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GEL CHROMATOGRAPHIC BEHAVIOUR OF TETRAALKYLAMMONIUM
IONS ON SEPHADEX G-IO

KIKUJIRO UJIMOTO*, KUMIKO SUZUKI and HIRONDO KURIHARA

Department 0/ Chemistry, Faculty ofScience, Fukuok a University, Nanakuma 11, Nishi-k u, Fukuok a 814-01
(Japan)

(First received July 2Xth, 19XO; revised manuscript received January 20th, 19X1)

SUMMARY

The gel chromatographic behaviour of tetraalkylammonium (TAA) ions on
Sephadex G-IO was studied chiefly by a thermodynamic and an extra-thermody­
namic approach. The pH dependence of the distribution coefficients ofTAA ions was
observed, and compared with those of alkali metal and halide ions. The extra-ther­
modynamic approach showed that no enthalpy-entropy compensation was operative
in the partitioning processes of TAA ions between the mobile and the gel phase,
Examination of the effects of eluent concentration, organic eluent and temperature
suggested that hydrophobic interaction and sieving effects contribute to various ex­
tents to the separation mechanism of individual TAA ions in the temperature range
studied.

INTRODUCTION

In gel chromatography it is well known that chromatograms of relatively small
molecules and ions on tightly cross-linked gels in aqueous systems are often adversely
affected by several kinds of side effects. One of the important side effects is a hy­
drophobic interaction, which sometimes plays a dominant role in the gel chromato­
graphic behaviour of organic and biological solutes':

Several workers? - '! have used a thermodynamic approach to describe the hy­
drophobic interaction. We have recently studied the separation mechanism of ali­
phatic n-alcohols in aqueous dextran gel systems by a thermodynamic and an extra­
thermodynamic approach, where the hydrophobic interaction between the solute and
the gel matrix was interpreted principally by correlating LlS~c values of the alcohols
with their LlS~y values!"; LlSc;c denotes the standard entropy change upon transfer
of the solute from the mobile phase outside the gel beads to the gel phase at infinite
dilution, and LlS~y, usually called the entropy of hydration, is the standard entropy
change upon dissolution of the gaseous solute in water at infinite dilution.

However, no study on the behaviour of tetraalkylammonium (TAA) ions in
aqueous dextran gel systems has been reported, although such ions are regarded as a

0021-9673/Xl jOOOO 0000/$02.50 \C) 19XI Elsevier Scientific Publishing Company
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homologous series of hydrophobic solutes'<!". The aim of the present work, there­
fore , was to study the behaviour of TAA ions on Sephadex G-l O.

The pH dependence of the distribution coefficients, Kd, of TAA ions was in­
vestigated with 0.1 M sodium chloride solutions in order to find the pH range in
which the electrostatic interaction can almost be suppressed. The effects of eluent
concentration, organic eluent and temperature upon the K, values of TAA ions
were examined. Enthalpy-entropy compensation tests were applied to the partitioning
processes of TAA ions to differentiate the separation mechanisms.

EXPERIMENTAL

Sample solut ions
Tetramethylammonium (Me4N +), tetraethylammonium (Et4N +), tetra-a-pro­

pylammonium (n-Pr4N +) and tetra-n-butylammonium (n-Bu4N +) chlorides were of
guaranteed reagent grade from Nakarai Chemicals (Kyoto, Japan). Tetra-x-pentyl­
ammonium (n-Pe4N +) bromide was pur chased from Fluka (Buchs, Switzerland).
Sample solutions were prepared by dissolving each TAA salt in the eluents at a
concentration of 0.01 M , except for n-Pe4NBr which because of its poor solubility
was used as a saturated solution.

Standard materials with K, = I and 0 were used as in a previous study!",

Columns and eluents
Gel columns packed with Sephadex G-IO (dry particle size 40-120 Ilm ; Phar­

macia, Uppsala, Sweden) were prepared according to the procedure described pre­
viously!".

The eluents used were 0.1 M sodium chloride solutions at various pH values,
95 %(vjv) methanol and 0.1 M lithium chloride in 95 %methanol. Sod ium chloride
solutions at concentrations of 0.0 I, 0.1, 0.3, 0.5 and 1.0 M at pH 2.3 were also
employed to investigate the effect of eluent concentration on the Kd values of TAA
ions.

Other experimental details and the procedures for calcul ating Kd valu es and
thermodynamic functions were as reported previouslylo.

RESULTS AND DIS CUSSION

pH dependence of Kd values
The pH dependence of the Kd values or capacity factors of aromatic acid s,

amines, ampholytes and monomeric oxo acids of phosphorus have been reported on
Sephadex G_I013- I S , LH_2016 , Bio-Gel p_21 7 , poly styrene copolymersl "?" and oc­
tadecylsilica" . In these cases, the pH dependence was int erpreted prim arily in terms
of acid or base dissociation of the solutes. We recently ob served 26 that the Kd values
of alkali metal and halid e ions on Seph adex G-I 0 also vary significantly with the pH
of the eluent over the range 2-1 2, although these ions are not tr ansformed into any
other form or species over this pH range. TAA ions also do not suffer an y molecular
change over a wide pH range. Therefore, their Kd values on Sephadex G-I 0 with 0.1
M sod ium chloride as eluent were examined over the pH range 1.5-12.5 . The results
are shown in Fig. I.
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Fig. 1. pH dependence of Kd va lues of T AA ion s o n Se pha dex G - I O. Eluen t : 0. 1 M N aCI so lutio ns at
va rio us p H va lues . Temperature : 20"C.

Each TAA ion showed a simila r pH profil e to those of the alk ali metal ions.
Thi s beha viour ma y ari se from the change in properties of the gel phase with the pH
of the eluent. Namely, the slight increase in Kd value at pH < 3 may be ascribed to the
change of hydrogen ion concentration in the gel phase, and the rapid increase at pH
> 11 .5 to the acid dissociation of alcoholic hydroxyl groups of th e gel matrix .

In order to suppress the electrostatic interaction between the TAA ions and the
charges of the gel matrix, the pH of the eluents used in subsequent experiments was
adjusted to 2 or 2.3, except for 95 %methanol systems.

Effec t of eluent concentration
The salting-out of solutes from the mobile phase is a useful means of elucidat­

ing whether or not a hydrophobic interaction is operative in chro matographic pro­
cesses' :

Fig. 2 shows the effect of eluent concentration on the Kd values of TAA ions on
Sephadex G-IO with sodium chloride eluents at pH 2.3. The Kd values of both sodium
and chloride ion as the eluent are almost equal at pH 2.3 26 .

As in the case of aliphatic lI-alcohols1o, the Kd values of T AA ion s increase
gradually with increasing eluent concentration, especially above 0.1 M . Thi s effect is
more significant for II-Pr4N +, II-Bu4N + and n-Pe 4N + than for Me4N + and Et4N +.
The relati ve increment s of the Kd values with increasing eluent concentration from
0.01 to 1.0 Mare 13% for Me4N +, 14% for Et4N +, 23 % for n-Pr4N ". 37 %for 11­

Bu4N + and 68 % for n-Pe4N +.
Deguchi / " obser ved that differences between the Ka v values of TAA ions on

Sephadex G-15 are remarkable with sodium chloride, potassium sulpha te and lithium
sulphate as eluent, although those with water are negligibly small.
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T hese fac ts suggest th at the hydrophobic interaction has a n im portant ro le in
th e behaviour of T AA ions, a t least of II-P r4N + , II-Bu4N + and II-Pe4N + • in aq ueo us
dextran gel systems.

Effect of organic eluent
When only th e m olecul ar sieving effect depen ding on the so lute size is ope rative

in gel chromatography, the Kd va lues are linearly dependent on the logarithms of the
molecu lar weights (log MW) o r of the molar vo lumes of the so lutes ' .

Fig. 3 shows the relati onshi ps bet ween log M W of T AA ions a nd their Kd

values on Sephadex G-ID with 0. 1 M sod ium ch loride solu tion at p H 2.3, 95 '%'; (v/v)
me thanol a nd 0.1 !vi lithium chlo ride in 95 %meth an o l. With 95 %meth anol the x,
va lues decrease with increasing log M W. This tendency is more significant with 0. 1 M
lithiu m chloride in 95 :%: meth an ol. ln both cases, th e sieving effect m ust be predom i­
nant , but the non-l inear dependen ce of th e Kd va lues on log M W indica tes probabl y
that side effects occur eve n wit h those eluents whic h are a lmost free fro m water. T he
effect of addi tion of lithium chlo ride to 95 1:. methanol may be attributable to the
a lteration of so lvent properties in both th e gel a nd th e mo bile phase ra ther tha n to lob e
suppression of the elect rosta t ic int eract ion, because carboxy lic groups fixed to th e gel
mat rix presu ma bly do no t dissocia te in th e meth an ol-r ich so lvents. With the aqueo us
eluent the K" values of the TAA ions , exce pt for II-Pe4N + . are al most equal. The
no tabl e increase of th e Kd va lue of Il-Pe4 N + co nflicts with the sieving effect.

T hese facts support the hypot hesis that hydrophobic adsorption is res ponsible.
at least part ly, fo r the anomalo us beha vio ur of T AA ions with the aqueous eluent.

Effect of temperature
An en dothermic tem pera ture dependence of Kd va lues is the mo st import a nt

criterion for detection of hydrophobic interactions. becau se the hydrophobic affini ty
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of th e so lute for the gel matrix arises from an increase in ent ro py du e to partial
nelting of an icc-like arrange ment of the water structure around the so lute?". Th e Kd

values of TAA ions at various tempera tures are summarized in Table I. T he pH of the
.lucnt was adj usted to 2 to suppress th e electros ta tic interacti on as fa r as possible. It
vas found tha t th e beha viour of TAA ion s on Sepha dex G- IO was co nsidera bly
nfluenced by the previou s usage of the gcl column. T herefo re. th e Kd va lues at 20u C
Ire somewha t different from th ose a t pH 2 in F ig. I because different columns were
iscd in eac h series of ex periments.

Th e Kd va lues of al l T AA ion s increase with increasin g temperature, but only
.lightly for th ose of Me4 N + and Et4 N " . Th ese data gave th e thermod ynamic func­
ions ,1Hac and ,1S~;c' where ,1H'G c is the sta ndard entha lpy change for tran sfer of
he solute fro m outside the gel beads to th e gel phase a t infini te d ilution. Posit ive
1H~;c and ,1Sa c va lues were obtain ed for all T AA ion s except Mc4 N +, as shown in
:;' ig. 4a . T his agai n sugges ts tha t the hydrophobic interac t ion has an im portan t ro le in
he gel chroma togra phy of TA A ions.

',:/1 thalp v-enfropy COII/ PCII.\,([f ion fest
T he enthalpy- entropy compen sation test is a diagnostic tool used to diffe ren­

iate between mechanistically different sepa ra tion processes. It ha s been successfully
ipplied to th e elucidat ion of the behav iour of orga nic and biol ogical so lutes in re­
-erscd-phase ehro ma togra phy2 9 J I an d to th at of a lipha tic n-a leoho ls in gel chro ma ­
ography!" .

Co mpensation behaviour had been tested by the linea rity of a plot of ,1H"
igainst ,1S" values for analogous substances, until Krug 1'1 ClI. 3 2

,3 3 proposed a plot of
IC " agai nst ,1H" in or de r to min imize sta tist ica l compensati on effec ts due to erro rs in
IHO and ,1S va lues. Fig . 4a shows a co nve ntiona l plot of ,1H'G c aga ins t ,1S~c, and
-ig. 4b a plot of In Kd(2 0 ) aga inst ,1Hoc according to the procedure of Krug et Cl I. ; th e
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T ABL E I

x, VAL UES OF TAA ION S AT VARI O US TE MPE RA TU RES

Ge l: Sep hadex G - IO. Elue nt : 0.1 M NaC I at p H 2.

--- - " - -- --- - - - -
Ion Temperature ("C ) Kd
- ------ - - - '"--"
Me4N + 10.73 0.366

16.05 0.37 1
20.57 0.374
25.66 0.377
30.86 0.382

Et4 N+ 10.50 0.353
15.95 0.360
20.63 0.378
25.46 0.393
29.97 0.40 1

II-Pr..N + 10.70 0.300
15.45 0.320
19.50 0.352
25.57 0.374
29.93 0.402

II-Bu~N + 10.65 0.273
15.50 0.323
19.55 0.366
25.57 0.4 19
29.93 0.4 7 1

II- Pe~N + 10.70 0.327
15.50 0.4 19
19.25 0.48 1
25.57 0.62 1
29.95 0.706

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

qu antity In Kd(2 0 ) was employed since it is proportion al to LlGbe and has the min­
imum statistica l errors . Th e first plot gives an excellent linear relat ion ship, in co n­
trast to the second, indicating the validi ty of Krug's proposal. We conclude that the
beh aviour of the TAA ion s did not o bey a commo n ph ysico-chemical mechan ism
und er the present experimenta l co nd itions.

Separat ion mechanism
The electr osta tic intera ct ion is unl ikely to be operat ive with the eluent a t pH 2,

becau se the cha rge of the gel matri x would be zero or negligibly sma ll:" and the
sur face charge densities of TAA ion s would be mu ch sma ller th an those of alka li
metal and halide ion s, becau se of their larger ioni c radi i".

Th e TAA ions did not exhibit commo n ent ha lpy-entro py co mpensation in
their partit ion ing processes betw een th e mobil e and the gel phase . This suggests tha t
the behaviour of indi vidu al TAA ion s is gove rne d by a number of facto rs whose
indi vidu al importanc e may vary. On e such fac to r is probabl y the hydr ophobic inter­
action; th is is stro ngly supporte d by th e effects of eluent co ncentration, organic eluent
and tem perature on the Kd values. Further supporti ng evidence is prov ided by the fact
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that both the !JH~c and !JS~c values of all the TAA ions, except !JSc,c of Me4N + ,

are positive . Thi s is similar to the case of aliphatic n-alcohols in aqueous dextran gel
systems, where th e linear correlations of th e !JSc,c values of the alcohols with their
!J S~y values indicated the occurrence of hydrophobic int eractional",

However, no !JS~y values of TAA ions have been reported . We have pro-
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posed -" the use of (B~ - 0.0025 1/' ) va lues as a substitute for the ,1S ff) of hydro­
phobic so lutes , where B~ is the seco nd viria l coefficient and V" the parti al molar
volume of th e so lute in infinite di lute so lution . Acco rdi ngly. the ,1S(';(' va lues of TAA
ions are plotted agai nst their (B" - 0.0025 1/") va lues in F ig. 5. T he exce llent linear
re lat ionship obta ined indica tes that the separa tion mech an ism of T AA ions can be
interpreted in terms of a hydropho bic interac t ion.
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Fig. 5. Plot of ,jS~;c agai nst (B" - 0.0025 p ) for TAA ions . Cations as in Fig. 2.

As discu ssed previou sly!", the entro py of a system. including the gaseous
hydropho bic so lute and the solvent, decreases upon disso lution of the solute in water
becau se of the fo rmation of hydrophobic hyd rat ion shells, where the wate r structure
is more or dered. Thi s entropy loss will be linearl y de pend ent on the degree of or dering
of the wat er st ructure, which ca n be est ima ted fro m the ( B,/ - 0.0025 1/") value of the
so lute". It may also be partl y compen sat ed by the permeat ion of the solute from the
bulk to th e gel phase and by the local shar ing of the hydration shell of th e solute with
th at of the hydrophobi c site of the gel matrix, resulting in decrease in the degree of
orde ring of th e water struct ure. T he lar ger ( B~ - 0.0025 VO) value of the solute
result s in the higher ent ro py compensation. T his may account for the hyd rophobic
interact ion in the sepa ra t ion mechanism of T AA ion s, at leas t of II-Pr4N +, n-B1I4N +

and n-Pe4N + , as discussed la ter.
Ano ther imp ortant factor is pr obab ly the sieving effect. In orde r to confirm

thi s, Van ' t H off plots of the K, valu es in Tab le I were ca rried out. On extrapolati on of
the st ra ight lines in F ig. 6, it is found tha t the Kd va lues decre ase in the or der of
Me4N + , Et4N +, n-Pr4N +, II-Bu4N + and n-Pe4N + below O"C, suggesting th at the
sieving effect may oper ate pr incip ally in this temperature ra nge. In contrast , the Kd

values increase in th e same orde r a bove 30"C, where the hydroph obi c interact ion
may be predominant.

Acco rding to Desno yers and Perrorr ' ", Et4N + having a (B,J - 0.0025 I/0) va lue
of zero is neith er a structure -maker nor a structure-break er for wat er and Me4N +

having a nega tive (B" - 0.0025 VO) va lue is a structure-brea ker. Since hydrophobic
sol utes ha ve been regarded as structure-ma kers, the beha viour of Me4 N + and Et4 N +

can hard ly be discussed in terms of the hydrophobic interaction. Nevertheless, T AA
ions, including Me4N + and Et4N +, yield an excellent linear co rrela t ion of LlS~c with
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(B~ - 0.0025 V a) values, as shown In Fig. 5. The reason for this has not yet been
ascertained .

In conclusion, both the hydrophobic interaction and the sieving effect ma y
contribute to various extents to the behaviour of individual TAA ions in the tempera­
ture range studied.
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EFFECT OF TH E COMPON ENTS OF TH E CH ROMATOG RA PH IC SYST EM
ON THE ELECT ROKINET IC ST RE AM ING CURRENT GENERAT ED IN
LIQUID CH RO MATOG RAPHY CO LU MNS

R. VES PA LEC

Institute III'Analytical Chemistry, Czechoslovak Acudcm v of Sciences, 611 42 Brno ( Czechoslovak ia ]

(Receive d Janua ry 14t h, 19l\1)

SUMMARY

Electrokinetic streaming currents were studied in chromatographic systems
comprising two ditferent batches of silica gel and hexane-butanol mobile phases
containing water, acetic acid or picric acid . Th e sign and the magnitude of the basic
currents could be stabilized by rinsing the column with the mobile phase. The re­
quired volume s, 102 to 103 column dead volumes, depended on the history of the solid
phase . Var iati ons in the procedure for preparation of the silica gel influenced the
basic currents, solutes retent ions and respon ses. Irre versibly sorbed picric acid did
not affect solute retention. However, it did cha nge the response ra tios in d ifferent
mobile phases and increa sed the responses of some solutes to such an extent that they
could be detected at concentrations of hundredths of ppm. Th e electro kinetic effects
in liquid chroma tog ra phic system s ar e, therefore, influen ced by altera tions in the
quality of the solid sur face which need not be reflected in the ma ss equilibria .

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

INTROD UCTIO N

The measurement of electrokinetic strea ming currents genera ted in a chroma­
tographic column on passage of the mobile phase and at the separat ion of the com­
ponents of the sample has been described "? for liquid chromatography. However,
attempts to apply th is technique ha ve dr awn attention to certain problems associated
with the long-term stability of the basic str eaming current and response values .

Variations in the phase equilibria in the sur face layer of the solid phase, which
are mo st probably caused by variations in the composition of the mob ile phase or by
impurities in the injected samples, are manifested as an instability of the streaming
current. Experiments have shown that the source of the instabilities ma y also lie in the
differences in the properties of the solid phases caused by variations in their method
of manufacture and in their subsequent rinsing with the mobile phase.

In order to examine the effects of these var ia tions, two samples of silica gel,
prepared from one technological batch but differing in the final stage of prepar at ion ,
were used. The properti es of the mobil e phases were studied by varying the content of
water and by adding compounds which exhibit different acidit ies. Simple organic
compo unds having different functional gro ups were used as solutes.

0021-967J/ XI/0000 0000 /$02 .50 ,p 19XI Elsevi er Sc ientific Pu blish ing Company
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EXP ERIMENTAL

R. VESPALEC

A home-made a ppa ra tus was used for the chromatograph ic measurements. An
M e 300 plunger pump (Mikro techna, N.E., Prague, Czech oslo vak ia) with a pres­
sure-dam ping system acc ording to Locke" was lat er repl aced with a more suita ble
pul seless pump (Va ria n 1\500). Strea ming currents, from an isolat ed and electrically
screened stai n less-steel column:'. were led to a Vibron Model 33 C electrometric
amplifier (Electronic In strument , Richmond , Great Britain ) with an input resistan ce
of 109 ohms . A Siemens refractome te r was used as a reference de tector.

The viscos ity va riant o f th e filtr ati on techniq ue" was used to pack the columns
(200 x 4 mm ). Silica gel sam ples were suspended in cyclohexa no l- me tha no l (95 :5,
v/v) . Petrol-for-med ical purposes was used to transfer th e packing pressure of 25
MPa. Packed co lum ns were co ndi t ioned directl y with th e mobil e ph ase.

Both Silasorb 500 silica gel samples (Lac hema . Brn o, Czechoslova kia), with a
speci fic surface area of 500 ± 10m 2/g and a particle d iam eter dp = 10 .urn , were from
one technological batch . Aft er gra ding, one sample was treat ed only with dilute
hydrochloric acid (chloride-treat ed silica gel. " HCI" ). and th e o ther was rin sed ad­
ditionally with phosphate buffer, pH = 7, unt il the reaction for chlo ride ion s in th e
elua te was positi ve (phosphate-t reat ed silica gel, "PO~- " ). Both samples were
then was hed with a small volume of d istilled water and dried . Th e samples supplied
by th e manufacturer wer e not trea ted pr ior to packing.

Th e fund amental mobile ph ase, butanol-hexane (95 :5, v/v) , was prepared
fro m ana lyt ica l gra de chem icals. Mobile ph ases with higher wa ter co ntents were
o bta ined by sa tura ting a portion of the mobile phase wit h wa ter [a sma ll excess of
wa ter above sa tur ation (5-7 drops for I I) was ultrasonically st irred into a mil k-lik e
suspension which was sedi me nted free ly ove rnight] and by 'subsequent mi xing with
non-saturat ed mobile phase in th e ratio of 4 :1 (v/v) . Th e resulting wa ter co ntent was
not determined . Aceti c acid (HAc) of ana lytical grade was added to the mo bile phases
a t a con centrati on of 0.1 %(v/v) . picric acid (H Pi) at co ncentra tions of I and 10 ppm
(w/v).

The relat ive perrn itti vities and th e co nductivities of th e mobil e ph ases were
measu red by mean s of a Testa BM 484 semia utoma tic br idge (Tes la, N.E .. Brn o,
Czec hos lovakia) . A ca pacito r with a volume of 142 III and ai r capaci ta nce of 401 p F
(stray ca pa cita nce 10 pF) was a lar ger version of the dete ct ion cell of th e capaci ta nce
detector", Th e input filter of th e ca pac ito r was made of sta inless stee l and PTF E. Th e
relat ive permi tti vit ies of th e mobile ph ases va ried from 2.000 to 2.0 14. and could not
be correlated unambiguously with the contents of moder at or s (water and acid s).

So lutes of different o rigin, mostly of analytical grade. were injected through a
septum. But anol (BuOH), ace t ic acid (HAc), benzyl cyanide (BC) and 2-bromopyr­
idine (BP ) were used with out diluti on. Lauric acid (H La), p-nitrophenol (NP ), 5,5­
diethylbarbituri c acid (barbital , HB ), 5-ethyl-5-phenylbarbituric acid (phenobarbital,
HPB) and I ,2-d ibr omo-1 ,2-dichl or oeth yl dim ethyl ph osphat e (Naled, Na l) were in­
jected as so lutio ns in butan ol. o-Nitroani line (N A) wa s d isso lved in nitrobenzene
(N B).
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COIIIIIIII equilibration
At the beginning of the measurements with chloride-treated silica gel, the

degree of column adsorbent equ ilibration with the mobile phases was estimated by
the usual manner in chromatography: constancy of the capacity factors of the eluted
compounds. In the course of these meas urements, variations in the basic streaming
current and in the electrokinetic responses were observed, in agreement with ex­
perience. In some insta nces even a change in their sign was noted . Thi s confirms that
the usual procedure for the stabilizat ion of sorption properties of a chromatographic
system is not sufficient to stabilize the electrokinetic effects generated in them.

At first, rin sing volumes were measured on ly if a new component of the mobile
phase was introduced for the first time or if its concentration was incre ased . It ap­
peared (Ta ble I) that under the condi tions used the consumption of mobile pha se
never fell below hundreds of co lumn dead volumes . Since the rinsing volumes varied
markedly , it is ob vious that the volume of the mobile phase passed cannot alone be a
criterion for sufficient conditioning of the column from the viewpoint of the elec­
trokinetic phenomena, desp ite the fact that this volume surpassed by one order of
magnitude or more the volumes commonly con sidered as sufficient for the stabili­
zation of sorption properties of chromatographic systems. From the differences in the
required amounts of mobile phase it follows , however, that these volumes can serve as
a source of informat ion on phenomena associated with the sorbent equilibration.

In the final washing stage, the basic streaming current always changed very
slowly. Therefore. to ward s the end of the mea sur ements with chloride-treated silica
gel and during the whole set of measurements with phosphate-treated silica gel the

TAB LE I

CHARACTERISTI CS O F THE INV EST IGATED SYSTEMS

Moderator Conducti vity Relaxat ion Rinsing volume Basic current
(/lS j time ( I/O. 0/ column (pA j

( sec) dead volumes j
- - - - - _. _-- -- ._-- _.~--_.__._-._- -

HCI PO~ - net PO~ -
-_._----~--- -- ...__. -- -- - - - ._- . _--~-_._-_ .. _ ..

0.0002 4.0 350 - I to -4 1.1
H2O 0.0005 1.6 135 225 2.3 to 6.3 1.9

0.0002 4.0 - 2.3
0.0002 4.0 oto -1.3

HAc 0.0007 1.1 275 X25 51 0.8
HAc* 0.0007 1.1 31
H 2 0 . HAc 0.0009 0.9 875 6 5.7
H2 O 0.0005 1.6 655 - 1.4 12.3

0.0002 4.0 375 - 1.7 2.7
HPi (1)** 0.00 11 0.7 600 150 5.3 6.0
H20 . HP i ( I) 0.00 12 0.7 400 25
HPi (10) 0.00 13 0.6 275 900 15.6 15.2
H2 0 . HP i ( 10) 0.003 1 0.3 500 750 27 30
----_ .~ . . . ....._- -

* Measur ement repea ted after half a yea r and furth er rinsing of the co lumn.
** Figure in pa rentheses gives the concen tration of picr ic acid in ppm ; similarly in Tables III- VII.
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co lum n was was hed unt il the bas ic strea ming cur rent remained co nsta nt du ring the
passage of a t least 70 column dead volumes . Afte r the stabiliza tio n in th is way,
constant responses were a lways obtai ned to a ll the so lutes used, Instabil it ies of the
basic strea m ing current were successfully o bviated in a ll instan ces exce pt the fo llow­
ing two : when ph osphat e-treated silica gel was eq uilibra ted with mobile ph ases to
which water and ace tic aci d had been added, and in a nex t ex peri me nt where the
acetic acid was omitted and th e mo bile ph ase co ntai ned an addi tio n of wa ter only. In
th ese two insta nces the stepw ise cha nges of th e streaming cu rrent occ ur aft er the
injection of sol utes .

Responses generated hy the injection of samples
In a ll th e present chromatographic systems, posit ive exclusion respon ses7 were

recorde d up on inject ion of an y sam ple. A response is co ns idered as positi ve if it
results in an increase in th e abso lute magnitude of the positive st rea ming current or
a decrease in th e absolute magn itude of the negati ve st reaming cur rent.

The amounts of th e injected sam ples va ried roughl y from 0.1 to 3 mg, th e
inject ed vo lumes from 2 to 5/11 (Tabl es V and VI). Since th e electro kine tic responses
were taken directly from th e ch romat ographic column, th e ret ention data had to be
measured in a non-thermostatted co lumn at room temperatu re. Th e retentions were
cha rac te rized by the capacit y factor s. Butanol served as an un sorbed compound that
pro vides an elect ro kinetic signa l and was eluted , at the precision of these measu re­
ments, within th e sa me volume as th e un saturated hydrocarbon s in a ll the chroma ­
tographic systems investi gat ed.

The magnitudes of the electro kinetic respon ses, measured at a volume flow­
rate of 0.9 ml/rnin , were normal ized a t a concentrati on of 10 mg/ml and a volume
flow-rate of 1.0 m l/m in. The co ncen trat ions at the maxi ma of the eluted zones were
ca lculated for the mean or for the most frequent va lues of the retenti on s, assuming
tha t the va riations in the sha pes of th e zo nes ca used by devia tio ns in the reten tion
va lues or in the co m posit ion of th e chro ma tog ra phic system ca n be neglected to a first
approxi mation. T he ca pacity fac tors for which the co nce ntrat ions were ca lculated are
listed in Tabl e II , and the reten tion s and the res po nses a re summa rized in Tables 111­
V\.

TA BLE II

I NJECT ED A MOUNTS OF SOL UTES AND CONCENT RATIONS AT ZONE M A XIM A

So tute

But an ol
Ace tic ac id
La ur ic acid
Benzyl cyanide
2- Bromopyridi ne
Ni trobenze ne
o- N itroaniline
p-N itrophenol
Ba r bital
Phenobarbital
Naled

Injected amou nt
( mg )

1.62
2. 10
0. 242
2.02
3. 14
2.32
0.0966
0.09 74
0.OX55
0 .2 150

:::::0.1

Concent rat ion at
max im um ( 1111./ 1111)

15.3
3.6X
0. 70R
9.73
5.X4

I X.4
0.2 74
0.30 1
n. I I'oJ
(>.323

:::::1

Tvpical retent ion value,
k '

°2.3
0.30
n.RO
1.5
0.24
I.X
1.2
5.6
4.9
0.20
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'ABl E III

:APACIT Y FA CTORS OF SOLUTES ON S ILICA o ut, R IN S EO W IT H HC I

ioderator Basic curren t II Ac li La BC BP N B NA N P HB HPB Nal
(I'A )

- 1 10 - 4 3.0 0.47 1.2 1.9 0.25 2.9 2.7 7.0 0.30
:p 2.3 (1.3 A* 2.9 OAI (Un 1.2 0.23 2.2

- 2.3 I.X 0.31 0.93 1.6 0. 26 1.9 1.2 2.7 0.2 1
0 -1.3 U (UO 0.X6 I.5 0.26 I. ') 1.2 2.6 0.20

Ac 5 1 1.3 U** 0.X7 1.5 0.25 I.X 1.2 2A 0.21
Ac*** 3 1 A.U 0.23 0.X9 1.3 0.25 1.9 1.2 2.7 2.2 0.25
20 . HAc 6.0 2.2 OA2 0.92 I. : 0.26 2.3 2.4 5A 4.7 0.35

2° - I A ') , OA6 0.X7 1.2 0. 29 2.5 2.2 5.7 4.8 0.38_..'
- 1.7 1.7 0.4 2 0.X4 1.4 0.24 I. X 1.2 2.7 2.7 0. 19

Pi ( I) 5.3 1.7 0 .38 0.X2 1.4 0.2 4 I. X 1.1 3.0 2.4 0. 19
Pi (10) 15.6 2.6 0.30 0.X2 IA 0.25 1.7 1.1 2.8 2.8 0. 19
20 . HPi ( 10) 27.0 2.3 0.46 0.90 1.1 0 .25 2.2 2. 1 5.6 4.9 0.39

* Anoma ly in electro kinetic respo nse .
** Th e measu rement cannot be eva lua ted .

*** Measu rements rep eated after hal f a yea r and furt her rinsing of th e co lumn .

O ISC USS ION

Equilibrat ion of the system; basic streaming current
Reference measurement s of the relati ve perm ittivit ics and co nduct ivities of the

mo bile phases showed that th e for mer va lues were determ ined by th e precision of
addition of the butan ol. T he other component s on ly affected the co nductivity (Table
I). T he relaxat ion times of th e mobile ph ases were always so long that th eir effect on
the mea sured elec tro kinet ic strea ming currents co uld be neglected ".

Irregul ar Silasorb so rbent s a rc prepared from silicic acid of hig h pur ity. T he
samples of Silaso rb 500 tha t were used here were not trea ted hyd rotherm ally, nor d id
they co me into contact with other substances which co uld chem icall y mod ify the ir
surfaces . T he HCI and the ph osphate bulfer were a pplied under co nd it ions such th at
there was no reaction with th e silica gel surface . Both silica ge l samples studied ca n
therefo re be co ns idered as rela t ively pure silicon dioxide , th e surface of which should
be co nta m inated only with residues of HCl o r of the phosphate buffer and wa ter,
which are reta ined ph ysically.

Th e concentrations of both wat er and acetic acid in th e sta tio na ry ph ase could
be va ried reversibl y by adjusting the co mposition of the mobile ph ase. However ,
picric ac id was retained so st rongl y th at. even after th e pa ssage of 2000 ml of the
fund am ental mobil e phase (1000 dead vo lumes) through a co lumn th at had pre­
viously been eq uilibra ted with a mobil e ph ase co nta ining 10 ppm of picric ac id, no
change was observed in the magnitude o f th e ba sic st ream ing cur rent. In the hexan e­
but an ol (95:5) mobile ph ase th e so rption of picric acid ca n therefo re be co nsidered
as irreversible.

Rapid elut ion of picric acid from silica gel can be ach ieved. fo r examp le, by
using ethanol. Free inorganic ac ids, wh ich are stro ngly ioni zed in aq ueou s so lutions,
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can also be eluted with ethanol. They arc eluted in the dead volume (H .\P04 ) or ha ve
negligible retentions (HCI04 , HNOJ , H2S04 ) . The sodium or pot assium sa lts of
phosphoric, boric or hyd rofluoric acids could , however, not be eluted from silica gel
with pure alcohols. It follows that the ioni zat ion of free acid s is str ongly suppressed in
alcoholic media.

With a mobil e phase co nta ining wat er, phosphori c acid a nd 10 ppm of picric
Kid it was pos sible to observe the elution of HJP04 from the ph osphate-treated silica
gel by mea suring the electro kine tic stream ing current and even by refractometry.

It follows from the above experiment s that a certain ability to elute free in­
orga nic acid s from silica gel can be ascribed to a ll the mobile ph ases used . Thi s,
together with pre vious knowledge of the origin of electrical double-la yer s on th e
surface of silico n dioxide, makes it pos sible to de scribe qualitati vely some va riat ions
m the magnitude or in the sign of th e charge of th e electrical double-la yer on th e
surfaces of the pack ings tested .

T he conditions in the part of the liquid that is in direct contact with the solid
ohase are crucial insofa r as the surface charge is concerned . With a multicornponent
mobil e phase containing a large amount of hydrocarbon and with silica gel as
idsorbcnt , the liquid which is contiguous with the solid phase comprises the adsorbed
ayer of polar components; this may also contain compounds remaining on th e sur­
.ace from earlier treatments. It follows from the work of Scott and Kucera '! that in all
.hese systems a compact sorbed layer of butanol was formed on th e surface of the
solid phase. In the systems containing wat er or acid s the butanol layer was enriched
by these components! ".

T he surface charge of adsorbcnts of the oxide type, determined by the concen­
trat ions of H + and OH - , is dependent on the pH in aqueous media. The sign chan ges
on pa ssing through the isoelectric point 11. pH va lues of 1.3-3.7 or 3-5 are obser v­
ed 12 . 13 for th e isoe lectric point of silicon dioxide in water. In alc oholic media , Sial
gains surface charge by th e same mechanism as in water !", Alcohols, however , po s­
sess greater elect ronega tivity th an wat er) 4 and therefore the isoelectric point is ex­
oected to lie a t high er pH values. Thi s means that, at the same pH value , silica gel
gains positi ve surface charge (or increases it) on pa ssing from an aqueous to an
alcoholic medium. When substances capable of ionizing via the elimination of a
proton or hydroxyl group are present on the silica gel surface or in th e adsorbed layer,
it is necessary that these ionisation processes and their course in semi-aqueo us or
rlcoholic media should be considered .

The sur face of chloride-treated silica gel in a butanol medium gained a negative
cha rge (Table I). The gradual decrease in the magnitude of this charge with increasing
volume of the non-aqueous mobile phase passed can be explained by gradual washing
out of HCI. On pa ssage of a mobile phase enriched with water, th e content of water in
the sorbed phase increased. The establishment of the positive surface charge can be
ascribed to dissociation of HCI and to the associa ted decrease in pl-l below the
isoelectric point. The rea son for th e establishment of the negative ch arge on th e
surface of silico n dioxide in a butanol medium in the pre sence of HCI is not clear.

In th e medium containing relati vely electronegative acetic acid , silica gel gains
a considerable positi ve charge. If wat er is added to the system, the co ntent of aceti c
acid in th e sor bed ph ase decreases with th e simultaneous increase in th e water
content. Both these processes lead to reduction of the positi ve surface cha rge. The
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increase in the concentra tion of hydrogen ions caused by the dissociation of acetic
acid in the presence of water is, bearing in mind the strength of acetic acid and pH of
the isoelectric point for silica gel, ob viously negligible.

Picric acid is known to ionize even in non-aqueous media. Thus its presence
can so reduce the pH of the butanol phase that the silica gel surface gain s a positive
electric charge. On increasing the acid concentration, this charge increases. In the
presence of water, the picric acid ioniz ation increases, which appears as an even
greater positive electric charge on the gel surface.

Th e systems containing pho sphate-treated silica gel behave differentl y. On in­
jection of samples, composite responses are often observed (Tables V and VI) similar
to composite signals generated almost simultaneously by differen t sou rces '{ . Such
responses cannot be ascribed to either the mobile phase or the manner of sensing the
electrokinetic signals, which was selected so as to elimina te the generation of re­
sponses caused by the interaction of the effluent with the sensing element!". They
must therefore be caused by the packing of the column. Th e variations in the magni­
tude of the. basic streaming current after the injection of samples, observed , for
example, in the system containing the mobile phase enriched with water and acetic
acid, can also be ascribed to the sorbent. Rinsing of the silica gel with a small volum e
of distilled water after the application of phosphate buffer , used in the final stage of
the preparation of the sample, does not ensur e the qu anti tat ive removal of the pho s­
ph ate .

Dobias16 found that, with incompletely soluble so lid phases of ionic char acter
(BaS0 4 , CaF2) , the potential-determining ions are the grid ions. Th e solubility of
salts is very limited in alcoholic media. Moreover, the amount of the salt that can be
transferred into the layer of the sorbed liquid is limited a lso by the volume of this
liquid. It can therefore be assumed that solid residues of the buffer on the silica gel
surface behave in the same way as an incompletely soluble ionic pha se and may be an
independent source of the streaming current.

A characteristic of the phosphate-treated silica gel is that it is positively charg­
ed in all the systems. From the increase in the positi ve charge after the addition of
water to the mobile phase, which was always observed, it can be concluded that acidic
components from the preparation , capabl e of ion izing easily, are present on the
surface of the sample. The addition of acetic acid, which reduced the amount of water
in the sorbed phase and suppressed, by its higher electronegati vity, the ionization of
these components, reduced the positive electric charge on the gel surface.

The addition of picric acid had the same effect as in the systems with chloride­
treated silica gel. The similar ity in behaviour of this compound and in the magnitudes
of the basic streaming currents found in comparable systems suggest that of all the
moderators tested picric acid possesses the strongest ability to affect the electric
relationships at the phase interface. It can therefore be recommended for standard­
ization of electro kinetic phenomena in comparable chromatographic systems or , at
leas t, for the suppression of differences between them .

Retentions and responses of solutes
Model solutes were mostly selected to represent compounds of different types.

It is seen from Tables III -VI that the d ifferences in the mobile phase composition and
in the history of the solid phase affect the values of both retention and electrokinetic



ELECTROKINETIC STREAMING C U RRE NT IN LC 21

response. Furthermore, the retent ion s and electro kinetic responses of different solutes
are influenced by the variations in the properties of the chromatographic ph ases in
different ways.

Regardless of the treatment of the silica gel, the addition of water to the mobile
phase had a significant effect on the retention s of hydrophil ic solutes or of com­
pounds having markedly hydrophilic gro ups (aceti c and lauric acids, barbiturates, p­
nitrophenol), the retenti ons increasing by more th an 100 %. The retent ion s of 0 ­

nitroanil ine, 2-bromo pyridine, benzyl cya nide and naled cha nged by 20-60 %, but
there was almost no effect o n the retention of nitrobenzene. In the major ity of cases,
the mode of silica gel treatment was reflected in the absolute values of the retentions.
The relati ve chan ges in retention cau sed by the variations in wate r co ntent in th e
rrrobile phase were, how ever , pract ically inde pende nt of the treatmen t.

The influence of acetic acid depended significantly on the treatment. In the
chroma tog ra phic systems with chlor ice-treat ed silica gel, acetic acid affected the re­
tenti on s of only two solutes : acetic and lauri c acids . In the system s with phosphate­
treated silica gel, the addition of aceti c acid caused multiple changes in the retentions
of some compounds. The magnitude and the character of these changes also de­
pend ed on the presence of wat er. Picric acid had a significant effect on the ret entions
only of acetic and lauri c acids , this being more mark ed in the systems with pho sph ate­
treated silica gel.

Th e differences in the retentions caused by the differ ences in the tre atment of
the so lid phase are surpr isingly lar ge, amo unting to ±80 % for some so lutes in
comparable systems (i .e., in systems with the same mobile pha ses). Desp ite this the y
usually do not play an important role in practi ce. Providing so lutes of the same or
related type are separa ted, the retent ion values can be adju sted by varyi ng the mobil e
phase compos itio n. The differences in reten tion which are some times found on silica
gels of different type or on products of different origin are usually explained in term s
of discrepancies between the declared and actua l specific surface areas , differences in
the structure and size of pores or varia tions in the degree of sur face hydrat ion. Th e
results discussed a bove and th ose in ref. 8 show, ho wever, that another possible
reason may be differences in the mod e of preparat ion of the silica gel.

Th e varia bility of the electrokinetic respon ses and their dependence on both
components of the chro ma togra phic system is grea ter than in the case of retention. It is
useful to interpret in term s of electrok inetic responses the variations in the streaming
currents caused by a reversible short-te rm cha nge in the mobile pha se composition",
Constancy of the basic streaming current ca n be considered as evidence of the sta­
bility of the relat ion ships at the phase interface between consecuti ve injections of
quantitati vely eluted so lutes. Two factors determine the value of the electrokinetic
resp onse : the relationships at the liqu id- solid ph ase interface, and the short-term
changes in these relati on ships caused by va riations in the mobile pha se composition
ti.e ., by the solute concentrat ion pul se).

Th e relat ion ships at the phase int erface (ma ss and charge balance equilibria)
that are esta blished in the course of th e column equ ilibration evidentl y dep end on the
ability of the mobile phase to elute from th e surface of the solid ph ase the components
or their reaction products th at were captured earl ier , and on the ability of the solid
phase to bind to its surface the components of the mobile phase. These equilibration
processes and their dependence on the histor y of the solid ph ase and on the mobile
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phase com position can be deduced from the rinsing volumes and their varia tions
(Ta ble I).The influence of the qualit y of the solute on the electrok inetic response is
obvious (sec, for example, Tables III and IV), and the depend ence of the response on
the concent ra tion of the solute, der ived theoretically, was also verified experimental ly".

Slais and Kr ejcf deri ved the following relationship for the value of the elec­
trokinetic response

d l", = ~ . (cp j - CPo) . K F (I )
dr , D c~; d m

where (Ir is the streaming current (the measured electro kinetic response), C j

is the concentra tion of solute i in the mob ile phase, K is the conduct ivity of the mobile
phase, D is the mol ar diffusivity of the cha rge, cpj is the pot enti al of the outer plane of
the Stern layer comprising a mon olayer of the molecules of compound i, CPo is the
corresponding potent ial when the surface is not covered by compound i, Kd is the
distribution constant of compound i and F is the volume flow-rate of the mobile
pha se. The mobil e phase is thu s char acterized by the term Fm K/D, the sta tionary
phase and the solute by the factor (cpj - CPo) Kd/C~i' where c?j is the maximum interfac e
concentration of component i. For a selected chromatogra phic system (and for the
given solute) the right-hand side of the equation is consta nt.

It follo ws from this equ ation that if a column is rinsed consecutively with two
mobile phases, the respective basic streaming cur rents and responses to any solute
will be reproducible . However , aft er washin g the column with a mob ile phase con­
taining picric acid, the values that were measured initia lly co uld no t be reproduced on
replacing this pha se with the funda menta l mobile phase.

It is seen from Table VII tha t the int roduction of picric acid into the sta tionary
phase does not measurably affect the mass equilibria of the solutes listed, expressed in
terms of the ca paci ty factors. (The changes that were observed are within the limits of
experimenta l error.) There is essentia lly no difference betwee n the mechan ism of
genera tion of the basic streaming current and that of the solute response. Th e dif­
ferences in the magnitud es of the basic streaming cur rents in systems with the same
mo bile phases (lines I and 2 in Table VII) can therefore be explained, in terms of eqn .
I, by differences in CPo onl y, which is equiva lent to the cha nges in qu alit y of the sur face
of the solid phase. Thus, from electrokinetic phenomena in chroma togra phic systems,
not only electr ical relationships at the phase interface but also cha nges in the quality
of the solid phase sur face , which may not be revealed by mean s of adsorption measure­
ment s, can be evaluated.

Phosphate-treated silica gel when equilibrated by a mobil e phase containing 10
ppm of picric acid can, with respect to the adsorption strength of picr ic acid, be
considered as a solid phase of con stant quality in all the cases listed in Table VII. The
conductivities of butanol-hexan e, butan ol-hexane + 10 ppm of picric acid and bu­
tanol-hexane + 10 ppm of picric acid 80 % satur ated with water incre ase approxi­
mately in the ratio 1:7:15 (Ta ble I). However , the responses of none of the solutes
listed in Tabl e VII follow s this increase. On the contrar y, with the exception of 2­
brom op yridine, the mea sur ed respon ses decrease with increasi ng conductivity of the
mob ile phase. At the same time, the ratios of solute respo nses in different mob ile
phases vary .

The discrepancy between the response values found and the values expected
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from eqn. 1 ca nno t be explained by the changes in !Po ' As defined , the value of !Pi is
only dependent on the cha rge of the sorbed particles of the solute and on their
maximum surface density. The values of the retention s, Kd , and d ilTusivities, D, re­
mained consta nt". Sorption competitio n of polar co mpo nents of the mob ile phase
(water , picric acid) or of their ion s, which would be co ncent ration depend ent only,
could not chan ge the respon se rat ios of the vario us pairs of so lutes in dilTerent mobil e
phases so markedly. It is therefo re necessary to consider the specific elTects of minor
polar components of the mobile phase on th e ioni zation of so lu tes in non-aqueous
media.

