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A COMPARATIVE STUDY OF 'I'HE SEPARATION OF THE TRYPTIC 
PEPTIDES OF THE (3 -CHAIN OF NORMAL AND ABNORMAL HEMOGLOBINS 

BY REVERSED PHASE HIGH PERFORMANCE LIQUID CHROMA'I~HY 

E. Minasian, R.B. Sharma+, S.J. *Leach , 
B. Grego*, and M.T.W. Hearn 1 

Department of Biochemistry, University of Melbourne, 
+Hematology Department, Queen Victoria Hospital, 

*St. Vincent's School of Medical Research, 
41 Victoria Parade, 

FITZROY, VICTORIA 3065, AUSTRALIA. 

ABSTRACT 

The separation of the tryptic peptides of the human 
hemoglobin A fS-chain by reversed phase high performance liquid 
chromatography under different elution conditions on several 
microparticulate alkylsilica supports is described. Similar 
methods have been used to separate the tryptic peptides of (3-chain 
hemoglobin variants including HbC, HbE, and Hb(Kempsey). 
Selectivity differences which can be achieved under the different 
chromatographic conditions have been exploited to permit the 
assignment of all the anti.ciputeCl peptide fragments der ived from 
the tryptic digestion of these B-chain Hb-variants. 

IN'1'RODUCTION 

A large variety of proceoures is now available for the 
structural characterisation of human hemoglobin (Hb) variants. In 
many cases, the identification has been based on the analysis of 
tryptic peptides of the isolated Hb polypeptide chains. Until 

1 Author to whom correspondence should be sent. 
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recently, the usual methods of analysis of these tryptic fragments 
inc1 u(led combina tions of cat ion-· and an 10n- exchange 
chromatography or alternatjvely combinations of two clllll('llSiollal 
chromatography and electrophoresis on inert support mat.rices. 
with the advent of reversed-phase high performance liquid 
chromatography (RP-HPLC), proceoures have now become available for 
the rapid, high resolution separation of complex pepti.de mixt.ures, 
including those generated by enzymatic cigestion of protein 
samples (1). Several of these procedures have already attracted 
attention for the peptiCie mapping of hemoglobin var iants. For 
example, RP-HPLC techniques have been used, in conjunction with 
amino acid analysjs and/or sequence analysis, to distinguish 
single amino acid replacement differences between hemoglobin 
variants using acetonitrile-water-orthophosphoric acid elution 
systems (2-4). Alternative RP-HPLC micro- and semi-preparative 
methods for the separation of hemoglobin fragments have also been 
described based on the use of non-volatile as well as completely 
volatile eluents, including various hydro-organic solvent 
combina'i:.ions containing such additives as trifluoroacetic ad.d, 
ammonium acetate, triethylanunonium acetate or trifluoroacetate, 
sodium perchlorate-orthophosphoric acid, ammonium bicarbonate or 
pyridine - acetic acid buffers '(1, 5--l2). 

Most RP-HPLC studies on homology mapping of hemoglobins have 
largely been devoted to the separation of the tryptic peptjdes of 
either intact hemoglobins or the isolated a-, B-, y- and 6-chains 
under a single set of chroma,tographic conCli.tions. However, with 
complex peptide mixtures, a single elution protocol is rarely 
sUfficient to allow complete resolution, i.e., with Rs = 1 of all 
the components. As a consequence of renewed intere"t in 
resolution optimisa tion for pept ides separated on alkylsi 1. icas, 
attention has recently been directed to examination of the 
chromatographic selectivity clifferences known (5, 13, 14) to be 
induced by different organic solvAnts as \~01l as the concentration 
and composi tion of the buffer components, the pH and associated 
mobile phase conditions. A knowledge of these effects is clearly 
needed, if the full potential of RP-HPLC is to be exploited as an 
analytical tool in the detection of diffe~ent 

hemoglobinopathies. The present study was addressed to tbis issue 
using as model systems the tryptic peptides of the 
isolated B-'chains of normal and several hemoglobin var iants in 
conjunction with low and neutral pH elution systems separated on 
different microparticulate alkylsilicas. 

EXPERIMENTAL 

High performance liquid chromatography was performed on 
}lBondapak - alkylphenyl or -CIS columns (Waters Assoc., Mi lforc1, 
Mass.) and on LiChrosorb RP-8 (E. Merck, Darmstadt, G .J<". R. ) 
columns. 'rhe chromatographs used \<!ere a Waters moCiel 202/401, 
equippe~ with a M~40 gradient mocule and a M450 variable 
\<lavelength UV detector, and microprocessor-contro] led 
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Spectra-Physics SP 8000B (Spectra-Physics, Santa Clara, 
e(juipped wit.h a SP 840 vi:u:iable wavelength UV detector. 
and soluU.ons of peptiCles w'!re filterec using 0.4Sum 
mombrZlncs fl:om Hilliporp Corp. (Bedford, Mass.). 

201 

Calif. ) 
E1uents 

type HA 

The normal hpmog10bin A as well as the variants were obtained 
from blood samples collected in the usual fashion wi th ED'l'A as an 
anticoagulant. The erythrocytes were washed with 0.8% saline an(1 
hemo1ysec1 at ca. 0 under hypotonic conditions. The cell debris 
was removed by centrifugation at 2000xg anel the supernatent 
dialyzed at 4 against 3 changes of SOmM Tris-HCl, pH 8.6, buffer 
(SOOml) overnight. The hemoglobins were isolaten by 
anion-exchange chromatography on a DEAE-Sephadex ASO column (64. S 
x loS cm) equilibrated with SOmM Tris-HC1, pH 8.6 at a flow rate 
of SOml/h. Elution of the non-·bound components was achieved with 
lS0ml of the equilibration buffer. The bound hemoglobin 
components were eluted with a two stage gradient, commencing ~d th 
a linear gradient of SOmM Td s-HC1 (pH 8. S, lSOm1) to SOmM 
Tris-HCl (pH 7.S, lSOml) up to an elution volume of 200ml, 
followed by a further linear gradient from SOmM 'J'ris-~IC] (1JH 7.S, 
lSOml) to SOml1 Tr is-HCl (pH 6. S, ] SOml) . Elu tion of the 
hemoglobins was monitored at 4lSnm. The polypeptide chains of the 
normal and variant hemoglobins were separatecl by the procedure of 
Clegg et al. (] 5) . 

The isolated 6-chains were aminoethylated and c1iaested with 
trypsin (DPCC-treated) according to established methods (7, ]S, 
16) . The samples were freeze-dried and stored at -20 0 until 
reguired. Individual tryptic peptides of the 6-chain of HbA 1'7ere 
resolved, as well as var iant Deptides identified, using 
conventional t,,,o dimensional high voltage electro-
phoretic-chromatographic procedures (17) for use as comparative 
solutes in the RP-HPLC experiments. Distilled water was further 
purified by reverse-osmosis. Acetonitrile was obtained from 
BurClick 2nc1 Jackson (Muskeqon, Mich.) or Waters Assoc. 
Or thophosphor ic acid was from May and Baker (Dagenham, U. K. ) , 
ammonium acetate and ammonia were both Analar grade from B.D.H. 
(Poole, U.K.) and acetic acid was from Merck. 

The reversed-phase columns were conditioneCl to all n0W 
eJ.ution conditions for ca. 30 min. and subjected to at least two 
blank gradient eJutions prior to use. In the present stuCly, the 
following e1.ution protocols were employed: (A), a 60 min. linear 
gradient from aqueous 15mM orthophosphoric acid to SO% 
acetonitrile - 50% I'later - lSmltl orthophosphoric acio (16, 19), and 
(B) a 80 min. linear grad,ient from 10mM ammonium acetate, pH 6.0, 
to 40% acetonitrile - 60% 'vater - 10mM ammonium acetate (6). A 
flow rate of 1. 0 or 2.0 ml/min. ,vas used as indicated in the 
text. Peptide samples were dissolved in the initial eluent of the 
gradient system immediately prior to use and centrifuged at 
5,000xg for 2 min. in a Microfuge. Sample injections were made 
using Hamilton (Reno, Nev.) model 1010W syringes and ranged from 
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45-850pg. The bulk solvents and variolls 
prepared and degassed as described previolls1y 

mobile 
(4) • 

phases were 

Recovered peptide fractions from the reversed-phase 
separations using the (A) ··elution system weLe immedi.ately adjusted 
t.o pH 7.0 with l5mM NaOH. These fractions, as ~Iell as appropriat:e 
fl:actions obtained with the (B) ··elution system, were dried under 
ni trogen and hydrolysed l.~ vacuo in 6M HCl containing 0.1% phenol 
at 11if for 24 hr. The hydrolysates were analysed on a Joel amino 
acid analyser or a Beckman 121MB analyser. 

RESULTS AND DISCUSSION 

F'ig. la shows the chromatogram of the tryptic peptides of the 
aminoethylated normal HbA S-chain eluted under the pH 2.1 
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Figure 1 (a) • Separation of the peptides from the trypsin 
digestion of the aminoethy1ated normal human Hb S -chain by 
RP-HPLC. Chromatographic conditions: column, pBondapak 
alkylphenyl; flow rate, 2 ml/min.; linear 60 min. gradient from 
aqueous 15mM orthophosphoric acid to 50% acetonitrile in aqueous 
15mM orthophosphoric acid; sample loading, 810).1g inject.ed in a 
volume of 100pl. 
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phosphate mediated elution conditions from a pBondapak alkylphenyl 
column. As was noted i.n our earlier studies (1, 13, 18, 19) on 
the separation of tryptic and thermolysin peptides of a variety of 
ylohulnr proteins with aquo-acetonitrile gradients containing 
phosphate buffet:s at various molarities and pHs, these conditions 
penait excellent separation of complex pept.ide mixtures with 
little loss of resolution fOJ: sample loading up to ca. 500 nmoles 
on st.andard analytical (30 x 0.4 cm) reversed--phc\se columns. 
Follo~d_ng recovery of all the eluted peaks shown in Fig. la 
individual tryptic peptides were readily identified from their 
amino acid compositions. It was evident from these compositional 
data that all the expected major tryptic peptides had been 
recover.ed, and that most of the eluted peak_ zones contained only 
single peptide fragments. Peptides'1'-6 (Vall,OLys) and T-8 (Lys66) 

coelute under these conditions as do T-7 (AlaG2 His Gly Lys) and T-
15 (Tyr 145 His). The two peptides (T-12A and T-12B) corresponding 
to cleavage at the aminoethylated cysl12 were well resolved and a 
minor peak containing the intact peptide T-12 recovered. In 

B 
6+15 

• $ • Hb-K. 

," 

, 2 
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<3 ~ 6 

I I I I I I I ~ 
16 20 24 28 32 36 40 44 48 
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Figure 1 (b) . Separation of the peptides from the trypsin 
digestion of the aminoethylated abnormal human Hb (Ka) S --chain by 
RP-HPLC. Chromatographic conditions as in Fig. la, sample 
loading, 870pg injected in a volume of 100)-11. 
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addition, the partial cleavage tryptic peptides corresponding to 
Lysb5 Val •.. Lys82 (T···8 + '1'-9) and LeulOc) ... Lys132 ·(T-ll. -I- 'r·· 
12) were also present. 'I'wo peal<s, both wi th amino acid 
compositions characted.stic of peptide 'I'-'j were obt.ained; the 
minor peak presumably corresponding to the 
oxidised Met 55-nonadecapeptide. Amino acid compositions of the 
remaining minor peaks indicated they contained peptides arising 
from residual chymotryptic cleavage, e.g., i3-chain (131-132) or 
residual CY.-chain contamination, e.g., 00(62-76) and cx (77-90) of 
peptide 00-T-9. The identification of even these minor peaks which 
occur regularly, but are not necessarily predictable in a sample 
emphasise again the excellent resolution which can be obtained 
with the current RP-HPLC methods compared to conventional 
procedures for Hb peptide mapping. 

The RP-HPLC profile for the HbA- S-chain tryptic peptides 
eluted with a water-acetonitrile (0-40%) -- 10rnM ammonium acetate, 
pH 6.0, gradient on a LiChrosorb RP-8 column is shown in 
Fig. 2a. The peak assignments and relative elution order for the 
indi vidual t1:yptic peptides recovered from this, and the 
corresponding pBondapak CIScolumn separation are given in the 
Table. In both cases, amino acid compositional analyses revealed 
that the major i ty of recovered peak zones again contained only 
single tryptic fragments. Peptides T-6 (Va160 Lys) I T-7 (Ala62 His 
Gly Lys) and T-8 (Lys55) were only partially resolved on the 
LiChrosorb RP-8 suppor t and coeluted wi th the pBondapak 
ClScolumn. Superficially, the retention behaviour of the other 
tryptic peptides on the LiChrosorb RP-8 (5pm, spherical particle, 
ca. 14% carbon loading w/w, with nominal pore size of 6nm and 
surface area ca. 250 m 2/g ) and the pBondapak ClS (IOum, irregular 
particle, ca. 10% carbon loading w/w, with a nominal pore size of 
8nm and surface area ca. 350 m2/g) were similar under these pH 6.0 
mobile phase condi tions wi th many of the peptides following the 
same elution order. However, changes in relative selectivity, 
that is 600 /00 , \qere evidpnt-. for' some peptidef; with the most, 
noticeable elution order differences associated with the 
characteristic peptide cluster T-10, T-12, T-2 and T-14 which 
eluted over the intermediate concentration range of the organic 
solvent modifier (20-30% acetonitrile). Within this volume 
fraction range of the organic solvent modifier, relative 
selectivities of polypeptides on a1ky1silicas are known to be 
responsive to stationary phase snrface effects other than those 
due to the w/w percentage of the carbon loading, for example the 
presence of a more open si10xane-si1anol networ.k in the parent 
silica matrix which gives rise to different solvent extraction 
isotherms. Such subtle differences in stationary phase 
characterist.ics can be revealed from comparative plots of the 
10gari thmic capaci ty factors for peptides/polypeptides versus the 
volume fraction of the organic solvent modifier (20). 

Although the peptide mixture produced by the tryptic cleavage 
of the HbA S-chain contains pept.ides encompassi.ng a wide range of 



SEPARilTION OF TRYPTIC PEPTIDES 

1 3 13 12iJ 2 5 

Hb A 

7+15 

Hb-Ka 
E 

6Glu~ Ly, c: 
C) 
N 
N 

0 

(l) 

u 
c b 
0 

£J 
'-
0 
(/) 

£J 
« 

G'GGIAti, 
,JJ 

a 20 
Time 

, 10 

'a '1 

1.0 
(mins) 

+ 9 
12 

14 

60 

207 

A 
4 

B 

80 

Figure 2. Separation of the peptides from the trypsin 
digestion of the aminoethylated normal and abnormal (Ka) human 
Hb i3-chain by RP-HPLC. Chromatographic conditions: column, 
LiChrosorb RP-8; flow rate, lml/min.; linear 80 min. gradient from 
aqueous 10mM ammonium acetate, pH 6.0, to 40% acetonitrile in 10nlM 
ammonium acetate, pH 6.0; sample loading, IOOpg i.n a volume of 
IOpi. 
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hydrophobicities, on all three alkylsilica phases examined many of 
these peptic1es individually Gluted within a narrOvl and 
charactGristic ranges of organic modifiGr percentages irrespective 
whether the 10mM ammonium acetatG, pH 6.0, or the 15mM 
orthophosphoric acid, pH 2.1, primary mobile phase conditions were 
employed, I.e., the retention of these peptides to a large extent 
was independent of secondary solution equilibd a mediated by 
difCer'ence in the pH or buffer composition. 'I'hus peptide '1'-2 
(SAVTALWGK) eluted near to 25% acetoni trile under the two buffer 
and pH concH tions irrespective of \'lhich stationary phase was 
selected. This type of retention behaviour has numerous 
precedents with peptides separated on alkylsilicas. The domi.nant 
role which the organic solvent exerts on the distribution 
equilibria for peptides separated under regular reversed-phase 
conditions (5, 20-23) is well recognised. Many peptides exhibit 
pronounced dependenci es of their logar i thmic capacity factors on 
the volume fraction of the organic solvent in the eluent. Where 
very steep dependencies exist, the retention behaviour of such 
peptides may become relatively unresponsive to seconnary solution 
equilibrium effects due to changes in ionisation, solvation or 
buffer-ion complexation. 

As expected, the smaller, more polar peptides were not 
strongly retained on the various reversed phases under the pH2.1 
or the pH6.0 gradient elution conditions. With several Hb tryptic 
peptides, significant selectivity differences were noted 
presumably mediated by the different pH and/or buffer ion 
conditions. For example, peptides T-lO and T-14 elute much 
rapidly, and peptides T-3 and T-13 are retained longer, with the 
low pH, phosphate-based eluent when compared to the ammonium 
acetate conditions. Several studies (5, 24-26) have shown that 
relatively non-polar peptides (as is the case with T-lO and T-14) 
have augmented retentions on capped alkylsilica stationary phases 
vlith mobile phases llear pH 7.0 but that the retention of i:hese 
peptides is significantly decreased at lower pHs, e.g., pH 2.0-4.0 
in the presence of phosphate, perchlorate or acetate ions. This 
situation is in contrast to peptides containing acidic amino acid 
resi dues at the C-terminus or enco-positions in the sequence (as 
is the case with T-3 and T-5) where retention times are generally 
small(~r at high pIls, but progressively increase as the pH is 
lowereel. It is unlikely that t:he changes seen in the retention 
behaviour for the above group of the Hb i3-chain peptides under the 
two elution conditions have their origin solely due to differences 
in solutF' ionisation, but moce likely reflect composite effects 
I>lhich give rise to varia tions in the effective mo] ecular 
hydrophobic contact area of the peptide at the stationary phase 
interface (5). The observed differences nevertheless highlight 
the important role which secondary solution equilibria can play in 
modulation peptide selectivity on alkylsilicas. With tryptic 
fragmentation of prot:eins, the commonest occurrence of such pH
dependent seJectivi ty changes on alkylsilicas can be anticipated 
with peptides containing several internal Asp and/or Glu residues 
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where potentially the side chain ionisation provic1es addi t10nal 
control for t.he optimisat:ion of J:esoluU.on of a complex peptide 
mixture. 

