 10 min. A 1 ~4-fil portion of the organic
phase is injec ted into the gas chroma tog ra ph.

RESULTS AN D DI SCU SSI ON

Extraction of saccharin
Saccharin can be ext rac ted fro m ac idic aq ueous so lut ions int o diethyl ether"

or eth yl acetate':". The extracts were shown to contain many of th e acid s no rmally
present in urine" and a purificati on step has to be inc luded before qu an titat ion by gas
chromatog ra phy with flame-ionization detec tion.

Saccharin can a lso be extracted in anio nic fo rm as an ion pa ir with quatern ary
ammonium ions' ", The extraction co nsta nt of saccharin with tetrabutylammonium as
the counter ion was found to be 103•

1
• Saccharin can thus be qu antitat ively extracted

into methylene chlor ide from a 0.1 M so lut ion of tet rabutylammonium using equal
phase volumes".

Reaction conditions
The high electron-capture resp onse of sacc ha rin afte r methylati on has been

demonstrated previously":". In the extractive a lky lation procedure, methyl iod ide was
used as alk ylating reagen t, as it ha s show n to react rapi d ly with sulphonarnides'" . The
time co urse of the react ion with two d ifferent concentrati on s of methyl iodide is
shown in F ig. I. As the rate of reaction of saccharin is slow compa red with most other
sulphonarni des'" a high concentrati on of methyl iod ide was used .

A low pH in extractive alky lat ion pr ocedures help s to prevent hydrolysis of
the alkylating reagent " and th e derivat ive formed. The ac id dissociat ion constant of
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Fig. I. Time course of the meth ylat ion of saccha rin. Organic ph ase (1.0 rnl) : meth ylene chlor ide.
Aqueou s phase (5.0 ml) : 0.1 M tetrabu tylam rnon iurn in buffer (/1 0.1). • , pH 7.4, 6 M meth yl
iodide; 0 , pH 7.4,6 M methyl iodide, urine present; . , pH 12, 6 M methyl iodide, urin e pre sent ;
0, pH 12, 3 M meth yl iodide present. Urin e co nstituted 80 % of the organi c phase.

saccharin (pKa = 2.5) cre ated pos sibilities for mild conditions in the derivatization
step. The rate of methylat ion of saccha rin was the sa me at pH 7 and 12, as can be
seen from Fig. I . The influence of urine was insignificant. The meth yl deri vative of
saccharin was stable for at least 6 h under the reaction conditions used.

Identit y of formed derivatives
Methylation of saccharin with diazomethane has been shown to give a mixture

of N- and Ovrneth ylsaccharins-v -". A small am ount of 2-methoxycarbon ylbenzene­
sulphonamide, formed through ring fission , has also been found in the reac tion mix­
ture". On the other hand, methylation with methyl iodide in dimethyl sulphoxide
gave on ly the N-methyl derivati ve",

Extractive methylation of saccha rin gave the N-methyl deri vative. The mass
spectrum was in good accordance with that obtained by Couch et al,' , Fragments
from an a-methyl derivati ve could not be detected in the mass spectrum.

Electron- capture response
In a separa te study, the sulphona mide moiet y was show n to have inheren t

electrophoretic properties" . The minimum detectable concentra t ions" of N-methyl­
and N-propylsaccharin were 2.5 x 10- 16 and 2.8 >< 10- 16 mole/sec, respectively.
These levels co rrespond to about 2 pg of deri vati ve injected on a co lumn with 1600
theoretical plates and with a retent ion of 5 min .

Purifi cation of the reaction mixture
Inj ection of the organic ph ase from the meth ylation reacti on dire ctl y into the

gas chromatograph was not po ssible as methyl iodide and methylene chl oride
ser iously affected the electron-capture detecto r. Evaporation was used to rem ove
methyl iodide and methylene chloride.

Tetrabutylammonium iodide is formed as a side-prod uct in th e reacti on and its
degradation product s formed in the injector ca used long ta iling fronts in the chro-
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matogram . It was easily removed by extract ion with aq ueo us silver sulpha te so lu­
tion".

N-methylsaccharin is quantitatively retained in the organic phase.

Determination ofsaccharin in urine
Th e present method was used in the determ ination of sacc ha rin in urine.

Invest igations of the fate of sacc harin in different anima ls have been und ertakcnv ">".

Only sma ll frac t ions a re metabolize d, the main fraction being the hydrolysis product
2-sulphamoy lbenzoic acid-". Its meth ylat ion produ ct does not have the same rete ntion
as N-meth ylsacchar in and its electron-ca pture res ponse is low.

N-Pr op ylsaccharin adde d dire ctly to meth ylene chloride was found to be
satisfac to ry as an inte rna l sta ndard as no structura lly related co mpo unds co uld be
found th at reacted similar ily (e.g ., phthal imide).

The abso lute recove ry and precision of the meth od was 97 ± 6 % (11 = 6) at
the O.5,tg/ml level as com pa red to a di lution of crysta lline N-met hylsaccha rin.

A chro matogram from an analysis of 1.2 /tg /ml of sacc harin in urine is shown
in Fig. 2. Saccharin has been detected at concentrations do wn to 10 ng/ml of urine
with thi s method.

min
j

4
i
o

Fig. 2. Gas chromatogram from an ana lysis or 1.21Ig/ml or sacc hari n in ur ine. I, Saccha rin as N­
methyl derivat ive (95 pg injected) ; 2, internal sta ndard (N-propylsacchari n, 60 pg injecteed).
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High-performance liquid chromatographic analysis of 5-f1uorouracil in plasma
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5-Fluorouracil (FU) remains an important antineoplastic agent, more than
20 year s after its introduction into clinical medicine' :", It is used primarily for the
treatment of solid tumours of the breast, colon and rectum, and for disseminated
disease , ma inly in combinat ion with other chemotherepeutic agents designed to be
synergistic in cytotoxicity while minimizing serious side-effects and toxicities". Although
FU exerts its anticancer act ivity following metabolic activation to 5-f1uorodeoxy­
uridine monophosphate (Fd UMP) intracellularly, the mea surement of free FU
plasma concentrat ions remains the most reasonable clinical ph armacolog ical ap ­
proach for studying individual variation in metabolism and response.

Several analytical methods have been reported for FU in plasma. We have
reported" a gas chro matographic procedure, following silylation of FU , that is
sensitive to 0.3 ,ug/ml in plasma and th at is appl icable to disposition studies follo wing
typical bolus do se administration. Others workersv" haved described various gas
chromatograph y-mass spectro metry methods with lower limits of sensitivity (1-25
ng/rnl ). These have been used mainl y to dete ct FU at considerable time after bolu s
doses or prolonged intravenous infu sion. Retention time data for ftorafur, FU and
several metabolites have been reported for a reversed-phase high-performance liquid
chromatographic (HPLC) system, but no analytical detail s were given". In the present
paper we report a rapid H PLC assay for FU using a stro ng anio n-exchange column
sensitive to 100 ng/ml in plasma .

MAT ERIALS AND METHODS

A Waters ALC Model 202 liquid chromatograph (Milford, Mass., U.S.A.)
equipped with a UK-6 injector and a Mod el 440 UV detector was used for the
analyses. Chro matography was performed on a 30 cm x 2.0 mm 1.0. Aminex A-25
strong anion-exchange column (Bio-Rad, Richmond, Ca lif., U.S.A.), with a mean
part iclediameter of 17.5 ± 2 p m packed at 3000 p.s.i., a t a flow-rate of 1.0 ml/rnin.
The mobile phase was 0.3 M aceta te buffer (pH 4.5) at a flow-rate of 0.7 ml/rnin,
and the column was heated to 30° by a regulated water jacket. The mobile phase was
degassed by sonicating for 30 min, and the detector wavelength was 254 nm.

, To whom co rrespo ndence shou ld be addressed .
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FU was obta ined from the Drug Development Bra nch of the Nati onal Cancer
Institute (Bethesda, Md ., U.S.A.) and 5-chlorouracil (CU), used as the internal
sta nda rd, was obta ined from K & K Laboratories (Irvine , Calif., U.S.A.). Distilled
water was purified by pas sing it through a reverse os mos is fou r-filter system (M illi­
pore, Bedford , Mass., U.S.A.). All other reagents and chemicals were of analyti cal
reagent grade .