The response data in T able VII are also interest ing from a practical sta ndpoint.
They show that by a suita ble modificati on of the relati on sh ips at the ph ase interface
and in the mobil e phase not onl y the sensitivity but also the select ivity of the elec­
trokinetic detection can be affected by orders of magnitude. Moreover , th at the modi­
acation need not be achieved only by a change in the chemical composition of the
stationary phase or its surface", but also by the add ition of compo unds th at can,
depending on the selection of mobil e phase, be reversibly ret ained. Th e dat a also
suggest that picric acid is a suita ble modifying compo und , and th at it is adva nta geo us
to work with a mobile ph ase containing the lowest possibl e amount of highl y polar
components.

In thi s context , the effect observed with ph osph ate-t reat ed silica gel and the
fundamental mobile phase is worthy of note. Upon inject ion of naled the responses
recorded exceeded by at least three orde rs of magnitude those obtai ned upon its
inject ion int o other ch rom atographic systems . Even though it was not possible to
dilTerent iate unambiguously the increase in the basic curren t fro m the respon se itself,
this obser vation suggests that some other, and perhaps more efficient, way of co ntrol­
ling the sensiti vity or selectivity of the respon se ca n be found than that which follows
from, for example, eqn. I or by use of picric acid .

CON CL USIONS

Thi s work has show n th at electrokinetic ph enomena in a chroma tog raphic
system can be sta bilized by passing a sufficiently large amo unt of the mobile ph ase.
[he volumes required were always at lea st an order of magnitude grea ter th an th ose
isually considered to be sufficient to stabilize the ret ention properties. In th e systems
:ested, these volumes never decreased below hundreds of column dead volumes. Th e
i ist or y of th e solid phase, i.e., the mode of its preparation , th e indi vidu al operations
issociated with application of the sorbent and th eir seq uence have a significant in­
luence on the volume of the mobile ph ase required for sta bilizing the electrokinetic
ohenomena.

However , the sta bility thu s obtain ed does not ensure th at the initia l sta te can
)e rep roduced precisely after executing any cycle of co lum n operat ions . Th e experi­
nents with picric acid show tha t the rea sons for this lack of reproducibility should be
ound in the limited ability of the mobil e phase to esta blish equilibria amo ng all the
components in both chro matogra phic phases. The sta nda rdization of electro kinetic
ihen orn ena in chromatograph ic systems thus remains an unsolved probl em.

The varia tions in the strea ming current , o bserved duri ng the eq uilibratio n of
ilica gel samples with vario us mobile phases, ha ve been explained q ualitati vely.
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Although the explanation invo lves some assu mp tions that could not be verified in the
present wor k, it is consis tent for both silica gel samp les and can be used to describe
even the systems with picric acid.

The washing of silica gel with pho sph at e buffer led, in chromatographic sys­
tems with the same mob ile phase, to varia tions in solute retent ions of up to ± 80 %.
Together with previou s results", th is shows that even sma ll differences in the silica gel
preparation can result in considerable variations in the sorptio n select ivity of the
final product, even when the specific surface area, pore volume and degree of surface
hydr at ion do not cha nge.

When interpreting the responses, in addition to the quality of the surface of the
solid phase, it is necessar y to consider also the interacti ons of the solutes with the
components of the mob ile phase during the formation of ions in the so lutio n and at
the phase interface. Th e content of highly po lar components, which ionize or can
affect the ionization of the solute, has a significant influence on the resulting elec­
trokinetic phenomena. Both these effects complicate the standardization of the elec­
tro kine tic respon ses and their application to detection pu rposes.

On the ot her hand, these dependences pro vide information on the quality of
the solid phase surface and probably also the ionizat ion phenomena in non- aqueous
media tha t cannot be obtained by sorption measurements. Th e dependences of the
electrokinetic phenomena on the qual ity (purity) of the solid phase surface and on the
changes in the mob ile phase composition, which are negligible from the viewpoint of
retention, can also be used for detection purposes.

By the addition of picric acid, and apparent ly also of some other compou nds,
the sensitivity of the detection can be increased substantially and also its selectivity
can be improved. For instance , for some tested solu tes the increase in the response
was so high that at the minim um detectable cha nge in the current, I . 10- 14 A, which
is easi ly accessible, these compo unds cou ld be detected in concentrat ions of hun ­
dredths of ppm.
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SUMMARY

A method is described which allows a rapid, direct, gas chromatographic
head space analysis to be made on capillary columns, The procedure incorporates a
simpl e concentration stage, on a conventional packed pre-column, such that minor
components present in headspace vapours can be dete cted, The method is illustra ted
by reference to tobacco and other samples of plant origin.

INTRODUCTION

Gas chromatographic (GC) headspace analysis is now frequently used to ex­
amin e the volatiles associated with a wide range of samples including foods" , be­
verages' , tobaccos-':", biological fluids't" and pol ymersv", Such analyses may be
used , in conjunction with other techniques such as ma ss spectroscopy, as a means of
chemical identification or for obtaining characteristic "fingerprints" of samples in a
procedure commonly known as "profile analysis". Whilst the use of chemical identifi­
cati on in flavour related studies is self evident, profile analysis? is used to correlate the
" fingerprint" GC traces with the properties of the sample concerned . Such methods
have been used in disease diagnosis I 0 , 1 1, investigation of medical disorders12.!3, food
quality evaluation'< -' " and air pollution stud ies ' P-! ".

Generally headspace vapours are complex mixtures containing chemicals over
a wide range of concentrations, Satisfactory GC an alysis requires good resolution to
sepa rate the components of the mixture and high sensitivity in order to detect those
components that occur only at a low concentration . These requirements are generally
met by using capilla ry column chromatography and employing a concentration stage
prior to analysis. Several ditTerent methods of etTecting a concentration of the head­
space vapours ha ve been reported! 8 including the use of a transevaporator ' " and
more commonl y, carbonaceous/P'<' or porous polymeric ad sorbents22,23. These
meth ods ma y be called " indirect" as the y involve a primary concentration of head­
spac e vapours, usually carried out remote from the gas chromatograph prior to a
desorption stage and finally chromatographic analysis. The tedious and sometimes
length y procedures, oft en using large quantities of sample, involved in the concen-
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Fig. I. Headspace sampling accessory asse:nb led on a gas chromatograph.

J. D. G REE N

tration stage led to the development of an essentially direct method. In this direct
method, which uses the specially designed GC accessory '" illustrated in Figs. I and 2,
the headspace vapours are swept from the sample onto the head of a cooled chroma­
tography column where the volatiles are trapped and therefore concentrated . Once
sufficient sample has been collected on the column, GC analysis is initiated . This
procedure however, in its originally reported form, was applicable only to packed
columns; the analyses obtained therefore lacked the necessary resolution required for
either successful mass spectroscopic identification of individual components or com­
pletely satisfactory profile analysis .

GAS
CHROMATOGRAPH SAMPLE TUBE HOU SING

SAMPLE CHAMBEP.

"-............;~~--;lnmmii:~~~~.:-:·: :
:.:.:.::::::::::;:::: ::::;:::::: : :.::, :..: : :::::::::::::::::::::'

o
I ! ,

Scale (em)

Fig. 2. Sect ional d iagram of sampling accessory.
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Meth ods of ob ta ining direct hcudsp ace an alyses usin g capillary co lumn ch ro­
mat ography ha ve been rep orted a nd sui ta ble a ppar a tus is co mme rcia lly avai la ble.
However , co ncentra tion sta ges, essenti al if minor co mponents are to be detected , are
not invo lved nor a re th ey eas ily incorpora ted in th ese methods an d, as a resu lt, only
the principal com ponents of th e head space va po urs figure in the results o btai ned .

T he meth od descri bed here allows a rapid, di rect , GC headspace ana lysis to be
made on ca pillary co lumns . T he prin ciple of this method invol ves using a sho rt
conventiona l pack ed column immed iat ely befor e th e ca pillar y co lumn. The sa mple
capac ity of the packed pre-co lumn is used for co llecting and co nce ntra ting the head­
space va po urs prior to t he ca pillary co lum n, with its superior resolving and separa t­
ing power being used fo r the a na lysis .

EX PERI M ENTA L

Appara111.1

A Perkin Elme r gas ch rom at ograph with a sub-a m bien t faci lity and a flam e
ionisa tio n de tecto r was used throughout th is investigat ion . T he specially design ed,
GC hcad space sa mpling accesso ry, descr ibed elsewhe re/" . was used in co njunction
with the chro matogra ph and th erefore no specia l ca pi llary injecti on system is re­
quired .

A suppo rt-coa ted o pen tubular (SCOT) glass ca pillary co lumn (61 m x 0.5
mm 1.0 .) co at ed with SP 2250 a nd supplied by Scientific G lass Eng ineering (L ondon ,
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Fig. 3. Schematic repre sentation of gas chro matographic apparatu s to a llow direct sampling of headspace
vapo urs using capilla ry co lumns. AV = Atm osph eric vent, CC = capi llary co lumn, CO = chro matograph
oven, D = detector, FC, /FCz = flow cont ro llers, M G = make-up gas, NV = needle valve, P, /PZ =
pressure gauges , PPC = packed pre-colum n, SA = sampling accessory (ref. 24) and VdV2/VJ = on/o ff
valves.
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Great Britain), was used and wherev er possible glass lined stainless-steel tubing to
co nnec t pre- column to ca pilla ry and capilla ry to detector.

The pre-column (4 em x 3 mm 1.0.) was packed with 4 ~'<; SP2250 on Ga s­
C hro m Q (80 -100 mesh ) and assembled between the injector block and the ca pillary
co lumn. A gas st rea m splitter, adj ustable by means of a needle va lve, is incorpo ra ted
between the pre-column and the capillary column. Thi s, together with the usual GC
flow cont rol s allows a suita ble proportion of the sa m ple to be presented to the capil­
lary column (see Transfe r ofsamplefrom pre- column to capillary column swhilst main­
taining the optim um flow of ca rrier gas th rough the capill ar y co lumn during the
an alysis.

High pu rit y nitrogen was used as the ca rrier gas th rou ghout these stud ies.
The appa ra tus is illust rated schema tica lly in Fig. 3, the labelled co mponents of

which will be referred to in following sections.

S ampling procedure
The sa mple, typ ically bet ween 0.5 and 3.0 g for solid sam ples, is placed in the

sam ple cham ber of the gas ch romatographic hea dspace sampling acces sory (SA)
where it is equilib rat ed to the tem peratu re required . With a ll the gas flows off (va lves
V l ' V2 an d V3 clo sed ) the pre-column (PPC) is cooled to - 60"C with so lid carbon
di oxide or liquid nit rogen. If more convenient , the whol e ove n ma y be cooled to
- 60"C. A gas flow, contro lled by using a flow co ntroller (FC2 ) , is then initiated
(valve s V2 and V3 open) so as to sweep the headspace from the sam ple and onto the
pre-column (PPe). A flow-r ate of 25 cm ' min - t fo r 10 min usually resul ts in sufficient
volat iles from the headspace of th e sam ple being condensed , as a discrete plug, on the
initial millimetres of th e pre-column to o btain a sa tisfactory G C tr ace. Alte rna tive
sam pling times and flow-rates ma y be used if req uired fo r particular samples . Th e
needle valve (NV) may be adjus ted to a llow practi cally all the sampling gas to pass
out th rough the atmos pheric vent (AV).

Transfer of sample fro m pre-column to capillary CO IIl IJl Il

After the flow of ca rri er gas used to sweep the headspace vapours from the
sa mple has been sto pped (by closing va lves V2 and V3) the ove n is heat ed to the initial
temperature of the chromatographic programme so as to vapo ur ize the co llected
sam ple and prepare for th e ana lysis. If o nly the pre-column ha s been cooled in order
to tr ap th e sample, with the oven kept at the initial temperature of the chroma togra ph­
ic programme, then clearly it is only th e pre- column which needs to be heated . Once
thermal equilibri um has been obtained in the ove n the carrier gas is red irected a long
its usu al course (va lve VI open) using the inlet gas pressure ( ~650 kPa) to flush pa rt
o f the co llec ted sample ra pid ly through the pre-colu mn and onto the capillary
co lumn. The frac tio n of sam ple presented to the cap illar y co lum n ca n be cont rolled
by operation of th e needle valve (NV) which adju sts the split that a llows the
va pourized sam ple to be divided between the ca pillary column (CC) and the at mo­
spheric vent (AV). T his pressuri zed "inject ion " , which occurs rapidly, (th erefore int ro­
du cing th e sa mp le to the ca pilla ry column over a very short time spa n) is followe d by
initi at ing the anal ytical run and adj usting, if necessary, the needle va lve to a pre­
viously determ ined position in orde r to obta in the optimised flow th rough the ca pil­
la ry co lum n for efficient separation .
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The method described ab ove is dir ect in as much as th ere is no handling of the
collected head spacc volat iles betwee n the co ncentra tion and ana lytical stages . Th is
minimises the possibility of artefact for ma tio n.

The headspa ce vapo urs are collected on essentially the same material with
which they come into contact during the gas chromatogra phic an alysis, again th is
results in a minimisation of artefact formation .

The meth od is rapid req uiring only a min imum of sample prepara tion and
short sampling times.

The selectivity of some ad sorbent s commonly used in th is type of ana lysis is
well-known; the cooled pre-column used for concentrating the head space vapours in
this work result s in complete retention of the volatiles. This ha s been shown by
leading the atmos pheric vent gas flow during the sampling tim e through a non­
specific det ector which resulted in no signal being recorded. Furthermore there was
no evidence to suggest th a t the pre-co lumn retain ed any of the trapped volatiles und er
the conditions of the pressuri zed " injec tions".

Th e apparatus described above ha s been used to examine a number of sam ples
of plant ori gin where enrichment of the headspace vapours is essenti al if sa tisfacto ry
chromatograms are to be obtained . Th e chro matogra phic detail s are given in Tabl e I.

Three different to baccos, eac h with its own post-har vest cur ing treatment (air
curing, flue curing or fire curing/ '] were sampled in shredded form (3 g of eac h) and
analysed according to the described procedure to obtain the fingerprint chromato­
grams given in Fig . 4. Visual inspection of th e chroma tograms sho ws qualitati ve and
qua nt ita tive d ifferences especially pronounced in the case of the Lataki a tobacco
which is cured in an atmos phere of smo ke fro m which it adsorbs the volatiles.

Th e second applica tion of the techn iqu e, illustrat ed here in Fig . 5, involves the

TA BLE I

CHRO MATOG RAP HIC D ETAILS

Sampling details
Amou nt of sample
Sampling tem perature
Sampling time
Flow of sa mpling gas
Temperat ure of pre-colum n

Analy tical details
Instrument
Pre-column
Pre-column pack ing
Capillary co lumn

Capi llary co lumn coating
Tempera ture pro gramme
Ca rrier gas flow
Inject ion block tem per ature
Detector

;;.3 g de pend ing on sam ple
75"C
10min
25 cm' min - I
- 60"C

Perk in Eitn er F I7 filled with sub-am bient tempera tu re facility
4 em x 3 mm J.D . glass
4 % SP2250 on G as-Chrorn Q (80-100 mesh)
SCOT, 6 1 m x 0.5 mm J.D. glass supplied by Scientific Gl ass
Engineering
SP2250
+60"C for 4 min then 3"Cjmi n to 200"C
2.5 em:' min ' I

250"C
Flame ionisa tion
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Fig. 4. Heudspace chro matog rams or cured tob acco samples.

headspace of three fresh ly-picked herbs : rosem ary. sage and mint. In co ntrast to the
tobacco sa m ples. which co ntai n only sma ll amo unts of moisture partl y as a result of
the dryi ng that occ urs dur ing curi ng. the he rbs co ntained substan tia l amoun ts of
mo ist ure . Nevert he less satisfactory ch rom at ogram s were obtai ncd fro m samples of
approximate ly 100 mg. being a single lea f in the case of sage a nd mint an d a small
sprig in the ca se of rosemary.

CONCL USIO S

The method and apparatus described above provide a co nve nient route to
o bta in ing head space chromatograms or sa m ples where an enrichment stage pri or to



SAMPLIN G M ETH OD FOR GC H EADSP AC E ANA LYSIS 31

Recorder
response

Rosemary

10

II I
30 ,~. ~

Aetenli on time (min )
4050

Recorder
response

Sage

- j I j
L J .JIll

50 40 1.1 .'0

Retent ion lime (min)
10

Reco rder
response

Mint

60 50 40 30 70

Retention time (m in I
'0

Fig. 5. Hcadspacc chromatograms of freshl y-picked herbs.

analysis is req uired . T he exam ples ci ted show th a t th e tec h niq ue ma y be use d success­
full y with both fresh a nd pr ocessed mat erial of plant o r ig in, a ltho ug h th is is by no
mean s th e limit o f its appl icabilit y. W ith sa m ple handling kept to a minimum the
method is conveni ent and th e possibilit y o f art efact format ion is reduced.
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SUMM ARY

A microprocessor-controlled instrument, able to pilot pumps, solenoid valves,
fraction co llectors as well as any other electrica l appliances, was designed to improve
the efficiency of our preparati ve liquid chromatography equ ipm ent. Facilities to select
buffers, load samples, generat e linear gradient s and modulat e the programmed elu­
tion processes by posit ive feed-back intera ction with up to eight on-l ine det ectors
were included in the software. As man y as 50 co nsecutive instructions ma y be pro­
grammed as simple coded mnemonics and executed on the 16 par allel output lines
with respect to actual time and/or external feed-back signa ls. Sets of instructions may
be sto red on tape cartridges using a normal tape-deck . The main improv ements
brought about by use of thi s technology are grea ter reproducibility of elution patterns
and improved resolution of the det ected peaks. An application to th e fractionation of
protein from human seru m is described and differences bet ween meth ods ar e dis­
cussed.

INTROD UCTIO N

In most of the laboratories where proteins are purified, liqu id chromatography
(LC) is often used. During the last decade, major improvements in the design of LC
equipment have resulted in a new generation of sophisticated columns, applicators,
fract ion collectors and detectors ha ving increased efficiency. LC gels are now
available as bead ed , cross-l inked matrices and derived products for ion -exchange or
affinity chromatography' <", The strengthened st ructure of these gels insures stable
hydrodynami c properties and prevent s large volume var iations upon pH or ionic
strength cha nges", Thus, the y ma y be regenerated within the column. Th is is man-

.. Pr esent add ress: lnstitut de Recherch es R. Bosch SA, C H- I027 Lonay, Switzerl an d .
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dat or y for full a uto mation, wh ich ma y now be co nside red for the prepa ration of most
proteins.

Us ing programmable flow selecto rs to perform the seq uent ial steps of LC,
a uto ma tic loadin g of sa m ples, elutio n with seve ra l bu ffers as well as regeneration
processes may be achieved":". However , so me events ca nno t bc programmed in ad­
va nce, for exa mple those act ions taken co nseq uen t upon the resul ts obtained. such as
the modificati on of an elution process with respect to the current elution pattern .
Such feed -back interact ions ca n more easily be di rected by a microprocessor since
full-time survey of long last ing ex peri ments by lab or at or y stall is uneconom ic and
tedious.

T he aim of th is work is to impr ove the man agement (a uto ma tion of systems)
and the ove ra ll efficiency of LC techniques (modulation of elution processes by feed­
back). To thi s end we ha ve des igned and bu ilt BID U LE I, the first prot ot ype of a
" Bas ic Instrument Directing Una ttende d Laboratory Equipment" .

MAT ERI AL S

LC equipment
Th e liquid chromatography columns were obtained from Pharrnacia (Uppsala ,

Swede n), Ch eminert connect or s and valves fro m Lab orat or y Dat a Contro l (Ri viera
Beach, FL, U.S.A .). the T ype 311 and 332 miniature clectrov a lves from Huba Con­
trol (Wiirenl os, Argov ie. Switzerl and ), the UA-5 UV det ector from ISCO ( Linco ln,
N E, U.S.A.) and the COM 2e co nd uctivity meter from Radi om eter (Copenhagen,
Denmark) . Th e D E-52 cellul ose was a product from Wh utm an (Maids to ne, Great
Brita in), chemicals were reagen t grade fro m E. Merck (Darmstad t. G .F. R.) and
dist illed , pyrogen-free wat er was supplied by the Hopital Ca nto nal Universi ta ire.
Hum an ser a for ro utine ana lysis were co llected in o ur laboratory, then pooled and
sto red at - 2S'C.

Electronic components
The MCS-85 System Design Kit and correspond ing integrated circu its were

purchased fro m Int el Corp. (Sa nta Clar a, CA, U.S.A.), the DL-141 6 four-digit , six­
teen-segment alphanumeric displ ays from Litroni x (Hitchin, G rea t Britain ), the
HCBB 75-W power sup ply fro m Power-On e (Cam arillo , CA, U.S.A.), the cases fro m
Elma Electronic (Wetzik on, Zurich, Switzerland), the F-104 rela ys from Siemens­
Albis (Die t iko n, Zurich , Switzerland), and optoco uplers and othe r electro nic com­
pon ents in co mmon use from local dealers .

M ETHODS

Chrotnatographv ofpooled normal human sera
,D E-52 cellul ose was recycled as descr ibed by the manufacturer and equili­

brat ed in 20 mM Tri s-HCl buffer. pH 8.2, dega ssed und er vac uum. It was then poured
int o a co lumn (70 x 1.6 ern) equipped with reser voir and scdi rnented at 32 mljh
ove rn ight, to yield a 63-cm bed of pack ed anion exc ha nger. An ada ptor was the n
fitted to the to p of the bed and the flow-rat e adj usted to 16 ml /h, A pool of sera was
dialysed three time s aga ins t ten vo lumes o f 20 mM Tris-HCI buffer, pH 8.2, and
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centrifuged for I h at 15,000 g. An a liq uo t (10 ml) o f th e dialysat e was loaded o n
the top of the column. The column was washed with equilibration buffer to recover
unad sorbed pro tein s, a linear gra d ient from 0 to 0.3 AI NaCI in 20 m!H Tris-HCI
buffer. pH 8.2, was a pplied usin g either th e sta nda rd two-vessels, sipho n and mag­
net ic st irre r method ? or by the gra die nt genera to r o f th e pr ocess controller, as
described below .

Design and construction of the process controller
llardware, BID UL E I (Fi g. I) is a modul ar control unit for an y co m bina tion

of up to sixteen inde pende nt electr ica l a ppliances. It works like a n array of pr ogram­
mabl e switc hes piloted by a quartz clock . T he cho ice of the microprocessor wa s very
limited since o ur development facilit ies included o nly an Int el 8080 based computer
terminal and a cross-a ssembler fo r thi s famil y of processors. Basically, BID UL E I
compri ses a n Int el devel opment kit fo r th e microprocessor 8085, as sho wn in Fig . 2.
Thi s kit was chosen since it includes almost all the clements needed : central proces­
sing unit (CP U); 2-kbytes erasable programmable read-on ly memory (EPROM) for
the int ernal control program; 512-bytes random access memory (RA M) for user 's
instruct ions; paralle l input /output ports for sixteen output and eight feed-back input
lines and a timer to control the clock. In add it io n, it was on e of th e few kit s which
contain a 24-key keyboard and a di splay directly controlled by a dedicated circuit.

This ch oice allowed us to minimize hardware development. Minor modifi­
cat ion s of the kit include the relo cation of the six-d igit, seven-segme nt display (clock)
and key bo ard up on the front a nd keyboard panels of the ca se, the addition of a
twelve-di git, fourteen -segm ent a lpha nume ric displ ay fo r the listings o f the user 's pr o­
gra m a nd fl ags, as well as th e implantation of o ptoco uplers in th e o utput and input

Fig. I. BID UL E I pro tot ype as current ly used in our laborat or y.



36 D. BER G ER . B. G ILLIA RD

256 bytes RAM 256 bytes RAM

'-----------i counter/I imer counter (unused)

I/ O I/ O

Fig . 2. Block diagra m of hardwar e.

ports to protect the electronic compon ents from external dam age. Th e building and
mod ificati on s of the kit were performed accord ing to user's manuals":". A remote
relay-box conta ins the power supply to sa tisfy the requirements of the electri cal
appliances to be used and is connected to BIDULE I th rough up to 25 m of mult iple
pole cable. The sta te of the input/o utput ports is continuously mon itored by a row of
light-emitting diodes (L ED) on th e front pan el of both BID UL E I and th e relay-box.
Facili ties olTered by BID UL E I include on/off functions, genera tion of impulses and
grad ien ts as well as feed-back co ntro l of the processor by interna l or externa l even ts.

Sojtware, The interna l softwa re is written in ASSE M BL ER I 0, and is divided in
two distinct parts.

(I) A kind of editor specially designed for BID U LE I which allows the user to
give task-oriented instruction s to be either immedia tely exec uted or stored in RAM
memories for de layed execution. Short instructions control the state of BID ULE I
and are used to start or stop the clock, to enable or disable the feed-back syste m and
delayed exec ution and to read/write the user's prog ram fro m/ to a conventional tape­
deck. The other instructions describe the state of the output ports with respect to time
an d/or cha nges in the sta te of the feed- bac k input lines. These instructions have the
same twelve-ch aracter format, which may exceptiona lly be truncated on the right­
hand side . The first two character s define the type of th e inst ruc tion and are used to
enter a set of instruction s, to select feed-bac k registers, to modi fy immed iate ly the
sta te of the output ports or to clear a ll or part of the RAM memory. The next six
ch ar acters are reser ved to set the time at which th e instructi on has to be executed or to
upd at e the clock . These are followed by two characters used to define functions and
th eir param eters which control the state of the output ports. These are usually on /off
fun ction s, genera tion of impulses or gra dients . The last two cha racters ind icate which
of the sixteen output lines is concerne d with the instruct ion. Exte nded error checks
are prov ided to avoid the execution of illega l orders and th e corresponding flags are
displayed as descr iptive wo rds for co nvenience. Ed it facilities such as "clear", " list"
and " back-space" insure ease of correction, insertion or deletion of instructions
within a program or of characters within an instruction.

(2) In tern al software co ntrolling th e del ayed exec ution of the inst ruc tions de­
scribed abo ve, with respect to the actual time displayed by the clock and the feed­
back signals. Every time a new instruction is entered through the keyboard, BID UL E
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I checks for immed ia te or dela yed execution. In the latter case, the instruction is
stored in the RAM memory. If the delayed execution mode is enabled, BID ULE I
scans the stored instructions ten tim es a second, checks for conditions of execution
and finally executes, or continues the execution of these instructions. The imm ediate
execution of an y instruction is always possible.

APPLI CATIONS TO CH RO M ATOG RA PHY

The facilit ies offered by BID ULE I in th e management of liquid chromato­
graphy systems ma y be placed in the following ca tegor ies.

Onloffselectors. The programmable on /off functions a re used to sta rt or stop
pumps, detectors, chart recorders, fraction collector s as requ ired , at an y tim e within
the ra nge of the clock (99 h, 59 min , 59 sec) or according to external events. Two-way
soleno id valves are also piloted to open or clos e different buffer reser voirs and to
inject large samples, via T- shaped now connectors. Three-way so lenoid valves are
used to divert flows from the ma in line, or to select one from two streams of so lvents.

Impulses. The generation of single impulses from 0.1 to 25 sec allows one to
pilot rotating valves and fraction collectors, and to inject very sma ll samples without
having to use sample loops and ded icated sample injection valve s.

Feed-back . Up to eight parallel analogue feed-back input lines are used to
connec t extern a l detectors such as a photometer, cond uctivity meter or pH meter.
The signa ls are compared to a preselected threshold level (Fi g. 3). If the signal poten­
tial crosses the threshold the programmed inst ruction is executed. Thi s instruction

1,-- - - --- - - - ---,

(ij

c..
o
a.

Va - - -----,

)
--k---

~
ti me

Fig. 3. Ge nera tion of feed-bac k signa ls. T he thr eshold potential , Va (broken line). is chosen at a given level
between 0 and IOO/.'. of the full sca le. As th e input signa l (heavy so lid line) crosses the threshold at times I [

(ac tivation) and I , (base return) the feed- back instructions programmed and sto red in register s A and Bare
executed . respectively.
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ca n be a jump of th e clo ck to any given new tim e and/or any other sta nda rd instruc­
tion described a bove. T wo inde pende nt feed-back signa ls a re recogn ized on eac h of
the inp ut ports : th ese a re " ac tiva t ion" (inc reasing pot en tial across th e th reshold ) or
" base return" (dec reasing pot ent ial across th e threshold ) signa ls which res pectively
detect the beginning and end of peaks during chromatogra phy. In additi on, an inter­
nal softw are loo p sim ula tes extern al feed -back signa ls. This al lows recyclin g of pro­
grams or jumps of the clock to avoid execution of a segme nt of program .

Gradients . Linea r gradients a re gene ra ted by pumping increasing amounts. y.
of so lvent Y in proporti on all y decreasin g amo unts. .v, of so lvent X. step by step as
show n in Fi g. 4. Th e electr ic pul ses applied to the so leno id va lves genera te a stai r-like
grad ient resul t ing in a conti nu ou s linear inclined plan e of the same slope beyo nd an
appropria te mi xing cham ber. Thi s sta ir climbs from th e initi al level, No. to the final
level, N n , throu gh 11 - I intermedia te levels. N; (II-step staircase. 0 ~ i ~ 11, Fig. 4A).
T he length, L, of each step is a multiple of the length. C, of the pr ogrammed repet iti ve
cycle gene ra ting th e im pulses (Fig. 48)

L = 111 (' (I )

where III is a positi ve integer ( I ~ //1 ::S 250) cho sen fro m a table of 30 selected values.
The len gth , C, of a cycle de pends on the number . 11. of steps chosen, and on th e length
of the base t ime , z :

C = nz (2)

A
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relative t ime

Fig . 4.
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Fig. 4. Princip le of generation of linear gradie nts . A, Sta ir-like gradient showing steps , M i , of length L.
levels N; and du rat ion fro m initia tion (to) to achievemen t (t . ), as well as the mean slope ob ta ined beyond
the mixing chamber. B, Modulation of the slope through repetition of cycles Ci• n = Number of steps; m =
number of cycles Ci per ste p; Ci ;j = single cycles of impu lses, 0 ~ i ~ n, 0 ~ j ~ m ; C = length
of a single cycle C',f C, Generation of sequential cycles by the processor. z = Smallest increment of time
(base time = 0.1sec, see text) ; i = number of the cycle within the sequence, 0 ~ i ~ n; xi>Y; = pro portions
of solutions X and Y, respectively, delivered within cycle Ci;j"
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Since the respon se tim e of electromecha nica l components piloted by BIO UL E
I to generate gradients (electrical relays, so leno id valves) is the limiting factor of the
system, the base time was fixed to the lowest possible value allowing reproducibility,
i.e.. z = 0.1 sec. Thi s va lue determines the sma llest usefu l increment (Fi g. 4C). Th e
composition of each cycle with respect to both of the gradient con stituents X and Y is
given at any time , t .. by th e relati ons

C = Xi + J' i

Yi = i:

Xi = (11 - i) ::

(3)

(4)

(5)

where x, and J' i are the respect ive amo unts injected du ring the cycle Ci as illustrated in
Fig. 4C. The conditions for the initial and final levels a re th en given by )'o = 0 and
X II = 0 respectively. From Fig . 4A , we find that the duration of the gradient is de­
termined by:

III - 10 = n l. (6)

Substituting the L va lue from eqn. 1 and the C value from eqn. 2 into eqn. 6 we obtai n
the duration of the gradient with respect to the directl y programmable parameters
onl y :

til - to = 1/111
2

Z (7)

Both parame ters 111 and 11 can be selected through the keyboard. Th e number of
steps, 11, is ch osen before the grad ient sta rts and cannot be changed du ring gradient
generation (11 = 25 k , 1 ~ k ~ 10). The repetition factor, 111, of each cycle is selected
as a part of the instruction setting the gradient, and can be modified at an y time. Th is
factor allows the modulation of the slope of the gradient, either by standard instruc­
tion or by feed-back control. The shortes t grad ient po ssible lasts 62.5 sec (11 = 25, III

= I), the lon gest lasts 18 da ys, 2 h, I min and 40 sec (11 = 111 = 250)! Non-linear
co ncave or con vex as well as other specia l grad ients ma y be bu ilt from multiple
co nsec utive modification s of the slope and/o r j uxta pos ition of severa l consecut ive
gradient s. Arbitrarily, the value m = 0 indicates an instructi on which suspends the
evolution of the gradient (slope = 0), until another va lue is selected . Such an instruc­
tion allows one to modulate the development of a gradient with respect to the actual
elution pattern , using the feed-back signals from an on-line detector co nnected to
BIO ULE I , as shown in Fig. 5.

EXA MPLES OF APPLICATIO N AND DISCUSSION

As an example, the fractionation of proteins from pooled hum an sera on
OEAE-cellulose is discussed for two types of elution processes : a conventional two­
vesse l, syphon and magnetic stirrer gradient mixing chamber (Fig. 6A), and the
gradient genera ted by BIO ULE I and modulated by the UV detector through the
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Fig. 5. Schematic dia gram of the equipment used for the generati on of the gradients by th e microprocessor.
with modul ati on by feed-back signals from a UV detector. S = Sample vessel; X. Y = buffer reservoir s for
first and second gradient components, respectively; V I, V2 = so lenoid valves; V3 = sample injection
valve; M = mixing chambe r ( I ml) with magnetic stirrer and bu bble tr ap; P = pum p; C = column; 01 =
detector I (UV monitor); 0 2 = dete ctor 2 (conduct ivity meter ); REC = recor der coupled to detector s;
R = relays; MP = microprocessor (BIO ULE I); TL = threshold level adju stm ent; SI = set of instruc ­
tions (program) to the microprocessor.

feed-back facilities (Fig . 68). Using a peak separator able to detect the minima of the
absorbance curve (i5A /O( = 0), the number of fract ion s collected increases fro m 7 to
13. Their degree of sepa ra tion can be adjusted to indi vidual requ irement s by selecting
an optimum threshold potential for the feed-back system. Generally, this optimum
value should be estimated from the type of column to be elut ed (size, ratio of length to
section, type of packin g, flow-rate) and from the complexity of the mixture to be
purified and result s expected (number of components in the sample, num ber of pea ks
to separate, degree of similar ity between single compo nents to be eluted in discrete
frac tions, behaviour of single components with respect to the column packing). Too
high a threshold will decrease the resolution , since the gradien t will be incremented
before the elution of the preceding peak is completed . Lowering the threshold pro­
duces some longer intermediate levels, an elution at a lower ionic strength and , thu s, a
concomitant spreading and dilution of the fractions. This is best understood by
considering Fig. 68, where most of the well sepa ra ted, sha rp peak s are eluted ju st
after an increase of the ionic strength, in co ntrast to the shoulders and broader peaks
which are eluted at the end of the intermediate levels of the gradient. For a given
column at a constant flow-rate, the shift between the programmed gra dient injected
on the column (Fig. 68, solid line) and the resulting gradient flowin g out through the
detector (Fi g. 68, dotted line) is a direct measure of the liquid phase vo lume, VI'
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Fig. 6. Chroma tog raphy of proteins from pooled hum an sera on D E-52 cellulose. Co lumn: 63 x 1.6 ern.
Flow-rat e : 16 ml/h . Buffer : 20 mM Tr is-HCI. pH 8.2. Grad ient: 0 to 0.3 M NaC I in buffer . A. Manu al
op erat ion . Samp le loaded through the pump. gra dient formation by two-vessel. sipho n and magnetic
stirrer technique. B, Microprocessor -contro lled opera tio n. Sampl e loaded by sample inject ion valve.
gradient genera ted by micr oprocessor and modul ated as show n by feed-bac k signa ls from the UV detector.
Solid line : generat ed gra dient as injected onto the co lumn. Dott ed line: gradient as measured in the exit
liquid st ream . Bro ken line: thresho ld level. Heavy so lid curve : absorbance at 2X() nm.
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wi thin the column as a function of time. Thus, the optimum length, L, for eac h step of
the gradient sho uld be L = V!, However , such a value for L may yield poor result s if
the column is large and/or the flow-rate is low, since both these parameters will
contribute to flattening the slope of the gradient.

Among the facilities offered by BI0 ULE I, the feed-back system pro vides
many opport unities of dealing with au to ma tion prob lems and with events which are
expected but which ca nno t be scheduled. Beside modu lat ion of the elu ting gradient
discussed above, other possible uses of the feed-back system are briefly presented here
to illustrate the broad range of potent ial applicatio ns in chromatography. When
connected to temperature and pressur e det ectors, buffer level gauges or any other
sensors installed within the chrom at ograph y set-up, the microprocessor may be pro­
grammed to mod ify the se co ndit ions, switch off some defective ap paratus, stop the
experiment and/or trigger alarm devices (cras h programs). When connected to an on­
line peak detector and piloting a three-way solenoid valve, BID UL E I is a perfect tool
for the direction of recycl ing chromatograph yl!: bleeding and recycling sequences
may automatica lly be alternated with respect to the actual position and degree of
separation of peak s (dynamic evolution of programmed events). With an additiona l
pulse-piloted rotating valve to divert th e flow stream from the main line, BIDULE 1
may be used instead of a fraction collector for severa l discrete fractions during repet­
itive chromat ography with multiple injection s of sample.

CONCLUS IONS

Over a year of continuous tests, we have demonstrated the ability of BID ULE
I to successfully co ntro l the operatio n of up to three peristaltic pu mps and twelve
solenoid valves deliver ing samples an d buffers to three distinct par allel fl ow streams.
The main imp rovement s achieved in our lab orat or y by this simple process contro ller
are simplified ma nagement of LC equipmen t, better reprod ucibility of results and
higher resoluti on of ion- exchange chrom at ography. Each of our LC columns may
now be used 24 h a day, since load ing of samples, cha nging buffers or eluting and
recycling processes requ ire no hum an interventio n. This save s time and valua ble
reagent s, and produces more results, both qu an titati vely and qu alit at ively. Further­
n ore, the reproducibilit y is improved since, once given the par am eters of chromato ­
gra phy , the processor excludes even minor changes in the condi tio ns of experimen­
tation. Fina lly, coupling of a UV detector to the pro cessor (feed-back) in order to
modul ate the slopes of gradients according to the development of the elution con­
sidera bly increases the resolution of a given sepa ra tion, as demon strated in Fig. 6.

Some applications of BIDULE I to specific purific ation procedures of proteins
will be describ ed in separate papers. We are cur rently testing an automa tic multi­
column LC system designed to yield weekly highly purified single protein fractions
from hum an plasma.
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SUM MA RY

O ptimiz a tion of separa tio n o f carbohydra tes a nd po lyhydric a lco ho ls on a
silica column mod ified with tctracthylcncpcntarninc is des cr ibed. Eluent tetraethyl­
cnepcn ta rnine co ncentra tio n, pl-l. so lvent co ncentra t ion and flow-rate were opti mized
with respect to com pound separat ion a nd baseline stabil ity . This method offers ad ­
vantages over existing tec hniq ues. includ ing room temperature operation, low oper­
ating pre ssure, low co st. simplicity. hig h resol ution. rela tively length y co lum n life,
and high linear sa mple ca pacity.

IN T RO D UCTION

T he simulta neous a nalysis of ca rbo hydrates a nd polyols by high-performan ce
liquid chromatography (HP LC) has recei ved considerable a ttention in rece nt
yeurs "", including me thods employing amine-modified silica as the stationary
phaseH

-
12

• Of various a mine-mod ified sys tems considered by Whea ls and Whi te !",
tctraethylenep enturnine (TEPA) was found to provide th e best sepa ra tion of fructose ,
glucose, sucrose, maltose and lactose as well as lon g term co lumn stabi lity. T he
ad di tio n of TEPA and ami nes of sim ila r characteristics increases the re tention of
ca rbohydra tes by silica co lum ns I a nd thus a llows th e resoluti on of ca rbohyd rates of
biochemi cal interest which are not resol vabl e by a num ber of HPLC techn iqu es".
However , the list of carbo hydra tes a nd polyols invest igat ed in such separa t ion sys­
tem s has been limi ted a nd th e varia bles of pl-l, ami ne co ncentra tion in th e eluent,
so lvent flow-rate and composition have not been optimized previou sly .

T he rece ntly deve loped radi al co mpress ion ca rtr idgc ' {'!" offe rs a num ber of
adva ntages over previou sly a vailable H PL C techniques. The relati vely short , large-

* Present add ress: We stern Co lton Research La borat ory, USD A/S EA. 413 5 East Bro adway.
Phoenix. AZ S5040. U .S.A .

0021-%n /Sl iOOOO OOOO/S02.50 'J"I I 'JSl Else vier Scient ific Publish ing Company
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diameter co lumn pr ovides a closer a pproxima tion to " infini te d iameter 's ." Further,
th e pressurized flexibl e co lumn wa lls produce an abi lity to compensa te for packin g
material non-homogeneity' :'. This a llows for a wider range of eluen t pH th an with
un compen sated co lum ns since co m pressio n co mpensa tes fo r silica disso lutio n at high
pH. We have used a sing le Radi al-Pa k silica ca rtr idge (W at ers Assoc. , Milford , MA,
U.S.A.) and basic eluent pH (9.2) for several months wit ho ut not icabl e degrada tion
of column pe rformance . Further, em ployme nt of solvent recircu lat ion and the rela­
tively low cost of the R adi al-Pak silica ca rtridges results in a conside ra ble decrease on
cost per assay.

EXPE RIM ENTAL

Appara tus
A Waters M odel R401 differenti al refractometer was used in conjunction with

a Wat ers Model 6000A pump a nd WISP 710B a utoma ted injection system. The
output from thi s sys tem was recorded on a Waters data module. A Radi al-Pak silica
cartridge (10 em x 8 mm 1.0.) was em ployed in a Waters RCM-IOO radial compres­
sion module to effect sepa ra tion of th ese compounds. A Waters gua rd co lumn filled
with AX/Corasil was pla ced in line with th e Radial-Pak B column to protect th e
co lum n a nd sa tura te the eluen t with SiOz'

Chemicals and reagents
Acetoni trile used for so lven t preparation was Fis her HP LC grade (Pitts burgh.

PA , U.S.A .), technical gra de TEPA was obta ined from Eas tman (Rochester, N Y,
U .S.A .) and carbohydra tes and polyols from Sigma (St. Lou is, MO, U.S.A .). Water
used in so lvent preparat ion was deionize d a nd glass d ist illed. T he pH of elution
so lven ts was adj usted with glacia l acetic ac id . Eluents were degassed by vacuum
filtr ation through Millipore 0.2-Jlm filter (Bedford , MA, U.S.A .).

Column pretreatment
Wa ters Rad ial-Pak silica ca rtridges were in itia lly co nditio ned by pumping 50

of ace to nitri le-wate r (70 :30) co nta in ing 0. 1% (v/v) TE PA (p H 9.2) through the
co lum n. The final elut ion so lvent was th en introduced [nominall y, pH 8.9 ace to ni­
tr ile- water (8 1:19) co nta ining 0.0 2 % T EPA] and th e column sta bilized by recircu­
lating this so lven t overnight before co lumn usage.

Operating conditions
Solvent effluent was returned to a continuously stirred I-I pump reservoir fo r

rec irculat ion. Columns were nominally operated at ca. 26"C a nd a flow-r at e of 2
ml /m in which produced a backpressure of a pproximately 2.75 MPa (400 p.s.i.). Car­
boh ydrat e a nd pol yol standa rds were dissol ved in distilled wa ter (5 mg/ml) ; nominal
injecti on vo lume was 50 Jll.

RESULTS AND D ISC USS ION

Separation ofpolyols, mono- , di- , and trisacch arides
In itia l separa tion of polyol and ca rbo hyd rate m ixtures em ploy ing a pH 9.2
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Fig. I. Chromatogram of elution of po lyol- sacc haride mixture by a hydraulicall y com pressed Radial­
Pak silica column (10 cm x 8 mm I.D.) modified with T EPA. Elution so lvent : acetonitrile-water (81 :19),
pH 8.9, conta ining 0.02 % T EPA. Eluen t flow-rate, 2 ml/mi n. pressure, 2.34 M Pa (340 p.s.i.), 26°C.
Injected sample contained , in 50 1,1, 250 Ilg of each of the following : I = solvent " fro nt"; 2 = ethylene
glyco l; 3 = glycerol; 4 = eryth ritol; 5 = glucose; 6 = maltose; and 7 = raffinose.

mobile phase conta ining aceto nitr ile-water (81 :19) produced result s (Fig. I) similar
to those publi shed for ot her amine-modified silica columns l ,4 . I O, l Z with respect to the
order of carbohydra te elution and to produce excellent sepa ra tio n of component s in
the test mixture. Ca pacity fact or s (k ') of these compounds were found to be a fun c­
tion of the composition of the mob ile phase (Fig. 2), particu larl y for the di- and
trisacc ha rides. Cha nging the aceto nitri le-water rat io did not cha nge the elution order
of these compounds but did have an effect upon the k ' of all compo unds in the test
mixture. Capacity factors were found to be independent of flow-rate over the range of
2 to 10 ml/min (no t shown); however , below 2 ml/rnin, k ' was found to decrease with
increasi ng mobile phase veloci ty.

To test the suita bility of th is meth od for the separation of a wide ra nge of
carbohydra tes and polyols, additio na l compounds were chromatogra phed under
identical conditions (Table I) . Whereas most compo unds eluted in the approximate
order of mol ecular size, certai n exceptions were noted. For example, sucrose elut es
before inos ito l and sedo heptulose anhydride was found to elute prior to a number
of hexoses. Separ at ion in this system ma y, therefore, be due to factors other than
molecular size, such as the number and geometry of hydroxyl groups, as suggested
by D 'Arnbroise et 01. 9 for a similar system employing LfChrosorb-Nl-l , as the sta­
tion ar y phase. This may also exp lain why ribose, ga lactose , arabinose and ma nnose
were no t detec table with this syste m, while very similar compounds were detected.

The order of elution an d approxi ma te num ber of theoretical plates calcu lated
(N) for these com pounds are consistent with data from simi lar investigat ionsl ,4 .9 . 1z .
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Fig. 2. Effect of elue nt aceto nitrile con tent upo n k ' of a sta ndard po lyol- saccharide mi xture. 6 = Treha­
lose;~ = sucro se; • = sorbitol; \J = fructose; 0 = eryth ritol; . = glycero l. Ot her condi tio ns as in Fig.
I.

TA BLE I

EL UTION O F CA R BO HY D RATES AND PO LYOLS F RO M A RAD IAL- PAK SILICA COL UMN
Condit ions of elut ion as in Fig . I.