Tn Fig. lb, 2b and 321 are shm1n representa tive elu tion 
pl:ofilcs for the tryptic pept,j des of the G'-chains of t.he two 
variants Hb(Ka) and Ub(Ua) separated under the different 
chromatographic condit.ions. Comparison of the elution profiles 
for the tryptic peptides of the Hb (Ka) and normal 13 -chains 
indica ted the presence of two new peaks, wi th the peak 
corresponding to peptide T-l of the normal 13 -chain absent. Amino 
acid compositions of the appropriate fractions confirmed the 
substitution 13 6- (Glu ., Lys), thus identifying this variant as 
HbC. The peptide T-lA (Vall .•• Lys ) of this HbC 13-chain variant 
•• as well resolved from the other tryptic fragments under all the 
elution conditions examined. 'rhe di.peptide T-lB (Glu7 -Lys) 
resul ting from the substitution, however, coeluted wi th peptide 
T-8 under the 101'1 pH phosphate conditions. The va.dant Hb (Ha) 
with an amino acid substitut.ion in pept.ide T-3 was readily 
identi fied from the amino acid composi t10n of the two peptides 
T-3A (VallS J"ys26) and T-3B (Ala27 ... Arg 30) indicative of 
the substitution 13 26 (Glu 'r Lys) whi.ch is character i stic of the 
HbE variant. Using similar experimental met.hods, the vad.ant Hb 
(Kempsey) was found to have a variant. peptide T-ll which showed 
enha.nced chromatographic retention. Subsequent analysis confirmed 
the 13 -chain amino acid substi tution Asp 9 9~, Asn. 

Because of the pot.ential diversit.y in peptide struct.ure, 
complete resolution of all the tryptic peptides generated by 
enzymatic cleavage of different hemoglobi.n variants (and, in 
general, of other proteins) is unli.kely under a single EP-HPLC 
gradient elution condition. It should, however, be possible to 
achieve this goal by exploit.ing the selectivity differences which 
arise when two (or more) different elution conditions are employed 
selJuen Lially 0 Such approach0s h2V0 been appJ. :led to 
multidimensional separations of peptides using hydrophobic 
pairing ion systems (5, 28). The separation of partially resolved 
peptides can be achieved in several ways on reversed·-·phases. The 
simpl est in terms of equipment requirements involves (liscrete 
rechromatography of the recovered zone using alternative elution 
systems, i.e., as exemplified by the characterisation of the HbC 
and HbE variants \'1here peptides partially resolved by the 
phosphate based eluent could be separat.ed by rechromatography 
using the ammonium acet.at.e eluent. under gradient (cf Pig. lb, 2b) 
or isocratic conditions. Alternatively, on-line switching valves 
can be employed to redirect the appropriate portions of t.he column 
effluent directly onto a second coupled column pre-equilibrated to 
a second set. of mobile phase conditions. Practical consideration 
for the use of coupled column strategies for the EP-HPLC 
separation of polar solutes, including peptides, have been 
discussed elsewhere (27, 28). Although the latter approach 
permits shorter overall analysi.s ti.mes for selected components, it 
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Figure 3. Compar ison of the RP-·HPLC profiles for the 
peptides from the tryptic digests of the aminoethylated S-chains 
of the Hb (Ha) and Hb (Kempsey) variants. Chromatographic 
conditions as in Fig. 2. 
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can suffcr fcom reduced dct'0ct.ion sensivity and ('lutton beha.viotll: 
pert:urbation for small polm: pcpt.i.def; duc to the effect of 1arqer 
sample loading volumes. 

In conclusion, this publication has further demonstcated that 
Hp···HPLC pepLide mapping of thp t.l:ypt.i.c diqesl:s of isol11ted 
aminoethylated Hb (>-chain vacianUo is a rapid, and ext:remely 
versaU.le technique. Si.ngle .amino acid substitutions can be 
observed in the elution profile and readily confirmed by amino 
acid and/or sequence analysis. The combination of several 
gradient elution systems used with discrete or coupled column 
strategies should generally permit unequivocal resolution and 
assiqnment to be made for a specific 11bnormal peptide. 
Furthermore, Hb variants which do not involve changes in overall 
charge may now be systematically sought using these rapid RP-HPLC 
procedures which are becoming of increasing importance for the 
routine screening of hemoqlobinopathi.es. One benefit of usi.ng 
elution systems of different pH and composition in combination is 
that advantage can be taken of pH-·dependent selectivity changes 
exhibited peptides on alkylsilica supports. Clearly other 
combinations of ionic modifiers (e.g., TFA, ammonium bicarbonate) 
and pH condi tions could be used in a simi l.ar manner to those 
employed in the present study to manipulat.e the resolut.i.on of 
peptide fragments generated i.n t.he characterisation of protein 
variants. The combined use of such alternative systems will be 
described elsewhere (29). 
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ABSTRACT 

Reversed-phase high performance liquid chromatography 
(RP-HPLC) has been used to separate the peptides generated by 
tryptic cleavage of human growth hormone (hGH) and the 20K dalton 
human growth hormone variant. The total amino acid compositions 
of both these pi tui tary proteins has been accounted for on the 
basis of these chromatographic mapping procedures. structural 
analyses of the peptides isolated from semi--preparative RP--HPLC 
separations has confirmed that the primary structl1l:e of the 
variant differs from that of the sequence of llGll by deletion of 
th" amino aciC] reni.cJl1es 1?-46. 

INTRODUCTION 
----~--"-. 

Two d Lstinct forms of growth hormone occur in extracts of 
frozen human pituital:y glands. Tn adclit_ion to the vlell 
characteds('c1 7.7.K dalton version of human growt_h hormone 
(22K--hGH), a variant of lower molecular weight can be detected 
(1, 2) in the extract by polyacrylamide gel electrophoresis in 

1 Author to whom cOl:respondence shou1o. be addressed. 
High performance liquid chromatography of amino acid, 
peptides, and proteins XXXVIII. For the previolls paper in t_he 
series, see Ref. 23. 
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sodium dodecylsulphate. This variant, designated 20K-hGH. 
comprises 5·-·10% of lohe growth hormone content ot t.he ext.ract and 
occ~rs in various aggregated forms with the majority present as a 
hetero:! oCjous d imer wj th the usual 7. 7.K dal ton vcr s ion of hGB. 'I'he 
20K·-hGIl variant can be resolved from the 22K--hGIl form by 
ion-exchange chromatography in the presence of 6H urea. 
Structural studies on t.he purified 20K dalton hGB by Lewis anel 
co-workers (2, 3) and Chapman et. al. (4) have indicated that the 
amino sequence of the variant differs from that of the usual 22K 
dalton form by deletions of amino acid residues 32 to 46. This 
structural relationship raises the possibility that the deletion 
is a result of a variation in excision of an intervening gene 
sequence, a possibility in accord with the observation that an 
intron has been found (5, 6) in the pre-hGIl gene immediately 
following the DNA sequence coding for residue 31. These findings 
have stimulated our interest in the mechanism of expression and 
regulations of the two growth hormone mRNA species as well as in 
the functional biological differences, including differences in 
the growth promoting and potentiating diabetogenic activities (7), 
of these two structurally related proteins. As part of these 
studies (8), we have utilised reversed-phase high performance 
liquid chromatography (RP-HPLC) to monitor the isolation and 
solution properties of these proteins. In this report, we 
describe the application of these techniques to the separation of 
the tryptic peptides of hGIl and the identification of the aberrant 
peptides of the 20K dalton variant. 

HATERIALS AND METHODS 

Equipment 

A \'laters Assoc. (Milford, Mass.) model 224 liquid 
chromatograph equipped with gradient elution capability, a U6K 
sample injector and a model 450 variable wavelength detector were 
employed. Chromatographic separations were performed on 11Bondapak 
C18 columns (30 x 0.4 cm, 10rro) and Radial Pak A cartridges (10 x 
0.8 cm). Sample injections were performed with Pressure Lok 
liquid syringes, scries BllO from Precision Sampling (Baton Rouge, 
La.). The pH measurements were performed with a Radiometer pm164 
pl·! meter equ.ipped with a combination glass electrode. 

Orthophosphoric acid and sodium dihydrogen phosphate were 
ARIS'l'AR grade reagents obtained from BDH (Poole, U.K.), sodium 
heptane sulphate was obtained from Fluka, A.G. (Switzerland) and 
ammonium hydrogen carbonate from Ajax Chern. (Aus.). Human growth 
hormone was isolated from extracts of frozen human pituitaries by 
the method of Chapman et al. (4) based on the procedure of 
Lumley-Jones et a1. (9). The 20K-hGH variant was obtained from 
the hGH-dimer pool by fractionation on DEAE·-cellulose using a 
linear gradient of 65mM to 130mM ammonium bicarbonate in 6M 
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urea. Sigma type XI trypsin (DPCC treated) was used for all the 
digests. The trYPfJin was dissolved in lmM HC1, 2mM Ca C1 2 at a 
concentration of lmg/ml. 

AMINO. ACID COMPOSrrIONAL AND S'rRUCT'URAL ANAIJYSES 

Protein and peptide samples were hydrolysed in vacuo at 110'> 
for 24 hours in 250ul of 6N HCl containing 0.1% phenol. Amino 
acid compositions were determined on a Jeol Analyser. N-terminal 
residues were determined by the method of Percy and Buchwald (10) 
and automated sequential analysis followed established 
procedures. Reduction and carboxyamidomethylation of the proteins 
was carried out essentially as described by Cresfield et al. 
(11) . In bl:ief, the hormone (20mg) ~las dissolved in freshly 
deionised 6M urea (1.5ml) and 1M Tris-HCl, pH 8.6, (300pl) 
added. The solution was flushed with nitrogen and 
i3-mercaptoethanol (40}l1) was added under a nitrogen barrier and 
incubated for 2 hours at room temperature. Iodoacetamide (l02mg) 
dissolved in 100mM Tris-HCl, pH 8.6 (700pl) was added to the 
reaction mixture. Following a 15 min. reaction per i.od, the 
mixture was chromatographed on a Sephadex G25 column (15 x 0.9cm) 
equilibrated with 10mM ammonium bicarbonate adjusted to pH 9.5 
with ammonium hydroxide. The Cys··· (Cm) ·-protein was recovered by 
lyophilisation. All enzymatic digests of the proteins and their 
Cys- (Cm) -derivatives wer:e carried out at 37° using a substrate: 
trypsin ratio of 100:1. The proteins \vere dissolved in 50mM 
Tris-HCl, 2mM CaC1 2 , pH 7.8, at a concentration of 10mg/m1. 
Reactions were quenched by the addi tion of 1/10 volume of a 
solution of 10mM PMSF/methanol, and the samples lyophilised. 'l'he 
one-letter: code for the amino acids is used as described by 
Dayhoff (12). 

CHROMATOGRAPHIC CONDITIONS 

1\11 chromatograms I·/Core can: i ed out at ambient temperature 
(ca. 18 0

). Bulk solvents and mobile phases were filtered through 
;(i.5um Millipore filter (Millipore Cor:p., Bedford, Mass.), and 
degassed by sonication. 1"low rates were maintained between 
1..0ml/min. and 4.0ml/min. Detection of peptines was at 210nm. 
All samples wer:e dissolved in the mobile phase corresponding to 
the initial elution condition I·lith 10-·1500pg sample lnjected in 
volumes of 10-150p1. The elution fractions vlere collected 
manually immediately adjusted to pH7 with 15mM NaOH, the organic 
solvent partially removed under nitrogen and lyophilised. 
Analytical and semi-preparative separations were carried out llsing 
the standard stainless analytical columns (30 x 0.4 em). 
Semi-preparative separations were also carried out using the 
Waters RCM module with the flexible Ivalled Radial Pak A 
cartridges (10 x 0.8cm) and 100mB ammonium bicarbonate based 
eluents. Where peptide assignments or compositional ambiguities 
arose, recovered peptide fractions were rechromatographed using 
different elution protocols as described previously (13-15). 



Jll\ARN, CREGO, AN)) CHAPHAN 

RESULTS AND DISCUSSION 

The use of RP"HPLC for the structural mapping of polypeptides 
imd proU,illf.: is now a w('ll established l:eclmique (for recent 
reviews, see ref. 15, 16). Compared to conventional methods for 
analytical or micro-preparative separation of protein digests, 
RP-HPLC procedures offer numerous advantages including short 
analysis times, generally good sample recoveries and ready 
appraisal of the homogeneity of the eluted components. Because of 
the excellent reproducibility and resolution which can be achieved 
with these RP-HPLC procedures, they also permit direct assessment 
of the enzymat i.c digestion condi tions i.ncluding the optimal time 
course. The potential of these methods to map homologous proteins 
has been exploited previously in studies repor ted (17-20) from 
this laboratory including the identification of hemoglobin 
variants and phosphorylated forms of rat caseins. In view of the 
close structural relationshi.p between hGH and the 20K dalton 
variant, we anticipated similar methods would simplify the 
separation and analysis of the peptides derived from the tryptic 
digestion of these two protei.ns. 

In preliminary experiments, the progress of the tryptic 
digestion of hGH as a function of time was followed by analytical 
separations (10-150pg protein digest) on a pBondapak C18 column 
using a linear 60 min. gradient from 0.1% orthophosphoric acid to 
50% acetonitrile - 50% water - 0.1% orthophosphoric acid (17) at a 
flow rate of 2ml/min. Representative chroma.tograms covering 
digestion times from 15 min. up to 6 hours are shown in Fig. 1. 
Under these chromatographic condi.tions 22K-hGH elutes wi th a 
retention time of 55.6 min. As is evident from Fig. 1, no 
significant changes in the elution profile of the native 22K-hGH 
were obtained with digestion periods longer than ca. 60 mi.n. 
However, to ensure complete digestion of the 22K-hGHand the 201< 
dalton variant, a digestion time of 6 hours was employed in t.he 
romn~rR~ivp stlldies. 

Comparison of the elution profi les (Fig. 2) obtai.ned for the 
separation of the tryptic peptides of 22K-hGH (1500pg) and the 20K 
dalton variant. (1200pg) clearly shows the close similal:ity between 
these t\,O proteins. Compositional analyses of the vari.olls major 
peaks are provided in 'rabIes I and II. '1'he elut::i.on profi.le for: 
the separation of the tryptic digest of hGH (1400pg) on the Radial 
Pak 11 column using a linear 3 hoUl:s gradient from aqueous 100mM 
ammonium bicarbonate to 50% acetonitrile 50% water lOOmM 
ammoni.um bicarbonate is shown in Fig. 3. FOl: clari.ty of 
presentation in Table II, the tryptic peptides of the 20K dalton 
variant are numbered accordingly to the order they would appear in 
the final sequence of the protein rather than by alignment with 
hGH itself. Inspection of the composi tion and chromatographic 
data reveals several salient features. Firstly, the sum of the 
amino acid compositions of the tryptic peptides 22K-hGH (T-l to '1'-

21) shown in '1'able I and of the tryptic peptides of the 20K dalton 
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l"igur-e 1. Time course of tryptic (DPCC--treated) digestion of 
the 22K dalton human growth hormone. All digest:ions wer-e carried 
out in 50mM 'rris-·HC1, 2mM Ca C1 2 , pH 7.S buffer at 37° llsing a 
protein: enzyme ratio of 100:1. Reactions were quenched at 15, 
30, 60, 120, 240 and 360 rnin. by the addition of 10mM PM.'lre 
methanol and samples (ca. 150pg) Jyophilised. Chr:omatogr-aphic 
conditions: column, pBondapak CIS; flow rate, 2ml/min.; mobile 
phase, 60 min. linear gradient from 0.1% orthophosphoric acid to 
50% acetonitrile - 50% water - 0.1% orthophosphoric acid. 
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Figure 2. Semi-preparative reversed phase separations of (A) 
22K .... hGH digest (1500,ug) and (B) 20K-·hGH digest (1200pg) • 
Chromatographic conditions as in Figure 1. 
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Figure 3. Separation of the tryptic peptides of human growth 
hormone (1400)1g) on a Radial Pak A column at a flow rate of 
1.5ml/min. using a 3-hour linear gradient generated from aqueous 
100mM ammonium bicarbonate to 50% acetonitrile in 100mM ammonium 
bicarbonate. 

hGH variant (T-l to T-19) shown in Table II completely account for 
the intact 22K-hGH and 20K-hGH proteins respectively. Secondly, 
tryptic peptides T-l to T-3, T-7 to T-13 and T-15 to T-21 of the 
22K-hGH correspond in composition and retention characteristics to 
the tryptic peptides T-l to T-3, T-5 to T-ll and T-13 to T-19 of 
the 20K dalton hGH variant. It is noteworthy that the tryptic 
peptides T-18 and T-19 of hGH (which correspond to the pair T-16 
and T-·17 of the hGH variant) are well resolved despite the single 
N-terminal lysine difference. These peptides, respectively 
(KDMDKVETFLR) and (DMDKVETFLR), correspond to residues 168-178 and 
169-178 in the sequence of hGH. The relative elution order 
observed for these two peptides on the microparticulate 
octade~vl-silica with the low pH phosphate mediated elution 
condit \ used is in accord with the known (21, 22) influence of 
an ado. onal N-terminal lysine residue on peptide selectivity. 
Thirdly, ident_cal chromatographic profiles were obtained for the 
correspo,lC'ling peptides obtained from the digests of the Cys- (em) -
proteins. In chese cases, only peak 1 was shown to contain more 
than one tryptic peptide (corresponding to T-3, T-5 and T-17 of 
22K-hGH) . Under isocratic condi.tions with aqueous 50mM sodium 
dihydrogen phosphate, these peptides were not retained on the 
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pBondapak C18 column, but they can be resolved usintJ a pairlntJ ion 
elution system such as 15mM sodium heptane sulphonate, pH 3.0, (7, 
2.1, 22.) t,hus allowintJ unequivocal assi.tJl1Inent for '1'·-3 (AHH) , ']'·-5 
(EQK) and T-IJ (K). In the ditJest of the 20K dalton variant the 
peptide EQK (2.2.K-·hGH-']'-S) is absent. 