Pla sma samples were either from patients receiving 15 mgjkg bolu s doses
weekly or from normal hum an pool s. The analytical procedure involved the addit ion
of 10 flg of C U and 1.0 ml of saturated ammo nium sulphate to a 1.0-ml plasma
sample, followed by rap id shaking for 30 min with 6 ml of ether-II-p rop anol (80 :20).
The org anic layer was removed and evaporated und er a st rea m of filtered air at 60°.
The residue was reconstituted in 100 fll of a 0.005 M K 2 HP0 4 solut ion (pH 9.8) and
5-25 fll were injected. Quantitat ive dete rmination in the 100- 300 ngjml range requ ired
purification on a 3-cm Sephadex LH-20 (Ph arm acia, Piscat away , N.J. , U.S.A.)
column. F U and C U were eluted with 0.005 M K 2 1-1 P0 4 (pH 9.8 ), which was then
evaporated and reconstituted as ab ove . Peak height rat ios (F UjC U) were used to
produce standard curves from spiked pooled plasma and aqueous samples.

RESULTS AND DIS CUSSION

Typical chromatogra ms for a pat ient sa mple and a plasma blan k are show n in
Fig. I. Retention t imes for F U and C U were 8.0 and 17.0 min , respectively, under the
conditions described. Standard curves fro m spiked poo led plasma were found to be
linear from 0.5 to 40.0 flgj ml (Fig. 2), and the lower limit of sensitivity employing
the Sephadex LH-20 column clean-up and a 20-fll inject ion volume was 100 ngjml.
Typical variat ion in the ana lysis of duplicate specimens was found to be of the order
of 5-10 %, and a 1.0 flg j ml pla sma standard had a relati ve standa rd deviation of 7.5 %
when run six times on sepa rate occasions.

Becau se the high polarity of FU requi res a highly polar organic solvent that
remains immiscible with the aqueous phase for extraction, th e clean-up of samples by
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Fig. 1. High-performance liquid chromatograms from (a) a patient receiving a 15 rug/kg bolus intra­
venous dose of FU a nd (b) from a n extracted pa t ient blank .
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Fig. 2. Standard curve obtained from pooled plasma samples spiked with FU.

extraction is difficult and tedious. Although the chromatogram is generally free from
interference at the point of FU elution, the expanded scale required for the detection
of concentrations of less than I ,ugjml causes the FU peak to appear as a shoulder
on the interference peak, eluting at ca. 6.8 min. The Sephadex column clean-up
procedure, although somewhat more time-consuming, eliminates this interference
and allows quantitation of levels down to 100ngjml. Relative to unextracted standard
curves the extraction procedure is ca. 80 % and 94 % efficient for FU and CU,
respectively, whereas Sephadex chromatography results in the loss of an additional
10%of each component. pH control was critical for the separation, with lower pH
markedly decreasing the retention time and higher pH causing peak broadening.
The mildly elevated temperature dramatically sharpened the FU peak to allow
increased sensitivity.

The method is somewhat more sensitive than the gas chromatographic pro­
cedure previously reported". it is suitable for the routine determination of FU follow­
ing intravenous or oral bolus dose therapy, and in the support of clinical pharma­
cology studies of FU up to its sensitivity limitations. Sensitivity could perhaps be

TABLE I

COMPARISON OF GAS AND LIQUID CHROMATOGRAPHIC ANALYSIS OF FLUORO­
URACIL PLASMA TIME COURSE

The gas chromatographic procedure was a slight modification of that used by Cohen and Brennan".

Time (min) * FU concentration (fig/m!)

GLC** HPLC**

0
5 46.8 52.5

10 30.7 32.3
15 28.9 26.5
60 3.3 4.4
90 0.2 0.5

* Time following 1.0 g (15 rngjkg) bolus intravenous dose .
• * Each concentration represents an average of two determinations.
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improved two-fold if a continuously variable UV detector were available to allo w
monitoring at 266 nm, the A. m• x of FU 1o• Analysis by both methods of samples from
patients follo wing 15 mg/rng doses produced comparable results (Ta ble I).
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Die f1uoreszenzspektroskopische Bestimmung des Phytoalexins 3-Methyl-6­
methoxy-8-hydroxy-3,4-dihydroisocumarin nach Abtrennung durch Gelfil­
tration

HARALD MOLLER

Bundesfo rschungsanstalt fii r Erniihrung, Engesserstrasse 20, D-7500 Karlsruhe I ( B.R.D.)

(Eingegangen am 16. Septembe r 1977)

Die Bildung von 3- Methyl-6-methoxy-8-hydroxy-3,4-dihydrois ocumarin
(MMHD) in der Mohrenspeicherwurzel' wird durch Pilzbefall", Verlet zung, niedrige
Lagertemperatu r' und Einwirkung von Athylen4 u.a. Wu chsstoffen" au sgelo st.

MMH D wird fur den Bittergeschm ack bei gelag ert en Mohren verantwo rt lich
gemac ht, obwohl es scheint, dass noch andere Verbind unge n beteiligt sind. Gege ntiber
dem Saugetierorgan ismu s weist es nur schwac h to xische Eigenscha ften auf" . Seine
Einstufung als Phytoale xin beruht auf seiner sta rk fun gistati schen Wirkung2

, 7 .

Lagerungsversuche mit Mohren gebra uchlicher deutscher Sorten so llten iiber
die MMHO-Bildung bei Kaltl agerung, Verletzung und nach Pilzbefall Au sku nft geben
(da ruber wird de rnnac hst an anderer Ste lle publiziert). Die dafiir ausgearbeitete
fiuoreszenzspekt roskopische Bestimmungsmethode nach Abtrennung des M MHO
vom storenden fJ-Carot in durch Gelfiltration soil hier vor gestellt und die Ergebnisse
mit den nach den ublichen Uv-spektroskop ischen Methoderr'r'" gewonnenen ver­
glichen werden.

MATE RIAL UND METHOD EN

Ex trak tion
Eine wag bare Men ge an MMH 0 fur die Eichlosungen wurde aus Mohren ge­

wonnen, die im Boden iiberwintert hatten. Wie au ch bei den qu antitat iven M MH O­
Best immungen (mi t 50 g Frischsub stanz) wurde die Frischsub stanz in Gegenwar t von
200 ml n-Hexan mit dem Ult ra-Turrax homogenisiert und mehrere Stunden ge­
schuttelt . Nach dem Absaugen uber eine Filternutsche wurde die Prozedur noch
einmal wiederholt. Von aliquoten Teilen (meistens 1/10) wurde im Vakuurn-Rota­
tionsverdampfer das n-Hexan abdes t illiert und die Ruckstande zweimal mit 2 ml
Atha no l behandelt. Nach dem Abzentr ifugie ren des unlo slichen Anteils gelan gten
2 ml Uberstand zur chromat ographischen Reinigun g.

Ge/jiltrat ion
Die Tren nun g erfolgte an Sephadex LH 20 mit Atha no l als Elutionsmitte l.

Del' Beladbarkeit del' Saule waren du rch d ie Anwesenheit des grossen iJ-Caro tin­
Uberschu sses Grenzen gesetzt (il 5 g Mohrenfrischsubstanz).
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Kieselgel-Siiulenchromatographie
Zur Gewinnung einer befriedigend reinen MMHD-Menge fur die Eichlo sungen

und zur Uberprufung der Ergebnisse von den verschiedenen Bestimmungsmethoden
wurde der Sephade x LH 20 eine Kieselgel-Saulenchrornatographie? [mit Kieselgel
Merck « 0.08 mm) und 1.5 %Aceton in Chloroform] nachgeschaltet. Dabei konnten
aile Begleitkomponenten, au sser einem Restgehalt an Eugenin (5-Hydroxy-7­
methoxy-2-methylchromon), abgetrennt werden.

Diinnschichtchromatographie
Die Diinnschichtchromatographie erfolgte auf Kieselgel G-Schichten mit dem

Fliessmittel Toluol-Athylformiat-Ameisensaure (5 :4: Ir. Hierdurch war der Nach­
weis des Eugenin moglich, das oft das MMHD begleitet. Da das Eugenin im Gegen­
satz zum M MH D nicht zur Fluoreszenz angeregt werden kann, wurde es durch
Anfarbung mit diazotierter Sulfanil saure nach gewiesen.

Fluoreszenzmessung
Die Fluoreszenzmessungen erfolgten in ath anolischer Losung mit dem

Perkin-Elmer Flu orescence Spectrophotomet er 204 bei 455 nm. Ais Anregungswellen­
lange waren sowo hl 273 als auch 305 nm brauchbar.

U V-Absorptionsmessung
Sie wurden mit dem Spektralphotometer PMQ II (Carl Zeiss, Oberkochen,

B.R.D.) durchgefu hrt. Bei der Auswahl von Losungsmittel und Wellen lange richteten
wir uns nach den zum Vergleich dienenden Nach weismeth oden .