Compound Mo lecu lar k ' N j JIICII J R,*
weigh t

Ethy lene glyco l 62.07 0.497 634
1.889

Glyce ro l 92.09 1.0 17 657
1.J55

Rh amn ose 164.16 1.451 903
0.417

Erythr ito l 122.12 1.594 834
0.136

Th reitol 122.12 1.640 1125
0.6 10

Fucose 164.16 1.880 596
Xylose 150. 13 2,09 1 1259

0.515
0.480

Ribito l (adonitol) 152.15 2.286 812 (U)I 0
Sedohept ulose an hyd ride 2 10.20 2.33 1 924

0.355
Arabito l 152.15 2.497 800

0.321
Fructose ISO. 16 2.903 837

1.038
Sorbito l ISO.16 3.45 1 11 85
Dulcito l (ga lact ito l) 182. 16 3.594 11 60

0.270
0.035

Mannito l 182.16 3.6 17 583
0.620

Gl ucose 182.16 4.046 1066
Suc rose 342 .30 6.520 946

3. 100

Inosito l 180.16 8.257 11 53
1.680

Cello biose 324.30 8.400 1189
0.13 1

Ma ltose 360.3 1 8.6 17 1270
0.100

Trehalose 378.33 9.286 11 32
0.58 1

Lactose 342.30 9.829 1049
0.424

Raffinose 594.52 17.640 1470
5.09 1

* Calculat ed reso lution between adjacent mem bers of the ta ble.
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The maximal number of th eoreti cal plat es we o bse rved for thi s column ( 14,700 plat es/
m) is high in co m pa riso n to sim ila r ca lculatio ns fo r o the r HPLC carbohydrate co l­
umns":' 0 . 12 .

If we co ns ide r a peak resolution ( RJ o f 0.8 to be th e value of least accepta ble
reso lutio n !", we see that a number of co m po u nds in Table I a re accepta bly resol ved ,
some are marginall y resol ved (e.g ., R, glucose :ma nnito l = 0.62) and a num ber a re
too poorly reso lved to be separa ted by this sys tem (e.g., R, sedoheptulose:ribitol =

0.01). Fo r th ose showing margin al resolu tion, incr eased se pa ra tio n ma y be ac hieved
by increasing th e percentage of ace to ni tri le in th e eluen t (F ig. 2). For exam ple, reso­
lut ion of sorbitol and fruc to se (cf . Fig. 2) is ver y poor with aceton itrile- water (73 :27)
(R, = 0.45) but inc rea ses to virt ua l co m plete se pa ratio n (R , = I:57) with aceton itr ile­
water (85 : 15) as th e elu ent. Such a stra tegy would be ex pec ted to hav e a gre a ter
chance of success for carbo hydrates and pol yols wit h a molecul a r weight greater th an
approxima te ly 150, d ue to the rough ly ex po ne ntial effec t of acetonit rile co ncentration
upon k' mentioned ea rlier (F ig. 2). Sin ce incr eased resolut ion ga ine d by incr easin g
aceto nitri le co nce n tra tio n in th e elue n t is ac hieved at the expense o f extended elutio n
times, minimall y acce pta ble component resolution will hav e to be balanced aga inst
maximal all ow able elut io n tim es.

Maximization ofseparation and baseline stahilitv
In order to maxim ize flow-rate fo r grea test efficiency of separation, data ta ken

fro m th e elution of glucose were eva lua ted (Fig. 3). A plot of reduced veloc ity (I')
vers us reduced plat e height (11) , a Kno x plot 15- 17, th eoret icall y pa sses th rough a
minimum at th e reduced veloc ity o f maximal sepa rat ion efficiency. D at a gather ed
over th e flow-rate range of 0.4 to 9.9 nil /min shows an apparent decrea se in slo pe at
lowest flow-ra tes but significan t sca tte r was no ted in data co r res po ndi ng to flo w- rates
under 2 rnl/min. None the less, thi s co lum n a ppea rs to be most efficient a t flo w-rat es of
approximately 2 ml /m in and diffusion does not interfere wit h efficie nc y of separation
eve n at the lowest flo w-rates in vesti gat ed? '! ". Un like a simi lar sys tem em ployi ng
silica modified with y-am ino pro py ltriethylo xysilane ' o, we find a n a lmost direct pro­
portionality bet ween plat e he ight a nd elutio n veloci ty (Fig. 3), re in forci ng o ur conclu­
sion th at low elution veloc ities lea d to th e grea test se pa ra t ion efficiency in this sys tem .

F ur ther, th e low back pr essure genera ted by th e unusu al geometry of this
co lum n a llows th e use o f flo w-rat es as high as 10 ml /min , rat es wh ich wo uld crea te
unacceptably h igh pressures with ma ny ot her HPLC colum ns. This low pressure
resp on se to flow-rates is reflect ed in an unusu all y lo w flow resist ance paramet er 'v"!"
va lue (0 = 390) fo r th e e lu tion of glucose fro m th is co lum n, whic h is mu ch less tha n
that for other co mmercia lly avai lable HPLC ca rbohydrate sys tems . The unusu al
co lumn geometry is a lso apparent in th e exce ptiona l column sam ple ca pacity we find
with thi s sys tem (F ig. 3). M ost silica HPLC co lum ns ha ve linear sa m ple ca pacity
va lues which lie between 10- 4 a nd to - 3 gig column packin g!", but we find no signifi­
cant decrea se in k' eve n wit h sa mple loads of 2 · 10- " gig. The respon se of th is system
is linear with resp ect to sam ple size and it pr oduces symme trica l. rep ro du cibl e peak s
fo r injec ted glucose sa m ples ra ngi ng in size fro m 20 to 20,000 fig .

Carbohyd ra te and pol yol sepa ra tio n in thi s system were fo und to be a func t ion
of elue nt pH (Fig. 4) . Elut ion mi xtures with acidic pH values strongly decrease k ' but
not elu tio n o rder fo r a ll co m po unds tested , by compressing th e elutio n pattern with
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respect to time. However, such acidi c cluents introduce a stro ng negati ve peak
following tri sacch aride elution (Fig, 4). In addition, a seco nd (but shorter) base­
line deflecti on was also noted du rin g the elution of th e polyol--saccharide test mix­
ture (arrow). The lat er nega tive peak decreases the apparent amount of monosac­
cha rides with simila r ret ention times. Both of these baseline deflections were found to
decrease with increasi ng pH (Fig. 4), the la rger devia tion complete ly disappearing at
pH 8.9, Elution of so lvents with basic pH values also increases the k ' of the mixture,
but does not a lter the order of elution of these compounds,

A series of injecti on s of water, T EPA and various acetonitrile-water mixtures
was employed to clarify the negative peaks noted in Fig . 5. Th e con centration of
TEPA in the sam ple was found to ha ve a relat ively min or effect upon these negati ve
detlecti on s and no effect up on the k ' of co m po nents in the test mixture. Of tho se
concentrations tested (Fig. 5), the add itio n of 0.02 %T EPA was fo und to produce the
grea test baselin e sta bility. Higher conce ntra tions of T EPA introduced a pertu rbat ion
(arrow) appro ximately 12 min follo wing injecti on .

Th e negat ive peak s were found to be pr imarily a function of injec ted sample
wa ter (Fig. 6), bein g proport ion al in magnitude to injected water mass (Fig. 6). Th ese
negat ive peak s were a lso determined to be a function of eluent pH. Higher pH values
eliminated the major perturbation and decreased the minor d ip (arrow) which occurs
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Fig. 5. Effect of varying TE PA concen tra tio n in eluent upon chro ma tograms of sta ndard polyo l- sac­
charide mixt ure. Eluti on conditions a nd identification of co m po unds as in Fig. 4.

d uri ng mon osacch a ride elut ion. Th e pro blems associa ted with water injection co uld
be elim ina ted by inject ion of materi als d isso lved in th e elution mixture, but th e superi­
or so lubility of many ca rbohydra tes and pol yol s in water suggests th at wa ter wo uld
serve best for injection of unknown biologica l sam ples. T he major negati ve peak
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Elutio n condition s and iden tificati on of co mpo unds as in Fig . 4. 13 co rresponds to an inject ion of 50 )/1
of eluent : C D and E correspond to injections of 10, 25 a nd 50 )/1 of wa ter. respect ively; F corresponds
to an injecti o n of 50 II I 0. 1°;, T EPA in water. No te the shift in size and k' in the sma ller wate r­
ind uced nega t ive peak (a rrow) wit h p H and the elimination of th c la rger negat ive peak a t p H S.9.

occ urs afte r the elutio n of most ca rbo hyd rates an d polyol s, but wo uld pr o ve very
un favorab le in a uto mated injection syste ms or in situations where the num ber o f
ana lysis per time must be maximized since the baseline wou ld require a significant
period (nearly an hour) to restabilize before subseq uent injec tio ns could be made.

CO NC L USIO

Hydra ulicall y compressed silica co lum ns modi fied with T EP A ha ve been
sho wn to provide a simple, rapid a nd inexpensive meth od for the ana lysis of carbo ­
hyd rat es and pol yo ls. Sep arati on of th ese mat erial s occ urs ov er a wide ra nge of pl-l,
bu t basic elue nts ha ve been fou nd to elimi na te negat ive peaks fo und with ac id ic
eluents . Bo th the k ' a nd co mpound reso lu tio n of po lyols a nd ca rbohydrates was
fo und to be a function of the percentage of acetonit ri le in th e eluent. The k ' of di- and
tri saccharides were fou nd to be especia lly sensitive to the eluent composition.

Unlike ot her HPLC carbohydrate co lum ns. rela tively low elution rat es were
found to produce the maxima l separa tio n efficie ncy in th is system, due to the almost
direct proportiona lity between plate height and flow-rate . The unusual geometry of
this co lum n pro dti ces a very low flow resist a nce (0 = 3(0) a nd a n except io na lly high
linea r sample ca pacity ( >:2 . 10 - 3 gig col um n packing).
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Carbohydrate and polyol separat ion in this system was found to be a function
of eluent pH , but the relation between pH and elut ion was not as significant as that
between elut ion rate and eluent acetonitrile co ntent.

Several negati ve peaks were det ected which were determined to be largely a
function of injected water (in the sam ple). Th ese peaks were als o determined to be, to
a lesser extent, a function of eluent pH .

The conditions determined for ma ximal sepa ra tion efficiency were found to
include a relatively high pH (9), which mu st no rmally be avoided with non-com­
pressed silica columns du e to sho rtened column life from silica etching at high pH.
The radial compression design employed in the pre sent paper tends to co m pensa te for
such silica dissolution and , combined with th e addition of T EPA to the eluent 12

,

provides a relatively long colum n life, even at pH 9.2.
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SUMMARY

Soluble branched and neutral polys accharides may be used as polymeric
hydrophilic and inert spacers in affinity adsorbents. A series of methods for prepa­
ration of such adso rbents were developed. Th ese methods involve introduction of a
definite number of reactive functional groups into a polysaccharide molecule with
subsequent coupling of the modified poly saccharide to a solid matrix, activation of
the polysaccharide spacer and, finally , covalent binding of ligands of various chemical
nature. The conditions are specified for the preparation of biospecific adsorbents
containing hemoglobin, ribonuclease, poly( U), uridine, hexamethylenedi amine and
L-Iysine as ligands and dextran, glycogen and am ylopectin derivatives as spacers. The
adsorbents having polysaccharide spacers were characterized by higher ligand con­
centrations and stability than analogous adsorbents without such spacers.

INTROD UCTION

Considerable progress has recentl y been achieved in the isolation and purifi­
cation of biopolymers by affinity chromatography1,2 . At the sam e time , however,
certain disad vantages of this method can now be seen more clearly . The most impor­
tant complications accompanying the biospecific purification are non-specific (hydro­
phobic, electrostatic) biopolymer-adsorbent interactions3 and a gradual leakage of
ligand from the support during chromatography".

The first phenomenon may be due to the use of hydrophobic spacers in bio­
specific adsorbents, while the second is inherent in the activation of polysaccharide
supports by BrCN . The latter disadvantage becomes critical when very sma ll amounts
of protein are purified, for instance, in the case of protein receptors. Tesser et al ." have
suggested that the leakage of ligands from the carriers can be prevented by the use of
polymeric spacers. Such affinity adsorbent s were first prepared by Wilchek6

. Poly­
peptides and proteins were used as the spacers7

• Such spacers would render the adsor­
bent highly sta ble due to a large number of binding points between the spacer and the
solid support. Disruption of one or severa l spacer-support linkages would not lead to

)02 1-9673/81/0000-0000{$02.50 (~J 1981 Elsevier Scientific Publi shin g Co mpany
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the release of the whole spacer and , consequently, of the coupl ed ligand . However , the
multifunctiona lity of the protein spacers imparts und esira ble ion-excha nge prop erties
to the adsorbent a nd lead s to non-specific binding of biop olymers.

We have used bran ched water-so luble and neutral polysaccharides as poly­
meric hydrophilic and inert spacers in affi nity adso rbents" . Th e non- specific bindin g
du ring bioc hro ma tog raphy was co nside red to be due to the combined action of
hydrophobic a nd cha rged gro ups of the adsorbent". Therefore, the polysacchar ide
spacers were expected to increase the biospecificity of the purification process, i.e., to
exclude or minimize hydr ophobic and electrostatic interac tions. In addi tion , such
spacers sho uld retai n other adva ntages of polymeric spacers : (I ) ena ble the locati on
of a ligand far fro m the surface of a solid matri x; (2) increase the sta bility of the
adso rbe nt; (3) provide a high ligand concentra tion on the adsorbent and possibly
increase the adsor bent ca pacity . The use of polysaccharide space rs also provides a
wider choice of chem ical meth od s for subsequent covalent attachment of a ligand.

The present paper describes a series of chemi cal methods for attachment of
water-soluble polysacch arides to solid supports and for subsequent ligand immobili­
za tion on the polysacchar ide spacer. The syntheses of several new affinity ad sorbents
having polysaccharide spacers are presented, and some properties of the adsorbents
are compared with an alogous ad sorbents without such spa cers.

EX PERIMENTAL

Materials and methods
Seph ar ose 4B, Sephadex G-50 and Dextran T20 were obta ined from Phar­

macia (U ppsa la, Sweden ), Bio-Gel P-300 from Bio-Rad Lab s. (Richmond, CA,
U.S.A.), pancreat ic ribonuclease, huma n hem oglobin and poly(U) from Rean al (Bu­
dap est , Hungar y), dicyclohexylcarbod iimide (DCC) from Chema pol (Prag ue, Czecho­
slovakia), l-eth yl-3-(3-dimcth ylaminopropyl)carbod iimide hydrochloride (EDC)
from Sigma (St. Louis, MO, U.S.A.), BrC N from Serva (Heidelberg, G.F.R.) and
hexamethylenedia mine from Koch-Light (Co lnbrook, Grea t Britain) . All other
chemicals were from Soyuzreact iv (Moscow, U.S.S.R.).

Aceto nitrile was dist illed severa l times over PZ0 5 and then over K zC03 • Car­
boxymeth yldcxtr an (substitution degree, y = 5, i.e., 5 carboxy methyl gro ups per 100
anhydroglucose residues) was prepared as described!". Glycogen was isolated from
ra bbit liver as described in ref. 11.

UV spectra were recorded on SF-4 or Specord spectrophotometers. The chro­
matography was carried out on a Mini-Rae collector and a Uvicord-2 den sitometer
(LKB, Stockholm, Sweden). Th e BrCN activation of Sepharose was based on pre­
vious methods1Z

•
13

•

Ribonuclease was assa yed as describ ed previously!". Protein concentrations
were determined by the method of Lowry et al.'? or spectrophoto metrically at 280
and 400 (for hemoglobin) nm.

Estimation of ligand contents in the adsorben ts
The concentra tion of imm obilized ligands was determined by: (a) a different ial

meth od (measuring the difference between the ligand content in the sta rti ng solution
and in the filtra te and washings afte r cou pling of the ligand to the support); (b) a
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solubilization method! " (measuring the UV ab sorpt ion of gel aliq uots solubilized by
warming at 30°C in 80 % acetic acid for 2 h); (c) a suspension method in gel'?
'measuring the UV abso rption of a suspension of trin itrophenylated deri vati ves of
'JH 2-containing adso rbents in 0.05 %agarose so lution).

In accordance with method c. a slurry of I g (wet weight) of a washed NH 2­
.ont aining Sepharose, 4 ml of water, 10 ml of 2 M potassium borate buffer , pH 9.2,
md 5 ml of a 0.1 /'~ solution of trinitrobenzenesulphonic acid (TNBS) containing
).1 %NaHC03 were stirred for 2 h at 3TC. The mixture was then filtered, the gel was
horou ghly washed with water and dr ied at a wat er pump for 3 min . The samples of
he T N BS derivat ives obta ined (0. 15- 0.90 g wet weight ) were suspended in 1.5 ml of
).1%aga rose solution and 1.5 ml of 2 M potassium borate buffer , pH 9.2, containing
).1 %Na HC0 3 . The absorption at 420 nm was then mea sured against an ana logous
.uspension containing the corresponding amount of unsub stituted Sepharose. The
.alculation of the Nl-I y-group content was carried out as previously described! 7.

Aminoet hyl-Sepharose ( 1)
Sepharose (20 ml) was washed with water (200 ml) and transferred to a vessel

.ontaining 20 ml of 5 M potassium phosphate buffer, pH 11.9. A BrCN solution
prepared from 5 g of BrCN in 2.5 ml acetonitrile and subsequently diluted with 10 ml
vater) was added to the suspensio n for 2 min at 4"C with con stant stirring. The
ni xture was vigorously stirred for ano ther 2 min at 4°C, and the gel was then tran sfer­
'ed to a glass filter and rapidly washed with 200 ml of cold water and 200 ml of cold
II M NaH C03 . Th e BrCN-acti vat ed Sepharose thus prepared was then stirred with
W ml of an aqueous solution of eth ylenediamine (2 mmoles per ml of packed
oIOlume), which had previou sly been adjusted to pH 10 with 6 N HC!. The gel was
;eparated and washed with 200 ml of 0.1 M NaHC03 , water, 200 ml of 0.1 N HCI and
vater . As shown by method c, ad sorbent I contained 2.5 ,uequiv. of NH2-groups per g
vet weight.

Hydrazidosuccinyl-Sepharose (2)
BrCN-activated Sepharose (20 ml) (described above) was stirred for 5 h at

w oC with 20 ml of a saturated aq ueous solution of succinic acid dihydrazide, ad­
usted to pH 8.0-8.5 with 6 N HC!. On completio n of the reaction the gel was washed
vith water until the washings gave a negati ve reaction with TNBS . Fin ally the gel was
vashed with 200 mf of 0.2 M NaCI and 200 ml water.

Hemoglobin-dextran- Sepharose (6 )
S tep A. A 1.48-ml volume of 50 %aqueou s ethylened iamine, water (2 ml) and

pyridine (5 ml) were added to a cooled solution (4°C) of carboxymethyldextran (3) (2
g, Y= 5)!0 in 6 ml water. DCC (1.91 g) in 5 ml pyridine was then added to the stirred
solution , and the reaction mixture was stirred for 48 h at 20°C. The mixture was then
diluted in three volumes of water, a precipitate was separated and the filtrate was
extra cted with dieth yl ether (3 x 30 ml). The aqueo us pha se was eva porated , and the
residue was dissolved in 20 ml water and applied to a column (vo lume 100 ml) packed
with Sephadex G-50 and equilibrated with water . The exclud ed fractions were evap­
orated to 30 ml , the pH value was adjusted to 8-9 and the polymer was precipit ated
by two volumes of etha nol. The precipitate was sepa rated and tritura ted first with
96%etha nol and then with ab solute ethanol. Th e product was dr ied over P20S at
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80oqO. 1 mmHg for 5 h, yield ing 1.2 g (60. 1%) of aminoethylamidocarboxymethyl­
dextran (4). Found: N 1.03 %.

Step B. A suspension of BrCN-activated Seph arose (8 ml) in 8 ml of 0.1 M
NaHC03 containing 0.5 M NaCl was stirred with 150 mg of polysacch aride 4. The
Seph arose was then washed with water (100 ml). Measurement of the nitrogen con­
tent in washings by Kjeld ah l's method ind icat ed that 114 mg of the dextr an der ivat ive
4 were covalen tly bound to Sepharose. Th e gel was washed and then stirred in water
with one drop of aceti c acid and 2 mg of EDC at 20°C for 16 h. The " dextra n­
Seph arose" (5) thus prepared was used in the next step.

Step C. Seven millilitres of 2 M Na ZC03 and a solution of BrCN in acetonitrile
(2 mg of BrCN per ml) were added to a cool ed suspension of 7 ml "dextran-Seph­
arose" (5) in 7 ml water. The suspension was vigorously stirred at 4°C for 2 min and
then filtered . Th e gel was washed with 100 ml of 0.1 M NaHC03 containing 0.5 M
NaCI and immed iately added to a so lution of hemoglobin (40 mg) in 8 ml of 0.1 M
NaH C03 containing 0.5 M NaCI. The mixture was stirred for 20 h at 4°C, after which
the bioad sorbent (6) was separated and washed with 250 ml NaHC03 + 0.5 M NaCl,
then with 50 ml of 0.1 M sodium acetate buffer + I M NaCl (pH 4) and 50 ml of 0.1
M sodium-borat e buffer + I M NaCI (pH 8) (the last two washings were repeated
thre e times). As shown by ana lytica l data, adsorbent 6 contained 5.2 mg of protein
per ml of gel. Direct coupling of hemoglobin with BrCN-activated Seph arose was
carried out by the standa rd method 18 . Th e dark brown ad sorbents were stored as
aqueo us suspensions in the presence of 0.02 % NaN 3 •

Uridine-dextran-Sepharose (7)
A IO-ml vo lume of "dextran-Sepharose" (5) prepared as described above (8)

was act ivated with 2.5 g BrCN and washed with 50 ml ofcold 0.1 M pho sph ate buffer
(pH 7.0). The gel was mixed with a so lution of uridine (242 mg) in 10 ml of the same
buffer , stirred for 16 h at 4°C, washed with 100 ml of water and then stirred with 10 ml
of I M eth an olamine (p H 9) for 2 h at 20°e. The adso rbent was washed with water
(50 ml), 0.2 M NaCl (50 ml) and water (50 ml). The UV spectrum of the solubil ized
gel showed that the adsorbent 7 contained 12 pmoles of uridine per ml of gel.

Ribol/uclease- dextl'an-Sepharose ( 9)
St ep A. Aminoeth yl-Sepharose (1) (6 ml) was added to a solution of carboxy­

meth yldextran (3) (0.5 g) in 6 ml water, the pH was adjusted to 4.7-5.0 with I N HCI
and a so lution of EDC (20 mg) in 3 ml water was grad ua lly added . The mixture was
stirred for 48 h at 20°C in the range pH 4.7-5.0, pH adjustments being mad e with I N
HCl during the first hour. The gel was filtered off, and washed with water (100 ml), 0.1
M NaH C03 (100 ml) and water again ( 100 ml). A suspension of the gel in 6 ml water
was stirred with a drop of acetic acid and 2 mg EDC for 16 h at 20°e. The residual
carboxy groups were block ed with ethanolamine in the presence of EDe. Th e ad­
sorbent (8) was washed with I I water and used in the next step.

S tep B. A solution of Nal04 ( 130 mg) in 2 ml water was grad ually added to a
suspension of "dextran-Sepharose" (8) in 5.5 ml of sodium pho sphate buffer, pH 6.0.
The mixture was stirred in the dark for I hat 20°e. Th e activated gel was washed with
lOa ml water, and a solution of ribonuclease (10 mg) in 10 ml of 0.1 M NaHC0 3

contai ning 0.5 M NaCI was added. T he suspe nsion was stirred for 20 h at 20n C and
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100 mg of Na BH4 in 5 ml water were then added gra dua lly. Stirri ng was continue d
for I h at 20"c' a t which poin t the gel was washed as desc ribed for sorbent 6. The
adsor bent (9) contai ned 6 mg prot ein per ml of gel as revealed by the differential
spectropho tometr ic method as well as by enzyme activity measurements in th e start­
ing protein so lution and in the was hings after protein coupling . For compa ra tive
purpo ses, " ribonuclease- Sepharose" was also prepared by the standa rd method. Ad­
sorbent 9 was sto red for a long time at 4"C as an aq ueous suspensio n in the presence
of 0.02 %NaN 3 .

G/ycogen- hydrazidosucciny /-Sepharose ( 10)
S tep A. A solution of Nal04 (331 mg) in 3 ml water was gradually added to a

solution of glycogen (2.4 1 g) in 15 ml wa ter, with sti rring and cooling in the dark . Th e
mixture was stirred for 1.5 h at 20"C in the da rk, the pH (6.5) being adjusted with 0.1
M NaO H. The mixture was then dil uted to 35 ml with 0.1 M sodium acetate buffer,
pH 4.8, and used in the next step.

St ep B. Hydr azid osuccinyl-Seph arose (2) (30 ml) was washed with 150 ml of
0.1 M sodium aceta te buffer, pH 4.8, and stirred with 35 ml of the solution of
periodate -oxid ized glycogen (see S tep A) for 16 h at 4"C. The gel was then washed
with 5 I water, 200 ml of 2 M NaCI and 200 ml water and suspended in 30 ml of 0. 1 M
Na HC03 . Solid Na BH4 (600 mg) was added to the suspensio n at 4°C, and the
mixture was stirred fo r 3 h at 4"C. T he gel was then washed with I I of water. The
washings after glycogen co upling were co ncentra ted in vacuo at 40"C and used for
determinat ion of the amo unt of unbound ligand by the phenol sulpha te meth od. The
gel was stirred with 30 ml of 0.2 M ace ta lde hyde in 0.1 M sodi um aceta te buffer for 2
h at 4"C, washed with wa ter and stir red with 100 mg of NaBH4 for 2 h at 4°C, The
adsorbent prepar ed (10) was was hed with I I of wa ter.

Amin ohexy/-hydrazidoadipiny/- g/ycogen-hydrazidosucciny/-Sepharose ( 11)
Step A . Glycogen-hydrazido succinyl-Seph arose (10) (10 ml) was activa ted

with 2.5 g BrC N as described above . T he activa ted gel was washed with 100 ml of
co ld wa ter and then stirred with 10 ml of a sa tura ted solution of adi pinic acid di­
hydrazide in water (pH 8.0-8.5) fo r 16 h at 4°C. Th e gel was washed with 100 ml
water, 100 ml of 0.2 M NaCI and 100 ml wa ter. It beca me bright red afte r treatment
with TN BS in pot assium bor ate buffer (pH 9.2)19.

Step B. The adsorbent prepared as above (10 ml) was washed with 50 ml of 0.5
N HC) and stirred with 10 ml of 0. 1 M NaN 0 2 in wa ter for 7 min at 4"C, Th e gel was
rapidly washed with co ld wate r and stirred with 10 ml of 0.2 M hexam eth y­
lened iamine in 0.2 M Na 2C0 3 for 8 h at 4"C and pH 9.0-9.2. After was hing with 100 ml
water, the gel was stirred with 10 ml of ammonium buffer (2 M N H4CI and I M
NH40H, pH 8.8) and then was hed with water. The adsorbent (II ) co ntai ned 3.77
Ilequiv . of N H2 gro ups per g of gel (wet weight).

i.-Lys ine hydrazide ( 12)
I-I ydrazine hydra te (8.75 ml, 0. 174 moles) was gra d ually ad ded to a suspension

of 2.8 g (0.0 174 moles) of the hydrochl or ide of L-Iysine meth yl ester-'? in 30 ml
meth anol. The mixture was stirre d for 50 h at 20"C, the reaction being monitor ed by
thin-layer chroma tography (T LC) o n Silufo l [solven t, ethanol-ammo nia (8 :2)]. The



60 B. A. KLYASH CHITSKY, V. Kh . MITlNA

mixture was evapo rated and the residu e was treated by 4 M hydrogen chloride in
dioxan with coo ling; the precipit at e was co llected, washed with diethyl ether and
recrystallized fro m et ha no l. After dr ying the crysta ls a t 60"CjO. 1mmHg, the yield was
1.53 g (54 %); m.p . 225°C (lit. 2 l 225-228"C), RF 0.32.

L-Lysine-amylopectin- hydrazidosucciny l-Sepharose ( 13)
Amy lopectin- hydraz idosuccinyl-Sepha rose was prepared as desc ribed for

glycoge n- hydraz idos ucciny l-Sepha rose. Thi s sorbent (10 ml) in 10 ml of pot assium
phosphate buffer, pH 6.0, was activated with a solutio n of Na l04 ( 140 mg) in I ml
water. Th e suspension was stirred for I h at 20"C in the dark , afte r which the gel was
thoroughly washed with water. It was then stirred with a so lutio n of 1 g of L-Iysine
hydrazide (12) in 10 ml of 0.1 M pot assium phosph at e buffer, pH 6.0, for 1.5- 2.0 h at
20°C and washed with water until the filtrate gave a negati ve reaction with TNBS.
T he gel was then suspended in 10 ml water and stirred with 100 mg of NaBH4 in 2 ml
water for 0.5 h at 20°e. Afte r washing with water, the adsorbent (13) containing 2
flequiv. of NH 2 groups per g of gel (wet weight) was obtained .

L-Lysine- glutaraldehyde- hydrazidosucciny l-Sepharose (14)
A suspension of hydrazidosu ccin yl-Sepharose (2) (10 ml) in 4 ml water was

st irred with 6 ml of 25 % aqueou s glutaraldehyde for 30 min at 20°C; the gel was
washed with 100 ml water and transferred to a solution of I g of L-Iysine hydr azide
(12) (I OO-fold excess) in 10 ml of potassium phosphate buffer , pH 6. The mixture was
stirred for 30 min at 20°C, the pH being mainta ined at 6.0 with 6 N HCI. The gel was
filtered off and washed with the same buffer (100 ml) and water (100 ml). The gel was
treated with NaBH4 (100 mg) in 10 ml water for 30 min at 20°C and washed with
water . Th e adsorbent (14) conta ined 0.8 Jlequiv. of N H2 groups per g wet weight (the
suspension method).

Poly ( Ut-glycogen-Bio-Gei P-300 ( 15)
Per iodate -oxidized glycogen (2.41 g) was coupled to a hydrazide deri vati ve of

Bio-Gel p_3002 2 und er the conditio ns descr ibed for so rbent 10. After the sta bilization
of bonds by treatment with NaBH4 , followed by blocking the excess of hydr azid e
groups with acetald ehyde-Nabl-l, and activation of a glycogen spacer by BrCN (4 g),
the coupling of poly(U) (45 mg) with the gel was carr ied out in 0.1 M potassium
phosph at e buffer , pH 7.5 (16 h, 4°C). The gel was washed with the sam e buffer and
then treated with ethanolamine to remo ve the excess of acti ve groups. Th e adsorbent
(15) conta ined 2 mg of poly(U) per ml of gel (the differenti al method).

RESULTS AND DISCUSSION

A number of methods have been described for the coupling of polysacch arides
to solid supports:'. The pol ysaccharides were used mainl y as ligands. The general use
of water-soluble polysaccharides as spacers in affinity adsorbents has not yet been
repo rted . Th e methods described here consist in the introduction of reactive func­
tion al groups into a water-soluble polysaccharide and subsequent cova lent bind ing of
the mod ified po lysaccharide to a suppo rt using these reac tive gro ups . Act ivation of a
polysaccharide spacer enabl ed the immobilization of ligand s of different chemical
nature .
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(5)

Affinity' adsorbents with dextran spacers
Dextran was chosen as a mod el water-soluble polysaccharide for the prepa­

rat ion of hemoglobin-dextran-Sepharose (6). The degree of branching of the dextr an
molecule was due to the presence of ::::: 5 %of a-( 1- 3) bond s. Dextr an was converted
into carboxymethyldex tran containing 5 carboxymethyl groups per 100 anhydro­
glucose residues (y = 5)10. Imm obilizat ion of carboxymethyldextr an on Sepha rose
may be carried out by either (a) condensation with an excess of ethylenediamine in
aqueous pyridin e in the presence of DCC and subsequent coupl ing with BrCN­
activated Seph arose, or (b) con densation with aminoethyl-Sepharose ( I) in the pre­
sence of the water-soluble carbodiimide, subsequent acetyla tion of residu al free NH2

groups by acetic acid in the presence of EDC and blocking of unreacted carboxy
groups with eth anolamine-EDC (Scheme I).

[ C. H702(OH), . m IOCH2COO+-l)m]n

1 NH,cCH2)2YN 2 (3) ~)-J:'"'fH 2 CH2NH2'EDC
[XX/ pyridine a b ( )

2. Br-Ctq-Sephc rose 2 AcO H/EDC

3 AcQHIEDC 3 NH, CH, CH, OHIEDC

[ C. H70 i OH)3 -mIOCH ,CONHCH?CH ,~H ), IOCH, CONHCH, CH2NHAc)m ] n f.H 70 210 H), m10CH2C!2),lOCH2CONHCH,CH2OH )m_,J n

C-~ r
I

•

0 ~<~~ E
'-(,~~ I

'- '" '" C- NH<:» I

•Scheme I, ( 6)

In the synthesis of adsorbent 6, the int roduction of a polysaccharide spacer was
car ried out by method a. The modified dextran (4) contai ned 1.03 % N, suggesting
amida tion of all the carboxymethyl gro ups in the sta rting compound (3). Polysac­
cha ride 4 was coupled to BrCN-activated Sepha rose by the usual method. The
amo unt of dextran cou pled to the gel (14.2 mg per ml of gel) was determined by the
ditferential meth od from the nitrogen conte nt (by Kjeldahl 's method). Blocking of
residual active gro ups on Sepharose was carried out by treatmen t with ethanolamine ,
and the free NH 2 groups on the polysacch aride spacer were acetylated with acetic
acid in the presence of EDC. Att achment of hemoglobin to dextran-Seph arose (5)
was performed after activation of the polysaccharide spacer by the BrC N meth od.
Adsorbent 6 contained ca. 5.5 mg of protein per ml of gel (t he differential method). It
may be assumed that the ligand is mainly localized on the polysacchar ide space r;
repeat ed activa tion of an agarose support by BrCN should proceed to only insignifi­
cant degree. The bioadsorbent hemoglobin-dextran-Seph arose (6) ma y be used for
purification of proteolytic enzymes / :'. It was very sta ble: no leakage of hemoglob in
was visible during the storage of the adsorhent in water in the presence of 0.02 %
NaN 3 for I year at 4°C.
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The adsorbent uridine-dextran-Sepharose (7) was prepared by a similar
method. Dextran-Sepharose (5) was activated with BrCN and stirred with uridine at
pH 7.0. Although the chemical structure of adsorbent 7 was not strictly uniform , it
may be assumed that uridine couples to a polysaccharide spacer via position 4 of the
pyrimidine ring, as is the case in the preparation of polyl.l-Sepharose-" . Adsorbent 7
(12 jlmoles of uridine per ml of gel) ma y be used for the purific at ion of enzymes
posessing an affinity for the immobilized nucleoside, e.g ., uridine kina se".

An ad sorbent may lose its stability if a low-molecular-weight ligand is singly
coupled to a polysaccharide spacer by the BrCN method. In thi s case gradual leakage
of the ligand would take place in accordance with the general mechanism for BrCN­
activated poly saccharides". Therefore, we tested another method for the polysac­
charide spacer acti vation, namely periodate oxidation!" followed by coupling with a
ligand containing primary amino groups and stabilization of a ligand- spacer bond by
NaBH4 • (In the case of a protein ligand the treatment with NaBH4 could be omitted
without a decre ase in the adsorbent stability .)

Aldehyde matrices prepared by periodate oxidation of polysaccharide supports
or glass beads covered with dextran have recently been used?" for enzyme immobili­
zation by the method of reductive alkylation. Junowicz and Charrrr" described further
mod ifications of periodate-treated polysaccharide supports designed for introduction
of reacti ve hydrazide and azide groups into the matrix. The pol ysacchar ide spacers
permitted introduction of a large number of aldehyde groups into an ad sorbent by a
simple and con venient treatment with periodate.

The biospecific adsorbent ribonuclease-dextran-Sepharose (9), which may be
used for purification of enzyme inhibitors, was prepared. In this case the introduction
of a polysaccharide spacer into the solid support was achieved by the method b
(Scheme I). Dextran-Sepharose (8) was then treated with sodium periodate, con­
den sed with ribonuclease and the protein-spacer bonds were stabilized with NaBH 4 .

The adsorbent (9) thus prepared containing 6 mg of the enzyme per ml of gel.

Affinity adsorb ents with glycogen and amylopectin spacers
Attachment of ligands or spacers containing NH z groups to BrCN-activated

polysaccharide supports results in the introduction of a positive charge because of
ionization of the isourea groups formed (pK 9.6-1 0.4? 9.30. This charge imparts ion­
exchange properties to the adsorbent and ma y interfere with th e biospecificity of the
purific ation procedure. In order to avoid the introduction of charged groups we used
C(,w-dicarbonic acid dih ydrazides for binding water-soluble pol ysaccharides to the
agarose matrix. Thus the treatment of BrCN-activated Sepharose with an excess of
succinic acid dihydrazide leads to hydrazide-Sepharose which is uncharged at the
physiological pH (pK 4.2)Z9. The polysaccharide spacers can be introduced into this
sorbent after water-soluble polysaccharide activation with BrCN or periodate.

Th is approach was applied to the preparat ion of aminohexyl­
hydrazidoadipinylglycogen-hydrazidosucc inyl-Sepharose (II ). A similar adsorbent
without the pol ysaccharide spacer has been successfully used for purification of pig
kidney diamine oxidase:". Hydrazidosuccinyl-Sepharose (2) was incubated with gly­
cogen which had previously been oxidized by treatment with periodate. The oxi­
dation was carried out for 5 %of the anhydroglucose residues of the polysaccharide.
After the coupling glycogen, the gel was treated with NaBH 4 , and the residual
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free hydrazido groups were blocked by treatment with acetaldehyde and then with
NaBH4 • The content of glycogen in the gel was calculated to be 25-30 mg per ml of
gel. Then , adipinic acid dihydrazide was coupled to the BrCN-acti vated pol ysac­
charide spacer. Subsequent attachment of hexamethylenediamine to the hydr az ide­
adsorbent was carri ed out via the correspondi ng azide as described by Klimova et
a/.3 1

. At the physiologi cal pH , adsorbent I I d id not contain any add itiona l cationic
groups with the exception of the terminal NH 2 groups. The amount of bound hexa­
methylenediamine (3.77 ,umoles/g wet weight) was determined by the suspension
method !"

Various natural pol ysaccharides as well as synthetic and natural oligosaccha­
rides ma y be used as spacers in the affinit y adsorbents. One of the mo st readily
available branched water-soluble polysaccharides, amylopectin , was used as a spacer
for preparation of L-Iysine-amylopectin-hydrazidosuccinyl-Sepharose (13) . Amylo­
pectin was immobilized on hydrazidosuccinyl-Sepharose (2) as described for im­
mob ilization of glycogen on the same sorbent (2). After activa tion of the amylopectin
spacer with sodi um periodate, the aldehyde matrix prepared was sti rred fo r 1.5- 2.0 h
at 20°C and pH 6.0 with L-Iysine hydrazide (12) and then treated with Na BH4 . It may
be assumed that the ligand (12) is mainly attached through the hydrazide group. This
immobilization procedure results in the form ation of an adsorbent containing 1,5­
diaminopentane, substra te of diamine oxidase, as ligand (Scheme 2). Therefore ad­
sorbent 13 could be used for purification of this enzyme.

Scheme 2.

Ad so rbent 13 contained 2 pequiv. of amino groups per g of gel (wet weight) . A sim ilar
ad sorbent ha ving a monomeric spacer, L-I ysine-glutaraldehyde-hydrazidosuccinyl­
Sepharose (14), was also synthesized for comparison .

Affinity adsorbents ha ving pol ysaccharide spacers may be synthesized on the
basis of various supports including polyacrylamide or glass beads, porous silica gel,
Sph eron , etc. The pr eparation of pol ytUj-glycogen-Bio-Gel P-300 (15) was con­
sidered as an example of such possib ilities. Bio-Gel P-300 was con verted into the '
hydrazido-derivative'i ". Then, periodate-oxidized glycogen was co upled to th e hy­
drazido matrix as described for ad sorbent 10. Acti vation of the glycogen spacer by
BrCN and subsequent coupling of poly( U) resulted in formation of ad sorbent 15
contain ing 2 mg of pol y(U ) per ml of gel (the differential method).
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a b

~ - mat rix

c

-4 - ligand

Fig. I. The different types of affinity adso rbents : a, without a space r; b. with a monome ric spacer; c, with a
polysaccha ride spacer.

The experiments described enable the preparation of stable biospecific ad­
sorbents. Th e amount of the ligand s coupled via the polysaccharide spacers (Fig. I)
was considerabl y higher than that for adsorbents without the polymeric spacer (Tabl e
I) .

TA BLE I

COMPA RISON OF T HE LIG AND CONTENTS IN THE ADSO RBENTS WIT H O R WIT HO UT
POLYSACCH ARIDE SPAC ER S

Adsorben t

Hemoglobin-dcxtran- Scpharose (6)
Hernoglobin-Seph arose
Ribonuclease-dextran - Sepharose (9)
Ribonuclease-Sepharose
Urid ine-dextran-Sepha rose (7)
Uridine- Sepharose
L-Lysine-amylopect in- hyd razidosuccinyl­
Sepharose (13)
L-Lysine- glut ar aldeh yde-hydrazidosuccinyl­
Sepharose (14)

Ligand content

5.2 mgjml
1.5 mgjml
6.0 mgjml
2.0- 2.5 mgjm l

12 Jlmolesjml
8 Jlmolesjml

2 ttequiv.jg wet weight

0.8 ttequiv.jg wet weight

The use of polysacchar ide spacers in affi nity chroma togra phy otTers an ad­
ditional possibility for elution of adsor bed biopol ymers. Th e elution procedure is
frequently the most complicated step in biospecific purification . The use of high
concentrations of denaturating agent s, solutions having extreme pH values or or ganic
compounds are sometimes requ ired for successful desorption. In these cases denatur­
ation of biopolymers, especially enzymes, may occur. In the presence of polysac­
charide spacers this complicat ion may be overco me by destruction of the spacer by
mean s of the corresponding enzyme (for instance, dextranase or amylase). A similar
technique has been applied for eluti on.of cells from adso rbents based on Sephadex "
or gelat in-Sepharose':' .

Affinity chroma tography on adsorbents havin g polysacchar ide spacers is com­
plicated if protein impu rities possessing affinity for the spacer itself are present in a
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crude enzyme preparation. In this case preliminary chromatography on a column of a
"polysaccharide spacer-support" adsorbent is recommended. This adsorbent would
selectively bind the biopolymers possessing the affinity for the spacer. The "polysac­
charide spacer-support" system may be used as a biospecific adsorbent for purifi­
cation of proteins with affinity for a spacer (for instance, glycogen-Sepharose for
purification of e<-amylase3 4

, glycogen phosphorylase[", etc.).
In this paper we have described some methods for introducing polysaccharide

spacers into various supports. The development of new methods for immobilization
of biologically active compounds on polysaccharides provides ample opportunities
for the attachment of various organic compounds to polysaccharide spacers. In the
case of protein ligands the method can also be used for enzyme immobilization.
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SUMMARY

The isolation of mouse liver poly(A)-containing mRNA [poly(A)-mRNA] and
purification of trypsin and kallikrein using new biospecific adsorbents ha ving dex­
tran, glycogen or amylopectin spacers are described as the first examples of affinity
chromatography on such adsorbents . A comparative study of these adsorbents and
similar adsorbents without spacers was carried out. The optimum conditions for
affinity chromatography of poly(A)-mRNA were considered.

INTR ODUCTION

In the preceding paper! we described the preparation and properties of a
number of affinity adsorbents having polysaccharide spacers. It seemed expedient to
demonstrate the advantages of such adsorbents by concrete examples of the isolation
and purification of biopolymers of different chem ical nature, particularly polyade­
nylated mRNA (polynucleotide biopolymer) and proteolytic enzymes (protein bio­
polymers) .

The isolation of poly(A)-mRNA on poly(U)-Sepharose (1)2 or oligo(dT)­
cellulose.' is based on the hybridization of complementary bases. Some non-specific
effects of a different nature were involved in the chromatography of poly(A)-mRNA
on oligotdTj-cellulose". The disadvantages of chromatography on poly(U)­
Sepharose (I) are the non -quantitative recovery of poly(A)-mRNA and insufficient
adsorbent capacity.

At the present time , the immobilized soy bean trypsin inhibitor (SBTI) is
widely used for purification of serine proteinases", Highly purified trypsin'' :? and
human serum kall ikrein 'v? have been prepared by means of affinity chromatography
on SBTI-Sepharose (2). Attachment of SBTI to Sepharose is generally achie ved by
the BrCN method t o. However, direct binding of a high-molecular-weight ligand to a
solid support may result in steric hindrance to subsequent biospecific interaction of
immobilized ligand with the active centre of the enzyme to be purified. Consequently,
a decrease in adsorbent capacity may take place. We believe that the use of a spacer to
separate the ligand from the surface of the solid matrix would improve some prop-

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publishing Compan y
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erties of the adsorbent. A recently published paper"! described the immobilization of
SBTI via a monomeric spacer using a glutaraldehyde-activated amino deri vati ve of
Sepharose.

In the present work, we describe the first application s in affinity chromato­
graphy of biospecific adsorbent s having poly sacch aride spacers. Th e isolation of
pol y(A}-mRNA on pol y(U) immo bilized on Sepharose via dextran or glycogen
spacers as well as the purification of tr ypsin and human serum kallikrein on SBTI
bound to Sepharose via an amylopectin spacer have been performed. The properties
of adsorbents with and without pol ysaccharide spacers are compared.

EXPERIMENTAL

Materials and meth ods
Most of the materials used in the present study were as specified in the preced­

ing paper' . Poly(U) and SBTI were obtained from Reanal (Budapest, Hungary), pig
pancreatic trypsin from Spofa (Prague, Czechoslovakia). Human serum kallikrein
was partially purified by chromatography on DEAE-Sephadex A-50 and SP-Seph­
adex C-50 (the method will be published in detail elsewhere). N-Benzoylarginine
ethyl ester (BAEE) was obtained from Koch-Light (Colnbrook, Great Britain). O-[N­
2-(Aminoethyl)carbamoyl]dextran (AED) ( yNH 2 = 12) was prepared as described
pre viou slyl 2. Nuclear and cytoplasmic RNAs from mouse liver cells were isolated by
the phenol-temperature fractionation procedure'.

Some of the methods used in this work were as descr ibed in the preceding
paper ''. DNA-like RNAs were selecti vely labelled with [14C]orotic acid (30 pCi per
mouse) for 60-90 min by the use of the actinomycin D-induced block of rRNA syn­
thesis. For the determination of radioacti vity, an RNA carrier (100 pgjml) and trichlo­
ro acetic acid (final concentration 5 %) were added to the samples. The precipitates
were then collected on H UFS filters , and after drying were measured in a Nuclear
Chicago Mark 2 liquid scintillation spectrometer. Sedimentation coefficients were
calculated as described pre viou sly!" .

