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RS Solvents
lor the analysis 01
pesticide residues
On the recommendation of international organisations such as FAO and WHO,
many nations throughout the world have felt the necessity to regulate the use and
the control of pest ic ides in foodstuffs.
The analysis of pesticide residues presents unusual problems because of the small
amounts of substances to be determined and the large number of possible
interfering substances which must be first eliminated. In order to determine extremely
small quantities, very sensitive analytical methods are required, which however
cannot be appl ied directly to the substances under examination. The general .
procedure is :
• extraction of the pesticide from the sample ;
• concentration of the extract by evaporation of the solvent;
• removal from the extract of naturally-occurring substances which would interfere

with the pesticides ;
• determination of the extracted pesticide.
In these operations large quantities of polar and non polar solvents are used.
The usual Analyt ical Grade solvents, when subjected to a more detailed investigation
(GLC e.c.d. and Na d.), show peaks due to impurities, whose positions coincide
with those of the peaks of pesticides. The use of solvents from which these
impurities have been eliminated is therefore indispensable.
Carlo Erba RS solvents for pesticides have been studied and developed in order
to satisfy these requirements. Their main characteristic is that of having a greatly
reduced quantity of any residue which may interfere with the analytical method .
This has been attained by working under special conditions, with small batches
which are controlled ind ividually, and by special choice of packing materials,
cleaning methods and bottle closure procedures. For chlorinated compounds,
a maximum limit of 10-' % as aldrin (GLC e.c.d.) is guaranteed, and for phosphorylated
compounds a maximus limit of 10-' % as parathion (GLC Na d.).
All these products are available in bottles of 1000 mJ.

Acetone RS
Acetonitrile RS
Benzene RS
Chloroform RS
Cyclohexane RS
Dioxane RS
Ethyl acetate RS
Ethyl ether RS

MONTEDISON GROUP

ARLOERBA

ref. no. 229

n-Hexane RS
Isooctane RS
Isopropyl alcohol RS
Methanol RS
Methylene chloride RS
Petroleum ether 40"-60" RS
n-Pentane RS
Toluene RS

CHEMICALS DIVISION
P.O. Box 3996/020159 MilanolVla Imbon.!124 (llaly)
Telex Erb. Mi 36314 /Te l. 6995
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Adverse Effects of Environmental
Chemicals and Psychotropic Drugs
Neurophysiological and Behavioural Tests Vol. 2
edited by MILAN HORVATH, Inst itute of Hygiene and Epidemiology and Charles University
Medical Faculty of Hygiene, Prague , Czechoslovakia , in co llaboration with Emil Frantik.

1976 xiv + 334 pages US $ 41.95/Dfl. 103.00 ISBN 0·444·41851·9

This book is the second volume of a series of monographs concerned with chemically
induced functional changes and especially with their quantitative assessment It is
devoted to functi ons of the nervous system and behaviour. The interest in these functions
is motivated mainly by the man ifold involvement of the central nervous system in the
pathogenesis of chemically induced patholog ical states.

In addition, even a small and rap idly reversible disturbance of nervous functions may in­
crease the health hazard of man directly l.e. by enhanc ing the ri sk of accidents in wor k or
traffic.

CONTENTS: Introductory Address (F. Janda). Edito r's Foreword. Main Headings: I. Human
Studies on Drugs and Environmental Chemicals . II. Functional Toxicity Tests in Animals.
III. Addenda to the Survey of Laboratories .

Quantitative Interpretation of Functional Tests Vol. 1
edited by MILAN HORVATH, in collaboration with Emil F;rantik .

1973 293 pages US $ 28.75/Dfl. 70.00 ISBN 0·444·41173·9

This voturne'Is concerned with the evaluation of functional impairment and centers on
functional tests and their interpretat ion , the quest ion of tox icolog ical cr iteria for exposure
limits and the inf luence of drugs, etc. on work and transport safety .

The Science of the Total Environment
An international Journal for Scientific Research into the Environment and its Relationship
with Man
editors: E. I. HAMILTON, Plymouth, England

J. L. MONKMAN. Ottawa, Canada
P. W. WEST, Baton Rouge , La. U.S.A.

Since The Science of the Total Environmental was establ ished in 1972, it has been accepted
with increasing interest by scient ists concerned with environmental problems. As a result,
it has grown from a quarterly to a bi-monthly journal. Although the scope of the journal is
broad, particular emphasis is given to those topics involving environmental chem istry.

1977 - Volumes 7 and 8
Subscription price: US $ 80.95/Df l. 198.00 including postage.

The Dutcn guilder price is definitive. US S prices are subject to excnenqe re te ttuctue tions.

ELSEVIER
P.O. Box 211, Amsterdam
The Netherlands

52 Vanderbilt Ave
New York, N.Y . 10017
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w
g
....



DEAE-Sepharose®CL-6B
CM-Sepharose®CL-6B

Macroj)orous, bead-formed ion exchan~ers
based on the new high-stability, cross-linked
agarose matrix, Sepharose CL
• High resolution and capacity for high molecular weight proteins and other biopolymers
• Exceptionally stable bed volume. Excellent flow rates
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• Rapid equilibration. No precycling
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Journal of Organometallic
Chemistry Library
Volume 3

Organometallic Chemistry Reviews
ed ited by O. SEYFERTH, A.G. DAVIES, E.O. FISCHER, J.F. NORMANT and O.A. REUTOV.

1977. vlii+342 pages. US $41.95/0fl. 103 .00. ISBN 0-444-41538-6

This volume contains the second collection of subject reviews and presents top ics in main group
organometall ic chemistry as well as in transition metal-organic chemistry. The organ ic chemistry of
calcium, strontium and barium, long neglected and underdeveloped. has received more attention in
recent years and these new results are surveyed in the first art icle. The oxidation of many types of
1T-alkylmetal compounds of the Group II and IIIelements results in formation of organoperoxyderivatives:
the chem istry of th is important class of compounds is reviewed here in detail. In the transition metal
area , the chemistry of the novel polypyrazolyl borate-metal complexes has been updated and the
organometall ic chemistry of the '-orbital elements , reviewed. The organometallic chemistry of titanium,
an important area from the industrial po int of view, has been surveyed and the interest ing chemistry of the
1T-arene-1T-cyclopentadienyliron cat ions, described. These critical, in-depth reviews cover a broad
cross-section of organomettal ic chemistry and will serve to bring the reader up-to-date in a number of
important cur rent areas in th is ever-growing field of research.

CONTENTS: The Organometallic Chem istry of the Alkal ine Earth Metals (B.G. Gowenlock and
WE Lindsell). Organ ic Peroxides of the Main Group II Elements (Yu.A. Alexandrov and V.P.
Maslennikov). Organic Peroxides of the Main Group III Elements (Yu.A. Alexandrov and
V.P. Maslenn ikov). Metal Complexes of Polypyrazolylborates: Recent Developments (A. Shaver).
Recent Advances in the Organometall ic Chemistry of the Lanthanides and Actin ides (SA Cotton ).
Recent Advances in the Organometallic Chemistry of Titanium (R.J.H. Clark , S. Moorhouse. and
J.A. Stockwell) . 1T-Arene-1T-cyclopentadienyl-i ron Cations and Related Systems (R.G. Sutherland).

Volume 2

Organometallic Chemistry Reviews: Organosilicon Reviews
edited by D. SEYFERTH, A.G. DAVIES, E.O. FISCHER, J.F. NORMANT and O.A. REUTOV.

1976. viii+404 pages. US $41.95/0fl. 103 .00. ISBN 0-444-41488-6

The field of organosilicon chem istry has received much attention in academic , industrial and government
research laboratories since the advent of the silicon polymers some thirty years ago . This volume
contains four reviews which cover exciting new topics and describe, in depth, interesting new
developments in this field .

Volume 1

New Applications of Organometallic Reagents in Organic Synthesis
Proceedings of a Sympos ium at the American Chemical Society National Meet ing held in NewYork City,
April s-sm, 1976

edited by D. SEYFERTH

1976. x+488 pages. US $47.50/0fl. 116.00. ISBN 0-444-41473-8

This is the first volume of a series established as a complement to the Journal of Organometallic
Chemistry, and presents twelve review-type art icles which are expanded versions of talks ata symposium
on " New Applications of Organometallics to Organic Chemistry".

ELSEvmR SCIENTIFIC
PUBLISHING COMPANY
P.O. Box 211, Amsterdam, The Netherlands

Distributor in the U.S.A. and Canada:
ElSEVIER NORTH-HOLLAND, INC.,
52 Vanderbilt Ave ., New York , N.Y. 10017
The Dut cn guil der price is defmiti ve. US $ pr ices are subject to exc h ange ra te fluc tuatio ns
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J r a ero alographyL-b a y

Volume 1

CHROMATOGRAPHY OF
ANTIBIOTICS

A series of books devoted to ch romatographic techniques and their applications.

A ltho ugh complementary to the Journal of Chromatography. each vol ume in the
lib ra ry se ries is an important and independent con t r ib ution in the field of ch romato­
grap hy. It shou ld be stressed th at th e li brary contains no material rep r in ted f ro m the

journal itself.
concentration of trace elements in various
materials prior to their determinat ion .

Author and subject indices are included .

by G.H. Wagman and M.J. Weinstein .
1973. ix - 238 pages.
Price: US $28 .95/0fl. 70.00.
ISBN 0-444-41106·2
At the present time thousands of ant ibiot ics
are known . yet the systemat ic ch romato­
graphic classif icat ion of these substances is
extremely diff icult.

Th is book has been written to aid the iden­
tif ication of very simi lar compounds by use
of specif ic chromatographic techn iques.
It contains detailed data on paper and thin­
layer ch romatography. elect rophoresis.
cou nter-current dist ribution and gas
chromatograph ic systems for ove r 1.200
antib iotics and the ir derivat ives . and
provides information on chromatographic
media. so lvents. detection methodology and
mobi lity of the ant ib iotics. Comp lete
references are given for all methods.

CONTENTS: Chromatographic c lassif i­
cat ion of ant ib iotics. Detection of antibiotics
on chromatograms. Comments on the use of
this index . Abbreviations. Index - chromato­
g raphy of an tibiot ics . Index by compound.

Vo lume 2

EXTRACTION
CHROMATOGRAPHY
edited by T. Bra un and G. Ghersin i .

1975. xv ii i ~ 566 pages.
Price: US 52.95/0fl. 130.00.
ISBN 0-444 -99878-0

Th is volume is the resu lt of the co llective
wor of man y spec ial ists . each responsib le
for a chapter in which a definite aspect of
column extraction chromatography is thor­
oughly presented and discussed.

Subjects presented include the basic and
technical aspects of the method . the organ ic
stationary phases and supports. the separa ­
ti on of elements with part icular reference to
radi ochemical problems. the separation of
lanthanides, act in ides and fission products.
rad iotoxicolog ica l separations and the pre -

Volume 3

LIQUID COLUMN
CHROMATOGRAPHY
A survey of mod er n techni ques and
appl icati on s.

edited by Z. Deyl. K. Macek and J. Janak

1975. xx ii ~ 1176 pages.
Price: US 118.5O/0fl. 290.00.
ISBN 0-444-4 1156-9

This book provides an up -to -date accou nt of
liqu id co lumn chromatography for the
spec ralist and non -specialist. The main
attention is focussed on techn iques develop­
ed or w idely used during the past 10 years .
Bo th c lass ical and modern techniques of
chromatographic separation are treated in
detail . thus providing a clear reflect ion of the
present situation in the field .

The wide select ion of app licat ions in various
fields of chemistry and biochemistry.
written by specialists in the area , makes this
vo lume a necessary reference work for those
invol ved in chromatographic investigations.

CONTENTS: Theo ret ical Aspects of Liqu id
Chromatography. Techniques of Liquid
Chromatography. Practice of Liqu id
Chromatography. Applications. Subject
index. List of compounds chromatographed.

Volume 4

DETECTORS IN GAS
CHROMATOGRAPHY
by J. Sevc ik,

1976. 192 pages.
Pr ice: US 24.50/0fl. 60.00.
ISBN 0-444·99857-8

This publicat ion is devoted to the function
and optimal working con dit ions of gas
chromatographic detectors .
The first systematic treatment of gas
chromatograph ic detection techniques. it



devotes special attention to so-called
specific detectors and working cond itions
which strongly influence results (e.g . gas
flo w , effect of addit ives in gases . wo rking
temperature, detector form and dimen­
sions) . Anomalous detector responses are
exp lained and the form and size of response
for various working cond itions are indicated.
The problems presented are illustrated by
experimental data which are summarized In
numerous tables and figures.

The book shou ld be of interest to all who use
gas chromatography in research and who
would like to exp lore the poss ib il it ies and
work ing condit ions of d ifferent detector
systems.

Vo lume 5
INSTRUMENTAL LIQUID
CHROMATOGRAPHY
A Practica l Manual on High-P erfo rmance
Liqu id Chromatographic Methods
by N.A. Pams.

1976. x +330 pages.
Pr ice: US $40.95/0fl. 100.00.
ISBN 0-444-41427-4

Avai lable texts on liqui d ch romatography
have tended to emphasize the devel opm ents
in the theoret ical understanding of the
technique and methodology or to lis t
numerous applications, complete with
experimental deta ils .

This work intends to br idge the gap between
these two treatments by provid ing , with the
minimum of theory, a pract ical gu ide to the
use of technique for the development of
separations. The materia l is based largel y
on practical experience and high-lights
details wh ich may have important operat ion­
al va lue for laboratory workers. Information
regarding the usefulness of available equ ip­
ment and column packings is given ,
to ge ther w ith chapters devoted to the
methodology of each separation method.
App l icat ions of liqu id chromatography are
described with reference to the potential of
the technique for qualitative, quantitative
and trace ana lys is as we ll as for separat ive
appl icat ions. Numerous appl icat ions from
the li terature are tabu lated and cross ­
referenced to secti ons concerned w ith the
optimisation procedures of the particular
methods. In add ition. many of the figures
have been drawn from hitherto unpublished
works.

CONTENTS: Introduction and historical
background . Basic pri neiples and terminol-

og y. Chromatograph ic support and column.
Liqu id chromatographic instrumentation .
Liqu id chromatograph ic detect ion systems ,
Nature of the mob ile phase . Liqu id-solid
(adsorpt ion ) chromatography. Liqu id­
liquid (parti t ion) chromatography , lon­
exchange chromatography. Steric exc lusion
chromatography. Oual itat ive analysis.
Quant itat ive ana lysis. Pract ica l aspects of
trace analysis . Practical aspect s of prepara­
tive liquid chromatography. Pub lished LC
applicat ions information. The latest trends
and a g limpse into the future. Subject Index.

Volume 6

ISOTACHOPHORESIS
Theory , Instr umentation and Applicat ions

by F.M. Evereerts . J.L. Beckers and
Th.P.E.M. Verheggen .

1976. xiv + 418 pag es.
Pric e: US S65.50/ 0fl . 160.00.
ISBN 0-444-41430-4

Th is book is the only text currently available
providing full informat ion on the new
separation technique kno wn as tsotacno­
pho resis. There is rap id ly growing interest in
th is technique which will compete with other
microanalytical techn iques such as liqu id
and gas chromatography. All kinds of ionic
materials can be separated using isota­
ch ophoretic equ ipment. Moreover . several
classes of components can be ana lysed in
quick succession as a proper rins ing of the
equipment is all that is needed between
separat ions. Each part is deta iled and
comprehensive.

The various chapters can be referred to more
or less independently by SCientists
interested in fundamental aspects, by
research groups intending to construct an
inst rument and by work ers who are mainly
concerned w it h the analytical aspects.
CONTENTS: Historical review . Theory.
Princ iples of electrophoretic techniques .
Concept o f mobility. Mathematical model for
isotachophoresis, Choice of electro lyte
sys tem s. Instrument ation. Detection
systems. Inst rumentation . Applications.
Int roduct ion. Practical aspec ts. Ouant itat ive
aspects. Separation of cation ic spec ies in
aqueous solutions. Separation of anion ic
spe c ies in aqueous solu tions . Amino acids .
pept ides and pr oteins. Separation of nucleo­
ti des in aqueous systems. Enzymat ic
reac tions. Separations in non-aqueous
systems. Counter flo w of electrolyte.
App end ices. Subject Index.



Volume7

CHEMICAL DERIVATIZATION IN
LIQUID CHROMATOGRAPHY

by J.F. Lawrence and R.W. Frei
1976. vii l + 214 pages.
Pric e: US 536.75/011. 90.00.
ISBN 0-444-41429-0

Th is boo k is intended for all investigators
concerned with the use 01 phys ical
separation techniques for solving complex
analytical problems. It is the lirst publication
to provide a comprehensive account of
modern derivatizati on in liqu id chromato ­
graphy wi th spec ial emphasis on the
pract ical aspects.

An introductory chapter fami liari zes the
reader w ith the basic ph ilosophy of using
chemical react ions and labelling procedures
to enhance sensitivity. spec ificity and
separation properties in liquid chromato­
graph ic techn iques. The second c apter
enables the practica l worker to refresh his
memory on some fundamental principles
necessary to this wor . The th ird deals with
equ ipment and gives the analyst an Idea of
the choice of too ls avai lab le to suit his needs .
The final chapter helps the invest igator to
solve some concrete problems. to ex tend the
concept of compounds and types of
problems of immediate interest to him and to
become famil iar with the literature.
CONTENTS: Introduction. Background.
Inst rumentation. Application s. SUbject
Index.
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The qua litat ive and quantitat ive analysis of
indi vidual steroids IS of great interest to
pharmacologists. physicians. biochemists,
p lant and arurna l physiolog ists and micro­
b iologists

The pr inc ipal chromatograph ic methods of
analysis appl icable to stero ids are: liqu id
column chromatography (incl udi ng Its
recent modificat ion . high -pressure liqu id
chromatograp hy). thin-layer chromato­
graphy and gas chromatography (includ ing
the recent ly introduced coated capillary
chromatography).

Sin ce Neher' s book " Steroid Chromato­
graphy" published by Elsevier in 1964, these
applications have not been surveyed in a
single vo lu me . Here, the author takes up
where eher left off an d presents a detailed
descripti on of the cu rre ntly used techniq ues.
Although some theory is inc luded. th is is
mainly a laboratory ha ndbook. arranged
according to th e steroids analyzed as well as
according to the methods used.
CONTENTS: Introduction . Liqu id col umn
chromatography. Pape r and th in-la yer
ch romatography. Gas ch romatography.
Rela tions between st ruc tu re and ch romato­
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1977.240 pages.
Price: US 544.95/011. 110.00.
ISBN 0-444-41525-4.

HPTLC is the advanced techno logy of th in ­
layer chromatography and is de fined as the
combined action of severa l variab les which
include: an optimized coating material with a
separation power superior to the best high
perfo rmance liquid chromatographic
separation mater ial : a new method of
feed ing the mobile phase: a nove l procedure
fo r layer condition ing : a considerabl y
improved dosage method and a competent
data acquis ition and processing system.
Thus a complete sys tem and procedure is
d iscussed here. This should be understoo d
as a stepwise improvement of an analytica l
me thod , wh ich has been a powerfu l too l
since the pioneering wor of E. Stah l.

The results ach ieved . as well as the
promising aspects of the new method are
encouraging enough to refer to the tech ­
niq ue as the second ge neration of th in- layer
chromatography. The final ju dgement
however, w ill be left to those who use this
new methodology.
CONTENTS: Simp lif ied theory of TLC
(R.E. Kaiser). The separation number in
l inear and ci rcular TLC (J. Blome). Advan­
tages, limits an d disadvantages of the ring



de veloping techn ique (J. Blome). The U­
cha mber (R .E. Kaiser). Dosage techniques in
HPTLC (R.E. Kaiser). High performance thin­
laye r chromatography: development, data
and results (H. Halpa ap . J. R,pphahn j .
Co nsiderat ion on the reproducib il ity of TLC
sepa rations (D. Jaenchen). Potent ial and
experience in quantitative HPTLC (U.B
Hezel). App l icat ion of a new high-perfor­
mance layer in quantitat ive TLC (J.
Ripphahn , H. Halpa ap ). Append ix. Index.
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At present. gas chromatography IS the most
w idespread method for the ana lys ts of
organic compounds.

This book ISdevoted to the strategy of app li ­
cation of gas chromatography in po lymer
chemistry and discusses. in deta il , the use of
gas chromatography In research work and
the polymeric compounds industry . It IS the

second . revised and enlarged ed ition of the
Original version published in the USSR in
1972.

The fo ll owi ng pnnc ipa l appl icat ions are
covered : ana lysrs of monomers and
solvents. determinat ion of the contents of
volat i le substances In polymers. study of
po lymer formation processes. investigation
in to types of drsmteqration of high ­
molecu lar-weight compounds. polymer
analysts by reac tion and pyrolyt ic chromato­
graphy. and study of polymers and their
reactivity w ith the aid of inverse chromato­
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Trus work wi ll be of value to research
inst it ut ions. indust rial enterprises and
senior studen ts engaged In the tields of
polymer or analyt ica l chemistry and gas
ch romatography.

CONTEN TS: Introduction. BaSIC prmc ip les
of GC. GC me thods fo r the analysis of
monomers and so lvents. The study of
po lymer formation reactions . Determinat ion
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II. DETERMINATION OF AMIDE RESIDUES IN NANOMOLAR AMOUNTS
OF PROTEINS
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SUMMARY

A method for the quantitative determination of amide residues in nanomolar
amounts of proteins is described, based on dilute acid hydrolysis at 100°, followed
by isothermal gas-liquid chromatography of the ammonia released by on-column
neutralisation of the hydrolysate and quantitation by means of a conductometric
detector. Amide contents are given for twenty well characterised proteins, as well as
for asparagine and glutamine.

INTRODUCTION

Up to the present time three main methods have been used for the determina­
tion of amide residues in proteins. (I) Hydrolysis by dilute mineral acids for varying
periods followed by neutralisation of the hydrolysate and estimation of the ammonia
liberated. On the micro-scale this has usually been carried out by the Conway micro­
diffusion method combined with colorimetric assay of the ammonia. (2) Determination
of free ammonia during the ion-exchange determination of amino acids in protein
hydrolysates. This suffers from the disadvantage that the conditions necessary for the
complete hydrolysis of all amino acids (usually 6 M HCl for 24-72 h) are not optimal
for ammonia, and additional ammonia will be set free by the decomposition of certain
amino acids such as serine and threonine. Thus incorrect results may be obtained
unless the results from several hydrolyses of different duration are extrapolated to
zero time. (3) Assignment of glutamine and asparagine residues during sequencing
of enzymatic hydrolysates. This is probably the most precise method, but obviously
is not always available.

The need for a precise amide determination applicable to minimal amounts of
valuable proteins in this laboratory drew our attention to alternatives to the usual
methods, and in particular to the possibility of isothermal gas-liquid chromatography
(GLC) of ammonia at relatively low temperatures. On-column liberation of ammonia
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from acid hydrolysates would also minim ise atmospheric co nta minatio n, especially
as very few nitrogenous compounds could pass th rou gh the co lumn und er low­
temperature op era t ion. An important problem was, however , the select ion of a suit­
abl e qu an titati ve detection system, since man y of the commo nly used GLC detector s,
not ably the sta ble and reliable flame ionisation detector, are insensitive to ammonia'.
Ou r final choice was the sensitive and relatively specific co nducta nce dete ctor (Co ul­
son-), especially since Cochrane and Wilson" have shown that this detector is able to
dete ct ammonia at the nanogram level. The Coul son conductance detector is commer­
cially ava ilable, but in this paper we describe a simple and stable co nductance detector
assembled from lab oratory equipment which may be useful to those lab oratories
which have only occasi onal use fo r thi s detecto r.