The results presented above indicate that portion of peptide 
T-4, peptide T-5 and part of peptide T-6 of hGH are not found in 
the 20K dalton hGI-! var iant. These three peptides correspond to 
residues 20-38, 39-41 and 42-64 of the hGH sequence. Automated 
sequence analysis of this region of interest contained in peptide 
T-4' of the 20K dalton var iant has shown that the partial sequence 
is LHQLAFDTYQEFNPQTSLC which corresponds in position to 
residues 20-31 and 47-53 of 22K-hGH. These results are consistent 
with the conclusion made in earlier studies by Lewis et a1. (3) 
and Chapman et al. (4) that the N- and C- terminal sequences of 
the 20K dalton hGH variant are identical to the 22K dalton hGH 
form, but differs internally due to a 15 residue deletion 
corresponding to residues 32-46 of hGH. 

Peak 5 shown in Fig. 2a eluted with a retention time of 6.7 
min. and contained tryptic peptide T-14 of 22K-hGH. The 
compositional analysis of this peptide (Thr (0.9), Ser (1.0), 
Glx (0.7), Tyr (0.9) and Lys (1.0» was in accord with values 
expected for a peptide wi th sequence QTYSK. Al though the same 
peptide was present in the elution profile of the tryptic digest 
of the 20K dalton variant, an additional peptide (peak 3, Fig. 2b) 
of the same amino and composition, but shorter retention time (3.6 
min.) was also obtained. The decreased retention on the 
octadecylsilica support shown by this peptide is consistent with a 
GIn ~ Glu change. The most plausible explanation for this 
observation is that the 20K dalton hGH variant, as isolated by the 
ion exchange procedure, contains material with either GIn or Glu 
at posi tion 126 of 20K-hGH (posi tion 141 on the hGH sequence). 
The oritJin of this diffeL'ellce is currently under investitJation. 

In summary, the separation of the tryptic peptides of t-.he 22K 
dalton hGH and the 20K dalton hGH variant by RP-HPLC is 
described. By comprtrison wit.h the known sequence of hGII, it was 

evident that all of the anticipated peptides were recovered thus 
permi tting the sequence l:elationship between the 22K dalton and 
the 20K dalton hGH versions to be confirmed. 
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CHARACTERIZATION OF PROTEIN-PROTEIN AND PROTEIN-LIGAND 
INTERACTIONS BY HIGH PEHFORlv[ANCE SIZE EXCLUSION CHROr1A'l'OGHAPHY 

Kenneth C. Ingham, rrhomas F. Busby, Donald H. Atl1a 
and Hilda Forastieri 

American Red Cross Plasma Derivatives Laboratory 
9312 Old Georgetown Road 
Bethesda, Maryland 20814 

ABSTHACT 

HPLC has been used in our laboratory to characterize a , .. ide 
range of protein-protein and protein-ligand interactions. In a 
study of the dissociation and recombination of human chorionic 
gonadotropin subunits, HPLC provided a fast and sensitive method 
for directly observing the state of association of samples 
equilibrated under various conditions. The cxsubunit (15 Kd) was 
easily resolved from the i3 subunit (23 Kd) using a Toyo Soda type 
S\V 3000 column (0.8 x 60 cm) eluting at 1 ml/min. The subunit 
was poorly resolved from the intact hormone (38 Kd) in agreement 
",i th results obtained using conventional exclusion media. In 
another study, the same column was used to assess the degree of 
aggregation of various protease inhibitors (antithrombin III (AT 
III), C1-inactivator and cx1-proteinase inhibitor) after heating, 
as part of an effort to determine conditions under \'lhich these 
potenti aJ ly therapeutic proteins might withstand pasteurization 
to reduce the risk of transfusion hepatitis. 'I'he ability of AT 
III (65 Kd) to bind heparin (5-20 Kd) and thrombin (37 Kd) was 
also readily ascertained by HPLC. When native inhibitor \'las 
premixed with excess heparin, its elution shifted toward the void 
and became broader due to the polydispersity of the 
mucopolysaccharide. By con trast, formation of a complex \'lith 
thrombin only slightly increased the rate of elution of A'r III. 
Nevertheless, the extent of complex formation could be determined 
from the depletion of the much slo",er moving thrombin peak. The 
latter approach proved useful for characterizing thrombin after 
covalent attachment of fluorescent probes. 
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IN'l'lWDUC'l'ION 

Our interest in HPLC was triggered by the advent of an 

exclusion column through which at least some of the proteins 

being studied in our laboratory would pass freely. 'l'he abi] i ty 

to ask simple short term questions regard ing the sta te of 

association of a macromolecule and realizing the answer in only 

20--30 min has had a definite impact on our program. r,10st of our 

experience is with systems involving strong complexes which are 

stable on the column. These include (1) protease inhibitors, 

which form covalent complexes with their target enzymes, and some 

of which interact with heparin, a mucopolysaccharide which binds 

strongly but reversibly, shifting the elution of the inhi bi tors 

to shorter times, (2) human chorionic gonadotropin (hCG) subunits 

which interact reversibly to form an active hormone with an 

association constant > 108 M- 1 at room temperature; and (3) heated 

proteins whose denaturation is sometimes detected by the 

formation of aggregates, or by loss of ability to jnteract with 

other macromolecules, ei ther even t being amenable to detec tion 

and characterization by HPLC . The latter applicatjon is part of 

a program to determine conditjons l'lhich prevenL denaturat'ion flO 

that potentially therapeutic human plasma proteins can be 

pasteurized to reduce the risk of Lransfusion hepatitis. The 

purpose of this report is to share our experience with high

performance size-exclusion chromatography so that oLhers might 

apprecia te the power of this tool. The resu1 ts presented here 
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have been published in preliminary form as part of the abstracts 

of the International Symposium on HPLC of Proteins and Peptides, 

November, 1981, Washington D.C. 

HATERIALS AND ~1ETHODS 

Highly purified hCG and its subunits were obtained from Dr. 

Robert Canfield of Columbia University via the Center for 

Popula tion Research, Na tional Insti tu te Child Heal th and Human 

Development, NIH. Anti thrombin III and C1-Ina were gifts from 

Dr. Milan Wickerhauser of this institution. The purification and 

characterization of AT III has been described (1). C1-Ina was 

partially purified from plasma by ion exchange chroma tography 

and further purified as described herein. Alpha1-proteinase 

inhibitor was obtained from D~ Charles Glazer of the Institutes 

of Medical Sciences, San Francisco. C1 s was partially purified 

by a modi fica tion of the procedure of Bing et aI., (2) and Taylor 

et aI., (3). Thrombin was a gift of Dr. John FenLon, of the New 

York State Department of Health, Albany. Bovine Pancreatic 

Trypsin was purchased from Cal Biochem and used without further 

purification. 

All chromatography experiments were conducted at room 

temperature using 0.8 x 60 cm exclusion columns dona ted by or 

purchased from Toyo Soda Hanufacturing (TSK G3000Svl). Unless 

otherwise stated, the eluting buffer was 0.02 M potassium 

phospha te pH 7.35, plus 0.15 ]\1 NaCl. Elution was controlled at 1 
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IIlI/min with a Waters M600A pump. Samples \'lere injected with a 

Haters U6K injector and protein elution \'las monitored at 280 nm 

vii th a \-la tel's i'lodel 450 Variable \'Iavelength detector. Other 

details of the experimental conditions can be found in the figure 

legends and in the appropriate references given in the text. 

RESULTS 

Human Chorionic Gonadotropin 

Human chorionic gonadotropin (hCG) is a glycoprotein 

comprised of two nonidentical subunits, a and S, held together by 

noncovalent bonds (4,5). The dissociated subuni ts are 

biologically inactive but activity can be recovered by combining 

the isolated subunits under physiological conditions (6). Studies 

of the kinetics of dissociation and recombination would be 

facilitated by the availability of a fast and sensitive method to 

assess the state of association of a given sample. The TSK 

G3000S\'[ column has proven useful for this purpose and I'/e have 

utilized HPLC along vli th that of fluorescence polarization, to 

study the reversible dissociation of hCG subunits at elevated 

temperatures and neutral pH (7). 

Figure 1A illustrates the elution of several samples of hCG 

which I'lere incubated in 0.01 l\1 potassium phosphate pH 7, at 

various temperatures until equilibrium was established. Profile 

A refers to the intact native hormone which elutes as a single 

symmetrical peak, while profile B refers to a sample incubated 
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Figure - Analysis of the state of as soc ia tion of human 
chorionic gonadotropin subunits using Toyo Soda exclusion column 
TSK G3000SW. 

A) 

B) 

c) 

Determination of the extent of dissociation of hCG (54 
M) following prolonged incubation at neutral pH at 
various temperatures a) 25°C (100% associated), b) 80°C 
(100% dissociated), c) 65°C (33% assocjated), d) 
dissociated subunits incubated at 37°C for 18 hrs (78% 
asssociated) . 

Analysis of the time couse for recombination of acid
dissociated hCG subunits (22 ~M) a) intact native 
hormone, b) dissociated subunits obtained by incubation 
at pH 2.5 and 37°C for 1 hr, c-f) samples wi thdra1'lu at 
the indicated times after adjustment of pH to 7. 

Second order kinetic plot of the recombination data 
shown in panel b. k = 385l'I-1 min- 1. 

12 
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at 130 0 C resultjng in compLete disfcJociatjon. C],he a subuni t 

elutes severed. minutes later than either the intact hormone or 

the f3 subuni I;, Lhe La t tel' tYIO being unresolved on LhLs column. A 

similar lack of resolution between hCG and hCG-a is obtained by 

conven tional chromatography using Sephadex G-100 (13). erhe ra te 

of subunit recombination at room temperature under the conditions 

of elution in Fig. 1 A is too slow to cause a significant chan"ge 

in the state of association during the time required for the 

analysis. The relative areas under the tJ,ro peaks in profile B is 

consistent with the known extinction coefficients of the 

subuni ts. Profile C refers to a sample equilibrated at 65 0 c. 

Analysis of the areas indicates that 33% of the hormone is in 

the associated state, corresponding to a dissociation constant of 

Using this approach it was possible to determine 

the dependence of the subunit dissociation constant on 

tempera ture (7). Profile D illustrates the reversibility of the 

reaction. This profile refers to a sample which was first 

equilibrated at 130 0 C causing complete dissociation and then held 

overnight at 37 0 resulting in 78% recombination; longer times are 

requLred for complete recombinatLon under these conditions. 

li'igure 1B illustrates the time course for recombinati.on of 

acj.d-djssociated hCG subunits in 0.01 I'l potassium phosphate pH 7 

at 37 0 C. 'rhe intact hormone (profile A) 1'Ias dissociated by 

incuba hng at pH 2.5 and 37 0 (profile B) and then neutralj zed. A 

sample withdravm immediately after neutrali.z.ation had the same 
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profile. Samples withdrawn at various Limes after neutralization 

,iho\·wd jncrca,si.ng amount;, of I'ecombinEJ l:ion (profl les A 

second order plot of the kine tic data obtai ned in this fashj.on i.s 

sho vlll j.n Fj gure 1 C. 'l'he ['ate constant obta:i.nod from the slope (k 

good agreement 'il:i.th that obtained 

previously by spectral methods (9). 

The lack of resolution between hCG and hCG-S on th:i.s column 

as well as on conventional exclusion columns could be due to an 

unfolding of the isolated S subunit resulting in a larger 

exclusion radius. HOvlever, an unfolded conformation seems 

unlikely in view of the high polarization of tyrosyl fluorescence 

(8). Studies with the homologous hormone, ovine lutropin, 

suggested that most of the unfolding which accompanies subunit 

dissociation occurs in the a subunit (10). An alternative 

explanation for the peculiar elution behavj.or \·/ould be the 

existence of a highly asymmetric but perhaps rigid conformation 

fo~ hCG·S which combines with a flexible a subunit to form a more 

spherical complex whose exclusion radius is similar to that of 

It is of interest that the elution peak for hCG-B is 

narrower than Lhat of Lho intact hormone suggesting a lower 

diffusion coefficjent for the former, consisLent with un asymmet·· 

ric conformation. 

Anti thrombin III 

Antithrombin III (AT III) is a circulating protease 

inhibitor which inactivates thrombin and most serine proteases of 
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Figure 2 - A: Formation of high molecular j'reight aggregates of 
antithrombin III as a functicm of time at 60°C. AT III samples 
(2 mg/ml) \'lere heated in 0.02 r,1 potassiUln phosphate buffer, pH 
7.35 containing 0.15 r,l NaCl, removed at i.ndica ted times, stored 
at 2°C and subsequently applied to the column. B: r.!easurements 
of heparin binding to samples of AT III in the presence of 
citrate. AT III samples (2 mg/ml) containing the indicated 
concentrations of sodium citrate were heated at 60°C i.n 0.02 H 
potassj.um phosphate buffer, pH 7.35, containing 0.15 N NaCI, 
removed after 10 hr, cooled to 2°C and subsequently applied to 
the HPLC. The heated and control samples were dialyzed against 
0.02 1·1 potassium phosphate buffer, pH 7.35, plus 0.15 N NaCl, 
mixed with heparin for a final concentration of 0.7 mg/illl AT III, 
12 mg/ml heparin and applied to the column. (----), no heparin; 
(----), heparin added. Adapted from Busby et aI., (18). 
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the blood coagula lion system (11,12). It is of potential 

therapeutic interest for replacement therapy jn patients 11i th 

inherited or acquired deficiencies. A major risk associated with 

such therapy is transfusion hepati.tis and one approach to reduce 

this risk is to determine conditions under which the protein can 

be pasteurized (for 10h at 60 0 ) to inactivate the virus. In the 

case of AT III, the presence of 0.5 M citrate is sufficient to 

preserve most of the activi ty (13). In the absence of 

stabilizers, the inhibitor undergoes extensive aggregation and 

loses its ability to bind the mucopolysaccharide heparin and 

inhibit thrombin. 

moni tored by HPLC. 

All three of these events can be readily 

Figure 2A illustrates the time course of aggregation in a 

sample of AT III 'Ihich was hea ted at 60 0 C. Higher molecular 

weight forms are detectable after 2 min and by 60 min very little 

monomer remains. The multiple peaks presumably correspond to 

different oligomers which are formed and can be resolved by 

polyacrylamide gel electrophoresis in the presence of sodium 

dodecyl sulfate (data not shol'ln). This aggregation can be 

en tirely prevented, even after 10h at 60 0 C, by addi tion of 

sodium citrate at concentrations 50.5 lL This is illustrated by 

the dashed profiles in Figure 2B ,Ihere it can be seen that the 

samples pasteurized in 0.5 or 1.0 M citrate are indistinguishable 

from the unpasteurized control, whereas that pasteurized in 0.25 

f.! citrate showed substantial aggregation. 
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The solid profiles in Figure 2B illustrHLe the manner in 

which HFLC can be used to assess the ability of AT III to bind 

heparin. Prem ixing vi i th an excess of the mucopolysaccharide, 

1·lhi.ch is essentiaLly transparent at 280 nm, shifts the absorbance 

profile of unpasteurized AT III to an earlier elution time with a 

concomitant broadening of the peak. This broadening is 

presumably due to the polydisperse nature of the crude heparin 

used in these experiments (Mr = 5000-20000) Similar results are 

seen with the sample pasteurized in 1.0 11 citra te whereas the 

sample pasteurized in 0.5 r1 ci trate appeared to contain slightly 

more monomer which did not shift. The 0.25 M citrate sample 

contained appreciable amounts of higher molecular weight species 

even in the absence of heparin and addition of heparin caused 

only a partial depletion of the monomer peak. This approach 

obviously has considerable potential for characterizing the 

interaction of A'l' III with various heparin preparations and for 

rapid assessment of the ability of various modified antithrombins 

to interact with heparin. 

EFLC has al so been used to moni to l' the formation of 

complexes between AT lIT and one of its target enzymes, thrombin. 

This is part of an effort in our laboratory to prepare 

fluorescent-labeled derivatives of AT III and thrombin which 

retain thej.r ability to form enzyme-inhibitor cmplexes in a time 

dependent reaction whose rate could be directly monitored by 

observing changes in fluorescence polarization. ~'he elution 
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Figure 3 - High performance size exclusion chromatography of 
various fluorescent-labeled derivatives of thrombin, 
antithrombin, and their mixtures. Samples (25 pI) of thrombin (1 
mg/ml) or AT III (1-2 mg/ml) were injected into the HPLC B,nd 
eluted with 0.01 M K phosphate pH 7.35,0.1 M NaC}' Complex 
forma tion \'1as observed in mixtures containing labeled thrombin 
(0.5 mg/ml) and an excess of unlabeled AT III (1.0 mg/ml). '1'hese 
mixtures were incubated 15 minutes aL 37°C prior to injection (50 
]11) . 

pro fj les of "leveral label ed ,1 eriv ali ves of A 1,' I I I and th rom'bin 

are shown in the upper and middle portion of Figure 3. Thrombin, 

which has a molecular weight of about 37,000, elutes close to the 

salt volume (22 ml) suggesting a tendency to interact with the 

column. When mixed with excess unlabeled AT III, the thrombin 

peak disappeared and was replaced by a new peak emerging slightly 
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ahGad of A'1' II , as ShO\'ln in thG 101'1er three panels of Figure 3. 

Thus, thG presence of the labels did not interfere with the 

abili ty to form complexes. 

The small difference between the elution of AT III and that 

of the AT III-thrombin complex could be due to retardation of the 

latter due to interaction of the thrombin moiety with the column 

or to conforma tional changes accompanying complex forma tion which 

result in a more compact structure. This behavior is reminiscent 

of that seen with the combination of gonadotropin subunits, as 

discussed above and is in contrast to the behavior seen with 

heparin which caused a substantial shift in the elution of AT 

III. The latter effect can be attributed to the formation of a 

heparin:AT III complex from 1-1hich substantial portions of the 

polysaccharide chain protrude, producing a larger effective 

radius. 

Alpha 1 ··Protei nase Inhibitor 

Alpha1-proteinase inhibitor (a1-PI, also termed 0"1-

anti trypsin) is the most abundant protease inhibitor in plasma 

(14). Individuals 1-lith inherited defj~ciencies of this protein 

are predisposed to pulmonary emphysema and might benefit from 

replacemen t therapy wi th the purified protein (15). As 1-1i th AT 

III, pasteurization to inactivate hepatitis virus results in loss 

of activity and extensive aggregation. Treatment for 10h at 60 0 C 

in the absence of stabilizers shifted all of the protein into 
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Figure 4 - A: Heat induced aggregation of o.1 -proteinase 
inhibi tor (o.1-PI). The protein (0.50 mg/ml) ,vas "pasteurized" at 
60 0 C for 10 hr in 0.02 N potassium phosphate buffer, pH 7.35 
containing 0.15 M NaCl. B: complex formation between o.1-PI (0.56 
mg/ml) and trypsin (1.0 mg/ml) incubated together for 10 min at 
25 0 C. Note disappearance of trypsin peak without formation of 
nevT peak. 

the vo id of the TS K-G 3000SI'1 col umn (Figure 4A) sugges ting tha t 

the aggregation is even more extensive than with AT III. 