Estimation of the ligand content ill the adsorbents
The concentration of the protein ligand was determined by the differential

method. In th e case of a polynucleotide ligand the solubilization method15 was used .
A mixture of 0.2 ml of a Sepharose deri vative and 12 ml of I N NaOH containing
0.1 %NaBH4 was heated for 2 h at 75-80"C. The mixture was then centrifuged for 15
min at 7000 rpm (3000 g). The a bsor bance of the supernatant was measured at 260 nm .

AED-Sepharose (3)
A suspension of 18 ml of BrCN-activated Sepharose (2.5 g of BrCN per 10 ml

gel)! in 18 ml of 0.1 M NaHC03 containing 0.5 M NaCI , pH 9, and 2.7 g AED (y
NH

2

= 12)12 was stirred for 16 h at 4°C. The gel was then washed with I I water, 200 ml of
0.2 M NaCI and 200 ml water and stirred with 20 ml of I M ethanolamine (pH 9) for 2
h at 20"C. Th e gel was washed with water (200 ml), suspended in an equ al volume of
water and the mixture was stirred with two or three drops of acetic acid and 20 mg
EDC for 72 h at 20 °C. After washing with 200 ml of 0.1 N HCI and 500 ml of water,
the AED-Sepharose (3) was stored as an aqueous suspension at 4"C in the presence
of 0.02 % Na N 3 .
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Po/y ( U)-AED-Sepharose (4)
A solution of 2 g BrCN in I ml aceton itri le was dilu ted to 5 ml with wat er and

added to a suspension of 10 ml " A ED-Sepharose" (3) in 10 ml of 5 M potassium
phosphate buffer , pH 11.9. The suspension was vigorously stirred for 5 min at 4°C.
Then the gel was quickly washed with 100 ml of 0.1 M NaHC03 , lOa ml wat er and
100 ml of 0.1 M potassium phosphate buffer , pH 7.5. The gel was immediatel y
suspended at 4"C in a so lution of 15 ml poly( U) in 10 ml of the same buffer and stirred
for 16 h at 4°C. The sorbent was washed with 500 ml of 0.1 M potassium phosphate
buffer, pH 7.5, and l Of) ml water and then stirred with I M ethanolamine (10 ml)
for 2 h at 20°C and pH 9.0. Fin ally, the gel was washed with water.

Po/y ( U)- g/ycogen- hydra::. idosllcciny /-Sepharose (5)
Glycogen -hydr azidosuccinyl-Sepharose (10 ml) prepared as described pre­

viously' was acti vated with 2 g BrCN and then stirred with a so lution of 15 mg
poly(U) in 10 ml of 0.1 M potassium phosphate buffer , pH 7.5, for 16 h at 4cC. The
gel was washed with 500 ml of the same buffer and 100 ml water, stirred with 3 mg
acetic acid hydrazide in 10 ml water for 2 h at 20nC and washed with 500 ml water.
The adsorbent (5) was sto red in 0.1 M potassium phosphate buffer (pH 7.5) in the
presence of 0.02 j:' NaN 3 .

Affinity chromatography ofpo ly ]A), po/y ( U) and poly ] A )-mRN A
The chromatography of different samples on the adsorbents I, 4 and 5 was

carried out using a glass co lumn (7.0 x 0.6 ern) at a flow-rate of 15 mljh . Th e buffers
used for sample applicati on and elution were : a, hybridization buffer , 0.02 M Tris­
HCI, pH 7.0, 0.3 M NaCl, 0.001 M ethylenediaminetetraacetate (EDTA); b, 0.02 M
Tri s-HCl, pH 7.6, 0.001 M EDTA. Fr actions were assayed for absorbance at 260 nm
or radi oact ivity.

SBT!-amy/opectin-hydrazidosl/cciny/-Sepharose (6)
Adsorbent 6 was prepared by means of acti vation of am ylopectin-hydrazido­

succinyl-Sepharose! (10m!) with 2 g BrCN as described above and subsequent incu­
bati on with 100 mg SBTI in 10 ml of0.1 M NaHC03 containing 0.5 MNaCI. Washing
of the ad sorbent and blocking of the excess of acti ve groups were performed as
described in the preceding paper I for protein immobilization. SBTI-Sepharose (2)
was synthesized as descr ibed 10. Adso rbents 2 and 6 contained 7- 9 mg SBTI per ml of
gel (the differential method).

Determination of antitryptic activity of immobilized SBT!
Aliquots (0.01-0.1 ml) of adsorbents 2 and 6 were adjusted to 1.4 ml with 0.05

M Tris-HCI buffer , pH 8.0, and 0.1 ml of 0.0 I %trypsin in 2.5 mM HCl was then
added. The mixture was kept for 5 min , and 0.5 ml of 0.1 %agarose solution and I ml
of 1.5 mM BAEE were added. Th e mixture was thoroughly stirred, and the absor­
bance at 253 nm was measured against a corresponding amount of unsubst ituted
Sepharose. The antitry ptic activity was expressed as the number of inhibitor un its per
mg of immobil ized SBT I: I IU = one unit of inhibitory activity, corresponding to the
amount of SBTI which inhibits the hydrolysis of I /lmole of substrate under the
conditions described abo ve.
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Proteinase assay
Assa ys for trypsin and kallikrein acti vities were carried out in 0.05 M Tris-HCI

buffer (pH 8.0) at 25°C by mea surement of the ab sorption at 253 nm with BAEE as
substrate. One unit of act ivity, E, is defined as the amount of enzyme which hydrol­
yses ] pmol e of BAEE per min under the standard condition s.

AjJinity chromatography of kallikrein and trypsin
All procedures were performed at 4°C. A solution of partially purified hum an

serum kallikrein was applied to a column (4.0 x 0.8 cm) packed with adso rbent 2 or
6. The column was equilibrated with 0.1 M sodium phosphate buffer (pH 6.2) con­
taining 0.2 M Na CI. Th e flow-rate was 12 mljh. Protein contaminants were eluted
from the columns with the starting buffer (eluate I) . Kallikrein was elut ed with 0.01 M
He] containing] M NaCI (eluate II). Fractions (2.5 ml) were collected at a flow-rate
of 48 ml /h , Each fraction was immediately adjusted to pH 8.0 with 3.5 M NaOH, and
the BAEE-esterase activity was determined.

Affinity chromatography of pig pancreas trypsin was performed under similar
conditions.

RESULTS AND DIS C USSION

The adsorbents having polysaccharide spacers (4-6) were prepared according
to the methods described in the preceding paper", but with some modifications.

In the synthesis of adsorbent 4 (Scheme Ia) AED containing ]2 N-2-(amino­
ethyl)carbamo yl groups per 100 anhydroglucose residue s was used for introduction
of the polysaccharide spacer into the adsorbent. AED was prepared by condensation
of dextran cyclic carbona te with eth ylenedi amine' <. The use of AED pre vents the
presence of unreacted carboxyl groups on the adsorbenr'", in contrast to the method
using carboxymethyldextrau ' . The am ount of bound dextran (15- 20 mg per ml gel)

1 BrCN· Sepharose

2 AcOH I E OC

1 BrC N
2 poly (U)

NH2(CH} 2NH2 ~ lIC6H70 2(OH)3.m [OCONH(CH) 2NH2Jm )n - -

fC6H702(OH )3.m[OCONH(CH) 2 ~H] I [OCONH(CH) 2NHAcj . . ~n
HN=C-O~

pol y ( U) - A E D - Sepharose (4 )

0 :

1 Hydrazidosuccin yl - Sepharose ;

Scheme I.

1 BrCN
2 poly (U)

[ C6H70 2(OH )3.m (TH) I ( CH20H )m., In ~H

NHNHCO(CH )2CONHNHC-0-4

po ly (U) - qlycoqen- hyo ro zicosucciny!- Sepharose (5 )
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was determined from the differen ce in nitrogen con tent (by Kjeldahl's method) of the
starting solution of the po lysaccharide and of the washings (after d ialysis). The active
groups on Sepharose were blocked with ethanolamine, and the unreacted amino
groups on the polysaccharide spacer were acetylated with acetic acid in the presence
of EOC. Acetylation was complete in 72 h, the reaction being monitored by the
colour test with trinitrobenzenesulphonic acid.

Attachment of po ly(U) to adsorbent 3 was performed after activation of the
dextran spacer with BrCN 2

• The content ofpoly(U) in the adsorbent (1.47 mg per ml
gel) was determined by mea surement of the absorbance at 260 nm of the starting
solution and that of the washings. The solubi lization method 15 was also used . Fig . I
shows the UV spectrum of the solub ilized adsorbent (4). It should be noted that
complete solubilization of adsorbents with polysaccharide spacers was not achie ved
under the standard conditions 15 . Centrifugation of the reaction mixture before ad­
sorption measurements was found to be necessary. The increase in stability of agarose
bead s ma y be due to the presence of the polysaccharide spacer and to the occurrence
of cro ss-linking during its attachment. Howe ver, this did not affect the accuracy of
determination of the poly( U) content since the immobilized poly(U) was completely
hydrolysed under the conditions used.

- ,
~~ ,

~ ~ ,
)<

2 \
\

-,
-,

' ....

240 260 200 nrn

Fig. l. UV spectra of solubil ized adsorbents: 1 = adsorbent 4; 2 = adso rbent 5. Th e conditions of
solubilization are given in the text.

The method used for synthesis of poly( U)-glycogen-hydrazidosuccinyl­
Sepharose (5) (Scheme Ib) minimizes the amount of charged groups on the ad ­
sorbent, through the use of Seph arose hydrazide . As shown by UV spectrophotomet­
ric analysis of the solubilized gel (Fig. I), ad sorbent 5 contained 1.45 mg poly(U) per
ml gel. Poly(U)-Sepharose (1) was prepared as described", and contained 0.5 mg
poly(U) per ml gel.

The chromatogra phic behaviour of poly(A) and poly(U) on adsorbents 4 and 5
was stud ied in order to evaluate the capacity and biospecificity of the adsorbents.
Efficient adsorption of polytA) was observed after application of the polynucleotide
to the columns in the hybridization buffer of high ionic strength. Columns of the
adsorbents 4 and 5 were saturated with poly(A) . and the cap acit y of the adsorbents
was estimated by measuring the absorbance at 260 nm of the polynucl eotide fraction
eluted by the buffer of low ionic strength. Adsorbents 4 and 5 possessed poly(A)­
binding capacities of 1.44 and 1.48 mg poly(A) per ml gel, respectively. These values
significantly exceed that of ad sorbent I (0.4 mg/rnl) . However, a large part of the
bound po ly(A) (61.1 ~~ for adsorbent 4 and 16.8 % for adsorbent 5) could not be
desorbed from the column und er the conditions gener ally used for elution ofpoly(A)-
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Fig. 2. Chromatography of poly(A ) (I) and polyt U) (2) on adsorbent 4 (a and b). Arrows indicate change
of the conditions : A, hybridizat ion buffer; B, elut ion buffer at 20n C ; C, elution buffer at 50"C. The
polynucleotides (40-60 Itg/m\) were applied to the columns in the corresponding buffer.

mRNA 17. Nevertheless, the initial adsorption of poly(A) was biospecific since
poly(U) was not adsorbed on the columns under the same conditions (Fig. 2a).

To achieve a quantitative yield of poly(A) during the elution step, the ad­
sorbents were washed with 90 'X, formamide in the elution buffer in the presence of
0.5 %sodium dodecyl sulphate (SDS) at 50n e. The formamide was then washed off,
and an aliquot of the gel was solubilized and tested as above. The results show that
desorption of poly(A) was quantitative under these conditions.

The behaviour of poly(A) and poly(U) on adsorbents 4 and 5 equilibrated with
the elution butTer of low ionic strength was also studied . These conditions were
unfavourable for specific base pairing between the poly(A) and poly(U) chains, but ,
on the other hand, they promoted the non-specific ionic interactions. Considerable
adsorption of the polynucleotides was observed on both adsorbents. Moreover, the
quantitative desorption ofpoly(U) was achieved by means of the hybridization butTer
(Fig. 2b).

The results of the model experiments (Table I) suggest that electrostatic inter­
actions between the polynucleotide phosphate groups and cationic groups of the
adsorbents occur when butTerof low ionic strength is used . These interactions seem to
be multivalent since the non-specific binding of adenosine 5'-phosphate to the ad­
sorbents was not observed under the same conditions. The content of poly(A) bound
non-specifically to adsorbents 4 and 5 (Table I) may be correlated with the number of
cationic groups of these adsorbents. Indeed, some positively charged groups were
definitely introduced into adsorbent 4 during the multivalent attachment of AED to
BrCN-Sepharose via the primary amino groups. On the other hand, the adsorbent
formed after the attachment of succinic acid dihydrazide to BrCN-Sepharose was
uncharged at the physiological pH. For this reason , the blocking of residual acti ve
groups in adsorbent 5 was carried out by use of acetic acid hydrazide, not ethanol­
amine.

The undesirable processes of ligand release and of increasing cationic charge
during storage of adsorbents based on BrCN-activated polysaccharides ha ve recently
been recognized 1 8. We found that the recovery of poly(A) from freshly prepared
adsorbent I was 90 %, while after storage of the adsorbent for I year at 4°C and pH 7
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TABLE I

PROP ERTI ES OF TH E A FFINITY ADSORBENTS 4 AND 5

Capacity of ad sorbent 1 was 360 Jlg poly(A ) per ml gel.

73

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

Adsorbent Capacit y Non-specific Adsorption Adsorption Adsorption- - _ .._----- adsorption of poly ( U) of poly ( A ) of poly (U )**
ug poly( A ) mg poly] A ) ofpoly( A)* under con- under con- under con-
per ml per mg (%of bound ditions of dition s of dition s of
adsorbent immobilized poly- high ionic low ionic low ionic

poly ( U) nucleotide) strength (Jlg strength (Jlg strength ( ug
per ml gel ) per ml gel) per ml gel)

. - - - - -_ .

Poly(U)­
AED-
Sepharose (4) 1440
Poly(U)-
glycogen-
hydrazide-
succinyl-
Sepharose (5) J480

0.98

1.02

61

16.2

o

o

760

440

650

480

* The fraction not desorbed with the elution buffer at 50°C.
** The bound poly(U ) was quantitatively eluted with the hybridization buffer.

:he recovery was only ca. 50 %. Repeated usage of the adsorbent also resulted in
Ieterioration of its properties.

Adsorbent 5 yielded better results than adsorbent 4, and optimal recovery of
Joly(A) was achieved by desorption of the bound polynucleotide with 90 % form­
imide in the elution buffer containing 0.5 %SDS, at 50°C. Under these conditions,
:he biospecific A-U hybridization was interrupted and also the ion-exchange interac­
:ions were diminished .

Isolation of mouse liver cytoplasmic and nuclear poly(A)-RNAs was perform­
ed using adsorbent 5 under optimum conditions. Approximately 2 % of the total
rytoplasmic RNA and 30 %of nuclear RNA were bound to the adsorbent. The total
R.NA content in the fractions was estimated by UV spectrophotometry, and that of
ion-ribosomal RNA was calculated on the basis of the radioactive label. The desorp­
:ion of cytoplasmic RNA was carried out with the elution buffer at 20 and 50°C and ,
inally, with 90 % formamide in the same buffer containing 0.5 % SDS . The results
rbtained suggest that quantitative recovery of the bound RNA was achieved when
:he formamide-containing buffer was used . The eluted cytoplasmic and nuclear
Joly(A)-RNAs were precipitated by two volumes of ethanol containing 0.2 %sodium
icetate (final concentration). The labelled material gave a typical pattern for high­
nolecular-weight RNA under the conditions of centrifugation in a sucrose gradient
10-35 %) at 23,000 rpm (64,000 g) (rotor SW 25.2) and 4°C.

Quantitative recovery of poly(A)-mRNA from a biospecific adsorbent is of
~reat importance for the study of mRNA metabolism. Non-specific effects, in par­
.icular ion-exchange ones , interfere with the affinity chromatography of poly(A)­
~NAs. lon-exchange interactions are of little importance under adsorption con­
Iitions (the hybridization buffer of high ionic strength). Howe ver, part of the material
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may be retained on the column as a result of multipoint inter actions between the
ionized phosphate groups of RNA and cationic groups of the adsorbent. Part of the
electrostatically bound material would again interact biospecifically with the immobi­
lized poly(U) during repeated use of the adsorbent or its regeneration with butTers of
high ionic strength. Contamination of the poly(A)-RNA preparations with labelled
material from previous experiments may take place during the subsequent elution.
Therefore, minimization of the content of positively charged groups on the biospecific
adsorbent is especially important for affinity chroma tography of poly(A)-mRNA.

In order to demonstrate further the ad vantages of the adsorbents having poly­
saccharide spacers, we carried out a comparative study of two bioadsorbents de­
signed for the purification of proteolytic enzymes: SBTI-amylopectin-hydrazido­
succinyl-Sepharose (6) and a similar adsorbent without the polysaccharide spacer (2).

Adsorbent 6 was prepared by coupling of SBTI to amylopectin-hydrazidosuc­
cinyl-Sepharose! after activation of the polysaccharide spacer with BrCN. Adsorbent
2 was synthesized by the direct attachment ofSBTI to BrCN-activated Sepharose. As
shown by the ditTerential method, these adsorbents contained 7-9 mg SBTI per ml of
gel. The antitryptic activity of the immobilized SBTI was then estimated by spectro­
photometric assay of the BAEE hydrolysis in the gel suspension sta bilized by addition
of 0.1 %agarose solution. The use of the agarose solution ensured accurate measure­
ments of the absorption. The specific antitryptic activity of SBTI immobilized via the
amylopectin spacer was almost twice that of SBTI immobilized directly on Sepharose
(Table II). Thus, the use of the polysaccharide spacer preserved 20 %of the activity
of immobilized SBTI with respect to that in solution. The presence of the spacer results
in a considerable distance between the ligand and the matrix surface, and the native
protein conformation is apparently preser ved to a greater extent than can be achieved
by direct attachment of SBTI to Sepharo se.

The cap acity of adsorbents 2 and 6 for trypsin and kall ikrein was also de­
termined. These enzymes exhibited very similar affinities for the nati ve soy bean
inhibitor (inhibition constant ca. 10- 10 M I 9

, 20 ) . The proteinases were applied to the
column in 0.1 M sodium phosphate butTer(pH 6.2) containing 0.2 M NaCI until the
column was saturated with the enzyme . After washing the column with the starting
butTer, the bound proteinase was eluted with 0.01 M HCl containing 1 M NaCI. The
capacity for both enzymes of the adsorbents having the amylopectin spacer was three

TABLE II

PROPERTIES OF TH E AF FI NITY ADS ORB ENTS CO NTA INI NG SBTI
--_._---- --- - - - -

Capa city f or tryp sin Capacity for kallikrein
---

Adsorbent Antitryptic activity
( lU per mg
immo bilized SBTI) mg per ml

gel
pmo les per
pm oles
immobilized
SBT!

mg per ml
gel

umoles per
pmo les
immobilized
S B T!

SBTI-amylopectin­
hydrazidosuccinyl-
Sepha rose (6) 4.4
SBTI-Sepharose (2) 2.4

2.5
0.75

0.25
0.08

2.8
1.0

0.Q7
0.Q25
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times that of SBTI-Sepharose (2) (Table II). The increase in the capacity of adsorbent
6 may'be due to better accessibility of the reactive centre of the immobilized SBTI to
the active centre of the enzyme.

The results of purification of the commercial pig pancreas trypsin and partially
purified human serum kallikrein under the conditions described are presented in
Table III. The yields, specific activities and purification factors were practically iden­
tical for the two adsorbents. The essential advantage of adsorbent 6 over the ad­
sorbent without a spacer lies in the use of much smaller volumes of butTer for elution
of the bound enzymes. The increase in the concentrations of trypsin or kallikrein
eluted from the adsorbent ha ving the amylopectin spacer (6) is of importance for
future studies of these enzymes.

Adsorbent 6 may be used repeatedly (five or six times) without loss of binding
capacity or inhibitory activity. The results presented here demonstrate that the in­
troduction of a polysaccharide spacer into a solid matrix improves the properties of a
biospecific adsorbent and enables highly efficient purification of biopolymers.
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SUMMARY

Novel methods for reversed-phase high-performance liquid chromatographic
resolution of non-esterified amino acid enantiomers by the formation of dia­
stereorners using two chiral reagents, 2,3,4 ,6-tetra-O-acetyl-[3-o-glucopyranosyl iso­
thiocyanate and 2,3,4-tri-O-acetyl-lX-o-arabinopyranosyl isothiocyanate, are de­
scribed . These compounds react readily with enantiomeric free amino acids at room
tempera ture and the reaction mixture can be injected directly into the chromato­
graph. The separation of the enantiomers was monitored spectrophotometrically at
250 nm. Complete resolutions were observed for all enantiomers examined on a
reversed-phase column eluted with methanol-IO mM potassium phosphate (pH 2.8).

INTRODUCTION

Many attempts have been made to resolve optical isomers by liquid chroma­
.ographic techniques, using chiral derivatization reagents l

-
3

, chiral eluents or chiral
stationary phases". In particular, various pre-column chiral derivatization meth­
)ds5~8 have recently been developed for the resolution of enantiomeric amino acids by
nigh-performance liquid chromatography (HPLC). However, these methods require
concomitant protection of free amino or carboxyl residues not involved in the chiral
Ierivatization reaction.

The present paper describes the chiral derivatization of amino acid enan­
.iomers using either 2,3,4,6-tetra-O-acetyl-[3-o-glucopyranosyl isothiocyanate
:G IT C) or 2,3,4-tri-O-acetyl-IX-D -arabinopyranosyl isothiocyanate (AITC). The de­
.iva tivcs thus prepared could effectively be resolved by reversed-phase chromato­
graphy without further protection of the free carboxyl residue. Simple and rapid sepa­
.a tion of enantiomeric amino acids was accomplished.

)021-9673/81/0000--0000/$02.50 CO 1981 Elsevier Scientific Publishing Company
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MATERIALS AND METHODS

T. KINOSHITA. Y. KASAHARA, N. NIM URA

Amino acids and other reagents were obtained from Wako (Osaka, Japan) and
Tokyo Chemical Industry Co . (Tokyo, Japan). All the reagents were of analytical
reagent grade. Methanol and water were distilled before use. GITC and AITC were
prepared by treatment of a-acetobromoglucose and fJ-acetobromoarabinose with
silver thiocyanate as described previously", The 10 mM phosphate buffer was pre­
pared from monobasic pot assium phosphate and was adjusted to pH 2.8 with per­
chloric acid.

Equipment
The chromatographic system consi sted of a high pressure pump equipped with

a universal valve injector (Sanuki Industry Co., Tokyo, Japan), a Develosil 00S-5
column (15 em x 4.6 mm 1.0., particle size 5 Ilm ; Nomura Chemi cal, Seto , Japan)
and an SPO-2A spectrophotometric detector (Shimadzu Seisakusho, Kyoto , Japan).

Derivatization and separation
A 5-mg amount of each amino acid was dissolved in 50 %(vjv) aqueous ac­

etonitrile conta ining 0.4 %(wjv) triethylamine to give a final volume of 10 ml. To a
50-ttl aliquot of this stock solution were added 50 III of 0.2 %(wjv) chiral reagent,
either GITC or AITC, in acetonitrile. The resulting mixture was allowed to stand at
room temperature for 30 min and a 2-ll l aliquot was injected directly into the chro­
matograph. The column was eluted at room temperature and at a flow-rate of 0.9
mljmin with a mobile phase prepared by mixing meth anol and 10 mM phosphate
buffer , pH 2.8, in an appropriate ratio .

For the resolution of phen ylalanine diastereomers, the reagent peak was re­
moved as follows . To the reaction mixture described above were added 10III of 0.25 ~;.;

(wjv) monoethanol amine in acetonitri le and the resulting mixture was allowed to
stand for 10 min at room temperature prior to the injection.

RESULTS

G ITC and AITC react read ily with free am ino acids und er mild condi tions
without the formation of by-products. Th e resulting mixtur e can be injected directly
into the chromatograph . The diastereomers resolved were detected spectrophotomet­
rically at 250 nm; the molar extinction coefficients of the thiourea derivatives were
aro und 12,000 I· mol -I . ern- I, whereas tho se of the reagents were around 1000
l vrnol " ! · cm - I •

Figs. I and 2 show the chromatograms of several sets of isomeric amino acids
when GITC and AITC respecti vely are used for the deri vati zation. The reagent peak s
were well separated from those of most of the amino acid der ivat ives and do not
interfere with the detecti on . The limit of the det ection for amino acids was 5 ng.
However , a slight overlapping was observed between the peak s of the reagent (s)
and phenylalanine diastereomers, 50 ng phenylalan ine being required for unam­
biguous detection. Thi s interference could be avoided by add ition of monoeth an ol­
amine to the reaction mixture. since mon octhanolamine reacts with the excess of
reagent and the reaction products are elut ed faster than an y of the amino acid
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Fig. I. Separation of dia stereomeric thiourea derivat ives form ed from amino acids with GITC. Mobile
phase : meth anol-I Om M phosphate buffer (pH 2.8) (55:45); flow-rate 0.9 ml/rnin. About 250 ng of each
derivative were injected. R = Reagent (GITC) .

Fig. 2. Separa tion of diastereomeric thiourea derivatives formed from amino acids with AITC. Mobile
phase : meth anol- IOm M phosphate buffer (pH 2.8) (50 :50); flow-rat e 0.9 ml/rnin . About 250 ng of each
derivative were injected. R = Reagent (AITC).

derivativ es. Thi s pro cedure did not affect the det ection of other amino acids and
5 ng phen ylalanine could be detected .

Th e retenti ons and resolutions of the diastereomeric GITC and AITC deri va­
tives are listed in Table I; k'; ('j, and R, refer to the capacity ratio, separation factor and
resolu tion respecti vely for a pair of diastereomers. The resolution of diastereomeric
GITC and AITC deri vati ves of non-esterified amino acids on the reversed-phase
column, Develosil ODS, with methanol-T OmM phosphate buffer (pH 2.8) as mobil e
phase, was excellent.
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TABLE I

SEPARATION OF DIASTEREOMERIC THIOUR EA DERIVATIV ES FORMED FROM FREE
AMINO ACIDS WITH GITC AND AITC

to = 2.0 min. Column, Develosil ODS-5 (15 ern x 4.6 mm I.D .). Mobile phase : methanol-fO mM
phosphate buffer (pH 2.8) (40:60) (A), (45 :55) (B), (50:50) (C), (55:45) (D); flow-rate 0.9 ml/min. k ' , rx and
R, are defined in the text.

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

Amino acid CITe AITC
._ - - - _ .. - - - ._ - - "-_._- ' .._- ._-_ .._--.._-- -

k' a R, M ob i l e k ' rx R, M oflil t>

- _..- phase -- _..-._- - _ .- pha se

L D D L

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

Glutamic acid 2.70 3.15 1.17 1.80 B 1.20 1.40 1.17 1.14 A
Aspartic acid 3.80 4.35 L14 1.69 B 1.40 1.65 1.18 1.43 A
Proline 2.80 3.70 1.32 3.00 B 1.55 2.15 1.39 3.00 A
Alanine 3.85 5.50 1.43 4.40 B 1.60 2.45 1.53 3.78 A
Tyrosine 1.75 2.55 1.46 3_20 D 1.65 2.45 1.48 3.56 C
Valine 2.00 3.10 1.55 4.00 D 1.95 3.45 1.77 4.96 C
Phenylglycine 2. 10 2.80 1.33 2.80 D 2.15 3.25 1.51 4.40 C
Isoleucine 3.55 5.50 1.55 5.0 1 D 4.05 7.25 1.79 6.94 C
Leucine 3.75 5.65 1.51 5.43 D 4.25 7.35 1.73 7.75 C
Tr yptophan 4.95 7-25 1.46 5.11 0 6.55 9.85 1.50 6.00 C
Phenylalanine 5.00 8.10 1.62 6.89 D 6.25 11.10 1.78 8.43 C
._- - _ ...•_--_._ .., -~-- --- - - --- -_ . _ --

DISCUSSION

Chiral reagents for pre-column derivatization have been developed for the
liquid chromatographic resolution of enantiomers v" . Among these reagents, the ter­
pene isothiocyanates which have recently been synthesized by Nambara et al." were
suitable for HPLC separation of enantiomeric amino acids on normal phases but not
on rever sed ph ases. Scott et al.' and Nambara and co-workers":" have pointed out
that the degree of separation of diastereomers on a normal-phase column should be
dependent on the rigidity of the conformation. Introduction of a bulky group into the
amino acids increases the conformational rigidity. Nambara et al." reported that
tert.-butyldimethylsilyl groups improve the resolution through their stereochemical
effect.

We ha ve recently reported? the reversed-phase chromatographic resolution of
enantiomeric amino acid ethyl esters using GITC for the pre-column derivatization.
The GITC derivative s were well resol ved compared with terpene thiourea deriva­
tives of tert.-butyldimethylsilyl esters. Thi s fact was assumed to be due to the bulk iness
of the tetraacetylglucosyl moiety",

The present study has demonstrated that esterifica tion of the carboxyl group of
GITC or AITC is not necessary for the reversed-phase resolution. The excellent
resolution obtained may be due to the lipophilic nature of the acetylglycosyl residues
as well as their conformational rigidity. This greatly simplifies the pre-column de­
rivatization. An examination using the Corey-Pauling Koltun molecular model
(Ealing Corp., MA , U.S.A .) suggests that the conformat ions of the GITC- and
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AITC-amino acids are rigidly fixed owing to the bulky acetylglycosyl residues. In­
terestingly, ennantiomeric pairs were generally eluted in the order L before D when
GITC was used, but in the opposite order when AITC was used. The model revealed
that both amino acid derivatives have hydrophobic surfaces which may interact with
the hydrophobic ODS residues and thus account for the resolution observed. The
conformational d ifference between the two acet ylglycosyl residues, especially at the
rnom eric carbon atom which affects the sur face structure, may be responsible for the
Iifferencc in the ord er of elution. Thi s also suggests that pre-column labell ing using
sugar derivat ives may result in specific separa tion in liquid chromatography.
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SU MMARY

A new method of methylation of benomyl, thiabendazole and fuberidazole
(systemic benzimidazole fungicides) was established, based upon the flash-heater re­
action with trimethylanilinium hydroxide. The chromatographic response was ob­
served to be linear with the concentration of synthetic standards and the flash-heater
products of the examined fungicides. The methyl derivatives were identified spectro­
scopically.

INTROD UCTION

Benzimidazole pesticides have high systemic fungicidal activity and a wide
applica tion . They are commonly used in plant protection. A number of chromato­
graphic methods have been employed in the determination of the active substances in
these formulations and of the residues from the plant material. Quantitative thin­
layer chromatography (TLC) was used to evaluate the residue of methyl 2-benzim­
idazole carbamate (carbendazim) and methyl 1-(butylcarbamoyl)-2-benzimidazole
carbam ate (bemomyl), applying a biological method of detection, i.e., bioauto­
graphyl -s. For the analysis of residues of benomyl'' "? and 2-(4'­
thiazolyl)benzimidazole (thiabendazole)" one can also employ high-performance
liquid chromatography (HPLC). However, there ar e inherent difficulties in the anal­
ysis of these compounds, especially when using gas -liquid chromatography (GLC).
Nevertheless, these fungicides have been analysed by G LC after transforming them
mto methyl'? or pentafluorobenzoyl'V' ? derivatives. The methods of identification
and determination employed have been described both for the compounds and for
their residues.

Derivatization by flash-heater reaction with trimethylanilinium hydroxide
(TMA H) has recently been developed for the analysis of carbendazim 13. This paper
describes the application of this methylation technique to the G LC analysis of select­
ed benzimidazole fungicid es.

l021-9673/81/0000-0000/$02.50 ((') 1981 Elsevier Scientific Publishing Company
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EX PERIMENTA L

L. OGI ERMA N

!viaterials
Pesticid e standards were obtained from commercial sources and purifi ed by

recrystallization from n-hexane-dimethylformamide : 2-(2 ' -furyl)benzimidazole (fu­
beridazole) (Bayer, Leverkusen, G .F.R .), thiabendazole (Celamerck , Ingelheim,
G. F.R.) and benomyl (DuPont, Wilmington, DE, U.S.A .). Trimethylanilinium hy­
droxide (Methelute w) was purchased as a 0.02 !vi methanolic solution from Pierce
(R ockford, IL, U .S.A .).

Preparation of methyl derivatives of benzimidazole fungicides. Methyl fuberi­
dazole [1-methyl-2-(1' -furyl)benzimidazole] and methyl th iab endazole [1-methyl-1­
(4'-thiazolyl)benzimidazole] were obtained in a conventional way from fuberida zo le
and thi abendazole, using a 0.1 !vi methanolic so lu tion of sod ium hydroxide and
methyl iodide. Dimethyl carbendazim (1-methoxycarbonyl-N-methylam ino-l­
methyl benzimidazole) was syn thes ized fro m carbendazim by a previously described
sodi um hydride-methyl iod ide procedure!".

M ethyl derivatives of benzimidazole fungicid es wer e purified by prepar ative
T LC on glass plates (E . Merck , Darmst adt, G. F .R.) covered with silica gel 60 F 2 54 .

The mobile ph ase was n-h exane - benzene-acetone (I: I: I).
Th e melting points of the methyl derivati ves wer e : methyl th iabendazole,

I51"C; methyl fuberidazole, 74"C; dimethyl carbcnd uzim , 6S' C.

Appara tus
For ident ification of the methyl derivati ves, several types of equipment were

used . For the m.p . mea surements, an elec tro therma l capillary apparatu s wa s em­
ployed. The UV and IR spectra were run on Pye Un icam SP-1800 and SP-200 spec­
tr ophotometers, respectively. The mass spectra were rec orded with a LKB-9000 s mass
spectrome ter, and th e nucl ear ma gnetic resonance (N M R) spectra were mea sured at
60 Hz with a Jeol spectrometer (tetramethylsilane as internal standard).

Gas- liquid chromatography
A Perkin-Elmer 900 chromatograph with a flam e ion ization detector was used,

eq uipped with a gla ss co lumn (6 ft. x 3 mm 1.0.). The sta tionary ph ase was 3 ~~ :, O V­
25 on Gas-Chrom Q (100-110 mesh) (Appl ied Science Labs., Sta te College, PA,
U .S.A.) . Gas chromatographic analysis of ben zimidazole fun gicid es a fter flash-heater
methylation was performed at a detector temperat ure of 180' C and an injection
ch amber temperature of 160"C; hydrogen flow-rate , 40 ml/rnin; a ir flow-rate, 360
ml /min ; n itrogen flow-rate, 40 ml /min. The isotherm al ana lysis was perform ed at
140°C.

Optimizat ion of methylation react ion
Samples contai ning 0.0 2 mmole of thiabendazole and fuberidazol e in 10 ml of

methanol , and 0.01 mmole of ben om yl in 10 ml of dimethylformamide, were treated
with TM AH, a t mol ar ratios (THAH: fungicide) ranging fro m I: I to 8 : I. For each
determination, 2 III (0.04 Ilmole) of the fungi cid e- TM AH so lution were injected into
the gas chro mato graph. Th e quantities ofTMAH required for the maximum product
yields were estimated by the peak area method , employ ing a sta nda rd curve prep ared
from authentic samples of the methyl der ivative of a pesti cide.
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Standard methanol so lutions of the fungicide methyl derivati ves ranging in
concentration from 10 ng/jLl to 100 ng/jll were prepared to det ermine the linea r
behaviour of the response. The linea rity of the response with respect to the flash­
heater meth ylation was then estimated by use of methanol or dimethylformamide
solutions containing 5.0, 10.0, 20.0 , 40 .0 and 80.0 ng/pl of a pest icide with an ap­
proximate mo lar ra tio TMA H :fungicide of 4 : I .

RESULT S AND D ISC USS ION

Methylation of the examined fung icides by TMA H at the injection chamber
temperature of 260"C takes place at the position I of the imidazole ring. In the
methylation of thiabendazole and fuberidazo le, a mo lar ratio ofTMAH to fungicide
of 2: I gives the maximum yield of the methyl deri vatives, 98.2 % and ca. 99 %, re­
spectively.

©::X:~
TMAH ©::K~..
260°C

I I
H CH 3

Thiabendazole Methyl thiabendazole

©::}Q TMAH ©r:x;>...
260°C

I I
H CH 3

Fuberidazole Methyl fuberidazole

Methylat ion of benomyl occurs both at the po sit ion I of the imid azole ring and
at the carbamat e chain . It is accompanied by transformation of benomyl to carben­
dazim and by acti vation of the nitrogen atom at position I of the imidazole ring.
Eventua lly the dimethyl carbendazim deri vative is obtained. The fungicida l act ivity
of benomyl depends on its hydrolysis to carbendazim, i.e., the biologically active
metabolitel ' . Acti vation of the nitrogen atom in the imidazole ring of benomyl
during the flash-heater reactio n with TMA H gives a 98 % yield of the dimethyl de­
riva tive at a molar ra tio of T MAH to fungic ide of 4 :1. In th e case of flash -heater
meth ylation of carbendazim th e m inimum molar ra t io is 8 :113

.

Fig. I shows the detector res ponse curves (calibration graphs) for the benz­
imidazole fungic ide methyl derivatives pr epared from standar ds. Th e flash-heater

©r:)-NHCOOCH

I
CONHC4H g

Benomyl

TMAH ©::>-~-COOCH3
, CH3

CH3

Dimethyl carbendazim
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Fig. 1. Calibrat ion graph s of the meth yl derivat ives of benzimid azole fungicides: O. dimethyl ca rben­
dazim; • • TMAH + benomyl (4 :1); D, meth yl fuberidazole; . , TMAH + fuberidazole (2:1); b. . meth yl
thiabendazole ; "" TMAH + thiabend azole (2:1).
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Fig. 2. Separat ion of a mixture of the flash-heat er products of benzimid azole fun gicides using a 3 %OY-25
co lumn. Peaks : A = Intern al sta ndard (9-tluore none); B = dimethy l ca rbendazi m; C = methyl fuberi­
dazole; D = meth yl thiabendazole.
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method was then tested to determine whether a linear response could also be obtained
with increased concentrations of the methyl derivati ve. The chromatographic re­
sponse of the compounds was obser ved to be linear with concentration of the methyl
benzimidazole deri vat ives. The curves also passed through zero, indicating th at no
measurable degrad ation took place on the column.

The chroma tographic separation and the retention times, relati ve to the inter­
nal standard 9-fluorenone, for the flash-heater methylated products of benzimidazole
fungicides are given in Fig. 2.

Identification of the methyl derivatives
Th e obtain ed standa rds, i.e., th e dimethyl deri vati ve of carbend azim and th e

meth yl deri vatives of thiabendazole and fuberidazole, were identified by ultraviol et
:UV) and infrared (IR) spectro sco py, and a lso by means of nuclear magnetic reso­
ranee (NMR) spectroscopy and mass spectra l (MS) analysis.

fABL E I

: HARACTERISTI CS OF THE UV AND IR SPECTRA OF THE METHYL D ERIVATIVES

Derivative Spectroscop ic characteristics

UV (nm)
- --- --- - - --- ----- -

J imethyl ca rbenda zim Am a x.

vlethyl thia bendazo le J.m ax .

vlethyl fuberida zole Am ax ,

JR (ern - I)

250 l'N - CH 3
2960

254 "c =o 1715
276
284
236 " N - eli ) 2940
244
272
298
246 l'N - CH

J
2920

250
308
322

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

As shown in Table I, a methanol so lution (10 ppm) of the dimethyl deri vat ive
if carbendazim has a characteri st ic UV spectru m . The UV spectr um of benomyl is
dentical with th at of carbendazim, having absorption maxima at 244, 280 and 286
im. Introduction of a methyl group into the imidazole ring and also into the car­
iarnate chain results in both red and blue shifts. The wavelengths of maximum
ibsorption for the methyl derivatives of thiabendazole and fuberidazole are also
~i ven in Table I, together with the IR spectra (KBr technique). None of the ana lyzed
nethyl derivatives exhibited the N-H imine group absorption from the imidazole ring
at 3500-3300 em -I). The intense absorption band at 1715 em - I, characteristic of
==0 vibration of the dimethyl carbendazim derivative, was observed. This dem­
mstrates th e preservation of the carbamate chain in thi s deri vative.

In the NMR spectrum of the dimethyl carbendazim derivati ve dissol ved in
leuterochloroform (Fig. 3), signals appear at i5 = 3.45, 3.75 and 3.84 ppm (singl et s
lue to the N-CH J group of the carbamate chain, to the ester group and to the methyl
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Fig . 4. NM R spectrum of the methyl thiabendazole derivative at 60 Hz.



GLC OF BENZI MIDAZO L E FUNG IC IDES 89

....,...' 4111I

9
I
8 7 6

I
5 4

ppm
3

I

2
I
o

Fig. 5. NM R spectrum of the meth yl fuber idazole derivat ive at 60 Hz.

group in the imidazole ring, respectively). As shown in Figs. 4 and 5, the NMR
spectra of th e methyl derivati ves of thia bendazole and fuberidazol e, disso lved in the
same solvent , show singlets at i5 = 4.32 ppm (3H) and i5 = 4.15 ppm (3H) , respec­
tively, mo st probably du e to the meth yl gro up of the imid azole rin g.

Th e mass spectr um of benom yl (Fig. 6) lacks th e molecular pea k at nile 290
(M " ). Ho wever, a mol ecular ion peak is observed for im]e 191). The fragme nta tio n
patternofbenom yl is as follows : m]e 191 (M +), 159 (M + - C H3 0 H) , 131 ( - CO),

100

41 43
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56

o
0"

40

159
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20
105

104

50 90
(mze )

Fig. 6. Mass spectrum of bcnomyl a t 250"C.
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Fig. 7. Mass spectrum of the d imeth yl ca rbendazim der ivati ve a t 250C.

104(- HCN), 78(- CN) ;m/e 191 (M+), 132( - CH.1COO), 105(- HCN);m/e 191
(M +), 146 ( - H - CO z), 119 (- HCN), 11 8 (- H) and 90 ( - H - HCN). The peak
at m[e 56, 43, 41 are connected with fragm entation of but yl isocyanate, which is a
product of the tr ansformation of benomyl to carbendazim .

The ma ss spectrum of the dimethyl ca rbendaz im deri vat ive (Fig. 7) exhibit ed
ionpeaksatm/e2l9(M +), 188(- C H)O), 160(- CO), 145( - CH) and lI1/e21 9
(M +), 160(- CH)COO), 159( - H),132( - HCN), 118( - CHz)and 90( ~ H ­
HCN). Three fragmentation paths are observed in the benomyl mass spectrum (Fig. 6)
and two for its dimethyl derivati ve (Fig. 7).

The fragmentation patterns of the methyl deri vati ves of thiabendazole and
fuberid azole are shown in Figs. 8 and 9. Th e mass spectrum of methyl thiab endazole
exh ibited ion peak s at tn ]e 215 (M "), 188 ( - HCN), 155 (- SH) , 143 ( - C) , 131 (-

100 215

80

60
o.....

o
- 40

20 77 155

Fig. R. Mass spectrum of the meth yl th iabend azole deriva tive at 250C.



GLC OF BENZI MIDAZOLE FUNG IC IDES

100

80

60

o
;-
- 40

20
77

155

169

198

91

50 90
t m/e )

130

143
170

170

' ig. 9. Mass spectrum of th e me thyl luberidazolc derivative a t 250C.

=), 104 ( - H - C zH z) and 77 ( - HCN) . T he mass spectrum of methyl fuberidazole
:xhibited ion pea ks at 111/ (' 198 (M ' ), 170 (- CO) , 169 (- H), 155 (- C H z), 143 ( ­
=), 131 ( - C) , 104 ( - H - C 2 H 2 ) and 77 ( - HCN ).

T he par ent peak s for dimeth yl carb endazim im ]« 2 19) methyl thi abendazol e
111/ (' 2 15) and meth yl fuberidazo le int]« 198) co rres pond with th e m olecul ar weight of
.ach co mpo und . Sh ift of the peak at 111 / (' 2 19 to 132 for dimethyl ca rben dazim (Fig. 7)
:an be att r ibuted to initial degrad ation of the carbam ate ch ain , and th e subseq uent
.hift fro m m]e 132 to 90 fo r all th e methyl benzim idazo le derivati ves can be ascribed
o N-d emeth ylati on and to degr adati on of th e im idazo le rin g. Shift of th e peak a t 111/ ('

~ 15 to 132 fo r methyl thi abendazol e an d tha t at 111 / (' 198 to 132 for methyl fub eri­
lazole ca n be att ributed to initi al degradati on of th e thiazolyl and fu ryl rin gs.

The results co ncerni ng the ide nt ificat ion of dim eth yl carbendazim and meth yl
hia bendazo le suppleme nt th ose from previou s wo r k 10.13.

~ONCLUSION

The possib ility of a pplicat ion of th e flash-heat er meth ylat ion with trimethyl­
milinium hyd ro xide to th e selec ted benzimidazole fun gicid es and th eir qualitat ive
den tificat ion a nd G LC determination has bee n esta blished. T he select ivity of this
'euction is preserved whe n the molar ra tio of T MA H to fun gicide is 2: 1 (fuberidazole
in d thiabendazole) or 4 : I (ben ornyl), and the injection cha m ber temperature is
~ 60C, which gives alm ost quantitative yield s of th e methyl derivatives. The linear
oehaviour of the detector (F l O) response fo r nan ogram am ounts of benzimid azol e
'ungicides with TM AH in th e flash-heater reactio n a llows one to a pply this method to
he G LC determination of th e residues of th ese fun gicides.
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;UMMARY

Residual organic compounds in laminated plastic material used in food pack­
iges have been identified through gas chromatographic and gas chromatographic­
nass spectrometric analyses of solid samples using a simple apparatus and direct
ieadspace sampling of vapors from heated samples. Preliminary studies show no
lecomposition of components at evolution temperatures between 30 and 125°C.
\lthough recovery of residual components was much less than 100 %at all tempera­
ures, reproducibility based on peak areas was 19-53 % relative standard deviation
vith 10-30 J1gjg with no sample pretreatment Various volatile organic compounds
ncluding methanol, l-ethoxy-2-propanol, l-propanol, 2-(2-hydroxypropoxy)-I­
rropanol, n-propyl acetate, 2-methyl-2-propanol, tert,-butanol and a C9H zo hydro­
.arbon were identified in samples of laminated plastic material.

Using a Tenax trap and the above technique these components were also
Ietected in the vapor phase inside sealed bags made from the same material. Appli­
cation of this technique to analysis of vapors in commercial potato chip packages
.evealed the presence of benzene as a major constituent.