Another problem encountered in the G LC of ammo nia is persis tent zone ta iling
in man y chro ma tographic systems. In agreement with the result s of Lindsay Smith
and Waddington" with a liphat ic a rnines, we have found th at using po lystyrene bead s
(Po ra pa k Q), zone tai ling may be virtua lly elimina ted by pre-coating with poly­
ethyleneimine and pot assium hydroxide. Isotherm al GL C of ammo nia in thi s system
cou ld be carried out at the low ope ra ting temperature of 68". Co mbinatio n of th is
chromatographic system with on-column neutralisation of dilute ac id hyd rolysates
with bar ium hydroxide has provided a highly specific method for the determination of
amide residues on nanomolar amounts of proteins.

MATERIALS AN D METHODS

Chemicals
Porapak Q (bead form, S0- IOO mesh) was supplied by Water s Assoc. (Milford,

M ass., U .S.A.). An alaR-grade barium hydroxide and co ncent ra ted hydrochloric
acid, Dowex I-XS (20- 50 mesh), Am ber lite Monobed Resin M B-1 , analytical grade
(20-50 mesh), polyethyleneimine, t.-glutamine and L-asparagine were supplied by
BDH , (Poole, Great Britain). N-Acetyl-D-gluc osamine was obtained from Hopkins
& Williams (Chadwell Heath, Great Britain).

Proteins
a-Chymo trypsin (3.4.4.5) (prepared from four t imes recrystallized chymotry p­

sinogen A), bovine insulin, cry sta lline bovine trypsin (3.4.4.4), soya bean trypsin
inhibitor (Kunitz) and twice recrystallized porcine pa ncreat ic elastase (3.4.4.7) were
obtained from BDH ; crysta lline sperm whale myoglobin, hor se myog lobin, chicke n
lysozyme (twice crysta llized) (3.2.1.17), bovine p-Iactog lobulin (three times recrysta l­
lized), ovalbumin (five times recrystallized), crystall ine bovine seru m albumin , papain
(ex Papaya latex, twice recrystall ised) (3.4.4 .10), an d porcine pepsin (three times re­
crystallized) (3.4.4 .1) from Koch-Light Labs. (Colnbrook, Great Britain); crysta l­
line ribo nuclease A (2.7.7.16) from Boehringer (Ma nnheirn, G .F.R .) ; ribonuclease
B, hor se hea rt cytoch rome c and chymo trypsinogen A (six time s recrystall ized ) from
Mi les-Seravac (Mai denhead, Great Britain) ; hor se myoglobin fro m Serva (Heidel­
berg, G.F.R .) ; and bovine serum albumin (crysta lline) and por cine pepsin (3.4.4.1)
from Armour Pharmaceutical Co . (Eastbourne, G reat Britain).

Prot eins supplied as crystall ine or lyoph ilized po wders were used witho ut
further purifi cation. Elastase was supplied as a suspe nsion in water. The suspension
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was centrifuged, and the solid re-suspended in water and centrifuged. The process
was repeated twice, and the protein was dried over P20S' Papain was a lso supplied as
a suspension, but as it is soluble in water, it was dissolved in water and precip itated
with redi stilled acetone. Thi s process was repea ted three times, and the protein
final1y dried over P20S in vacuo.

Instrumentation
A Pye Serie s 104 gas chromatograph was used as the basic chromatographic

unit, purified nitrogen being employed as carrier gas. The output from the column was
led into a gas-liquid mixer-separator unit (Figs. I and 2), which was supplied with
a constant flow of de-ioni zed water. The det ailed co nstruction and dimension s of the
mixer-separator un it which was fabricated from a 5 X 2 x I em thic k block of per­
spex are sho wn in Fig. 2. The liquid output from the separator was divided into two
strea ms, one passing through the conductance cell (Radiometer Type C DC 3 14,
cel1 con stant 0.316, total volume I ml), and thence to the reservoir (F ig. I). The
bypass stream to gether with nitrogen gas from the column passed directl y to the reser­
voir. Water from the reservoir was continuou sly recycled by a centrifuga l pump
through a jacketed 40 X 1.5 ern column , the lower portion of which was packed with
50 ml of Dowe x I-X8 anion-exchange resin (20-50 mesh) in the hydroxyl form, while
the upper section was packed with 25 ml of Amberlite MS-I mixed bed resin (20­
50 mesh). Water emerging from thi s column at a flow-rate up to 15 ml/rnin had an
electrolyt ic conductance of less than 0.1 fl S. The cond ucta nce cel1 , mixer-separat or
and reservoir were placed in a water-bath maintained at 25 ± 0.5 °, and water from
the bath was also circulated through the jacket of the ion-exchan ge column. Winnett
and Illingsworth" have demonstrated that cont rol of the water temperature is essential
for reproducible operati on of the Coulson conductometric detector, there being a mark-

PUMP GLC COLUf1f!

GAS/ LIQUID SEPARATOR

COf'DU CTl VIT Y
CELL

I0 N-E XCHANG E
COLUflN

GAS VENT

RECORDER I NTEGRATOR COf:DUCTI VITY
METER

Fig. 1. Block diagram of the detector system.
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Fig. 2. Dimensions of the gas- water mixer and separator.

ed reduction of sensitivity at higher temperatures. This effect was minimal in the
temperature range 22-26°.

The electrolytic conductance between the electrodes of the Rad iometer CDC
314 cell was mea sured by a Radiometer COM 3 conductance meter, operating at an
a.c . frequency of 2 kH z on the 50 p S/full-sca le deflection range. Th is corresponds to
an output of 1.0 V, which was applied to an Aut olab Model 6300 dig ital inte grator
with a printed output and peak areas were expressed in counts/sec. The output from
the integrator co uld be varied and was usually operated at a qu arter of the maximum
output, which gave reasonable peak sizes when a pplied to a Pye Unicam Series AR
25 potentiometric recorder opera ting on the 10-mV input ran ge.

Methods
Wat er content of the protein samples. Protein samples were not dried before

hydrolysis, the water content of each protein bein g determined on 10-20 mg samples
by dr ying in vacuo (better than 0.1 Torr) over PzOs. The weight of protein taken for
analysis was then corrected for water content. Th is procedure obviated weighing
problems with proteins which became very hygroscopic on intensive drying , but may
be impractical when only very small samples of the protein are available .

Ammonia content of the protein samples. Chibnall et al" showed that cer ta in
protein samples contained free ammonia (presumably as the ammonium salts of the
dicarboxylic amino acids), which vitiated the results of amide analyses, and suggested
a method for its estimation. The protein (10 mg) was dissolved or suspended in meth­
anolic HCI (1.0 ml, 0.033 M ), and at once precipitated with dieth yJ ether (2.0 ml).
The mixture was centrifuged , the superna tant liquid removed, and the process re­
peated. A known amount of methylam ine hydrochlor ide was added to the combined
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supernatant liquids as internal standard, and the solvent removed. The residue was
dissolved in I M HCI (25,u1), and I-,ul samples of this solution were analysed by the
GLC method described below.

Protein hydrolysis f or amide determinations. Although the recommended
method for the determinat ion of the amide content of proteins involves hydrolysis
with 2 M HCI for various peroid s of time (2-8 h) and extrapolation to zero tim e (Wil­
cox"), others, e.g., Chibnall et al", Marks et al ", and Spiro and Spiro? have used a
single 3-h hydrolysis period .

We have investigated the rate of release of ammonia from ~-Iactoglobulinby
2 M HCI at 100°, using the GLC analytical meth od described in this paper. The results
a re given in Table I, and show that the release of ammonia is substantially complete
(98%) in 2 h, and remains con stant until at least 4 h. Increased amounts are obtained
after 24-h hydrolyses, pre sumably due to degradation of serine and threonine. In
agreement with the workers cited above, we have therefore adopted a standa rd hy­
drolysi s time of 3 h, with 2 M HCI at 100°.

TABLE I

RATE OF RELEA SE OF AMMONIA FROM (i-LA CTOG LOBU LIN BY 2 M H Cl AT 100°

Time (min)

5
15
30
60
90

120
180
240
420

1440

Ammonia
released
(moles)

1.20
16.79
25.42
26.99
26.93
27.63
27.6 1
27.69
27.93
31.92

The protein (0.2-1.3 mg, suffi cient to give 4-14,ug of ammonia after hydrolysis)
was dissolved or suspended in 2 AI HCI (0.4 ml) containing a known weight of internal
sta ndard (methylamine hydrochloride) and hyd rolysed for 3 h in a sealed glass tube.
The hydrolysate was centrifuged, and the supernatant liquid evaporated to dryness
using a rotary evaporator at reduced (water pump) pre ssure. In agreement with Wil­
cox", we have found that this concentrat ion procedure invol ves no loss of amine hy­
drochlorides. The residue was dissolved in I M HCI (25-40,u1) and I-Ill aliquots in­
jected directl y int o the column.

GLC of ammonia . (a) Preparati on of the GLC column. Porapak Q (80-100
mesh , 7.44 g) was placed in a flask, j ust covered with methanol and a solution of
polyethyleneimine (0.4 g) and KOH (0.16 g) in methanol was added. After thorough
mixing the excess methanol was rem oved using a rotary evaporator, and the coated
material dr ied at 110° for 18 h. The amounts given correspond to a coating of 5 %
pol yethyleneimine and 2 % KOH. The coated material was rapidly screened and the
80- 100 mesh fraction packed into a 1.5 m x 4 mm all-glass helical column. The top
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5 em of the column were left unpacked. The co lumn was conditioned by passing ni­
trogen at a flow-rate of 100 ml/rnin through the co lumn at 150° for 24 h.

(b) Transfer and neutralisat ion of the acid hydr olysates. Neutralisation of the
hydrolysates was ac hieved by inject ing an al iquot into a plug of barium hydroxide
formed at the top of the column (Ay res'") . Commercial AnalaR grade barium hy­
droxide octah ydrate was recr ystall ized from water a nd dried at 90° overn ight. It was
then ground sufficient ly finely to pass through a I 50-mesh screen, a nd a 2.5-cm plug
of the powdered material was placed on the top of the coated Porapak Q in the column.
The column was then replaced in the chromatograph oven , operat ing condition s es­
tablished and a 1.0-,u1 aliquo t of the hydrolysate injected directly through the septum.
Barium hydroxide on-co lumn neutralisati on has man y practical advantages, a nd if
operated below 80° no pyrol ysis products are relea sed into the column. The system
ha s, ho wever, certain disadvantages. As previousl y observed by Ayres", no more than
1O-15 ,u1 of water could be injected into the barium hydr oxide plug, either in aliquots
or as a single inject ion, without deteriorati on in column perform an ce. Th is necessi­
tated ch an ging the plug after at most fifteen l-,ul sample inject ions. Also H2S0 4

could not be used for the hydroly sis of proteins, as successive injecti ons of th is acid
also resulted in a progressive decrease in the respon se to ammonia . No such effect
was ob served with HC!. Ne utra lisation of the hydrolysate prior to inject ion gave
low ammonia values, possibly du e to loss into the parti al vacuum produced during
manipulation of th e injection syringe.

(c) GLC opera ti ng co nditions. Th e opera ting parameters (water flow-rate,
cell/bypass flow ratio, carrier gas flow-rate and co lumn a nd injecti on port temper­
atures were adjusted to give : (i) A goo d detecto r respo nse without excessive peak
tailing. As pre viou sly observed by Coul son ", a decreased water flow-rate increased
the sensitivity, but led to peak tailing and distortion. (ii) Rapid elut ion of a mmo nia
a nd methylamine to give sha rp pea ks and a sho rt ana lysis time.

The optimum co nditio ns were found to be : nit rogen ca rrier gas flow-rate ,
70 ml/rnin ; oven temperature, 68°, isothermal ; inject ion port temperatu re, 68°;
water flow through conductance cell, 4.0 rnl/rnin ; water flow th rou gh bypass, 7.0
rnl/rnin ; detector sensitiv ity, 50,uS f.s.d . ; pap er cha rt speed, 0.2 ern/min.

Under the se operat ing condition s, methylamine, dimethylamine, ethylamine,
and trim eth ylamine could be eluted in addition to a mmo nia . Their retent ion times
are given in Table II . Methylam ine was chosen as internal standard as the zone pro-

TABLE II

RETENTION TIM ES OF AMM ONIA A N D SO ME ALIPHATI C AMINES UNDER EXPERI­
M ENTAL CONDITIONS AS DESCRIBED IN TH E T EXT

Amine Retention
lim e
(s ec)

Ammonia 66
Methylamine 222
Dimethylamine 552
Ethylamine 625
Trimethylamine 952



GLC IN PROTEIN CHEMISTRY. II. 367

file and molar response were very similar to that of ammonia, but it was well sepa­
rated from the latter.

A typical experiment al protocol is given in Table l l l, The coefficient of va ria­
tion both of the molar rat io ammonia/m ethylamine and of the amide ana lyses was of
the order of 2 %, suggesting that the precision of the determination of the molar ratio
is the predom inant factor in determining the overall precision of the ana lysis.

TABLE III

HYDROLYSIS OF LYSOZYM E (DRY WEIGHT 0.216 mg) FOR 3 h AT 100° IN 2 M HCI (0.4
rnl, CONTAINING 49.15 flg OF METHYLAMIN E)

A ~" Zon e areas of a mmo nia sta nda rds ; B 7' zo ne areas of mcth ylamine sta nda rds; C ~ relative
molar responses of a mmonia to meth ylamine ; D '7' zo ne a reas of a mmonia from the hydrolysate ;
E = zo ne a reas of meth ylam ine interna l standards; F = micrograms of a mmo nia released fro m 1p I
of the hydrolysate.

Run No. Standards Hydrolysate

A B C D £ F

148450 345 248 1.04
141 180 315 005 1.11 76572 414706 4.57
155447 349 953 1.10 82047 461 545 4.40
174361 405 893 1.06 75037 434 455 4.31
185 640 437 600 1.05 68 547 382876 4.47
173425 400805 1.07 64035 36 1 030 4.43
162 852 365893 1.10

2
(repack ed
Ba(OH ),) 161093 401 563 0.99

183 288 434 643 1.04 75917 444 815 4.46
135578 309 055 1.08 60504 336942 4.6 1
155 892 368 \92 1.05 70099 404693 4.45
\65989 388693 1.05 6437\ 372 700 4.43
175400 4\1 303 1.05 72 768 416495 4.48
169970 404 42 \ 1.04

Mean + 1 S.D. 1.06 I 0.022 4.46 ± 0.08
Coefficient of variat ion, % 2.07 1.78

RES ULTS

Table IV gives the moles ammo nia liberated per mole protein und er our con­
ditions of ac id hydrolysis co mpared with the " theo retica l" ammon ia yields calcu­
lated from the correspondi ng sequence studies tabulated by Croft " . In the majority
of cases the precision of analysis was good enough to ass ign the number of amide
residues to ± I residue in 20- 30. Elastase was an exception and the low result must
reflect the qu ality of our preparation, as it was not improved by further replicate
ana lyses. The amide analyses of asparagine and glut amine were carried out on 100-,ug
samples, and serve as checks on the ove ra ll precision of the method . N-Acetyl-D­
glucosamine was includ ed becau se of its occ ur rence in glycopro teins. It will be seen
that its contribution to amide nitrogen would be negligeable. Th ere ha s been dis­
agreement in the liter ature regarding the amide co ntent of myoglobin s' ": !". Our
results support the lower estim ates in both whale and hor se myoglobin. Onl y our prep-
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TABLE IV

AMIDE A ND FR EE AMMONI A CONT ENTS OF SOME PROTEI NS AND OF R ELATED
CO M PO U N DS

N-Acetyl-o-glucosamine
t.-Asparagine
i.-Glutarnine
Bovine ins ulin
Sperm whale myoglobin
Seravac ho rse myogl obin
Koch-Light horse myoglob in
Horse heart cytoc hrome c
Soya bean tr ypsin inhibitor
Lysozyme
Ribonuclease A
Ribonuclease B
a -Chymotrypsin
Chymotry psinogen A
Armour porcine pepsin
Koch-Light porcine pep sin
Papain
{J-Lactoglo bulin
Trypsin
Ovalbumin
Elastase
Armour bovine ser um albumin
Light bo vine serum albumini

fig free ammonialmg
of protein

Negligeable
0.135
Negli geabl e
0.125
0.295
0.798
0.429
Negligeable
Negligeabl e
3.11 2
0.077
0.140
0.180
Negligeable
0.1052
N egli geable
Ne gligeable
Negligeable
Negligeable
Negligeable

Moles NH,
fo und]mole
protein

0.02
1.002
0.981
6.23
6.19
8. 17
7.54
8.11

13.71
16.99
16.76
18.25
22.87
23.87
26. 16
26. 10
24.51
28.01
27.17
33.70
26.92
33.72
32.04

Mo les N H, /mole
protein calculated
from sequence
studies

o
I
I
6
6 or 7
8 o r 9
8 or 9
8

14
16
17
17
23
24
25
25
26
28
29
30- 32
33
34-37
34-37

aration of a-chymotrypsin gave a significant free ammonia content by the method of
Chibnall et al".

DISCUSSION

It mu st be emphasized that although only 2- 20 fig of the protein hydrol ysate
are actually used for a single analysis, the method as described doe s not approach
the limits of sensit ivity possible , but is rather chosen to avoid the difficulties of
weighing low microgram amounts of possibly hygro scopic proteins. A tenfold higher
sensitivity is available in the Radiometer COM 3 conductance meter, although its
use would involve modific ation to the zero sett ing arrangements of the actual re­
corder used. The volume of the conductance cell could also be reduced with advantage.
Hall" has described a number of improvements to the origin al Coul son- detector,
claimed to increase its sensitivity 20- 50 times, the most important being a sma ller
conductance cell constructed of PTFE, and the replacement of water by 50%aqueous
propan-2-ol as circulating liquid. These claim s were only partially confirmed by Wil­
son and Cochrane'. We ha ve not investigated them further, but it would appear that a
picogram-scale ammonia determination with a precision (± 2 a) of ± 5%or better
is qu ite feasible .
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The specificity of the method desc ribed here is very high, as not only must any
co ntamina nt pa ss thro ugh the GLC co lumn with a retention time similar to tha t of
ammo nia, but it must a lso dissolve in water to give a co nducting solution. An im­
portant advantage of the present meth od (in co ntras t to the micr o-Con way diffusion
method) is that it does not require rigorou s cleaning and ca reful storage of glassware,
as the only glassware used a re the syringe and the sea led ampo ules which are made
from disposable Pasteur pipettes and used once on ly.

Although described here for amide det erm ination s in protein s the method is
obv iously applicab le for man y similar ammo nia est ima tions, e.g., asparagi nase or
gluta minase determination s. Th e rapidity of the GLC technique makes it very suit­
able for multiple ana lyses, as in the invest igatio n of enzyme kinetics.
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SU MMA RY

Amines are removed from heated, basic solutions saturated with salt by inert
gas stripping and selectively trapped as coordin at ion complexes on columns containing
copper( II) salts coated on an inert support. An estim ate of the amine concentratio ns
at ppm levels can be made by measuring the length of the trapping column colored
by the complexes. Concentrations of amines in ppb * can be dete rmined by eluting this
co lumn with potassium hydroxide and determining the am ines in the effluent directly
by gas chroma togra phy. The procedure a llows amines to be concentrated by a factor
of 200 and removes potentially interferin g substances fro m the sample.

INTROD UCTI ON

Simple methods for determin ing amines at ppb * concentrations in aqueo us
samples such as waste water and biological fluids are not pre sentl y available. Direct
gas chromatog raphic (G C) methods' :" are not appl icabl e to amine concentrations
much below the ppm level, and other organi c contaminants in water can overlap the
chromatogra phic peaks of am ines. Pre-concentration of am ines by solvent extraction
or other techniques prior to their GC determination will a llow more sensitive deter­
minat ions, but interfering substa nces will also be concentrated. If avai lable, nitrogen­
specific GC detectors may be used to redu ce or eliminate non-amine interferences. In
th is work techniques for selectively concentrating am ines from aqueous solution s as
a prelude to their GC determination were investigated.

Cati on-exchange resins have been used for retain ing am ines from aqueo us
so lutio ns", We ha ve found , however, that amine recoverie s a re not qu antitati ve using
th is technique at concentrations below th e ppm level. Walton and co-workers'' :" have
successfully separa ted compounds co ntaining the amine functional group by ligand
exchan ge chro matog ra phy. Investigation s of the feas ibility of using this technique for
the pre-con centration of amines revealed that amines can be qu antitati vely retained
on the copper, nickel and zinc form s of cation-excha nge resins. Unfortunatel y no

• Th rou ghout th is ar t icle the America n billion (10' ) is mean t.
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sufficiently simple technique wa s discovered whereby amines could be quantitatively
eluted from the resin in a form amenable to their GC determination .

Several workers":" have reported the isolation of different organic compounds
from aqueous solut ions by ga s purging techn iques (al so referred to as headspa ce
techniques), coupled with trapping of the volatil ized substa nces on materials such as
Tenax GC. In previous work we have shown that amines can be selectively removed
from ga s strea ms using a support phase coated with copper(I I) sa lts as an abstractor
materials. By combining the gas stripping techniques with select ive trapping of amines
on columns containing copper(II) salts, an ext remely simple and effective method has
been de veloped for concentrating amines by a factor of up to 200-fold and sim ulta­
neously eliminating interfering substa nces. Amines are purged from a heated , ba sic
solutio n sa tur ated with sa lt and trapped o n a column packed with Chromosorb W
A W OMCS coated with copper(II ) chloride. The amines a re subseq uently eluted with
potassium hydroxide and determined directl y in the potassium hydroxide solution
by GC.

In addition to its utility as a select ive method for co ncentrating ppb levels of
am ines prior to their GC detection, the gas pu rg ing method also provides an ex­
tremely simple method for determining ppm levels of amines. By merely measuring
the lengths of trapping columns colored by the copper-amine complexes, estimates
of amine concentrations as low as 0.5 ppm ca n be made.

EXPERIM ENTA L

Chemicals and apparatus
A He wlett-Packard Model 5711A ga s chromatograph equipped with du al

flame ionizat ion detectors was used for determining amines. Am ines were sepa rated
on 6- or 10-ft . X 1/8 in. 0 .0. sta inless-steel columns packed with 28 %Pennwalt 223
and 4 % potassium hydroxide on 80- 100 mesh Gas-Chrom R . Arnines were purged
from water using a modified 500-ml gas wash bottle. A coarse mesh ga s diffus ion tip
was a tt ached to the immersion tube, the exit tube wa s bent upward to pre vent water
condensa tio n in the trapping tube, and the exit arm was drawn out to 114 in. 0 .0. to
accommodate the use of Swagelok uni ons. The amine trapping material was prepared
by di spersing (9 g of Chromosorb W A W OMCS in a minimal am ount of methanol
containing] g of di ssolved copper chl oride dih ydrate (0.37 g Cu(I I)). The mixture is
heated to evaporate most of the methanol leaving a paste-like material that is then
air dried until free flowing . The coated su pport is packed into gla ss tubes (1 /8 or 114
in. 0 .0.) to give 2-5-in. bed volu mes, and is retained with glass wool plugs.

Determination of amines in water by GC
Add a sa mple of water containing a mines to a gas was h bottle and bring the

total volume to ]00-200 ml with di stilled water. Add 75 g potassium chloride and I g
potassium hydroxide to the solution . Attach a 1/8-in. trapping co lum n contain ing a
2-in. bed of coa ted Chromosorb to the exit arm of the gas wash bottle using a
Swagelok union with PTFE ferrules. Seal the system and start purge gas flow at a rate
of ca. 300 ml/rnin . Heat the water to a temperature of 60°. After stripping is com­
pleted ( I~ h) remove the trapping tube and attach to a n unused inlet of a gas chro­
matograph and allow carrier gas to flow through the tube at a temperature of 100°
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for 5 min to volatilize any interfering organic substa nces that may have condensed on
the trapping material. Remove the tube and attach to a syringe and slowly force I
ml of I M potassium hydroxide through the column. Colle ct the effluent, allow an y
copper hydroxide precipitate to sett le (ca. 5 min), and chromatograph a 2-ftl aliquot
of the solution, using a 6-ft. Pennwalt column and a flow-rate of 25 ml/min. Accept­
able chroma tograms have been obtained at an isotherma l oven temperature, 30°
below the boiling point of the least volatile amine in a sample.