Formation of a complex bet"Teen o.1-PI and trypsin is 

illustrated in Figure 4B. 'rhe peak due to free trypsin near 21 

ml disappears when the enzyme is premixed with excess o. 1-P1. No 

nevT peak is apparent, suggesting that the enzyme-inhibitor 

complex elutes in the same position as the free inhibitor. The 

small peak eluting ahead of the main peak in the upper profile is 
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DoL large enough to account for more than a smaJ.l fraction of the 

totel aInoun t of complex expected. This behavior is also similar 

to Lhat seen wi til hCG/hCG-13 and /.\'1' IIII thrombin. 

C1··Inactivator 

C1-inactivator (C1-Ina) is another protease inhibitor 

involved in the regulation of the first component of the 

complement system. Partially purified preparations of this 

protein have been shown to be effective in the treatment of 

hereditary angioedema patients (16). HPLC has been useful in 

moni toring the hea t···induced aggregation of C1-Ina as part of an 

effort to define conditions for pasteurization. 

Figure 5A illustrates the manner in which HPLC \vas used for 

rapid purification of C1-Ina and one of its target enzymes, C1s, 

from crude concentrates of each protei~ The upper two profiles 

represent the impure starting materials which gave multiple 

peaks. Ivhen antigen posi ti ve f rac tions \'/ ere pooled and reapp 1 ied 

to the column, the two lower profUes IVeri" obtained 'indicaUng 

size homogeneity. A portion of each of the peak fractions IVas 

rochrolnatographecl, soparatoly, and after mixing, producing the 

profiles in pjguro 5il. 'I'ho upper profile of tho mi.xturo 

contained a nelV peak, IVell resolved from either constituent, 

presumably representing the enzyme-inhibitor complex. Resid ual 

material in the position of the individual components could be 

due to impurities of the same size as the components or to 

unreacted or inactive components. 
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Figure .2 - Use of HPLC to further purify, charac teri~e heparin 
binding, and demonstrate complex formation of Ci sand Ci-
inactivator (Ci-Ina). A: After injection of crude preparations 
of Cis and Ci-Ina (top tl"O profiles), and pooling the 
immunoreactive fractions, sUbstantial purification of both 
proteins from larger molecular weight contaminants was achieved 
(bottom two profiles). 13: Upon mixing the C1 sand C1-Ina 
purified in 5A, followed by a 30 min incubation prior to 
injection into the HPLC, the formation of a complex could be 
demonstrated (top curve). C: When the purified Ci sand Ci -Ina 
from 5A were premixed with heparin before injection, the protein 
heparin complexes eluted earlier than the proteins alone (compare 
top two curves with those in panel 13). The profile of the Ci s--, 
heparin mixture (second from top) indicates the presence of a 
substantial amount of nOll-heparin binding protein contaminant 
which elutes i.n the same position as Cis alone. Further 
purification on heparin-Sepharose, gave material represented by 
the middle curve from which the non-heparin binding contaminant 
was eliminated, as shown by the second curve from bottom. A 
mi.xture of the purified Ci sand Ci-Ina, after prior incubation 
for 30 min, exhibited a single peak, presumably that of the 
enzyme-inhibitor complex (lower curve). 1'he eluting buffer for 
these analyses was 0.033 M sodium citrate, 0.045 M NaCl, pH 7. 



l:[hcn C1 ~-Ina was premixed I·lith heparin, i ls elution shifted 

from! 0.9 ml (Figure 5]3) to about 10.3 ml (Figure 5C). \'Then C 1 s 

\'IUS premixed I'lith heparin, only pal'L of Lhe matcrial shifted 

indicating Lhe presence of impurities which fail to interact with 

hepa rin (Figure 5 C). rrherefore, the impure preparation of C1 s 

was fractionated by affinity chromatography on heparin Sepharose. _ 

Gradient elution l'li th NaCl produced a fraction which was more 

homogenous on HPLC and all of which was shifted toward the void 

when premixed with heparin (Figure 5C). vlhen this material was 

mixed with C1-Ina (in the absence of heparin), a complex was 

formed which eluted earlier than either component alone with less 

evidence of residual material in the position of the individual 

components. The lower signal to noise ratio seen in the lower 

profiles of Figure 5C is due to the higher sensitivity range 

required on the samples which were now quite dilute because of 

the successive manipulations. These examples nicely illustrate 

Lhe power of this tool in probing the purity and functional 

integri ty of interacting proteins. 

DISCUSSION 

The molecular weights and elution properties of the various 

pro teins men-boned in this report are summarized in Figure 6. 

The filled circles represent globular protein standards, 

identified in the legend, which were chromatographed sequentially 

on the same column on a single day. rrhe open symbols represent 
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Figure £. - Summary of the elution parameters for the various 
proteins used in these studies. The filled circles represent 
standard globular proteins in order of decreasing ~r: phosphory
lase, aldolase, albumin, ovalbumin and chymotrypsinogen. Kav 
values "ere calculated as (Ve - Vo)/(Vtotal - Vo)' 

data gathered over a period of Lwo years on three different 

columns of identical size. rrhrombin and trypsin are boLh basic 

proteins which may tend to interact with the co}umn accounting 

for their late elutiofu The relatively early elution of some of 

the other proteins may be due to the presence of large amounts of 

carbohydrate in their structures, a property which also affects 

the elution from conventional exclusion media (17). In our 

experience, the value of this tool for a particular application 

can best be determined by a few preliminary experiments wi th the 
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pcoLeins .Lnvolved. 1 L is difficul L La pl'edic t a 'priori I'lhether a 

given protein wi.]] be amenable to analysis. For example, human 

plasma fibronectin, n large (440 Kd) glycoprotein internc Led so 

strongly vlith Lhe column that iL could not be eluLed in the 

absence of denaturanLs. However, \vi th 6 H urea in the buffer, 

the col umn was useful for ob serv ing the degradation of 

fibronectin into smaller fragments. The high expense of these 

col umns discourages ex tensi ve explora tion of the use of 

denaturants. 'l'his is unfortuna te since exclusion chromatography 

under (lj ssocia ting cond i ii,ons could provide a fas t and sensi ti ve 

al terna ti ve to SDS-PAGE. These and other applica tions are 

certain to emerge as improved and less expensive column materials 

become available. 
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hCG, human cho rionic gonadotro pin; 1\'1' II I, Anti throm bin III; a1-

PI, ai-proteinase inhibj_tor; CI-Ina, CI-inaclivalor or CI--
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COHPLETE NlINO ACID SEQUENCE OF urn 12K FEAGt1ENT OF 
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ABSTEACT 

Using exclusively high pressure liquid chroma logl.-ajJhy 101: the prot"j 11 

and peptide separation complete primary structure of the 12,000 

lIloleculal: "eight (12K) am-ino terminAl (1-87 residues) fragment obtained 

by mild acid hydrolysis of p27 (Avian Sarcoma Virus structural protein) 

has been determined. The sequence was established by direct degradation 

of the native molecule and its (l2K) peptides isolated by molecular 

exclusion and reverse phase HPLC. 
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INTRODUCTION 

Avian Sarcoma viruses (ASV) possess a major internal structural 

polypepti.de (pT!) of ')7, 000 dill tOils, "Ihicl! forms the inner capsid shell 

of the virion (1,2). This protein, 1'')7, is highly conserved and carries 

group specific antigenic determinants, that characterize the avian 

sarcoma viruses (ASV). The relatedness of the conserved or interspecies 

antigenic determinants of a viral protein can be considered indicative 

of the taxonomy of the viruses (3,4). The present study was undertaken 

to delineate the total primary structure of p27 to help locate the 

conserved areas of amino acid sequences responsible for its 

antigenicity. 

The study of protein structure presents unique problems that 

require innovative approaches. The limiting factor in achieving the 

total primary structure of a protein molecule is the availability in 

sufficient amounts of pure homogeneous sample. The classical methods of 

protein purification involving gravity fed open column chromatography 

suffer with numerous major drawbacks. These include sample losses and 

larger volwnes not to mention the time of separation which frequently 

extends into days. HPLC has emerged as an excellent alternative to 

overcome these otherwise insurmountable problems of the protein chemist. 

Earlier methods (5) of separation of 1'27 by gel filtration 

llt:il~i zing 6 t·1 qu,midine hydrochloride were Lime consuming and involved 

desalting which frequently resulted in significant losses. Ion exchange 

chromatography, a commonly used technique for peptide separation, is 

nearly always associated with low recoveries. In addition all of these 

techniques are time consuming. By utilizing selective methods of 

chemical and enzymatic cleavages follOl,ed by their size and reverse 

phase separation by HPLC, it is feasible to obtain structural 
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iufoLlnation on p,-otein and pep tides OIl small amounts of sample. 

Furthermore, the speed of separation, high yields and use of volatile 

bnfff'r system makes the technique even more attractive for structural 

analysis. 

p27, ",hen subjected to mild acid catalyzed hydrolysis, generates 

t",o fragments \,i th 12,000 (I2K) and 15,000 (15K) molecular weights as 

determined by sodiwn dodecyl sulphate polyacrylamide gel electrophoresis 

(SDS-PAGE) . Earlier (6) we have reported the alignment of these two 

peptides in p27, in the present study, We report the determination of 

complete primary structure of the 12,000 daltons (I2K) fragment (6) 

employing only HPLC and volatile buffer systems. 

t~TERIALS AND METHODS 

Chemicals: Sequencer grade chemicals were purchased from Spinco 

Division, Beckman Instruments (Palo Alto, CA). Methanol (Omnisolv) for 

high pressure liquid chromatography was the product of MCB Manufacturing 

Chemicals Inc. (Cincinnati, OH). All other chemicals were of highest 

purity grade and were obtained from Pierce and/or Fisher. 

Virus: Rous Sarcoma virus (RSV-PRC) ",as propagated in chick-helppr 

factor-negative C/E chicken embryo cells as described earlier (6) 

Purification of p27: The viral protein p27 \.;as purified by high 

pressure liquid chromatograph (HPLC) from Rous Sarcoma virus (RSV-PRC) 

as described by Bhown et al. (7) except the sample was not reduced and 

alkylated. 

Amino acid analysis: For amino acid analysis protein samples were 

hydrolyzed at 110 D C with constant boiling HCl in sealed evacuated 

ampules for 24 hrs and analyzed on a Durrum D-500 analyzer. 
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Ae.id Digestiou: Acid eel len ly%ed hydrolysis of the s.ingle 

aspartyJprolyl bond in p27 ,,,,,s performed as described by 13hown et a1. 

(6) . 

Separation of the products of acid digestion: Acid cleaved 

fragments '·lere separated by HPLC (I-Iaters Associates, ~Jilford, rlass.) 

equipped with two 6000A solvent delivery pumps, a U6K universal 

septumless injector, model 440 dual channel absorbance detector and four 

1-125 columns (Part 1}84601 Ivaters Associates) attached in series. A 

mixture of acetic acid: propanol: water (20:15:65) was employed as a 

mobile phase, at a flow rate of 0.2 ml/min. The effluent was monitored 

at 280 nm, the peaks were collected manually and lyophilized. 

Cyanogen bromide digestion: The low molecular weight fragment 

(12K) was digested with 30 fold excess of cyanogen bromide in 70% formic 

acid for 4 hrs at room temperature. 

and lyophilized. 

The digest was diluted with water 

Separation of the products of cyanogen bromide digestion: The 

products of CNBr digestion were fractionated by HPLC employing two 1-60 

columns (Part 085250 Waters Associate) in series and acetic acid: 

propanol: w[Iler (20:15:65) as mobile phase at 0.2 ,ill/min flow ratc. 

Peak fractions were manually collected and lyophilized. 

Acetylation: The 12K fragment ~va s dissolved in 0.2 N 

N-ethylmorpholLne acetate pH 9.0 and 10 fold mol"" excess of acet.ic 

anhydride over protein was added. during constaIlt vortexiIlg. The nlixtllre 

at this stage develops a cloudy appearance. The sall~le was lyophilized. 

Trypsinization: The acetylated 12K fragment was solubilized in 1% 

ammonium-bi-carbonate and digested at 37°C for 4 hrs with TPCK trypsin 

(\-Iorthington Biochemical Corp. Freehold, N. J.) solubilized in Im~l HCI, 

us ing an enzyme: protein ratio of 1: 50. The trypsin digest was 

lyophilized and peptides fractionated 011 reverse phase BPLC. 
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Tryptic peptide isolation: Peptides resulting from trypsin 

digestion of acetylated 12K were chromatographcd on a Waters C 1S 

pBondapak CO]lllllll (0.46 x 25cm part If) as fol10",s: Solvent "A" was 0.1% 

TFA and "B" 60% acetonLtrile containing 0.1% of 'IFA. The column was 

developed with a 60 min linear gradient of 0% B to 100% B at a flow rate 

of 2.0 ml/min with a 10 min delay betlo/een start of the gradient and 

sample injection. The effluent was monitored at 206 nm in an LKB 

absorbance detector lUvicord model #2138). 

Amino acid sequence analysis: Sequential degradation of proteins 

and peptides was achieved on a modified Beckman 890C automated 

sequenator as described by Bhown et a1. (8). Phenylthiohydantoin (PTH) 

derivatives of cleaved amino acids were identified and quantitated by 

HPLC as described earlier (8). 

RESULTS AND DISCUSSION 

Separa tion and amino acid sequence of 12K: In order to obtain 

large pep tides which could be easily, separated by molecular exclusion 

HPLC and sequenced p27 was subjected to mild acid catalyz~d hydrolysis 

as reported earlier (6). This chemical cleavage yiel.ds two majuL' 

fragments I"ith 12,000 (I2K) and 15,000 (15K) molecular weight. 

Separation of Lhese products (80 ·<)0% yi pi d) I,as carr] ed out by gel 

permeation HPLC (Figure 1). The amiIlO terminal amino acid sequence 

analyses of these fragments confirmed that the 12K fragment orginated 

from the amino terminus of the parent molecule (6). 

Amino terminal sequence: Quantitative recovery (>90% yield) of p27 

by gel permeation HPI"C (7) have permitted assignment of 36 residues from 

the amino terminus as shown in figure 4. 
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Figure 1. Molecular exclusion HPLC pattern of the products of acid 

catalyzed hydrolysis of p27. Horizontal bars indicate the peal< area 

pooled. For details, see text. 

Separation of the products of cyanogen bromide digest of the 12K 

fragment: Amino acid analysis (not shown) of this fragment (l2K) 

revealed the presence of 4 methionines. Cyanogen bromide digestion of 

12K fragment was attempted next which produced three major peptides. 

These peptides were separated on a low molecular weight exclusion colwnn 

(I -60) on HPLC. Sepa ra tion of the peptides is shOlvn in Figure 2. Amino 

acid sequence analysis of second and third fraction, (in order of 

elution) helped in establishing the total primary structure of the 12K 

fragment. 
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Figure 2. Gel filtration of cyanogen bromide digest of the 12K fragment 

on 1-60 columns attached in tandem. Horizontal bars indicate the peak 

area pooled. For details, see text. 

Separation of tryptic peptides: In order to restrict the trypsin 

cleavage sites lysine residues of the 12K fragment were irreversibly 

blocked with acetic anhydride. The separation of tryptic peptides was 

achieved on reverse phase HPLC and is shQl,n in Figul"e 3. Tryptic 

peptides nine and fourteen on amino acid sequence analysis provided the 

necessary data to complete the structural studies of this fragment. 

Amino acid sequence analysis: Peptides (2-4 nmols) obtained by 

cyangen bromide and trypsin digest were separated by HPLC and sequenced 

wih an average repetitive yield of 95%. The results are summarized in 

figure 4. 
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Figure 3. Reverse phase HPLC of tryptic peptides of the acetylated 12K 

fragment. 
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Figure 4. Amino acid sequence of the 12K fragment. 
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Our IIPLC techniques have ,,11m·/ed us to obtain p27 in highly 

purified form and in high yields that. have prompt.ed us to undertake 

stlJdif'S of this molecule. The presence of a single 

aspartylprolyl bonel, susceptible to dilut.e acid almost. in the center of 

the molecule between residues ~n-88 simplified the inital approach to 

sequence analys is. By employing both gel permeation HPLC and reverse 

phase HPLC we have successfully isolated the necessary cleavage 

fragments to complete the total primary structure of a 12,000 molecular 

weight fragment of 1'27, thus establishing the amino acid sequence of 

residues 1-87 (Fig. 4). This is in tot.al agreement with that predicted 

from DNA sequence studies (D. Sch,,,artz, Harvard University, personal 

communication). 
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A GRAPHIC REPRESENTATION OF BINARY MOBILE PHASE OPTIMIZATION 

IN REVERSED-PHASE HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 
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ABSTRACT 

A method for mobile phase selection for optimal separation in reversed-

phase high pressure liquid chromatography is presented. The system is based on 

a plot of solute retention time versus binary mobile phase composition. A total 

of five data points are required. The method is simple and does not require a 

computer for data analysis. 

I NTRODUCT ION 

The selection of the mobile phase in high pressure liquid chromatography 

(HPLC) and thin layer chromatography (TLC) is by far the most critical step for 

a successful sample separation. The mobile phase not only determines the sepa-

ration of the components in a mixture, but it also affects resolution and con-

trols selectivity and the time of analysis. 

Until recently the mobile phase was selected by trial and er,'or based on 

the properties of the solute and the stationary phase. Systel11at"ic app,'oaches 
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to the selection of the mobile phase that will give optimum separation using 

norrna'i and reversed phase TLC plates (1) and HPLC columns (1-4) have been pub

lished. The methods are based on statistical calcu'lations, I'lher'eby peak pair 

resolution is plotted versus mobile phase composition. The resulting overlap

ping resolution mapping (ORM) plots indicate areas of maximum pair resolution. 