INTRODUCTION

Organic compounds which promote stability and appeal of food products are
often added to foods during various stages of processing, Occasionally other organic
.ompounds may be present inadvertantly as residues from the manufacturing pro­
cess. Such compounds include methylene chloride and trichloroethylene in coffee'
md fluorocarbons in frozen seafood". Similar volatile organic compounds may also be
orcsent originally in the packaging material, but these contaminants may later mi­
~rate into the packaged food. Examples of this type of contamination include vinyl
chloride in corn oil ', styrene in meats" and plasticizers in yogurts.

* Present address: Department of Chemistry, New Mexico State University, Las Cruces, NM HH003,

U.S.A.

l021-9673/HI/0000 0000/$02.50 r 19HI Elsevier Scientific Publishing Company
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Although the determination of these and other volatile contaminants in actual
food sa m ples is d ifficult , analyses of packagin g mat er ials a nd th e va po r phase ins ide
sea led packages ma y be useful in the qualit y control of such contaminants in plast ics
and a lso for preliminary scree n ing of offe nsive od ors and tastes in food s. Sinc e pack­
a ging materi als often contain a mixture of vo la t ile organic compounds, most meth­
ods for th e det erminati on of residual contam inants ha ve been based on gas chrom a­
togr aphic techn iqu es. Most met hods ofan alysis involve hcadspacc sa m pling, although
various techniques diller in sample pr eparation . T ypically, a portion of the sam ple is
dis sol ved in so lvents such as dimethyl forrnumid c. isopropanol o r diethyl ether , and
the so lut io n is sea led in a gla ss container which is equipped with a septum. Th e
co ntai ner is placed in a heated bath at 70-RO"C fo r 1-2 h and a portio n of the
headspace is th en rem o ved and a na lyzed usin g gas chro ma togra phy (GC). Exam ples
of this method include methylen e chl oride in pol ycurbonates" and pla sticizer in 2,4­
di acetate ce llulose ?

Wilks a nd Gilbert" described a method fo r th e det erm inati on of residual vo la ti le
so lvents in pack aging materia ls usin g GC a na lysis of headspacc sa m ples of so lid
materials. However. o nly sam ples whi ch wer e spiked with kn own am ounts of certa in
compound s were a na lyzed . Headspace an alysis using so lid sam ples ha s a lso been
a pplied to synthe tic rubbers", viny l ch lo ride in polyvinyl chloride!" and res idual
hydrocarbon so lvent in polyacrylic acid I I .

Laminated pack ages which consist o f two shee ts of pla stic held together wit h
an adhesive or glue have been widely used in the snack food industry. Th ese materi als
ha ve exce llent pr oper ties for retention of odor a nd flavo r, pr ot ect ion from moisture
a nd adaptati on to au tom ated packagin g. However , if the laminated mat eri al is not
properl y dri ed , residu al so lvents ma y be pre sent in th e final food pa ckages. Th is pap er
describes res ults from a sim ple and rapid hcadspace method whi ch ha s been de­
velo ped fo r th e det erm inati on of tr ace co ncentra tion levels o f vo la tile o rga nic com­
pounds in laminat ed and o the r pack aging ma ter ials a nd in va po r sa mples from inside
sea led pac ka ges.

EX PERIMENTAL

fil s( I' WII I!II ta (ion
A Hewlett-Pack ard Model 5830A gas chromatograph wa s eq uipped with a 2 m

x 2 mm 1.0. glass co lumn cont a ining 2 '>;. OV- 7 o n A ue packing!", a nam e ioni zati on
detect or (FlO), a heated four-port , gas -switch ing va lve (Valc o, Hou ston , T X,
U.S.A.) and a flash deso rption oven. Sample tubes were attached to the four-po rt
va lve using 0.635--0. I59-cm Swagelok reducing uni ons (Ni agara Val ve and Fitting,
Hamilton , Ca nada ) and 0.6 35-cm 1.0. Vespel ferrules (Chromatographic Specialties,
Brockville, Ca na da) . T he a lumini um flash desorptio n ove n was heat ed using two 500­
W heating ca rt ridges (Wa tlow, St. Lou is, MO, U.S.A.) . Th e final design is shown in
Fig. I. Cond it ions of a na lysis were : in it ia l temper ature, O"C; temperature program
rate, 10"C/min ; final temperature, l50"C; injection port temperature, 250"C; detector
temperature, 275"C; slope sensitiv ity 0. 1 m V[sec; a rea reject , 1000; a tte nua tion, 64 o r
128; carrier gas, hel ium; flow- ra te of ca rr ier gas, 30 ml/min: temper ature of gas va lve,
200"C a nd temperature of tr an sfer lines, 180"C. Condi tions for head sp ace sa m pling
are specified when neces sary.
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Fig. I. Final design of desorption a ppa ratus for sol id hcadspace ana lysis. De tails ofthc apparatus include;
A = heated gas-switching va lve; B = steel sample-containing tube; C = Swa gelok fillin gs; 0 = 1.5H-mm
0 .0. sta inless-steel tubing wrapped in hearing iupc; E = GC inlet; F = GC co lumn; G = FlO or MS ;
H = thcrmal desorption ovcn.

A Model 5992A gas chroma togra ph-mass spectrome ter was equ ipped with a
single l1exible disc, .v- j: plotter , membran e sepa ra to r and thermal desorption system
as described above. The chromatogra ph ic co lum n was the same as described above.
Co nd itions for ana lysis by G C-M S were : ini tia l tempera tu re, -30"C; tempera tu re
program rate, 10"C/min ; final temperature, 150' C; lower mass ra nge, 25 a.m.u.;
up per ma ss ran ge, 400 a.m.u. : scan rate, 330 a .m.u. jsec; electron multiplier vo ltage,
1800 V; ma ss peak detecti on thresh old , 2; and G C peak detecti on th resh old , 300. Th e
temperature of the gas-switching lines and transfer lines was a pproxima te ly 60 ±
10"C and the tem pera ture of the flash deso rpti on ove n was 80"C. T he to tal time of
heat ing samples was 3 min including a 2-min period for preheating. Software used in
these G C - MS ana lyses was supplied by the man ufacturer and modi fied by Dick­
son 1.\ .

Preparation and analvsis of samples
Packaging mat erial. Plast ic sa mples (a pprox. 7 ern") were cut using scisso rs and

weighed to ± O.OOI g. Var iou s sa m ples were tak en from center sect ions of unu sed
sheeti ng, sea led but unfilled bags and bags which contained food products. A square
of sam ple was then rolled and insert ed into an empty sta inless-steel tu be with dimen­
sio ns 7.6 x 0.64 em 0 .0. x 0.4 1 em 1.0. T he sa mple-co ntain ing tube was attached
to the switching va lve whi le the va lve was in the by-pass position (position I). In GC
an alyses of the packagin g mat erials, the tube was heated with th e flash desorpti on
oven for a time while the va lve was st ill in positi on I. Afte r this preh eating period the
valve was switched to di vert the ca rr ier gas throu gh the tube and into the inlet of the
gas chroma togra ph (posit ion 2). After an addi tional I min the valve was returned to
position I and the ove n was removed from the tu be. When the va lve was switched in
this last step the tem perature progra m was sta rted .

In GC- MS ana lysis a similar procedure was followe d exce pt resid ua l air in the
tra nsfer lines and the tube was minimized by a 15-see flush of the desorpt ion system
while the tube co nta in ing the sam ple was a t amb ient tem perat ur e and the GC
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column was at 50- 80ne. Following th is step to remove air from the desorption
system, th e analys is was continued as described ab ove.

Vapor samples . Vapor samples were prepared by drawing the headspace inside
sea led packages throu gh tu bes co nta ining Te nax -GC (Ap plied Science Labs., Sta te
Co llege, PA, U.S.A.) sorbent material. Both empty and filled pack ages were used in
these an alyses. Eac h tube conta ined approxim atel y 100 mg of Tenax-G 'C, A gentle
vacuum was applied to on e end of the tr ap using an aspirat or while a needle attached
at the other end of the trap was used to pun cture the bag. A sharp No. II gaug e
need le fitted in a 0.635-0.3 I8-cm Swagelok red ucing union was used in this step, and
the sea l bet ween the bag and needle was surprisingly good und er these co ndi tions.
T he tr aps were ana lyzed by GC and GC- MS using proced ures described above.

Reproducibility and effec ts of time and tempera ture
The effect of temperature on th e amounts of compo nents released from sam­

ples of lam inated plastic sheeting was examined usin g five desorption temperatures.
These temperatures were: 30, 55, 77, 95 and I25"e. The tota l time of deso rption was 3
min including a 2-min tim e for preheat ing. Peak areas were con verted to concen­
trations using integra tion va lues. sample weights and an average response fact or of
400 area co unts /ng for the F lO. In a similar study the effec t of pre hea t ing time on
amo unts of compo nents released was stud ied at a desorpt ion temperature of 85°C
using four values for preheating time . T hese va lues, exclus ive of the I-min period for
sweeping organic compounds int o the inlet of the gas chromatogra ph were : I, 2. 5
and 10 min .

Triplica te ana lyses of samples of laminated mat erial which were cut from sim­
ilar sectio ns of unused plas tic sheeting were used to determine the reproducibility of
the techniq ue. Th e temperatu re of the deso rptio n oven was 80"C while the time of
deso rption was 3 min .

RESULTS A N D D ISCUSS IO N

Analysis by GC
Results from studies on the effect of tempera ture on amo unts of components

which arc released from laminated materia l are shown in Figs. 2 and 3. Gas chroma­
togram s are presen ted as bar plots!" fro m five ana lyses at di fferent temperatures using
thermal desorption techn iq ues. A full-scale value of 30.000 area counts was chosen
for use in each plot of Fig. 2 for co nvenient visual co mpa rison. The plot in Fig. 2A
shows that the vapor-phase above the solid laminated plastic co nta ins a t least 18
major and min or components. No detectable amounts of vola tile organic compo­
nent s were found in chrom at ogram s of blank ana lyses. In the blank analyses, identi cal
conditio ns were used excep t the sample was omitted. T he plot s in Fig. 2A-E illustr ate
the magnitud e of d ifferences in absolute co ncentra tio n of individua l components
among ana lyses. Actual concentrations of all orga nic compounds for the different
tempera tures were: 30nC, 1.9 uglg; 55"C, 11 .5 i lg /g; 77"C. 21.9 ilg/g; 95"C, 85.8 uglg;
and 125°C, 49 1.1 ilg/g . Although these resul ts show co nsiderable quantitative dif­
ferences, the dis tri bution of components in eac h plot was similar and no major new
co mponents were detected at higher tem pera tures. Therefore, no therm al decom po­
sitio n of the lam inated materials was evide nt using the co nd itions of this study.
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Fig. 2, Bar plots from GC an alyses of laminated plas tic material usin g five desorption temperatures.

The relative quantitative differences for organic compounds in each analysis
are show n by plot s in Fig. 3A-E. Alth ough the data used in Fig. 3A- E are the same as
in Fig. 2A-E, the full-scale values have been normalized to the are a count for the
most abunda nt component in each plot. With a thermal desorption temperature of
30°C, the major component elut ed near the middle (4.6 min) of the chr omatogram. A
later eluting component (9.6 min ) was appro ximately 70 %in abundance of the maj or
component. The abundance rati os of var ious compo nents differed at each desorption
temperature. At a 125"C desorption temperature the maj or component was an earl y
elutin g (1.9 min ) component. Fur thermore, the compound which was the major com­
ponent at 30"C was onl y 25 !., of the new maj or component (3.5 min) at 125"C.
Another large change in relati ve concentration was seen for a later eluting component
which decreased from 68 j;; (30n C) to 5% (125°C) of the most a bunda nt compound.
While other differences are discernable in these plot s, th ree features characterize the
results: the presence of volatile organic compounds in the vapor phase, even at 30°C;
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Fig. 3. Ba r plots fro m Fig. 2 with fu ll-sca le values no rma lized to largest com po nent in each plot.

large amounts of o rga nic co mpounds in the lam inat ed material; and the shift at
higher desorption temperatures to lower-retention-l ime co mpo nents.

Th e presenc e of or ganic compounds in the vapo r ph ase at 30"C was not un­
ex pected since odo rs had been associat ed with the packaging mat erial. However , the
co nce ntra t ion of th ese co mpo nents sho wed that th e composit ion of th e sample was
cha ngi ng daily and that the drying pr oces s was incomplete. C lea rly, when charac­
terizing a part icu lar bat ch of mat erial , lon g sto rage tim es may alter the quant itati ve
result s.

Va ria tio ns in ret ent ion tim es as large as 1.5 min for th e ear ly elu ting com ­
pon ents were o bserved. Since the co mpo nents a rc co nde nsed at th e inlet of the
co lumn, eve nts which occur befor e thi s ther ma l focusing step a re no t expected to
intluence retenti on times.

Altho ugh th e causes for these di fferences ha ve not been determined, la rge
concentra tion cha nges which exceed the linea r ra nge of the dis tribution iso therms



IDENTI FICATION OF ORGA N ICS IN FOO D PACK AG ES 99

may result in reduced retention tim es. Th is beha vior is particularl y evident when low
capacity ( ~ 2 /., liquid phase loading) columns are em ploye d.

When the tot al co ncentra t ion of co m po nents in the head space is plotted versus
desor ptio n tempe ra ture usin g th e above da ta . th e curve shows no evide nce th at the
system was reaching an eq uilibrium va lue. This was supported by a second study
where times for preheat ing as long as 10 min were used with desorpti on tem pera tures
of 85"C. The tot al amounts of materi al which were released during th ese a na lyses
were: I min. 22.0 IIg/g; 2 min . 32.0 ugjg ; 5 min . 97.0 fl g/g ; and 10 min . 210 f ig /g . The
results fro m these ex per ime nts a lso showed tha t total recover y of the vo la tile co m­
pounds from laminated material was incomplete using the a bove condi tions . How­
ever. the reproducibilit y of q uant ificat ion for a specific pr ehe ating tim e a nd desorp­
tion temperature based on peak areas had a range for a relati ve sta ndar d deviation of
15- 53 ( ~;; with a median va lue of 22 :'<;. These dat a from repl icat e an alyses are given in
Tabl e I and include the total mea sure of precision from sample handling. headspace
sampling and G C an aly sis with thermal focu sin g. Although numerous aspects of
quantification such as preparation of standards. sto rage of sa m ples and ca libra t ion of
respo nse for particular analyses still require dev elopment. some progress has been
mad e in quantitating similar methods. Kalb 1s ha s used a "discontinuou s gas extrac­
tion " procedure and found that his pr ocedure was useful in the determination of
solvents in pr inted foil . but was too time co ns uming for rout ine analyses. Others!"
ha ve mea sured am ounts of vo la tile compon ent s in so lids through the use of Henry's
constant which was determ ined fo r experime nted co nd itions. Ano ther a lterna tive re­
ported by Kalb ' s is the usc of reference materia ls with kn own composition s th at were
pred etermined using dissolut ion method s.

TA BLE I

VA LU ES FOR REPRO D UCtBILlTY OF GC H EA DSPACE ANA LYS IS OF LA M INATED
MATERIA L

Retent ion time (min } Estim ated concentration ( I/I(/I()

Average

2.43
3.33
H O
4.95
5.13
5.H2
7.H7
9.24
9.97

10.3H

Standard deviat ion

0.04
0,06
0,04
0.04
0.02
O.OX
0,05
(l.05
0.04

A ,'eml(e

15091
4340
H53H

395
2H92
337\
695

2H9 1
33H
IX9

Standard deviat ion

2X9 1
7 \0

IXI 4
90

599
\237
36(,
447
131
46

Analysis hy GC-I'vIS
Samples of both laminated pla stic ma terial fro m a food package an d the va po r

pha se inside the sa me package wer e an alyzed usin g GC- MS techniques. Results from
these ana lyses are sho wn in Figs. 4 a nd 5. In Fig. 4. the to ta l ion chro ma togra m (T IC)
is sho wn fro m an ana lysis of a 0.138-g sample of packaging mat er ial. T he number and
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Fig. 4. Plot of T IC fro m GC- MS analys is of solid laminated material. Co ndit ions of ana lysis given in text.

dis tributio n of com po nents in th is T IC co mpa re favorabl y with patterns which are
sho wn in F igs. 2 and 3 from an alysis of the same mat eri al usin g Gc. F urt hermore,
the rela tive a bunda nces of the var ious co mpo nents were a lso very similar to those
found by GC ana lyses. Th e T IC co ns ists of six maj or components with ano ther seven
min or com po nents or sh oulder s on other pea ks. Th ese co m ponents were identified
using mass spec tra which were then compa red to reference spectra fro m the Envir on­
men tal Protect ion Age ncy/ Na tiona l Inst itute of Hea lth reference volumes !". T he first
four major com po nents were esters or a lcohols whi le the last major component was a
C9 H 2 0 bran ched hyd roca rbon. T he identity of th ese and other components are listed
in Tabl e II , a lth ou gh an exact struc ture for thi s C9 H20 was no t determined . In Fig . 4 a
very sma ll am ount of a ir was detected a t an elutio n time of 0.4 min . Thi s shows that
switching th e va lve for 15 sec to for ce carrier gas th rough the sample tube and carrier

TA BLE II

CO MPO N ENTS ID ENTI FI ED US ING GC-MS ANA LYS IS OF LAMI NAT ED PACK AG E
SYSTEMS

Fro m Figs . 4 and 5.

Retention lime (min) Component

2.7 Metha no l
3.2 I-Etho xy-2-propan ol + second

unident ified componen t
3.8 Met hyl et hyl ketone
4.3 l-Prop anol
4.5 2-(2-Hydroxypro poxy)-I -propanol
5.6 II-Propy l acetate
6.3 2-Methyl-2-pro panol + trace of toluene
8.1 la l.-Buta no l
9.5 C9 H20

10.2 C9 H20

10.6 C9 H2 0

Package ma terial Vapor phase

x x
x x

x
x
x x
x x
x x
x x
x x
x x
x x
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lines was sufficient to swee p mo st of the residual ai r fro m the desorption system and
to prevent excessive amo unts of a ir to enter the mass spectro meter. Th e initial tem­
perature of - 30"C resulted in a separatio n time of about 2.5 min between ai r and
methanol.

Result s from G C- MS analysis of the vapor ph ase inside two pack ages used in
the above an alysis a re shown as a TIC in Fig. 5. Th e pattern of thi s T IC is nearl y
qualitat ively identical with the T IC shown in Fig. 4. Most co mpo nents in the gas
phase were the same as in the laminated material and retenti on tim es were close or
ident ical mat ches. A lso the relati ve abundances of compo nents in th e gas phase were
similar to those from GC headspace an alysis of the plastic material. A single major
difference between Figs. 4 and 5 is a sizable component which eluted at 3.8 min in Fig.
5. This component was identified as methyl eth yl ketone using mass spectra.

RUN 16]2
T I C

t--~-~~-~------'-~-~'-~----r-~-~-~ f5 1,0 0 0

a S 10 MIN

Fig. 5. Plot of T IC from GC - MS ana lysis of vapor phase inside two sea led bags made from laminat ed
material. Co ndi tions of ana lysis given in text.

These methods were appl ied to an alysis of bo th th e va por space and plastic
mat erial of commercia l pot ato chip bags. Typical results are shown in Figs. 6 and 7.
The pack aging material used in the se ana lyses was a smo ot h white flexible plastic ,
perh ap s polyeth ylene or pol yprop ylene, which was used as a package for pot ato
chips. Result s fro m GC- MS an alysis of the white plastic a re shown in Fig. 6 as a TIC.
Very few components were detected in th is analysis and co ncentra tions were es­
tim at ed to be less th an 10 Jig/g. These compone nts were mostly branched or un­
satura ted hydr ocarbons. However. GC-M S analysis of the va por ph ase insid e the se
bags sho wed a very different co mpos itio n. Onl y a sing le major compon ent was de­
tected in the vapors. and the co mponent was clearl y ident ified as benzene. Varying
amo unts of benzene were found in replica te ana lyses of similar packages. Th e amo unt
of benzene present in the vapor pha se of two bags was mo re than sufficient to over­
load the G C--MS. In Fig. 7 thc d istort ion of the peak is a result of the mass spectrom­
eter being automatically turned 011'when excessive amounts ( > ca. 10 pg) of com­
ponent s ent er the ma ss spectro meter.
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Fig. 6. Plot of TI C from GC- MS analysis of white hom ogeneous solid material used in potato chip bags.

\l l( uv- 1\ 1
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Fig. 7. Plot of TI C from GC- MS analysis of vap or phase inside two pot at o chip bags.

The or igin of the benzene is unknown, since it could have been introduced at
an y point in the product preparation or in pressurizati on of the bag. A more complete
study is underway to determine the extent and con centration of benzen e and other
components in this type of packaging system.
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SEPARATION OF BOVINE CASEINS USING HYDROPHOBIC INTERAC­
TION CHROMATOGRAPHY
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SUMMARY

All of the casein components could be adsorbed onto Octyl-Sepharose CL-4B
from a phosphate buffer solution and separated chromatographically using a gradient
of 0-6 M urea. fJ-Casein, despite its higher average hydrophobicity, was eluted first.
The large peptides IJ(sl-I and fJ-I (derived from IJ(sl- and fJ-casein by chymosin action)
were readily separated from their precursor proteins using this technique, and the rare
A variant of IJ(sl-casein was well resolved from the commoner B variant.

INTRODUCTION

The caseins of bovine milk constitute nearly 80 %of the total milk proteins and
one of their predominant characteristics is their strong association with one another.
This association is partly caused by hydrophobic interactions between the proteinsl:",
and it might be expected that the caseins could be separated, one from another, by
hydrophobic interaction chromatography':". Hydrophilic Sepharose gels substituted
with hydrophobic groups, such as n-octyl groups, have been shown to interact with
the surface hydrophobic regions of globular proteins, and these gels have been used to
isolate and purify otherwise recalcitrant proteins" and for the surface characterization
of the surface hydrophobicity of bacteria" and proteins", Hydrophobic interaction
chromatography was therefore explored as a possible technique for the separation of
the bovine caseins from one another.

EXPERIMENTAL

Materials
Phenyl- and Octyl-Sepharose CL-4B were purchased from Pharrnacia, Upp­

sala, Sweden. All other chemicals were reagent grade, and the water was purified
with a MiIli-Q ion-exchange and filter system (Millipore, Bedford, MA, U.S.A.).

Method
Column chromatography. The Octyl-Sepharose CL-4B beads were packed into

a 1.6-cm diameter column to a depth of 25-30 em in a O. I M solution of Na zHP04

0011-9673/81/00000000/$02.50 1981 Elsevier Scientific Publishing Company
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adj usted to pH 7.0. The sample (0. 1- 1.0 g) was applied in 5-10 ml of 0. 1 M Na zHP04

pH 7.0 buffer. The co lumn was eluted with 200 ml of 0. 1 M Na zHP0 4 pH 7.0 buffer
at a flow-rate of 160 ml /h maintained with a Ph armacia P-3 peristalti c pump, fol­
lowed by a linear gradient of 0-6 M urea (300 ml each solution) in 0.1 M Na zHP0 4 ,

then 200 ml of 6 M ure a in 0. 1 M NazHP04 and finally 200-400 ml of 0.1 it!
Na zHP04 buffer. The co lumn effi uent was fractionated into 20.0-ml fractions using
an LKB Ultrorac frac tion collector. Th e absorbance of each fraction was determined
at 280 nm, and its casei n composition determined by d isc gel electrophoresis followed
by densitom etry using the procedure of Crea mer and Ber ry", Par a-x-casein was
determined with the a id of an sodi um dod ecyl sulfa te (SDS) gel syste m" ,

Cliymosin degrada tion of whole casein. A sample of who le casein " was dissolved
using 0.1 M NaOH to give a 5 %so lut ion at pH 6.3. This so lution was held at 30c,C
and mixed with commercial rennet (N.Z. Co -operative Renn et Co mpa ny, Eltham,
New Zealand) to give a rennet concentra tion of O. I i;;. At selected times between 2
min and 16 h, 20-m l samples of the mixture were heated in a boilin g-water bath to
denature the enzyme. Gel electropho resis was used to det ermine the extent of chymo­
sin hydroly sis of the caseins.

Hydrophobicity estimations. The average hydrophobicity per residu e was de­
termined using the procedure of Bigelow! ", Th e distribution of hydrophobicity along
the protein sequence was determined fro m the seq uences of th e bovine case ins . 1 by a
moving-average smoothing technique in which the hydrophobi city of each and every
non apep tide was calculated using the binom ial coefficients ( I :8:28:56 :70:56:28:8 : I)
as the weighting factors for the nine residues of the non apeptide. Five pha ntom
residues of zero hydrophobicity were appended to each end of the sequence so tha t
the hydr oph obicity plots did no t start or end abr uptly. Alth ou gh the hydrophob icity
of each of th e nin e residues of the non apeptide contributes to each of the calculated
points, the majo r contribu tio n is fro m the central three resid ues. Th ese smoothed
curves were calculated and plotted using a Hewlett-Packard Model 9830A calculator
fitted with a Model 9862A plo tter.

RESULTS

Prelimin ary results showed that whole casein, of which (:(s l- ' (:(sZ- ' {t- and K ­

case in are the major com ponents, adsorbed onto Octyl- or Phenyl-Seph arose C L-4B
fro m dilu te ph osphate buffers and co uld be totally desorbed with 6 M ure a or 40 %
(v jv) etha no l. A gradient of 0-40 ~~ (vjv) ethylene glycol onl y desorbed a portion of
the protein while the remaind er was desorbed with 6 M solution. In every case, fJ­
casein was eluted more readily th an (:(sl-casein .

Optimum separa tion was obtai ned when an increasing gradient of urea con­
centrati on was used in O. I M phosph ate buffer. The maximum qu antity of casein that
co uld be chroma tographed with good reso lution of its com ponents was about 0.25 g
(3 mg/ml of Octyl-Sepharose). Thus lar ge columns wo uld be requ ired if hydrophobic
interac tio n chro ma to graphy were to be used to prepare lar ge qu antities of casein
components.

F ig. 1 sho ws a typical chr oma togram of who le casein co nta ining eq ua l q uan­
tities of the A and B varia nts of (:(sl-casei n. The init ial peak of 280 nm a bso rbance
which elute d at the void volume did not conta in any protein as determined by gel
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' ig. I. Chromatography of who le casein on Octyl-S eph arose C LA B. Upper curve : the ab sorbance at 280
m r(' fS II S fraction number is sho wn; lower curve : the densitometer peak height s for eac h co mpo nent o n
isc gels arc shown.

.lectrophoresis. The first major peak eluting near fraction 16 (320 ml of buffer, 120 ml
nto the urea grad ient) was found by gel electro phoresis to be predominantly fJ-casein.
Fhe second lar ger peak of 280 nm ab sorbance was found to be a mixture of as-caseins
)y gel electro phoresis, asl-caseins A and B being well resolved from one an other.
Nhen purifi ed as! - and x-ca sein s were chromatographed indi vidually, the y were
.luted as symm etrical peaks a t the peak positions (centered on fractions 40 and 18,
es pectively) expec ted on the basis of chro ma tog ra phy of who le cas ein. Changi ng the
empera ture of the system from l O-22"C to 1or 40"C did not a lte r the order of elution
)1' the com po nents from the column, a lthough all components eluted a t higher urea
:oncentra tions at the high er temperature.

The pH of th e system at I"C determined both the order of elution and the
iverall tenacity of retention. In genera l the casein components were re ta ined more
tron gly at the lower pH va lues (Fig. 2). The concent rati on s of Na " , P04

3
- ,

1P0 4
2

- , H2 P0 4 " , etc., that were presen t in the bu ffer ch an ged with pH , and the
lution position s may have been influenced by the modified co ncentra tions of these
onic buffer com po nents.

"hronurtography of chymosin-treat ed casein
Th e elution pattern from a sam ple of whol e cas ein that had been partially
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Fig. 2. Effect of pH on the chromatographic elution posit ion of the casein components of whole casein. • .
{3-Casein; 6 . y-casein ; O . x-casein; ... . IX,, -casei n; O . lX,r casein.

degraded with chymosin is shown in Fig . 3. It is clear that the elution order is IJ-I, 13­
ca sein , para-x-case in, Gl'I - I, Gl'2-casein and Gl, I-casein.

An attempt to determine the eluti on position of para-x-casein in isolation was
not successful because it could not be disso lved and adsorbed to the column in the
absence of GlsI- or fJ-casein.

Calculated hydrophobicities
Table I shows the calculated average hydrophobicities for a selection of casein

components and derived peptides, while Fig . 4 shows the smoothed d istribut ion of
hydro phobicity along sequences of these proteins and peptides. It can be seen that the
hydrophobicity of eac h casein or casei n pept ide is not even ly spread along its
sequence and regions of higher-than-average hydrophobicity show as pea ks in the
curves. (The horizonta l lines denote the average hydrophobicity of eac h protein or
peptide.)

Varying the parameters in the smoothing calculation did not a lter the sha pe of
the curves greatly. However , smoothed curves are eas ier to comprehend than the
jagged plots that are obtained when the hydrophobici ty of each residue is plotted
versus residue number.

Compari son of the hydrophobicity plots (Fig. 4) of (X,I -casein A and (X, I-I with
that of (X, I-casein B shows that a peak of hydrophobicity near residue 25 of (X, t-casein
B has diminished and that a sma ll peak near residue 5 of (X,I -casein B is not present in
Gl, I-1. Overall , (X'l -cas ein B ha s onl y a few peaks of hydrophobicity, while fi-case in A2
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Fig. 3. Chromatography of chyrnosin-tre.ued whole case in on Octyl- Sepharose CL-4B. The upper an d
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casein curves are not sho wn an d the para-e-casei n cu rve wa s deri ved from SD S di sc gel densitometry.

T A BLE I

AVERA GE HYDROPHOBICITIES 01- BOVINE CA SEINS AND CASEI N PEPTID ES

Protein OJ" peptide Rclru ionshlp 1(1

parent casein
H <p,,,*
(kl jm olcircsiduc)

G( . ,-Casei n B
G(. , -Casei n A
G(. J-I
{i-Casein A 2

{i-I

G(. , -c.lsein B ( I 13. n 199)
.:x. ,-Casein B (25 199)

II-Casein A 2 ( I " I XlJ)

4.90
4.X5
4.XI
5.5lJ
5.35

* Alter Bigelow 1<) .

has a large number of peaks bet ween residues 60 and 209. One of these peaks is absent
from Ii-I. but none is absent from I'-casein (residues 29-209 of Ii-ca sein).

DI SC USSION

The pr esent results show that the large casein peptides (.(, 1-1 and Ii-I can be
separa ted from their precursor prote ins. (.(, 1- and Ii-casein . The rare A variant of 0:, 1-
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Fig. 4. Plots of the smoothed hydro phobicities of <1, , - and {I-caseins. Th e calcula tions were carried out as
described in the text. The hor izon tal lines are the ave rage hydrophob icit y fo r each peptide or protein. In
some cases the plot s are displaced to align the C-ter mina l residues.

casein is also rea dily sep arated from the common B variant, with which it oft en
occ urs in eq uimolar qu antities. None of th ese sepa ratio ns is easily achieved using th e
sta ndard meth od s of gel filtra tio rr' f o r cellulose ion- exchan ge chrom at ography' <'!".
Apart fro m these speci fic applica t ions . the relative ly low resolving power and ca­
paci ty of the gels make th eir widespre ad use for routine isol at ion of case in com­
ponents fro m who le casein less a tt rac tive.

T he present resu lts suggest a mechani sm for the well-k nown meth od of prepar­
ing case in components l ' in wh ich who le casein at its isoe lectric point (approx . pH
4.6) is dissolved in 6 M urea and differentially pre cipitated as rJ.s- and IJ-casein by the
step-wise addition of water ; i .e., dilution of th e urea. Interpolation of th e data shown
in Fig . 2 to pH 4.6 indicat es that C(' l -casein would interact more readily with hydr o­
ph obic groups tha n IJ- or x-cas ein, and th e self-interac tion of C(sl -case in is thus likely
to be hydrophobic. Th e present results also suggest that a sim ilar mech ani sm may
exist for th e Zit tle and Custer !" method of preparing x-case in by th e ac id ifica tio n of
who le casein diss olved in urea so lution to precipitat e Gt, - and p-c asein .

Th e most unexpected res ult from the present st ud y was th e early elu tio n of p­
casein compared with Gts1 -casein whe n th eir ca lculated hydrophobiciti es (Tabl e I)
were in the opposite direct ion .

Kash avarz and Na ka i17 found th at a series of globula r proteins were not eluted
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from a column of hexyloxy-Sepharose with an ethylene glycol gradient in the order of
increasing average hydrophobicity , but th at the order was closely corr ela ted to the
order of th e dist ribution coefficients of those proteins between two immiscible ph ases
of differing polar ity. They concluded that both the distribution coefficients and the
order of elution in hydrophobic interaction chromatography were governed by the
size and structure of the surfa ce " pa tches" of hydrophobic residues on the prote in
molecules . The caseins cannot be considered as globular proteins because th ey hav e a
low degre e of order in their struct ureI.2 .18.19, and yet their struct ures mu st be such
that !Xs l -casein has a region or regions that can int eract strongly with the octyl groups
att ached to the Sepharose, while [i-casein has no such region. Examination of the
smoothed hydrophobicity versus residue number plots (Fig. 4) doe s not suggest that
there is an y difference between these proteins in th eir distribution and/or clustering of
hydrophobic residues that might account for thei r observed elution behavior. It seems
likely that the small amount of secondary structure th at probably exist sl8 in IXs I ­

casein is such that one or more region s of the molecule adopt a conformation that can
react strongly with the octyl gro ups of the Octyl-Sepharose. The elution of both IXs1­
casein A and IXs1-I prior to asl-case in B suggests that one such region may involve
residues th at are close to the seq uence that is missing from both IXsl-casein A and IXs I ­

I , viz., residues 14-24 of IXsl-caseins .
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SUMMARY

An easy. rapid and accurate method for routine analysis o f seventeen com­
monly used ionic food d yes by me an s o f ion-pair ext ractio n and ion -pair ad sorption
thin-layer chromatography on silica gel plates ha s been developed , Cetyltrimethylam­
monium bromide was selected as the counter ion for both isol ati on and sepa ra tio n.
Its co ncentra t ion in th e sa m ple before cxtructi on with methylene chl oride sho uld be
around 0.0 125 M, A pH va lue of 2.5 for the ex trac tion gives a n acce pta ble reco ver y o f
most o f the d yes. T he thin-layer plates were im preg na ted with the co unter ion which
was also present in the eluen t. Sharp spo t applicati on yie lds a very good separatio n,
enabling satisfac to ry ident ificat ion of the dyes.

I NTROD UCTI O

General featu res of the exis ting methods fo r a na lysis o f d yes a rc th at they a rc
time-consuming. labori ou s and do not a lways yield a sa t isfac to ry sepa ra t ion. In most
cases. ide nt ifica tion is achi eved by paper o r thin-l ayer chrom at ogr aphy, alth ou gh th e
number of high-performance liquid chro ma to gra phic (H PL C) method s is stead ily
inc reas ing ":", A th orou gh pr ocedure for th e systematic identificati on of 49 syn the t ic
foo d d yes has been ela bo ra ted by Hoodl ess et al,",

Drevon and l.aur' wer e the first to empl oy quaternary ammonium sa lts to
isolate food dyes. Several workers ha ve subseq uently applied thi s mcthod<" but non e
ha s demonstrated the potential of the combination of io n-pa ir extraction and ion-pair
chromatography. In the work presented here seventeen common food dyes, all con­
tainin g sulpho nate or carboxylate groups. arc both isolated and chromatographed as
their ion pairs with th e cct yltrirnethylammonium ion . The main ad vantage of thi s
procedure is that it a llow s a rapid identificat ion with a minimum of sa m ple tr eatment
and within a reasona ble time, and is highl y rel iabl e.

130th perm itt ed a nd non -permitted additi ves were co nsidered. Ho wever. since
no two countries in the world ha ve identical list s of permitted co lo ur additi ves, no
d ist incti on is mad e bet ween thc two ca tego ries .

002 1 -9h 7 .1j~ l jOOOO 00 00; 50 2.50 t " I <) ~ I Elsevie r Sc ientif ic Pub lish ing Compa ny
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Reagents
All compounds were used as purchased. Anal ytical grade chemicals were em­

ployed where availa ble. The dye standa rds (Table I) were supplied by local distribu­
to rs and were of "Food Grade" qu ality. Th ey all contain sulpho nate groups except
erythrosine which has a carboxylate function. Cetyltrimeth ylamm onium bromide
(CT MA) was from UC B (Drogenbos, Belgium ). Appropriate d ilut ions were made in
distilled wat er. Dye so lutio ns were prepared in buffer, except for erythrosine which
was dissolved in butTer-meth anol (I :I). Four standard so lutions, each containing all

TA BLE !

T HE SULPHON ATED DYES
_..•._ .._ ... - ._ --_..

Common IUlIIle Colour index
no.*

.--- - - " - _.

Yellow
Tartrazine 19140

C hrysoi n S 14270

Quinol ine yellow 47005

Acid yellow 13015

Orange
Su nset yellow FCF 15985

Orange GG N 15980
Red

Azorubine 14720

Amaranth 16185

Coc hinea l red A 16255
Scarl et GN 14815
Pon ceau 6R 16290
Erythrosine** 454 30

Blue and black
Patent blue V 42051
Indigo ca rmine 730 15

G reen S*** 44090

Brilliant black BN 28440
Black 7984 27775

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

EEC no.

EI02

E IO)

E I04

E I05

E I IO

E I II

EI22

E I23

E I24
EI25
E l26
E I27

EDI
E I32

E I42

EI5 1
EI 52

Synonyms

F D & C Yellow No. 5; c.l.
Fo od Yellow 4
c .r. Fo od Yellow 8; Resor cin
Yellow
C} . Ac id Food Yellow 3;
D & C Yellow No. 10
c .i. Food Yellow 2; Fast
Yellow A B

F D & C Yellow No. 6; c.l.
Food Yellow 3
C} . Food Orange 2

c .i. Food Red 3; Fast Red G ;
Carmo isine
F D & C Red No .2; c.i. Food
Red 9
c .r. Food Red 7; Pon ceau 4R
c .i. Food Red 2
c.r. Food Red 8, Sca rlet 6R
F D & C Red No . 3; c.r. Food
Red 14

c. t. Fo od Blue 3
FD & C Blue No.2: c .i.
Food Blue I : Indigotine
C} , Food G reen 4; Wool
Green BS
c .r. Food Black I

* Rowe Colour Index , 2nd ed ., Brad ford, G rea t Britain, 1956.
** Althou gh not a sulpho nated dye, this substance is included beca use of its wides pread use among

wate r-sol ub le foo d dyes.
*** Has a blu ish sha de at cer ta in concentra t ions,
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dyes of the same colo ur group (yellow, orange, red , blue + black ) at a concentration
of 0.025 /~ in water- me thano l (I : I), were used as references for thin-layer ch ro mato­
graph y (TLC). Buffers of different pH values were prepared by mixing known amounts
oftwo stock so lutions and appropriate dilution. Th e pH values were measured with a
glass electrode and carefully adjusted where necessary. Elution solven ts were freshly
prepar ed before each chromatographic run. The thin-layer plates were pr e-coated
silica gel plates (Merck No. 572 I, 20 x 20 em, layer th ickness 0.2 5 mm).

Isolation of the dyes
As the isol ation from the samples was to be undertaken by bat ch extraction ,

the influence of several parameters on the efficiency of th e procedure had first to be
esta blished .

pH value. A 0.01 :~;, solution of eac h dye was prepared in buffers of different pH
value (2, 2.5, 3, 3.5, 4, 5, 6). One millilitre of each dye solution, I ml of a 0.01 M
CTMA solu tion and 2 ml methylene chloride were mixed in a glass-stoppered tube on
a Vortex for 30 sec. After separation of the pha ses, the extraction efficiency was
evalua ted visua lly.

Counter-ion concentration. It is known from the th eory of ion-pair extraction
that the distribution rat io can be varied within certain limits by ch an ging the nature
and the con centrati on of the counter ion . As the na ture of the counter ion selected was
based upon empirica l ob servati ons , the influence of the co ncentration rem ain ed to be
exam ined. Therefo re, I ml of the 0.01 X) dye solutions in buffer (pH 2.5) , I ml of
aqueo us CTMA so lut ions, having co ncentr ations ra nging from 0.1 M to 0.001 M and
2 ml methylene chloride were treated as described above. The dye concentration in
both layers was evaluated visua lly.

Dye concentration. On e millil itre of eac h of a series of dye so lutions in buffer
(pH 2.5) having concentrations ranging from 0.00 2 :)<, to 0.1 0';), I ml 0.025 M CTMA
solutio n and 2 ml methylene chloride were treated as descr ibed above. The results
were evalua ted visually.

Sample extraction
Surface coloured sweets were sha ken with buffer (pH 2.5) unt il th e coloured

subst ance had dissolved. The phases were immed iately separated to avoi d dissolution
of the sugar and other substances which complica te the separa tion of the immiscible
liqu id layers in the next stage of the ana lysis.

Other samples were used as such after adjustment to pH 2.5 (e .g. , beverages) or
macera ted in methanol- water ( I : I) slightly a lka linized with ammonium hydroxide
(e.g ., preserved fruits, instant dess ert s, caviar). After filtration and evaporation to
dr yness, the resid ue was taken up in buffer (p H 2.5) so lution.

Jellies, cont a inin g large amounts of gelatine, were tre at ed as follows. A qu an­
tity of jelly was dissolved in the minimum volume of water. Two volumes of methanol
conta ining 0.1 '/;, ammonium hydroxide were added and the mixture coo led in a
refri gerator at 4'T for 2 h to precipitate th e proteins. After centrifugation the super­
natant was eva pora ted, th e residue taken up in 20 ml of wat er-meth an ol (1 :4), alka lin­
ized with O. I 0;;') ammonium hydrox ide, and the enti re procedure rep eated. T he fina l
dr y res id ue was dissolv ed in buffer (pH 2.5).

One millilitre of a col oured so lution or of an extract, I 1111 of a 0.025 M
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cetyltrime thy larnmonium bromide so lution and 2 ml of meth ylene chloride were
mixed in a glass-sto ppered tube on a Vor tex for 30 sec. In most cases, centrifugatio n
was applied to speed up phase separa tio n. Conce ntrat ion of the orga nic layer , where
indispensable, was carried out in a stream of nitrogen .

Thin-layer chromatography
Prelim inary work had shown tha t adsorpt ion chroma togra phy of sulphona ted

dyes on impregnated layers was highly prom ising on sjlica gel plates. Therefore,
attentio n was co nce nt rated on the potential of s ilica gel as the sorbent. It soon
becam e o bvio us that the counter ion sho uld be pre sent both in the eluent system and
in the sorbent layer. This was ac hieved either by dipping the pre-coated plates in a
dilute so lution of the counte r ion (0.1 M in meth an ol) foll owed by air drying or by
developing them twice with a 0. 1 M so lut ion of th e counter ion in meth an ol with
ca reful air dryi ng after each run. Aliquot s (1-5 }11 ) of the extrac ts were spotted on
th in-l ayer plates 2.0 em from the bottom and 1.0 em apart using a cap illar y pipette or
a syr inge . Referenc e standa rd so lutions were similarly applied (2 pi ), each spo t cor­
resp onding to 0.5 pg of the individual dye. The mobile phases were: A, methanol­
acetone (9 :I) + I ~{, glacial acetic acid, 0.1 M counter ion ; B, methanol- acetone (I : I ).
0.1 M co unter ion . Aft er solvent development in a sa tura ted cha m ber to a distance of
15 em , the plate was removed, a ir dri ed and examined both visua lly and und er UV
ligh t of 366 nm .

R ESU LTS AND DISC USSIO N

Isolation of the dyes
T he highest extraction efficiency for most of the 0.0 I :~~ dye so lutions was

achieved with the buffer of pH 2.5 (50 ml 0.1 M potassium hyd rogen phtha late + 38.8
ml 0. 1 M HCl , di lute d to 100 ml), a lthough fo r so me the yield was appa rently higher
with the buffer of pH 3 (50 ml 0.1 M potassium hydrogen phthalate + 22.3 ml 0.1 M
HCl , dil ute d to 100 ml ), For eac h of the dyes a certai n amount of the ion pa ir fo rmed
was extrac ted into th e organi c layer. Th at ion-pair extrac tion had occ urred was
demon strat ed by the fact th at when the counte r-ion so lutio n was substituted by wa ter
no colour co uld be observed in the meth ylene chloride layer. The influence of counter­
ion concentrati on is summarized in Tabl e II. It can be seen th at , with few exceptio ns,
the concen tration of the co unte r-io n so lution should lie between 0.0 I and 0.05 M .
Higher concentrations of 0.1 M prevent extrac t ion. Although no clear expl anat ion of
th is behaviou r ca n be given , Kn ox and Laird? sugges ted th at, above a cer ta in con­
centrati on, ad so rption or micelle formati on may be relevant. The po or extraction
efficienc y with less concentrat ed CT MA solutions result s from poor ion-pair for­
mation. The results in Table III sho w th at the extraction efficiency is little or not
affected by the dye concentration in most instances , in agreement with the theory of
ion-pair extracti on which ass umes that any excess of co unter ion sho uld be present fo r
ion-pair fo rma tion.

Thin-layer chromatograph)'
For the chroma tographic sepa ra tion severa l co unte r ions with d ifferent lipo­

ph ilic character and of va rious sizes were exa mined. The best resu lts with regar d to



TLC OF IONI C FOOD DY ES 119

separa tion efficiency were obta ined with CTM A, so that th is was selected for genera l
use. The poor discr iminat ing ability of man y other ions was reflected in a moderate
mobility of the ion pair or in a very pronounced tailing of the spots.

The two modes of plate impregnation did not yield identical result s. Although
both genera lly gave sa tisfactory result s. the qu ality of the pre-develop ed plates was
sometimes difficult to reproduce, considerable run-to-run differ ences in separation
efficiency being encountered. An acceptable reproducibility was achieved when the
plates were immersed for exactly \ min in a fresh 0.\ M solution of the counter ion in
methanol , followed by careful air dr ying in hot air.

A typical chromatogram required 35-45 min which is a relati vely short time
compared with the elution time of one to several hours with conventional butanol­
water mixtures. Usua lly, well defined circular spo ts were o bta ined, an ad vantage of
the present method compared to many others, where peak tailing considera bly de­
creases sepa ra tion efficiency and ide ntifica tion possibilities.

Iden tification in foodstuffs was achieved by co mparison of the RF va lues and
colours of the unknown s with those of the con stituents of the reference mixtures. UV
detection at 366 nm was shown to be useful in corrobor ating the iden tit y of azoru bine
(red fluorescence) or erythrosine (pale orange fluore scence) on chro matogra ms of a
somewha t poorer qu ality.