Method for estimating amine concentrations
Estim ate ppm con centrations of amines using the same stripping procedure

described above. Use 1/8-in. t rapping columns containing 5 in. of sorbent for amine
concentrations up to 10 ppm in 200 ml samples; use 1/4-in. trapping columns for
higher concentrations. Mark the top of the colored a mine band after 30 min and then
at 15 min inter vals until lack of movement indicates that all amines have been purged
from the sample. After stripping is completed, measure the length of the colored
am ine band and determine the am ine concentration from a calib ration curve. In
some cases the distinction between the copper-amine complex (generally blue) and
the copper- aqu a complex (light blue) covering the rest of the column may be difficult .
In such cases heat the column with gas flowing through it. This will destroy the
co pper-aqua complex and leave a brown color witho ut affecting the blue copper­
amine complex.

R ES ULTS A N D D ISC USS IO N

Recovery of amines added to water
The GC method gives nearly quantitative recovery of most amines added to

water at 100 ppb (ftg/ l) concentrations (Table I). Of the amines tested onl y morpholine
gave unacceptable results. Based on 40 determinations all other amines tested gave
an average recovery of 98.2 %with a relative standa rd deviation of 7.6 %. Morpholine
cannot be effi ciently purged from water becau se it is both very water soluble and rela­
tively non-volatile. More volatile water-soluble amines, such as diethylamine, can be
readi ly stripped from water. Less volatile am ines that are sparingly soluble in water,

T ABLE I

RECOV ERY OF AMINES BY THE GAS CHROMATOGRAPHIC M ETHOD

Ami nes tes ted in mixtures co nta ining 3 to 6 compon ents each at a co ncent ra tion of 100 ppb, N =

num ber of determ inati on s.

Amine N Average Amine N Average
recovery ( 'Yo ) recovery ('Yo )

T riethylam ine 3 95 Oc ty la rnine 3 95
T ributylamine 3 102 He xylamine 3 98
Dibutylarnine 6 104 Pipe ridine 4 97
Butylamine 3 90 Pyridine 6 100
Cyclohexyla mi nc 3 9 1 Ani line 3 100
Diet hyla mine 3 101 Morph ol ine 3 8

Average rec overy (exclud ing morpholinc), 98.2 ;'•. R .S.D., 7.6 %.
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such as t ributylarnine, can al so be stripped from water. The gas stripping method
fail s ho wever , when applied to a mines th at are both non-volat ile and extremely water
soluble.

Gas stripping conditions
The type of pu rge gas used , its flow-rate , a nd the method of dispersing it in

water a ll affect the rem oval rate of a mines from wat er. All preliminary work on this
method was performed using ai r as a purge gas becau se it appea red as effect ive as
other gases evalu ated (helium, nitrogen , and methane) and less expen sive. However,
when the method was applied to piperid ine, reco ver ies of only 50 %were attainable
and an unidenti fied peak appea red in the chro ma tog ra ms. When helium was used as
a purge gas the recoverie s improved and the unidentified peak disappeared. It is
rea sona ble to ass ume th at piperidine a nd presum abl y other amines can be air
oxid ized and thus use of an inert gas is recommended . Stripping t ime decreases as gas
flow-rate is incre ased . A flow-rate of 300 rnl/rnin is used becau se amines can be stri pped
in a reason able length of tim e and higher flow-rate s lead to a pressu re build-up in the
system. Use of a gas dispersion t ip on the immersion tube is essenti al for the rapid
stripping of amines . Using a n open tube d i(n-butyl)amine, for exa mple, ca nno t be
stripped in 4 h. However , when a coarse mesh sparger t ip is used purging is complete
in less th an 30 min.

The temperature and sa lt content of the so lution affect the time req uired for
complete rem oval of amines . At room temperature mo st a mines ca nno t be purged to
any appreciable extent. At 60° all amines tested ca n be st ripped in less th an I h.
Saturating the solution with salt decrea ses the purging time significantly. As an ex­
ample of its effect , dieth yl amine requi res 22 h for complete stripping from a solutio n
containing no added sa lt but less than 30 min fro m a solution saturated with potassium
chloride. Potassium hydroxide pre vent s ionizat ion of amines and thu s facilitate s the
spa rging process.

Amine trapping materials
Pr ior work indicated th at copper(1J )chloride coa ted on Chro mosor b W A W

DMCS would be effective and selective for removing amines from gas strea ms". No
serious effort was made to discover if other co mbinat ions are as effecti ve for thi s
a pplication. When zinc sa lts are used in place of coppe r sa lts, a mine pea ks do not
appear in the chro ma tog rams at their expected retention times. Instead , broad hum ps
occur at lon ger retent ion tim es. Macroreticular resins were found to be effective as
support ph ases, but other orga nic compounds are st ro ngly ret ained on them. In
pre viou s work when copper-coated Chromosorb was used as an amine abstractor
material for use in GC, a coating of 25 % co pper( lI) chloride d ihyd rate was used".
For th e pre sent application a 10%co at ing has as high a ca pac ity for rem oving a mines
a nd a more uniform coating is obta ina ble. Presum abl y at higher co at ing levels a large
frac tion of the co pper is inaccessible to the amines.

Elution and GC determination of amines
Amines can be eluted from the sorbing material with alkaline alcoh ol solutions,

with cyanide so lutions, or with aq ueo us ba sic so lutions. Alcoh ols are undesirable as
eluting so lvents becau se th e alcoho l peak s or their tailing edges obliterate the pea ks
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of early elut ing arn ines. The use of cyanide to displa ce am ines from copper complexes
is effective, but offers no ad vantages that outweigh the hazard s involved in its use.
Since the Penn walt columns used for separat ing amines can tolerate water and contain
pot assium hydroxide as a supplementa ry stationa ry ph ase, it was believed that
aqueo us potassium hyd roxide would not ad versely affect the co lumn. Aqueou s pot as­
sium hydroxide effectively elutes amines from the trapping column and offers the
add itio na l ben efit that any copper washed off is precipitated as its hydroxide. Several
hundred injectio ns of potassium hyd roxid e solutions of amines into the Pennwalt
column did not produce any significa nt change s in the chromatographic separations;
thu s the ass umption that thi s eluting solvent would not adversely affect the column
was borne out. No serious efforts were made to modify or imp rove previou sly re­
ported GC meth od s for sepa ra t ing amines becau se the goa l of this work was to
develop techniq ues for applying exist ing method s for det ermining lower concentra­
tions of amines after removal of interferences.

Interf erence studies
Of the organic co mpo unds studied, none was retain ed to a significant extent

on the amine sorbent used (Table II). Howe ver , nearl y a ll of the se substances condense
on the trapping column and the heat ing step is required to remove them. Only acetone
an d pent an one ar e ret a ined on the column afte r the heating step and the se only to an
extent of ab out I % of the amo unt added to the sample as an interference. It was
anticipated th at metal ion s present in samples might complex am ines and interfere
with the ir rem oval from water. Ho wever, the pot assium hydroxide added to adjust
sample p H als o serves to precipitate most tr an sition metals and no interferences were
enco untered. On e dev iou s interferen ce was encountered when the semi-quantita tive
meth od was a pplied to the deter mination of ammo nia in ur ine. Th e sta ndard stripping
procedure hydrolyzes urea in ur ine to relea se ammonia. Thi s problem is elimina ted
by omi ttin g the heat ing step, a ltho ugh th is length ens the requi red stripping time
considera bly.

TABLE II

SU BSTANCES NOT A FF ECTING TH E DETER MINATI ON O F A MINES

Mixture of a ll organic compounds eac h at a co ncentrat ion of \0 ppm added to a mixtu re contain ing
100 ppb each of diethylami ne, butylamine, pyr id ine, cyclohexylamine, and dib utylamine. Inor ganic
ions add ed singly to same a mine mixture at co ncent ra t ions, in pp m, ind icate d in parentheses.

Organic

Methan ol
Ethano l
Propanol
Acetone
2-Pentanone
Isop rop yl ethe r
Ethyl acetat e
Octa ne
Acetonitri le

Benzene
Benzaldehyde
Ethylene dichl o ride
Ca rbon tetrachloride
Phenol
Benzyl alcoho l
Dichlorobenzene
Cumene
Acetic ac id

Inorganic

Calc ium (450)
Magnesium (1000)
Copper (1000)
Nickel (1000)
Iron (1000)
Chl or ide ( \000)
Sulfate (1000)
Ca rbon ate ( 1000)
Zinc ( 1000)
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Semi-quantitative determination of amines
The semi -quantitati ve method was a pplied to a variety of amines and was

found to be reasonably sensitive and reproducible (Table III). Th e detection limits for
am ines established for th is procedure are based on an arbitraril y chosen band length
of I mrn when 1/8 in . 0 .0. co lum ns are used. Lower detecti on lim its wo uld be o b­
tainable with sma ller diameter columns, but such columns create excessi ve back pre s­
sure. Lo wer co ncentra tions of copper coat ing o n the Chromosorb a lso lead to greater
sensitivities, but the use of significantly lower amounts of cop per coatings usually
makes the band s difficult to detect. Pyridine, a niline, and so me o ther a mines form
extremely intensely colored co pper( lI) complexes and in such cases the coating co uld
be reduced.

T ABLE III

SEMI-QUANTI TATI VE METHOD PAR A MET ER S

Am ine AminelCut 11)' Detection limit "
(p pm )

Trimeth ylam ine 1.0 1.0
Dimethylam ine 1.0 0.5
Butylam ine 1.1 1.0
Cyclohexylamine 0.9 1.0
Aniline 0.9 1.0
Dibutylamine 1.5 2.0
Tributylamine 1.5 3.0
Pyrid ine 2.0 1.5
Ammonia 4.0 0.5

Calibration curve:"
slope (" M /III III)

2.2
2.2
2.4
1.9
1.9
3.2
3.2
4.3
8.6

• K nown a mo unt of eac h a mine str ipped from 200 ml of water a nd trap ped on 1/8 in. 0 .0 .
column con taining 2.16 pmoles Cu(l l)/mm of length .

• • Ca lculated concentra t ion of amine giving a l -mm band length when purged from a 2oo-ml
sa mple.

... Slope o btai ned using 1/8 in. 0 .0. co lumns coated with 10% Cu CI, · 2H, O.

The reproducibility of the meth od was tested on six replicates of 1.4 mg of
di(n-butyl)amine purged from vo lumes of wa ter ran gin g from 100 to 200 011 and trap­
ped on different bat che s of the so rbent. Bands ranging fro m 14.5 to 16.0 mm were
measured , with an average of 14.8 a nd an average de viation from the mean of 0.5
mm. The variability is primarily due to the non-plan arity of the lead ing and tailing
edges of the amine band which lead s to an unc ertainty in the mea surement of length .
This uncertainty is relati vely independent of the length of the amine band ; thus the
rela t ive uncertainty will increase as the am ount of am ine decreases.

Linear ca librat ion curves were obtained when the semi-q uantita tive method
was applied to a representative gro up of amines . The slopes of cal ibrati on curves
(Table Ill) are, of co urse, influenced by the a mo unt of copper coa ted on the support
and the column diameter. Both of the se variab les, however, a re readil y co ntro lled.
The slope obtained fo r an ind ividual a mine is determin ed by the sto ichiometry of the
com plex formed . Metal to ligand rat ios for the copper-amine complexes were calcu­
lated by stripping a known am ount of a mine and trapping it on columns co ntai ning
a known am ount of copper(lI) per unit length . The molar rati os obtained (Table III )
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were qu ite rea son able in mo st ca ses which also ind icates that practically all the copper
is accessible to the a mines. Because many amines form I: I complexes with the
copper(l I) under st ripping conditions, it is po ssible in so me cases to estimate the total
amine concentration in a sample even if the identity of the amines is not kn own . Such
an estimate may, however, be in error if a sa mple contains significant amounts of
amines, such as ammonia or pyridine, th at form higher order complexes.

Tubes containing 5 in. of sorbing material a re used in the semi-quantitative
method. In general this length of column is adequate for trapping at least 0.25 mmole
of amines when 1/8 in. 0.0. columns are used a nd 1.0 mmole when 1/4 in. 0 .0. col­
umns are used. The larger columns were rarely used in developing the method , but
the reproducibility is similar on both column sizes.

Applications
Th e semi-q ua nt ita tive method was used to determine ammonia in ur ine a nd in

the effluent from a municipal sewage plant. With no heating th e urine sam ple req uir ed
2 h for complete stripping and 28 ppm ammonia were found. A second sam ple was
heated to 95° during the purging and gave 1300 ppm ammonia, due primarily to the
hydrolysis of ure a. The sewage plant effluent sa mple contained 45 ppm of amm oni a.
A sample of condensed stea m from a power plant containing a proprietory mixture
of amines as a corrosion inh ib itor wa s analyzed using both the GC technique a nd the
semi-quantita tive procedure. The gas chromatographic method indicated the sam ple
co nta ined 1.3 ppm of cyclo hexy la mine plu s four other unident ified a mines having
retention times less th an that o f diethylam ine . The semi-q ua nt ita tive method indicated
a total amine co ncent ra tio n of 1.6 ppm ba sed on a cyclo hexyla mine calibration curve.
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SUMMARY

The thin-layer chromatography of four chlorinated cresols was studied on five
layer materials using eleven solvent systems. Sharp spots were obtained except on
Kieselguhr G layers. The best separation of the individual compounds occurred on
silica gel-containing layers with dichloromethane as the solvent. Each solvent system
was found to cause a different separation on different layers.

INTRODUCTION

Thin-layer chromatography (TLC) is one of the most widely used analytical
techniques! and is applied extensively for the separation and identification of pesticides
and their residues":" and for their multiple detection-:", TLC is an inexpensive and
sensitive technique for the rapid screening and multiple detection of pesticide residues
even at the 0.5-fig level?'!", TLC procedures devised for organophosphorus and or­
ganochlorine pesticides and developed for the detection of common pesticides on a
single plate using one or more developing reagents can be adopted for routine toxi­
cological analysis! 1. TLC is reported'? to be more suitable for organochlorine than
for organophosphorus pesticides. From the different layer materials available for
TLC, silica gel, alumina, Kieselguhr and cellulose are the most widely used':', In a
TLC study of seven pesticides, Narayanaswami et al.' 1 obtained good results on silica
gel and silica gel-alumina (7: 3) layers with three different solvent systems.

Chlorinated cresols are persistent environmental residues and 4-chloro-o­
cresol is important in Finland as the first metabolite and impurity of the most used
pesticide MCPAl4. No systematic TLC study on chlorinated cresols has been reported,
although the TLC separation of some chlorinated cresols was considered together
with other chlorinated phenolic compounds on silica gel using both polar and non­
polar solvents". Our results on the TLC of chlorinated catechols" prompted us to
undertake the present study for the separation, identification and determination of
chlorinated cresols with different layer materials using several solvent systems.

EXPERIMENTAL

Apparatus and methods
The sizes of the standard TLC plates were 20 X 20 ern and five plates were
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prepared in a single opera tion with a DesagajBrinkmann Model S-II applica tor
(Brinkma nn Instrum ents, Westbury, N.Y., U. S.A.). Asce nd ing elutio n in a closed glass
chamber (Desaga, Heidelberg, G .F.R .) was applied. The samples were spo tted with a'
IO-,ul syringe (Hamilto n, Whittier , Ca lif., U.S.A.) to a sta rt ing line I em from the
bottom of the layer , the first spo t I em from the side of the layer a nd the following three
spots at 4-cm interva ls. A Desaga scale plate was used to measu re the RF values of
the spo ts .

Layers
The follo wing ma terials were used: (i) silica gel G ("nach Stahl" , Typ 60 ;

Merck, Darmstadt, G.F.R .) ; (ii) al umina (" 150 Sauer" , Typ T, Merck) ; (iii) Kiesel­
guhr G (Merck); (iv) silica gel-alumina (7 :3, wjw); and (v) silica gel-Kieselguhr
(3 :2, w jw) .

Samples
The co mpounds studied were 2-chloro-p-cresol (I ), 3-chlo ro-o-cresol ( II),

4-ch lo ro-o-cresol (111) and 4-chloro-m-cresol (IV). III was a commercial sample
(Fluka, Buchs, Switzerland), which was puri fied by vacuum distillat ion, and I, II
and IV were synthesized in our lab oratory. Pro of of their stru ctu res obtained by in­
frared , mass and lH and 13C nuclear magnetic resonance spectrometry will be reported
elsewhere. The an alytical purity of the samples was verified by gas chro matog rap hy.

Solvent sys tems
A preliminar y screening of 45 different solvents and solvent mixtu res was

carried out in order to select those which gave goo d spots and reasonable R F values
for a ll of the compounds studied . Th e II most suitable solvents were as follows :
I, light petroleum (b.p. 40-60 0 )- acetone (80:20, vjv) ; 2, light petroleum--ethyl aceta te
(70: 30) ; 3, light petroleum- metha no l (75 :25) ; 4, dichloro metha ne ;, 5, dichlorometh­
ane -benzene-methan ol (60:30 :10) ; 6, benzene-eth anol-acetic acid (85: 10:15) ; 7,
benzene-chloroform- acetic acid (60 :30: 10); 8, n-hexane-ethyl acetate- acetic acid
(80:15 :5) ; 9, light petroleum-ethyl aceta te-acetic ac id (80:15:5) ; 10, light pet roleum­
aceto ne-acetic acid (80: 15: 5) ; and II , benzene- acetone- acet ic acid (80: 15 :5).

Chromogenic reagent 17

A 2 %solution of 3,5-dichloro-p-benzoquinonechlor imine in benzen e was used
for spo t detection .

Developm ent of chromatograms
A slurry of the absor bent was applied to the glass plates to form a I-mm thick

layer. The plates were activated at IIOGC for 12 h and spotted with 10 Ikl of 0.1%
(wjv) solutions in dieth yl ether of each cresol studied. The elut ion was continued up
to a height of the solvent front of 15 em. The plates were then d ried in air and spraye d
with the chro moge nic reagent.

R ES ULTS AN D DISC USSIO N

Th e RF values and colours of the spots o btai ned using the II solvent systems
are given in Tabl es I-V.
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(i) Silica gel G layer (Table f)
All four chlorinated cresols formed sharp spots with all solvent systems.

After elution with acetic acid-containing solvent mixtures (6:-11) all spots gave yellow
colour reactions, whereas variable colours were obtained when the eluent was a
neutral organic solvent (1-5). The elution times at room temperature (20°) varied
from 30 to 70 min.

TABLE I

s, VALUES OF CHLORINATED CRESOLS (I-lV) ON A SILICA GEL G LAYER (i) WITH
DIFFERENT SOLVENT SYSTEMS (I -II)

Solvent I If Iff IV Elution time (min)
- --- - ------------

1 0.33 0 .36 0.33 0.30 30
2 0.56 0.56 0.56 0.56 40
3 0.23 0.26 0.26 0.26 70
4 0.56' 0.46 0.43 0.36 30
5 0.73 0.66 0.66 0.63 30

Colour Yellow Dark blue Brown Brown

6 0.63 0 .60 0.60 0.60 50
7 0.53 0.50 0.50 0.53 50
8 0.50 0.40 0.36 0.33 40
9 0.52 0.46 0.43 0.43 35

10 0.26 0.26 0.23 0.23 35
11 0.66 0.63 0.63 0.63 40
Colour Yellow Yellow Yellow Yellow

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

, Brown spot.

The fastest ascending solvent (5) had the greatest eluting power, giving RF

values of 0.63-0.73. The best separation of the individual compounds from each other
was obtained with eluents 4 and 8. These solvents could therefore be used for the
identification of chlorinated cresols on silica gel. Solvent 2 eluted all four compounds
at the same speed, giving RF values of 0.56, and seems to be very suitable for the group
separation of chlorinated cresols from other components in a clean-up process in
residue analysis.

(ii) Alumina layer (Table II)
All spots with all II solvent systems were sharp and yellow, except for the dark

blue colour produced with II and brown with III when a neutral eluent (1-5) was
used. The elution times were 50-65 min.

The eluting powers of the different solvents varied considerably, being greatest
with solvent 5 and least with solvent 3.

None of the eluents was suitable for the separation of the compounds I-IV
from each other. However, all compounds had identical RF values with eluents 2
and II (0.63 and 0.73, respectively), and hence elution on an alumina layer using
solvent 2 or II seems to be applicable for group separation purposes.

(iii) Kieselguhr G layer (Table Ill)
The ascending elution was rapid with all solvents, being completed in 25-60
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TABLE II

R F VALUES OF C HLOR INAT ED C RESO LS (I-I V) ON AN AL UMINA LAYER (ii) WITH
D IF FERENT SOLV ENT SYSTEMS (1- 11)

Sol vent I 1/ III IV Elution tim e ( min}

1 0.73 0.70 0.70 0.66 50
2 0.63 0.63 0.63 0.63 60
3 0.36 0. 16 0.16 0.13 65
4 0.73 0.60 0.60 0.50 55
5 0.86 0.83 0.83 0.80 60

Colour Yellow Dark blue Brown Yellow

6 0.76 0.73 0.73 0.73 50
7 0.76 0.70 0.70 0.70 55
8 0.63 0.60 0.60 0.60 50
9 0.60 0.56 0.56 0.56 50

10 0.51 0.43 0.43 0.43 55
11 0.73 0.73 0.73 0.73 55
Colou r Yellow Yello w Yellow Yellow

TABLE III

RF VALU ES OF C H LO R INAT ED C RESO LS (I-IV) ON A KI ESELG UHR G LAYER (ii i)
WITH DIFFERENT SOLVENT SYSTEMS (I- I I)

So lvent " III IV Elut ioll lillie (min}

1 0.93 0.93 25
2 0.96 0.96 30
3 0.96 0.96 60
4 0.96 0.96 0.96 25
5 0.96 0.96 0.96 25

Colour Yellow Blue Brown Yellow

6 0.96 40
7 0.96 25
8 0.98 0.98 40
9 0.96 0.96 25

10 0.96 0.96 30
II 0.96 " 0.98 25
Col our Yellow Brown Yellow Yellow

" Yello w spot.

min . The chlorinated cre sols were eluted very rapidly, giving high or unme asurable
RF value s. Hence one could conclude that Kieselguhr alone is not a useful layer ma­
teria l for the TLC of chl ori nated cresols.

( iv) Silica gel- alumina (7:3) layer ( Table f V)
The sharpness of the spots and their colour reactions were the same as on the

alumina layer but the RF values were significantly different. Dichloromethane (4)
appeared to be a suitable eluent for identification purposes, all four RF values being
different . For group separ ations, solvents 3, 6 and 10 seem to be the best, the RF

values of the individual chlorinated cresols being identical.
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TAB LE IV

RF VALU ES OF CH LORIN ATE D CRESOLS (I-I V) ON A SILICA G EL-ALUMINA (7:3 )
LAYER (iv) WITH DIFFERE NT SOLV ENT SYS TEMS (I -I I)

So /rent I /I 1/1 I V Elution time (min)

I 0.50 0046 0043 0043 60
2 0040 0040 0043 0.50 30
3 0.23 0.23 0.23 0.23 50
4 0.56 0043 0040 0.33 40
5 0.66 0.66 0.60 0.60 50

Co lour Yellow Dark blue Brown Yellow

6 0.60 0.60 0.60 0.60 50
7 0.60 0.53 0.53 0.50 50
8 0043 0.33 0.33 0.30 40
') 0.60 0.53 0.53 0.50 35

10 0.26 0.26 0.26 0.26 30
I I 0.70 0.66 0.66 0.63 35
Co lour Yellow Yellow Yellow Yellow

( v) S ilica gel-Kieselguhr C (3 :2) layer ( Table V)
Sha rp spot s were obta ined with so lvents 1- 8, 10 a nd 11. With so lvent 9 the

co mpounds were eluted with the solvent fron t. The co lours of the spo ts were sa me as
on the a lumina (i i) and silica gel- a lumina (iv) layers, but the R; values were di fferent.
Dic hlor omethane (4) proved to be a suitable so lvent for ident ificat ion purposes, giving
a differen t Rp va lue for each chlor ina ted cre sol. With the other so lvents, the differ­
ences in the R, values were too sma ll for the sepa ra tio n of the ind ividual chlorina ted
cresols from each ot her, but these so lvents co uld be appl ied for group sepa ra tions in
some instances. Th e elution ti mes varied from 30 to 60 min .