ERGEBNISSE UNO DISKUSSION

Die Eichlo sung wies das fiir das MMHD charakteristische UV-Absorptions­
spektrum auf (J.mox . 216, 267, 300 nm), ob wohl das Diinn schichtchromatogramm
noch Eugenin-Beimengungen anzeigte. Durch praparative diinn schichtchromato­
graphische Trennung, Isolierung und Messung der Extinktionen konnten iiber die
molaren Extinktionskoeffizientcn'' die Anteile an beiden Verbindungen in der Eich­
losung ermittelt werden.

Die Veru nreinigung an Eugenin (J.mox. 211, 229, 249, 256, 290 nm) betru g
10.3 %. D ie Fluoreszenzmessun g wird durch das Eugenin nicht gestort, bei den
iiblichen UV-Absorptionsmessungen bei 265-267 nm tragt aber der Eugenin-Anteil
zur gemessenen Extinktion bei, obwohl sein Spektrum in diesem Bereich ein Mini­
mum aufweist. Da bei den bisher angewan dten Bestimmungsmethoden fur das
MM H D seine Anreicherung lediglich durch die teilweise Abtrennung der Storsub­
sta nzen erfolgte, haben noch andere Komponenten zur Vorta uschung von MMHD
beigetragen.

Fig. I zeigt die Abtrennung des f:i-Carot ins durch Gelfiltration , das ein starker
Quencher ist und deshalb vor der Flu oreszenzm essung quantitati v abgetrennt werden
muss. In Fig. 2 ist das Anregun gsspektrum von M MHD mit seinen Maxima bei 273
und 305 nm wiedergegeben, das Emissionsma ximum liegt bei 455 nm.

D ie Ergebnisse von den verschiedenen Best immungsmethoden nach jeweils
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Fig. I . Trcnnung von M M HD un d fi-Carotin dureh Gelfi ltrat ion an Seph adex LH 20. Saule, 30 em x
2.1 em 1.0 . ; Eluant, At hanol; Durchfluss, 40 ml/h.
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300 340nm
Anr egung

Fig. 2. Flu oreszenz-Anregungsspektrum von MMHD in at ha no fischer Losung,

gleichem Reinigungsschritt sind in Tabelle 1 gegenubergestel lt, Drei Mohrenproben
(Nr. 1- 2) mit sta rk unterschiedlichen Gehalten waren dabei zur Analyse gelangt.

Nachweismethode A (Tabelle I) liefert bei Messung des Rohextraktes vollig
falsche Ergebni sse. Die empirisch ermittelte Berechnungsformel nach Extinktions­
messung bei drei verschiedenen Wellenlangen liefert nur bei sehr hohen MM H D­
Gehalten und Carot inabtrennung befriedigende Ergebnisse. Selbst nach der Kieselgel ­
Saulenchromatographie sind die Ergebnisse von Proben mit niedrigen Gehalten un-
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TABELLE I

VERG LE TC H DER ERG EBN ISSE, DIE N AC H DR EI VERS CHIEDENEN METHODEN ZUR
MMHD-BESTIMMUNG G EWONNEN WURDEN: (A )l .' UV-A BSO RPTI ONSMESSU NG
BEl 240, 265 und 290 nm , (B)6.7 UV-ABSORPTIONSMESSUNG BEl 267 nm UND (C) FLUOR ES­
ZENZMESSUNG BEl 455 nm NACH A NR EGUNG BEl 273 O DE R 305 nm

MMHD-Gehalt ( mg) pro 100 g FrischsubstanzMethode

A

B

C

Proben­
Nr.

1
2
3

I
2
3

I
2
3

M essung des
n-Hex an-Extrakts

12.23
10.52
21.51

Messung nach
Se phadex LH 20­
Chromatogra phic

0.Q7
2.85
9.77

0.54
3.96

10.70

0.14
1041
9.39

Mes sung nach
Sephadex LH 20- lind
Kieselgel­
Chromatographie

0.04
1.18
9042

0.24
1.58
9.50

0.15
1.33
9.08

befriedigend . Nach weismethode B liefert in jedem Faile zu hohe Werte, die Ab­
weichungen sind aber bei hohen Gehalten noch akzeptabel. Die f1u oreszcnzspektros­
kopi sche Methode (Nachweismethode C) ist dagegen tiber einen wcitcn Konzen­
trationsbereich anwendbar , wenn zuvor das jJ-Carot in durch Seph adex LH 20­
Chromatographie quantitativ ab getrennt wird . Auf die zeita ufwendige Kieselgel­
Saulenchrornatographie kann in diesem Faile verzichtet werden.
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(First received July 18th, 1977 ; revised manuscript received September 14th, 1977)

Etamycin is a pept idolacton e a nt ibiot ic produced by S treptomyces griseo­
viridus, S. griseoroseus a nd other Streptomyces speciesl , 2 . The complete structure has
been elucidated- a nd th e ant imicrobial acti vity described I ,4 . In th e earlier studies, th e
amino ac id const it uents were identified by classical techniques invol ving isolat ion
of crysta lline hydrolysis products3 ,5 . These procedures are un su itable for bio synthetic
investigations and , therefore, appropriate methodology was sought. The pre sent
paper describes the use of electrophoretic, paper, thin-layer , ion-exchange and gas
chromato gra phic-mass spectro metric (G C-MS) pr ocedures which provide rapid and
effective techniques for the sepa rat ion of the a mino acid constituents in eta mycin
hydrol ysates.

EXP ERIM ENTAL

Apparatus
High-volt age paper electrophoresis was effected with an apparatus from G ilson

Medical Electro nics, Middleton, Wisc. , U.S .A ., using 4 % formate buffer , pH 1.9, at
200 mA and 3600 Y for 3 h. Th e a mino acid analyzer was a Beckman-Spinco Model
l20C, with 0.2 M sodi um citra te buffer, pH 3.05 a nd 4.25, flow-rate 34 ml/h. For
gas-liquid chromatography (GLC), a Sh imadzu Model 4BM gas chromatograph
equ ipped with flame ionization detectors was employed with argon (40 ml/min) as
carrier gas. The co lumn was glass (2m x3mm J.D.), packed with 3 % OY-17 on
Gas-Chrom Q ( 100- 120 mesh). Co mbined G C-MS was performed on a LKB 9000
instrument equipped with a 6 ft. column of I % OY-17. A refrigerated liquid scintil­
lation spectro meter (Mark I; Nuclear-Chicago , Des Plaines, Ill. , U.S .A .) was em­
ployed for radioactivity measurements.

• Present address ; Department of Indu stri al Pharmacy and Q uality Cont rol , School of
Pharmacy, Tehran , Iran .
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M aterials and methods
Etam ycin was obtai ned by fermentati on with S. griseoviridus in a chemica lly

defined med ium " and it was a lso supplied by Dr. H. Dion (Parke, Da vis Co., Det roit,
Mich., U .S.A .). L-Alanine, L-threonine, sarcos ine, o- leucine and allo-hydroxy-o­
proline were obtained fro m commercial sources. Phenylsarcosine, N,fi-dimethyl­
leucine and 3-hydroxypico lin ic acid were kindly supplied by Drs. J . Sheehan and
D. Ponzi (Massachusetts Inst itute of Technology, Cambridge, Mass., U.S.A.) and
Dr. L. C. Vining (Da lhousie Uni versity, Hali fax, Nova Sco tia, Canad a).

Etamycin sa mples were hydrolyzed in 6 N HCI for 3 h at 15 p.s.i. , 121°
in a PTFE-lined, screw-ca pped test-tube. After evaporation in vacuo, the residual
amino acids were treated as described below. For two-dimension al paper electro­
ph ore sis-pape r chr omatog ra phy, amino ac ids were first sepa rated by high- voltage
electro phoresis, as noted a bove, followed by ascendi ng chromatography with the
so lvent systems : (a) I-butanol- acetic aci d-water (4 :1:5) a nd (b) meth a nol-pyridine­
water (20:1 :5). The th in-layer (Sil Gel IB-Baker flex, J. T. Baker, Phillipsburgh,
N.J., U.S. A. ; or silica gel 60 F-254, Merck , Darmstadt , G.F.R.) chro matogra phy
(TLC) systems were (I) for allo-hydroxyproline, l-propan ol-water-rnethanol (7:3 :2)
and (2) fo r 3-hydroxypicolin ic acid , eth an ol-water-ammoni a (90:5: 5). Amino acid s
were rendered vis ible with ninhydrin and isat in reagent s. 3- Hydroxy picolinic acid
was detected under U V ligh t.