The union of the peak pair ORr·1 plots will give the region where all resolutions 

are above a level predetermined by the analyst. Combinations of three pure, or 

mixed, solvents, and ten chromatographic runs with mobile phases of different 

solvent proportions are required to generate the experimental data base necessary 

for the subsequent statistical analysis. 

The (aRM) approach works extremely well when three organic modifiers plus 

base sol vent are necessary to achieve optimum resolution of all components of a 

complex mixture. It has been shown to be of wider application than the chroma

tographic optimization function (COF) method (2). The OR~1 approach can optimize 

resolution when only two organic modifiers and a base solvent are used. Belinky 

(5) used two organic modifiers and water to achieve separations in reversed 

phase HPLC. His system required 17 data points to achieve an optimum mobile 

phase. A simpler approach (6) with two organic modifiers was used which re

quired only 10 data points. A computer program (1) is used to select the 

mobile phase which will give optimum resolution of the components in a mixture. 

Recently (7), another approach to solvent optimization was published based 

on the linear relationship between log K' and log mole fraction of the solvent. 

This approach is not as sound or general as the statistical approaches discussed 

earl ier. 

In this study, a more practical approach to mobile phase optimiLation with 

two organic modifiers is presented. Only five chromatographic runs are required 

for the data base, and the subsequent mathematical treatment of the data is much 

less involved. The method is based on the window diagram technique which was 

originally developed by Laub and Purnell (8-11) for the optimization of sepa

rations in gas-liquid chromatography. Recently. a review of the window 

diagram application to GC, electrochemistry and spectroscopy I'las published (12). 

The technique has previously been used for the optimization of resolution of 
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hydrophilic compounds with variation of the pH of the mobile phase in liquid 

chromatography (4,13). Contrary to the conclusion of Glajch g, ill (2) I'lho 

ciisllrissed the "lindOl'1 diafjram technique, the method 'is not limited to linear 

retention behavior nor to two-component solvent systems. Peak crossovers 

are also easily handled. In this work the method is successfully applied to 

the optimization of separation of a five-component mixture in reversed 

phase HPLC with two organic modifiers and water base solvents. 

EXPERIHENTAL 

Materials: Solvents were glass distilled (Burdick and Jackson). The chem

icals were analytical grade (Aldrich Chemical Co.) and used without further 

purification. 

Apparatus: A modular HPLC system consisting of Laboratory Data Control (LOC) 

constametric I and II Pumps attached to an LOS Gradient Haster, a Chromatronix 

dual-channel uv absorbance detector, a Rheodyne injector, and a strip-chart re

corder operated at 0.2 in/min was used. 

2b1 

The RP-18 reversed phase column was 250 mOl x 4.6 mOl prepacked with 10 pm 

particle size materials (Waters ASSOCiates). 10 \11 samples were injected. Ex

periments were run at room temperature using a mobile phase flow rate of 1 ml/ 

min. Retention times, peak widths (W) and resolutions (Rs) were determined with 

a 3352A Laboratory Data System (Helvlett-Packard) linked through a Hewlett

Packard 1865 A/D converter to the UV detector output of the liquid chromatograph. 

The output from the data system was recorded on a 9866A thermal line printer 

(Hewlett-Packard). 

Separation Strategy: 

The selection of the initial solvents (A and B) is based on the properties 

of the solute mixture and the stationary phase (normal, reversed phase or ion 

exchange). For reversed phase, the three most widely used solvents are ace

tonitrile/lVater, methanol/water anel tetrahydrofuran/water. The initial ratios 

of organic/water selected are approximately 70-751, methanol/I'later, 60-651, ace

tonitri leil'later and 40-501, tetrahydrofuran/water. The strategy for selecting 
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tl'/O of tilese thr'ee is illustrated beloVi. For simplicity, assume thaL a five 

component mixture is to be separated. The sample is first injected I'/here 60% 

acetonitrile/l'later 'is the mobile phase. Should Four' peaks be obtained, standards 

are used to identify the tViO coeluting peaks. Only these tViO are then reinjected 

and eluted using a different solvent, for example, 50% tetrahydrofuran/Vlater. 

Should two components be separated, then different mobile phase compositions 

are prepared using 60% acetonitrile as solvent A and 50% THF as solvent B. 

Should 50% THF/H20 fail to separate the pair coeluting the percentage of THF is 

adjusted or another mobile phase is selected. This approach is simple and time 

saving because the analyst has only to separate the pair not resolved. Also, 

the identification of two components is simpler than identifying all components 

in a mixture. 

This separation strategy l'ias used to separate anthraquinone, 2-methyl

anthraquinone, 2-ethylanthraquinone, naphthalene and biphenyl. The sample solu

tion I'las chromatograpiled with 60% AN/H20. Only tllree peaks were observed. 

Anthraquinone and naphthalene coeluted, as did 2-methylnaphthalene and biphenyl. 

However, both solute pairs were separated with 40% THF/H20. This demonstrates 

that each of the four pairs had been resolved in at least one of the initial 

solvents. 

After selecting the initial solvents and the proportions of each in the 

three solvent combinations, the retention times data base is generated by re

cording the retention time of each solute in each of the different solvent 

combinations. 

RESULTS AND DISCUSSION 

The \'Iindow diagram technique as presented by Laub and Purnell (8-11) is a 

graphical method for representing retention data. It was originally developed 

for the optimization of separations I'lith respect to the binary stationary phase 

composition in gas-liquid chromatography. We have used the method to optimize 

separations in HPLC Vlith respect to the mobile phase composition using two 

organic modifiers and a water-base solvent. 

Table I shows the composition of solvents used and the retention times for 

each of the five solutes with each different mobile phase. The retention data 
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Figure 1: Retention til:le vs I;]obile phase co",position for five solutes. 

Solvents: A 6U% acetonitrile/water 

13 40% tetrahydrofuranjwater 

Solutes: anthr~aquinone; 

2 = 2-methylanthraquinone; 

J naphthalene; 

4 = ~-ethylanthraquinone; 

- bi phenyl. 

as a function of mobile phase composition was fit to a polynomial of the fourth 

order by least squares analysis. 

Figure 1 shol'lS plots of the calculated retention times for each solute as 

a function of mobile phase composition. The experi",ental points are also indi-

cated. Note that, in contrast to gas-chromatography, the plots are not linear. 

This is due to the complicated nature of solute-mobile phase, solute-stationary 

phase anel mobile phase-stationary phase interactions (14). 
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Figure 2: Window diagram for all ten pairs of five solutes, based on retention 

data as in Figure 1. 

Figure 2 is a window diagram showing plots of retention time ratios versus 

mobile phase composition for all ten pairs of the five solutes. The region of 

retention time ratio values that are higher than the minimum found at each 

mobile phase composition is shaded. Note LiJdL l'lhen the r'elative I'etelltion 'is 

calculated to be less than unHy (peak crossover') the r'ecipr'ocal is taken such 

that the ratio is always greater than, or equal to, unity. The tops of the vlin-

dows represent the mobile phase composition giving the best separation for the 

least separated pai r. Tv/O Vlindol'ls are seen 'in Fi gure 2, one at 27:~ 8 Vlith a 

minimum retention ratio = 1.1, and a considerably smaller 1'lindoVi (poorer separa-

tion) at 100% B. Thus tile optimum mobile-phase cornposition for this particular 

separation is predicted to be 27% 8 (10.8% THF/43.8% AN/44.4%H20), Vlhich does, 

in pract'ice, give base line separation of the components of the rnixture (Fig-

u re 5). 

The theoretical measure of separation of a solute pair in chromatographic 

techniques is the relative retention (a), which in HPLC is defined as the ratio 
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as in Figure 3, 
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Figure 5: Chromatogram of the five solutes at optimum mobile phase composition 

(43.8% acetonitrile, 10.8% tetrahydrofuran, 44.4% H20) as determined 

from Fi gure 1. 

of the capacity factor (k') of the more retained to the less retained solute. 

l'le calculated k' for all solutes at all solvent compositions by correcting for 

the column dead-volume. The k' data "las treated in a similar way to the ret en-

tion data of Table 1. Figure 3 shows plots of the calculated k' for' each solute 

26/ 

as a function of mobile phase composition, and Figure 4 gives the window diagram. 

Figures 1 and 3 and Figures 2 and 4 are strikingly similar. The optimum mobile-

phase composition obtained from the larger window of Figure 4 is exactly the 

same as that obtained from Figure 2. However, here we can obtain the minimum 

value of (J. (1.15 at 27%8). Using this value we can ca·lculate the minimum number 

of plates (N req .) for separation according to Purnell's equation (15). In this 

instance, and assuming a capacity factor of five, Nreq . is calculated to be ap-
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proximately 2350 plates. Note that accurate measurment of the column "dead 

volul11e"in HI'LC is a difficult problem I'lith no easy solution (16). Any optimi,· 

zation techniques dependent on k' data suffer from the unavailability of accur-

ate methods for the deter'lllination of column dead volume. The 1'lindoVi diagram 

method presented here does not require the accurate determination of k'. As 

demonstrated earlier the optimum solvent composition can be determined from raVi 

retention time data. When retention time is plotted against mobile phase com-

position, it can be seen that a total of five runs (Figure 1) l'Iill give the 

mobile phase that l'Iil1 separate all the components of the mixture. It is clear 

that this approach requires no computer evaluation and is simpler than others 

(1-4) I'Ihen tl'lO organic modifiers and a base solvent are used. 
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EXCLUSION CHROMNrOGRAPHY 

Yuji Tokunaga, Hirohiko Waki and Shigeru Ohashi 
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Hakozaki, Higashiku, Fukuoka, 812 JAPAN 

ABSTRACT 

The elution behavior of organic acids has been 
elucidated using a dextran gel-type cation-exchanger 
column with an eluen-t of 1.00 M tetramethylammonium 
chloride. It was found that Donnan exclusion chromato
graphy is applicable to organic acids as well as 
inorganic ones. Some types of separation methods 
were performed by the use of the separation mode whose 
mechanism was confirmed by Donnan exclusion chromato
graphy. 

INTRODUCTION 

Although the separation of organic acids by means 

of ion exclusion chromatography has been described by 

many investigators (l-~), only a qualitative explana 

tion has heen given to their elution behavior. 

In Donnan exclusion chromatography based on electro

static repulsion from an ion-exchanger phase, if one uses 

a concentrated electrolyte as an eluent, the elution 

behavior of a given ion is explained quantitatively by 

the Donnan membrane equilibrium equation. I-ts elution 

position from a column is dependent upon its charge. 

The treatment of this principle has been established for 

inorganic acids, mainly phosphorus oxoacids (5-8). In 
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the present paper, the elution behavior and the 

separation of organic acids such as aliphatic, aromatic 

and aminopolycarboxylic acidH are described. 7he 

investigation of the separation mechanism is emphasized 

here rather than the separation itself, because many 

separations of organic compounds have been done more 

efficiently by other types of chromatography. 

EXPERIMENTAL 

It is neccesary that an ion-exchanger contains a 

large volume of a non-adsorption region ( distribution 

coefficient is 0 to 1 ) for Donnan exclusion chromato

graphy. A cross-linked dextran gel-type cation 

exchanger, SP-Sephadex C-25, is swollen in electrolyte 

solution and suitable for this purpose. The column was 

packed with SP-Sephadex C-25 15 mm 1.0. x 92.5 em 

Tetramethylammonium chloride solution ( 1.00 M was 

used as an eluent, because its cation does not interact 

appreciably with a sample anion. Then, 1 ml of the 

sample solution, dissolved in the eluent, was applied to 

the top of the column. Flow rate was maintained at 

0.5 ml/min. The effluent was introduced into a flow 

cell 01: a vari able~~wavelength spectropho"tometer LDC 

1\1oclel Speci~roMon i tor ur for c1romCli~"i c; c;ompou!1c]s i'1ncl 

cobalt-aminopolycarboxylate complexes, or collected by 

a fraction collector into fractions of 1 ml for other 

samples. Aromatic compounds in effluents were detectecl 

at~ 275 nm wClvelengL:h ancl eobalt-~aminopolycarboxylate 

complexes at 515 nm wavelength. Aliphatic carboxylic 

acids were determined as their hydroxamic acids formed 

by reaction with dicyclohexylcarbodiimide (9). 

The calculation of the distribution coefficient is 

the same as that previously described in detail (5). 

The distribution coefficient, R
D

, is defined as 
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V 
D 

(1) 

where V 
e 

is the elution volume, VD the net volume of 

a skeleton and Va the the exchanger phase except ot 

2/3 

interstitial volume. In case of an equilibrium mixture 

with different charge states such as polybasic acids, 

BnL, the distribution coefficient, 0, can be written as 

o (2 ) 

where KD,HjL is the characteristic distribution coeffi

cient of component HjL, and a
HjL 

is its mole fraction. 

RESULTS AND DISCUSSION 

In Donnan exclusion chromatography, the principal 

separation factor is an electrostatic repUlsion between 

fixed groups of an ion exchanger and the co-charged 

sample ions. The elution volume of a given sample ion 

can be elucidated from its charge. When another factor, 

such as adsorption or steric exclusion, acts together 

with ionic exclusion, the elution position should shift 

to a larger volume ( adsorption or to a smaller volume 

( s·teric exclusion than that predicted from ionic 

exclu.si.on only" The shiFt, therefore, indicates the 

presence of another factor. If the separation mechanism 

is confirmed, separation would be improved, surely, by 

using these factors properly. The elution behavior of 

organic acids on a cation-exchanger column was estimated 

first and represented as the distribution coefficient 

indicating mechanism. From these results, some types of 

separations were accomplished. 
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!2l:s_tL~J::lU ti,()!l_c;()E'>fJ=_ic;jen t, KO °E _12~ 
The distribution coefficients of organic acids, 

except For adsorbed compounds stated later, were obtained 

by eqns. (1) and (2) [ TAB~E 1 ]. Fig. 1 illustrates 

the plots for tbe distribution coefficients, Ko' of the 

elution standards of crotonaldehyde ( neutral ), 

phosphinate ( monovalent ), phosphonate (divalent and 

trimetaphosphate (trivalent ), and the distribution 

coefficients, 0, of orthophosphate at different pH as 

an equilibrium mixture with different charge states. 

When the distribution coefficients of organic acids are 

plotted against the mean ) charge calculated from the 
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FIGURE 1 

The relationship between distribution coefficient and 
anionic charge. e; elution standard, 0; orthophos
phate (PI) at different pH, 0; organic acid. The 
broken line between -3 and -4 is calculated from eqns. 
(1) and (2). 
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TABLE 1 

Distribution Coefficient, KD or D. 

Species KD or D Species Ko or 0 
-~ ~~--" --~ ------------------------

Acetjc acid 

Valerie acid 

Malonic acid 

Tartaric acid 

0.426 Oxalic acid 0.213 

0.426 Tricarballylic acid 0.070 

0.156 NTA 0.116 

0.207 EDTA 0.076 

dissociation constant, these values are in fair 

agreement with those of phosphorus oxoacids. This means 

that Donnan exclusion chromatography can be applied 

generally to organic acids as well as inorganic acids 

and gives a quantitative explanation for their elution 

behavior. 

The deviation of NTA and EDTA from the line of 

Fig. 1 may be due to the dispersion of charge on a 

large molecule. 

Separation of aliphatic carboxylic acids. 

It has been mentioned in previous papers (5,8) that 

the mutual separation of mono-, di- and trivalent anions 

of phosphorus oxoacids is completely accomplished. ~o 

make sure that Donnan exclusion chromatography is 

applicable to organic compounds, some mixtures of 

aliphatic carboxylic acids were separated on the cation

exchanger column. Fig. 2 shows the separation of acetic, 

tartaric and tricarballylic acids as the completely 

dissociated samples at pH 10 of mono-, di- and trivalent 

anions, respectively. Each elution volume can he 

interpreted quantitatively and its distribution coeffi

cient agrees with the corresponding standards of phospho

rus oxoacids. 
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acetic acid 
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tartaric acid 

.~ __ ~ ________ ~ ____________ ~ ______ ~ ____ -L __________ ~~ __ _ 

70 80 90 100 110 ml 

Effluent volume 

FIGURE 2 

Separation of aliphatic carboxylic acids. Column; SP
Sephadex C-2S (Me4N+ form), 15 mm I.D. x 92.5 cm. 
Eluent; 1.00 M Me4NCl (pH 10). Sample; 0.1 M 
(Me4N)3C6HS06' 0.1 M Na2C4H406·2H20 and NaC 2 H30 2 ·3H 20. 

Separation of aromatic compounds. 

The separation of phthalic acid, benzoic acid, 

salicylic acid and phenol is shown in Fig. 3. The 

charge states of these sample anions in the eluent at 

pH 10 are -2 for phthalic acid, -1 for benzoic acid and 

salicylic acid and ca. -0.5 for phenol, respectively. 

Although the elution volume depends upon its charge, 

anions with phenol group were eluted at a later position 

than predicted. It is possible that salicylic acid and 

phenol tend to be adsorbed due to the interaction 

between a phenol group and a dextran gel matrix. In 
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FIGURE 3 

phenol 

210 ml 

Separation of aromatic anions. Column; SP-Sephadex 
C-2S (Me4N+ form), IS mm I.D. x 92.S cm. Eluent; 
1.00 M Me4NCl (pH 10). Sample; each 4 x 10- 3 M of 
C6H4 (COOK) (COOH), C6 H4 (OH)COONa, C6HSCOONa and C6HSOH. 

this case, the separation became more favorable by 

combined factors of ionic exclusion and adsorption. 

Sep_aratiC)n _ o_:f'high;t.y::-charged anions by formation of 

cobalt (IT) complex. 

2FI 

A direct separation of highly-charged anions seems 

to he difficult because the difference of the ditribu

tion coefficients decreases with the increase of each 

ionic charge on anions from the theoretical point of 

view. It may be considered that the anionic charge 

depression by complex formation with metal cation leads 

to better separation. 