A satisfactory separa tion of a ll dyes within each colour group was not possible
with only one eluent system. Table IV sho ws the RF values in the two selected mobile
phases. Th e orange dyes may be developed in an y of the solvent systems, but the y
were not separa ted . Th is means tha t when a spo t with a given R; va lue is det ected one

TAB LE IV

s, VAL UES OF SOM E SU LPHO NATE D DYE S SEPA RATE D BY ION-PAIR THI N-L AY ER
CHRO MATOG RAPHY O N IMPR EGNATED SILIC A G EL LAYERS

Solvent s: A, methanol- acet one (9 :1) + I %glacial acetic acid, 0.1 M CT MA; B, meth anol- acetone (I : I),
0.1 M CTMA .

Dye

Ta rtra zine
Chrysoi n S
Quinoline yellow
Acid yellow
Sunset yellow FCF
Ora nge GGN
Azoru bine
Amaran th
Cochinea l red A
Scarlet G N
Ponceau 6R
Eryt hro sine
Patent blue V
Indigo ca rmine
Gr een S
Brillan t black BN
Black 7984

A

0. 14
0.4~

0.33
0.37
0.32
0.32
0.28
0.26
0.07
0.46
0.17
0.34
0.36
o.as
0.44
0. 12
0. 16

B

0.07
0.33
0.28
0.31
0.25
0.25
0.25
0.19
0.03
0.40
0.07
0.20
0.34
0.29
0.39
0.09
0. 12
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sho uld proceed to a furt her d ifferentiat ion by ot her chromatographic proced ures
such as high-perfo rm an ce th in-layer chroma tography (H PTLC)10 or on convent ional
cellulose plat es with wat er- concentrated HCI--II-butan ol (62 :2X : I0) as the eluent 11. It
was a lso shown tha t chroma tographic spo t reso lutio n is especia lly depend ent on the
sha rpness of the spots applied .

Low extrac tion effi ciency ma y be ove rcome by adjusting the pH and/or
co unter-io n concentra t ion. A practical exa m ple is quinoline yellow which over the
who le dye concentration range was completely recovered at pH 4 up on add it ion of a
0.005 M CT MA so lution . The det erminati on of optimum co ndit ions for qu antitative
extract ion of eac h dye was beyond the sco pe of thi s paper , which was directed to
ra pid iden tification . Further research on the forme r is being underta ken.

Samples heavily load ed with int erfering material s should be subjec ted to a pre­
extraction with meth ylene chloride. Afte r remo val of the organic layer, the co un ter­
ion sol utio n is added and an other port ion of methylene chl ori de which will now
extract the dye-CTMA ion pai r. The appropriateness of th e method was fully dem­
ons tra ted with the vario us kind s of sample. all the dyes bein g correctl y identified .

CONC LUS ION

Th e method for ion-pair extrac tion and ion- pa ir adsorption TLC present ed
here requ ires only limited sa mple tr eatment and is very easy to apply. TLC develop­
men t is much faster than co nventio na l meth ods with but an ol- and /o r wa ter-co ntai n­
ing eluents. The high sepa ra tion efficiency, du e to the sharpness of the spots, offers a
highly reliabl e means of identification .
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SUMMA RY

Sepa rat ion and anal ysis of so lanine and chaco nine ha s been achi eved by thin­
layer chroma tog ra phy using an optica l bri ght ener as detection reagen t. T he co n­
dition s for optima l measurement ill situ have been established. T he method has been
applied to the examina tion of leaf and tuber extracts of Solanum tuberosum cultivars.
The errors in sam ple preparation and qu ant itat ive ana lysis range from 2.5 to 5.5 %.

INT RO D UCTI O N

T he glycoa lka loids are a group of na tural substances co mprising a steroid base
to which are a ttached one to four suga r molecules. Th e potat o glycoalka loids so ­
laninc and chaconine possess the sa me agl ycon e so lanid ine, but d iffer in their suga r
moiety (Fig. 1). The sugars of so lanine a rc ga lactose, glucose an d rh amn ose, wh ich
together form the trisaccha ride I/-so latriose. Th e trisaccharide part of chacon ine is 1/­
chacotriose, which com prises two molecul es of rha m nose and o ne of gluco se' .

So l an i d i ne

So l a n i ne

Cha co n i ne

... ...

I)-Ga lactose

D-Glucose

D- Glucose

L-Rhamnosc

L-Rhamnosc

L-Rhamnose

Fig . I. Chemica l structures or potato glyco alka lo id s.
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G lycoa lka lo ids are, like sa po nins, hem olytically act ive, decrea se the surface
tension of water and ar e fungitox ic", Solanine an d chaco nine also inhibit human
plasma cholinesteras e3

,4 and ha ve a positive inotropi c effect on the heart". The sug­
gestion that glycoa lka loids are ter atogen ic" is not support ed by other evidence T",

a ltho ugh solanine induces ch an ges in th e mit otic cycle of human fibrobl ast cultures 10.

Potato glycoalkaloids ar e lethal to anima ls after intra venou s or intra peritoneal
administr a tion. Death resulting from solanine or chaco nine intox ication is cau sed by
dep ression of the centra l ner vou s system9

.
l l

. These compounds are also toxic to
humans, severa l cases of solanine intoxication being men tioned in the literatu re!2-10.

Th e con sumption of dam aged pot atoes is especially dan gerou s, becau se in wounded
or green potat oes the glycoalkaloid content is rais ed! ". Tubers containing up to 20
mg of glycoalka loids per 100 g fresh weight are co nsidered to be safe for human
consumption.

Several assays are a vailable for the glycoalkaloid s. The wet-chemical methods
(titrimetry, colorirnet ryj '<?" give the tot al glycoaika loid co ntent. Th ese assays are
also used for the det ermination of other glycoa lka loids , e.g ., so laso nine and tom atine.
If the content of the indiv id ua l glycoalka loids is required , e.g., in breedin g programs,
screening of So lanum species or the evalu ation of extr action procedu res, then a chro­
mat ogr aphic separa tion is needed before the qu an titati ve ana lysis. Herb et al.2 1 sep­
arated and determined glycoalk aloid s after perm eth ylation by gas-l iqu id chroma to­
gra phy. The determination by high-performance liquid ch rom at ography avo ids the
need for derivat ization P v ' . Owing to their poor UV-a bso rbing properti es, the
glycoalkaloids are detected at low wavelength (210 nm) or with a RI-d etector. Thi s
ma kes the method insensiti ve and unspecific.

Thin-layer chromatography (TLC) offers the adv antage of using a specific and
sensitive detection rea gent. Cadle et al. 24 detected glycoalka loids using ant imony
trichloride, which react s with the .15,6 double bond of solanidine. Dragend orff re­
agent has also been used for the detectiorr" . In both method s the glycoa lkaloids are
determined by in situ measurement of the remission of the spo ts. Becau se fluor escence
determinat ion s in situ are more sensitive and have a more linear respon se-concen­
tration relation than rem ission determinations in situ '" , we have investigat ed the ap­
plicati on of detection reagent s wh ich give fluor escing spots with glycoalka loids.

PR ELIMIN AR Y EX PE RIMENTS

Choice of solvent sys tem
Fo r th e measurements in situ the spots have to be well separat ed and sharp. We

investigat ed several solvent systems (Ta ble I) co mprising mixtures of th ree or four
solvents, which can be divided int o th ree groups: I, organic solvents immi scible with
water; II, or gani c solvents miscible with water; III, water co nta ining an acid or a
base. Th e water content of the mixture determines the migrat ion ra te of the com­
pounds!". These mixtures a re comparable with those used for the sepa ra tion of sa­
pon ins or oligosaccha rides, which, like the glycoa lka loids, are polar compounds. The
hRF valu es show th at so lanine an d chaco nine ar e separat ed by all the mixtures, but
sharp spots were obtained only with systems A I and D I. To avo id the use of two­
layer systems, systems A I and D I were modifi ed to A2 and D2, respective ly.

Fo r qu ali tat ive TLC we used systems A I an d 228
. In order to remove the
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TA BLE I

SO LVEN T SYSTEMS FO R TH E TL C O F GLYCOALK AL OIDS

0.1. = Org anic lay er. hR; = 100 x R,... Dist an ce from sta rt to so lven t fron t
carr ied out on pr e-coat ed silica gel plat es in un sat ur a ted tank s.

10 em . All TLC was

II III Composition h R",

Solanine Chaconine

<\ 1 »-Butunol Formic acid Wat er 40: 10 :50; 0. 1. 9 15
<\ 2 II-Bu tanol Fo rm ic acid ·metha no l Wat er 75:5 :15 :7 12 21
B Chloroform Meth anol Wat er 50:5 0 : 10 2S 42
" Ch lorofo rm Methanol- glacia l aceti c 50: 45 :5 24 65-

ac id
DI Ch loroform Met han ol 2 ~ ~.;~ Amm onia 20 :20 :10; 0 .1. 16 25
D2 Chlorofor m Meth anol 2 ~ ~-;-) Ammonia 70 :30 :5 24 36
E Ethy l acetate Pyrid ine Wat er 30: 10 :30 17 3S
- Ethanol 95 ~.;. Acet ic acid 20 :60 49 63

.olvents afte r dev elopment, the plates were heated for 30 min at 120"C. Unde r th e
nfluence of th e formic acid and the heat th e glycoa lkal oid s partly decomposed. In
wo-dimensiona l TLC th e decomposition products did not rea ct with the detection
'cagents in the same way as the glycoalkalo ids. Therefore we used system 0 2 for th e
[uantit ati ve TLC.

Choice (~I" detection reagent
Since glycoa lka lo ids show no absorbance or fluorescence in th e visible and U V

'a nges, reagents are neces sary to convert the glycoa lka lo ids into absorbing or fluoresc­
ng substances . Th e detection reagents which give fluorescing spo ts are preferred ,
oeca use the response of such spot s is a linear functi on of the concentration and the
response is less dependent on th e form of th e spo ts than is the response of a bso rbing
spo ts, With remi ssion mea surements ill situ the rela t ion between resp on se and con­
ccntra tion is more complex and has to be determined empirically. Also the sen sitivity
is lower.

FI c

1 2

' I a F l b

.0 '"' 4Jr .., ....
10 ," " 30

//
J I

'0 20 •
10

L...>--'--'-_-'------'
1 2 3 4 5

min heating time

Fig. 2. Flu or escen ce resp on se of 2-Jlg so la nine spots with 5 "" sulp hur ic ac id in d iethyl eth er as detect ion
·eagent. a , Measu rem ent d irectl y after cooling o r the pla te; b. measured afte r 30 min ; c. measured after 60
ni n oCondi tio ns : Zei ss PMQ \I T LC densitometer; exc itat ion. 365 nm (mercur y lam p); em ission wa ve­
leng th. 424 nm. e e. Plat e heated at SO C; e- e. plat e heat ed a t Ioo e; e- ._.·-e.plate heat ed at
120C F I = Fl uo resce nce respon se in a rbit ra ry pea k a rea units.
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r ig. 3. St ructure of the opt ical brig hteners of the st ilbened isu lpho nic acid type, used as T LC detection
reag ents for glycoalkal oids. R " R1 • R" a nd R4 arc su bsti tucn ts,

F irs t we tri ed sulphuric ac id, a gene ra l reagent for ster o ids. The plates with the
glycoa lka lo id spo ts were dipped in a so lution o f 5 '/;, su lphuric ac id in diethyl ether,
and heated . T he glyco a lka loid spo ts gave a blu e fluo rescen ce under lon g-wa velen gth
UV light (365 nm). T he response was dependent on the t ime and the temperature of
the heating, a nd also on the tim e bet ween heat ing and measurement (F ig. 2a, b, c).
Maximum fluorescence was obtained with heating a t 100"(' for 3 min. However, the
fluorescence was not sta ble en o ugh fo r quant itati ve work.

T herefore we investi gated th e a pplica tion of optical brighteners (OB s), which
we ha ve used previouslyv?". Th e OB s of th e sti lbened isulphonic acid type (Fig. 3)
are sensitive a nd spec ific det ect ion rea gents for glycoa lka loids . In T LC they give blue
tluorescing spo ts with th e glycoalkaloids. Fig. 4 sho ws the fluorescence spectrum.
Maximum fluo rescence is obta ined with an exci ta tion wa velen gth of 3XO nm and a n
emission filter of 450 nm .

T hese O Bs ha ve cis- trans isom ers owing to the eth ylene bond in the sti lbene
nucleu s?". Under influence of light th e fluorescing trail s-fo rm cha nges int o the 11 011­

fluorescin g cis-fo rm. The fluorescence of glyco a lka loid spo ts was stronge r on a pla te
d ipped in an OB so lution, kept in th e dark , th cn on a similar plat e kep t in day light
(Fig. 5). For quantitati ve work however, the fluo rescenc e was ag ain not sta ble
eno ugh. Wh en th e plat es were d ried for 15 min at I05 C after dipping, th e fl uo res ­
cenc e was stable for severa l hours. For quant itati ve wo rk, a ll manipulations of the
plates between dryin g after de velopment a nd placing in the T LC sca nner were ca rr ied
out in th e dark . Plates treated in thi s way a nd kept in th e dar k sho wed th e blue
tluorescing glyco a lkalo id spo ts eve n after some months.

F I

50

40

30

20

10

-1--_-1--_1- ._

250 300 350 400 n m

Fig. 4. F luorescence excit ati on spec tr um of O. I-pg solanine spot o n T LC, di pped in a 0.02 ;;; me thanolic
so lution of Blan kophor ® SA 267 i:,. Emission filter, 450 nm; slit 5 x I mm.
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Fig. 5. Varia tion of fluorescence res po nse with time of 0.5- ( e) and O.I-Jig (A) so lanine spo ts detected with
Blank ophor® BA 267 'X. dip so lution. • Dip solution kept in dark ; - " - . d ip so lut ion kep t in
daylight; - · · · - . dip so lution kept in dark ; aft er dipping the plate was dried fo r 15 min at 105' C.

EXPE RIMENTAL

Ref erence compounds
A purified glycoa lkaloid extrac t from pot at o spro uts was separa ted by open

column chroma tography (stationa ry phase, a luminium ox ide; mobile ph ase, wa ter ­
satura ted II-butan ol) int o so lanine and chaconinc. After recr ystallizat ion fro m
aqu eous methanol, the ident ity of the glycoalka loids was confirmed by TLC and mass
spectrometry. The purity was determined by wat er-free potent iom etri c titrati on with
perchloric acid . For qu anti tative TLC, standard solutions in methanol were prepared
containing 50, ! 50 and 250 J.lgjm l of each compo und.

Extraction
Fifty grams of mashed and frozen potat oes or ! 0 g of dri ed and pul verized

leaves were refluxed three times with 250 ml methanol , first for 30 min and then twice
for 15 min. The methan ol extracts were filtered whi le hot and the meth an ol was
eva po ra ted on a rotary evapo ra to r at < 40"C. The residue was dissol ved in 5 x 5 ml
5%ace tic acid .

This solution was centrifuged (20 min, 3000 g), the superna tant decanted
and the residue in the centrifuge-tube was washed twice with 5 ml 5 %aceti c acid and
centri fuged. Th e combined acid solutions were sha ken three times with 30 ml dieth yl
ether. The combined ether extracts were sha ken once with ! 0 ml 5 % acet ic ac id ;
the resulting ac id extract was added to the previou s combined acid extracts. All
combined acid extrac ts were mad e alka line with co ncentrated ammo nia (25 %), and
war med at 70"C for 30 min . After cooling fo r at least 6 h at 4"C, the precipitated
glycoa lka loids were filtered off on a G -3 glass filter, provided with a layer of ! g
Hyllo Super Cel ®.

Th e precipitate was was hed with 6 x 5 ml I %cold ammo nia, and disso lved in
100 ml meth anol. Th e methanol was evapora ted on a rot ary eva po ra tor a t < 40°C .
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The residue was dissolved in methanol to give ,i concentration of each glycoalkaloid

between 50 and 250 Jig/m !.
All TLC was carried out on precoated silica gel pla tes, layer thickness 250 urn

(Cal. no . 572 1; E. Merck , Darmstadt, G.F.R.). The solvents were of analyt ical grade .
The sample and standard solutions were applied to the plate in duplicate, using the
same l-Jil capillary for all solut ions. Of the duplicates, one was spotted on the left part
of the plate, the other on the right part (Fig. 6). The plate was deve loped with solvent
system 02 over 10 em, dried for 15 min at 105"C and cooled for another 15 min at
room temperature. Subsequent manipulations were carried out in the dark .

C- l
1 SC

tl3 ~ID

,\ 1<

3 ,) 12 3

7 ·14 7 ·1

31190S

4 S2 1 S

3 .1374

1 70 5 3

2 7 2 21

77 5 19

3 20 ·12

4 54 82

3 10 0 2

1 5 06 2

4 f> O(JSO T

s l o pe ' ·1 9 8 x 10 2

i nt e r c ept I.L 5 x 10 2

r 0 . 9 9 9 8

I I I I I 1 I I I I I I

R1 R2 R3 R1 R2 R3
51 52 53 51 52 53

F ig. 6. Fluorescence location curve of chromatogram of so lanine spots with integra tion print-out and
coefficients of the calibrat ion curve . R I • R 2 and RJ = Calibrati on point s of 0.1.0.3 and 0.5 Ilg· respcc­
tively; SI' S2 and SJ = samples 1.2 and 3. respectively. SC = Scan number; MD = meth od. giving peak

area ; AR = ar ea; T = total ar ea .
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Detec tion
The coo led plate was dipped in a 0.02 %meth an olic so lution of Blan kophor e

BA 267 ~;'; (Bayer, Lcverkusen , G.F.R.), dr ied for 15 min at 105"C an d cooled for at
least 15 min at room tem perature.

Densitometry
The fluorescence intensity of the glycoalka loid spo ts was mea sured with a

Shimadzu CS 9 10 T LC sca nner with fl uore scence attachment. The plates were scan­
ned perpendicular to the direction of development. Instrumental conditions : exci­
tation wavelengt h, 380 nrn; slit, 8 x 0.25 mm ; emissio n filter, 450 nm ; scan speed, 20
rum/min. The fluoresce nce signa l was recorded with a Kipp BD 8 flat-bed recorder :
sensitivi ty, 5 mV full sca le; pa per speed, 10 rum/min. The integrated values of the
signal were obtained with a Shimad zu Chromatopec EI A integrator. For eac h pla te
the sensitivity of the densitom eter was adj usted to full sca le deflection of the reco rder ­
pen for the 0.5-,ug spot.

RE SULTS A ND DI SC USSI ON

With fluorescence mea sur ements in situ the relationship between respo nse and
concentrat ion is linear only within a limited ra nge of low concentrations. To de­
termine this concentra tion range we ca lculated the regression lines for three ra nges.
Table II shows that for both glycoa lka loids the best fit was obtained for the 0. 1-0.5
Jig range (correlation coefficient, r > 0.9994). Th e inte rcept of this line with the
ordina te was slightly above the origin. At higher concent ra tio ns the ca libra tion graph
curved downwards with increasi ng concent ra tion . T he low slope for the 1.0- 5.0 ,ug
range was caused by a lower sett ing of the densi tometer sensitivity.

TABL E II

REGR ESSION -LIN E COEFFIC IENTS FO R T H RE E CONCENTRAT ION RANG ES OF
SOLANIN E AND C HACO N IN E

r = Correlat ion coefficient; res. s.d . = residual sta nd ard deviation; n = n umber of ca libration points.

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

Concentration S lope Int ercept r res. s.d. n
range
(Jig)

-----.- "._._- --- _. - - -- - ,. ._.
Solanine 1.0-·5 .0 128.1 252.3 0.979 8 47.8 5
So lanine 0.2- 1.0 896 .2 74.0 0.9990 14.8 10
Chaco nine 0.2- 1.0 441 .0 13.2 0.9968 14.7 10
So lanine 0. 1-0.5 820 .2 5. 1 0.9994 7.8 6
Chaconine 0. 1-0.5 648 .2 1.5 0.9998 3.1 6

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

To optim ize the meth od we investiga ted severa l sources of errors, which in­
fluence the reproduci bility of the results. Apart from the errors in preparing the
sam ple and the ca libra tion solutions, ot her er rors arise from : I, application of the
spo t; 2, the T LC (pla te development and detec tion); 3, the instruments (densitometer
and integrator) . To avo id errors d ue to differences in volume between capi llaries , all
solutions for one plate were appl ied with the same capillary. Error type I is also
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influenced by the volume of the spot. When spots were applied with a 5-fll capi llary,
the relati ve standard deviation (r.s.d.) of the chaconine peak areas was 3.6 %. The
same amount of chaconine, applied with a 2-JlI capill ar y, ga ve a r.s.d . of 2.3 %. For
sola nine, having a lower R F value, no di tTerence was found. Th erefore all spo ts were
applied with a 2-/tl capillary.

The large r.s.d. s of the slopes of calibrati on curves, which were ca lculat ed from
several plates, indicated that, even under standardized conditions , the plates, develop­
ment and applica tion of the detection reagent were not reproducible. Fo r solanine
(mea n slope 11 75; II = 10) the r.s.d. was 12.7 / ;,; for chaconine (mea n slope 9 14; II =

10) it was 15.7 / ;'. Therefore the fluore scence responses of spots on ditTerent plate s are
not comparable and a calibr ati on graph mu st be con structed for each plate.

When several spots with the same glycoa lka loid con centration were measured
on one plate , the r.s.d. of the peak areas for both glycoalkaloids was 1.3-4.7 %. Apart
from the error in the spo t application, th is is ca used by irreg ular ities in layer thick­
ness. By applying the spo ts to the plat e acco rding to the dat a-pair technique:' I the
r.s. d. for both glycoa lkaloids is reduc ed to 0.8- 2.5 ;',.

The instrumental erro r was det ermi ned by meas uring one spo t 30 times. The
r.s.d . of the peak areas was 0.4-0.7 ~;.; .

Ta ble II I shows the result s of the application of the meth od to th ree samples.
Six extrac ts were mad e fro m eac h sam ple and ana lysed. Th e r.s.d . contai ns the error
in the extr action , and the values obtained are comparable with tho se from HPLC and
GC meth od s2 1

-
2 J (3.4 -10 .0 ~j~ ) . Studies on these and other potato varieties indicate

that the method is sensitive and precise. Because the applied OB is a specific and
sensitive TL C detection reagent for glycoalk aloids!", this method can also be used for
the determ ination of so lasodine glycosides, which are important raw materials for
steroid drug manufacture, and of tom atine, a fungitox ic glycoa lka loid of SOIUlI lII lI

lycop ersicum, the tom at o.

TA BL E III

SOLANINE AND CHACON INE CONTENTS OF TH REE SAMP LES

r.s.d . = Rel at ive sta ndard deviation.

Chuconine r.s .d.
( lIlg/ 100 g ) (%)

- -- ----
Sample Part Solanine r.s.d.

( lIl g/ 100 g ) t :!,, )
._ .- _ -0__ -·

Element T ubers 4.2 3.0
Eleme nt Leaves 31.7 4.6
Mara T ube rs 14.6 3.3
---"", - ". - -- -_ . ..__..

6.7
169.5

12.3

2.6
3.5
5.9

By using transfera ble ca libration factors-" , five instead of three samples ca n be
determin ed on one plat e.
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Note

Simple model of liquid-solid chromatography involving solute-solvent
and solvent-solvent interactions

M . JAR ONIEC* and J . A. JAR ONIEC

Instit ute of Chemistry, M . Curie-Sklodowska University, 200] 1 Lublin ( Poland)

(First received October 27th , 1980; revised manuscript received Ja nuary 26th, 1981)

In previou s pap ers1,1, the solute-solvent and so lvent-solvent interact ion s in
the mobile and surface phases have been disc ussed in terms of Snyder's theor y of
liqu id- solid chroma tog ra phy (LSC)3. These interaction s may also be described in
term s of the formati on of associates between molecules of solute and solvent in the
mobile an d sur face phases", This approach is more sui ta ble for the investigat ion of
specific mo lecular interactions.

Recently, Jaroniec and Piotrowska" considered theoretically the solvent- sol­
vent and solute-solvent association in LSC with a binary mobi le phase by assuming
energetic hom ogeneity of the adsorben t surface and the same molecular size for all
compo nents. They disc ussed three models involv ing the forma tion of double as­
socia tes BS, BB or AB, where A and B denote the solvents or single molecules of the
solvents and S denotes the so lute or a single molecu le of the so lute. From the theoret­
ical discussion" and experimental studies it is seen that the mixed associates BS and
BB play an important role in the chromatographic process.

In this note, we discuss the simple mo del invo lving the simu ltaneous formation
of do uble associa tes BB and BS in the mobile phase. However , in the surface phase
the silan ol gro ups of the silica surface can compete with BS and BB associates in the
adsorbed phase. Thus, stro nger interaction s of Sand B molecules with the silica
silanols ca n preclude BB and BS interactions in the surface phase. Taking into ac­
count the possibility of dest ruction of the associates BS and BB in the surface phase
by the silica silanols, we assume that these associates form only in the mobile phase .
The above model may be represented by the following quasichemica l reac tions

(I)

(2)

(3)

where the subscript s (m) and (s) refer to the mobile and surface phases, respectively,
K, L an d M are the equilibrium co nstants of reaction s 1- 3 and x, and j, (i = B, S, BB,
BS) are the mole fractions of the ith individual in the mobi le and surface phases,

0021-9673j8I jOO004l000jS02.50 © 1981 Elsevier Scientific Publishing Company
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respectively. The total mole fractions of B and S in the mobile and surface ph ases may
be expressed as :

xZ = X s + xlIS = Xs + M 'X"lIxs

yg = Y II a nd yZ = y,

(4)

(5)

(6)

The distribut ion coefficient, k (AIl )S' for so lute S a nd mobile ph ase A-B is defined as :

(7)

Combining eqns. 1, 5,6 and 7 we ha ve :

Solution of eqn. 4 with respect to X II gives :

X II = [( I + g LX~)1 /2 - 1]/(4L ) = X Il /(4L)

Finally, eqns. 8 and 9 lead to the genera l expression :

(8)

(9)

(10)

Eqn. 10 may be simplified by applyin g the follo wing assumptions : (a) when the
difference between the elution strengths of both so lvents is large and at high values of
xg, the mole fra cti on j '., may be approximated by unity, and (b) for sm all va lues of L
the varia ble XII may be a ppro xima ted by

(11)

Taking int o acco unt eqn. 10, th e assumption s (a) a nd (b ) a nd neglecting terms involv­
ing third a nd higher powers of x~, we ha ve:

I /(k(AII)SX~) = 11K + [(M - 2L)/K] xg ( 12)

The consta n t K is alw ays greater th an zero , th erefore, the sign of th e slope of eqn. 12
is dep end ent up on th e sign of (M - 2L) only. If the magnitude of the equilibrium
con stant M, corresp onding to the so lute-solvent ass oc iation, is great er th an th at of
the co nstant 2L, correspo ndi ng to associati on of so lvent B, th en the slo pe is positi ve.
However , if 2L > M a negati ve slo pe is observed .

Eqn. 10 a nd especia lly its sim plified form, eqn. 12, may be useful in the de­
terminat ion of the effects of sol ute-solvent a nd so lvent-solvent interactio ns in LSC
with mixed mobile phases.
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Effects of hydrogen treatment on typical gas chromatographic sup­
ports*
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Iron found on the surface of ga s chromat ographic (GC) s upports is considered
detrimental"; hence the higher price one pays for ac id-was hed (A W) materi al s. Iron is
not th e only del et erious elem en t (aluminium is another major one! ,2) but, because of
the color of its com po unds, it is th e most obvious. One may formally ascr ibe the
negati ve effects o f any contaminating metal to two factor s : The ge nera l inho mogene ity
of th e surface it produces, and the spec ific interactions it under goes with th e so lu te
and /o r the liquid pha se .

In contra st to iron contam inat ion o f a silicic surface. pure iro n ox ide -.. whet h­
er in suppo rted? o r unsupported:' :" form .... is n ot a bad se pa ra tio n medium; espe ­
cia lly wh en it is covered by a polar liquid pha se":". " Red uced" iron is even bett er ".

Why th is sho uld be so is not im med ia te ly clear. But it ha s been established that
a reduced iron la yer of severa l a ngs tro ms thickness, carrying a bonded layer deri ved
fro m Carbowax 20 M, yiel ds gas c hro matogra ms o f th e same q uali ty as a simi larly
covered pure si lica surface would ha ve done",

If iron ox ides present on th e sur face o f typical diatomac eous suppo rts a re
indeed to blame for in ferio r chromatogra phic pe rfo rmance. a nd if a layer of " re­
duced " iron beha ves ind eed better in chromatography than th e iron o xid e la yer from
which it origina ted, th en it m a y be possibl e to impro ve regular supports by ch angin g
the iron (and perhaps other elem en ts) o n th e surface from a n "oxide" to a " red uced "
sta te . In thi s case th e surface would st ill be het erogeneous in an elementa l sense, but
so me highl y ac ti ve sur fac e sites mi ght th en ha ve lost some of th at activi ty a nd bec ome
more sim ilar. chromat ograph icall y spea king, to o ther ad sorption center s.

Perhaps the ea siest and most ofte n pursu ed path in reducing sur faces is to
expose them to hydrogen at elevated temperature. This approach is common to a
va riety of di sciplines. In chromatography, however, it is relati vely rare : The best
known exa m p le here is the treatment o f graphitized carbon to render it non-polar? In
some of our st ud ies , we attempted to reduce bonded ferric oxide and did observe the
exp ected co lor cha nge fr om brick -r ed to grey" , Now, if one treats typical GC sup­
ports suc h as C hromo so r b W (W for wh ite) and Chromosorb P (P fo r p ink) with
hyd rogen a t 700"C, both a lso turn grey . If th ese grey materi al s a re oxi d ized, e.g, by

* Taken from thesis research of P.P. W.
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exposure to air at 700°C, both take on again their form er whit e and pink appear­
ances.

Though photoelectron spectra (of plain and reduced iro n oxide layers) were
eq uivocal on th e qu estion, it would be reason able to presume that the observed color
cha nge from pink to grey reflected a change in the va lence sta te of iron . In addition ,
cha nges may ha ve occurred th at were not immediat ely visible. Since hydrogen tre at­
men ts are chea p and easy to perform , it may be worthwh ile to use th em routinely on
conventi onal GC supports, provided one could dem on strate so me ben eficial etTects.

Ju st of wha t kind such potential effects ma y be, is o pen to speculation. For
instance : Oxidizing - but not reducing- co nd it ions are generally avoided in Gc.
Often an an alyst fight s ppm levels of oxygen in his gas supply while, on other occa­
sions, he employs pure hydrogen as ca rrier. It is not unu sual to hear the premature
degradation of both stationary liquid phases and GC solutes being attributed to th e
unwanted presence of an oxidizing agent. By using a "reduced" support, on e could
perhaps counteract such deterioration in chromatographic performance.

Other speculative effects concern the so lid surface : It is oft en blamed for tailing
and "irreversible adsorption " of solutes. Reducing it could change its adsorptive and
catalytic properties. It may also alter the solid-liquid interface region by re-arranging
th e orientation of liquid ph ase molecules in respect to the surface.

A final bit of speculation deal s with " bo nded" phases: An y attempt at bonding
a liquid ph ase depends criti call y, and in ways not well und erstood , on the chemica l
sta te of the surface. The better th ese reactions function the better "deactivated " is th e
sur face and the more sati sfyin g will be its chromatog raphic performance.

Specul ations as ide now, it is thi s "chromatographic per formance" that decides
whe the r or not th ere is an advantage in th e hydrogen treatmen t of su ppo rts. To show
any potential etTect as clearly as possibl e, we started o ut with lIoll-acid- washed
(NA W) mat erials . These were used (as rece ived) fo r th e synthes is of thin , bonded
layers based on Carbowax 20 M (ref. S), as well as fo r the preparat ion of co nve nt iona l
gas- liquid chromatographic (GLC) packings from th e popular liquid ph ases Apie zon
L, O Y-17 and Carbowax 20M . We wa nted to compare hydrogen- trea ted with non ­
treat ed mat er ials in two respect s: Whether bonded phases sho wed an y differences
in chroma togra phy, and whethe r regular G LC phases showed an y change in bleed
rat es.

EX PER IMENTA L

Chromosorbs Wand P, NA W, 45·-60 and 60 ·S0 mesh , respectively, were tilled
int o a cylindrical quartz reservoir and, after flushing with nitrogen , were heated for 4
h at 700"C in a tubular furnace, while a ca. 10 ml/min hyd rogen stream passed
through. Hydrogen was shut o tT only when the supports had again reached room
temperature.

T he "bonding" with Carbowax 20M was carried out in boiling hexadccanc",
and non-bonded material was rem oved by ex trac t ing for 10 h with methanol a t
boil ing point temperature in a co ntin uo us extracto r" ,

Regul ar G LC phases were prepared in 5 ~~;; load by con venti onal rotary evap­
ora tio n. All materials Were pack ed int o 100 x 0.2 cm LD . bo rosi lica te glass U­
tubes and tested with mi xtures of II-alk an es and n-alk an ols in an S"C/min temperatu re



NOTES 135

program . "Bleed" was evaluated ·---after conditioning the columns at 220°C for 48 h­
by measuring the rise in the baseline reflecting a 40 to 220 "C, 8"Cjm in temperature
program followed by an isothermal hold at the upper temperature (until the baseline
current had become cons tant).

Elemental analysis of bonded phases was done by Guelph Chemical Labs.,
Guelph, Canada.

RESULTS AND DISC USSION

Table I lists the carbon content of bonded phases and the relati ve bleed rate of
regular pha ses. Elemental analysis shows the amount of bonded material to be high er
on hydrogen-treated th an on untreated supports: Slightly so on Chromosorb W,
decidedly so on Chromosorb P.

TABL E I

CAR BO N CONT ENT O F BONDED PHAS ES AND BLE ED RAT E OF R EG UL AR P HAS ES

Chromoso rb Bonded phase: ;;; C Regular phase: bleed»

Apiczon L Carbo wax 20M Q 1'-17

W. NA W, untreat ed
hyd rogen- tr eat ed

P, NA W, untreat ed
hyd rog en-treat ed

O. IS
0.23
0.21
0.76

100
77

100
42

100
38

100
44

100
77

100
8S

* At no 'c, rela tive (unt reat ed = 100).

The chromatograms of alkanols demonstrate that the bonded phases based on
hydrogen-trea ted suppo rts arc better " deactivated" ; i.e. they give rise to larger, sharp­
er. and more' symmetrica l peaks. Part o f thi s effect o n Chromosorb P is caused , no
doubt, by the higher organic load. But it is also obviou s, at least in the case of
Chromosorb W where loads are comparable, that the hydrogen treatment itself had
done some good . Fig. I shows some typi cal chromatograms . (It mu st be noted,
however, that the chromatographic performance shown here is still not as good as
that obtaina ble from a scrupulously cleaned Chromosorb W (ref. 8) or P (ref. 10)
taken through the sa me reaction with Carbowax 20M.)

Chro ma tographic perform anc e was also routinel y checked on the regular G LC
phases but, as expected, their comparatively hea vy liquid load s prevent ed any sign ifi­
cant differences from showing up . Rather, the not eworthy aspect of regular ph ases is
their bleed rate. The data of Table I show that hydrogen treatment of the support
redu ces the bleed rate of each of the three representative liquid phases coated on it.

Interestingly eno ugh, reduction in bleed appears to correlate rou ghl y with the
phas es' susceptibility to oxida tion. (Carbowa x 20M con sists of two poly eth ylene ­
glyco l cha ins link ed by a d icpoxidc : Apiezon L can be characterized as a molecula r
distill ate of hydrocarbons with some unsatu rati on pre sent; an d OV-17 is a linear
methylphenylpolysiloxane.)

It would be interesting to know how long the redu ction in bleed lasts through
conventional chromatographic usage and, sho uld the effect vani sh after some time,
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Chromosorb P

I

I " REDUC E D"
, I

Ll~ 11l" u
NON -REDUCED

Chromoso rb W

! I

Ii
• ~-I

I I

NOTES

Jtt i N I'

I
\~ Ivi' l_ d\i\I j\J, 1, I' IIV\..N

n-a lkan e s n-alkanols n- al ka ne s n-o tkonots

Fig. I. Tem pera ture-programmed chro matogra phy or II-al kan es (('12' ('14' C",. c.; ('20) and II-a lka no ls
(C7 • eH• C ,o. C Il • Cj(,. C 1H) on bon ded pha ses fro m Carhowux 20M. on hyd ro gen-treat ed and no n­
hyd rogen-treated Chro moso rbs P a nd W.

whet her it ca n be prolonged by. say . dopi ng the carrier gas wit h minute amounts of
hydrogen. It wo uld also be int eresting to see if phases of the hyd rogen- treat ed variety
behaved different ly toward easi ly decomposed so lutes; or if hydrogen trea tment a lso
brings abo ut cha nges in those highly clean ed diat omaceou s suppo rts th at have little
iron left on th eir surface. Such studies could prove length y. ho wever. and th at puts
them beyond o ur present designs.
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Analysis of carbohydrates us ing t he mass detector
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The ana lysis o f ca rbohyd rates using high-performan ce liqu id chromat ography
(H PL C) is now well csta blishcd . Mos't applica tions employ ami no-bonded ph ases I but
alt ernative techniques, such as ion -exchange partition! and the use of amine modifiers
in the mobi le phase" , have been used with some success. Th e separat ion of complex
mixtures of carbohydrates, ranging from simple monosaccharides to oligosaccharides
and dextrins, can be readily achi eved and in general experimental problems are those
associated with detection rather th an with th e chromatographic sepa ra tion. Th e most
commonl y used detector for ca rboh ydrate ana lysis is th e differenti al refracti ve index
(RI ) detect or". However , although RI detectors ha ve a wide linear ran ge the y are not
very sensitive and require ela bo ra te temperature co ntro l to o bta in stable base-lines.
In addition it is impractical to carry o ut gradient elution. which is necessary for the
ana lysis of mi xtures co nta ining a wide ran ge of sugar types. Ultraviolet absorption at
200 nm ", or even below. can be used but appear s to provide littl e advantage over RI
detect ion , a ltho ugh limit ed gra d ients ca n be run if solvents of sufficient pur ity a re
avai lable. Liquid chro matogra phy ollcrs co nside rable adva ntages ove r gas chro ma ­
tography for ca rbohyd ra te ana lysis but these adva ntages will only be realised with
suita ble de tec to rs. Th e mass detect or is a sensit ive ins tru me nt which can be used for
the detection of non-volatile so lutes . The solvent is evaporated after nebulisat ion in a
heat ed co lumn producing fine ly di vided solute particles which pass through a ligh t­
beam. Light sca ttered from th e parti cles is detected by a ph ot omultiplier placed at
120" to the light beam. Th e signa l is amplified and recorded on a con ventional chart
recorder. A light trap is mounted d irectl y opposite the light so urce to prevent internal
reflecti on of non -scattered light. as sho wn in F ig. I. The theoret ical basis of th e Iight ­
scatte ring process is elegantl y descr ibed in a paper by C harleswo rth" .

This paper describes briefly the cha racterist ics of th e ma ss detector an d its
applicat ion to some carbohydrat e analyses in foods .

EXP ER IM ENT A L

Th e instrument used in this study was a pre-production Applied Chromato­
gra phy Systems (Luton , Great Brit ain) mass detect o r in conjunction with an Applied
Chro ma togra phy Systems Model 750 grad ient chro ma to gra ph. Injection was carried
out via a Rh eod yne injection va lve. Mod el 7120 (20-/11 loop). Peak areas were
measured usin g a Pye DPXX integrator.

002 1-9673/ XI/OOOO-0000/S02.50 '1'1 I'IXI Else vier Scientific Pub lishing Company
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C hromatogra ph ic columns (25 ern x 5 mm) o f Sph eri sorb-Sv Nl-l , were either
packed in o ur ow n labora tory o r o bta ined from Hichrom (W oodl ey, Great Britain).
Aceto n itrile was of HPLC gra de o bt a ined from Rathburn (Walkcrburn, G rea t
Brita in ), All the chro ma tograms in thi s pape r were produced using aqueous ac­
etonitrile and the a bove co lum ns usu all y with a now-rat e of 2 ml min - 1 . Suga r
standa rds were purchased from BDH (Poole. Great Brit ain),

\ : i i ' i : : l' s : ,: I
:- I~P~---- , I .- rh

~ - ~ • ucr-01se . ; .~[---

'- 1. I : i Fru'ct se - ~ ' .l- ~ -- - -- r--- -
;-;~t - : . "/ (. 11 ;I- -~ · --~ lf: · - '-I '-: -- ~ :I ' -.! T1
~.- -- _ ..- _.~_. _.- - _ . - - - - - - --- t - -- --15(:\ -,£-.---:-
: : . : I , ': . .': ' , . I' '1" I

Fig, 2. Elfect o f detecto r temperat ure o n no ise level. Column Sphcr iso rb-fi- N ll y. Solvent wa ter-aceto ni t rile
(30 :70), 2 ml min - I _ De tec to r x 4. Fruct ose and sucro se 20 Jig.
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Food samples, wheat germ, soya beans and lupin seeds were prepared for anal­
ysis as described by Macrae and Zand-Moghaddam 7

.

RESULTS AND DIS C USSI O N

The detector will only functi on efficientl y if all the chroma togra phic so lvent is
removed by eva po ra tion prior to detect ion. Thus, as expected, the noise level was
found to be dependent on both the evapora tion temperature and the amount of water
in the solvent, in this case aqueous acetonitrile. Figs. 2 and 3 show this effect and also
that the detector response is temperature dependent. In the case of gradient elution, it
is therefore necessar y to adjust the evaporation temperature such that the noise level
is acceptable at the highe st water composition. In sugar an alyses with amino columns
thi s may mean compos itions up to 50 ~{, (v jv) water.

D~L-l~ < I'
... .4-· · · ' ·~ . · · · · ! · ·-8· · ··· ' 5e+~

~i "T . ' I ~ 1
Fig . 3. Effect of so lvent composition on noise level. Co lumn Spher isorb-5-N Hz. Flow-rate 2 ml min - I .

Detector x 4, 100°C. Fru ctose and sucrose 20 Jlg.

The temperature dependence of the detector was confirmed with a complex
mixture of monosaccharides as shown in Fig. 4. The pentoses, and the ketohexose,
fructose, all show a marked decrease in response at elevated temperatures. In general,
monosaccharides such as these would be analysed with solvents of low water content
(15- 25 %, vjv) and thu s there would be no need to operate at high temperatures to
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Fig. 4. Detector response variation with temperature, Co lumn Sphcri sorb-S-Nl-l j . Solvent water- acetoni­
trile (11.5:88.5), 2 ml min - I . All sugars 100 JIg.

obtai n a good baseline. Thus accepta ble norse levels and high sensi tivity ca n be
achieved sim ultaneo usly.

The linearity of the det ector was investigat ed with a glucose syrup of known
compos ition . For glucose and malt ose the respo nse appea red to be linear over th e
range 10--200 ug on co lumn, for which correla tion data arc show n in Fig. 5, with a
clear negati ve deviat ion a bove this level. Th e sens it ivity of the jeteetor depends on
the operati ng co nd itions, both in terms of signa l outpu t and signa l-to -noise ratio, but
2-3 ug on co lumn will pr oduce a readi ly qu an tifiable peak as shown fo r fructose,
glucose, sucrose and malt ose in Fig. 6.

140 -22'5

0-999"7 11·5 -18 ·7

0-9997• MaltosE'

- Glucos e1500

3800
/ ;//

,p
/ /

/ -

//
1 /

/1/
/ -

i i/!l.'- - - ,,_._- _ .-- - --200- ~-S~g~~ " ·- ·----,:00
Fig. 5. Calibra tion plot for glucose and maltose, from gluco se syr up. Co lumn Sph erisorb-c-Nl-ly. Solvent
water-aceton itr ile (35 :65), 2 ml min " I . Detector x 2, 120"C.

Pmk

Area

Th e ab ility to carry o ut gradient analyses a llows the separation of co mplex
mixtures of sugars includ ing those tha t wo uld norm ally req uire more than one chro­
mat ographi c run . In the chromatogra m shown in Fig. 7 mann ose, glucose and galac­
tose are adequately sepa ra ted while maltose and sucrose a re also eluted within a
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Fructose
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25fJ 9
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J ,-------",

NO TES

o min 20

Fig. 6. Chro matogtam of sugar sta nda rds . Co lum n Spherisorb-c -N l-l. So lven t water -aceto nitri le (20 :80),
1.5 ml min - 1. De tecto r x 4.

3j
o
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205%

_. --=r_=_
30 min 0

Fig. 7. C hro ma to gram o f sugar sta ndards . Co lumn Spherisorb-5-N H 2 ' Sol vent grad ient 11.5- 20.5 :X,wat er
in aceton it rile, 2 m l min - I . Detector x 2, 90"C . All sugars 25 JIg.

reasonab le anal ysis tim e. Such a sepa ra t ion wo uld not have been possible with out
grad ient elutio n.

G lucose syr ups can be readil y a na lysed by isocrutic elution . Howe ver , the usc
o f gra d ient elut ion consider abl y reduces the analysis tim e and results in very littl e
peak broad ening even with dext rin s up to degree of pol ymer izati on (DP) 12 (Fig . 8).
This fact or, co upled with the grea ter sensitivity of the mass detector, provides an
elegan t method for det ermining th e sma ll am ounts of higher dextrins in syrups a nd
m alt ed products.

Unde r certa in pr ocessing co ndi tio ns monosaccharides can be fo rmed in whea t
germ a nd even low levels ca n be im portant in terms of the fina l product qu ali ty. In a
chromatogram ora whea t ger m extract shown in Fig. 9, which was produced isocr at i­
ca lly, very small amounts co uld ha ve been readil y de tected. In thi s case traces of
un identified d isaccha rides were a lso detected , whic h were not o bserved when a simi lar
anal ysis was carried out with RI detect ion .

T he o ligosaccha ride composition of lupin seed s an d soya bea ns ha s been rc-
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Fig. 8. Chroma togra m o f glucose syrup. Column Sph er isorb-Svlxlt; So lvent grad ient 30- 50 % water in
aceto nit rile, 2 ml min - 1. Detect or x I, 125°C.