TABLE V

RF VALUES O F C HLOR INATED CRE SOLS (I-I V) ON A SILI CA GEL- K IESE LGUH R G
(3 :2) LAYER (v) WIT H DI FFER ENT SO LVEN T SYST EMS ( I- I I)
-_._---- --

So lvent /I 1/1 / V Elution tim e ( min)

I 0046 0043 0043 0040 35
2 0.70 0.70 0.63 0.60 40
3 0.33 0.33 0.30 0.26 60
4 0.66 0.56 0.53 0046 35
5 0.73 0.66 0.66 0.60 35

Co lour Yellow Dark blue Brown Yellow

6 0.76 0.73 0.73 0.73 60
7 0.66 0.60 0.63 0.63 60
8 0.56 0.53 0.53 30
9 30

10 0040 0.36 0.36 0.36 30
II 0.66 0.76 0.76 0.76 30
Co lour Yellow Yellow Yellow Yellow

-- - - --
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CONCLUSIONS

M. A. SATTAR , J. PAASIV1RTA , R. VESTERIN EN , J. KNUUTINEN

Chl orinated cresols can be detected and an alyzed by TLC. Separation of the.
individual compounds can be achieved by elution with dichloromethane on silica gel
or on mixtures of silica gel with alumina or Kieselguhr G. Elution with light petr oleum­
ethyl acetate (70 :30) on silica gel or alumina is applicable for the group separation
(clea n-up) of the chlorina ted cresols from other compo unds.
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SU M MARY

Recoveries of a series of sympathomimetic centra l nervous stimulants in hum an
urine are measured using either ad sorption chromatography on self-filled columns
(method A) or with a special resin method suita ble for racehorse urine (method B).
The Amberlite resins used are XAD-2, XAD-4, XAD-7 and XAD-8 and elu tion is
performed using chloroform.

The reported comparative drug extr actab ilities indicate that in most instances
the recoveries follow the sequence XAD-4 > XAD-2 ~ XAD-8 » XA D-7 using
method A. Based on the recovery and purity of the extracts obtained , XAD-8 is
preferred for gas chro matographic analysis while XAD-4 is very suitable for thin­
layer chromatographic screening work .

Comparing the two methods, equally good or better results were obtained with
method A for all of the resins studied except XAD-7. Finally, it was found that the
effect of refrigerated storage of the resins on the drug extractabilities for central
nervous stimulants could be neglected.

INTRODUCTION

In a previous paper' , the recoveries of a series of sympathom imetic central
nervous stimulants (CNS) in human urin e were measured using eith er con venti onal
liquid -liquid extraction with chloroform or resin adsorption chromatogra phy on pre­
packed columns filled with XAD-2. The comparative drug extractabilities found be­
tween chloroform extr acti on and ad sorption chroma tog raphy indicated that in most
instan ces the dru gs were extracted almost equa lly well by the rapid XAD-2 techn ique
using chloroform as eluti on solvent.

As a result of this work, a co mpa ra tive study was undertaken in order to
optimize the recoveries using different XA D resins and the method alread y descr ibed'
(method A).
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On the other hand, owing to the frequently high viscosity of alkalinized hor se
urine, the direct passage of such samples through a column is not recommended.
Therefore, large volumes of both diluted and undiluted racehorse urine adjusted to .
an a ppropriate pH were extracted by sha king with XAD-2 resin>", and the resin
washed and transferred into a column for the elution step. The drug reco veries from
human urine using thi s method (method B) were also determined in thi s wo rk, using
XAD-2, XAD-4, XAD-7 and XAD-8 resins.

Further, the effect of refrigerated storage of the differ ent XAD resin s on the
drug extractabilities of some CNS compounds using both methods was investigated .

EXPERIMENTAL

Apparatus
All gas chromatography (GC) experiments were performed with a Varian 1400

FJ D gas chromatograph connected to a Varian CDS \0 I integrator. The glass column
(3 m X 1/8 in. I.D. ) was packed with Apiezon L (15 %) and pot assium hydroxide (5 %)
on SO- laO-mesh Chromosorb W. The operating condit ions were : column oven tem­
perature, 1600

; injection port temperat ure, 255"; detector block temperature, 2300
;

and carrier gas (nitrogen) flow-rate, 25 rnl/rnin.
Sample reservoirs a nd empty chromatography columns were purchased from

Brinkmann (Westbury, N.Y ., U.S.A .).
Amberlite XAD resins (300-1000 pm) were purchased from Serva Feinbi o­

chemica (Heidelberg, G .F.R .). The pore sizes and surface a reas of the resins were:
XAD-2, 90 A and 330 m2/g; XAD-4, 50 A and 750 m2/g; XAD-7, 80 A and 150 m2/g ;
and XAD-S, 250 A and 140 m2/g .

A polyester screen (80 mesh) was kindl y supplied by Mr. G . H. Johnston ,
Lynn & Johnston Lab s. ( Lachine, Canada) .

Compounds
The following compounds were investigated: d,l-amphetamine sulpha te, chlor­

phentermine hydrochloride, cyclopentamine hydrochloride, dimethylamphetamine
hydrochloride, d,l-N-ethylamphetamine hydrochloride, fenfluramine , mephentermine
sulphate, methoxyphenamine hydrochloride; d,l-methylamphetamine hydrochloride,
phendimetrazine bitartrate, phenmetrazine, phentermine hydrochloride and d.l­
propylhexedrine hydrochloride. Stock solutions (250lig/ml) of the se drugs were
freshly prepared with double-di stilled water. All a na lytica l work was carried out at 200

Column preparation and conditioning of Amber/ill' resins
The chromatographic columns used in method A were filled with 2.0 ± 0.1 g of

resin. The bottom of the column contained a piece of 80-mesh polyester screen while
the top of the resin bed was covered with a small plug of cotton-wo ol. The resin was
washed with the follo wing so lvents: 10 ml of chloroform, 10 ml of methanol and
2 X 10 ml of double-distilled water. Jmmediately before use, the columns were treated
with 10 ml of 0.01 N sod ium hydroxide solution.

Using method B, 2.0 ± 0.1 g of resin were rin sed in an erlenmeyer flask (50
ml) with the same solvents, except 0.01 N sodium hydroxide solution, and the
sequence described in method A.
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Recovery of method A
The method developed by Kullberg et al" and modified as mentioned in a

previous paper! was used (urinary pH, 11 - 12 ; elution solvent, chloroform). The
urinary drug con centration an d standard soluti on s were as described earlier '. All
experiments were rep licated six times for each drug. The adso rption and elution of
the compounds were performed under conditi on s of free grav itational flow. The
recover ies of thi s procedure for XAO-2, XAO-4, XAO-7 and XA O-8 are given in
Table I.

TABLE I

CO MPA RAT IVE DRU G EXTRACTABILITI ES ( %) USING DIFFERENT XAD RESINS
(M ET HO D A)

The figures in parentheses a re sta nda rd devi ati on s.

Drug XA D-2 XAD-4 XAD-7 XA D-8

Amphetam ine 72.8 (3.70) 79.6 <3 .15) 63.4 (5.28) 78.6 (3.72)
Chlorphentermine 78.6 (8.10) 92.4 ( 1.98) 76.2 (6. 19) 86.3 (2.04)
Cyclopentamin e 68.9 (5.66) 70.2 (4.61) 11.6 (2.02) 43.1 (4.02)
Dimethylamphetam ine 60.3 (6.01) 8 1.4 (7. 16) 36.5 (3.85) 53.4 (2.89)
Ethylampheta mine 80.3 (5.03) 92.7 (2.10 ) 53.8 (6. 18) 76.9 (2.76)
Fenfluramine 75.7 (2.41) 67.5 (1.3 1) 31.7 (3.56) 77.9 (5.55)
Mephentermine 5 1.1 (7.68) 69.3 ( 1.96 ) 34.5 (2.03) 77.1 (4.40)
Methoxyphenam inc 68.4 (2.52) 70.4 (4.6 1) 12.5 (1.79) 62.7 (5.79)
Meth ylamphetamine 75.1 (5.47 ) 82.3 (2.86) 47.3 (2.01) 90 .2 (7.33)
Phendimetrazine 91.8 (9.32) 93.6 (5.56) 99.8 (8.11) 92.5 (8.16)
Phenmetrazine 85.8 (8.00) 89.4 (2.10) 88.9 (3.77) 70.5 (6.97)
Phentermine 8 1.7 (2.71) 96.1 (8.32) 69.3 (5.52) 8 1.4 (2.78)
Propylhexedrine 68.9 (0.76) 42.7 (6.45) 16.1 (2.98) 46.2 (6.93)

The results in Table I indicate that the dr ug extracta bilities on XAO resins
follow the sequence XAO-4 > XAO-2 ~ XA O-8 » XA O-7. Neverthe less, as a
result of the great adsorption of urinary impurities on XA 0-4 and/or the incomplete
removal of the styrene monomers in the column cleaning procedure, thi s resin is not
recommended for use in the GC of very concentrated urinary extracts. Moreover, the
use of the purer Servachrom XA O-4 resin did not improve the result s.

As menti oned by Machata et al, ' ; the pore size ofXAO-4 seems to be o ptimal
for the extraction of drugs. Nevertheless, we believe that in addition to the lower pore
size, the large surface area a lso plays an important role in the very good results ob­
tained with XA 0 -4.

Although the recoveries of cyclopentamine, dimethylamphetamine and propyl­
hexedrine on XA 0 -8 are poor, this resin is to be preferred to XAO-2 for the anal ysis
of drugs in concentrated urinary extracts by G C owing to the very pure chromato­
grams obtained . For screening purposes using thin-layer chromatography, howe ver,
ad sorption chromatography on XA D-4 could be used without difficult y.

, Further, it is noteworthy that in mo st instances the extractabi lities using XA 0-2
in this work were lower than the corresponding recoveries obtained with the pre­
packed XAD-2 resin cartridges' . It was demonstrated by Kullberg and co-workersv"
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that in contrast to morphine and phenobarbital , the extractability of amphetamine on
XAD-2 resin was independent of the urinary flow-rate . Nevertheless, the lower
recoveries with the procedure used compared with the pre-packed column method'
could be due to the greater urinary and elution solvent flow-rates resu lting from the
replacement of the cotton-wool plug at the bottom of the column with an SO-mesh
screen . Moreover, it should be noted that the dependence of amphetamine recovery
on urinary flow-rate seems to be rather controversial'':":".

Recovery of method B
As already mentioned , the passage of undiluted horse urine through XAD-2

columns cau ses some difficulties owing to the high viscosity. This problem was over­
come by shaking 100 ml of buffered urine (pH 9.5) with 5 g of XAD-2 resin , pouring
the resin through a glass column and eluting with 25 ml of eth yl acetate-dichloro­
methane (60 :40)2. Other workers" used four 5-ml fract ions (aqueous drug solutions),
which were shaken with the same amount of resin .

To compare the two methods (A and B), 2.0 ± 0.1 g of rinsed resin were
shaken with 20 ml of spiked human ur ine (pH 12-13) for 15 min. After decanting the
urine, the resin was poured through the column with small volumes of 0.001 N sodium
hydroxide solution. The columns were sucked dr y and eluted with 20 ml of chloroform
Sub sequent stages, urinary drug concentration and standard solutions were as de­
scribed earlier'.

The recoveries of thi s method for the resins used are given in Table II, and are
the mean values of six determinations.

The recoveries in Table II do not obey the general seq uence found with
method A. For use in doping analysis with method 8, XAD-S and XAD-2 are to be
preferred to the other resins.

On comparing the drug extractabilities for the two meth ods , it should be
mentioned th at the lower recoveries with XAD-7 in method A are substantia lly higher

TABLE II

CO M PA R ATI VE DRUG EXTRACTABILITIES ( %) USING DIFFERENT XAD RESI NS
(METHOD B)

The figures in parentheses are standa rd deviations.

Drug XA D-] XA D-4 XAD-7 XAD-8

Amphetamine 71.2 (4.20) 51.1 (2.96) 72.1 (4.17) 45.3 (2.72)
Chlorphente rmine S4.8 (1. 58) 70.7 (3.94) S5.6 (2.96) S7.0 (3.53)
Cyc lo penta mine 57.5 (3.36) 39.8 (HO) 13.2 (1.4\) 44 .\ (6.09)
D irnethylamphetarnine 65.8 (5.90) 29.1 (5.95) 49.8 (5.90)
Ethylarnphctarnine 86. 1 (5.2 1) 80.7 (5.35 ) 65.6 (3.30) 84.4 (3.20)
Fenfluramine 66.6 (4. 12) 69.9 (3.56) 7 1.2 (8.72 ) 80.9 (6.69)
Mephenterrnine 5 1.5 (4.99 ) 74.7 (6.46) 34.0 (4.08) 57.9 (4.82)
Methoxyphenarnine 57.5 (5.47) 56.4 (3.39) 21.3 (3.73) 53.8 (5.76)
Methylamphetamine 76.2 (6.3 1) 68.4 0 .22) 52.5 (5.00) 86.3 (5.64)
Phendimetrazine 82.9 (8.48) 97.0 (4.37) 99.0 (6.37) 90.2 (5.39)
Phenmetrazine 76.2 (4.75) 96.0 (3.80) 63.5 (4.32) 54.6 (2.36)
Phentermine 59.4 (6.17) 75.4 0 .89) 60.4 (4.\2) 68.9 (1.63)
Propylhexedrine 28.9 (4.46) 43.0 (7.22) 11 .0 (0.74) 55.9 (2.30)

• Not measured ow .ng to int erfering peale
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in some instances when method B is used. In a liquid chromatogra phic separation
study of phenols using XAD-7 resin, it was noticed by Fritz and Willis!" that this
resin had been chemicall y altered under alkaline conditions. Hen ce the low recoveries
using XAD-7 (method A) could be attributed to the lower absorptive cap acit y of the
resin owing to partial hydrolysis of the ester groups during the was hing step with
0.01 N sod ium hydroxide so lutio n. Indeed, the result s in Table /I demonstrate the
better recoverie s with XAD-7 in method B with out preliminary wash ing with sodium
hydrox ide solut ion.

On the other hand , generally simila r (XA D-2) o r even better result s (XA 0 -4,
XAD-8) are obta ined with method A. The low va lues obta ined in method B could
not be improved by increasing the sha king time ; in a n additional experiment with
prop ylhexedrine using XAD-8 resin , the recoveries were 35.3 ± 4.6 2, 51.2 ± 4.72,
55.9 ± 2.48,47.9 ± 8.04 and 51.2 ± 8.05 % for sha king times of 5, 10, 15, 30 and 60
min , respectively. Nevertheless, it is po ssible that a n enhancement of the resin to
urine ratio could increase the recoveries for method B.

Effect of refrigerated storage of X AD resin 011 the drug ex tractability
Bastos et al," mentioned that the refr igerated sto rage of XA D-2 under

distilled water for 7-14 days increased the reco verie s of morphine and phenobarbital
by 20 % and 12.6 %, respectively.

The effect of refrigerated sto rage o n the reco very of so me CNS st imulants was
studied here using different XAD resin s and method s A a nd B, 2.0 J~ O.l-g porti ons
of the XAD resins bein g was hed and sto red for 7 days under distilled water a t 4°.
The results of the se experiments (mean values of four determinations) compared with
th ose found with the normal procedure are given in Tabl e 1/1 (method A) a nd Table
IV (method B).

Tak ing into acc o unt the sta nda rd deviations, the drug extractabilities in
Tables III a nd IV clearly show, with the exception of XAD-7 (method A), that in
contrast to morphine and phenobarb ital th e efTect of refr igerated sto rage of the resins
on the recovery of CNS stimulants is negligible for both method s.
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SUMMARY

A rapid, sensitive, and specific high-pressure liquid chromatographic (HPLC)
assay was developed for the determination of (D,L)-6-chloro-a-methylcarbazole-2­
acetic acid (carprofen) in blood. The assay involves extraction into diethyl ether from
blood buffered to pH 6. The overall recovery of carprofen from blood is 97.3 ±
5.3 %(S.D .), and the sensitivity limit of detection is 100-200 ngjml of blood using a
UV detector at 254 nm or 3 ngjml of blood using a fluorescence detector with excita­
tion at 240 nm and emi ssion at wavelengths greater than 350 nm. The H PLC assay is
amenable to rapid routine analysis of clinical specimens, and the data obtained using
this assay showed an excellent correlation coefficient (0.99) compared with a previou sly
published spectrofluoro metric assay. The method was used to monitor the blood
level-time fall-off profiles in four subjects following single and multiple dose adminis­
tration of carprofen.

INTRODU CTION

The compound (D,L)-6-chloro-a-methylcarbazole-2-acetic acid (carprofen,
compound I in Fig. I) was synthesized by Berger' and is a member of a series of carba­
zoles undergoing pharmacological testing as anti-inflammatory agents-.

Previously published luminescence and electron-capture gas-liquid chromato­
graphic (EC-GLC) procedures for compound I in blood and urine':" were time -con­
suming for routine analysis of the large number of specimens usually obtained from
clinical studies. Consequently, a sensitive and specific high-pressure liquid chromato­
graphic (H PLC) assay was developed for the determination of compound [ in blood .
The HPLC assay was equivalent to the luminescence and EC-GLC procedures in
sensitivity and specificity but was much simpler to use in routine an alysis.

The analogous compound 2-[(D,L)-6-chloro-2-carbazolyl]-propanol (com­
pound II in Fig. I) was used as the reference standard in the assay.
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COMPOUND [II I
Fig. I. Chemical st ructures of compounds I and II. The aster isk indicat es the asymmetric ca rbon ato m.

EXPERIMENTAL

HPLC analysis of compound I in blood
Column . The column used was a 0.25 m x 4.6 mm I.D . stainless-steel column

containing Parti sil silica gel 10 pm (Whatrnan ,"Clifton, N.J. , U.S.A .).
Instrumental parameters. A DuPont Model 830 high-pressure liquid chromato­

graph equipped with a Model 835 multiwavelength UV detector opera ted at 254 nrn
and a Waters Assoc. loop injector Model No . U6K was used. A Schoeffel Model
FS-970 fluorescence detector operated at 240 nm for excitation and at wavelengths
greater th an 350 nm for emission (Corning No. 0-52 filter) was used for fluorimetric
detection. The isocratic mobile phase used was a mixture of methylene chloride­
methanol-acetic acid (98: I : I) at a head pre ssure of 750 p.s.i . and a flow-rate of 1.5
ml jmin. Under these conditions, the retention time of compound I was 3.S min and
that of compound II 5.2 min. The UV detector sensitivity was I x 10- 2 a .u.f.s. , and
the fluore scence detector sensitivity was 0.1 pA.f.s. The chart speed on the 1.0-mV
Honeywell recorder (Model No. 194) was 30 in. jh. Under the se conditions 200 ng of
compound I and 150 ng of compound II per 10 pi injected give nearl y full- scale pen
response when operated in the UV mode, whereas 3 ng of compounds I and II per 10
pi injected give nearly full-scale pen response when operated in the fluor escence mode.
The minimum detectable amounts of compounds I and II are 100 and 150 ng/rnl of
blood, respectively, using the UV detector and 3 ngjml of blood using the fluore s­
cenc e detector.

Analytical standards. Compound T(C 1sH 12CIN02, MW ~~ 273.72 , m.p . = 192­
194°) and compound II (C1sH I4CINO, MW = 259.73, m.p. = 170-17I S) of pharm a­
ceutical grade purity (>99 %) are used as analytical sta nda rds .

Prepare stock solutio ns of compounds I and II in separate lO-ml volumetric
flask s by dissolving 10 mg of each compound into I ml of methanol. Dilute to volume
with methylene chloride-acetic acid (99: I). These stock so lut ions (containing I mg j
ml) are used to prepare the following mixed standard solutions (Table I) by suitable
dilutions in methylene chloride-methanol-acetic acid (9S: I : I), 100/11 of which are
added to blood as internal standards .

Ten-microliter aliquo ts of solut ions A to D or E to H are injected as extern al
standards for establishing the HPLC parameters using either the UV or the fluore s­
cence detector, respectiv ely. Aliquot s (IOOpl ) of the same solutions are added to
blood as the internal standard calibrati on curve .for the determination of the concen­
trati on in the unknowns a nd for the determination of percent recovery.

Calibration of compounds I and 1/ by HPLC. A calibrati on (external stand ard)
curve of the peak a rea ratio of compound I to co mpo und II vs. the concentration of
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TA BLE I

STAN DA R D SO LUT IONS TO BE USED W IT H AN UV AND A F LUORESCENCE DE­
T ECTOR

Standard Compo und I Compound II
( ref. std . )

U V detector (t-el 100 ItI)
A 0.5 1.5
B 1.0 1.5
C 1.5 1.5
D 2.0 1.5

Fluorescence
detecto r ( ng/ /00 ul]

E 7.5 30
F 15 30
G 22.5 30
H 30 30

compound I per 100,u1 of methylene chloride-methanol-acetic acid (98 :I :I) is con­
structed. A fresh calibrat ion curve of the externa l standa rds and of the recovered
internal standards are pre pared for each day of ana lysis to esta blish the repro ducibility
of the HPL C system.

Reagents. All reagents must be of ana lytical reagent grade (>99 % purity).
Potassium phosphate buffer (1.0 M, pH 6) is prepared by mixing equa l volumes of
I M K 2HP0 4 • 3H20 (228.23 g/ I) and I M KH 2P04 (136.09 gJl) . Mix well by inversion
and check fina l pH with a pH meter. Absolute diethyl et her (Ma llinckrodt, St. Lou is,
Mo., U .S.A.) is the ext raction solvent, and a mixture of methylene chloride- metha nol­
acetic acid (98: I :I) is used fo r both the mobile phase for the HPLC system and to
make standard solutions of compounds 1 and II.

Analysis of blood. Th e flow diagram of the extraction procedure is shown in
Fig. 2.

. Into a 15-ml co nica l centrifuge tube (PT FE No. 13 sto ppered), add 0.5 ml
oxa lated who le blood , 2 ml of I !vi phosphate buffer (p H 6), mix well, and extract
with 8 ml of diethyl eth er by sha king for 10 min on a reciprocat ing shaker (Eberbac h)
at 80- 100 strokes/min. Along with the samples, run a specimen of contro l blood and
four 0.5-ml control blood specimens conta ining 0.1 ml of either sta ndard solution A,
B, C, or D (equiva lent to 0.5, 1.0, 1.5, 2.0,ug of compo und I and 1.5 ,ug of compound
II per 0.5 ml blood) when using the UV detector or solutions E, F, G , or H (equivalent
to 7.5, IS, 22.5, 30 ng of com pound I and 30 ng of com pound II per 0.5 ml blood )
when using the fluorescen ce detector. Centrifuge the samples at 2500 rp m (1500 g) in
a refrigerated centrifuge (Model PR-J, rotor No. 253, Dam on/lEe Corp.) at 5°. Re­
peat the extraction with another 8-ml portio n of dieth yl ether, centrifuge, and co m­
bine the ether extracts in a 15-ml conical centr ifuge tub e. Evaporate the ether extracts
to dryness at 60° in a N-EVAP evaporator (Organo matio n Assoc.) und er a stream of
clean, dry nit rogen. D issolve the residues in 100,u1 of meth ylene chloride-methan ol­
acetic acid (98: 1:1) and inject a IO-pl aliquot into the liquid chro matog raph. Typical
chro matograms of blood extrac ts are show n in Figs. 3 and 4.
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0 .5 ml BLOOD

+
2 ml • 1M . PHOSPHATE BUffER . pH 6

+
REfERENCE STANDARD It

~
3 0 ng for Fluor 1.5 flO for U V

E. 1rocf Twice with
Oiertlyl Ether

F ig. 2. Flow diagram of the extract ion procedure for co mpo unds I a nd II.