The elution curves for a mixture of cobalt(IT) 

complex of IDA 

t.riacetic acid 

iminodiacetic acid ), NTA ( nitrilo

and EDTA ( ethylenediaminotetraacetic 
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FIGURE 4 

Separation of aminopolycarboxylic acid anions by CoIn) 
complex formation. Column; SP-Sephadex C-25, 15 mm 
1.0. x 92.5 em. Eluent; 1.00 M Me4NCl and (a) without 
CoC12' (b) 1 x 10- 4 M CoC12 or (c) 1 x 10- 3 M CoC12 
(pH 6.0). Sample; each 0.1 M of Co(n)-IOA, Co(II)-NTA 
and Co (II) -EOTA. 
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acid) are shown in Fig. 4, with eluents containing 

cobalt(ll) chloride at different concentrations ( pH 

279 

6 ). The elution volumes of highly stable BDTA and NTA 

complexes are constant whe ther cobal"t (TI) ions are added 

to the eluent or not, whereas the elution position of 

the less stable IDA complex shifts gradually to a larger 

volume according as cobalt (ll) ion concentra"tion 

increases in the eluent: This indicates that cobalt(ll) 

complexes of EDTA and NTA are completely formed but that 

of IDA is partially formed in the eluent at lower 

concentration of cobalt(ll) chloride. These complexes 

were separated from each other with the eluent containing 

1 x 10- 3 M cobalt(ll) chloride. 

From the aspect of resolution, if adsorptive or 

steric exclusion effects are present, they often are 

present in a direction and magnitUde that enhances the 

separation. 
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ABSTRACT 

An extract of Solanum laciniatum leaves was fractionated with the 
Chromatotron. The glycoalkaloid fraction thus obtained was analyzed by 
reversed-phase HPLC. The load capacity of the Chromatotron with a 2-mm 
layer thickness is 600 mg (as determined with cholesterol) and the recovery 
of solasonine from the plant extract (as determined by HPLC) is 93-96%. 
The HPLC method permits the detection of as little as 1.5 ~g solasonine 
or 3.5 ~g solamargine with a linear detector response up to 375 Pg for 
the former and 250 \lg for the latter. 

INTRODUCTION 

In an earlier publication (1) we have described the analysis of the 

steroidal alkaloid in the fruits of Solanum khasia~ by a combination of 

the Chromatofuge*** and HPLC. In plants, solasodine and other steroidal 

alkaloids occur in the form of glycosides. Two such glycoalkaloids 

occurring ill S. laciniatuin leaves arc solasonine (solasodine + L-rhamnose 

*Centrifugally accelerated radial thin-layer chromatograph manufactured 
by Harrison Research, 840 Moana Court, Palo Alto, CA 9430G. 

**To whom correspondence should be addressed. 

***Centrifugal Chromatograph manufactured by NSA Hitachi Scientific 
Instruments, Mountain View, CA 94043. 

Reference to a company and/or product named by the Department is only 
for purposes of information and does not imply approval or recommendation 
of the product to the exclusion of others which may also be suit-able. 
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, D--glucose "I D--galactose) and solall1ar'ginG (solasodine " L-r'hall1nose + 

L-rhalilnosG + D-glucose). In connection with a project in Israel, we have 

developed a lI1ethod for the isolation and determination of the solasodine 

glycosides. 

For this work we have chosen to test the Chromatotron*, an instrument 

previously used by Hostettmann ~. (2) for the isolation of ginsenosides 

from ginseng. Quantitative analysis by HPLC has previously been applied 

to the solanid"ine glycosides by Bushway et al. (3-5). Our quantitative 

assay of the solasodine glycosides is based on a method by Crabbe and 

Fryer (6). 

METHODS 

Extraction 

Freeze dried and powdered S. laciniatum leaves, weighing 22.2 g, were 

extracted for 24 hours in a Soxhlet extractor with 250 ml of 5% acetic 

acid in methanol. The extract was filtered and the residue on the filter 

paper was washed with methanol. The combined filtrates, which contained 

6.87 g of dissolved solids, were diluted to 300 ml with methanol. A 

100-ml aliquot of this extract was evaporated to a volume of less than 10 

ml under reduced pressure, brought to pH 7.5 with conc. ammonium hydroxide, 

and filtered. The clear, dark-green solution was diluted to 25 ml with 

methanol-ethanol (9: 1). 

Ctlromatotron 

The rotor of the Chroll1atotron is a frosted glass disk, ca 4 mm thick 

and 24 em in diameter, with a 7-mm round hole in the center. The adsorbent 

layer, 2 mm in thickness, used for this work was prepared by slurrying a 

mixture of 50 g Silica Gel HF-254+356 Type 60-Merck (E.M. Laboratories, 

Scientific Products, McGaw Park, IL 60085) and 4 g CaS04 1/2 H20 in 50 ml of 

water. The slurry was added to the plate while the latter was spinning at 

33 rpm on a converted record player. A polyethylene collar, made from a 
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conical wastebasket, prevented the slurry from running over the edge of the 

plate. The silica gel was then allowed to set for 5 hrs at room temperature 

and for 3 hrs at ca 80°C. The plate was scraped with the rotary scraping 

tool and finally with the finishing tool supplied by the manufacturer. 

The thin-layer disk was mounted in the Chromatotron and, while it was 

spinning without the cover plate, a 5-ml aliquot of the extract (one-

fifth of the sample) was applied, dropwise, to the inner edge of the 

adsorbent layer, followed by two l-ml ethanol rinses. The cover plate was 

then installed and the chromatogram was developed with 250 ml ethanol at a 

rate of 2 ml/min, delivered by a single-piston reciprocating pump (Model 110, 

Altex-Beckman, Berkeley, CA 94710). The effluent from the Chromatotron was 

passed into a sump, from which it was pumped by another Altex Model 110 

pump through a variable-wavelength detector (Model 155-10, Altex-Beckman), 

which was set at 210 nm and connected to an Omniscribe recorder (Houston 

Instrument, Austin, TX 78753), equipped with an event marker. 

The sump was constructed from the barrel of a 3-ml hypodermic syringe 

with the hub pointing downward. The level of the liquid entering the 

barrel from the top was kept at 1 ml and controlled by means of a capaci

tance sensor (Thermocap relay, Niagara Electron Laboratories, Andover, 

NY 14806). The relay was connected to a clip, attached to the outside of 

the barrel at the desired level, and a grounded stainless-steel rod was 

placed inside the barrel. The relay activated the sump pump which was 

connected to the hub whenever the liquid level went past the top of the 

clip and shut it off when the liquid level fell below the clip. The 

effluent from the detector was collected in 10-ml portions in a fraction 

collector (LKB Model 7000, LKB Instruments, Rockville, MD 20852). 

On the basis of our experiments with this system we devised the simple 

method of developing the chromatogram with 250 ml of ethanol. The eluate 

was collected and concentrated under reduced pressure to a volume of less 
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than 10 mI. A precipitate which formed was filtered off, and the filtrate 

and ethanol washes were made up to a volume of 10 ml with ethanol. 

I1PLC 

The HPLC system consisted of an Altex Model 110 pump, connected through 

a sample injection valve with a 100- ~ loop volume (Model 7125, Rheodyne, 

Cotati, CA 94928) to a Brownlee guard column (Rheodyne) and a prepacked 

stainless-steel column, 300 x 4.6 mm 10, both containing a 5- ~n reversed

phase packing of silica gel-bonded octadecylsilane (IBM Instruments, Dan

bury, CT 06810). The detector was a Hitachi variable-wavelength spectro

meter equipped with a flowcell having 10-mm pathlength and a 20- ~l 

capacity, which was set at 210 nm and 0.1 AUFS. Signals from the detector 

were fed to a recorder, set at 10 mV. 

The eluent was a mixture of acetonitrile:O.Ol ~ Tris buffer (9:1), 

delivered to the column at a flowrate of 0.5 ml/min. Microgram quantities 

of solasonine and solamargine in methanol :ethanol (9:1) solution were 

injected and the detector response was determined. The quantitative assay 

was based on peak area measurements. 

RESULTS AND DISCUSSION 

Capacity and Efficiency of the Chromatotron 

Most chromatographic analyses of natural extracts require a preparative 

"clean-up" step. The CIH'olllatotron and the chl'omatofuge ol'e both conven"ic'nL 

instruments for purifying extracts either for isolation purposes or prior 

to quantitative analysis. In both instruments the solvent flow is 

accelerated by centrifugal force and the zones are sharpened during migra

tion. However, they differ in load capacity. 

fhe load capacity of the 2-mm layer of silica gel was determined with 

cholesterol as the sample and hexane:2-propanol (9:1) as the eluent. The 

maximum quantity of cholesterol giving a clearly defined zone without 

appreciable tailing was 600 mg. This is about the same as the load capacity 

determined for a 3-mm high layer of silica gel in the chromatofuge (1). 
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~. Separation of solasodine from the glycoa1ka1oids, solasonine and 

solamargine, by the Chromatotron. A mixture of 7.9 mg solasonine, 1.4 mg 
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solamargine, and 5 mg solasodine was applied to a 2-mm layer of silica gel. 

Eluent A, hexane:acetone:ethano1 (18:1:1); Eluent B, ethanol. Coupling of 

the Chromatotron with a UV detector produced the tracing (see text). 

Thus, the Chromatotron is equal to the chromatofuge in load capacity for 

approximate 1y equal 1 ayer thi ckness. However, the 1 ayer thi ckness of the 

Chromatotron is 1 imited to 4 mm by the cohesi veness of the bi nder, whereas 

the chromatofuge can be packed to 10 mm in height. 

Fig. 1 illustrates the performance of the Chromatotron. It is a 

recorder tracing of an experiment in which 7.9 mg solasonine, 1.4 mg 

solamargine, and 5 mg solasodine were introduced into the Chromatotron, 

coupled with the UV detector. By elution with hexane:acetone:ethano1 

(18:1:1) for 66 min solasodine was recovered (peak at 54 min) and by elution 



286 

E 
c 

o 
ON 

w 
U z « 
!Xl 
0:: 
o 
VI 
!Xl « 

IIUNTlm fiND IlEFTI!!1NN 

A 
SOlASONINE 

MINUTES 

~. HPLC of solasodine and its glycosides. Column, 300 x 4.6 mm !D, 

prepacked with silica ODS (5 ~m); eluent, acetonitrile:0.01!i Tris (9:1); 

flowrate,l m1/min; pressure, 50 psi; UV detector at 210 nlll, range 0.1; 

recorder speed 3 min/clll, span 10 mY. 

A. Chromatogram of 10 ~1 S. 1aciniatum leaf extract (see text). 

B. Chromatogram of the same extract after hydrolysis. 
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with ethanol solasonine and solamargine were obtained as a mixture (peak at 

90 min). The vertical lines in the tracing are due to the intermittent 

operation of the pump delivering eluent to the detector. 

Thus, while the glycoalkaloids were not separated from each other, 

they were clearly separated from the aglycone. An even simpler scheme 

suffices for separating the glycoalkaloids from miscellaneous contaminants 

in the plant extract (see Fig. 2A). Elution of the Chromatotron with 

ethanol furnishes material suitable for HPLC analysis in a shorter time 

than use of the chromatofuge (1). 

Efficiency of HPLC 

The acetonitrile:O.Ol M Tris (9:1) eluent produces base-line separation 

of the two solasodine glycosides, solasonine (retention time 9.5 min) and 

solamargine (retention time 11.2 min) (6). Fig. 2 represents two chroma

tograms, produced under identical conditions. A illustrates the separation 

of the two glycoalkaloids in 10 ~ (one-thousandth) of the eluate from 

the Chromatotron, while ~ shows the result of hydrolyzing an equivalent 

amount of the eluate as a test of identity. 

Hydrolysis was carried out by a modification of the method of Crabbe 

and Fryer (7). The reaction was carried out in a 15-ml pear-shaped, 

stoppered flask, kept in a water-bath at 70°C for 3 hrs. A 200- ~l 

al i quot of the eluilte from the Chromatotron was treated .Iith 3 ml of a 

mixture of methanol:water:conc. hydrochloric acid (80:9:7). After hydrolysis, 

the mixture was evaporated almost to dryness below 40°C under reduced 

pressure. The pH was adjusted to 7.5 with ammonium hydroxide and, after 

the addition of 400 ~l dichloromethane with agitation, the dichloromethane 

layer was analyzed by HPLC. 

Accuracy of the Chromatotron-HPLC Combination 

Calibration curves for solasonine and solamargine were prepared by 

analyzing microgram quantities of the glycoalkaloids by HPLC. The plot of 

peak area ~. amount was linear for solasonine up to 375 ~g and for solamargine 
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up to 250119. The slope of the calibration line (y ~ al'ea in cm 2, x 

amount in ~g) for the former was 0.198 and for the latter it was 0.148. 

The minimum detectable quantity (signal/no'ise ~ 2) vias 1.5 119 fOf' solasonine 

and 3.5 119 for solamargine. 

Recovery experiments wel'e carried out by adding 5.1 mg, 5.6 mg, and 

10.2 mg of pure solasonine to 5-ml aliquots of ~. laciniatum extract whose 

solasonine and solamargine content had previously been determined and processing 

each sample as described under Methods. HPLC analysis of the Chromatotron 

eluates showed recoveries of 93%, 94%, and 96%, respectively, of the 

added solasonine. The experiments were repeated with the addition of 583 

mg, 590 mg, and 594 mg of cholesterol with recoveries of 93%, 94%, and 

95%, respectively, of the added cholesterol. 

Solasonine and solamargine were identified in S. laciniatum by compar

ison of their retention times to known standards and by hydrolysis to 

solasodine. It was calculated that the dry leaves contained 2.2% of 

solasonine and 1.3% of solamargine. The combination of Chromatotron and 

HPLC thus permits the purification and analysis of these glkycoalkaloids 

in a natural extract. 
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ABSTRACT 

95616 

The use of a radial compression separation system for' the 
analysiS of' insect hormones is described. By simple i.socratic 
elution, both steroid molting hormones and terpenoid juvenile 
hormones are rapidly separated. The system is used to analyze the 
metabolism of juvenile hormone by an established cell line of 
.12!-.c:~~op~ melanogaster. 

INTHODUCTION 

Two major groups of non-peptide hormones influence the 

development of insects: ecdysteroi.ds and juveni.].p. hOl'mones (JH) 

(Fig. 1). The ecdyster'oids, polyhydroxy steroi.ds that initiate 

molting, are present in both inflectfl and crw3taceans (1,2). The 

juvenile hormonefl are homoflequiterpenoidfl that mediate the quali 

tative nature of the molting process. Juvenile hormones have been 

found conclusively so far only in insects. The separati.on tech

niques for thefle two groups of hormones include low-pressure 

column, thin-layer (TLC) , gas-liquid (GLC), and high-performance 

?9] 

CUl'yJi.glll (C) 1 'J/Ll by Marcd f)('.](]WI, Ille. 
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liquid chromatography (IIPLC) (3,11). Radially comprell~;ed columns 

enable even more rapjd separations of these compounds than have 

previously been reported. 

MATERIALS AND METHODS 

The juvenile hormones (JI-l I, methyl (2!:,6I,10].)-(10B..11§)--

10,ll-epoxy-7-ethyl-3,11-dimethyl-2,6-tridecadienoate; JH II, 

methyl (2~.6~, 10~)-(10B.,11~)-10,11-epoxY-3,7. l1-trimethyl-2,6-

tridecadienoate; and JH III, methyl (2,I.6,I)-10-11-epoxy·-3,7,11-

trimethyl-2,6-dodecadienoate) were obtained from Calbiochem. The 

metabolites of JH III (the JI-l III acid, JH III diol, and JH III 

acid-diol) were prepared according to previously published pro

cedures (5,6). Radiolabeled JH III (10- 3H) was obtained from New 

England Nuclear (sp. act. 11 Ci/mmol). Ecdysone (2S,3S,14a,22B.. 

25-pentahydroxy-5S-cholest-7-en-6-one) was obtained from Simes and 

20-hydrox yecdysone (2S, 3S, Fla, 20 B., 22 B., 25-hexahydroxy-5 S-cholest-

7-en-6-one) from Rohto Pharmaceutical Co. Hormones and metabo

lites were purified by TLC or HPLC if necessary. 

Analyses were performed with a Water's system, consisting of a 

M-45 solvent delivery system, U6K injector, 440 UV detector set to 

254 nm, RCM-100 r'adial compression module. and a Cg Radia1-Pak 

cartridge (0.5 i.d. x 10 cm). Data were analyzed with a reporting 

integrator (3390A, Hewlett··Packard). The solvents, reagent grade 

water (Milli-Q, Millipore Corp.) and methanol (Nanograde, 

t'1allinkrodt), were filtered and degassed by means of extensive 

stirring prior to use. The ecdysterotds were eluted with 50% 

methanol at a flow rate of 1.0 ml per min, the ~l homologs with 

75% methanol at 2.0 ml per min, and the JH metabolites with 60% 

methanol at 1.5 ml per min. 

The Drosophila melanogaster Kc cells were cultured as de

scribed previously (7). To examine the metabolism of 3I-l_JH III by 

the Kc cells, approximately lOB ccllD wcre washed in TMK buffer 
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(10 mM Tris, 5 mM MgC1 2 , 150 mM KCl, pH 7.4) and resuspended in 

ml of TMK buffel', containing 1 }lCi of the labeled hormone. The 

cells were incubated at 25
0 

for 30 min with gentle agitation. The 

celli; vler'e then pelleted and the supernatant was extracted with 3 

x 2 ml ethyl acetate. The organic phases were combined and 

concentrated. The residue was resuspended in 1 ml of methanol, 

filtered (0.22 }lm, Fluoropore membrane, Millipore Corp.) ahd 

concentrated to 50 lJl prior to injection. 

RESULTS 

Figure 2 is a chromatogram of ecdysone and 20-hydroxyecdy

sone. Preliminary data indicate that other ecdysteroids can also 

be separated by this system. 

The separation of the three principal homologs of JH is shown 

in Figure 3. Reduction in the side-chain length from ethyl to 

methyl results in an increase in the polarity of the molecule, 

reflected in a decreased elution volume. 

o 4 8 

TI ME (minutes) 

FIGURE 2. Chromatogram of 20-hydroxyecdysone (2.68 min, 88 pmol) 
and ecdysone (4.23 min, 138 pmol) . Solvent. 50% aq. 
methanol; flow-rate, 1.0 ml/min. 



i\Ni\LYSIS OF INSECL' HORHONES 295 

o 4 8 12 
TIME (minutes) 

FIGURE 3. Chromatogram of JH III (3.90 min, 1.0 nmol). JH II 
(5.44 min, 0.4 nmol) , and JH I (7.38 min, 0.7 nmol). 
Solvent, 75% aq. methanol; flow-rate, 2 ml/min. 

o 4 8 12 
TIME (minutes) 

FIGURE 4. Chromatogram of JH metabolites: JH III acid-dial (1.56 
min, 0.46 nmol) , JH III acid (2.27 min, 0.33 nmol) , JH 
III dial (4.41 min, 0.48 nmol). and JH III (9.60 min, 
0.37 nmol). Solvent, 60% aq. methanol; flow-rate. 1.5 
ml/min. 
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FIGURE 5. Radiochromatogram following HPLC analysis of 3H- JH III, 
incubated with Drosophila Kc cells. Solvent, 60% aq. 
methanol; flow-rate, 1.5 mllmin, fractions, 0.45 m1/0.3 
min. Arrow, elution of authentic JH III. 