F or gas-liquid chro ma to graphy the authent ic a mino acid s a nd the dr ied
et am ycin hydrolysate were deri vatized by con version to their tr ifluor oacetylated
(T FA) meth yl esters? and N- formyl methyl esters" as described previously. The
column tem perature was initia lly 80° with a 4°Jmin tem peratu re program (fo r TFA
methyl ester s) or isothermally at 150° (for N-formyl meth yl esters). In the GC-MS
apparatus similar method s were employed except for a n initial temperature of 60°
(for TFA methyl esters) and 1150 (for N-formyl methyl esters).

In th e investigation of th e distributi on of radiolabel fro m [14CH31L-methionine
during biosynthesis of etam ycin , S. griseoviridus was cultivated first in glucose-yeast
extract-malt extract liquid medium and then in a chemica lly defined med ium for 24 h
(each) prior to addit ion of the 14C-labeled precursor". Incubation was continued for
60 min and the etamycin was reco vered by extracti on of the culture filtrate with
ben zene . Detail s of thi s pro cedure will be publ ished elsewhere . The etam ycin was
hydrolyzed as described a bove, and afte r paper elect ro phoresis in par allel with sta n­
dard amino acids (located with ninhydrin reagent), the indi vidual co mponents were
cut out, placed in counting vials, moistened with water (0.1 ml) and counted in
Bray's scintillation fluid '? (10 ml).

RESULTS AND DISCUSSION

The results of two-d imensional paper electrophoresis (PE) - pa per chro mato ­
gra phy (PC I and PC 2) are shown in Table I, to geth er with dat a from the amino
acid analyzer (AAA) and thin-layer chro matogra phy (T LC). Di fficulties were
encountered in the visualizat ion of 3-hydroxypicolin ic acid, which is weakly fluores­
cent, after PC (second dimension). However, it could be identified on PE ( l or 3 h)
or TLC. The latter technique also served to di stinguish allo-hydroxyproline (R F =

0.26) from its diastereoisomer (hydroxyproline, R F =c= 0.34). The two-dimensional
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TAB LE I

ELECT RO PHO RETI C AND C HROMATOGRAPHIC PROPERTIES OF HYDROLYSATE
AMINO ACIDS O BTA IN ED FRO M ET A MYC IN

PE PC/' PC2" AA A TL C '" GC GC-MS
( ref to ( R, ) ( R,) ( mill) ( RF ) ( min) (m ill)
sarcosine ~o

/ .00)

1.08 0.30 0.60 278 2.5 1.1
1.00 0.25 0.60 177 5.1 2.3
0.84 0.57 0.81 362 6.2 3.3
0.82 0.25 0.59 150 3.4 2.0
0.76 0.19 0.55 150 0.26 15.7 113
060 0.67 0.91 296 6.4 § 3.0 1

0.45 0.55 0.80 320 20.2 13.9
0.19 B 0.64

Amino acid

i-Alanine
Sarc osine
D-Leucine
L-Threon ine
alto-Hydroxy-a-prol ine
N,{J-D imethyl-L-Ieuci ne
Phenylsarc osine
3-Hydr oxypicol inic acid

'Solvent ~ butanol- acet ic ac id-water (4 :1:5). upper phase.
, . Sol vent = methanol-pyridine-water (20: 1:5),6 h.

•• • For alia-hydroxyproline, solvent ..- l -propa no l- water- rnethanol (7 :3:2); fo r 3-hydroxy­
picolini c acid, solvent = etha no l-wa ter- a mmo nia (90: 5: 5).

i Retenti on t imes for N,{f-dimethylleucine refer to the N-for myl meth yl ester ; all others refer
to triflu oroacetylated methyl este rs.

i i Electroph oresis for I h.

pap er electrophoresis- chromatograph y procedure was necessitated by the overlap of
leucine and threonine (PE) and of threonine and olio-hydroxyproline (AA A).

GC retention times (min) for the TFA amino acid methyl esters are also
presented in Table I. N ,~-Dimethylleucine was not detected by thi s procedure due to
steric hindrance during esterification, and was identified instead as the N-formyl
methyl ester (prepared with diazomethane). GC-MS data (not shown) of the deri va-

5

4

a 3

::;;
u,
u 2

0.2 04 0.6 0.8 1.0 1.2

Electrophoretic Mobilit y

: 0 0 0 0 0 0
Hypic PheSar dlMeLeu i!H yPro Thr Leu Sar Ala

Fig. I. Paper electrophoretic dem onstrat ion of distribution of radi o label from [14CH.11L-methionine
in etamycin hydr olysate.
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tized amino acids from an etamycin hydrolysate are virt ually identica l with those
obtained with standard amino acid s. In the GC studies, the allo-hydroxyproline
deri vati ve is the N,O-bis(trifluoroacet yl) methyl ester.

As an example of the application of one o f the a bove sepa ration techniques
to biosynthetic studies on etamycin, the distributi on of rad iolabel from P4CH3]L­
methionine into the antibiotic components''-? was dem onstrated after hydr olysis by
means o f PE (Fig . I). The data reveal that the meth yl group of methion ine is incorpo ­
rated select ively int o sarcos ine, N ,fJ-dimeth ylleucine and phenylsarcosine .

In addition to the use of radi oisotopes in conjunction with PE and PC, the
GC-MS procedures outlined above co uld be applied with stable isotopes to bio­
synt hetic labeling studies . Th e latter approach has been util ized in an investigation
of the biogenesis of sarcosi ne in several actinorn ycins". Due to the sepa rat ions
achie ved , the se procedures would also be suitable for studies of directed biosynthesis!'
usin g ana logs of the amino ac ids present in eta mycin.
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Detection of aminophenols, aromatic amines and related compounds on
thin-layer plates
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Aminophenols are frequently formed when compounds of industrial or
pharmacological importance, such as ani line! or pril ocaine-, arc metabolised in
mammals by the liver micr osomal mixed functi on oxidase system s. Although these
metabolites a re important, and may exert physiological effects such as meth aemo­
globin form ati on ", their identi ficati on is often difficult, since 0 - , m- and p-isomers often
have similar RF values. We have therefore developed colour rea ctions to dist inguish
between them and a lso to give charac te rist ic colou rs with related co mpounds.

EXPERIM ENTAL

Th in layer chro matogra phy (TLC) of compounds was carried out on plates
coated with silica gel G (0.3 mm th ick ; Merck , Darmstadt, G.F .R .)2, 0.5-25 ,u1 of
0.1 % solutions bein g applied.

(a ) A freshly prepared 3 % aqueou s so lution (wjv) of selenium dio xide (I ) is
sprayed onto a dried TLC plate which is then heated at 120° for 15- 20 min .

(b) A freshl y prepared I % solution of phenol in 20 % Na 2C03 (II) is spra yed
and the TLC plate heated for 20-25 min at 120°. Overspraying with concentrated
HCl may give a colour change immedi ately or up to 48 h lat er.

Both systems give co loured spo ts on a white ground.

RESULT S

The colour reactions found ar e listed in Table I. Am ino acids gave negative
results with both sprays. The limits of detection after development were 1-2,ug for
all compo unds tested. The chro matospo ts from spray I turned brown-black after a
few days, possibly due to decomposition with release of elemental selenium.

OI SCU~SION

Selenious acid in sulphuric acid was introduced by Mecke:' for the detection
of opium alkaloids. Since then , it has found little use as a detecting agent , apart from
some steroids" and phenothiazines". lt is kno wn that phenyl selenoxides can be
forrned--? and that se lenium dioxide can react with certa in am ino gro up deri vati ves
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TABLE I