Calculations. The peak are a rati o of co mpound I to compound II in the re­
spective recovered internal standards is determined and plotted gra phica lly ys. total
concentration to establish the blo od recovery curve. Similarly, the peak area ratio of
compound I to compound II in the aliquots of the respective unknowns injected is
also determined. The concentration of compound I in the unknown s represented by
its peak are a ratio is interpolated from the blood recovered internal sta ndard curve.
Since the peak a rea ratio of compound I to compound II is con stant irrespective of
the actual volume of sample injected or the total volume of the solvent, no dilution or
al iquot factor is needed in the qu antitation of the unknowns, even with further dilu­
tions (i.e., > 100 ,Ill), provided the peak due to the reference sta nda rd (compound II) is
still measurabl e. The recovery factor for both internal and referen ce sta nda rds also
remains con stant throughout and is not needed for the calcul at ion of the unknowns.
Thus, concentra tion (ng) in the unknown s interpolated from the intern al standa rd
curve = ng of compound I per 0.5 ml of blood .

If, however , the peak due to the reference standard is diluted out, a direct cali­
bration technique mu st be employed whereby a calibration curve of peak a rea of the
recovered internal standard of compound I vs. co ncentration is plotted and used for
the qu antitat ion of the unknowns. Furthermore, the amount of compound I per ali­
quot of the un known sample injected has to be co rrected for the dilution of the total
sample.
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Fig. 3. Chromatograms of HPLC a nalysis, using a UV detector, of diethyl eth er extracts of (A)
co nt ro l blood, (B) co ntro l blood con ta ining ad ded au the ntic sta nda rd, (C) su bject blood post e ra l
dose, and (D) a uthentic standard .

Fig. 4. Chroma tograms of H PLC ana lysis, using a fluorescence detector, of diethyl ether extract s of
(A) con trol blood , (B) co ntrol blood co ntaining added au thentic sta nda rd, (C) subject blood post
oral dose, and (D) authentic standa rd.

RESULTS AN D D ISCUS SION

The intense UV absorpt ion and luminescence prop ert ies of the carbazole clas s
of co mpo unds is well documented--". A sens itive a nd specific HPLC assay was deve l­
ope d fo r the de terminat ion of com po und I fro m I ml or less of blood , emp loying
either a U V o r a fluo rescence detect or. This method provide s for rap id an d sim ple
q ua nt itation of compound I for ro utine a na lysis of the large number of samples
obta ined fro m clinica l stud ies.

The major UV abso rptio n ban ds of co mpounds I and II occ ur at 240- 242 nm
and are shown in Fig. 5. The DuPont Mod el 835 multi-wavelength UV de tector was
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used at 254 nm in conjunction with a low-pressure mercury lamp. Although measuring
the UV absorption of compounds I and H at 254 nm is not at the maxima for both
compounds (Fig. 5), the sensitivity at this wavelength was sufficient for the comparison
of this method to the previously published luminescence methods'':". If more sensitivity
is required (approximately fifty fold), then the fluorescence detector should be used in
tandem with the UV detector. The corrected excitation and emission spectra of com­
pounds I and II using a Farrand spectrofluorometer equipped with a xenon lamp are
shown in Fig. 6. The corrected excitation maximum is at 245 nm and coincides with
the absorption maxima at 240-242 nm. The emission maximum is at 365 nrn. The ex­
citation monochromator of the Schoeffel Model FS970 fluorescence detector is set at
240 nm owing to the higher energy output of the deuterium lamp used as its energy
source. A Corning No. 0-52 filter (greater than 350 nm band-pass) is used for mea­
suring the fluorescence emission of both compounds.

The HPLC assay is the method of choice because it is a simple three-step opera­
tion that involves selective extraction, sample concentration, and direct analysis by
HPLC. An earlier luminescence method:' employs double extraction, a two step thin­
layer chromatographic (TLC) separation and elution prior to fluorometric determina­
tion. The EC-OLC method", in addition to the above steps, also requires esteri­
fication prior to analysis.

TABLE II

COMPARISON OF THE HPLC METHOD USING A UV DETECTOR AND THE TLC­
FLUORESCENCE METHOD

n.d. ~ Not detectable. Limit of sensitivity ,- 0.1-0.2//g/ml blood. Correlation coefficient = 0.99.

Suhject

A

B

Day of dose

Day 14

Day 1

Day 3

Time after a Concentration of"compound /
IOO-mg dose t.i.d. in hlood (/.Ig/ml)
(h)

HPLC TLC-jiuorescence
~---_.._----~

0 1.63 1.93
0.5 10.1 8.92
I 6.42 6.09
2 4.30 4.26
5 2.00 2.10
8 1.29 1.48

12 0.86 1.13
24 0.64 0.85
48 0.32 0.48

168 n.d. n.d.

0 n.d. n.d.
0.5 0.40 0.68
1 2.99 3.81
2 5.60 6.24
5 2.70 3.04
0 3.01 3.63
0.5 4.20 5.06
1 7.19 7.67
2 6.70 7.37
5 4.83 5.11

----_.._----- ---~. ~-_. -----
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Recovery and sensitivity limits of the HPLC assay
The overall recovery of compounds I and II from blood is of the order of 97.3 ±

5.3 %(S.D.). The sensitivity limit of detection is 100-200 ngjml of blood, using a UV
detector at 254 nm, or 3 ngjml of blood using a fluorescence detector with excitation
at 240 nm and emission at wavelengths greater than 350 nm.

Application of the method to biological specimens
In order to evaluate the clinical utility of the HPLC method, it was necessary

to analyze blood samples obtained from clinical studies on compound I that were
previously analyzed by the TLC-f1uorescence method:'.

The HPLC method was used to monitor the blood level-time profiles in two
subjects following 14 consecutive days of oral dosing at 100 mg three times a day.
One subject was monitored for 168 h, following the last dose on day 14. A second sub­
ject was monitored only on days I and 3 following the first daily dose of compound I
The blood levels obtained by the HPLC method were statistically compared with
those obtained by the TLC-f1uorescence method using linear regression analysis. The

4.0

o----<l SUBJ ECT - I

~ SUBJECT- 2

0 0.4
0
0
--'
OJ
u,
0

0.2
E
<,

~

'":l 0.1 0
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x

0.04
-,

~
0.02

00 I '--__-'-__-'-__--'--__-----l .l..-__

o 10 20 30 40 50

TIME IN HOURS

Fig. 7. Blood level fall-off curves in man following the oral administration of a single IOO-mg dose
of compound 1.
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resulting least squa res line (r = 0.99) indicated that a slope of I and an intercept of 0
fell within the 95 %confidence limit s. The result s and comparison of the two methods
are shown in Table II. The HPLC meth od was also applied to the analysis of blood
samples following a single 100-mg oral dose of compound I in two subjects (Fig. 7).
The blo od level-time curves from these two subjects show peak levels at 0.5 h post
admin istrati on of 3.6 and 1.6fig/ml of blood, respecti vely, indicating rapid ab sorp­
tion of the drug. The blood levels at 24 and 48 h in both subjects were below the limit
of quantitation of the UV detector, hence required the sensit ivity of the fluorescence
detector for their quantitation.
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SU MMA RY

A gas chromatographic method for the determination of 1,3-dihydro-3­
phenylspiro [isobenzo- IA-piperidine], HP 505, in plasma , red blood cells and uri ne
has been developed. H P 505 and internal sta ndard are extracted from basified fluid
with hexane and then back extracted into ace tic acid. Afte r re-extraction into hexane,
HP 505 and interna l sta ndard are analysed by gas-liquid chromatography as the N­
pro pionyl derivatives using a nitrogen-specific detector. Co ncentra tions of HP 505
can be measured over the ran ge 2-100 ng/rnl plasma.

The meth od has been applied to the ana lysis of biological fluids from volun­
teers receiving ora l doses of HP 505.

INTROD UCTI ON

The compound I,3-dihydro-3-phenylspiro[isobenzofuran-1A-piperidine], H P
505 (I in Fig. I) , is curre nt ly being developed as a new drug acting on the central
nervous system.

In orde r to examine its bioavailability and pharmacokinetics in man, it was
necessary to have an analytical method to determ ine its concentratio n in biological

R,
I R1 RZ

1 I H H

11 COCHZCH3 H

7 \
III H CH3

IV COCH ZCH3 CH3
""

• R
Z

Fig. 1. Struct ura l form ulae of HP 505 (I), HP 1197 (III ) a nd th eir N-propio nyl deriv atives (II an d IV,
respectively).
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fluids. It was anticipated , from the known metabolism of HP 505 in animals', that
the levels of HP 505 in pla sma resulting from the projected oral dose of 5-50 mg
would be very low (ca. 10-50 ng/rnl}. Preliminary investigations indicated that neither
fluorimetry nor spectrophotometry would be sufficiently sensitive, but that gas-liquid
chromatography using a nitrogen-specific detector would be sufficiently sensitive and
specific after conversion of HP 505 to the corresponding N-propionyl derivative (H
in Fig. I).

MATERIALS AND METHODS

Reagent s
All chemicals were of analytical grade and were used without further purifica­

tion, unless otherwise indicated.
Hexane ("Distol" grade, Fisons, Loughborough, Great Britain) was allowed

to stand over concentrated sulphuric acid for 24 h, and then over an acidic solution
of potassium permanganate (0.5 % in I N sulphuric acid) for a further 24 h; it was
then washed with water, dried over sodium sulphate and distilled . A reagent mixture
in hexane containing 0.5 % (v/v) propionic anhydride (G.P. R. grade; Hopkins and
Williams, Chadwick Heath, Great Britain) and 1% (v/v) pyridine was freshly prepared
for each batch of samples. Acetic acid (I M) was prepared by diluting glacial acetic
acid with distilled water. Cyclohexane was "Distel" grade (Fisons).

Standard solutions
A solution of I mg/rnl HP 505 was prepared by dissolving HP 505 in the

minimum amount of I M acetic ac id and making up to the required volume with
distilled water. This solution was then diluted with distilled water to provide the stock
solution containing I Itg/ml HP 505.

A stock solution containing I flg/m1 of the internal standard HP 1197 (III in
Fig. I) was prepared in exactly the same way. The stock solutions were stable for at
least a month if stored below 5°.

Extraction and derivatization from plasma and urine
Hexane (10 ml), I M sodium hydroxide (0.5 rnl) and 100 ng of the internal

standard, HP 1197, (0.1 ml of the I flg/ml stock solution) are added to plasma (2
ml) [or urine (I m1)] in a screw-capped test tube. The plasma is extracted for 15 min
using a mechanical rotary inversion mixer at 20 rpm (Heto Rotamix, V.A. Howe)
and the layers are separated by centrifugation at 2000 g for 5 min . The hexane phase
is transferred to a clean test tube containing I M acetic acid (I ml) and is then extracted
for 15 min using the inversion mixer. After centrifugation at 800 g for 2 min to separate
the layers, the upper hexane phase is aspirated and discarded. After the aqueous
phase has been washed with hexane (I ml), it is made alkaline by the addition of I M
sodium hydroxide (1.5 ml) , and extracted with hexane (5 ml). The layers are separa ted
by centrifugation at 800 g for 2 min and the hexane phase is transferred to a clean
test tube. A freshly prepared hexane solution (0.5 ml) of 0.5 % propionic anhydride
and I %pyridine is added to the test tube; the contents are mixed and reacted for I h
at 60° in a water-bath.
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One M acetic acid (I ml) is added to the cooled reaction mixture, and the
contents are extracted for 15 min using the inversion mixer. After centrifugation at
800 g for 2 min, the hexane phase is transferred to a tapered test tube. The tubes are
immersed in a water-bath at 40°, and the solvent is removed by a gentle stream of
nitrogen. Cyclohexane containing 5 % of ethyl acetate (100,u1) is used to wash the
walls of the tube and concentrate the residue in the tapered tip of the test tube. The
samples can then be stored below 5° until needed for analysis, at which time the solvent
is removed by a nitrogen stream at room temperature. The dry residue is then taken
up in the mixture of cyclohexane and ethyl acetate (25,u1) and aliquots (5,u1) are
analysed by gas-liquid chromatography.

Extraction and derivatization from packed red blood cells
For determinations in packed red blood cells, about I g of cells is accurately

weighed into a test tube and diluted with water (I ml) before proceeding in exactly
the same way as for plasma.

Gas-liquid chromatography
Analyses were performed on a Perkin-Elmer Fl7 gas chromatograph equipped

with a Perkin-Elmer nitrogen-phosphorus detector which has a nitrogen :carbon
selectivity of at least 5000: I (ref. 2). The coiled glass column (2 m X 1.75 mm 1.0.)
was packed with 3% OV-25 on Chromosorb W-HP (100-120 mesh). The carrier gas
flow-rate was 20 ml/rnin of helium and the oven temperature was 275°. The injector
and detector were maintained at 300°. The hydrogen and air flow-rates to the detector
were 3 ml/rnin and 60 ml/min, respectively.

Because of the high temperatures required to achieve short analysis times,
only the thermally stable silicone phases were considered suitable. Of the phases
investigated, the relatively polar OV-25 was chosen, rather than OV-I or OV-17, as
this gave better separation of N-propionyl HP 505 from other peaks in the chroma­
togram arising from endogenous plasma constituents. Under these conditions the
retention times of N-propionyl HP 505 and N-propionyl HP 1197 were 5.5 and 6.5
min, respectively. Typical chromatograms obtained from plasma are shown in Fig. 2.

Gas chromatography-mass spectrometry
Mass spectra were determined on an AEI MS 30 mass spectrometer coupled

to a Pye 104 gas chromatograph (Pye Unicam) via a membrane separator. The mass
spectometer was operated at 45 eV, and 300,uA ionizing current; the source tempera­
ture was 250° and the separator temperature was 230°. Chromatography was per­
formed at 280° using a glass column (1.5 m X 4 mm) packed with 3% OV-17 on
Chromosorb W-HP (100-120 mesh). Helium flowing at 45 ml/rnin was the carrier gas.

Quantification of HP 505 levels
HP 505 levels in biological fluids were calculated using a response factor ob­

tained by analysing blank samples of the fluid to which 100 ng of HP 505 (0.1 ml of
the I ,ug/ml stock solution) had been added. These calibration samples were analysed
in parallel with the unknown samples, and the response factor was calculated for each
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Fig. 2. Examples of chroma tog rams : A, extra ct of plasma (2 mil ta ken from a volunteer pr ior to
dosing ; B, extract of plasma (2 ml) tak en from the sa me volunteer 8 h after a 50-mg ora l dose of
H P 505. The arrows 1 and 2 ind icate the retention t imes of the N-propionyl derivatives of H P 505
and HP 1197, respect ively. Th e calcul at ed am ount of H P 505 in B was 35 ng/m l.

batch of samples. The concentration of HP 505 was calculated from the follow ing
formula

peak height of N-pr opionyl H I' 505
co ncentrat ion of HI' 505 = , respon se factor Y - :-<

peak height of N-p ropionyl HI' 1197

Y concentrati on of add ed HI' 11 97

peak height of N-propionyl H P 1197
where : respo nse fact or ,--~ - - -- -- /'

peak height of N-propionyl HI' 505

con cent rati on of added HP 505
--_ ._ - _.

con cent rati on of HI' 1197

Over a number of months during which the method was applied to the anal ysis of
HP 505 in plasma, the average value of the response factor was 1.18 (S. D. :.± 0.04,
32 ob servat ions) .

RESULTS AND DISCUSSION

Low levels of primary and secondary amines cannot usually be analysed
quantitatively by gas-liquid chromatography because of high ad sorptive losses on the
column and poor peak shape. However, the gas chromatographic properties of
amines can be con siderably improved by formatio n of N-acyl deri vatives which can
be prepared in good yield by reacting the amine with anhydrides, often in the presence
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of pyridine as a catalyst. Four deri vati ves of HP 505 were prepared , nam ely, N-hepta­
f1u orobut yryl, N-acetyl, N-t riftuo roacetyl and N-propionyl. Of these, the N-p ropionyl
was found to have the longe st retention time on OV-25 and thi s resulted in better
separa tion of the dru g and internal standa rd from other compounds present in the
fina l extract.

As it was ant icipated that a very sensit ive assay would be required for thi s
dru g, a prel iminary study was carried out using the N-heptafluorobutyryl deri vative
and electron ca pture detection (Hewlett-Packard b3 Ni). Although the electron capture
detector was extremely sensitive to N-heptafluorobutyryl deriv ative of HP 505, this
approach was abando ned becau se the detector response was found to be non -linear
over a wide co ncent ration ran ge and because there was con siderable interference
from co ntaminants in the fina l extr act a rising from eith er solvent residues or fro m
compo unds co-extrac ted from plasma. These problems were overcome by using a
nitrogen-phosphorus detector ; backgrounds were considerably lower and the detector
respon se was fo und to be linear over at least two orders of magnitude. In addi tion ,
thi s nitrogen-phosph oru s detector has been shown to ha ve high stability and reliabil ity
approaching that of a con ventional flame-ionization detector".

EVALUA TION OF TH E METHOD

Optimiz ation oj the ex traction
The procedure for isolat ing HP 505 from plasma was optimized by using

[14C]-HP 505. The maximum yield of HP 505 in the first hexane extract, obtai ned at
pH 14 and after 20 min extraction, was found to be ab out 70 % ; lower pH resulted
in lower recovery, and longer extract ion times did not significantly increase the am ount
of HP 505 extracted. Abo ut 50 %of the H P 505 remained after the subsequent extrac­
tion int o 1 M acetic acid and back extraction int o hexane. Further losses in the
rema ining steps of the meth od were found to be negligible and thu s the overa ll recovery
for the entire meth od is ab out 50 %.

Accuracy and precision
The accuracy of the meth od was established by analysing blank pla sma to

which had been added HP 505. Th e resul ts of fou r sepa ra te determinat ion s a re sum­
mari sed in Table I. They sho w that the accuracy is satis factory over the range 2-100
ngjml. In all co ntro l samples, a sma ll peak equivalent to about I ngjml of HP 505
was found at the retenti on time of N-propionyl HP 505. The presence of thi s peak
adversely affects the accuracy of the meth od for concentrat ions of less than 2 ngjml
of HP 505.

The precision of the method was determined from duplicate an alyses of 2-ml
portions of plasma from volunteers who had tak en HP 505 or ally. The method of
Snedecor' was used to ana lyse the data and the result s are sho wn in Table II.

Specificity
The sma ll end ogenou s peak a t the retention time of the N-propion yl deri vati ve

of HP 505 could not be eliminated completely by solvent purification or glassware
cleaning. However , in the analysis of predose plasma sam ples from thirty volunteers,
th is peak never am ounted to more than about I ngjml of HP 505.
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TABLE 1

DETERM INATION O F HP 505 ADDED TO BLANK PLASMA

Each result is the mea n of 4 determ inat ions.
------~ ~ ~----- - .__ . .-

HP505 HP505 Standard Coefficient
added fo und deviation of variation
( llg /IIII) ( llg/1I11) ( IIg/lIIl) (%)

0 1.1 0.1 9
0.6 1.5 0.4 27
I.l 1.9 0.6 32
2.6 3.1 0.5 16
5. 1 5.4 0.4 7

10.0 10.3 0.5 5
26.7 27.7 0.7 3
51.4 54.1 0.3 0.5
76.2 79.3 2.3 3

100.2 104.7 3.0 3

TABLE II

ESTIMATE OF THE PRECIS ION O F THE METHOD FROM DUPLI CATE DETERMINA­
nONS

Concentration Number of Mean Estimated Coefficient of
range of samples concentration standard variat ion
HP505 analysed ( llg/IIII) deviation (';,,)
( llg /IIII) ill dupli cat e ( llg /IIII)

1-10 17 4.8 o.so 16.7
10-20 27 14.ll 0.77 5.2
20- 30 17 25,8 o.so 3. 1
30- 50 14 35.2 0.53 1.5

Combined gas chromatography-mass spectro metry was carried out on a urine
extract. The spectra obtained from the compounds at the retention times of the N­
propi ony l derivat ives of HP 505 and HP 11 97 were ide nt ical to the spectra of the
authentic standards.

Application of the method
The method has been applied to the analysis of pla sma, urine and red blood

cells from volunteers who had taken sing le or multiple oral doses of H P 505, In a
typical experiment , a volunteer was given 50 mg of HP 505 orally in capsule for m
and at various times during the next 24 h blood sa mples were collected. Immediately
after withdrawal , the blood was added to a heparinized tube and the plasma a nd red
blood cells sepa ra ted by centrifugation. The plasma and red blood cell profil es from
one of the se experiments are shown in Fig. 3.

In a similar study, a vo lunteer was given 25 mg of H P 505 orally in ca psule
form . Urine was collected at various intervals during the next six da ys and an alysed
for HP 505. The results are given in Table II I.
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Fig. 3. Plasma ( t ) a nd red blood cell (.) levels of H P 505 in a volunteer aft er a 50-mg ora l dose of
HP 505.

TABLE III

URINE LEVELS O F H P 505 IN A VO LUN TEE R A FTER A SINGLE OR AL DOSE OF HP 505
(25 mg)

Total a mo unt of HP 505 recovered 4.85 mg.

Time after Volume of Concentration Amount of
dosing urine collected of HP 505 HP505
( h) ( ml ) in urine recover ed

( ftg/ ml) ( mg)

0- 4 1145 0.09 0.10
4- 12 20 10 0.28 0.56

12- 24 5 15 0.86 0.44
24- 48 1600 0.76 1.22
48- 72 1400 0.68 0.95
72- 96 1555 0.42 0.65
96--144 5450 0. 17 0.93
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SUMMARY

The pentafluorobenzylation of morphine and related phenolic alkaloids by
extractive alkylation is de scribed. The alkylation is performed using tetrabutyl­
ammonium as counter ion and ethyl acetate as sol vent. Optimum reaction conditions
are presented together with the gas chromatographic properties of the derivatives
formed.

The technique is applied to the quantitation of plasma morphine levels. Using
morphine-a, as internal standard mass fragmentographic analysis of morphine as its
pentafluorobenzyl- and pentafluorobenzyl, mono-trifluoroacetyl derivatives is demon­
strated, and a case report is presented. Quantitation to a plasma morphine level of
5 ngjml is readily attainable.

INTRODUCTION

Biological and foren sic samples frequently contain low concentrations of drugs
and related metabolites. Drugs of the morphine alkaloid type are highly polar. Their
hydrophilic nature necessitates rigorous extraction conditions and often derivatiza­
tion prior to analysis as exemplified by the submicrogram quantitation of morphine
by gas chromatography (GC) using flame ionization detection ' , electron capture de­
tection-: :', and ma ss spectrometry (MS)4. Extractive alkylation affords a method of
isolating polar compounds with simultaneous deri vati zation ; alk ylation of phenolic
compounds using pentafluorobenzyl (PFB) bromide has been reported' :".

This inve stigation eva luates the use of PFB bromide as a reagent for the ex­
tractive alk ylation of morphine and related phenolic alkaloids. The conditions for
derivatization and their GC properties are presented together with the applicati on of
the technique to the quantitation of pla sma morphine concentrations using mass
fragmentography.
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Reagents and chemicals
PFB bromide a nd tr ifluoro acetic (TFA) anhydride were supplied by Pierce­

Wa rriner (Chester, Great Brita in). All so lvents (Ana laR grade a nd red istilled pr ior to
use) and tet rabutylammon ium (T BA) hydroxide were obtain ed from BDH (Poo le,
Great Britain). Levallorphan and levorphan al tartrate were supplied by Roche
Products (Welwyn Garden Ci ty, Great Britain), pentazocine by Winthrop Labs.
(Newcastle-upon-Tyne, Great Brit ain), nal orphine hydrobromide by Burroughs
Wellcom e & Co., (London, G reat Britain), and morphine base by Ma cFarl an Smith
(Ed inburgh, Great Britain ). Morphine-z/, was synthes ized from morph ine as previous­
ly described", Mon oacetylmorph ine (MA M) was obta ined as a gift from Dr. S. J.
M ule (Narcotic Addic tion Co nt ro l Co mmission, New York, N.Y., U.S.A.).