Sucrose

Raff inose

15 mi n o
Fig. 'l . C hro ma tog ra m o f whea t germ extrac t. Column Sphe riso rb-5- NH2 • So lvent wa ter-aceton itri le
(30 :70),2 1111 min - I . Detect or x 4, 100"C.

ported by Macrae and Zand-Mogha dda m 7 using RI detection . These analyses were
repea ted using the mass detect or and significantly improved chro ma tog ra ms were
obtai ned as sho wn in Figs. 10 and II. Here again th e abilit y to use gradie nt eluti on
a llowed im proved sepa rat ion of the monosaccharides, whilst verbascose (a pcntasac­
cha ridc) was st ill eluted within a reas onable time. In the soya bean extract the sma ll
amount of verbasc ose present resulted in a sma ll but readily qu antifiable peak. Qu an­
tifica tion was not possibl e with RI detecti on . T he presenc e of d issacharides o the r than
sucrose was also more clea rly shown.
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Fig. 10. Chro matog ram of soyabean extract. Co lumn Spher isorb-S-N j-lj. Solvent grad ient 20-30 % water
in acetonitrile, 2 ml min - I . Det ector x I, 125"C.
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Fig . II. Chroma togram of lupinseed ext ract. Column Spherisorb- j -Nl-lj . Solvent gradient 20~29 1.. water
in acetonitri le, 2 ml min - 1 , Detector x 2, 125"C.

In this preliminary study the mass detector proved to ha ve three maj or ad­
vantages over RI detection , namely increased sensitivity (in the order of a factor of
ten), improved stability and the ability to run gradie nt elution. Thus, in spite of its
more limited linear range, it will provide a mu ch improved alt ernati ve to th e well
established use of RI detect ion.
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Further calibration data for the gas chromatography of benzyl esters
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Benzyl es ters ha ve bee n fo und useful for gas chro ma togra phy (GC)1-3 a nd
GC- mass spec trometry (M S)4-7 of ca rbo xy lic aci ds, es pec ia lly sho rt-chain and o the r
low-m olecul a r-weight species. Various da ta on GC ret enti on times' v' of benzyl esters
and MS st ud ies2 ,6,7 ha ve been published; thi s no te presents reten tio n time data for
furt her ben zyl es ters pr ep ared during a ma ss spec t ra l study. A range o f chemica l types
has been included , with so me of bio logica l intere st.

EXPERIM ENT AL

Preparation of samples and esterification
Ac ids or sa lts were o btai ned from various co mmerc ia l so urces a nd used with­

o ut further purificat ion. Ben zyl ch loroforrna tc was purchased as the ester. Tctrah y­
d rofuran 2-carboxylic acid was prepared by platinum ox ida tion" o f tetra hyd rofurfury l
a lco ho l. Ben zyl este rs we re prepared by es te rifica t ion usin g diazot o luene (phen yl­
di azomet hane) prepared fro m N-be nzyl-N -nitroso-to luen e-4 -su lph onam ide 9 as pre­
vio us ly descri bed t o; excess solvent was removed un der vacu um and th e d iazoto luene
m ixed with dry d imc thy lfo rma mi de to give a n a pproxi ma tely 25 '\ , (v/v) so lut ion. Acid
salts were co nverted to th e free ac id using a n io n-exchan ge res in! " and dried or
Iyo ph ilised . Esters were prepared by th e addition of a slight excess of diazoto luene
so lu tio n to the ac id ( I to 2 m g) and o n complet ion o f th e reac tio n the so lution was
dil uted with ethy l acetate to give a fina l co nce nt ra t ion of approximate ly 4 rng/ml.

Gas chromatography
Retenti on times were measur ed on a co lum n pack ed with 3'~{) O V- I on D i­

at omite CQ, 100-1 20 mesh; co lumn d imensions a nd o the r pa rame ters were as pre­
vio us ly descri bed! exce pt th at co lum n temperatures were as given in T abl e I. Iden­
ti ties of th e pea ks were confirme d by GC- MS4 a t GC co lum n temperatu res 30" higher
th a n those in Table I.

RESU LTS AND D ISC USSION

The results are summarised in Table I. which is d ivided int o three tem pera ture
groups : (a) 140", refe ren ce ben zyl 2-bromopro piona te, (b) 200", re ference benzy l

0021-9673/81/0000 ·0000/$02.50 (I) 1981 Elsevier Scien tific Publish ing Co mpany
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TABL E I

RET EN TI O N DATA FO R BE NZ Y L ESTE RS OF CA R BOX Y LIC AC IDS

147

Column. 1.52 m x 4 m m I.D. glass . 3'1., OV - I o n D iat omite CO. 100 -120 mesh . Tem peratu res (0C) as
indica ted.

Parent acid

Group l - - 140" column , 200" injector
Ch loro for mic
Piva lic (2.2-dimethy lpropa no ic)
Brom oaceti c
2-Bromo propa no ic
Cyclohexylace tic
Tetra hydrofurun 2-ca rboxylic
Cyclope nty lcurboxylic
Furan 2-ca r boxylic
3-Me th oxybenzoi c
trans-Cinnamic

Group 2 ··..·200·' COI IlIll Il , 250" injector
5-Bro mo furan 2-carbo xylic
2,6-Dime thy lbe nzoic
6-Bro mo hexanoi c
Ind ole 2-ca rbo xylic
1- and 2-naphthoic
3,4,5-T rimethoxybenzoic
2-Napht ha leneacetic
2,3-Dihydroxymakic
3-Hyd ro xy-2-na phtho ic
Anthracene 9-carboxylic
Benzilic (2- Hydrox y-2. 2-diphenylpropanoic)
Phenylcinn am ic

Group 3 250" column. 300" injecto r
l l -Brornoun decanoi c
Palm it ic
Oleic
Linoleic
Linolen ic
Stearic
Nap hthalene 2,3-dicarhoxyl ic
Decane I.I O-d ica rbo xylic

Mol.wt . of Relative
bcnzv! ester retentio n»

170 0. 16
192 0.5 \
229 0.65
243 i.oo-
232 1.17
206 1.18
204 1.21
202 1.46
242 1.84
238 1.97

28 1 0.33
240 0.4 0
28 5 0.4 3
25 1 0.92
262 I.OOb

286 1.16
'276 1.27
296 1.30
278 1.53
3 12 1.85
318 1.95
3 14 2.03

359 0.46
346 0.59
372 0.93
370 0.93
368 0.9 4
374 1.00<
396 1.36
382 1.53

* Retenti on t imes (min) of referenc e esters: "11.9, h 13.1. c 12,3.

naphthoat e and (c) 250", reference ben zyl stea ra te. (Retention ch aract eri st ics of
benzyl stea ra te have been published l

•
h hut th e es te r is included here as a suita b le

referen ce and fo r co m pariso n with th e e l M un saturated acid es te rs) ,
Wi th rega rd to th e previou s usc ' A ,h ,? of di azotoluene in light petroleum (b. p.

30 40' C) or die thy l ether. so me d ifficult y was ex pe rienced with th e so lub ility o f cer­
tain acids in th e present se ries. Use of dimethylformamide as a so lvent for bo th
d iazot oluen e and sam ple was fo und to overcome th is d ifficult y and showed th at
dime thylforma mide was a n excellent so lvent for th e es te rifica tion system.
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As o bserved pre vio usly! , most esters eluted in approxi ma tely molecu lar weight
order, but with the notable exception of the brom ine-containing acids . The series
benzyl brornoacetat e, ben zyl 2-bromopropionate, benzyl 5-bro mofuroa tc, benzyl 6­
brom ohexan oate and benzyl l l-brornou ndecan oate all gave much shorter retention
times, relati ve to comparable molecular weight acid s, of betweeen on e thi rd and one
half of the predict ed valu e.

In one aspect of thi s study, we investigated the esterifica tion of acid s exhibiting
varying degrees of steric hindranc e ab out the carboxyl group as judged by standa rd
este rificatio n techniques. In common with other diazo-esterifying reage nts, and al­
though the reagent possesses the rela tively bulky benzyl group, esteri fication with
diazotoluene proceeded rap idly (within 5 min ) and smoothly with acids such as 2,6­
dimethylbenzoic, 3-hydroxy-2-naphthoic, anthracen e 9-carboxy lic, phenylcinnumic,
benzilic, na ph thalen e 2,3-dicarboxyl ic and pivalic. Dicar boxylic acids also reac ted
smoothly; certai n shorter -chai n dicarboxylic acid benzyl esters have been chrom ato­
gra phed pre viou sly":". Th e positional isom ers 1- and 2-na phthoic acid benzyl esters
did not resolve.

Fatty acid benzyl esters of the C 18 group were tested on aV-1 in comparison
with EGSS-X phase", In common with observa tions of methyl esters on non-polar
ph ases!" , C 18: 0 resolved , albeit poorly, from others in the gro up, but Cl!~: J' C18 : 2 and
C 18 :3 essentially co-elu ted . Thi s reflect s the known property of aV-1 in often giving
incomplete resolu tion of levels of unsat uration ; the benzyl esters did not enhance the
reso lution. The sepa ration of the benzyl esters of the C 18 gro up on 10% SILAR -I OC
was similar to that of th e methyl esters on th is pha se. Var ious aspects, of the este rifi­
ca tion reacti on and applica tions, in the use of dia zot oluene ha ve alrea dy been dis­
cussed 1,2 ,6 ,7.
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High -performance liquid chromatographic determination of vincamine
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Vincamine (I ) [eburnam enin e-14-car boxylic acid, 14,15-d ihydro-14-hydroxy-,
methyl ester (3a, 14[3, 16a)] is an efficient vasodi lator for the treatment of the cerebral
microcirculation system 1,2 . Pharmaco kinetic studies of this product require a rapid ,
sensitive and specific assay . Methods for determining the vincamine content of bio­
logical fluids include radioisotope techniques:' and gas chromatography-mass spec­
trometry":", How ever , these techniques are not suitable for routine analysis. More
convenie nt and reliable methods for the determination of vincamine in blood by gas
chromatography witho ut a derivat ization step" and by in situ spectropho tometry7

have also been described . However, they are time consuming and lack sens itivity.
We report here a method for the measurement of vincamine using rever sed­

phase high-performance liqu id chromatography (HPLC). Chromatography is per­
formed at alkaline pH on bonded oct adecylsilane with papaverine as an internal
standa rd. The proposed method requires minimal sample preparation times and can
determine as litt le as 5- 10 ng of vincamine in 4 min . Mo reover, the same system ha s
been extended to the assay of vinca mine either as a bulk dr ug or as a component of
pharmaceutical preparations, even in the presence of the fo llowing impu rities: 14­
epivincamine (II) [eburnamenine-14-carboxylic acid, 14, I5-di hydro-14-hydroxy-,
methyl ester (3a, 14a, 16a)] and apovincamine (1 11) [eburnamenine-14-carboxylic
acid, methyl ester (3a. 16a)].

6

r R =(J - OH

IT R = a - OH

m

002 1-9673/8 1/0000-0000/S02.50 CO 198 1 Elsevier Scientific Publi shing Co m pa ny



150

EXP ER IMENTA L

NOTES

Materials
HPLC-grade methanol (LiChrosolv: Merck, Darmstadt , G .F.R.) was used.

Water was distilled from a n a ll-glass st ill and then passed through a 0.45-pm mem­
brane filter (Mi llipore Type HA). Vincamine, 14-epivincamine and apovincamine are
purchased from Ricerchim ica (Mi lan, It a ly) an d papaverine and ammonium car­
bonate from Sigma (St. Louis, MO, U.S.A.).

So lutions
Standard so lutions were prepared by dissol ving vincamine and papa verin e

(0.02 ~{" w/v) , 14-epi vincamine and apovincam ine (0.004 ~>; " wjv) in meth anol. Both
liquid and so lid dosage form s were weighed accurately and di luted with methan ol to
the desired vo lume «('I = 0.02 I;' , w/ v).

To urine (diluted I :10 with wat er) a nd plasma sam ples (0.5 ml ) in a glass tube
(10 ml) were adde d 41lg of papa verine , 4-·20 pg of vinca mine a nd 200 ItIof I M sod ium
hydroxide so lution . The mixture was adjusted to 2 ml with di stilled water to givediJuted
urine and pla sma samples for assay by HPLC. Alternatively, di luted urine and plasma
samples were extracted three times with 5 ml of diethyl ether by vortex mixing.
followed by centrifugation . The etherea l phases were transferred by Pasteur pipette
into a sma ll tube, dri ed ove r anhyd rou s sodi um sulpha te a nd eva pora ted to dryness at
30 'C under a stream of dry nitrogen . The residue was di ssol ved in 200 III of methan ol
a nd vo rtex ed fo r 20 sec, then 10 pi of th is so lutio n were injec ted into the liquid
chro mato gra ph.

Chromatographic conditions
The chromatographic system consi sted of a Mod el 6000 A solvent delivery

sys tem, a Model U6K universa l injecto r, a Model 440 ultra violet detector and a
Model 730 dat a module (Waters Assoc. , Milford. MA, U.S.A .). Ultrav iolet abso rp­
tion was measured at 254 nm . Samples were ch romatogr aphed a t room temperatu re
ove r a 300 x 3.9 mm 1.0. sta in less-s teel column packed with flBondapak C II; ( 10 pm )
(W aters Assoc .). T o extend the column life a pr e-co lumn packed with Bond upak
C \s/Corasi l was inse r ted bet ween th e pump and the injec tor. The mo bile phase was
methanol-O.Ol M ammonium carbonate (75:25, v/v) at a fl ow-rate of 2 ml/min . Th e
pH of th e mobil e ph ase was a bo ut 7.X-7.9; reten tio n tim es were co ns tant to ±2 ~~'; ,

over a 30-day peri od .

RESULTS AN D D ISCUSS IO N

Papaverine, 14-epivincamine. vincamine and upov incamine had ca pacity fac­
to rs of 1.3. 2. 3.7 and 7.2. respecti vely (Fig. I ).

Calibr a tion gra phs of peak-hei ght ra tio (vincarn inc to papa verin e) versus vin­
cam ino con cent ration in the ran ge 0.2 to O.X Itg/m l were con structed from give rep­
licat e inject ion s (Fig . 2).

The determina tion of vincam inc in meth an ol extract s of bulk d ru gs or phar­
maceut ical preparat ion s and in diluted ur ine and plasma a nd in ether ex trac ts thereof
was stud ied (F ig. 3).
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Fig. I. Hi gh-performance liquid chro ma to gram of (a) pa paverine, (b) l -l-cpivincuminc , (c) vin carnine and
(d) a povi nca mi nc ,

T he results suggest that fo r urine sam ples ether ext raction is not neces sa ry, an d
direct a na lysis o f diluted urine ( I : 10) is preferred . The mean reco ver y in th e spec ified
co ncent ra t ion ranges wa s lJlJ.X ± 1.5 ~\ (11 = 12) and the pr ecision over a 30-(1ay
period was ±3.5 ~':. , usin g different urine sa m ples. For plasma sam ples, et her ex iruc ­
tion is recommended in order to pr event co ntami na t io n of th e column by pla sma
proteins. Ether extract ion , although t ime consumin g, result s in a more accura te pro-
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Fig. 3. High-performance liquid chroma togram of internal standard and vincamine in drugs and urine and
plasma : samples. Eluent : meth anol--D.OI M ammonium carbonate (75 :25, vjv), flow-rate 2 mljmin .
Column : 300 x 3.9 mm, IlBon dapak C 1 8 • UV detect ion at 254 nm . (a) Drugs; (b) diluted urin e; (c) dilut ed
plasma ; (d) ethe r extract of diluted urin e; (e) ether extract of diluted plasma .

cedure, with a mean extraction recovery of i 00.5 ± 1.3%(n = 12) and a precision of
± 2.9%.

The HPLC assay described is simple, rapid and provides a sensitivity of 5- 10
ng of vincamine in plasma and urine. No interfering peaks were noted in plasma or
urine samples from different sources. Moreover, the urin e assay allows the quanti-
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tation of tot al vincamine In urine, as the co nj uga ted drug is easily hydrolysed at
alkaline pH.

In con clusion , the proposed method is accurate, sen sit ive and o tTers a useful
routine alterna t ive to gas chro ma togra phy or in situ spec tropho to metry.
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Pyrrolizidine alkaloids (PA s) hav e attracted considerable attention due to their
hep atotoxic effects! and occurrence in a large number of plant species", PAs have
caused significant losses of livestock .' and have been implicated in human poisoning".
Senecio ja cobaea (tansy ragwort) and S. vulgaris (common groundsel) are two
common PA-containing plants occurring in the Pacific Northwest. Tan sy ragwort is
responsible for serious livestock losses in that ar ea" and co ntamina tio n of milk" and
honey7 by its alka loids has been reported .

We have pre viousl y used" a Cs reversed-phase high-performance liqu id chro­
matographic (HPLC) syste m for the a na lysis of Senecio PAs. This met hod, as well as
one using ot her reversed-phase co lumns'"! ", has certa in dr awbacks, ho wever, such as
sho rtened column life due to the relati vely high pH of the buffers used , significant
peak tai ling with resulting limita tion s in resol ution, limited sensitivity with gradient
ana lysis because of solvent (methano l or tetrah ydr ofur an ) abso rption and pump sea l
wea r from buffer sa lts. We report here a method using a reversed -ph ase styre ne­
divinylbenzene resin HPLC column that ove rco mes most of these problems and
which may be ideally suited for use in qu antitati ve an alysis of the PAs.

MAT ERI ALS AND M ETHODS

S. vulgaris plants and S. j acobaea flower tops were collected in the vicinity of
Co rva llis, OR, U.S.A. , during May and July of 1979, respecti vely. Inor ganic chemi­
ca ls used were reagent grade (M allinckrodt , St. Loui s, MO, U.S.A.) and extraction
solvents were glass distilled in our laboratory. The PAs ja cobine, jacoline, senecionine
and seneciphy lline were isolated from recrystalli zed S. jacobaea extracts by prepara­
tive reversed-phase HPLC. Th e reco vered PAs were recry stalli zed and their purit y
verified by ana lytical HPLC, melt ing point and gas chro matogra phic- mass spectro­
met ric ana lysis.

Extracts were prepared fro m eac h plan t species in the same man ner, fo llowing
the meth od used by Culvenor and co-wo rke rs2

.
1 1 and others. Th e plant material was

extr acted with methanol in a Soxhl et appa ra tus for 16- 24 h, the extract filtered and
the solve nt removed at red uced pressure. The residue was tak en up in a mixture of n-
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hexane and 0.2 N sulfuric acid . T he phases were separated and th en the aq ueo us layer
was extracted three times wit h n-hexane a nd fo ur tim es with dic hloromethane. The
alkaloid N-oxides were reduced by addi ng zinc du st to th e ac id ic aqueo us so lution
and the mixture was stirred for I h. It was th en filtered an d the filtrate was extracted
four times with dichl o romethane. The pH of th e aq ueo us ph ase was th en adj usted to
10.5 with co ncentrated NH40H . T he so lutio n was then extracted th ree tim es with
dichloromethan e. The com bined o rganic fractio ns were d ried over anhyd rous
Na2S04 . After filtr ati on , the so lvent was remo ved at red uced pressure. Th e extracts
were dried over NaOH in vacuo,

A PRP-I reversed -phase resin co lum n (15 em x 4.1 mm) (Hamilto n, Reno ,
NY, U.S.A .) was used for the separation of the PAs. HPLC was performed on an
Altex Model 322 ch ro matograph eq uipped with a Sch oeffel SF-770 detector set at 220
nm. The chromatograms were recorded with a Spectra-Physics 4100 integrator.

The mo bile phase consisted of acetonitri lc (H P LC grade; J . T. Ba ker. Phillips­
burg, NJ, U.S .A .) an d 0. 1 M N H40H mad e up using water pu rified wit h a M illi-Q
system (M illipo rc, Bed ford , M A, U.S.A .). Loss of N H J fro m this so lution via vola til­
ization d id not ca use a ny a pprec iable varia tio n in results if th e N H40H so lutio n was
used within two days of its preparati on. S. jacobaea a lka loids wer e sepa ra ted with a
20-min linear gra d ien t o f 10 % to 30 % ace to nitr ile. Separa tion of S. vulgaris a lka loids
was ac hieved isocrat icall y with 25 :%: ace to nitri le. A flo w-rate of I rnl/rnin was used in
bot h cases.

Sa mples were disso lved in methan ol- wat er ( I : I) fo r injec tio n. Peaks were co l­
lected and the so lvents removed under vacu um. D irect probe electron impact mass
spectra were obtai ned on a Varian C H-7 spec trometer co upled with a Systems Indus­
tries 150 computer.

RESULTS

Fig. I sho ws the sepa ra tion of a mi xtu re of pure jacoline. jacobine, scnec iphy l­
line and senec ion ine chromatographed wit h a IOta 30 / ;' ace to n itr ile-N H4 O H
gradie nt. The pea ks are esse ntia lly symme trica l a nd ret en tion t imes corres pond to
thosc of peaks in the chromatogram of a Sijacobaea extract (Fig. 2). Mass spectrom­
etry of collected fractio ns from the crude S. jacobaea extract yie lded the following
assignments by comparison with published PA spectra and fragmen tat ion pat­
lernsl .7.1 0.l l : peak 3 = jacoline, peak H = jacozine, peak 9 = jacobinc , peak 10 =
jaconine, peak II = senec iphy lline a nd pea k 12 = senecionine .

Peaks 1, 2, 4 an d 7 do not a ppear to be PAs. Pea ks 5 a nd 6 gave spectra
conta ining fragments charac ter istic of Se necio PAs but th ese compounds have no t yet
been ide ntified.

Fig . 3 shows a chroma togram of a S. vulgaris ext rac t obtai ned with the iso­
cra tic system . As with th e gra die nt sys tem , the pea k shape is good. The maj o r peak s
were identified by co mpa rison of the mass spec tra with those available in the litera­
ture1.7·11: peak I = ret rorsine, peak 2 = seneciphy lline, and pea k 3 = senecionine .

Fig. 4 shows detector response curves for jacoline, jacobine, senecionine and
seneciphylline. Respon se (in area uni ts) is linear over a 40-fold ran ge of PA injected.

Three I.OO-g sam ples of d ried Sijacobaea flowe rs were extracted and ana lyzed
for jacoline, jacobinc, scneci phy llinc a nd senecionine co ntc nt using th e 10- 30 /., ace -
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Fig . 2. Separation of as. jaco baea extract. Co nd itions as in F ig. !.
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determination .

tonitr ilc gradient system. Ave rage values for these PAs in J.lg/g dry weight ( ± sta n­
dard dev iation) were, respectively, 155 (± 17), 1019 (± 35),405 (± 20) and 148 (±
12). To ta l PA conce ntra tio ns in dried S. jacobaca flowers have been previou sly re­
ported 10 be 0.15-0.30 Ie and 0.2 'X>IJ .

DISC USSION

A styrene- diviny lbenzene resin column allows use of high pH mobile phases
that would destroy silica-based columns. On e result is·good peak symmetry for basic
compounds with out the use of ion-pairing reagen ts. The aceto nitri le- N l-ljO l-l system
offers severa l adv antages . Preparati ve work is sim plified sinee the mobil e phase so l­
vents can be dir ectly eva po ra ted und er vac uum, thus avoidin g the extractions neces­
sary when using phosp ha te buffers. The Iow absorbancc of H PLC-grade acetonitrile at
220 nm allows gra die nt ana lysis of PAs and high sensi tiv ity witho ut pr ohibiti ve
baseline shirts. T he problems associated with the use of so lid buffer salts (including
increa sed pump sea l wea r) ar e avo ided with th is syste m.

Th e meth od present ed here will be useful for ana lysis of sma ll samples of S.
jaco baea and S. vulgaris. It sho uld pro ve useful for ana lysis of other PA-con taining
extra cts as well.
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High-performance liquid chromatographic determination of grandaxin­
(a 2,3-benzodiazepine) and its trace impurities
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Institute f or Drug Research, S zabadsdgharcosok utja 47-49, 1045 Budapest 4 ( Hungary )

(Received January 20th , 1981)

Grandaxin [1-(3,4-dimethoxyphenyl)-4-methyl-5-ethyl-7,8-dimethoxy-5 H-2,3­
benzodiazepine), an anxiolytic agent marketed by Egyt (Bud apest , Hungary) is syn­
thesized as shown in Fig. 11. For the simultaneous determination of grandaxin and its
trace impurities (compounds III and IV), high-performance liquid chromatography
(HPLC) proved to be superior to either thin-layer or gas chromatography in terms of
efficiency and loadability.

O H

~OCH3

C H= CH-C H,

dimenza tl on
- -- "-

miner a l a cid
H3COr C 2H5

HO C H,

o
OCH ,

O H

11

m e r ny ta tr o n H, cor C2 H5

orrne tnyt 5 11 1 Ph~ 0
H, C O C H,
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O CH ,

OC H,
III (D I H)

C 2H 5
1

OXida t io n H 3C0 YnYC H <, C .......C H -,

-chrO·~';~~ j·~ ~ ~
eo ueo us. ec e tt c acto " , 0 0 ~OO"'

OC H,

IV ( P O P )

Fig. I. Synthesis of grandaxin .

ring c lo sure -­nyd r-a ztne rrydr- a t e
H X,OH -

x ~ C I. B r , Y2 S0 4

V Gra n dax in

This paper reports normal- and reversed-phase HPLC methods and the sensi­
tivity that was achieved for the trace components by optimization of column param­
eters. The method has also been used for the examination of grandaxin-containing
tablets .

EXPERIM ENTAL

Chromatographic separations were performed on a Varian 8500 liquid chro­
matograph equipped with a Variscan variable-wavelength UV-visible detector (231

0021-9673/81/0000-0000/$02.50 © 1981 Elsevier Scientific Publi shing Company
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nm ) and a Model A-25 st ri p-chart recorder. Two of the HPlC columns and clucnt s
tested are spec ified in th e legends of Figs. 2 and 3, th e latter being the sys tem of ch oice
for th e determinati ons. Spherisorb S lOW (10 11m) and liChrosorb RP- R (5 Ilm)

packin g m at eri als were supplied by Ph ase Sepa ra tions (Qucen sfer ry, G reat Britain)
a nd Merck (D arms ta d t, G .F. R.) , respec tively. The co lum ns were slurry-packed in
o ur la bo rat ory by an ascen din g technique". Dio xane (C hrom A R grade) was pur­
chased from M allinck ro d t (St. l ouis, MO, U.S.A.) and acetonit rile, II-hexan e
(Uvaso l) a nd meth an ol (Se lect ipur) were obta ined from Merck . G rand axin and ta b­
lets of gra ndax in were pr epared by Egyt. Other che mica ls were of the highest grade
availa ble.

When tablets o f grandax in were exami ned , th e ex tract ion procedu re was as
foll o ws. F ive tablet s (each co ns isting of 50 mg of gra nd uxin, 92 mg of lact ose, 20. 5 mg
of amy lum so lani , 10 mg of micr ocrystalline ce llu lose , 3.5 mg of gelat ine , 2 mg of
stearine and 2 mg of talcum) were we ighed and pow de red . A port ion of th e powder
(eq uiva lent to 25 mg of grandax in) a nd 3.3 ml of so lvent [dio xan e- acet on itr ile-meth ­
anol (25: 5 :3)], th e polar part o f th e eluent, were pla ced in a sto ppered test -tu be. Th e
mixture was kept in a 50"C water -b ath in a n ultra sonic apparatus (H eat Systems
Ultrason ics, Plain view, NY , U .S.A .) fo r 20 min , th en cooled and 6.7 ml of II-hex ane
were added . The mi xture was sha ke n a nd allo wed to stand for a few minutes, then 40
III of the clea r supern ata nt liquid were injected (via a sto p-no w septumless inject ion
sys tem ) for th e determ in at ion of th e tr ace co m po nents an d 2-5 III when only the
grandax in co ntent was to be determined . The effic iency of th e extra ction proced ure
was o ver 99 %, so no int ernal sta nda rd was used .

When exa m in ing crystalline grandaxin, the substa nce wa s dis solved in th e
eluent to give a I mgjml so lutio n , of wh ich 5 II I was inject ed.

Calc ulations were ba sed o n calibrati on gra phs prep a red with th e corres po nd­
ing referen ce standa rds (peak height )'(, I'SLIS amount injected) .

RESU LTS A ND D ISCUSSIO N

The detect ion wavelength was chosen with a view to obtaining th e highe st
sens itivity for III , th e com po nent with the wea kes t U V abso rption a nd th e sma llest
co nce nt ra t io n (see 01 H in F ig. 1 a nd Table I). Wh en o ptim izing the co lumn param­
eters from th e po int o f view of th e lowest possibl e detection lim its, we relied ma inly
on th e wo rk of Karger et al.J .

As the trace compounds (II I a nd IV) ex hi bi t a significa nt diffe rence in pola rity
(see rigs. 1 a nd 2), o ptim iza t io n for both is impossibl e in rever sed-phase systems

T ABLE I

UV A BSORPT ION DATA FOR G RA NDAXIN A N D ITS POT ENTI AL IMPURITI ES

VI' absorption
data

/II ( Dil l)
(diisohomogenol )

I V ( PO /' )
(primary oxidation product ]

v (grandaxin )

A~~:~OI (11m )
A l ')(,

I em

231
436

280
209

234
654

279
322

312
340

311
450
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Fig. 1. Sepa rati on or gra nda xin a nd its intermed iates by rever sed-phase HPLC. Samp le, gran daxin co n­
tainin g D IH a nd POP as impu rities; co lumn, LiChrosorb RP-8, 100 x 4.6 mm I.D.; eluen t, acetonitri le­
I :';, (w/v) ammonium carbon at e wat er (40: I0:50); flow-rate , 50 rnl/h ; cha rt speed , 30 cm /h ; temperature,
ambient.
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Fig. 3. Separat ion of grandaxin and its inte rmediates by normal-phase HP LC. Samples. tablet extract
conta ining DIH and POP as impu ri ties (A) a nd tablet ext ract with no DIH and POP (B); co lum n, Sph er­
isor b S l O W, 150 x 3 rnrn I.D .; elu en t, II-hexane-d ioxane - acetonit r ilc meth anol 15 % (w /v) ammo nia
(67 :15:5:3:0.01); flow-rate, 50 ml /h; cha rt speed, 100 cm /h; temperature, am bient.
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( aDih/P OP 6.3- 8.0), and there are also problems in normal-phase systems ( O:POP/Dl h

= 2-4).
In a sa tisfactorily optimized normal-phase system (see Fig. 3) capacity fact or s

(1\ ' ) of III and IV were in the optimal range (0.5-2 .0). but the resolution (R,) was still
about twice as high as the optimal va lue (2.8 instead of 1.5). To achieve optimal
resolution with select ivity factor (l( = 2 and k; = 1.27, a co lumn with only 460 plat es
would be needed. With th e theoretical plate height (H) in Fig. 3, thi s would mean an
optimal column length of 4.3 cm , and a column length of about 0.5 em or belo w, if
efficient columns (H ':::; .0.0 1 mm ) are used . Although such short columns cause littl e
dilution, the y make high demands on minimizing the extra-column band broadening
effect s (dead volumes) and on the dynamic characteri stic s of the detection and record­
ing units. For instance, the reduction of the column length to the theoretical optimum
(4.3 cm in our case) resulted in a poorer than expected resolution , owing to the
increased role of the dead volume in the lines between the injector and the column
head (the ad verse effect of thi s dead volume is demonstrated by the fact that, even
with longer columns, substantially lower plate numbers were obtained for early peak s
than for highly ret ained ones; see Figs . 2 and 3).

Thus, as control of 0: by gradient elution is rarely possible in sensit ive trace
an alysis, it is reasonable to accept that combined optimization with component pairs
having an 0: va lue greater than 2 is technically a greater problem than it is with
components of fairly similar nature (e.g ., when C( = 1.08-1 .10).

In the system pre sented in Fig. 3, detection limit s of DIH and POP were 2.5
and 3.0 ng, respecti vely. The detection limit for grandaxin, which ma y be of use in
metabolism stud ies, was 2.5 ng a t 238 nm . The preci sion was ± 1.5 :%; for grandaxin
and ±3.5 %for the trace compo nents.

Grandaxin is eluted as double peaks in reversed-phase systems (see Fig . 2) and
also in some normal-phase systems (with plate numbers higher than 3000). The expla­
nation lies in the fact that, in solution, the molecule exist s as a mixture of two boat
conformers". The ratio of conformers is a function of time, temperature and solvent.
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Determination of psilocybin in Psilocybe semilanceata using high-per­
formance liquid chromatography on a silica column
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During the last few years a n increasing number of young Norwegians have
used Psilocybe semilanceata (Fr. ex Secr.) Kummer as a narcotic. The first report on
misuse of thi s mu shroom was made in a utumn 1977, and knowledge of its hallucino­
genic properties has gradually become public through reports in the popular media.
The ingestion of P. semilanceata ha s in some ca ses resulted in the need for treatment
in ho spital" :",

Many species of th e genus Psilocybe a re found in Norway:' , but only P. sem i­
lanceata is regarded as hallucinogenic. It occurs on gr assy sites in most parts of the
country from th e middle of August to the middle of October. P. semilaneeata is
known to contain indole alkaloids, of which psil ocybin is considered to be the main
con stituent. In order to carry out detailed studies of the potency of Norwegian P.
semilanceata a qu antitati ve method was required for the assay of psilocybin.

Several methods have previously been used for a na lysis of the hallucinogenic
components of Psilocvbe mu shrooms. Both paper chromatographyt! and thin-layer
chro ma togra phy --? ha ve been employed in conjunction with colorimetric reagents as
well as with UV spectroscopy. Gas chro ma tography and gas chromatography-mass
spectrome try" have been applied for the analysis of psilocin a nd psilocybin.

Recently two high-performance liqu id chromatogra phic (HPLC) methods
ha ve been published? '! ". White9 separated the three compounds psilocin, psilocybin
and baeocystin on a silica column, and Perkal et al.t" described the quantitation of
psilocin and psilocybin by ion-exchange chromatography. We have developed a
HPLC method ba sed on a silica column which provides a sim ple, rapid and accurate
qu ant itati on of the psilocybin content of Norwegian P. semilanceata.

EXP ERIM ENTAL

Chemicals
Psil ocin and psilocybin wer e supplied by Sandoz (Basel, Swit zerl and). An a­

lyt ical-grad e meth anol was obta ined from E. M erck (D armst adt, G. F. R.).

Apparatus
A reciprocating pump (Glenco Scient ific, Houston, TX.. U.S .A.) was used to

0021-9673/81/0000-0000/$02.50 ~ :) 198 1 Elsevier Scientific Publ ishing Com pa ny
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deliver so lvent at I ml min - I , and a Spect ra -Phys ics UV detector (Mo del 225) was
used to mon itor the eluent at 254 nm. A Kontron ® spect ro fl uorometer SF M23 was
used for the lluorime tric detect ion . Sam ples were int roduced through a Rheodyne
(Model 7120) ro tary valve injector which was equipped with an externa l lu-rd sample
loop. The column was a 25 em x 4.6 mm 1.0. sta inless-stee l tube, slurry-packed with
small-particle silica (6 -Jlm Part isil 5, Whatman, Maidstonc, Great Brita in). Sepa­
rati on of the compo nents was achieved with methanol- wat er-I N ammo nium nitr ate
so lution (220 :70:10). The I N ammo nium nitr at e solut ion was butTered to pH 9.6 with
2 N ammo nia. A VG Microm ass 7070F ma ss spectrometer was used for the mass
spectrometr ic inves tigation.

Extrac tion procedure
Th e mushroom s were dri ed in an ove n at 50"C overn ight. On e accurately

weighed mu shroom was ground to a powder in a mortar and tran sferred to a glass­
stoppered centrifuge-tube. A 3-ml volume of 10% I N ammo nium nit rat e in methan ol
was ad ded and the tube was rotated for 30 min using a rotary mixer (Cen co Instru­
ments). Aft er centr ifugation the supern a tant was transferred to a 5-ml volumetric
flask, and the extraction was repeat ed with 2 ml of the extrac tio n so lution. The two
extrac ts were combined and dilut ed in 10% I N ammonium nitrate in methanol to
5.00 ml.

Qua nti tatio n
Quantitati ve ana lyses of psilocybin were based on peak height measurement s.

UV detect ion was used for ro utine ana lyses of mushro om extrac ts. A ca libra tion
gra ph was constructed for th e co ncentration ran ge 0.005·-0.2 rng/ml. Th e relat ive
sta nda rd deviation was calculat ed after eight assays of each of the three solutions at
0.0 I, 0.05 and 0.2 mg /ml. Fl uo rescence detection was used as a compara tive method
to check for interferences. A sta nda rd curve was co nstructed for the co ncentra tion
ran ge 0.05-0.2 mg/rnl.

The ca libra tio n gra phs of )' (t he pea k heigh t of psilocybin) aga inst .v (the
concentrat ion of psilocybin in mg/rnl) were ca lcula ted according to the meth od of
least squa res.

RESULTS AND DI SC USSION

Extraction procedure
For ro utine HPLC ana lyses of the psilocybin content in dri ed mushrooms, a

rapid and efficient extracti on procedure was necessa ry. Methanol with 10% I N
ammo nium nitr ate was employed as extrac tio n solution. Th e mushroom extracts
were sta ble for severa l weeks and had a simi lar composition to the mobile phase.
During the dr ying procedure, the mu shrooms lost 92 % in weight.

A one-s tep extrac tion procedure for Austra lian Psilocyb e species has recentl y
been reported! ". Homogenization for 2 min in 3 ml meth an ol was considered to be
op tima l for ext rac tion of th e ac tive compo nents. But Austra lian P. subaeruginosa has
a low psilocybin content (0.0 1- 0.2 %) co mpa red to the Norwegian P. semilanceata
which we have found to be much more potent I I . A one-step extraction procedure
with 5 ml of the extrac tion solution was investigated , but only 91 % of the psilocybin
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content was extracted. The yield of psilocybin was not increased by performing the
extrac tion at 60"C. It therefore seemed clear that extr acti on of Norwegian P. semi­
lanceata required more than one step.

Fig. I shows the percent age yield of psilocyb in aft er success ive ext rac tions with
3 ml, 2 ml, I ml and I ml of 10% I N ammo nium nitrate in methanol. The proposed
two-step extraction procedure gua ra ntees that a t least 98 %of the tot al psilocy bin is
extracted, which is conside red to be sa tisfac tory. All the detectab le mushroom com­
ponents seemed to be extracted to similar exte nts .

'J. 100

75

25

Number of ex tr action s

Fig. t. Percentage yield of psilocybin (the mean value from three different mushro oms) after successive
extractions with 3 ml, 2 ml, 1 ml and 1 ml of 10% I N ammonium nitrate in methanol.

Chromatography
The Australian! " and English? HPLC examinations of Psilocybe mu shrooms

resulted in chr oma tograms having two and th ree peak s, respect ively. Th e above con­
dition s gave at least four distinct peak s, and the tot al analysis time was about 13 min.
Typical chro ma tograms of Norwegian P. sem ilancea ta are shown in Fig. 2. Peak s 1, 2
and 3 have not yet been identified . Baeocystin and norbaeocystin (the mon ometh yl
and demethyl ana logues of psilocybin ) ha ve previou sly been isolat ed from P. baeocys­
tis grown in submerged culture 12. Th e presence in English P. semilancea ta of a com­
pound provisionall y identified as baeocystin has been reported". It is possible that
one or bo th of these substances ar e pre sent. Further investig ati on of the chemical
const ituents of Norwegi an P. sem ilanceata will be carr ied out.

From Fig. 2 it is seen that psilocin is eluted ju st after psilocybin. Th is is in
contras t to the result s obtained by a simi lar chromatographic system with Parti sil 5 as
sta tiona ry phase and methanol-water-I N ammon ium nitrate solution (240:50: 10),
buffered to pH 9.7 with ammonia (sp.gr. 0.88) , as mobile phase". Under these con­
ditio ns psilocin was eluted much earlier. Becau se of th is lar ge var iation in the reten­
tion of psilocin, the identity of our psilocin sta ndard was verified by mass spectra l
ana lysis.
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Fig. 2. Liquid chroma togra ms of Norwegian P. scm ilanceu ta extract. Detec tion by UV a bso rpt ion a t 254
nm (a) or by fluorescen ce at 335 nm (excitation at 267 nm) (b). Peak s: 1. 2. 3 = un known; 4 = psilocybin ; 5
= psilocin .

Separation of the components was a lso stud ied o n O DS columns and th e more
polar Spherisorb Ph enyl column, but th e very polar and water soluble psilocybin did
not seem to be sufficiently retarded.

Quantitative analysis
By using UV detect ion, a ca libra tio n graph was obtained whi ch could be de­

scribed by the equation y = 54. 73.\ - 0.02 with a correlation coefficient of 0.9999.
T he relative standard de viations were 4.7 ~;" 2.4 'i:: a nd 2.5 :j;, respect ively for 0.0 I,
0.05 and 0.2 mg/ml solut ions of psilocybin.

To check the results obta ined by U V detect ion. a tluorescence spectro meter
was used to m onitor the elu ent. Psilocybin ha s been fo und to tluoresce strongly at 335
nm with excitation at 267 nm!", a nd th e fluorescen ce detect or was set at these wave­
len gths. Excellent linearity was o btai ned in th e psil ocybin fluorescence resp on se. Th e
standard curve could be described by the eq uatio n l" = 98.6lx - 0.14 with a
co rrelati o n coefficient o f 0.999 3.

Mushroom extracts
Quantitative data fo r the psilocybin content in nin e different mu shrooms are

given in Table I. The results:obtained by UV a bso rption a nd fluorescence detection
are well correlat ed . T he fluorescence method is very specific for psilocyb in, and th e
excellent agreement ind ica tes th at interferences can be neglected .

A ll the extracts a na lyzed co nta ined va rio us amounts of psiloc yb in and at leas t
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Sample No. Psilocyb in content r%. wjw)

1
2
3
4

5
6
7
8
9

UV detector

0.73
1.00
0.82
0.65
0.72
0.70
0.58
0.55
0.77

Fluorescence de/ector

0.75
1.01
0.83
0.64
0.75
0.72
0.57
0.58
0.77

three unidentified components. Onl y traces of psilocin could be detected in some
mushrooms.

The method described has been used in an extensive study of the pot ency of
Norwe gian P. semi lanceata . The mu shrooms were found to contain 0.2- 2.0 %psilo­
cybin 11 . No rwegian P. semilanceata mu st therefore be regarded as a pot ent narcoti c.
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Separation and detection of synthetic food colors by ion-pair high­
performance liquid chromatography
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Food Research Division, Food Directorate. Health Protection Branch, Tunney's Pasture , Ottawa, Ontario
KIA OL2 ( Canada }

(Recei ved February 4th, 1981)

In recent years conce rn has arisen over the extensive use of synthe tic co loring
matter in foods . In orde r to prevent indiscriminate use, regu lat ions have been de­
veloped by many countries limiting the types, purity, uses and qua nti ties of food
co lors permitted in foods . As a result the need has arisen to continuously mon itor
foods for permitted and non-perm itt ed foo d colors particularly in imported foo ds . In
the past, method ology for bo th quali tative and quant ita tive dete rminations have
incorporated techn iqu es suc h as paper and thin-layer chromatog rap hy! - 5 , ti­
trarion":", electrophoresis'' and spectrophotometryf -!".

In recent years, high-performance liqu id chromatography (HPLC) has been
shown to ha ve much po tential for synthetic food color ana lysis in terms of qualitative
identification, quantitation and speed of ana lysis!"? ". Although most of these used
ion-exchange with gradient elution or were employed to determine impurities in per­
haps a single color, they clearly illustrated the power of HPLC in the area of food
colors. Reversed-phase ion-pair chromatography has also been fou nd to be par­
ticu larly usefu l for the separation and detection of a lar ge number of food colors l 8

.
l 9

.

This technique is particularly convenient because it makes use of a reversed-phase
co lumn which, when not employed for ion-pai r chromatography, ca n be used for
usua l reversed-phase analyses. We report here the use of an ion-pairing chromato­
graphic technique for the separation and quantitation of twelve pr imary food colors or
subsidiaries with application to the analysi s of several food co lors in grape beverages.

EXPE R IM ENT A L

Reagents
Stock solutions of the co lors (excep t Erythrosi ne) were prepared at conce n­

trations of 0.0 1- 0.02 % in water containing 0.005 M tetr a-n-bu tylamm onium phos­
phate (T BAP) .

Eryt hrosine was dissolved in met hanol-water ( I :I) containing 0.005 M T BAP
in order to prevent precipitation of the ion pair.

Preparation ofTBAP was done by adding 52 ml of 1.11 M K H2 P0 4 to 25 ml of
1.54 M tet ra -n-butylarnrnoniurn hydroxide solution which produces a solution 0.5 M
T BAP, pH 7.2. The solution was prepared in a brown bott le and stored in the dark

0021-9673/XI/OOOO-()()00/$0 2.50 (0 In I Elsev ier Scie ntific Publish ing Com pany
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when not in use. Th is was used for adjustment of a ll standard and sample solutions,
and the mobile phases.

The colors used in the study are given in Table I. All or gani c solvents were
distilled-in-glass grade materials. Water was dist illed and deion ized.

Apparatus
A Waters Assoc . (Mi lfor d, MA, U.S.A.) Mo del 6000A pump, a Rh eod yne

7125syringe loadi ng injec tion po rt with 20-Jll loo p, and a Waters Assoc . Model 450
variable-wavelength detector were employed. Separatio ns were ca rried ou t on a
Merck (Da rmstad t, G. F.R.) Hibar II LiChrosorb RP-1 8, 10 Jim (4.6 mm x 25 ern)
column at arnbicrt temperature. The mobile phases (degassed) usua lly consisted of
methanol- water dt ra tios (v/v) of either (45:55) or (60:40 ) each conta ining 0.005 M
THAI' . All mobile phases and samples were filtered thro ugh a 0.45-llm Millipore filter
before use with the HPLC apparatus. At the end of each day the chroma tog ra phic
system was rinsed thoroughly with 100 ml wate r followed by about 25 ml of meth­
anol. This rinsing was important to protect the chroma togra phic system.

The Sep-Pak " (Waters) cartridges (C l ~) were prepared for use accord ing to
manufacturer 's directions. Preparat ion of the bevera ge samples was as follows. A
100-ml volume of gra pe soda was made to 0.005 M TBAP, then 20 ml of thi s was
passed through a Sep-Pa k cart ridge . T he co lor remained on the co lumn. The car­
tridge was washed with ca. 20 ml wat er then the co lors eluted with ca. 4 ml meth an ol­
water ( I :I). The eluent was collected and eva po rated to 0.5 ml, filtered th rough a
0.45-jl m Millipore filter before HPLC ana lysis. The same pro cedure was used for a
grape dri nk sample except only 2.0 rnl of the drink was loaded onto the Sep-Pa k
cart ridge . Th e synt hetic co lors remain ed on the co lumn while most natural color was
unretained as evide nced by the co lored elua te which was discarded. Also, Benzyl
Violet 4B required an add itiona l 2 ml of 100 % methanol for elution from the car­
tridge.