Figure 4 is a chromatogram of the predominant biological 

inactivation products of JH. The JH acid is formed in biological 

systems by the action of an esterase, the JH diol by hydrolysis of 

the diol by an epoxide hydrolase, and the JH acid-diol by the 

sequential action of both of these two enzymes. Depending on the 

enzyme system, either the acid or the diol may be the preferred 

intermediate in the acid-diol formation. 

In order to determine whether the above separation system 

could be used to analyze metabolites from a biological system, 

3H_ JH III was added to an established cell line of Drosophila 
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m_cJ:~r:'~()E'li3_t()T_. These cel ls hi1ve especially high levels of the 

catabolic enzyme!; Ul). As seen in Fig. 5, almost all of the 

dial. By addition of 8fl ir!terrlaJ. Jr~ III starlctard, it was 
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ascertaincd that the biological extract djd not alter the elution 

volume of the authentic hormone. 

DISCUSSION 

Because the two groups of insect developmental hormones, 

ecdysteroids and juvenile hormones, interact in a complex manner 

(1), it is important to consider the effects and titers of both 

classes of hormones in insect systems. HPLC has been used for 

such studies. Lafont !=_t. _<l.!-•• (9) have applied reversed-phase HPLC 

for the separation of complex mixtures of ecdysteroids and their 

metabolites. The conditions reported in the present paper, though 

perhaps not as well suited for complex mixtures of ecdysteroids, 

provide a more rapid method for the analysis of ecdysone and 20-

hydroxyecdysone, the two molting hormones most frequently 

encountered in biological systems (10,11). This separation system 

should be [)uitable for the routine determination of the ecdysone 

to 20-hydl'oxyeedYi)onc r:Jtio[) in nrthr'opod b] ooel (1;::», 

Rapid separations by reversed-phase HPLC have also been 

developed for JH (13), primarily as a purification step prior to 

mass spectrometry. The advantages of the conditions reported in 

the present pUblication are speed, use of the same solvents for' 

all separations, and relatively low cost of the radially-

compressed columns. 

Although more extensive purification of biological samples is 

required for direct quantitation of these hormones by UV absorp

tion, the separations described ay'e adequate for hormone analysiG 

by an indirect method, such as radioimmunoasGay (14,15) or 

scintillation spectrometry. The Geparation of radiolabeled JH 
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metabolites described in this report indicates that no additional 

purification is necessary for HPLC analysis following extraction. 
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ARSTRACT 

A rapid and specific high-pressure liquid chromatography method for 
determination of c10nazepam in human plasma is described. 

-1 The analysis is linear for concentrations rangina from 5 to 100 ng. 
m1 plasma for c1onazepam. 

The method is applicable to quantitation of c10nazeram in human plasma 
of subjects receiving 0,05 at 0.20 mg.kq-1 orally, with satisfactory accuracy 
and precision. 

INTRODUCTION 

In recent years, the use of c1onazeoam (5 ortho-ch1oropheny1, 7 nitro, 
?,3-dihydro, 1-4 benzodiazepine 2-one) has been deve100ed as a treatment for 
convulsions (8 • 1?). 

H 
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I .11 N' 

) 
°2N 

=N 

~~ CI 

/ 

CLONAZEPA~1 : 

(5-ortho-ch1oropheny1 7-nitro 
2,3-dihydro 1,4-benzodiazepine 
2-one) 
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CHLORDIAZEPOXIDE: (Internal standard) 

(7-ch1oro-2 methy1amino-5 phenyl-3H--
1,4 benzodiazepine-4-oxide). 
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Recently, a Fel'l authors Ilave advised tile prescription of anticonvulsant 

dOlFI monotiler'apy (2, 10, 12), 
Meanwhi Ie, it is dHficult to understand I'lily an identical druq dosaw" 

nlay cxrrt <l tox-\c (:fFr~ct in one Dat-icnL iJ.nd a thel~il!Jc;utic) or no reoonse in 

another patient, Numerous clinical studies (2, 8, g, 13) have adequately 

demonstrated the importance of total plasma concentrations of clonazepam in 

relation to its efficacy. Severa'i analytical methods have been proposed for 

benzodiazepine determination in biolonical fluids: gas liquid chromatoqraphy 

(GLC\ (4, 'i) and hioh performance 1 iquid chromatorwaohy (HPLC) (1, 3, 11, 13). 

The GLC methods require somewhat lengthy clean-up procedures and, in 

some cases, derivatization or acid hydrolysis to the more volatile benzonhenones 

(4, 5, 7). 

High-oerformance liquid chromatooraphy (HPLC) involves relatively 

simple extraction, no derivatization and U.V. detection to give hiah sensitivity, 

good stability, and linearity over wide concentration ranges. 

This paper demonstrates the use of HPLC in a reverse Dhase mode to 

separate clonazepam from endogenous compounds, in human plasma samples. 

P,n internal standardization technique is employed, using a structurally 

related benzodiazepine (chlordiazeooxide) as the internal standard. 

1·1ETHODS 

The procedure involves the addition oT chlordiazepoxide as the internal 

standard, After addition of 200 ul 0.5 N NaOH ; samples are extracted usino 

ether. 

After evaporation of the organic solvant, the residue is dissolved 

in mobile phase and the benzodiazeoine is analysed isocratically by reverse phase 

hiqIH)-essu,-c 1 iquid chromatography with 40 1, (v/v) acetonitrile in distilled 

water' ilS eluant. The effluent is mon'ito,'ed by U.V. deLection al 254 nm. 

ADpa ra_tus 

The chromatonraDhic determinations were performed with a Waters Associa

tes Liquirl CllrOPlatoqranil /·1orlel No aI)0-03773 , equipped wHil a model 440 absorbance 

detector (~S4 nm wavelenqth), a UGK injector, a flow pump Model GOOO A (Waters 

Associates Inc. Milford, Mass. 01757, and a 10 mV recorder Omniscribe (Houston 

Instruments, Gistel, 8elgium).An octadecylsilane p-Bondapack C1il column 3,9 nUll 

i.d.X 30 cm long (Waters Associates) was used under ambient conditions, for the 

separation. The isocratic mobile Dhase consisted of acetonitrile/bi-distilled 

water (40/60, v/v). The solution was filtered throuoh 0.22 um oore membrane 

filter type GS-ester of celluose (Millioore C~rD., Bedford, Mass. 01730) and the 

flo\'! rat~ l'las 1.5 ml.mn- 1 Under thesf' conditions, clonazeparn and the intel'nal 

standard (chlordiazepoxide) were eluted with retention times of 8.3 and g.? min., 

resoectively, as illustrated in Fioure 1. 
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~agen.tc~-""~~<1_S : 
Clonazepam and chlordiazepoxide, ~harmaceutical orade, were obtained 

from Roche Laboratories (Meuilly - France\. The \'Iater \-IaS doub'le-disti'lled and 

fi I tereel Lhrouqh a O,?? \l (Lytle (;S 

Bedford, Yass. 01730). 

es 

JOJ 

Methanolic stock solutions of clonazcpam and chlordiazepoxide (the inte," 

nal standard) were prepared at a concentration of 100 \lg/ml and could be stored 

at 4°C durinq a week, in the dark. For the determination of low concentrations, 

extraction solvent: diethyl ether, n-hexane and acetonitrile of high purity 

(Chrom ft.R Nanograde, Byk-r~allinckrodt, \·!essel, GFR) \-Jere used. 

U.V. orade methanol and sodium hydroxyde 30 % type RP, were purchased 

from (Prolabo, Paris, France) and (Carlo Erba, t~ilan, Italy), respectively. 

Extraction procedure : 
Into a screw-stoppered test tube, put one ml of plasma; add 50 wI 

of aqueous chlordiazeooxide solution (10 u9.ml-1), adjust to pH q.5 with 0.5 N 

sodium hydroxyde (about O,ZOO ml -For 1 ml nlasma), homogenize by slovi rotation. 

The drug \'Ias extracted \-lith I'll of ethyl-ether by shakino mecanically 

for 10 min and centrifuged for 5 mn at 3000 rpm. An aliquot of the uooer organic 

layer was transferred to another test-tube. 

Re-extract the sample, proceedin~ as before. Combine the ethereal 

extracts and evaDorate to d~yness under dry nitroqen at 35°C. 

Take up the residue with ZOO ~l of 0.2 M HC1, add 200 wI of n-hexane, 

homogen i ze for 30 sec. on a vortex mi xer and centrifuqe at 3000 rrm for 3 mi n. 

Remove and discard the upper hexanic phase (containing the lioids extracted from 

the plasma). An aliquot of 100 \11 aqueous phase was injected into the HPLC system 

RESULTS AND DISCUSSION 

We found a linear correlation between the concentration of clonazeram 

and the ratio of peak heights: clonazcoam : internal standard, in t.he ranne 

between 1?5 and 100 nn.ml- 1 of the plasma samples. (Finurc 1 and 1 8is) R = O.gq. 

Addition of an internal standard to the Dlasma prior to extraction allows quantita 
tive measurements. 

No interferinn peak with the retention time of Clonazepam was rresent 

in extracts of "blank" control plasma (FiGure 2). 

For lower concentrations, it is advisable to start with? ml of plasma 

and \'Iork at 0.005 A.U.F.S. sensitivity. Under these conditions, the limit of 

detection of clonazepam was approximately 10 n9.m,-1 of plasma. 

Fiqure 3 illustrates the chromatooraphic orofile of a human olasma 

extract, from a oatient receiving daily oral administration 4 mq clonazeoam. 

The known metabolites of clonazepam in which amino and acetamido sUbstituents 
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are present on the drug molecule, should not interfere with the analysis of 

clonazeDam (~igure 3). 

30S 

Figure 4 : the seoaration of a test mixture of benzodiazepines (2, 3, 4, 

5, 6, 7) and carbamazepine (I), showing the good selectively of the phase 

system for clanazeDam (3). 

In this vlDrk, flunitrazepam (5) and desll1ethyld'iazepam (7) 1"10,"0 fOllnd 

interfere with chlordiazeDoxide (4) and clobazam (6), respectively. 

Nevertheless, the peaks given by oxazepam (2) and carbamazepine (1) 

were not completely seoarated. 
Reproducibility of the extraction procedure VI.as determined by extractinC) 

a plasma sample containing 50 ng.ml- 1 clonazepam daily over a 10 doy oeriod, 

with the followinq results (n = 10, CV = 3.6 %). 
Another standardization samole containinG ?OO ng.ml- 1 in water was 

directly injected daily, producting the following values (n = 10, CV = 4.5 ~). 

Steady-state olasma values for individual clonazepam are published 

(4, 6), obtained by other techniques, from adult chronic patients underqoino 

continuous treatment (4 to 8 mq daily). We chose values similar to these (I.e 

20 to 60 ng.1I11- 1). No appreciable loss in resolution vias observed during the 

chromatogranhy of more than 200 plasma sample extracts. 
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In conclus"ion, \'Ie consider that reverse-ohase HPLC is the most suitilble method 

of analysis for detel'P1inino clonazeram in human "las!'la because of its specificity, 

sensitivity, simplicity and speed of execution. 
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ABSTRACT 

Follmving their conversion to dithiocarbamate ligands and 
thence to nickel complexes, enantiomeric mixtures of ephedrine or 
pseudoephedrine may be separated and quantitated by reversed-phase 
High Performance Liquid Chromatography CUPLC) using ternary 
solvent mixtures. The solvent used to dissolve the complexes 
prior to injection was found to have a significant effect on the 
separation. In a similar manner, a mixture of the diastereo
isomers ephedrine and pseudoephedrine was separated and quant
itatively analysed using a binary solvent as the mobile phase. 
This separation was achieved both ,vith prior formation of the 
nickel complexes and also with on-column formation using 
nickel(lL) ions in the mobile phase. The analysis of diastereo
-lsomeLi c contaminants in pharmaceutical products and raw materials 
containing ephedrine or pseudoephedrine is illustrated. 

INTRODUCTION 

Dithiocarbamate complexes of nickel can readily undergo 

ligand exchange reactions to produce ternary, or mixed-ligand, 

complexes (1), according to the following equilibrium: 

311 

Copyright © 1983 by Marcel Dekker, h1c. 0148·3919/830602·0311$3.50/0 



312 LOhT, HADDAD, i\ND DUFFIELD 

Ll and L2 are bidentate dithiocarbamate ligands, Ni(L
l

) 2 and 

Ni(L2)2are binary complexes and NiLIL2 is a ternary complex. If 

this H'Clction mixture is analysed by normal-phcwe High Performance 

Liquid Chromatography (HPLC), three peaks are observed, ,vith the 

ternary complex peak lying bet,·wen the t,vo binary complex peaks. 

Hhen Ll and L2 are enantiomers, then the t,vo binary complexes co

elute as a single peak, prior to the ternary complex peale 

Moriyasu and Hashimoto (2,3) have utilised these observations 

for the precise quantitation of enantiomeric impurities in amines, 

after conversion of the amines to dithiocarbamate ligands by 

reac tion ,vi th carbon disulphide under alkaline conditions, and 

subsequent formation of nickel complexes. The HPLC separation 

of the binary and ternary nickel complexes ,vas achieved using a 

water deactivated silica column, however this method has the 

serious disadvantage that long equilibration times are required 

to give reproducible results (4). 

In this paper, we describe the use of reversed-phase HPLC 

for the analysis of enantiomeric and diastereoisomeric impurities 

in amines, using binary and ternary solvent mixtures. This 

approach is discussed both for the separation of nickel complexes 

formed prior to injection, and also for the separation of dithio

carbamate ligands using mobile phases contai.ni.ng nickel i.ons. In 

the latter method, dithiocarbamate bi.nary and ternary nickel 

complexes are formed on the column. This procedure reduces the 

number of manipulative steps in the analysis. The reversed-

phase HPLC approach provides the basis of Cl rClpid, sCIlsitivc 

analytical method for the screening of enantiomeric and structur

ally related contaminants in pharmaceutical products containing 

amines such as ephedrine and pseudoephedrine. Such an analysis 

has hitherto proved very difficult (5). A brief survey of the 

application of the proposed method to the analysis of some pharm

aceuti cal produc ts and rCl\v materials is als 0 presen ted. 
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EXPERIMENTAL 

StandaJ~ds and Reagents 

(i) Carbon chsulphidc>-chlorolorm solution. Carboll disulphide 

(A.R.Gr:ade, AJAX) was freshly distillced in a]l gli1sS apparaj~l1s 

and made up to 1% v/v solution "lith redistilled chloroform. 

(ii) Nickel-ammonia solution. 50 ml of 1% ,.J/v of NiC1
2

6H
2

0 in 

,-later ",as made up to 100 m1 with 35% ammonia solution (ARISTAR, 

BDH) . 

(iii) Aromatic amine solutions. (±) ephedrine hydrochloride, 

(-) pseudoephedrine hydrochloride, and (+) pseudoephedrine hydro

chloride ",ere obtained from Sigma Chemical Company (USA). 

(-) ephedrine was obtained from Fluka (Switzerland). These 

]13 

materials \-lere shown to be free from contaminants by GCJV1S analysis 

and by compositional data from microanalysis. Test solutions 

containing approximately 1. 0 mg/ml were accurately made up in 

methanol. 

(iv) Tablets and rm-l materials containing ephedrine and pseudo-

ephedrine. Raw materials containing pseudoephedrine and 

ephedrine were donated by various pharmaceutical manufacturers in 

Australia. Single ingredient tablets with declared potencies of 

15, 30 or 60 mg of amine were purchased over the counter. 

Syn thesis of Di thi.ocarbama te Complexes 

To 1.0 ml of aromatic amine solution, 2 Illl 0:[ nlckel--ammonia 

solution were added and the mixture extracted ,·rith ci'1rhon 

disulphide·-chloroform (5 Ill]; 1% v/v). The chloroform layer ,,'as 

then washed with distilled water (3 x 2 ml) and dried over 

anhydrous sodium sulphate. The filtered chloroform layer was 

evaporated to dryness under a steady stream of nitrogen to remove 

excess carbon disu1phide '''hich Illay produce extraneous chromato

graphic peaks, and made up to an appropriate volume in methanol or 

acetonitrile. The nickel complex prepared in this way ",as shown 
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to give only one chromatographic peak by HPLC. The identity of 

each complex was confirmed by Desorption Chemical IonisatIon Mass 

Spectrometry (6). 

AnalysIs ~~edrine and PseudoephedrIne In Pharmaceutical 
Formulations 

T\;venty randomly selected tablets from a single batch were 

crushed and an accurately weighed portion of pmvder equivalent to 

the average Height of a single tablet \Vas taken and dissolved in 

\Vater in a volumetric flask with the aid of an ultrasonic bath. 

The sample \Vas diluted to a suitable volume to give a concentration 

of 1 mg/ml, after \vhich the solution was filtered and an aliquot 

equivalent to 10 mg of drug Has made alkaline \vith 2H NaOH and 

extracted Hith 20 ml of chloroform. The organic layer Has passed 

through a column of anhydrous sodium sulphate and 10 ml \Vas 

evaporated to dryness under a stream of ni.trogen. The nickel 

complex Has then formed by the method described in the previous 

section. The final solution was made up to a concentration of 

0.1 mg/ml in methanol and 5-10 )Jl of the solution \Vas injected 

\vith the HPLC detector set at 0.2 AUFS. 

For the raH materials, appropriate dilutions Here made to 

give the concentration descrihed above and the analysis performed 

using the sallle procedure as for the tablets. 

Quantitations \"ere made using chromatographic peak heights 

and all assays Here performed in triplicate. For most samples, 

t\vO determinations at t,vo different sensitivity levels ,.,ere 

required: the first Has performed at the most sensitive attenua

tion position of the detector to establish Hhether any contaminant 

Has present, after Hhich a less sensitive attenuation Has used for 

the determination of the active ingredient in the sample. 