Glass equipment
All test -tubes, pipettes, flasks a nd react ivia ls (Pierce-Warri ner) were washed

with co ncentra ted hydrochlo ric acid distilled water and dri ed . Th e glassware was sub­
sequently silanized by treatmen t with a 4 % (v/v) so lution of d imethyldichlorosilane in
toluene, washed with methanol a nd dried at 110°.

Gas chromatography
A Pye Un icam GYC gas chro ma tograph equipped with a pul se modulated

electron capture detector (ECD) of the b3 Ni type and a flam e ionizatio n detector
(Fl D) was used. Th e detector s were ma intain ed at 300°. Borosilicate glass co lumns
(213 X 0.4 em I.D.) were pack ed with 2 % O Y-17 coated on 100-1 20 mesh Diat omite
C (Pye Uni cam , Ca mbrid ge, Grea t Britain ) a nd co nd it ioned for 24 h prior to use. Th e
co lumns a nd support material were dea ct ivated by silaniza tio n as pre viously de­
scribed". The nitrogen carrier gas was freed fro m conta mina nts by mol ecular sieve
13X and used at a flow-rate of 50 ml IminoTh e FlO was operated with hydrogen and
air flow-rates of 40 a nd 500 ml/rnin, respectively.

Preparation ofderivati ves
Pentafl uorobenzy l derivatives. An aqueo us sol utio n ( I rnl ) co ntai ning 0.4 M

TB A hydroxide, 0.2 M sodium hydroxide a nd 2 mg of alka loid was added to eth yl
ace tat e (I ml) contai ning PFB brom ide (20 p I). Th e react ion t ube was sto ppered and
shaken at 22° un til th e amo unt of deri vati ve formed was co nstan t, a nd min imal or no
underivatized a lka loid co uld be detected by GC- FI D.

Pentaftuorobenzyl ,mono-trifluoroacetyl (PFB,TFA) derivatives. Ethyl acetate
solut ions of morphine, morph ine-z., and nalorphine pentaflu orobenzyl derivatives
prep ared similarly to those above were transferred to a reactivi al ( I ml) heated at 75°
an d eva porated to dryness with a stream of nit rogen . Benzene-methanol (I :4, v/v)
(50 lt l) was add ed to the vial, a nd aga in taken to dr yness to rem ove last t races of water.
After ad d ition of benzenes (50 p i) and TFA a nhydride (25 p i) the vial was capped a nd
heated for 15 min at 75u

•

Plasma ex traction
T o plasma ( I ml) co nta ining morphine as sta ndards o r un known co ncentra-
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lions were added morphine-s, (60 ng from a stock solution), 4 M sodium hydroxide
(50,u1), TBA hydroxide (250 !t l) , ethyl acetate (I ,ul) and PFB bromide (20,u1). The
capped reaction tube was then sha ken for 30 min at 22°. After centrifugation (3000 g
for 5 min) the ethyl acetate layer was aspirated into a clean tube, to which was added
0.05 M sulphuric acid (I ml) . The mixture was shaken for 10 min and following cen­
trifugation (3000 g for 5 min) the acid layer was removed, brought to pH 14 with 4 M
sodium hydroxide, and the solution re-extracted with ethyl acetate (I ml) for 15 min.
The organic phase was washed with a little water and evaporated to dryness in a re­
activial heated at 75° using a stream of nitrogen.

Mass spec trom etry
An MS30 gas chromatograph-mass spectrometer (AEI, Manchester, Great

Britain) was used with a co iled glass co lumn (91.4 x 0.4 em 1.0.) packed with 2%
OV-17 coaled on 100- 120 mesh Diatomite "C". The column was maintained at a
temperature of 265° and perfused with helium at 40 ml/rnin. The silicone membrane
separator was maintained at 200 0

• The mass spectrometer was operated with an ion­
source temperature of 250°, a trap current of 300 ,uA, an ionizing volt age of 20 eV and
an accelerating voltage of 4 kV. Spectra were recorded with an ultraviolet oscillograph
(Bryan s Southern Inst. , Croyden , Great Britain) using a chart speed of 3 em/min.
Molecular ion and principal fragment ions of the alkaloid deri vatives are listed in
Table I.

TABLE I

MOLECULAR IONS AND PRINCIPAL FR AGMENT IONS O F THE ALKALOID DERIVA­
TI VES STUDI ED

T he values in parentheses are relat ive a bunda ncies.

Derivative

Morphine PFB
Morphine-r/, PFB
Nalorphine PFB
Pent azocine PFB
Levorphanol PFB
Levallorphan PFB
Morphine PFB,TFA
Morph ine-r/, PFB,TFA
Nalorphine PFB,TFA

465 (16)
468 ( 14)
49\ (13 )
465 (23)
437 (61)
463 (87)
56 1 (24)
564 (25)
587 (23)

M - PFB

284 (100)
287(100)
310 (100)
284 ( 100)
256 (100)

282(100)
380 (100)
383 (100)
406 ( 100)

M - OTFA

448 (30)
451 (29)
474 (19)

Mass fragmentography
Mass fragmentography studies were performed using the gas chromatograph­

mass spectrometer described above equipped with a six-channel multiple peak monitor
with sample hold unit. Separations were made using a glass column (45 em x 0.4 em
I. D.) packed with 2%of OV-17 perfused with helium at 40 ml/rnin . The column tem­
perature was maintained at 265 0 for elution of PFB derivat ives of morphine and mor­
phine-n, with the peak monitor continuously recording the generation of ions at m]e
284 and m]e 287. The corresponding PFB,TFA derivatives were eluted with a column
temperature of 245 0 and the ion s at m]e 380 and m]e 383 being continuously monitored.
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RESULTS AND DISCUSSION

Reaction conditions
Pentafluorobenzylation of the alkaloids was performed by an adaptation of the

extractive alk ylation technique used by Ehr sson ? to prepare PFB derivative s of phenol s
and carboxylic acid s. The method has been successfully employed to study chlor­
th alidone '" and sulphonarnides!'. The PFB deriv atives are normally prepared using
methylene dich loride as the organic phase. However, when used with plasma as the
aqueous ph ase, separation of the two components proved impossible owing to protein
precipitation. Ethyl acetate was selected as an acceptable a lternative, ho wever, when
after separation of the two phases by centrifugation , emul sions were either ab sent or
of acceptable minim al proportions.

Quantitati ve PFB deri vatization was dependent on the molarity of the TBA
hydroxide used (Fi g. I). Morphine proved to be the most difficult alk aloid to extract
from aqueous solution , 0.4 M TBA being required to effect a 98 %yield as determined
by GC-Fl D. The reaction was also time dependent (Fig . 2). Most of the alkaloids
were fully deri vati zed within 20 min ; morphine, however, required a reaction time of
30 min, in the presence of 0.4 M TBA , before the GC-FI D peak height s of the PFB
derivative became constant.
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20 20
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0.1 0.2 03

TBA ( MOLARITY)

Fig. I. Influence of TBA on th e pentafluorob enzylat ion of morphine (.) and nalorph ine ( /).
Te mpera ture : 22". Th e yields were determined by GC-F1D.

Fig. 2. Influ ence of time on the PFB a lkylatio n of morph ine (.) and na lorphine ( ? ). Aqu eous phase :
0.4 M TBA in 0.2 lvl sod ium hyd roxide ; o rganic phase: ethyl acetate containing PFB brom ide (25
I ll) ; temperature : 22°. Pea ks heights determined by GC-FID.

The PFB derivatives of morphine and nalorphine were found to be stable in
solution for at least 48 h at 4°. The stability of PFB compounds has previously been
demonstrated".

All deri vati ves when examined by GC-MS demonstrated molecular and frag­
ment ion s con sistent with the addition of one PFB group to the phenolic hydroxyl
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group present. Only morphine and nalorphine possess an additional alcoholic func­
tion capable of incorporating a TFA group.

Gas chromatographic properties
The derivatives exhibited good peak symmetry. Retention data for the alkaloids

studied are given in Table II. Incorporation into the molecule of one PFB group
causes less than a three fold increase in retention time; the large increase in molecular
weight being partly overcome by the degree of volatility imparted by the PFB group.
Reaction of morphine and nalorphine to form the PFB,TFA derivatives further in­
creased the volatility, such that their retention times were intermediate between that
of the free bases and their corresponding PFB derivatives. Morphine-a, derivatives
possessed the same retention data to the corresponding morphine compounds.

TABLE II

RETENTION TIMES RELATIVE TO CODEINE ~.. I OF THE ALKALOIDS AND THEIR
DERIVATIVES

Column: 2% OV-17 operated at 265" and 245" for PFB and PFB,TFA derivatives, respectively.

Compound 'rei

Underivatized PFB

Pentazocine 0.56 1.16
Levorphanol 0.56 1.11
Levallorphan 0.73 1.59
Morphine 1.19 2.78
MAM 1.44 2.75
Nalorphine 1.56 3.70

PFB,TFA

1.95

2.43

The ECD response for morphine and nalorphine PFB derivatives were mea­
sured; the minimum detectable quantities'? were estimated to be 1.2.10- 17 and
2.3' 10- 17 moles/sec, respectively. The high ECD response is in accord with that of
other PFB compounds'<-':'.

Mass frogmen tography
Quantitative determination of plasma morphine levels was studied initially by

monitoring the ions at m]e 284 and m]e 287 generated by the loss of the PFB group
from morphine PFB and morphine-a, PFB, respectively. Pentazocine is the only
narcotic likely to cause ion interference (m]« 284), it is, however, easily separated from
morphine as indicated by the GC data.

Using a column temperature of 265 0 and a helium flow-rate of 40 ml/min,
morphine eluted with a retention time of 2.25 min. The slight degree of tailing ob­
served (similar to Fig. 3) in the ion intensity peaks recorded was probably due to the
short length of column (45 em) used and/or the relatively low temperature (200°) of
the silicone membrane separator. Nevertheless a good linearity graph (analogous to
Fig. 4) of the ratio of ions m]e 284 to m]e 287 versus morphine concentration was
obtained, and proved applicable to the determination of unknown plasma morphine
levels.
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Fig. 3. Mass fragmenlogram obtained by continuo usly mon itoring the genera tion of ion s at ni]« 380
and m]e 383. The morphine standa rds (160 ng and 120 ng) were isolated by the extracti ve a lkylat ion
techni que from plasma, conta ining morphine-d, (60 ng) as interna l sta ndard, and con verted to the ir
corresponding PFB ,TFA derivatives. Co lumn : 2 % OV-17 ; column temp erature: 245"; helium flow­
rate : 40 mI fmin.

The method has a number of advantages over th at reported for pla sma
morphine quantitati on employing ma ss fragmentography of the di-TFA de rivatives",
In our hands , a ltho ug h the di-TFA deri vati ves ga ve excellent peak symmetry, long
retention time impurities always int erfered with subseq uent analyses unless given suffi­
cient time to clear the instrument. Al so for low pla sma morphine level detecti on the
spectrometer multiplier had to be used with the highest sett ing possible that a llowed a
permissible signal to noise ratio. Using the PFB derivatives no impurities with long
retention times were encountered ; this allowed the continuous analysis of sa mples.
Also a lower multiplier setting could be used , pre sumably ow ing to the presence of
increased morphine levels resulting from its more efficient isolation usin g the ex­
tractive alkylation technique; it was estimated that the method gave a five fold in-

MORPHINE ( ng )

Fig. 4. Standard cur ve for plasma morphine concentration s analysed as the PFB,TFA derivati ves by
mass fragmentography (M - PFB ions). Internal stand ard : morphine-d) (60 ng) ; column : 2 y'. OV­
17; column temperatu re : 245 0

; helium flow-rate: 40 mlfmin.
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crease in sensit ivity over that experi enced with the di-T FA derivatives. The method
should be generally applicab le to the other phenolic alk aloids ment ioned in the G C
section with th e except ion of MAM , which undergoes deacetylation with sub sequent
co nversio n to morphine PFB.

The main disad vantage of th e meth od was th at the m]e 284 a nd m]e 287 ion
inte nsity tr aces did contai n ill-defined short retent ion t ime ( 1-2 min) impurities which
pro duced a n init ial base line dri ft. Thus the co rrespondi ng PFB,TFA de rivat ives were
exa mined by monitoring the ions at m]e 380 and m]e 383 generated by the loss of the
PFB group from morphine P FB,TFA and morphine-s, PFB,TFA, respect ively. Using
a co lumn tempera tu re of 245 0 a nd a helium flow- rate of 40 ml/rnin morphine eluted
with a retent ion t ime of 1.25 min. Altho ugh the pea k sha pe still exhibited some tail­
ing (Fig. 3), no sho rt or lon g retention tim e impurities were discernable, thus allow ing
co ntinuous sample inject ion. From a duplicate series of mo rphine standa rds extracted
fro m plasma incorporating morph ine-r/, (60 ng) as inte rna l sta ndard, the ca libratio n
curve (Fi g. 4) was co nstructed. The curve was used to determine the decay of plasma
mo rphine levels (Fi g. 5) resulting from the int ramuscular administra tion of morphine
to a 69-kg man. Th e curves are typical for the dose ad ministe red (0. 15 mg/kg) and th e
morph ine is readi ly detecta ble at the 5 ng/ml level. It is estima ted that, if the area of
the ion intensity tr aces were determ ined by co mputer link ed integrat ion , the overa ll
sensitivity for the to ta l meth od co uld be a n order of magn itud e greater, i.e., quan tita­
tio n at the picogram level, than th ose of similar GC-MS method s. Work relating
analgesia to plasma morph ine levels in patients is currently in prep aration.

20168 12

TIME ( h )

Fig. 5. Time-concentrat ion curves illustr ating the decay of plasm a morph ine concentra t ions. The
morphine (0.15 rug/kg) was admi nistered to a 69-kg man, once preopera t ively and twice post­
o peratively by int ramu scular injectio n.
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The heating bath supplied with the Technicon Aut oAnalyzer (Model AAA-l)
has man y undesirable features.

The se features include: thermostat malfunction , periodic replacement of a
special oil , removal of the oil's decomposition products which coat th e glass coil with
an insulating layer, manipulations with the glass coil can lead to fractures that are
difficult to repair , continuous operation of a stirrer motor and heating element over
long per iods resulting in energy wastage , and replacement parts for the oil bath being
sometimes difficult to obtain. Hence with these problems in mind an alternative meth­
od for heating was sought.

MATERIALS AN D METH OD S

Fig. I is a sketch of the new reacti on chamber. To the stainless steel base plate
(7t x 7t x t in.) has been spot welded 4 brackets. The brackets support the glass
coil and the metal cylinder cover. The cover is 8 in. long and has a 7 in. diameter.

C IllNDR 1CAL
CO V ER

CO IL
OUTLET~

..
o~i~~~!I!:~-~-- CLA SS COIL

SHIEL D
SUPPORT ROD

COIL INLET -

S H IE L 0 ---+--+++=-"1l

.~~~~!I~~III~ ~i'ii-- CO IL A ND1!2 CO VE R SUPPOR T

THE RM O STAT --,

SQ UARE
BAS E PL ATE

Fig. I. Sect ional view of the react ion cha mber.
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The inner surface of the cover is reflecting and the ou ter is painted black . There is a
gap of 1- in. between the cover and the base plate. The top of the cover has 5 holes
drilled into it. Two hole s (5/8 in. diameter) at 6! in. centres through which approxi­
mately 3 in. of coil glass tubing projects; a 5/16-in. ho le to a llow inserti on of the
thermostat probe a nd two holes (1/8 in. diameter) at 3i in. centres for the positioning
of a circul ar shield ar ound the light globe filament. The width of the shield is 3/8 in.
and the thi ckne ss 1/32 in. There is a space of 3/4 in. between the shield and the globe.
A 100-W clear light globe was located centrally on the base plate and push-in type
electrical connections, through which power was supplied to the thermostat , were a lso
fitted to the base plate. A type T.S. 2 N.C. thermostat from Assoc iate Electrical was
used in the con struction of the reaction chamber. The thermostat ca n be adjusted by
rotation of a cam to obta in the desired temperature of 80°.

The Technicon AutoAnalyzer had previously been converted from a single to
a du al column instru ment with increased sensitivity'. Co lour development was ob­
tained by the reaction of amino acid s with ninhydrin redu ced with tit anous chl oride",

RESULTS

Table I co ntains the result s of the an alysis of a standa rd mixt ure of amino
acids with the new reacti on cha mber or the commercial oil bath ins ta lled in the
Technicon. 100 nmoles of each amino acid were present in the standard mixture.
Under the co nditio ns of AutoAnalyzer operat ion given previou sly, the use of a double

T ABLE I

CO M PA R ISO N OF CO NST A NTS OBTAIN ED WH EN SYNTH ETIC MIXTURES O F AMINO
ACIDS (100 nm oles) W E RE ANALYS ED UNDER VA R IE D CO N D ITI ONS

Constants shown a re average of 3 determi na tions a nd the variatio n fo r most amino acids in a ll th e
a na lyses was wit hin 3:2%.

Amino
acid

Lys
His
Arg
As p
Thr
Ser
Glu
Pro
Gl y
A la
Hey
Val
Met
Jle
Leu
Tyr
Phe

Double glass coil S ingle glass coil

in oi! bath with ill oil bath with
at 96° reaction at 96" reaction

chamber chamber

60 63 62 50
57 61 56 50
54 60 52 50
55 54 51 47
58 59 60 50
58 61 60 50
63 60 60 51
16 12 12 10
61 60 58 52
63 58 58 50
32 29 29 29
61 53 60 50
57 61 55 56
60 61 56 50
62 64 56 55
60 60 58 55
60 58 56 50

- - - - _ ._-
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glass coil allows the reactants to be heated for a period of 17 min with the given flow­
rate'. As can be seen from Table 1 there is not much variation in the value for a con­
stant when using the double glass coil in oil bath or reaction chamber but with the
single glass coil in the reaction chamber there is a consistent decrease in the value
comparative with that obtained using the oil bath. However, this decrease in sensitivity
comes about partly from the particular coil used in the reaction chamber. In order
to speed the analysis only the inner glass coil was used. The inner coil diameter is
approximately I in. smaller than that of the outer coil and is consequently about 3 ft.
shorter in length. Another contributing factor is that for these analyses the thermostat
was set at 80°.

Thus, samples containing as little as 40 nmoles of most amino acids can be
analysed satisfactorily with the single coil installed in the reaction chamber without
resorting to electronic amplification of the recorder print-out. Although obviously
the ninhydrin reaction with amino acids has not gone to completion when using the
single coil and reaction chamber, duplication of analyses have shown that the results
obtained are accurate and reproducible.

Finally, the desirable features of installing the reaction chamber are: (1) a
considerable saving in time and fuel consumption is achieved, as it is only necessary
to switch on the light globe at commencement of an analysis; (2) it is speedier to flush
out the coil at the termination of an analysis, especially if the proportioning pump is
equipped with a two-speed motor, a 14 min flush at high speed is sufficient (Beckman
analyzers require 60 min for this operation); (3) no longer will it be necessary to re­
place oil in the heating bath and descale the glass coil to obtain maximum efficiency
of heat transfer; (4) back pressure from the shorter coil length does not overtax the
peristaltic operation of the proportioning pump, thus, a smoother liquid flow through
the colorimeter cuvettes is achieved without the necessity of installing in-line pulse
suppressors and (5) there is a slight improvement in the resolution of threonine and
serine, again possibly due to the smoother liquid flow and the shorter coil preventing
prolonged mixing of the column effluent containing these two amino acids.
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Short-time pyrolysis and spectroscopy of unstable compounds

V *. Improvement in Curie-point pyrolysis gas chromatography
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The method of Curie-point pyro lysis':" , in combi nation with gas chromato­
graphy an d mass spect rometry offers a fast and reproducible way of studying pyrolysis
reactions. The subs ta nce, coated on a ferrom agnet ic wire, is heated by a high-frequency
pu lse to the Curi e temperature of the wire . To increase the thermal strain on the
substance, spirals or thin tubes of ferro magnetic mater ia ls have been recomm ended"
instead of wires.

The slight variation of this method descri bed here has been used in our
laborat ory for some years":"; the pyrolysis un it is shown in Fig. I. When using mate­
ria ls having high Curie temperatures (up to 900°), the usual soft -glass tu bes (1) are
unsui table becau se of the result ing ther mal stra in, and the use of quartz tubes ( I)
has the disadvantages that a metallic needle (2) can not be fused on to the tip of the
tu be, and a quartz needle-tip is very fra gile. To overcome these problems, we use a
thin-walled qu artz tube (4), resembl ing a meltin g-point cap illar y with an J.D . slightly
larger than the ferromagnetic wire (3). This tube is heated easily by radiation from the
glowing wire to a temperature only slightly lower than the Curie temperatur e of the
wire, espec ia lly when long pyrolysis t imes ( 10 sec) a re used . The mo lecules of sub­
stances evaporated from the wire are reflected from the hot capi llary (4) back on to

T
5

2

Fig . I. Mod ified chamber for Curie-point pyrol ysis. I = G lass tu be ; 2 - needle; 3 - ferr omagnet­
ic wire ; 4 = thin-walled qua rtz tube: 5 ~ ca rrier-gas supply ; 6 ~ h igh-frequency coi l.

• For Par t IV, see ref. I.
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Fig. 2. Pyrolysis gas chromatogram of phen anthrenequinone: pyrolysis temperat ure 900°, pyrol ysis
time 10 sec. Co lumn: 5 m % 0. 125 in., packed with 2.5 % of X E-60 on Ch rom osor b G AW DMCS
(HO- 100 mesh ). Pea ks : I = naphthalene ; 2 = biphen yl ; 3 = fluorene ; 4 = phen anthrene ; 5 =

fluorenone.

the wire, so that the substa nce receives more " impacts" on the hot surfaces and the
pyrolysis rate is increased.

The advantages of thi s arrangement are as follows. The use of expens ive and
fragile quartz tubes is avoided , the period of thermal co ntact between the subst ance
and the hot surfaces is increased, the ferromagnetic wire and the capillary can be
cleaned easily, and ferrom agnetic wires are available for more temperatu res than are
metallic tube s.

An example of the applicati on of th is meth od is the thermolysis of phenan­
threnequinone (Fig. 2), which gives result s similar to th ose ofgas-phase thermolysisv!";
the substa nces formed were identified by coupled mass spectrometry.
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Gas chromatographic determination of nitrilotriacetic acid using a nitrogen­
selective detector
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In preparation for a survey to determine levels of nitrilotriacetic acid (NTA)
in drinking water, previously published methods of analysis for NTN-7 were evalu­
ated. The method of Aue et al,' was considered to be the most appropriate but quanti­
tation of NT A was difficult at the very low levels (ca. I ppb "), expected in drinking
water. We now report the use of a nitrogen-selective detector which allows gas chro­
matographic (GC) quantitation of NTA as its tri-a-butyl ester, at sub-ppb levels in
raw water and drinking water.

EXPERIMENTAL

General procedure
The method of Aue et al,' was fol1owed. The formic acid was re-distilled in

glass before use and the ion-exchange resin was washed well with this formic acid
before use. AI1 glassware was soaked for at least 24 h in concentrated hydrochloric
acid, rinsed with distilled water and dried before use.

Gas chromatographic analysis
A Perkin-Elmer Model 910 gas chromatograph, equipped with a single col­

umn, a two-way effluent splitter, a flame ionization detector and a nitrogen-phospho­
rus detector operating in the nitrogen mode was used for this study. The column was
6 ft. x 1/4 in. 0.0. glass, packed with either 5% OY-IOI or 3% OY-21O on 80-100
mesh Chromosorb W HP. The carrier gas was helium at a flow-rate of 60 ml/rnin
and the effluent splitter diverted 60 % to the flame ionization detector and 40 % to
the nitrogen detector. Hydrogen and air flows were optimized for each detector. The
injector and detector temperatures were 240 0 and 280 °, respectively, and the column
temperature as indicated in the text.