CO MPO UN DS INVESTIGATED AND O BSER VED COLOUR R EACTIONS WITH THE SPRAYS
TESTED

Compound Spray I

Initial colour After heat

Spray II

After heat HCI overspray

o-Aminophenol
m-Aminophenol
p-Aminophenol
o-Anisidine
III-Anisid ine
p-An isidine
a-Aminobenzo ic acid
m-Am inobenzoic acid
p-Aminobenzo ic ac id
3,5-Diamino benzo ic acid
2,4-D imeth oxyan iline
2,5-D imeth oxyaniline
3,5-D imethoxyaniline
2,4-Dich lo roan iline
2,5-D ichloro aniline
3,4-Dic hloroaniline
2-Amino-5-hydroxybenzoic ac id
3-Amino-2- hyd roxybenzo ic acid
3-Amino-4-hydroxybenzo ic ac id
2-Amino-I ,3-dimethylben zenc
2-Am ino -I,4-dimethylbenzene
3-Amino-I ,2-dimethylbenzene
4-Amino-I ,2-dimeth ylbenzene
4-Amino- I ,3-dimethy lbenzene
2-Amino-5-nitrotoluene
4-Amino-2-nitrotoluene
4-Am ino-3-nitrotoluene
An iline
Phen ol
Eugen ol
Or cinol
Resorcinol
Met ol
Pyrocatechol
Pyrogallol
a -Naphthol
(:I-Naphthol
Cinchonine
Brucine
Hydr azine
Phen ylhyd razine

pale yellow

buff

yellow

light bro wn
bright yellow
yellow
da rk yellow

light brown
buff
light brown

beige

light yellow

yellow
da rk brown
purple
purple
purple-brown
light brown
rust-brown
light brown
lime-green
dark brown-pu rp le
maroon
black-brow n
dark brown, yellow halo
blue-purple
cream-yellow
mau ve
light brown-purple
gold
yellow-black
purple
green , purple ha lo
rust-brown
mustard green
musta rd , pu rple halo
bright yellow
lime-green
dark yellow
brown-green

o range-peach
rust-bro wn
brown
rust
dark brow n
brown
green-grey
yellow-grey
o range
orange-yellow
tangerine
mustard

dark yellow
ru st-brown
blue

light pink

light blue
light blue

green

br ight yellow
yellow
o range-yellow

buff
pink
khaki
blue -grey
dark grey
brown-yellow
grey
brown

light yellow

peach
bro wn
red
lilac
peach
red

buff
purple
green- brown
yellow
buff
must ard
buff
dark brown
cream
brown
light red
light green
light green
yellow
ma uve
bright yellow
cream-yellow
deep yellow

buff
crea m
grey-buff
bro wn
dark brown
bro wn-yellow
brown
brown
pink

beige

such as hydrazines and phenylhydrazines". Under these conditions, hydrazine? and
phenylhydrazine'? are oxidi sed, as is ascorbic acid, which easily reduce s selenious
acid11

•
12

; the colours found using our spray presumably indicate formation of red
elemental selenium, since these compounds gave characterist ic tangerine 01 orange
spots. Red ucing sugars, such as glucose, were not found to react , in agreement with
earlier work' :', Phenol simila rly gave no visible reaction, which was not unexpected ,
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since early work!" showed that a colourless product was obtained when phenol was
treated with acidic selenium dioxide. Nitrophenols also show no colour change", al­
though polyphenols, such as resorcinol, do give coloured products.

The range of colours found by reacting aqueous selenium dioxide with amino­
phenols, some aromatic amines and related compounds has not previously been
reported. A similarly extensive range of colours was found using spray II, which is
based on the colorimetric test for p-aminophenol described by Brodie and Axelrod's,
and later modified by other work ers2.l 6 . In this reaction, p-aminophenol gives a blue
coloration in the presence of phenol and carbonate ions, due to the formation of
indophenol. The 0- and m-aminophenols give yellow and buff coloured solutions
respectively. It is interesting to note that few compounds react with the alkaline phenol
reagent even after heating, although on overspraying with concentrated Hel many
aromatic arnines, phenols and derivatives give a variety of colours. Both sprays
clearly differentiate between 0-, m- and p-isomers, and also allow distinction between
such similar compounds as 2-amino-1 ,3-dimethylbenzene and 2-amino-l,4-dimethyl­
benzene. It is hoped that this will prove useful in studies on the metabolism of
aromatic amines, aminophenols and related compounds.
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Dansylation of amines, phenolic and catecholic amines and amino acids in
aprotic solvents
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Reagents which produce fluorescent derivatives have found widespread use
in the qualitative and quantitative detection of amines, phenolic and catecholic
amines and amino acids'. One of the most common of these reagents is 5-dimethyl­
aminonaphtha lene-l -sulfonyl chloride (dansyl chloride). Derivatizations using dan syl
chloride are usually carried out in aqueous acetone satura ted with sodium carbonate ;
the deri vat ive is isolated by concentration of the reaction solution, extraction with
eth yl acetate followed by thin-layer chromatography (TL C). In thi s short note a
procedure is described for the dansylation of some amines, phenolic amine s, cate­
cholic am ines and amino acids in aprotic organic solvents (e.g. , dimethylformamide
(DMF), acet on itrile, acet one and eth yl acetate), in which "naked" fluoride anion,
solubilized by means of 18-crown-6, acti vates amino and hydroxyl hydrogen atoms
to displacement by the dansyl group. Derivatization of as little as 25 ng (200 pmole)
in 1O,u1 of solvent is possible ; the entire reaction mixture may be applied to TLC
plates without preliminary concentration or extraction.

EXPERI MENTAL

Reagents and equipment
Dansyl chloride (Calbiochem, Los Angeles , Calif., U.S.A .), 18-crown-6

(1,4,7,1O,13,16-hexaoxacyclooctadecane) (PCR Inc., Gainesville, Fla., U.S.A.), po­
ta ssium fluor ide and all solvents were used as obtained commercially without puri­
fication or dr ying. Pre-coated silica gel 60 thin-layer pla tes, 250 ,urn th ick (E. Merck,
Darmstadt, G .F .R.; distributed in Canada by BDH, Toronto) were used without
prior treatment. Visualization of the dansyl derivatives on TLC plates was achieved
by irradiation with long-wave UV light (565 nm) in a light box (Ultraviolet Products
Inc., San Gabriel, Calif. , U.S .A.). Ma ss spectra were recorded at 70 eV on an AEI- MS
902S mass spectrometer.

Dansylation procedure
Dansylat ing solutions were prepared by heating 18-crown-6 (40 mg/rnl) and

potassium fluor ide (8 mg/rnl) in DMF, acetonitrile, aceto ne, eth yl acetate and benzene
followed by the addition of dansyl chlor ide (100 mg/rnl) to the cold solution just
before use.
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p-Tyramine, 3-methoxytyramine, histamine, {J-phenylethylamine, dopamine,
dibenzylamine, N-methylbenzylamine, n-butylamine, aniline, p-octopamine, phenyl­
ethanolamine, normetanephrine, tryptamine, {J-phenylalanine and )I-amino butyric
acid were dansylated by the procedures described below.

Method 1. The amine, dissolved in water or ethanol, was introduced into a
O.3-ml Reacti-vial (Pierce, Rockford, Ill., U.S.A.) and evaporated to dryness in a
stream of nitrogen . The dansylating solution (50-100,ul) was then added and the
mixture heated at 65° in a heating block for 3 h. An aliquot (5-10 ,ul) ofthis reaction
mixture was then applied to the origin zone of a TLC plate (alternatively the entire
reaction mixture may be applied after being concentrated in a stream of nitrogen to
ca. 25 ,ul)and developed in benzene-triethylamine (8: I). Ifthe reaction solvent (e.g.,
DMF) was unsuitable for easy transfer to the chromatograms it may be evaporated to
dryness and dissolved in a more suitable solvent (e.g., benzene).

Method 2. The amine, dissolved in acetonitrile, DMF, acetone or ethyl acetate,
was introduced into a capillary tube (1.6-1.8 x 100 mm) sealed at one end, concen­
trated to ca. 5,u1 and the dansylating solution (10 ,ul) added. The other end of the
capillary was then sealed and the entire tube heated at 65° by submersion in a solvent
bath. After 3 h the tube was removed, cooled and the end broken off. The contents
after being removed by syringe were applied either in part or in toto to the origin zone
of the TLC plate.

When the entire reaction mixture was applied to the TLC plates the excess
dansyl chloride caused tailing which obscured the separated dansylamine zones. It
was necessary in these cases therefore to separate in parallel authentic dansylamines in
order to locate accurately the reaction product. The appropriate zones are then
extracted with ethyl acetate and re-chromatographed. When only a small fraction of
the reaction mixture was chromatographed overloading and tailing did not occur.

The yield of the derivatization reaction was determined for p-tyramine. Five
different concentrations (6500, 2500, 650, 65 and 25 ng respectively) dissolved in
alcohol were transferred to Reacti-vials, dried and derivatized in acetonitrile as
described above in Method 1. Each reaction solution was then applied to the origin
of a TLC plate. Superimposed on this zone was a known and similar quantity of
[a,a-ZHz]bis(dansyl)tyramine z. The plate was then developed in benzene-triethyl­
amine (8: 1) and the bis(dansyl)tyramine zones, outlined with a metal stylus, removed
and placed in special capillary micro-columns and eluted with ethyl acetate as
described by Philips et al.', Quantitation was achieved by the mass spectrometric
integrated ion current techniquez

,3 . Yields in all cases were 50-60 %.
The identities of the dansyl derivatives of all the compounds investigated were

confirmed by comparison of their mass spectra with published spectra (see Table I)
and by comparison of their RF values [in benzene-triethylamine (8: 1)] (see Table I)
with those of authentic dansyl derivatives".