When carryi ng out the analysis of a series of food colors with the (45 :55)
mobile phase system, the de tecto r wave lengt h and flow-rate were changed as in­
dicated in Fig. I in order to best determine the compounds . Th e compromise wave­
lengths were 610 nm for the blue and green colors, and 480 nm for the reds, oranges
and yellows.

RESUL TS AND DI SC USSI O N

Table I summa rizes the retenti on times for the various food colors examined.
While six different combinations of mobil e phases were evalu ated , the two mo st
useful ones were methanol-water (45 :55) or (60:40), the first bein g the choice for mo st
colors except Ponce au SX, Fa st Red E and Benzyl Violet 4B which were ana lysed
with latt er mobile phase, and eryt hrosine which was ana lysed with meth an ol- water
(70 :30). Skyark, a subsidiary of Sun set Yellow FCF could not be completely resolved
from Indi gotine. However, since these two absorb at different wave lengths (Skyark,
480 nm ; Indigot ine, 610 nm), they could be identified by ap pro pria te wavelength
selection. Ini tially it was attempted to separa te as ma ny of the food colors as poss ible
in a single run witho ut reco urse to gradient elution. Fig. I shows a chroma tographic
analysis of eight food co lors using the (45 :55) mobile phase. The minor peaks of
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Fig. I. Chro ma togram of eight co lors. Co nditio ns as described in the text. Mo bile phase meth anol- water
(45:55) con taining 0.005 M T BAP; now-rate 1.0 mljmin up to 20.0 min, then cha nged to 1.5 ml/rnin.
Wavelength changes were made as indicated . Skya rk and Brillian t Blue FeF peaks are in dashed lines.

Brilliant Blue FCF elute in the region of the major peak of Fast Green FCF. In orde r
to mon itor all foo d co lors it was necessar y to make detector wave length cha nges
during the run as indica ted in Fig. I. The fl ow-rat e was increased at 20 min to 1.5
ml/rnin to speed up the elutio n of Fast Green FCF and Brilliant Blue FCF. Fig . 2

~

u
w,
Z

o 4 8 /2 16 20 24
TI ME ( mi n)

Fig. 2. Com posi te chromatogram of four food co lors . Cond itions as described in the next. Mobile phase,
methanol-water (60 :40) co ntaini ng 0.005 M T BAP; now-rate 2.0 rnl/min throughout. Fast Red E, Ponceau
SX and Erythros ine detec ted a t 500 nrn; Benzyl Violet 4B detected at 545 nm,
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shows typical result s for four other co lors studied employing the (60 :40) mobile
ph ase. All fo ur are eas ily separated from each other , however , for Erythrosine ana lysis
we found that a methanol-water (70:30) mobile phase was superior in term s of
analysis time and pea k sha pe.

Applicat ion of the technique to bevera ge an alysis is show n in Fig. 3 for a
commercial gra pe soda drink. Th e result s indic ate the presence of both the perm itted
food colors, Amaranth and Brilliant Blue FC F. Result s from a grape drink sample
spiked with a mixture of Tartrazine, Allura Red AC, Brilliant Blue FCT and Benzyl
Violet 4B showed no interferences from coextr acti ves or natural food co lors while all
color peak s were qu antitati vely reco vered when spiked in the co ncentra tio n ran ge of
4-44 Jig/g.

to 2 .0 ml/ min

o
>

>­
~~m

~IO.04
- AUFS)

o

x to 6 3 0 nm (0 .02 AuF Sl

12 16
TI ME (m inl

20 24

Fig . 3. Ana lysis of a gra pe soda bevera ge. Conditio ns as described in the text. Mob ile phase methanol ­
water (50 :50) cont aining 0.005 M TBAP. Wavelength and sensitivity sett ings (ab sorbance unit s full scale,
AU FS) were as indicated.

CO NC LUS ION

Th e descr ibed HPLC method is ca pa ble of sepa rating and qu antitating twelve
major foo d co lors or subsidia ry dyes. Appl icat ion to grape beverages indicates the
potential of the method for rapid screening of samples for non-permitted color s as
well as for quantitating permitted food colors by compari son to known standa rds to
ensure that they do not exceed the legal limit. The meth od is faster and less tedious
than the thin-layer chroma togra phic- spectrophotometr ic techniques currently in use.
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Note

Partial purification of microsomal proteolipid(s) from Neurospora
crassa by high -performance liquid chromatography on silica gel
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Certa in membranes, in particular my elin and mitochond ria , contain intrinsic
proteins of extreme hydrophobicity. Those hydrophobic proteins which arc so luble in
ch loroform- methano l (2 : I) have been ope ra tio na lly defined as proteo lipid s I.

Alt hough the amino acid composition of different proteolipids differs, a str iking
feature common to these proteins is their high content of hydrophobic and neut ral
amino acid residues", In addition to hyd ro pho bic interac tion with complex lipids, at
lea st one proteolipid , the myel in proteolipid , co nta ins co valently bound fa tty acids:'.
Proteolipids have been purified by ch lorofo rm -methano l extraction, fo llowed by
dia lysis in ch loroform-methanol to remove no n-cova len tly bo und lipid ; ho wever,
pro teolip ids of molecu lar weight less than 12,000 arc lost fro m the d ia lysis rentate
by this procedure:'. T h us, d ia lysis is inappropriat e for pu rifica tion of low-m olecula r­
weight proteolipids. Solubilization and chromatography in sod ium dodecyl sulfa te
(SDS) have also been used to purify hyd ro phobic su bun its of enzyme complexes
such as cy tochrome oxidase" or cytochrome h5

; however, the associat ed SDS is dif­
ficult to remove and can interfere with su bseq uent analysis . Im pro ved fract ionation
pr ocedures would facilitate the work in this field .

The microsomal fraction of Neurospora crassa co nta ins a proteo lipid(s) of
approximately 6500 daltons as measured by SDS-urea gels". T he syn thesis of th e
pro teolipid is blocked by the mitochondria l prote in synthesis inhibitor ch lo ram phe­
nico l, but no t by th e cytoplasmic pro tein synthesis inh ibitor cycloheximide, suggest­
ing mitochondria l synthesis of the m icrosomal proteolipid . Only a sma ll fraction of
cellular protein is synthes ized in the presence o f cycloheximide. T he m icrosoma l
proteolipid can be specifica lly radioactive ly labeled under these conditions and initia l
so lu bi liza tion of this labeled proteolipid can be ach ieved by extraction with chloro­
form-met hanol. T he ext rac t contains microsoma l lip ids such as phosphat idyl ch oline,

* Present address : Department of Biochemistr y, E. K. Shr iver Ce nter , 200 T rap elo Rd., Walth am .
MA 02254, U.S.A.

0021-9673/8 1/0000 -0000/$02 .50 © 1981 Elsevier Scientific Pub lishing Co mpany
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ergosterol, fatt y ac ids and trigl ycerides plu s a number of pr ot eol ipid s", The large
amount of lipid in th e ex tract and the low molecul ar weig h t of the pr oteolipid are
major facto rs compl icating further purificati on of th e proteolipid . We report here th e
use of high-per forman ce liqu id chro matog ra phic (H P LC) silica ge l columns to o btai n
an approx ima tely I74-fo ld purificati on of thi s chl oramphenicol- sen siti ve, cyclohexi­
mide-insensiti ve proteolipid with respect to protein specific activity, with th e co nco m­
itant remo val of th e maj or contaminating lipids. The methods described her e may
be applicable to the purification of other proteolipids.

METHODS

Radioactive labeling and extraction of N . crassa proteolipids
N. crassa wa s cultured , labeled and fract ion ated as de scr ibed previou sly".

Briefly, cells were grown for 18 h at 30"C. C ultures were ex posed to cycl o hexi mide for
5 min and subseq uent ly labeled for 20 min with [3H]phenylal anine. The cells were
ground twice in a mortar with sa nd in 0.25 M suc ros e, 50 mM Tris, I mM ED TA pH
7.5, containing 0.5 mM phenylmethylsulfonyl fluoride (PMSF) to inhibit protea se
activity. The microsomal fraction was isol at ed by density gradient centr ifugation at
the 0.6/1.3 M sucrose interface of discontinuous sucrose gradients. A crude pro­
teolip id preparation, containing pr oteolipids and lipids wa s prepared by extraction of
the microsomes with chlo roform- me tha no l (2 : I). For large-scale pr eparation s of th e
prot eolipid, approxim at ely 20 mg labeled microsomal protein was mixed with 700
mg unl abeled microsomal pr ot ein and th e proteolipid fracti on was extracted with
chloroform-me tha no l.

Chromatographic separations
The proteol ipid pr eparation was ana lyzed for lipids and proteolipids by thin­

layer chro matog ra phy (TLC) on silica gel HR (Merck, Darmstadt , G.F.R .t . T he
sample was separated by successive de velopment in chloroform-methanol-glacial
acet ic acid -water (65 :25:8 :4) and then light petroleum (b.p. 35-60°C)-diethyl ether­
glacial acetic acid (75:25: I). Lipids were visua lized with iodine vapor; protein was
visua lized by ninhyd rin reacti vit y. Bands were scra ped from th e plate into co un ting
vials a nd radioacti vity was determined by co unti ng in toluene-l iquifluor (New
England Nuclear, Boston, MA, U.S.A.).

Ana lysis by paper chromatogr aphy utilized a tank sa tura ted with tert.-amyl
alcoho l- me thyl ethy l ketone- water (3: I: I). The chlo roform-methanol-soluble
sam ple was applied to Whatman paper and developed for 12 h. The paper was
ana lyzed for protein and for radioactivit y.

Sep aration of the crude proteol ipid preparation wa s attempted by a pplica tion
of the fraction to Sephadex LH-20 or LH-60 columns (60 x 2 em) equil ibrated in
chlor oform- metha no l (2 :I) . The colum ns were eluted at 9 ml/h for 24 h. Fractions
were coll ect ed and ana lyzed for a bsorbance a t 280 nm and for radioactivity.

Pr epa rat ive HPLC separa tion was performed o n th e crude proteolipid prepa­
ration . Silica gel co lumns were packed with 5-pm LiChrosorb (Altex Labs., Berkeley,
CA, U.S.A.). The HPLC instrumen t used was a ISCO Model 384 (Omaha, NE,
U.S.A.). A I-ml vo lume of crude proteol ipid extract was injected onto a pr eparative
silica co lum n (25 x I em ) equilibrated with benzene-ethanol (95:5). A gradi ent was
applied fo r 20 min which raised th e final percentage of ethanol to 66 %.
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Other procedures
Protein was determined by the method of Lowry et al,' as adapted by Lees and

Paxman", using hovine serum albumin as the sta nda rd.
Am ino acids were de termined afte r acid hyd rol ysis of the partially purified

proteolipid . Protein was hydrolyzed in 6 N hydrochl oric acid at l lO''C for 72 h.
Amino acids were sepa ra ted on silica gel plat es (EM Labs.) with ethanol- wa ter (7:3)
and visua lized with ninhydrin.

RESULTS AN D DIS C USSION

A cru de microsom al pr ot eol ipid fracti on was prepa red by extrac tio n of
[3H]phenylalanine-labeled micro som es with chloroform- metha no l. Appro ximately
1.9 %of the tot al microsomal protein was so lubilized by chloroform- me tha nol. The
crude proteol ipid fraction was initia lly sepa ra ted by chrom at ography on a Seph ad ex
LH -20 column (Fig. I) . Two major radi oacti ve peak s were obtained and furth er
ana lyzed using a Sephad ex LH -60 co lumn. The radi oacti ve fra ctions I and II mi­
grated as single peaks and were separa ted from non-radioactive proteins on the LH- 60
column. An alysis of peak s I and II after chro matography on LH -60 was atte mpted by
pap er chromatography (Fig. 2). The two fraction s did not appea r to be significantly
different, nor part icul arl y pure. Both fractio ns st ill co ntai ned non-rad ioact ive nin­
hydr in-positive spots and most of the radi oacti ve mat erial remained a t the origin. It is
possible th at th ey could represent a single radioactive protein which migrat es as
multiple peaks in LH -20 and LH-60 de pendi ng on associa tio n with lipids or on its
state of aggrega tion. As a consequence of their chemical nature, the chroma tographic
behavior of proteol ipids is somew ha t unu sual. The myelin proteolipid, for example,
which on the basis of several criteria is considered to consist of a single protein",
produces multiple peaks upon silica gel chromatography in chloroform- methanol".
These peaks ha ve identical amino acid compositions and certain of them can be
interconverted, suggesting that these multiple peak s may conta in the same protein
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Fig. I . Fractionat ion of chloroform- metha no l extract of N. crassa microsomes on Sephadex LH-20
column. Micro somes were prepared fro m cells radioactively labeled with [3H]phen ylalan ine in the presence
of cycloheximide. 2.75 mg microsomal pro tein (0.6 ml) were extracted in 15 ml chlo roform-methanol (2: 1).
After cen trifugation to remove unextr acted material, the supe rnatant was conce ntrated under nitrogen to
approximately 2 ml and applied to a Sephadex LH-20 co lumn eq uilibra ted with chloroform- metha no l
(2: I). Th e column was eluted at 9 mljh. Fractions ( I ml) were co llected and analyzed for protein by
absorba nce at 280 nm and for radioact ivity.
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Fig. 2. Analysis of Sephadex LH-20-LH-60 column fractions I and II by paper chroma tog raphy. Sephadex
LH-20 fractions I and II were re-chromatographed on a Seph adex LH-60 column and then concentra ted
under nitrogen, appl ied to Whatman paper and chr omatogr aphed. Crossha tched region s represent nin­
hydrin-positive spots. A, LH -20 fraction I; B, LH-20 fraction II.

which interacts with the silica gel differently depending on associated lipids or its sta te
of aggregation.

In the present study, the usefulness of chromatogra phy on LH- 20 or LH -60
columns was limited to an analytica l assessment of the microsomal pr oteolipid.
Altho ugh some purificat ion of the r adioactive proteolipid was possible by chroma ­
togr aphy on LH-20 and LH-60 columns, in general, the procedures were unsati sfac­
tory for pu rification of the microsomal proteolipids. The radioactive proteolipid was
not completely separated from the non-radioactive mater ial and the recovery of ma­
terial from the columns was quite poor as a consequence of non-specific adsorption of
radioactive mat erial to the columns. Once the proteolipid fra ction was tak en to dr y­
ness for further separatio n by TLC or paper chromatography, re-extraction of the
protein was virtually impossible. Furthermore , the TLC or pap er chromatographic
systems tr ied by us resulted in poor resolution of the proteol ipid . Thus, these chro­
matographic methods were inadequate for purifi cation of the proteolipid.

A different appro ach to separa tion of the crude proteolip id preparation was
attempted by an alytical and preparative HPLC ut ilizing silica gel columns. A number
of so lvents were used for pr oteolipid fr actionation in the HPLC system. Solvent
systems employing chloroform-methanol or chloro form- metha nol-acetic acid in var­
ious proportions did not resolve the proteolipid significantly on silica gel columns
nor d id use of a stro nger acid, such as hydrochloric acid, with the chl oroform­
meth anol. The most successful solven t system con sisted of an initia l solvent of ben­
zene-ethano l (95:5) and a gradient of etha no l to a final concentra tion of 66 %. The
maj or radi oactive fracti on eluted as a sharp peak at benzene-ethanol (ca. 42 :58) (Fig.
3). Direct counting of the silica gel from the columns indicat ed less than 1%of the
proteolipid radi oactiv ity was retained in the columns.
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Th e radioacti ve fracti on from the silica gel column was analyzed by TLC which
indica ted tha t th is HPLC system freed the proteo lipid extract of ergostero l, tr iglycer­
ides and free fatty acids, altho ugh the proteolipid fraction was still contaminated
with some phospholipid (Fig. 4). The mobility of the partially purified proteolipid in
thi s TLC system was similar to , although bro ader than that of the major radioactive
component of the crude extr act ", After acid hydrolysis of the proteolipid, amino acids
were analyzed by TLC in an amino acid separating system. No free amino acids were
detectable prior to hydrolysis. On the basis of protein specific activity, the partially
purified proteolipid was purified 2.5-fold from the crude proteolipid preparation and
174-fold from the original microsomal fraction (Ta ble I). Furthermore, 85 %of the
contamina ting lipids in the chloroform- metha nol extr act were also removed by this
HPLC procedure, leaving onl y phospholipid as the major contaminant. Since more
than 90 %of the chloroform-methanol extract was lipid , the actual purification of the
proteolipid was significa ntly higher than I74-fold.

The use of silica gel chroma togra phy for fract ionation of various lipid classes is
well establi shed. Silica gel columns containing a finely grained silica gel (5 ,urn) have
been used to fractionate growth-promoting polypeptides which have substantial
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Fig. 3. Silica gel HPLC fraction ation of chloroform-methanol extract of N. crassa microsomes. Two
aliquots of 350 Jlg protein each were injected onto the column. The two arrows indicate times of sample
injection onto the column. The column was originally equilibrated with benzene-ethanol (95:5) and was
eluted with a 20-min gradient of~6 %ethanol. Solid line represents the gradient. Fr actions were analyzed
for protein (circles), rad ioacti vity (squa res) and lipid content. Lipid stand ards : phosphatid yl ethanolamine
(PE) , phosphatidyl choline (LEe), tr iglycer ides (TG) and fatt y acids (F A).

Fig. 4. TLC analysis of microsomal proteol ipid after parti al pur ificat ion by silica gel HPLC. After chro­
matography on silica gel HPLC, the proteolipid preparation was concentra ted under nitrogen , and applied
to silica gel HR th in layer plates (Merck) . Plate s were successively developed in chloro form- methanol­
glacial acetic acid-water (65:25:8:4) and then light petroleum (b.p. 35--60°C}--diethyl ether-glacial acetic
acid (75:25:1). Crosshatc hed area represents ninh ydr in-positive spo ts. Plat es were scraped and ana lyzed
for rad ioactivity. Sample lipids and lipid standards were visua lized with iod ine. Standards were pho s­
phatid yl choline (PC) , ergosterol (E) , palmitic acid (PA) and triolein (TG ).
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TABLE I

PURIFICATION OF CHLORAMPHENICOL-SENSITIVE, CYCLOHEXIMIDE-INSENSITIVE
PROTEOLIPID FROM N. CRASSA, BY HPLC ON SILICA GEL

The purification described here is relative to protein only . The increase in purity is significantly higher
relative to total weight, since lipids constitute more than 90 % (w jw) of the chloroform-methanol micro­
somal extract and more than 85 ::-;; of these lipids were removed by HPLC.

Proteolipidpreparation

Microsomal fraction
Chloroform-methanol extract from

microsomes
Radioactive peak from silica gel HPLC
Increase in purity

Protein (mg )

720
13.4

4.2
I74-fold relative to the
microsomal fraction

Protein (cpm jmg)

930

2330
2.5-fold relative to the
chloroform-methanol
extract from microsomes

hydrophobic characterl". More recently, various types of silica gel columns and
especially reversed-phase silica gel columns have been used to fractionate a variety of
polypeptides and proteins, such as interferon and mitochondrial proteolipids which
had previously been resistant to isolatiorr'Y'". The separation described in this paper
increased the protein specific activity of the labeled proteolipid by approximately
I74-fold. In addition, a major purification of the chloroform-methanol extract was
obtained by removal oflipid contaminants. The results described in this paper may be
applicable to a variety of other types of biological proteins of extreme hydrophobic
character such as serum lipoproteins or the hydrophobic subunits of enzymes such as
cytochrome oxidase or cytochrome b.
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The plasminogen activation factor in human urine was discovered by Wil­
liams! and designated as urokinase (E,C. 3.4.99.26) by Sobel et al,". The enzyme has
been applied to the therapy of thrombosis, and several papers have been published on
its isolation and purificatiorr'<".

Recently we noticed that urokinase lost its activity in the presence of lignin, but
that the addition of sodium chloride to this mixture restored the activity. Sawdust is,
in a sense, small pieces of naturally occurring cellulose-lignin complex. The use of
sawdust for the isolation and purification of urokinase from urine was studied and
was found to be effective.

This paper deals with the conditions for the isolation and purification of urine
urokinase using a column of sawdust and some properties of the enzyme obtained.

MATERIALS AND METHODS

Human urine was freshly collected from about a dozen normal male adults and
a small amount of n-butanol was added as an antiseptic.

Acetylglycyl-L-Iysine methyl ester (AGLMe) as the substrate was purchased
from the Foundation for Promotion of Protein Research (Osaka, Japan). Human
fibrinogen and thrombin were obtained from Green Cross Corp. (Osaka, Japan).
"Uronase", 6000 I.U. (International Units) per vial, as the standard urokinase for
plasminogen activation activity was obtained from Mochida Pharmaceutial Co.
(Tokyo, Japan). Myoglobin, chymotrypsinogen A, ovalbumin and bovine serum al­
bumin as the standard for the determination of molecular weight by gel chromatogra­
phy were obtained from Serva (Heidelberg, G.F.R.). The protein standard kit for the
determination of molecular weight by sodium dodecyl sulphate (SDS) polyacryl­
amide gel electrophoresis was obtained from Boehringer (Mannheim, G.F.R.).

The sawdust, derived mainly from North American cedar, was sifted to screen
pieces of sizes between 32 and 100 mesh, and was suspended in water under reduced
pressure to remove air. It was then suspended in about 40 volumes of 2 N sodium
hydroxide solution with stirring at 40°C until no further brown colour was produced

0021-9673j81 jOOOO-OOOOj$02.50 \(; 1981 Elsevier Scientific Publishing Company
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(ca. 24 h). The sawdust was washed thoroughly with water, then suspended in about
40 volumes of 2 N hydrochloric acid with stirring at 40"C for 3-4 h. The acid-treated
sawdust was washed thoroughly with water and air dried at 40"C. The washed saw­
dust was packed in a column after suspension in water. One gram of sawdust on a dry
basis gave a packed volume of 6-.:.7 ml.

The ester hydrolytic activity of urokinase was determined by the method of
White and Barlow'", but using AG LMe as the substrate instead of acetyl-L-Iysine
methyl ester. One unit of esterase activity was defined as the amount of the enzyme
that liberated I jlmole of methanol per minute at 37"C.

Plasminogen activation activity was assayed according to the method of Nish­
izaki and Kawamura 11 using a fibrin plate, and the activity was expressed in Inter­
national Units.

Protein concentration was determined spectrophotometrically with a Hitachi
Model 124 spectro pho tometer assuming that the Ai~o om value of urokinase was
13.65

. The specific activity was tentatively expressed by dividing the urokinase activity
(LU.jml) by the protein concentration (rng/ml) of the enzyme solution.

The gel chromatography for the determination of molecular weight was carried
out on a Sephadex G-75 column, using 0.02 M phosphate buffer (pH 7.4) containing
0.15 M sodium chloride and 2 mM EDTA as the developing solvent.

SDS (0.1 /,,) disc electrophoresis in 7.5/" polyacrylamide gel was performed
according to the method of Weber and Osborn 12 to check the purity and determine
the molecular weight, except that no 2-mercaptoethanol was added as it would have
caused complete inactivation of the enzyme. The gel after electrophoresis was stained
with 0.1 %Coomassie Brilliant Blue and destained with 7 %acetic acid.

RESULTS

Human urine, freshly collected and diluted with an equal volume of water, was
applied to a sawdust column equilibrated with 0.01 M Tris-hydrochloric acid buffer
(pH 7.2) containing 0.15 M sodium chloride, and the column was washed with the
same buffer until no further urine colour was observed in the etlluent. The urokinase
adsorbed on the column was eluted with 0.02 M borate buffer containing 1.0 M
sodium chloride (pH 10.0). As shown in Fig . I, most of the activity of urokinase in the
fresh urine was adsorbed on the sawdust column, and the activity adsorbed was
eluted with a yield of 94 ~i.') ' A small proportion (15-25 %, depending on the urine
employed) of the enzyme activity of urine appeared in the etlluent. The specific ac­
tivity of the eluted enzyme was 5100 I. U.jmg protein, an 18,500-fold increase compared
with the original urine. The sawdust column used was reactivated by washing succes­
sively with water, 0.2 N hydrochloric acid, water, 0.2 N sodium hydroxide solution
and water.

The active fraction obtained by the first chromatography was dialysed against
0.01 M phosphate buffer (pH 7.4) containing 0.15 M sodium chloride and 2 mM
EDTA at 4"C. and applied to the sawdust column equilibrated with the same buffer
as used for dialysis . After washing the column with the same buffer, the enzyme
adsorbed was eluted with 0.02 M borate buffer containing 1.0 M sodium chloride and
2 mM EDTA (pH 10.0) at 4C. The urokinase recovery was 85 % and the specific
activity was 23,000 I. U. jmg protein. The urokinase recovered was dialysed and sub-



182 NOTES

0.2

~
o
00
N

~

o
'" 0 . 1
u
co
o-e
o
<n
~«

o

,-,,-- -, ,- ,--->1
( I) ( 2 ) E

li ~ 10":;--
>

0

~ x
u
-e; if.

c;
~

0 E c
.;:: ~ :oJ

0'> 0 ;:;
2 ::; x 5 .-. >

<r:
=0 .~

co - u

'" - <r:
0>
0 '"c; w

'E E'
<n ;:;0

w
CL w

0 0

o 40 80 120
Fracti on. 10 ml

Fig. I. Elution pattern of urokinase from human urine by chroma tography on a sawdust column. Column,

2.0 x 7.5 cm ; twice diluted urine , 7900 ml (A 280 nm = 22. 1), plasminogen activat ion activ ity, 4.5 I.U ./ml ;
flow-rat e, 300 rnl/h; temperature, 4"C. (I) 0.0 I M Tris · HCI buffer containing 0.15 M NaCl (pH 7.2); (2)
0.02 M borate buffer containing 1.0 M NaCI (pH 10.0). 0 , Absorbance at 280 nm; e, plasminogen
activation acti vity; f) , esterase activity.

jected to a third chromatographic step on the same sawdust column as described
above, The specific activity increased to 60,000 I. U./mg protein, and the recove ry of
activity in this step was 85 %. The elution patterns of urokinase in this third chroma­
tog raphy are shown in Fig. 2,

As shown in Figs . I and 2, the plasminogen activation and esterase activities
were eluted in para llel from the sawdust column and their ratio was about 50,000: I in
all of the active fractions ,
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Fig. 2. Elution pattern of urokinase in third chromatographic step on sawdust column. Co lumn as in Fig.
I; enzyme applied, 50 ml ( A 2 80 nm = 0. 121), plasminogen acti vation activity, 2435 I.U./ml , esterase activity,
49.6.10 - 3 U./ml ; flow-rate , 300 ml/h; temperature, 4"C. (I) 0.0 1 M phosphate buffer containing 0.15 M
NaCI and 2 mM EDTA (pH 7.4); (2) 0.02 M bor ate buffer con taining 1.0 M Na CI and 2 mM ED TA (pH
10.0). 0 , Absorbance at 280 nm ; e, plasminogen acti vation activit y; f) , ester ase activity.
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Fig. 3. Gel chromatog ra phy of the urok inase on Sephadex G -75. Co lumn, 2.25 x 126 em; 0.02 M
phosphate bu ffer con taining 0.15 M NaCI and 2 mM EDT A, (pH 7.4); enzyme applied, 9.0 ml (A 2 80 nm =

1.000), plasminogen activation activity , 31,000 1.U.jml; flow-rate, 17 ml /h ; temperature, 4n C. 0 , Abso r­
bance at 280 nm; e, plasmin ogen activation activity .

Th e pro tein compo nents of the urok inase prepar at ion o bta ined by the sawdust
column chromatography were examined. The ur okinase pre parations ob tained by
performing severa l series of purifications by tr iple chromatography were co llected
and concentrated by ult rafiltration (Model UHP-43, ultrafilter UK- IO; To yo Kagaku
Sangyo Co ., Osak a, Japan). The specific acti vity of the enzyme decreased to 70 %on
ultrafiltra tion. The con centrate was subjected to gel chromatography using a column
of Sephadex G-75. As shown in Fig . 3, protein appeared, separating into peaks for
three fract ion s. The plasmin ogen acti vat ion activity was eluted together with the
middl e protein peak. Howeve r, a small peak of enzyme activity appeared behind the
major activity. The mol ecular weights of the major and minor enzy me active fractions
were estimated to be 5.4 · 104 and 3.6 .104

, respectively (Fig. 4).
The concentrated preparation described above was also examined by SDS

polyacrylamide gel electrophoresis, as show n in Fig. 5. T he prot ein of the preparation
was separa ted into five compo nents, with molecul ar weights estimated to be 9.2 · 104

0. 5
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F ig. 4. Determina tion of molecular weight o f urokinase by gel chromatography o n Seph adex G-75. Molec­
ular weights of the reference proteins: I,myogl o bin, 1.78 .1 04

; 2, chymo trypsinogen A, 2.5. 104
; 3,

oval bumin, 4.5 .104
; 4. bovin e serum albumin, 6.7.1 04 e, Uro kinase of the major active frac tion; () ,

urokinase of the min or frac tion. K,, : parti tion coe fficient.
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Fig. 5. SDS polyacrylam ide gel electro pho resis of urokinase and dis trib ution of uro kinase activity on the
gel after electro pho resis. Th e sample was applied after incu bat ion with SDS at 37"C for 24 h but without
addi tion of 2-mercap toe tha nol. Molecular weights of the co mpo nents: A. 9.2 · 104

; B. 8.2 . 104
; C. 5.4 · 104

;

D. 4.7 · 104
; E. 3.6 · 104

• T he gels (1.25 mm th ick) were placed directly on a fibrin plate and their lytic a reas
were measur ed .

(A), 8.2 · 104 (B), 5.4 · 104 (C), 4.7 · 104 (0) and 3.6 · 104 (E) . The unstained gel column
that had been run at the same time was sectioned into 1.25-l11m thick porti on s, and
the sections were placed on a fibrin plate for analysis of the pla sminogen act iva tio n
acti vity. As shown in Fig . 5, components C, 0 and E showed pla sminogen act iva tio n
acti vity, although the method used demonstrated onl y the presence of enzyme ac tivity
and was not effective in establishing the exact relative acti vities between the com­
ponents.

D ISC USS IO N

The adsorption of urokinase by sawdu st seems to be specific, althou gh the
adsorption capacity is not as prominent as with va rio us other ion exch an gers. Th e
purification of human pancreatic juice elastase II, the isoelectric point of which is
8.8 13 , and hen egg white lysozyme has also been performed by chromatography using
a sawdust co lumn. It is probable that sawdust adsorbs basic proteins by an ion­
excha nge react ion . In fact , sawdust activated by washing with di lute hydrochloric
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acidand sodium hydroxide solution showed a cation-exchange capacity of about 0.14
mequiv.jg. On the one hand , urokinse was found to be markedly inhibited by soluble
lignin, which suggested that the enzyme binds to lignin in sawdust.

Two kinds of urokinase are known at present , with molecular weights of about
5.4- 104 (ref. 5,9, (4) and 3.2 .104 (ref. 5, 8, 9, 15, 16). The high-molecular-weight
urokinase may change into the low-molecular-weight var iety under certa in con­
ditions. In an experiment carried out independently, the urokinase of molecular
weight 3.2· 104 was passed through the sawdust column under the conditions de­
scribed above. The acti vity ratio of plasminogen acti vation to esterase of the low­
molecular-weight urokinase was half th at of the high-molecular-weight urokinase. In
this study, the purified enzyme sho wed a constant activity ratio of esterase and plas­
minogen activation, indicating that both enzyme activities were attributed to the
high-molecular-weight urokinase, although a sm all amount of the low-molecular ­
weight enzyme was presen t. Thi s enzyme may ha ve appeared during the repeated
purificat ion by the sawdust adsorption method.

This study also dem onstrated that in add ition to the above two enzymes, a new
urokin ase of intermediate molecular weight appeared when exam ined by SDS poly­
acrylamide gel elect rophoresis. Thi s urokinase ma y be an artificial product. It is
possible that human urokinase exists with severa l molecular weights with different
activit ies of esterase and plasminogen activ ation; further study is necessary in order
to clari fy this aspect.
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Determination of 5'-nucleotidase by automated ion-exchange column
ch romatog ra phy

SIDNEY S. C HEN" and DAR- SAN HSU

Departm ent of Obst etrics and Gynecology, Long Island Jewish-Hillside Medical Center, New Hyde Park , N Y
11042 ( U.S. A.)" and Health Sciences Center, S tate University of New York at S tony Brook , St ony Brook ,
N Y II 794 ( U.S .A.)

(Received Februa ry 10th , 1981)

A simple an ion-exchange chroma to graphic sepa ra tion of adenine nucl eotides
using G MP-I resin has been descr ibed l". Th e resin ha s a stro ng affinity for aden­
osine phosph at es but not for ade nos ine. Adenosine is eluted out with water at near
void volume while AMP rema ins abso rbed on the co lumn.

Th is paper describes a sim plified chromatographic procedure for autom ated
q uantita tion of adenos ine produced by 5' -nucleotidase react ion.

EXPE RIM ENTA L

Mat erials
AG MP-l resin was ob ta ined from Bio-Rad Lab s. (Richmo nd, CA, U.S.A.);

and AMP from Sigma (St. Loui s, MO , U.S.A .).

Preparat ion of reaction mixture
A 0.5-g amo unt of the human cervix was hom ogen ized in 2 ml of 0.25 M

sucrose for 2 min at 900 rpm using a mot or-driven tissue grinde r. Th e hom ogenate
was then centrifuged at 300 g for 10 min and I to 20 ILl of the superna tant solution
were used for the assay .

Th e reaction mixture in a to ta l vo lume of I ml co nta ined 50 m M glycylglycine
(pH 7.4), 10 m M MgCl2 , 2 m M A M P and the tissue extract. Th e react ion was
initiat ed by the add ition of AMP at 37"C and termina ted after 10 min by addition of I
ml ice-co ld 6 %trichloroacet ic ac id. A blank for each sample was prepar ed by adding
AMP after the enzyme was inac tiva ted by the addit ion of trichlor oacetic acid. Th e
precipitat e was rem oved by centrifugati on and an aliq uot was neutralized with 2 M
Tris- base (5:1) for chromatogra phy.

Automated column chromatography
In ad di tion to the previou s setup" for col umn chromatography, an automatic

sample injector was attached to the co lumn. Samples in a volume of 200 fli were
injected a t 10-min interva ls whi le the co lumn was eluted with wa ter a t a flow-rate of 2
m l/m in , The effluent was mon itored at 257 nm . Th e adenosine peak s appeared one
after another, were recorded and then area s were integrat ed using an extinction
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coefficient of 15.4 · 10.1 I · mol - J • em - 1. After 10 injections th e column was washed
with I M hydrochl oric ac id for 5 min then with wa ter for 10 min and the process was
repeated.

RESULTS AN D DI SC USSIO N

A 200-pl aliquot of a reaction blank containing 166 nmoles of AMP were
injected at 10-min intervals. The ad enosine peak s of ten injections were very constant.
They gave an average value of 1.22 ± 0.22 (S.D.) nmoles. When 10 nmoles of
adenosine were added to the above so lution, the experimenta l erro r was minimized to
less than 5 %. Continuous injection o f the blanks over 15 tim es tended to inc rease the
value slightly. Therefore, alternat e inject ion of a sam ple and its blank would avo id
any experimenta l error.

The enzyme acti vity as reflect ed by th e amount of adenosine produced was
linearly proportion al to th e incubati on time. The ac tivity levelled off after one-ha lf of
AMP was dephosphorylated .

Fig . I showed the results of 5'-nucleot ide acti vity versus the am ount of enzyme
present in the crude extract. It was linearly related up to 50 mU jml and approxi­
matel y 25 %of AMP was consumed .

0.05 .

E
e 0 0 4"' .

If)

CIJ
lU 0 .0 3
o
<:
~ 0 .0 2

~
~ 0 .0 1 ·

0'

o 10 20 30 40 50 60 70 min

Fig. I. Amount of adenosine prod uced versus the enzyme concentration. Fo ur reac tio n mixtures co ntain ­
ing diffe rent amounts of the enzyme extrac t (2- 8 1t1), and respect ive blanks (BI) were injec ted to a co lumn at
the points marked by a n a rrow. The sma ll sha rp pea ks appeared at the void volume and were fro m UV­
absorbing substa nces such as unprecipituted pro teins. The amount of adenos ine and pea ks of UV a bso rp­
tion a t 257 nm were linearl y proportion al.

We estima ted from the previous study ' that the column bed (5 x 1.1 em) has a
total exchange capacity of 3 mm oles AMP. AMP was strongly bound to the resin and
could not be eluted out with water. As far as th e sample solut ion is neutralized to
slightly ba sic, there is no leakage o f AMP by repeating injection of 20 samples to a
similar co lumn. To determine th e en zyme activity a t lower limit , it is sugges ted to
regenerate the column after ever y 10 injections.
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Separation of isomeric thiohydantoins by thin-layer chromatography
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During the synthesis of 2-thio hyda ntoins1
•
2

, 5,5-diar yl-, 3-aryl- and 5,5-diaryl­
1,3-diaryl-2-thiohydantoins were obtain ed from benzil s and var ious monoaryl- and
sym.-diarylthioureas, respectively, and it was necessary to study the separation and
identifi cation of the final product by thin-layer chromatogr aphy (TLC). In recent
year s, this technique has also been applied successfully to the separa tion of isomeric
compounds using suitable so lvent systems<" . The present investigati on has shown
that it is not only possible to separa te thioh ydantoins from corresponding thioureas
bu t also to sepa ra te isomeric th ioh ydantoins from one ano ther.

EXPE RIM ENTA L

A slurry was prepared by mixing 25 g of silica gel G (acco rding to Stahl , Type
60; E. Merck, Darmstadt, G. F.R. ) in 50 ml of distilled water. Ten well cleaned glass
plates (20 x 10 ern) were coated with the adsorbent to a th ickness of 250 pm using an
adjusta ble Desaga Model S II (Sta hl-type) applicator. When the layer had almost
dried , the coated glass plates were ac tiva ted by heating them in an air oven at 17Y C
for 45 min . The spo tted plates were deve loped in air-tight glass chambers (25 x 12 x
25 cm) that had been previou sly satura ted with the so lvent vapour; the developin g
time was 58-80 min , depending on the so lvent used. Th e opera ting tempera ture was
25-30°C and the relat ive humidi ty of the at mos phere was 60- 70 %. The developed
chromatogra ms, after being dried, were sprayed with sodium azide and iodine- po­
tassium iodide rea gent followed by sta rch solution. Th e thiohyda nto in compounds
were detected as colourless spo ts on a blui sh background .

RESULTS

A large number of solvent systems were tried, and those which gave reasonable
differences in the RF value s of the isomers are listed in Table I. The sepa ration of the
isome ric compounds 5,5-d i(p-chlorophenyl)-3-o-, 111-, p-chlorophenyl-, 5,5-di(p­
chlorophenyl)- 1,3-d i-o-, 1/1- , p-chloropheny l-2-thiohyda ntoi ns, 5,5-d i(p-methoxy­
phenyl)-3-o-, 1/1- , p-to lyl-, 5,5-d i(p-met hoxyphenyl)- 1,3-di-o -, 1/1-, p-to lyl-2-thiohy­
dan toins and 5,5-d istyril-3-o-, 1/1- , p-nitrophcnyl-, 5,5-d istyr il- I,3-di-o-, 1/1- , p-nitro­
phenyl-2-thio hydantoi ns were st udied.

An equimo lar mixtu re of the isomeric compo unds was chro ma tographed by
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TABLE I

RF VALUES OF ISOMERS IN DIFFERENT SOLVENT SYSTEMS

Solvent systems : 1:1 mixtures of light petroleum (b.p , 6Q.-80"C) with (A) benzene, (B) methano l, (C)
ethanol , (D) isopropanol and (E) n-butanol.

Compound s, value

A B C D E

5,5-Di(p-chloro phenyl)-
3-o-<:hlorophenyl-2-thi o-
hydantoin 0.Q3 · 0.52 0.58 0.54 0.55

5,5-Di(p-chloro phenyl)-3-m-
chloro phenyl-2-thiohydantoin 0.15 0.62 0.67 0.63 0.66

5,5-Di(p-chloro phenyl)-3-p-
chloro phenyl- 2-thiohydantoin 0.31 0.83 0.85 0.82 0.84

5,5-D i(p-chloro phenyl)-1,3-d i-
o-<:hlorophenyl-2-thiohyda nto in 0.08 0.58 0.59 0.54 0.53

5,5-Di(p-c hloro phenyl)- 1,3-di-
m-<:hloroph enyl-2-thi oh ydantoin 0.2 1 0.67 0.68 0.62 0.61

5,5-Di(p-chlorophenyl)-1,3-d i-
p-chlorophenyl-2-thiohydantoin 0.39 0.78 0.77 0.74 0.73

5,5-Di(p-methoxyp heny l-3-o-to lyl-
2-thiohyda ntoin 0.24 0.56 0.58 0.54 0.52

5,5-Di(p-methoxy phenyl)-3-m-to lyl-
2-th ioh ydantoin 0.36 0.64 0.60 0.62 0.61

5,5-Di(p-methoxyphenyl)-3-p-to lyl-
2-th iohydantoin 0.46 0.74 0.70 0.70 0.72

5,5-Di(p-methoxyphenyl)- 1,3-di-
o-10Iyl-2-th ioh ydantoin 0.34 0.32 0.3 1 0.30 0.83

5,5-Di(p-metho xyphenyl)-1,3-di-
m-tolyl-2-th ioh ydant oin 0.39 0.44 0.43 0.42 0.47

5,5-D i(p-methoxy phenyl)-1,3-d i-
p-tolyl-2-th iohydantoin 0.49 0.51 0.52 0.51 0.56

5,5-Distyr il-3-n-nitro phenyl-
2-th iohyd ant oin 0.41 0.45 0.43 0.42 0.4 1

5,5-Distyril-3-m-nitro phenyl-
2-thiohyda nto in 0.58 0.57 0.56 0.53 0.51

5,5-Dislyril-3-p-nitro phenyl-
2-th iohydanlo in 0.67 O.M 0.62 0.61 0.60

5,5-Disty ril- I,3-di-o-nilro-
phenyl-2-thi ohydanloin 0.40 0.4 1 0.40 0.4 1 0.39

5,5-Distyril- I,3-d i-m-nilro-
phenyl-2-thiohydanto in 0.5 1 0.56 0.54 0.54 0.52

5,5-Distyril- I,3-di-p-ni tro-
phenyl-2-lhioh ydanl oin 0.62 0.62 0.6 1 0.62 0.61

Time of development (min) 58 62 80 75 65
-- - - ---_._ -

ascendi ng one-dimensiona l TLC. Effective separa tions of all of the ab ove compounds
were poss ible with I : I bin ary so lvent systems of light petroleum (b .p . 60-80"C) with
benzene, methanol , ethanol, isopropanol and n-butanol , marked differences in the RF
values of the 0 -, 111 - an d p- isom ers being obtained.
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Book Review

Dictionary of chemical technology (in five languages: English , German, French,
Polish, Russian), edited by D. Kryt, Elsevier , Amsterdam, Oxford, New York,
1980, XII + 601 pp. , price Dfl. 195.00, US$ 95.00, ISBN 0-444-99788-1.

This dictionary was compiled by an outstanding team of Polish scientists,
among them also several renowned chromatographers. It lists in alphabetical order
3805 English term s, each with a short definition followed by the German, French,
Polish and Russian equivalents. As the book will be mainly used by Polish and
Russian scientists, we ha ve paid attention more to the Western languages.

Some of the German terms seem to be pure invention, for example, ion ex­
change capacity = Salzspaltkapazitat and ion exclusion = Elektrolytvorlaufverfah­
reno They remind me of an Engli sh tourist who once bumped into me and said "Ich
bin betriibt", i.e., he translated literally " I am sorry".

Some French terms are equally wonderful, for example, R M value = symbole
RM (why not "valeur de RM " ?) and RJ value = coefficient RJ (why not "valeur de
R/ '?).

For some terms, such as No. 3112, "Sawhorse formula", the dictionary leaves
all languages blank and gives only a Pol ish equi valent. One wonders why? I could not
find "gel filtration" or "size exclusion chromatography" at all. Term No. 2465 is
called "Openauer oxidation" in English and "Oppenauer-Oxydation" in German.
Did the gentleman change his name when emigrating? Or is it a printer's error?

Like most dictionaries it irritates one by not listing the term one really needs
but abounds in terms which are the same in most languages, such as "eluate",
"isobar" and "isomer".

Lausanne (Switzerland) M. JANOVSKY
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Size exclusion chromatography (GPC) (ACS Symposium Series 138), edited by T.
Provder, American Chemical Society, Washington, DC, 1980, VIII + 312 pp.,
price US$ 30.75, ISBN 0-8412-0586-8.

The volume contains seventeen original papers which were presented at a sym­
posium at the 178th National Meeting of the American Chemical Society, September
10..:.14,1979. Almost all of the papers deal with synthetic polymers and oligomers and
many of the authors work in industry. The only paper dealing with proteins is an
evaluation of Spherogel TSK-SW-type gels and is well out of date.

Looking through these papers, one realizes that industrial chemists have al­
ready branched out into symbols and nomenclature of their own. For example, in the
first paper on "Particles size analysis" one finds "Particle separation can be charac­
terized by the separation factor, RF , which is the ratio of the eluent to particle elution
volumes... " Now which is it -the separation factor or something else? And why RF '!

The volume, although not typeset but reproduced from the typed manuscripts,
is well produced and contains much material for the chemist engaged in the sepa­
ration of synthetic industrial polymers. It offers little for workers in other fields.

Lausanne (Switzerland) M. JANOVSKY
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Modern Thin-LayerChromatograph
can only be fully exploited with a complete system of Instruments
for sample application, chromatogram development and evaluation

Here is a complete system for high performance TLC with
circular (radial> chromatogram development ace. to R. E.Kaiser

1. Sample Application

2. Chromatogram
Development

CAMAGU-Chamber
Chromatograph
the most efficient and best
controlled developing technique
In HPTlC;
u-cnarnner development also
serves as a pilot technique for
HPLC.

.... CAMAG Nanomat
either In combination
with fixed volume Nanoplpette
100 or 200 nl, reproducibility 1%

orwlth

CAMAG NanO-Applicator ~
for variable sample volumes
50-230 nl, reproducibility 1%.

•

3. ouantttanve Evaluation

CAMAGTLC/HPTLC Scanner
Available In two options:
economy-priced filter version or
monochromator equipped.
Scanning modes : absorbance,
fluorescence, fluorescence
Quenching .
Automatic scanning of all tracks
of a chromatogram; for circular
chromatograms choice of three
scanning patterns.

If you are planning to set up a new TLC laboratory, or t
complement your existing TLC equipment, ask the CAMA(
specialist. Hewill help.
Ask for full Information on COMPLETE CAMAG SYSTEMS for linear HPTLC am
for conventional TLC also.
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