Gas chromatographic-mass spectrometric analysis
Qualitative and quantitative analysis were performed on a Finnigan Model

4000 GC-mass spectrometry (MS)-data system operating in the electron-impact
mode.

* Throughout this article, the American billion (109
) is meant.
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The GC conditions were : injector temperature, 220°; column temperature,
200 ° ; interface temperature, 250°. The column was glas s, 6 ft. X 2 rnm J.D ., packed
with 3 % OY-l on 80- 100 mesh Chromosorb W HP and the ca rrier gas helium at' a
flow-rate of 40 ml/rnin.

The MS condit ion s were: so urce temperatu re, 270" ; electron energy, 70 eV;
resolut ion M/!JM = 1200 (10 % va lley).

RESULTS AND DISCUSSION

Evaluation of methods of ana lysis for NT A indi cated th at the meth od of Aue
et al,' was the most suitable for low levels of NTA a nd was a pplica ble to the wide
variety of waters likely to be sampled during a sur vey to determine levels of NTA in
drinking water. Essentially this procedure! consists of passin g the water sample
through an ion -exchange co lumn, washing off interferences and then eluting the
NTA . The NTA is then converted to its tri -n-butyl ester which is an alysed by GC
using a flame ion izati on detector. Aue et al,' claimed a limit of detection of 1 ppb
NTA for a 50-ml water sample, but our preliminary invest igat ions with standard solu-
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Fig. 1. Gas chromatog rams of t ri-zz-butyl este r of NTA , retention time 6 min. Column, 5% OY-IOI
at 220 0

; 2.6 ng injected. (A) Flam e ion ization detector , 60 % of effluent, attenuation 10 x 4; (B)
nitrogen-selecti ve detector, 40 % of effluen t, attenu ati on 10 x I.
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tions of the tri -a-butyl ester showed that quantitation at thi s level was difficult due
to interference from the solvent peak (Fig. IA) when using acetone as the injection
solvent as specified by Aue et al.', The use of alternate injection solvents gave some
improvement but quantitation was still difficult.

Somewha t surpr isingly no one has previously repo rted the use of a nitrogen­
selective detector for GC dete ction of ester s of NTA. Analysis of standard solutions
of the tr i-a-butyl ester, equi valent to I ppb NTA in a 50-m] water sample, sho wed
that the sensit ivity of th is detector was adequate, quantitation was straight forw ard
and there was minimal interference from the injecti on solvent, acet one (Fig . IB). The
nitro gen-select ive dete ctor gave a linear response over the ran ge 1-1000 ng injected
of the tri-a-butyl ester of NTA.

The isolatio n procedure of Aue et al.' gave a satisfacto ry chromatog ra m (Fig.
2A) for a control blank wate r sample provided that a ll solvents were re-dist illed in glass
and the ion-exchange resin and glassware were thoroughl y washed before use. The

A B

UJ

I '"'" on
Z Z
0 0
l> l>

'"

II
'"'" '"a: It

a: It
UJ '"0 0
a I '"0 0
v v
UJ I \II
a: "

I

\l I

L\~
'---------------

0 + 8 ~ 0 4 8 IZ

MIN MIN

Fig. 2'. Gas chroma togra ms on 5 % OV-101 co lumn at 235°, nit rogen-selective detector, att enuation
10 x I. (A) Contro l water blank, butylated residue dissolved in 100 I t! acetone and 4.8 It! injected ;
(B) raw water sa mp le co ntai ning 0.4 ppb NT A but ylated residue dissolved in 100,111 ace to ne, 4.9 It!
injected, retent ion time 3.4 min.
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lower detection limit was considered to be four times the level of the blank which
would give a detection limit of ca. 0.2 ppb NTA for a 50-ml water sample. A typical
chromatogram obtained from a 50-ml raw water sample analysed as containing 0:4
ppb NTA is shown in Fig.2B. Recoveries of NTA from water samples spiked with
1-1000 ppb NTA were greater than 90%.

Confirmation of the n-butyl ester at the ppb level by GC-MS was possible
using multiple ion monitoring of the major fragments, m]e 88, 158, 258, (Fig. 3) ob­
tained in the electron impact mass spectrum of the tri-n-butyl ester of NTA (Fig. 4).

m/,. 2.58

uJ
III
Z
o
a.
<Il
UJ
<x-
uJ
::>
~
.J
uJ
<x-

tn/~ 88

o 2. 4- 6

MIN

Fig. 3. Gas chromatography-mass fragmentography of tri-n-butyl ester of NTA, 3 % OV-I colurrn
at 200 0

, 15 ng injected, retention time 4.4 min.

Analysis of some typical water samples for NTA using the nitrogen-selective
detector (Table I) showed that the method was applicable to both raw water and
drinking water and that using this method NT A could be detected and quantitated at
the sub-ppb level.
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Fig. 4. Electr on impact mass spectrum of tri-n- butyl ester of NTA. 1 he molecula r ion, mle 359, ca n
be detected if the spectrum is magn ified cu . 10 /. .

TABLE 1

LEVELS OF NTA IN RAW WATERS AND DRINK ING WATERS

The letters A-H refer to local munic ipa lities from where the sa mples were obt ained .

Sample

Raw water A
Drink ing wa te r A
Raw water B
Drink ing wate r B
Ra w water C
Drinking water C
Raw water D
Dri nk ing water E
Drin king wat er F
Drinking water G
Drinking wate r H

Concentration
of NTA
( ppb)

1.03
0.84
Trace '
Trace '
1.75
1.37
0.42
Trace '
0.87
1.60
0.84

• Indicates detectable levels ·- 0.2 ppb.
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Note

Separation of L- and o-amino acids as diastereomeric derivati ves by high­
performance liqu id chromatography

HIROSHI FURUKAWA, YUKIO MORI , YASUKO TAKEUCHI and KAZUO ITO

Facility 0/ Pharmacy, Meijo University , Yaguto, Tempaku , Nagoya (Japan}

(First received No vem ber 9th, 1976; revised manuscr ipt received January 25th, 1977)

In a preliminary communication', we reported an effective chromatographic
separation offour racemic amino acids as the diastereomeric mixture of N-d-IO-cam­
ph orsulphonyl p-n itrobenzoate by high-performance liquid chromatography (HPLC)
using a silica gel (MicroPak Si-5) col umn packing and 1.5%isop ropanol in isooctane
as the eluti ng solvent. The N- d-IO-camphorsulphonyl moiety served to introduce an
additional asymmetric centre and the p -nitrobenzyl group as a chromophore for de­
tection.

We now report the applicati on of the method to the a mino acid s methi onine,
glutamic acid, tryptophan , tyrosine , isoleucine, leucine, phenylalan ine and alanine.

EXPERIMENTAL

Apparatus and conditions
An FLC 350 high -performance liqu id chromatograph (JASCO) with gradient

capability an d a UV-254 detector mo nitoring at 253.7 nm were used. The column
employed was a stain less-steel tube, 25 em X 2.2 mm J.D., slurry-packed with micro­
porous chemically bonded silica gel (Varian Microf'ak -Nl-l j, average particle size 10/lm)
and operated at ambient temperature. The flow-rate of the mobile pha se was adjusted
using pressures of 20-50 kg/em'.

Reagents and chemicals
AI1 solvents were of reagent grade and were distilled prior to use . Am ino acids

were obtained from Katayama (Osaka, Japan), while d-IO-camphorsulphonyl chloride
was prepared from the corresponding acid".

Preparation of amino acid derivatives
A 30-ml volume of a solution of 2.0 mm ole of d-IO-camphorsulphonyl chloride

in a nhydrous diethyl ether was added dropwise to a solution of 1.0 mmole of amino
acid in 10 ml of diethyl ether plus 20 rnl of I N sod ium hydroxide so lution with vigor­
ou s stirring at 0°. Stirring was subsequently continued at room temperature for 3 h.
The aqueous layer was separated from the ethereal layer, washed with twice diethyl
ether, acidified with concentrated hydrochloric acid and then extracted with diethyl
ether. The ethereal so lution was dried over anhydrous sodium sulphate and evapo-
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rated to dryness. The residue was dissolved in 10ml of N,N-dimethylformamide, then
one drop of trimethylamine and 1.1 mmole of p-nitrobenzyl bromide were added. The
reaction mixture was heated at 55° for 2 h, diluted with 40 ml of chloroform, washed
with water, dried over anhydrous sodium sulphate and then evaporated to dryness
to obtain the N-d-IO-camphorsulphonyl p-nitrobenzoate of the amino acid.

Unless otherwise stated, a chloroform solution of the diastereomeric mixture
of the derivatives of DL-amino acids was used for HPLC.

RESULTS AND DISCUSSION

We investigated the separation of DL-amino acid derivatives with dichloro­
methane as the eluting solvent. The purification has to be carried out carefully, in
order to obtain constant retention times of the amino acid derivatives. The purifica­
tion procedure was as follows: washed with 5% hydrochloric acid, 5% potassium
carbonate solution and then water (five times each), dried over anhydrous sodium
sulphate, distilled to collect the fraction of b.p. 39°, and used immediately. The
derivatives of D- and L-alanine, -glutamic acid, -methionine and -phenylalanine were
separated completely, as shown in Fig. 1. However, the long retention times of each
of the amino acid derivatives were not convenient for our purpose.

Dl-Glutamic acid Deriv.

o

Dl-Alanine Deriv.

o 60 120 180

Dl-Methionine Deriv. L Dl-Pheny1alanine Deriv.

o 60

Fig. I. Chromatograms of the diastereomers of N-d-IO-camphorsulphonyl p-nitrobenzyl amino
acids. Flow-rate, 0.4 ml/rnin ; column, Micro l'ak-NlL: eluent, dichloromethane.

To shorten the analysis time, a variety of solvents and gradient systems were
investigated and chromatograms of mixtures of some DL-amino acid derivatives and
the corresponding gradient diagrams are illustrated in Figs. 2 and 3. Excellent separa­
tions of all amino acid derivatives were observed. In order to identify the peaks,
optically enriched amino acid derivatives were prepared under the same reaction con­
dition as described above. No racemization was observed during the preparation of
the "derivatives, because each derivative showed a single peak in the chromatogram.

Table I shows typical retention times obtained with two solvent systems con­
sisting of isooctane plus dichloromethane in different proportions, each containing 5%



20 $:L:;;2
o 20 40 60 [TIi n 0 20 40 60 min

Fig. 2. Chromatogram and gradient diagram of the diastereomers of N-d-IO-camphorsulphonyl p­
nitrobenzyl amino acids . Flow-rate, 0.5 ml/min ; column, MicroPak-NH,. Eluent: A, isooctane-di­
chloromethane-isopropanol (70: 15: 15); B, isooctane-dichloromethane (90: I0).

Fig . 3. Chromatogram and gradient diagram of N-d-10-camphorsulphonyl p-nitrobenzyl amino
acids. Flow-rate, 0.7 ml/rnin ; column, MicroPak-NH,. Eluent: A, isooctane--dichloromethane-iso­
propanol (35 :50 :15); B, isooctane-dichloromethane (50 :50).
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TABLE I

RETENTION TIMES (min) OF D- AND L-AMINO ACID DERIVATIVES

Eluent: A, isooctane-dichloromethane-isopropanol (79: 16: 5); B, isooctane-dichloromethane-iso­
propanol (63 :32:5). Flow-rate, 0.4 ml/rnin. Column, MicroPak-NH,.

Amino acid Eluent A Eluent B

L D D/L L D D/L

Leucine 3.9 4.4 1.1 2.7 2.8 1.0
Isoleucine 4.4 5.0 1.1 2.9 3.1 1.1
Phenylalanine 6.2 8.5 1.4 3.3 4.1 1.2
Methionine 7.4 10.0 1.4 3.6 4.6 1.3
Alanine 7.2 9.3 1.3 3.7 4.4 1.2
Glutamic acid 12.8 16.8 1.3 4.2 5.2 1.2
Tryptophan 29.2 49.6 1.7 9.0 14.9 1.7
Tyrosine 33.2 47.2 1.4 11.6 16.2 1.4

----_ ... - -_ . .._.~----_.- - - " .. ... .._------
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of isop rop an ol. The results show that the variatio n of the rati o of isooctane to di­
chlorometha ne affects the absolute retenti on time of each amino acid deri vati ve bu t
not the relati ve retention times of corresponding D- and L-amino acids .

Of the amino acid s tested , trypt oph an and phenylalan ine were detectable with
the UV-254 detector witho ut introducing the p-nitrobenzyl moiety as a chro mophore.
The chro ma togram of the meth yl ester of N-d-I O-camphors ulphonyl phenylalanine is
shown in Fig. 4. Compared with the chro matogram of the p-n itroben zoate of the
correspondin g derivative, the methyl ester seems to be more efficient fro m the point of
view of the sepa ration of enantiomers, the retention times and the preparation of the
deri vat ive.

Methyl es te r p-Nit robenzyl ester

Fig. 4. Chromatograms of the met hyl ester and p-n itrobenzyl este r of the diastereome rs of N-d-lO­
carnpho rsulphony l phenylalanine. Flow-rate. 0.4 ml/m in ; co lumn, Micro f'ak -N l-lj ; eluent, isooc tane­
dichloro metha ne -iso pro pano l (87 :8 :5).

CO NCLUSIONS

For all of the am ino ac id derivatives tested ,th e retention time s of the i.-amino
ac id derivatives were con sistently shorte r th an those of the correspond ing D-amino
acid der ivat ives. Con sequentl y, it could poss ibly be assumed tentatively th at there is
a correlatio n between retenti on time and absolute configuration, which might be use­
ful for the assignment of the abso lute co nfiguration of new am ino acids.
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Note

Chromatography of the reduction products of spectinomycin

JOHN C. KNIGHT

The Upjohn Company, Kalamazoo. Mich. 49001 (U.S.A.)

(Recei ved February 8th , 1977)

Spectinornycin ' (1) (Fig. I) and its reaction products! are generally ba sic,
highly water soluble compounds, many of which are stable onl y within a narrow pH
range. The polyfuncti onal nature of these molecules makes it difficult to prepare
homogeneous UV-absorbing derivatives in a quantitative manner. Because of these
factors, thin-layer chromatography and liquid chromatography are not readily ap­
plicable and it has always been difficult to establish the purity of modified spectino­
mycins and degradation products.

Fortunately, the various reduction products which no longer contain the u­

ketol system are stable to strongly basic ion-exchange resins. They are therefore
amenable to separa tion by ion-exclusion chromatography", a process th at ha s been
widely used in the analysis of other antibiotics such as neomycin":", kanamycin':",
and butirosin", In these instances the amines under study were chromatographed on
a quaternary ammonium resin (OH-) with a low degree of cross-linking, e.g., Dowex
I-X2. The same procedure is equally applicable, however, to the separa tio n of acid s
on an ac idic resin such as Dowex 50W-X8 (refs. 10-12).

EXPERIMENTAL

Chromatronix columns of various internal diameters were used in conjunction
with either a M ilton Roy Minipump (Model 196-89) or a Chromatronix Cheminert
CMP-2 metering pump. The column effluent was monitored with a differential re­
fractometer (Waters Assoc., Model R4) and in some cases a Bendix photoelectric
polarimeter (M odel 143A) as well. Columns were packed with AG I-X 2 ion-exchange
resin (200-400 mesh) obtained from Bio-Rad Labs. (Richmond, Calif., U .S.A .), and
converted to the hydroxyl form before use . The eluant in all cases was degassed
water, and the reservoi r was fitt ed with a sodium-hydroxide containing trap to pre vent
entry of carbon dioxide which deactivated the column by conversion of the resin to
the carbonate form . The compounds referred to were prepared as described by Knight
and Hoeksema':'.

• Formerly known as actinosp ectacin. Tr obicin is the reg istered US trademar k o f The Upj ohn
Co mpany for spect ino myc in hyd rochloride. Add itio na l trad emark s include Togam ycin and Stan ilo .
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Redu ct ion of spec tino mycin with either sod ium borohydride in methanol , or
by cata lyt ic hydr ogenat ion in ethano l, lead s to the epimeric dih yd ro de rivat ives Ira
an d l lb , one of which ( li b) is identical with the na tura lly occurring dihydro­
spect ino myc in'". Both may be fur ther reduced to tetrah yd ro comp ounds (Il ia and b,
IVa and b) by sodium bor oh ydride in aqueo us solvents':'.

Whereas the tetrahydro epimers were readily eluted , and best reso lut ion was
obtained using long, narrow bore columns at low flow-rates (Fi g. 2), the dihydro
epimers were much more stro ngly retained. To obtain a sepa ration in a reasonable
length of time fo r an alyt ical purposes a much shorter co lumn and higher flow-rate

OH
I,

CH3NHVOp",-CH 3

HO -'0'
OH

CH3NH 0
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Fig. I . Sp ectinornycin and its reaction produ cts.
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Fig. 2. Tota l reac t ion product ob tained by red uction of spectinomycin base wit h sodi um borohydride
in 50 % aq ueous met hanol. Col umn, 7 fl. x 2.8 mrn I.D. ; flow-rate 25 ml /h.

Fig . 3. Ana lytica l separation of di hydrospcc tino myc in epimers. Products obtai ned by hydr ogenati on
in 95 % et ha no l (A) a nd in water (B). Column, 210 rn m x 9 mrn J.D ., flow-rate 75 rnl/h.

were needed. U sing this tech nique it was possible to demonstrat e that hydrogenation
in eth an ol ga ve a product opposite in configuratio n to th at obtai ned by hydr ogenat ion
in water ( Fig . 3). Pr eparati ve sca le separat ion of the di hydrospecti no rnycins was pos­
sible on a I in. J.D. co lumn in a run t ime of 18 h (Fi g. 4).

Each of the dihydro epimers gave two tet rah ydr o compou nds on further reduc­
tion with sod ium boroh ydride in aq ueo us solvents, and th e epimer pai rs were readily

x lIe'"0
~

'" lI b
>
f=
~
a::
IJ..

'"a::

'">
li
...J

'"a::
18h 16 14 12 10 3 2 I 0

Fig. 4. Preparat ive sepa ra tion of dihyd rospe cti no myci n epi mers. Co lumn, II x I in. I.D ., flow-rate
120 rnl/h.
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Fig. 6. Individual co mpou nds from sod ium borohydridc reduction of d ihydrospectin om ycin epimers,
isolated fro m the chro mat ogr am s show n in Fig . 5. a a nd b, from nat urally-occu rrin g isom er lIb .
c a nd d, fro m isom er Il a . Colu mn , I m x 2.8·mm 1.0 ., flow-ra te, J 1.8 rnl/h .
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resolved in each case (Fig. 5), which allowed isolation of a ll four ep imers for further
cha racterization. The purity of each one was checked by re-chromatogr aphy (Fig. 6).
The first eluting peak in each case, which occurs at one column volume, is due to
sma ll am ounts of inorgani c materials, so lvent of crystallizati on , etc. The meth od de­
scribed here has definite advantages over ion exch ange , thin-layer, and gas-liquid
chromatography for the ana lysis of th is type of compound, even where such other
meth od s a re applicable. The free base can be analysed on a micro or a preparat ive
scale without the need to form derivati ves, and since the eluant is simply water, freeze­
dr ying of the collected fract ions is all that is requ ired for isolat ion, and the questi on
of separa t ion from buffer sa lts does not ari se.
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15. TERPENES AND OTHER VOLATILE AROMATIC COMPOUNDS
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20. PROTEINS (INCLUDING ENZYMES)

20a. Proteins of plant origin including bacteria

See 1589.

21. PURINES, PYRIMIDINES, NUCLEIC ACIDS AND THEIR CONSTITUENTS

21a. Purines, pyrimidines, nucleosides, nucleotides
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s p e r matozoa . Bio ehi m. Biophys . Aeta , 434 ( 1976) 462-47 3 - Bio-Rex 70, Bi o -Gel
P-I0 , Se phadex G-75 .

20 22 Seligy , V. , Roy , C. , Dov e , M. and Yaguchi , M.: Spec i es variability o f
N- t e r mi na l sequence o f avian erythrocyte- specific h i stone lIS . Bioehem. Biophys .
Res . Gownun. , 71 ( 19 76 ) 196-20 2 - CG-50 Amber l i te .

20e. Chromoprot eins and metalloprot ei ns

20 23 Br own W.J., Niaz i , G. A. , Jayalakshm~ O ( ~61 AAb~Eham, E.C. and Huisman, T.H .J.:
Hemo g l obin , Athens-Geor gia , or a1S 2 rg ys , a hemog l obin va r iant with an
incre a s e d oxygen affini ty . Biochim . Biop hys . Ac ta , 439 (1 97 6) 70-76 - DEAE­
-cellulos e .

202 4 Dofourcq, J . , Bernon , R. and Lu ssan, C.: Binding o f bovine cytoc hrome b5 t o
pho s phatidylcholine l i p o s ome s. Cha racter iza t ion o f t he r e constitute d l ip1d­
-protein vesicl es . Bi ochim. Biophys . Ae t a , 4 3 3 ( 19 76 ) 252-263 - DEAE- Sepha dex
(A-2 5 ) , Sepha dex G-50, G- I00 , Sepharose 4B.

2025 Henders on, A.B. and Lee, J. C. : Hemogl o b i n t r a ns i t i o n in e ry t h rocy t es o f
d e veloping c hick . S t ud i e s wi t h ce l l - f ree p rote i n - syn t he s i zing s ystems . Areh .
Bioehem. Biophys . , 174 ( 1976 ) 6 37-646 - CM-Sephad e x C- 50 .

2026 Shibata , S . , Miyaj i , T . and Ohba , Y. : Ev alua t i on o f pre ci s i on o f p rocedures fo r
esti mation o f HbA

2
a nd HbF i n hemo l ysates . Abnorm. Haemog lobi ns Tha lassaemi a ,

( 1975 ) 25 -32 ; G. A. , 8 4 ( 19 76) 11 7958u - DEAE-ce l lulose .
20 27 Ts a p i s, A. , Rogard , M. , Al fse n , A. a nd Li ha e s c o , C. : Bind i n g of human

h emoglo b i n and i ts p olypeptide chains wi t h haptoglobi n coupled t o a n aga rose
matrix. Eur . J . Bio chem. , 64 ( 1976) 369- 372 - Aga -Hp , Haptogl obin
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1
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to Sepha ros e 4B , Se ph a r o s e 4B.

20f. Vari a, with spe cial reference to non- i dent i fi ed and ti ss ue pr ot ei ns

20 28 Agarwal, M.K . : Demonstration o f s t e roid s peci f i c hormone receptors by chromato ­
graphy. FEBS Let t . , 6 2 ( 19 76) 25 - 29 ; C.A . , 8 4 ( 19 76) 1179 32f - DEAE - cellulose .

2029 Aga rw a l, M.K . : Ch r o ma t o g r a ph i c c o nd i t ions in the e xpression o f cor t icos t e ro i d
recepto r s p eci f i c i t y . Experi ent i a , 32 ( 19 76 ) 53 1-5 33 ; G.A . , 8 5 (1 9 76) 53 1d .

20 30 Bachmann , W. a nd Cha l l o ne r , D. : D- Gluco s e uptake by a r at l i v e r plasma membrane
prepa r ati on . Bi ochi m. Biop hys. Aeta , 44 3 ( 19 76 ) 254-266 - Sephadex G- I00 .

2031 Bla c kb u rn , G. R. , Bo r on e s , M. a nd Ka spe r , C . B . : Characterizat i on o f the membr a ne
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Biophys . Acta , 436 ( 1976 ) 387 -398 - Se phadex G- 150 .
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2033 Ch i lders , S . R. a nd Siegel , F.L. : Ca l c i um- b i nd i ng proteins i n electr opl ax and
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C07G) , 6 Apr . 19 76; Appl . , 4 19 ,2 3 1 , 27 Nov . 197 3; 6 pp .; C.A . , 8 4 ( 19 76 )
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2037 De Ma y, J. a nd Vande s a nd e , F.: Bovine neuro physins I, I I a nd C: New method for
the ir purification a nd fo r the p r oduction o f s peci f ic antibodies. Eur . J .
Biochem . , 69 ( 19 76 ) 15 3- 16 2 - Bio -Gel P-60.