RESULTS AND DISCUSSION

"Naked" fluoride anion, generated from potassium fluoride and crown ethers
in aprotic solvents, has been employed in a number of reactions":", In the dansylation
reaction described here, the "electron-rich" fluoride anion probably acts by forming
a very strong hydrogen bond with the amino and hydroxyl hydrogen atoms, thereby
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TABLE I

R F VALUES AND DETAILS CONCERNING THE MASS SPECTRA OF SOME DANSYL
DERIVATIV ES

Dansyl derivative

p-Tyramine (bis-da nsyl)
3-Met hoxytyramine (bis-da nsy l)
p-Octop am ine (bis-dansyl)
Trypta mine
Histam ine (bis -dansyl)
!J-Phe nylethylamine
D iben zylamine
N -Me thylbenzylamine
fl-Butylamine
Phenylethanolam ine
Normetanephrine (bis-dansyl)
D opam ine (tri s-dansyl)
Anil ine
Ph enylalanine
y-Ami no b utyr ic acid"

R r value "

0.51
0.42
0.17
0.19
0.33
0.62
0.65
0.7 7
0.56
0.26
0.11
0.47
0.25
0.03
0.60

Refe rence to published
mass spectra

3, 10
10
3, 10
3, 10

10
3, 10

3
10
3,10
3, 10

10
3

II
10, II

, Solvent system: benzene -trieth ylamine (8: I).
" Cycl izatio n to the lactam occu rs during dansylati on.

increasing the susceptibility of the amino nitrogen or hydroxyl oxygen to attack by
the sulfur atom of dan syl chloride.

Dansylation occurred in DMF, aceton itr ile, aceto ne and eth yl acetate, but
not in benzene. Altho ugh reaction occurred most rapidly in 0 MF, the low volatility
of thi s solvent rendered it unsuitable for convenient transfer to the TLC plates. Of
the ot her three solvents studied, acetonitr ile a ppeared to produce somewhat higher
yields (based on visua l comparison of the fluorescence of the zones on TLC plates).

Of the amines studied, four reacted poorly in the conditions described above.
For example, about ten t imes more tryptamine than tyramine was required to give a
spot of equal fluore scence, an even greater amount of the P-hydroxylated am ines
(phenylethanolamine, octopamine and normetanephrine), was required . Thi s ano m­
alous beha viou r has not yet been explained .

Two pa pers by Diinges and co-workers''-" have descr ibed the dansylati on in
aprotic solvents (aceto ne or eth yl acetate) of some barbituri c acids in the presence of
potassium carbonate. Their method was not successful when applied to the am ines
listed in Table 1. The explanation for thi s is probably that barbituric acids are very
acid ic and therefore much more suscept ible to dansylation th an the wea kly acidic
ph enolic and am ino gro ups.
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Thin-layer chromatographic assay of tetracyclines

ANTAL SZAB6, MARGIT KOVACS NAGY and ENDRE TOMORKENY

Research Institute f or Pharmaceutical Chemistry, Pf. 82, /325 Budapest ( Hungary)

(Received August 22nd, 1977)

In the last few years, several methods have been evolved for the thin-layer
chromatography of tetracyclines':", In our laboratory, further attempts have been
made to develop high-performance procedures for the separation, detection and assay
of tetracyclines. A method using cellulose pre-treated with a stationary phase con­
sisting of a buffer and an organic solvent proved to be ad vantageous. Of the impreg­
nating agents examined, ethylene glycol exhibited the highest efficiency.

For the detection of tetracyclines, the possibility of fluorogen formation was
studied. Detection in a strong ammonia atmosphere gives poor results in a quantita­
tive assay, owing to the short duration of the colour obtained. Significantly better
result s can be achieved with the amines and metal salts proposed by Ragazzi and
Veronese", but both the delayed formation of the fluorogen and the poor sensit ivity of
the compounds investigated are disadvantages. During studies with similar fluorogen­
forming agents, it was found that by carrying out detection first with metal salts and
then with organic solvents, fluorogens with relatively high intensities are formed . The
procedure is described in this paper.

EXPERIMENTAL

Cellulose (mikrokristallin, E. Merck, Darmstadt, G.F.R.) (30 g) was suspended
in a mixture of0.2 M disodium hydrogen orthophosphate (70 ml) and 0.1 M citric acid
(84 ml) in a mixer, coated as 0.3-mm layers on glass plates (20 x 20 em) with the help
of a Camag automatic TLC coater and left to dry at room temperature for 24 h. Prior
to use, the plate s were submerged in a methanolic ethylene glycol solution (20 %, vjv)
and the superfluous solvent was sucked off by placing the plates on filter-p aper.
Samples (0.1 flg) of tetracycline dissolved in I N hydrochloric acid -methanol (I :99)
(200,ugjm!) were applied on to the plate, which was divided into three bands (in our
experiments, the samples were working standards purified in the laboratory). Develop­
ment was carried out twice in glass chambers containing a satura ted atmosphere of
ethyl acetate saturated with water. After development, the first band (A) of the chro­
matogram was sprayed with a 0.2 M magnesium chloride solution-95 %ethanol (I : I),
the second (B) with methanolic triethanolamine (10 %, vjv) , and the third (C) first
with the reagent used for band A and then after 5 min with the reagent used for band
B. Evaluation was carried out with an Opton PMQ-2 spectrophotometer coupled to
a Camag-Z-Scanner (excitation, mercury-lamp, 366-nm filter; ab sorption, 540 nm).
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The RF values obtained (chlorotetracycline, 0.72; a-doxycycline, 0.66; oxy­
tetracycline, 0.47; tetracycline, 0.35; methacycline, 0.20; (:I-doxycycline, 0.11; and
apoterramycin, 0.07) show a satisfactory degree of separation.

Of the above substances, oxytetracycline (OTC), its degradation product
apoterramycin (AT) and methacycline (MC) or a-doxycycline (DC) obtainable from
it, were studied in detail. A chromatogram obtained by applying equal amounts (0.2
ftg) of the compounds and developing them according to this method (Fig. I) shows
compact spots that are easy to evaluate. The increase in intensity achieved by the
combined procedure (C) in comparison with those obtained with method A or B is
striking.

A B
Fig. 1. Chromatograms of tetracyclines. Detection : (A) 0.1 M magnesium chloride solution-Sf %
ethanol (I :1); (B) methanolic solution of triethanolamine (10 %. v{v); (C) reagent A followed by
reagent B.

The f1uorograms prepared from the above chromatograms (Fig. 2) permit a
quantitative evaluation of these intensity differences with the help of surface integrals
(I).

In Fig. 3, the fluorescence intensity values procedure C obtained with are
plotted as a function of time. With DC and OTC there is virtually no change in
intensity between 30 min and 20 h. However, with MC , there is a gradual increase in
intensity, but the rate of increase is so low after 2 h that it still permits a sati sfactory
determinat ion. Under these conditions, for amounts in the range 0.05-1.00 ftg, there
is a linear correlation between the concentration of tetracyclines and the fluorescence
intensities measured.
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Fig. 2 Fluorograms of the ch romatograms shown in Fig. 1.
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Fig. 3. Intensity (I) changes plotted as a fun ct ion of time for ch rom at ograms made visible according
to meth od C. x, DC ; 0 , OTC ; e, MC .
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Gas-liquid chromatographic determination of zinc, copper and nickel in
marine bottom sediments
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The quantitative determination of metals in marine bottom sediments and
min eral s by means of atomic-absorption spectro pho tometry (AAS) ha s been subject
to some pr oblems associated with th e necessity for elimination of interferences due
to components of the bed and accompan yin g elements and to the reagents em­
ployed. The applica tion of gas-liquid chromatography (O LC) allows complicat ions
inherent in the AAS techn ique to be elimina ted and permits the simulta neo us assay
of a few elements in one sa mple.

In ord er for organi c metal co mplexes to be su itable for OLC assay, they
sho uld have a high volatility and a high thermal sta bility, and a var iety of compound s
that meet th ese requirements have been desc ribed' v'. H owever , only a few of them
ha ve been used in the 0 LC assay of metals. D' Ascenzo and Wendlandt.' found that
certain metal cat ions form volatile complexes with diethyldithiocarbamate (DEDTC).
Masaryk et al.' sepa ra ted zinc from nickel by OLC using thi s reagent and Krupcik
et al." used it for assaying nickel(II ). Cardwell and Desarro" separated chromato­
graphically by DEDTC complexes of nickel , pall adium, platinum, zinc, cadmium,
copper , lead and mercury. Tavlaridis and Neeb? carried o ut a co mpa ra t ive study on
the OLC separation of the DEDTC and bis(trifluoroethyl)dithiocarbamates of zinc,
nickel , ca dmium, antimo ny and bismuth.