20 38 Duml er, I . L . a nd Etingo r , R.N . : Pr ote in inhibitor of c yc lic a denos ine
3 ' : 5 ' -monophosphate phosphodieste r a s e i n r e tina . Biochim . Biophys . Acta , 429
(1 9 76) 474 -4 84 - Sephadex G-75 , DEAE- c e llul o s e .
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Rana catesbeiana undergoing metamorphosi s . Bi ochi m. Bi ophys . Acta , 4 37 ( 19 76)
175-189 - Sephade x G- 25 , G- 200 .

2040 Finkelstein , D.H . a nd Butow, R.A . : DNA-binding p r oteins in yeast effec t o f
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2041 Grasso , A. : Preparation and properties o f a neurotoxin pur ified from the venom
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Acta , 439 (1 9 76) 406 -4 12 - Sephad e x G-l 0 0 SE , DEAE-Seph a de x A- 50, Bio-G e l
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2042 Green, C.R., Cha n , T.K., Howell, D. E. a nd Ode l l , G. V. : Isolation and
charac t e r 1zatio n of tox i n s from brown r ecl use spide r venom (Loxos ce l es reclus a) .
Arch. Bi ochem. Bio phys . , 174 (1976 ) 90 - 9 9 - Seph a de x G-25, G-I 00.
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(1976 ) 2226- 2 233 - Bio-Gel P-4, DEAE-c ellulos e , CM- c e l l u l o s e .

20 4 4 Ichiki , A.T . a nd La nge, R.D .: Affinity chromatographic studies o f erythro­
poieti n . ~ry thropoiesis , Proc. I nt . Conf . , 4th 19 74 , (P ub . 19 75 ) 67-74; C. A. ,
8 5 (1 97C) 36 76r - affinity chromatography .

204 5 Jeffcoat, R., Brawn , P.R. and James , A.T . : Th e effect o f s o l u b l e r at l i ve r
p r o t e i ns o n the a ctivi ty o f micro s omal s t earoy l - Co A and desaturase . Biochim .
Biophys . Acta , 431 ( 19 76 ) 3 3- 44 - Sephadex G- 100 , DEAE-Sephade x A- 50 .

2046 Ke t te re r , B. , Sra i , K.S. and Chri s t odoulide s , L.: Haem-bi ndi ng pro t e i n s o f t he
r at l i ve r cytosol . Biochi m. Biophys . Ac t a , 428 ( 19 76 ) 68 3- 689 - Sepha dex G- 10 0 .

20 47 Kornguth , M.L . , Mons on , R.A . and Kunin, C.M.: Th e b i nd i ng of p e nici l lin
a ntibio tics t o a huma n liver protein . Ar ch. Bi ochem. Biop hys . , 174 ( 197 6)
33 9-34 3 - Seph a dex G- 75 .

20 48 Kr amps , H. A., Hoe nder s , H.J. a nd Wollen s ak , J. : Protein changes in t he huma n
len s du r i ng deve l opme n t o f senile nu cle a r cata r a c t . Biochim . Biophys . Acta,
4 34 ( 19 76) 3 2- 43 - Sepha d e x G- 20 0 , Bio- Gel A- 5m.

20 49 Lumb , R.H., Kl o osterman , A. D. , Wirtz , K.W. A and Van Deenen, L.L .M.: Some
properties o f pho spholipid exchange p r o t e i ns f r o m rat l i ve r . Eur . J . Bi ochem. ,
6 9 ( 197 6) 15 - 22 - hydroxyapatite , Sep hade x G- 50 , CM-ce l l u lose .

2050 Ma dd y , A. H.: Charact e r i z a t i o n o f memb rane p r o t e i ns . Methodol. Dev. Bi ochem. ,
4 ( 19 74 ) 38 3- 39 1; C.A . , 8 5 ( 19 76 ) 58 90 1r - a review with 20 references .

2051 Mannscho t t, P .• Herbage . D. , We i s s, M. a nd Buff evant , C. : Collagen h eterogeneity
i n pig he art valve s . Biochim. Biophys . Ac t a , 434 (1976) 17 7-1 8 3 - CM - cel lulose .
Bio- Ge l A- 15m.

20 52 Min er, G.D ., Mc Swigan , J. and Heston, L .L . : Rapid purification of a h igh ­
molecula r weight human brain protein by c hroma t o g r a p hy on controlle d pore glass .
Prep. Bi ochem. , 6 ( 1976 ) 1-11; C.A . , 8 5 ( 1976) 58978 w.

20 53 Obe r g, S .G . a nd Kel ly , R.B.: Sat ura ble b ind ing to cel l membrane s o f t he
p resynapti c ne urotoxin , ~-bungarotoxin . Biochim. Bio phys . Acta, 4 33 (1976)
662-67 3 - Se phadex G- 25 , G-50 , G-2 00 .
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146-1 53 - DEAE-Sephadex A-50 , Sephadex G- 75.

205 5 Rataj czak , T. a nd Haehnel, R. : Ch r omatograph i c and other propertie s o f the
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19 7 ; C.A . , 8 5 (1 9 76 ) 302 23 x - carboxymeth y l oximeagarose .

2056 Va nd l e n . R.L ., Schmidt , J . and Raftery , M. A. : Af finity chromatography and
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J . Macr·omol . Sci . , Chern . , A 10 ( 19 76 ) 73-1 09; C.A . , 85 ( 19 76) 73542 t - a f f ini ty
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Se e also 18 00 , 18 09 . 18 2 2.

?Og . Enzymes : oxidoreductases

20 57 Auk r us t , L . E., Norum , K. R. and Ska l hegg , B.A. : Af f i n i ty chromatography o f
3a - hyd roxy s t e roid dehydrogenase from Pseudomonas testosteroni . Us e o f N,N -di ­
meth y lforrnamide t o pre vent hydrophobi c intera ctions between t he e nz yme and the
lig a nd . Biochim. Biophys . Acta , 4 38 ( 19 76 ) 13-2 2 - a ff inity c h r oma t ogr a p hy .
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f ract i o ns. Bioohi m. Biop hys . Acta , 4 29 ( 1976) 324 - 33 0 - DEAE-ce l lu l ose .

206 1 Col l i e r , G. E . , Sullivan , D.T. a nd Ma c I n t yre, R.J .: Pu ri f i cation o f a - g l ycer o ­
phos phate deh ydrogenase from Drosophi la melan ogas t er . Biochi m. Bi ophys . Ac t a ,
4 29 (1 9 76 ) 3 16 - 3 23 - Sephadex G- 75 , CM- a nd DEAE-cel lulos e , agar ose-hexane ­
- 5 ' -AMP.

206 2 Di Mattee , G. , Di Pr i s co, G. and Romeo , G.: Mitochondrial and nucle a r glutamate
dehydrogenases i n Chine s e hamster ova ry c e l ls in c u l ture . Biochi m. Bi ophys .
Ac t a , 429 (1976) 69 4- 704 - a f f i n i ty c h roma t o g r aphy .

2063 Hatt on , M.W.C . a nd Regoeczi, E. : The proteolyt i c nature o f c o mmerc i a l samples
of g a lactose o x idase . Purif i cation o f t he enzyme by a simp le aff i ni t y me thod.
Bio chim. Biophys . Acta , 4 38 ( 19 76 ) 339-3 46 - aff ini t y c hroma t o g raphy ; Sephar o s e
6 B, Se p ha d e x G- 200.

206 4 Heime r , Y. M. , Krashin , S. and Ri klis , E. : The u se o f af f inity chromatography
f o r t he puri f ication o f nitrate r e d uc t a s e . FEBS Let t . , 6 2 ( 1976) 30-32; C. A. ,
84 ( 1976) 1 1750 2r - affi nity chromatography.

206 5 Heyde , E . and Morris on , J .F . : Studies o n ino s i d e mono phospha t e de hydrogenas e .
An associating-diss ociati ng s y stem . Bi ochim. Biophys . Acta , 42 9 ( 1976) 635 ­
644 - Sephadex G- 200 (f r o n ta l analy sis) .

2066 Hy , M. a nd Reeves , H. C.: NADP+ -speci fic i s o c i t r a t e de hydrogenase o f
Escheriohia co li . I I I . Two-step p uri fication emp l oyi ng a ffini ty c h r oma t og r aphy .
Bio chim. Bi ophys . Acta , 4 45 ( 19 76 ) 280-285 - a ffi n i t y c hromat og raphy .

2067 I da , S . , Koba y a kawa , K. a nd Mori t a , Y.: Ferr e d o x i n-Seph a r o s e af f i ni t y
chromatography fo r the purif icat ion of ass imilatory nitr ite reducta s e . FEES
Lett . , 6 5 ( 1976) 30 5- 308 ; C. A. , 85 ( 1976) 5861 5a - f e r r e do xin r e d uc t a s e .

2068 J i nk s , D.C. and Matz , L . L. : The r e d uc e d nicotinamide adenine dinucleotide
"oxidase" o f Acho l.ep l.aema lo i.dloioi i mambr a nes . Biochim. Biophys . Acta , 430
( 1976) 7 1-82 - Ag a r o s e A- 50m.

206 9 Kawaguchi , A. and Blo c h, K. : I nhib iti o n o f g lutama te dehydrogenas e and mal ate
dehydrogenases by p almi toy l c oe nzyme A. J . Biol . Chem. , 25 1 ( 19 76 ) 1406- 14 12 ­
Sephade x G-100 , G-200 .

20 7 0 Ku d i r ka , P .J . , Schro ede r , R.R. , Hewi t t , T . E . a nd To r e n , J r . , E. C. : Hi gh -pre s s ure
liquid- c hromatogr aphi c s ep ara tion of lactat e dehydrogenas e isoe nzymes . Cl i n.
Chem. (Wi ns to n-Sa lem, N. C.) , 22 ( 1976 ) 47 1-474 ; C. A. , 8 4 ( 1976) 161 0 03c .

207 1 Lawrence , R.A , a nd Bur k, R. F . : Glutathi one peroxidase ac t ivi ty in sel e n i um­
-defic i ent rat liver. Biochem. Bi ophys . Res . Commun . , 71 ( 19 76) 952 - 9 58 ­
Sephadex G- 150 .

20 7 2 Lums de n, J. , Cammack , R. and Hal l , D. O. : Pur i f i cation and physi c ochemical
p r operties o f superoxide dismutase fro m t wo photo s y n t hetic microorganisms .
Bio chi m. Biophys . Acta , 4 38 ( 19 76 ) 38 0 - 392 - DEAE- a nd CM-ce l l u l ose , Sephadex
G- 75 .

20 73 Lund , K. and DeMo s s, J . A.: Asso c i ation- d i s s ociation be h a v i or a nd s u bun i t
s t r uc t ure of hea t - r e l eased n itrate r ed ucta s e f r om Es cherichia col i . J. Biol .
Chem. , 25 1 ( 19 76) 220 7- 22 16 - agaros e .

2074 Motycka, K. , Jandova , A., Kr ivakova, M. , Coupek , J. and Pezlarova , J . : Ge l
c h r oma tography o f ser um from mi ce i n f e c t e d with a v i r us e l eva t i ng L- lactate:NAD
o xi dor e d uc t a s e a ctivity . An a t t e mp t t o s ep a r a t e v i r a l and e nz ymic a c t ivi t ies .
Ac t a Viro L , 20 (1 9 76) 5 3- 6 0 ; C.A . , 84 (1 976) 117 9 4 3k - Sp he r o n p - 500.

2075 Nakash i ma , K., Miwa , S. a nd Yamauchi , K.: Huma n e r ythro cyt e g l utathio ne
reduc tase . I. Pu r i f i c a tion and p r opert i e s . Bi ochim. Bi ophys . Act a , 445 (1 97 6)
30 9- 323 - Seph a dex G- 200 , CM-Sep ha dex C- 50 , DEAE- Sepha d e x A- 50 .

207 6 Ol i w, E ., Lunden , I . a nd Anggaro , E. : Aff i nity c h r oma tography of 15-hydroxy ­
prost aglandi n dehydr ogenases from swine kidney . Adv . Pros tU(Jlandi n Thromboxane
Res . , 1 ( 1976) 14 7- 15 1 ; C. A. , 8 4 ( 1976 ) 17569 1n - affinity c h r omatogra phy .

20 77 Persanov , V.M. , Voronova , E.A. , Opa rina , L .A . and Karpilov , Yu . S . : ( Isol a t i on
a nd purifi ca t ion o f "ma l i c - e nz yme" NADP fro m c or n l eav e s ) . Bi okh i miua , 41
( 1976) 92 1-925 - Sephadex G-200 , DEAE- cellulo s e , DEAE-Seph a dex A- 50.
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Acta, 438 (1976) 71-89 - hydroxyapatite, DEAE-cellulose, Bio-Gel A-l.5m;
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2079 Sabaliauskiene, V.L. and Glemzha, A.A.: (Purification and some properties of
pyruvate decarboxylase from bovine brain). Biokhimiya, 41 (1976) 1028-1032 ­
Sephadex G-200.

2080 Sauer, F.D., Bush, R.S. and Stevenson, I.L.: The separation of pyruvate­
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20h. Enzymes: transferases

2086 Ali, M. and Brownstone, Y.S.: A study of phosphoglycerate kinase in human
erythrocytes. I. Enzyme isolation, purification and assay. Biochim. Biophys.
Acta, 445 (1976) 74-88 - DEAE-Sephadex A-50, Sephadex C-50.
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429 (1976) 173-181 - Sephadex G-75.
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17- 35; C. A. , 8 5 ( 1976 ) 106169g.
Guigu e s, M. a nd Le ng, M.: Antibo d i e s t o po ly ( I ) · poly(C). Pu r i f i c a t i on a nd
int e r a c t i o n wi t h po l y nu c l e o t i d e s . Fu» . •J. B·[ochem. , 6 9 (197 6 ) 6 15-6 24 -
- i s o e l e c t r i c focu s i ng .
I no kuma, 5 . , Hara da ,S. , Koya s a ko , F . , Miya mo t o , T . and Horiuc h i, Y. :
El e c t r o p ho r e t i c vari a t ion o f ser um " I - a n t i t r ypsi n treated with neuramin i d a s e .
cu« . chim. Ad a, 69 ( 19 76) 18 5- 19 2 ; C A. , 85 ( 19 76 ) 741 16u.
Knitte l, E. , Berg, K., Sc hwarz f ische r , F. I We rk , w. and Wis c h e rath, H. :
( Ins t ruc t i ons o f SOS di s c e l ectropho r e s i s a c co rding t o Or ns te i n a nd We ber f o r

mole c ula r weigh t de t e r mina t ion o f f i b r i n . Char acter iza t i o n a nd dens i tometric
scanning o f t he fibr in subun i t s) . Aep%tl . ~ab . , 22 ( 19 76 ) 109 -11 4 ; C. A. ,
8 5 ( 1976) 59029z .
Kolb , W.P . and Mueller-Eberhard , H.J . : The membrane a ttack mecha nism o f
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La b i b , R.S . , Ca l vanico , N. J . a nd To ma s i, T . B . : Bovine secr etory c ompone n t .
I s olatio n , mo l e cular s ize a nd s h ape , compo s iti o n , a nd NH

2
- t e rminal ~nino acid

s equenc e . .t , 137:0 l , Chern . , 25 1 ( 1976) 1969- 19 74 - po lyacr y l ami d e gel.
Masuho , Y. , To mi be , K. , Ma t s u z awa , K. , Wa t ana b e , T . , I s h i mo t o, I., Tsunoda , s .
and Nog u c h i , T . : Recons t r u c t ion o f i nta c t y - g l ob u l i n from S-su l fon a ted
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Mo r i ta , T . , I wa na g a, S . , Suzuk i , T. : Me c ha n i s m o f ac t i v a t ion o f bovine
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- 1 108 - SOS- pol yac ry l a mi d e ge l .
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2
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(W1: nnton-Salem, N. C.) , 22 ( 19 76 ) 1306-1 30 9 ; cJ ., 8 5 ( 1976) 89532a .
We in s t e i n , M. J. , De y ki n , D. and Da v i e, E . W. : Quant i t a t i v e determi na tion o f
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28 17 Zink er , S. a nd Wa rner , J. R. : Th e r i bosomal p r o t e i n s o f Saccha r omyces cerev isiae.
Phosp h o r y l a t e d a nd e x c h a ng e ab l e pro t e i n s . J . Biol . Chem. , 25 1 ( 19 76) 17 99 ­
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phosp h a t ase . Biochim. Biophys . Acta, 4 29 ( 1976) 44 8 - 46 0 - polya c ry l ami de g e l .
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28 26 Dumle r , I. L. a nd Etingof , R.N. : Protein inhibitor o f cycli c adenos i ne 3 ' , 5 1
­

-monophosphate phosphodies terase i n r e ti na . fli ochim. Biophys . Acta, 4 29 ( 1976)
4 74 - 484 - po lyacry lami de ge l .
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28 27 Gr a s so , A. : Pr e p a ration a nd p r op e r t i es of a neuroto x i n p u r i f i e d f rom t h e venom
of b l a c k wi d ow s p i d e r La t.vo de c t.ue mac!tay w t.rede c-imqutta tUB . Bi ochim. B1~OphY B .
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28 29 Hawkins , E . F. , Ni j s , M. and Br a s s ine, C . : Ste roid r e c e p t or s i n the human
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283 1 Ko pe l man , M. , Mo kady, S . and Cogan , U. : Compa r ative s t u d i es of huma n and
c h icken re t i nol- bind i ng p ro te i n s a nd p rea lbumi ns . Bi.ochim , Hiopluj e , 11 ,'La, 4 39
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2832 Kuettne r , K. E . , Hiti , J . , Eisenstein , R. and Harpe r , E . : Coll a genas e inhibiti on
by ca t ion ic proteins der i ved f r om c a r t i l a ge and aort a . Bi.ochem, Bi.ophije , Res .
Commun. , 72 ( 1976 ) 4 0 -46 - po l yac ry l a mide g e l .

283 3 Lin , A., Co l lat z , E . a nd Wool, I . G.: Mi cro - s c a l e two -dimen s i o nal po lya c ry l a mide
ge l e l e c t roph o re s i s o f ribo s o ma l p rote ins. Mo l . Gen . Genet . , 144 (1 9 76 ) 1-9 ,
C.A . , 8 5 (1 97 6 ) 10 61 6 7e .

2834 Maddy , A.H . : Cha r acte r iza t i o n o f me mbr a ne pro te i n s. Methodo l . Dc o, [J·ioohem. ,
4 ( 19 7 4 ) 38 3- 39 1 ; C. A. , 85 ( 19 76 ) 58 90 1r .

28 3 5 Me ler o , J . A. , Sa las , J . a nd Sala s , M. L. : Subce l lular d i str ibution o f DNA­
- bind i n g p ro te ins f r om cultur ed hamste r f i bro blasts . Biochim. Biophys . Acta,
4 37 ( 1976) 46 2-4 76 - SDS-polyacry lamide g el .

28 36 Nass i , L . , Pogg ini , G. , Na s si , P . A. , Ve c c h i , C . and Ga l v a n , P . : (Aspe c t s
a nd c o n s i d e r a t i o n o t z i n c me tabo l i sm. I V. Ele c t r o p hore tic s t ud y o f
l a c t albumi ns and S- lac t oglobulins in h uman a nd b ovine mi l k a nd c o l o s t r um) .
Mi nerva Pedi at., 28 ( 1976 ) 54 7- 558, C. A., 85 ( 19 76 ) 590 30 t .

28 37 Rueche l , R. : Seq ue ntia l p r o tein ana l ysi s f r o m sin g l e i d e n t i fi ed ne uro n s o f
Ap lysia ca l i f ornica. A microe l e c t ropho r e t i c t e c h n i q ue i nvolv i ng po l y a c r ylami d e
gra d i e nt ge l s and i s oe l e c tri c focus i ng . J . Histochem. Cytoche m. , 24 ( 1976)
773 -79 1; C. A. , 85 ( 1976 ) 59037a .

28 38 W10la nd , M. , Do nner , M. and Ne a u port-Sau t es , C . : Modi fication s o f t h e t hymo cyt e
me mbr a ne dur i ng red i s t ribution o f conca nava l i n A receptors . Eur . ,T. Lnmunol. , ,
6 ( 19 76) 273 -2 78 ; C. A. , 85 ( 1976) 6 128 1u .

20g . Enzymes : oxidoreduc t ases

28 39 Camarde l l a , L . t Di Pri s c o , G. , Ga ro f a no , F . and Guerrin i , A . M.: Pu r i f i c a t i o n
a nd propertie s o f NADP-depe nden t g lut ama t e dehyd rogenase f r om y e as t nuc lear
fr a c t i ons . Bi ochim . Biophys . Ac t a, 4 29 ( 19 76) 324 - 33 0 - cellu l ose a c e t a t e .

28 40 Gordon , G . L . a nd Do e l l e, H. W. : Pu r if i c a t i on , p roperties and i mmu nolo g i cal
rela t i ons h i p o f L (+) - l a ctate dehydr ogenase f rom hactobacillus casei . Eur . d .
Bi ochem. , 6 7 ( 1976) 54 3 - 5 55 - polyacry lamide g el .

28 4 1 Ha ya shi , H., Ta ya , K. , Suga , T. a nd Ninobe , S . : Studies o n peroxi somes . VI .
Relat i o nsh i p be t we en t h e perox i s oma l core a nd ura t e ox i d a s e . J . Biochem. , 79
(1 97 6) 10 29 - 10 34 - SDS- polyacry l amide g e l .

28 4 2 Inoue , F . , Robin s o n , J .B. and Do s t , K.A .: So me o b s e r vations o n the attempte d
sepa r a t i o n of isoe nzyme s o f mono a mine o xid a s e . J . Pharm. l~a~aco l . , 28 ( 1976)
52 1- 522 ; C.A . , 8 5 ( 19 76 ) 8 9032n.

28 43 Lu nd, K. and DeMoss , J .A . : Associat ion-d i ssoc i a t ion b ehavior and subuni t
s t ruct u r e o f heat - re leased n i t ra te r e d u c t a s e from E'schr i chi a coli . J . Biol .
Chem. , 251 ( 19 76 ) 2207 - 2216 - polyacr y lamide gel .

28 4 4 Ni t i sewo j o , P. a nd Hu l t i n, H. O. : A compa r i s on o f s o me k ine t ic p ropert i e s o f
s o l ub le a nd b ound l a ctate deh yd r o g e nase i s o enzymes a t d i f fe r e nt t e mper a t u res .
Eu», J . Bi ochem. , 67 ( 197 6 ) 8 7-94 - polya c ry lamide ge l.

28 4 5 Scherz , B. , Ku c h i n s kas , E .J . , Wy s s , S .R . and Aebi , H. : He t e r o g e nei t y o f
e r ythr o c y te ca t a l a s e . Dis s o c i a tion , r e c omb i nation a nd hybrid i z ation of huma n
ery thro cyte ca t a l a s es . Eur . J . Bi ochem. , 69 ( 19 76 ) 6 0 3- 6 13 - sta rch g e l.

28 46 Seton , B . a nd Stad tma n , T . C .: Pu r i fi c a tio n a nd prope r tie s of p ro l ine r e duct ase
f r o m Clo s t r i di um s tick landi i. J . Biol . Chem. , 2 5 1 ( 19 76 ) 24 35 -24 39 -
- po lyacrylamide gel .
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284 7 Sheaff, C. M. and Dough ty, C .C . : Phy s i c a l a n d k ine t i c p r ope r t ie s o f homoge n eous
bovine l e ns aldo s e reducta s e . J . Bio l . Chern. , 2 5 1 (1 97 6) 26 96 -2 70 2 -
- po l y a crylami de gel ; i s o ele c tri c foc us i n g .
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284 9 Ap e l , K. and Bo go r ad, L . : Li g h t - i nduced i n c r e a s e in the a c t i v i t y o f mai z e
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- SDS-poly a cry l a mi d e gel .
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28 5 1 Cl a rke , S . : The po lypepti des o f r at l i ve r mitochondr i a : I den ti f i c a tion o f a
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