It sho uld be emphasized that all of the st udies mentioned were carried out on
arti ficial mi xtures of pure reagents and there are no re ports of the a pplicat ion of
DEDTC to the OLC assay of severa l elements in real sa mples except for th e deter­
min ati on of arsenic in urine and water by Daughtrey et al ",

Th e object of thi s wo rk was to determine zinc, copper and nickel in marine
bottom sediments in th e form of th eir DEDTC complexes.

EXP ERIM ENTAL

Analysis of standard solutions of the metals
The concent rat ion range of the standard zinc, copper(ll) and nickel chl oride

solut ions was 1-1000 p,gjcm3 ba sed on the ca t ions. To rem ove orga nic contaminants
from the sta nda rd solutions, an a liquo t was extrac ted for I min with chlorofo rm­
aceto ne (5 :2, vjv) in a 250-ml sepa ra t ing funn el and the organic ph ase was d iscarded .
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To the remaining aqueous pha se, 5 ml of 2 %sodium diethyldithiocarbamate solution,
previously freed from metal impurities by extraction with the chloroform- acetone
mixture, were added. The DEDTC complexes of the metals were then extracted for
I min once with 5 ml and three times with 2 ml of the chloroform-acetone mixture .
The combined extracts were evaporated to dryness on a water-bath in a stream of
oxygen-free nitrogen. To the dry residue, 100/11 of chloroform were added by mean s
of a microsyringe and 2-/11 aliquots were then withdrawn for the GLC assay.

Analysis of bottom sediments
A sample of bottom sediment (1.5 g) was dried for 2 h at 110°, powdered in

a vibrational agate mortar, and a l-g amount (weighed exactly) was treated in a
microautoc1ave (Perkin-Elmer Model 3) with a few drops of redistilled water, 2 ml of
concentrated nitric acid and 5 ml of 40 %hydrofluoric acid for 30 min at 150°. The
solution was cooled, treated with 5 ml of 60 %perchloric acid and 5 ml of 40 %hydro­
fluoric acid and then evaporated to white fumes (to remove silicon compounds). The
residue was again treated with 40 %hydrofluoric acid , evaporated and dried . The dry
residue was dissol ved in 10 crrr' of 6 N hydrochloric acid. The solution was then
transferred into a 250-ml beaker, treated with 2 ml of30 %hydrogen peroxide, heated
to 50°, 25 ml of lanthanum(III) chloride solution were added [to co-precipitate iron
and manganese; lanthanum(II1) concentration 1000 ,u.gjml], the solution was heated
to 60° and an excess of a 25% aquous ammonia solution was added under stirring.
The temperature was then increased to 60-70° for 2-3 min and the precipitate was
filtered through filter-paper and washed three times with hot ammonia solution. The
pH of the filtrate was adjusted to 8 with 6 N hydrochloric acid and the solution was
transferred into a 500-ml separating funnel. To the aqueous phase, 5 ml of 2 %sodium

TABLE I

COLUMNS AND OPERATING CONDITIONS

Column Dimensions Stationary phase
No. ( m X mill I .D. )

Column
temperature
( OC)

Total
plate
number
(N')

Resolution
( R:)

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

1.5 x 4 3 % SE-30 Programmed, 584.2 0.39
240-290° at
JOo/min

2 1.5 x 2 3% OY-7 280 403.1 0.44
3 1.5 X 2 5 %OY-JOI Programmed, 293.0 0.5

200- 290 ° at
JOo/min

4 3.0 x 2 Tenax (60-80 mesh) Programmed, 238.5 No resolution
200-290° at
SO/min

5 1.5 x 2 3 % SE-30 Programmed, 470.4 0.37
240-290° at
JOo/min

6 1.8 x 2 2.5 % BBBT 250 234.3 No resolution
7 1.5 X 2 5 %QF-I 235 558.5 0.80

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

• The values of N and R, were calculated acc ording to Grushka",
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diethyldith iocarbonate solution, previously freed from metal impurities by extraction
with the chloroform-acetone mixture , was added and the solution was analysed as
described in the previous section.

Gas-liquid chromatography
A Pye Unicam Series 104 gas chromatograph with a flame-ionization detector

was used. In Table I, the column packin gs and operating conditions for the GLC of
the DEDTC complexes of the three metals are given. Nitrogen was used as the carrier
gas throughout.

Zn

Ni

Zn

Zn

i
11 ~t ·

i<ic

~@
~

~
~

~ Cu

~ ~ Ni~

~ ~
<:'S

Cu

Cu

o 2 4 6 8
11me "TIl,,;

o 2 :3 4 .5 67 8
lim e [min}

Fig. I. GL C of bis(N,N-diethyldithi ocarbonates) of Zn , Cu and Ni. Glass co lumn No . 7 (Table I),
on Chromosor b W-HP (80-100 mesh). Carr ier gas, nit rogen, flow-rate 20 ml(min. Column tempera­
ture, 235 0

; detector (FI D) temperature, 280".

Fig. 2. Separat ion of a mar ine bo ttom sediment sam ple. Co ncent rations of Zn(D EDTCh ,
Cu(DE DTC)2 and Ni( DE DTC) 2: 17.1, 1.6 and 4.9 ppm , respectively. Co lumn and other chro mato­
graphic conditio ns as in Fig. I.

Fig. 3. Chromatogram of a sample of the bottom sediment. Glass co lumn No. 3 (Tabl e I) on
Chromosorb W-HP (80-100 mesh). Carrier gas, nitr ogen , flow-rate 20 ml(min . Column temp erature,
programm ed from 200° to 290 0 a t 10"(min ; detecto r temperat ure, 320°.
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RESULTS AND DISCUSSION

NOTES

A chromatogram of a mixture of standard solutions is shown in Fig. 1. The
components of the mixture were separated on column No.7 (Table I). Similar results
were obtained with column No .3, but the temperature had to be programmed-over
the range 200-290° at a rate of 10o/min. The remaining columns listed in Table I
failed to give satisfactory separations of the metal peaks (R ., < 0.5).

The chromatogram shown in Fig. 2 was obtained by using column No.7. It
can be seen that the procedure ensures the removal of extraneous metals and allows
the separation of the three complexes of zinc , copper and nickel. By comparison of
the se chromatograms with tho se of the standard solutions, the concentrations of
zinc, copper and nickel in the sample were determined to be 17.1, 1.6 and 4.9 ppm,
respectively.

The results of a similar analysis, obtained on column No.3 packed with Ov­
101 temperature with pr ogramming, are shown in Fig. 3. There are three additional
peaks that could not be identified.

Our current effort s are aimed at finding an appropriate internal standard that
would permit a more accurate determination of the concentrations of the three
metals. Of the compounds tested so far , coronene, anthanthrene and dotriacontane
have given encouraging results, which will be published later.
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Letter to the Editor

•. Catecholamine determination by gas-liquid chromatography

Sir,
Whilst there is a need for development of relatively simple and rapid techniques

for analysis of small concentrations of catecholamines that occur in biological fluids
and tissues, it is essential that new methods reported claiming to fulfil these criteria
should be reproducible and adaptable in different laboratories. Therefore it is sur­
prising that the report by Lovelady and Foster ' describing the measurement of adren­
aline and noradrenaline in plasma, red blood cells and urine with detection sensitivity
in the sub-picogram range has to date produced no comment in this journal with
respect to several factors relating to the viability of the assay procedure.

Firstly, apart from the well established radioenzymatic method, the analysis of
picogram (10- 12

- 10- 14 moles) quantities of catechol- and related biogenic amines
by gas chromatographic techniques has been accomplished by means of the highly
sensitive mass spectrometry and electron capture detection'. In contrast the report by
Lovelady and Foster! states that quantitative detection of similar amounts of catechol­
amines can be accomplished by gas-liquid chromatography using a dual hydrogen
flame ionization detector with relatively little clean up of the biological extracts. In
practice the detection limits of gas chromatography using a flame ionization detector
for the determination of compounds extracted from biological fluids does not generally
extend below the low nanogram range and it is of interest to note that Lovelady and
Foster! present data showing linear calibration for adrenaline and noradrenaline from
less than 0.2 pg to approximately 2 pg with a minimum detection of "approximately
0.1 pg" . This stated detection limit is even numerically below the minimum detect­
ability that is specified for flame ionization detectors on most commercially avail­
able ga s chromatographs (in the order of 10- 1 1 gJsec for alkanes') .

Secondly, we have shown elsewhere" that the extraction technique used by
Lovelady and Foster! and also that described in a separate report by Lovelady" for
extraction of catecholamines from red blood cells is unlikely to give significant
recovery of these compounds. That is, the extraction of a protein free extract of red
blood cells with water-4-methyl-2-pentanone-n-hexane (I: I: I) mixture as described
by the authors':" will not yield significant partition of the free catecholamines into the
top organic phase, the bulk of catecholamines will remain in the aqueous phase. This
is in contrast with the results of Lovelady and Foster' and Lovelady" that greater than
90 % recovery of free catecholamines from red blood cells is achieved following ex­
traction with this solvent system.

Thirdly, Lovelady and Foster' show that tripalmitin, used as an internal stan­
dard, has a retention time of approximately II min on a 6 ft . X tin . 0 .0. steel col­
umn packed with 7 % DC-lion Gas-Chrom P operating isothermally at 1150 with
carrier flow-rate of 20 ml/rnin. Yet it is well established that gas chromatography of
glycerol esters of long chain fatty acids require considerably higher temperatures
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higher carrier flow-rates, shorter column length and less percentage liquid phase for
their elution from the column. For example triglycerides with carbon number 30-40
(the carbon number of tripalmitin is 48) are consecutively eluted at 2500 on a 40-cm
column of 2.25 % SE-30 on Chromosorb W with carrier flow-rate of 75 ml/min".
Furthermore, if tripalmitin is used as an internal standard as stated by the authors'
in nanogram amounts then it is unlikely to be able to differentiate the added tri­
palmitin from the endogenous tripalmitin together with the other closely related
triglycerides which occur in human plasma at considerably higher concentration?

Fourthly, the catecholamine derivatives were prepared by simultaneous react ion
with a mixture of bis-(trimethylsilyl)acetamide (BSA)-trifluoroacetic anhydride
(TFA) (1 :1) in tetrahydrofuran' :" and were simply referred to as the "TFA-BSA
derivatives"s. No further information as to the nature of these compounds have to
date been given. Presumably the derivatisation was an attempt to prepare the N-acyl,
O-trimethylsilyl ether derivatives originally descr ibed by Horning et aU where
catechol- and related amines were reacted in a two-step sequential reaction with a
trimethylsilyl donor then the acyl anhydride in anhydrous conditions. Similar
derivatives, again using a two-step procedure have been prepared by other workers":".
The method of Lovelady and Fo ster! also introduces the presence of water follo wing
extraction of the "TFA-BSA products" with water-organic solvent pair and we
consider this likely to lead to hydrolysis of the formed derivatives. We have attempted
to prepare the same derivatives of adrenaline, noradrenaline and dop amine by the
method described by Lovelady and Foster! and found no formed products which
eluted under the chromatographic conditions described in their report.

We are therefore led to conclude that the method of Lovelady and Foster' is
of doubtful value for the measurement of catecholamines in blood or plasma , espe­
cially in the concentrations in which these compounds normally occur.

M RC Unit and University Department
of Clinical Pharmacology,
Radcliffe Infirmary,
Oxford (Great Britain)
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Book Review

Methods of surf ace analysis, edited by A. W. Czanderna, Elsevier , Amsterdam,
Oxford, New York , 1975, XIV + 481 pp., price Dfl. 150.00, US$ 62.50 ,
ISBN 0-444-41344-8.

Methods of surface analysis is the major sourcebook and instruction manual
for anyone working with newer analytical techniques dealing with solid surfaces.
This volume initiates a new series, " Methods and Phenomena: Their Applications in
Science and Technology", and includes chapters covering various new methods for
the investigation of the chemistry of surfaces written by well known experts.

In the short Introduction, A. W. Czanderna gives a good review of problems
that are difficult to solve by the usual methods of surface chemistry, including one of
the most important questions, namely "what is the elemental composition of the
surface?" He emphasizes that the answer to this question could not be obtained until
a few years ago.

Chapter I provides an overview of sputtering in surface analysis methods.
Table I in this chapter allows one to understand clearly the connection between the
manner of excitation and the emission obtained. Using this table, a reader can easily
assimilate in the nomenclature and possibilities of different new sputtering methods
in surface analysis. Chapter 2 gives a comparison of methods of surface analysis
involving the use of incident particles to produce an output of detectable particles.
The last eight chapters include descriptions of low-energy ion-scattering spectroscopy
(LEIS or ISS, Chapter 3), X-ray photoelectron spectroscopy (XPS or ESCA, Chapter
4), Auger electron spectroscopy (AES , Chapter 5), secondary ion mass spectrometry
(SIMS, Chapter 6), a combined study of AES and SIMS (Chapter 7), field-ionization
mass spectrometry (FIMS, Chapter 8) and infrared reflection-absorption spectroscopy
(Chapter 9).

Particularly useful is Chapter 4, which describes the determination of the
chemical composition of surfaces, gas-metal reactions, "gas-surface" impurities, reac­
tions and ion exchange on glass and fluoropolymer surfaces, the migration of com­
ponents in glass, and the determination of the chemical differences between char­
coal-supported catalysts of high and low activity. In addition, the investigation of
chemical state of sulphur in atmospheric samples and the identification of SOJ,
SOl- , SOz and SO/ - are considered.

FIMS is a method for gas analysis. The reaction of oxygen with sulphur on
metallic elements on surfaces, emitters such as zeolites on platinum, the kinetics of
adsorption and chemisorption and the formation of complex ions of copper, silver
and gold metals with gases can a lso be studied by FIMS.

It is unfortunate that Chapter 9 does not consider the possibilities of the new
instruments that use Fourier transform in infrared spectrometry, becau se infrared
spectrometry is one of the most useful adjuncts to the chromatography of surfaces.
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It would ha ve been bett er to include in thi s boo k the detai ls of low-energy
electron diffra ction (LEED).

This book mu st be described as definiti ve for thi s bran ch of chemistry, and
the several hundred re ferences up to 1974 co nta ined therein show its comprehensive
nature . It is undoubtedly essential to th ose working in the field of detectors for
chro matogra phy.

Modern GLC, LLC and especia lly GSC and LSC requ ire a knowledge of the
chemica l composit ion and the str ucture of different suppo rts and adso rbents . In thi s
co nnection, the book is also very useful for specia lists trying to improve the quality
of these suppo rts and adsorbe nts. Hence it will und oubtedly not only appea l to
research workers studyi ng modern method s of sur face ana lysis but will a lso be
useful to those who are interested in the applicat ion of sol ids of different chemical
composit ion s in chromat ography. However, the am orphous and disperse nature of
th e supports and adsorbents used in chro matography gives rise to difficulties, which is
why it is difficult to recommend this book as initial reading for newcomers to the
chrom atographic applications of the se supports and ad sorbents. However, in the
near future many of these meth od s will probably find imp ortant applicat ions even in
invest igations of the chemistry of the surfaces of amorphou s and disperse solids.

T he price of the book seems high and, in view of the indi cated limited interest
to readers of the Journal of Chro matogra phy, it must be a personal dec ision whether
the y co nsider thi s interest is sufficient to tempt them to spend th is amo unt of money
on it.

Moscow (U.S.S.R. ) A. V. KI SEL EV
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In recent years, the development of modern analytical techniques
has led to significant advances in the understanding of the com­
ponents of natural waxes. Since these advances are relevant to those
who deal with a variety of biological problems from agriculture to
dermatology, it appeared that a research level book on this subject
was needed. This book, the first of its kind, fulfills this need, and
provides comprehensive information on the chemistry and bio­
chemistry of natural waxes from bacteria, fungi, algae, higher plants,
insects, birds, marine organisms, and mammals including man.
It will be especially useful as a research level reference book for
biologists, biochemists, and lipid chemists.

CONTENTS: Chapters 1. Introduction to Natural Waxes (P.E.
Kolattukudy). 2. Mammalian Waxes (D.T. Downing). 3. Marine Waxes
(J.R. Sargent, R.F. Lee and J.C. Nevenzel). 4. Bird Waxes (J. Jacob).
5. Biochemistry of Bird Waxes (J.S. Buckner and P.E. Kolattukudy).
6. Insect Waxes (L.L. Jackson and G.J. Blomquist). 7. Chemistry of
Waxes of Higher Plants (A.P. Tulloch). 8. Biochemistry of Plant
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Fungal Waxes (J.D. Weete). 10. Bacterial Waxes (P.W. Albro). Subject
Index.
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