HPLe Instrumentation and Procedure 

The liquid chromatograph consisted of Waters Associates (Hilford 

Ha) Model M6000 solvent pump, Model U6K injector, Model M4!+O UV 
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detector and QD IS llitachi Recorder. The column llsed Has a 

15 cm x (,.6 mm ID Ultrasphere (Altex Scientific Inc.,Berkeley,Ca) 

C1g column, ,·lith a mean particle diameter of 5 11m. The detector 

Has operated at 313 nm Hith a sensitivit:y setLing of 0.2 AUFS and 

all separations were carried out at 20°C using a mobile phase floH 

rate of L 5 ml min-I. 

Nethanol and triethylamine "Jere of Analytical Grade and Here 

distilled in all glass apparatus. Acetonitrile (HPLC Grade) Has 

purchased from Waters Associates. The exact ingredients of the 

mobile phases used are given in the captions to the figures. 

Nobile phases Here aspirated through 0.711m glass microfibre paper 

filters (GF/F lfuatman), degassed in an ultrasonic bath and allo,ved 

to equilibrate to ambient temperature before used. 

RESULTS AND DISCUSSION 

Analysis of Nixtures of Enantiomers 

A mixture containing both enantiomers of ephedrine or pseudo

ephedrine was quantitatively analysed by conversion of these amines 

to dithiocarbamate ligands and thence to nickel complexes, ,vi th 

subsequent separation using reversed-phase HPLC. Typical chromat-

ograms are shown in Fig. 1; these separations are similar to that 

previously reported for normal-phase HPLC using water deactivated 

[dliCR columns (2,3). In each chromatogram, the symmetrical 

binary complexes derived from each enantiomer coeluted as the first 

peak, which Has separated from the peak due to the ternary complex 

containing ligands derived from both enantiomers. To simplify 

reference to these complexes, they "Jill be identified as follmoJs: 

Ni[CS
2

: (+)eph]2 is the complex containing t\oJO ligand molecules, 

both of Hhich are dithiocarbamate ligands de't:ived from (+) ephedrine; 

similarly Ni(CS
2

:(+)eph](CS
2

:(--)eph] is the ternary complex con

taining dithiocarbamate ligands derived from (+) ephedrine and 

(-) ephedrine. Pseudoephedrine ,vill be abbreviated to pse. 

Separation of the binary and ternary nickel dithiocarbamate 

complexes shmo]n in Fig. 1 Has achieved using a ternary solvent 
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A 
B 

(a) 

c 
o 

(b) 

I I I ! I ! , I I I 

a 2 /, 6 8 10 12 14 16 18 20 22 24 26 
Time (minutes) -

FIGURE 1. Analysis of a mlxture of enantlomers of ephedrine 
[Fig. lea) 1 or pseudoephedrine [Fig. l(b)]. 

Mobile Phase: 0.2% (v/v) triethylamine ln 25: lfO:35 (v/v) 
CH 30H:CH 3CN:H 20. Flow rate 1.5 ml/mln. 

Peak Iden ti tles: See text for key to abbreviations 
A, unresolved Ni[CS 2 :(+)ephJ 2 and Ni[CS 2 :(-)eph]2; . 
E, Ni[CS2:(+)eph]ICSI':(-)ephj; C, unresolved NirCS2:(+)pse!2 and 
Ni[CS 2 :(-)pse]2; D, ·Nl[CS 2 :(+)pse]lCS 2 :(-)pse]. 

system. The seven eXperiment ortimisation procedure of Glajcb 

and co-workers (7) was applied to determlne the composition of a 

suitable isocratic solvent system. A mobile phase contalning 

25:40:35 (v/v) methanol:acetonitrile:lvater Ivas found to give 

optimum resolution, and a small amount of triethylamlne Has added 

to further improve the sepaJ:ation, because our prevlous experiences 

(6) have indicated that thls solvent has a highly selectlve lnter

action l,rith the dlthlocarbamate complexes under study. 
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The solvent used to dissolve the complexes prior to injection 

vldS found to have a significant influence on the separation 

achieved by reversed'"pi1ase Hl'LC _ Hhen chloroform \-Jas used, poor 

separation and diffuse peak shape resulted; on the other hand, 

methanol and acetonitrile gave better peak shape and resolutj,on, 

with, the latter solvent giving optimum results. This ef fec t ,,,as 

probably due to a change in the composition of the adsorbed layer 

of organic modifier (from the mobile phase) on the stationary phase 

surface. Adsorption of organic modifiers onto reversed-phase 

columns has been reported previously (8) and it has been proposed 

that this adsorbed layer can be partially displaced by solute or 

other molecules (9). In the present case, it is likely that 

injection of a chlorofonn solution caused a change in the adsorbed 

layer of methanol and acetonitrile (from the mobile phase), 

thereby influencing the ability of the column to resolve the 

closely related nickel complexes. 

The formula proposed by Moriyasu and Hashimoto (2,3) for 

calculation of the composition of an enantiomeric mixture of amines 

using normal phase HPLC is equally applicable to reversed-phase HPLC. 

The reversed-phase method hm"ever has the advantage that no lengthy 

column equilibration time \"as required for reproducible results, as 

was the case for the normal-phase method. He have found excellent 

agreement for analyses of racemic mixtures using both methods. 

Analysis of Diastereoisomeric Nixtuyes 

A m-j xture conta:i ning t\Vo diastereoisomers, such as ephedrine 

and pseudoephedrine, can also be separated by reversed-phase HPLC 

using binary solvent mixtures as the mobile phase. Such a 

separation is sho,,,n in Fig. 2, ",here the three peaks in the 

chromatogram can be assigned to the t\Vo binary complexes 

Ni[CS 2 : (-)eph]2 and Ni[CS 2 : (--)pse]2 and to the ternary complex 

Ni[CS 2 :(-)eph][CS2 :(-)pse]. Again, this chromatogram is 

similar to that obtainable with normal-phase HPLC (2,3). The 

relative peak heights in Fig. 2 may be used to quantitatively 



318 LOIv, HADDAD, AND DUFFIELD 
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A 

O~I --~----~2----3~1----4~1----~~----6~1--~7~--~8~--~ 

Time (minutes) --

FIGURE 2. Analysis of a mixture of the diastereoisomers 
(-) ephedrine and (-) pseudoephedrine by prior formation of their 
nickel dithiocarbamate complexes. 

Mobile Phase: 70:30 (v/v) CH 30H:H 20, flow rate 1.5 ml/min. 

Peak Identities: See 
A, Ni[CS 2 :(-)pse]2; 
C, Ni[CS 2 :(-)eph]2' 

text for key to abbreviations 
B, Ni[CS 2 :(-)pse][CS 2 :(-)eph]; 

determine the composition of the original mixture of diastereo-

isomers. Table 1 compares the results obtained using this method 

with those obtained using GCMS analysis (6) of a series of stand

ard mixtures of ephedrine and pseudoephedrine. 

The accuracy of the reversed phase HPLC method was somewhat 

poorer than the GCMS method and bes t resul ts were ob tained \vi th 

mixtures containing a minor percentage of one diastereoisomer. 

This situation is likely to occur in the analysis of diastereoiso

meric contaminants in pharmaceutical samples. 
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TABLE 1 

Analysis of Standard Mixtures of the Diastereoisomers Eephedrine 
and Pseudoephedrine by the Proposed Reversed-Phase HPLC Method 
and by GCNS 

% Ephedrine 1n standard diastereoi.somer:i c mixtures 

Actual (%) by (%) by GCMS (%) 

100 100 101 
82.3 87. L, 83.0 
62.6 69.0 6L,.4 
41.2 38.0 41.6 
21.0 22.6 22.0 
0.0 0.0 0.5 
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Results shown are the average of t"\vO runs. For the HPLC method, 
the maximum range obtained is 2.5% and for GCMS, 1. 2%. The HPLC 
results were calculated using the follo"\Ving formulae applied to 
chromatograms similar to that given in Fig. 2 

If peak 3> peak 1, then j 3 
% Ephedrine = 100[0.5 + 0.5(0.5-H2i~lHi)l 

If peak 3 < peak 1, then J 3 
% Ephedrine = 100[0.5 -~O.5(O.5-H2/= Hi)] 

i=l 
"\Vhere H is the height of respective nickel complex peale 

A brief survey "\vas conducted for the presence of diastereoiso

meric contaminati on in ephedrine and pseudoephedrine tablet 

formnl A t·i ons and pharmaceutical raw ma terials. A binary mixture 

of solvents "\Vas used for the mobile phase, therefore the resultant 

chromatogram did not provide information on the presence of 

optical isomers i.n the acti.ve ingredient of the formulation. A 

ternary solvent mobile phase "\Vould be necessary to elucidate this 

information (see preceding section). 

Table 2. 

The results are given in 

It is note"\Vorthy that no interference in the assay method "\Vas 

detected for the sugars and binding compounds present in the 

tablet formulations. Only peaks corresponding to the active 

ingredient and the diastereoisomeric contaminant (if present) 
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TABLE 2 

Analysis of Dlastereoisorneric Contaminants in Pharmaceutical 
Formulations and Rmv Hate rials Containing Ephedrlne or Pseudo
ephedrine. 

Results are given as percentage ± standard deviation. 
Each value represents the mean of three individual 
assay results. The results are calculated with respect 
to the labelled content of the drug in each tablet; ra~v 

products are assumed to be 100% pure. Each standard 
deviation is estimated from the range of three results. 

Sample Ingredient Type % Contaminant % Active 
Ingredient 

A Ephedrine n.d. 99.8 ± 4.2 
B''; Ephedrine n.d. 98.9 ± 3.6 
C Ephedrine n.d. 92.2 ± 4.3 
D'" Ephedrine 6.0 ± 0.05 95.9 ± 1.2 
E Ephedrine n.d. 96.9 ± 2.8 
Fi, Ephedrine n.d. 102.0 ± 2.4 
G Ephedrine 3.9 ± 0.04 95.0 ± 1.2 
H Pseudoephedrine n.d. 98.0 ± 3.2 
I Pseudoephedrine n.d. 99.7 ± 1.6 
J'" Pseudoephedrine n.d. 101.6 ± 2.4 
K'" Pseudoephedrine n. d. 99.4 ± 1.3 

n.d. indicates negligible detection 
~~ indicates that the sample is a rmv product 

were observed, since the derivatisation procedure used was 

specific for primnry and secondary amines. The sensitivity of 

this method, ~vith which analyses at the suh )lg/ml level presented 

no difficulty, compared favourably with that given by Barkan and 

coo-workers (5) for their method. Linear calib~ation plots were 

obtained with ephedrine and pseudoephedrine for injected amounts 

of solute in the range 100 to 500 ng, with correlation coefficients 

better than 0.95. 

Mobile Phases Containing Ni 2+ Ions 

One of the advantages of the use of reversed-phase HPLC for 

the analysis of metal complexes is that the separation system can 
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o 2 4 6 B 
Time (minutes) ~ 

FIGURE 3. Analysis of a mixture of the diastereoisomers (-) 
ephedrine and (-) pseudoephedrine using on-column formab on of 
nickel dithiocarbamate complexes. 

Mobile Phase: 70:30 (v/v) CH 30H:O.2% (VI/V) aqueous NiCI2.6H20. 
Flow rate 1. 5 ml/min. 

Peak Identities: A,B,C as for Fig. 2; D, excess carbon 
disulphide; E, solvent impurity. 

37.1 

be readily modified by addition of a metal ion to the mohile phase. 

\-Then Ni 21 ,'laS added to the mobIle phase and [1 mixturE' of c1iastereo

isomeric dithiocarbamate ligands (derived from ephedrine and 

pseudoephedrine) "laS inj ected, the chromatogram sho\vn in Fig. 3 

resulted. The large first peak \vas due to excess carhon 

disulphide remaining after derivatisation of the amine durgs, and 

a small peak due to solvent impurity was also observed. The 

remaining peaks ,vere assigned to binary and ternary nickel 

complexes formed during the migration of the dithiocarbamate 

ligands through the reversed-phase column. 

This method of separation ,.,as more" simple than the use of 

prior formation of nickel complexes and forms the basis of a rapid 
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and sensilive method for the detectioIl of cliastereoisomertc con-

tamtnants 1n primary and secondary amines. It is noteworthy that 

the relative peak heights obtained t"ith thE' in-sttu complex form

ation method were somet"hat dependent on the mobtle phase flotv rate, 

tndtcating that differences in labilily probably exist between the 

different complexes. This variation in relative peak heights was 

not observed t"hen the nickel complexes \,ere formed prior to 

tnjectton. 

CONCLUSIONS 

Enantiomertc and diastereotsomertc amtnes may be separated 

and quantitated after thetr conversion to nickel dtthiocarbamate 

complexes, ustng reversed-phase HPLC. This method gtves stmilar 

results to those obtatned using the previously reported normal

phase method, however the former procedure does not requtre 

extensive column equilibration times for reproducible results. 

In addttion, the reversed-phase method can be modified to allot" 

tn-situ formation of the nickel complexes, thereby eliminating 

some of the manipulative steps. The proposed method was success-

fully applied to the analysis of diastereoisomeric contaminants in 

pharmaceutical products and rat" materials containing ephedrine or 

pseudoephedrine. 
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ABSTRACT 

In the characterization of syncrudes from alternate fossil 
fuel sources, there is a need for the rapid separation into hydro
carbon groups. Analytical separations Hhere microgram quantities 
of sample can be used and preparative separations on multigram 
scale so that additional characterization and testing can be car
ried ouL 

Using samples of shale oil from Utah and Thailand, HPLC 
techniques are shoHn that accomplish these aims. The use of a 
mixed set of normal phase analytical columns for the automated 
separation into saturates, neutral aromatics by the number of 
rings and polar aromatics. Separation of multigram quantit.ies 
of shale oil into major hydrocarbon groups, saturates, neutral 
aromatics, and polar aromatics is done in under 10 minutes. 

INTRODUCTION 
-~-----~ 

The development of transportation fuels and lubricants froUl 

highly heterogeneous fossil fuels represents many engineering 

challenges and requires rapid characterizati.on techniques. There 

is a need for tHO types of characterization capabilities; one 

utilized by laboratory personnel for a complete evaluation of SYR

crude products, the second a rapid technique used by engineering 

personnel in the Pilot Plant. High Performance Liquid Chromatog-

raphy (HPLC) of today can meet these needs. In its analytical 

mode, HPLC instrumentation can be automated to the point ",here 
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little operator involvement is necessary. In its preparative 

mode, multigram separations can be done routinely. 

EXPERIMENTAL 

Two samples of shale oil were used in these evaluations. 

The analytical separations were done on a tailored dual detector, 

Waters LC. The modifications were the use of a Rheodyne (Cotati, 

CA) fixed loop injector and a Rheodyne 6 port electropneumatic 

valve used to change the flow direction through the column. De

tectors were UV at 254nm and a differential refractometer in 

series. 

The mobile phase, HPLC grade n-Hexane, was maintained at 

2.0 ml/min. The column was a 3.9mm by 30cm with a NH2 modified 

support (ENERGY ANALYSIS COLUMN). Additional characterization 

were carried out where a high surface area silica gel (~PORASIL) 

column was used in series. 

The preparative separations were carried out on a Waters 

prepLC™ System 500A. The column used for the multigram separa

tions in the preparative system are 57mm by 30cm. The support is 

a NH2 modified silica. Hith columns of this diameter, sample 

loads of up to 8 grams have been used. 

RESULTS 

Analytical Separations 

The separation of shale oil into saturates, neutral aromatics, 

and polar aromatics can be done across the 3.9mm ENERGY ANALYSIS 

COLUMN in 24 minutes using n-Hexane at 2.0 ml/min. 

Approximately 0.5 grams of sample weighed to the nearest 0.1 

milligram is dissolved in 20.0 ml of n-Hexane. The sample is fil

tered across a 0.5 micron membrane filter to remove any insolubles. 

These insolubles are generally classified as asphaltenes. The fil

trate is loaded into the 10 microliter loop of the injector and then 

placed on the head of the column. 

In this separation scheme, the saturates elute first. The sat

urate peak will contain all the normal, iso-, and cyclo-paraffins. 
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The olefins, normal and cyclo wj.ll also elute in this peak. Then 

the neutral aromatics elute. The selectjvity of the column is 

such that all of the alkanes and alkenes, at least through 

cholestane, a 26 carbon saturate, will elute before benzene or 

an alkyl substituted benzrene. The elution order of the neutral 

aromatics is by the number of condensed rings. Hhen the neutral 

aromatics have eluted from the column, the mobile phase flmv is 

reversed through the column. The polar aromatics will elute in 

a single peak. The selectivity of the column packjng is such 

that thiophene, pyrrole, pyridine, and other heteroatom contain

ing aromatics will elute in this envelope (Table I). A flow dia

gram of the six-port valve used for this column flmv reversal is 

sho'\VD below. 

COLUMN 

----- BACKFLUSH 
--- FORWARD FLOW 

This technique of column backf1ushing was first reported by 

Sautoni (1). 

This technique of flow reversal through the column keeps 

the chromatographic equipment simple, uses a single solvent, 

and a single column. Hith an automatic injector, the system 
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TABLE I 

Retention (k') of a varj el:y of hydrocarbons tlsjnr; o· ·IleXaIll' 

at 2.0 ml/min. across a 3.9mm NH2 modified amine support. 

hexadecane 

dodecane 

heptadecane 

I-heptadecene 

l--octene 

l-octadecene 

cycloheptane 

pristane 

cholestane 

benzene 

n-buytlbenzene 

toluene 

n-decylbenzene 

mestylene 

phenylundecane 

biPhenyl 

naphthalene 

2-·me Lhylnaphthalene 

2,J-dllllccLhylnaplrthalene 

2, 3, 5-trimethylnaphthalene 

acenaphthalene 

acellphthyeue 

triphenyJene 

anthracene 

phenanthrene 

I-methylphenanthrene 

fluoranthene 

chrysene 

benzo(a)pyrene 

0.10 

0.10 

0.10 

0.11 

0.12 

0.12 

0.10 

0.10 

0.10 

0.16 

0.14 

0.15 

0.13 

0.13 

0.13 

0.41 

0.37 

0.35 

0.36 

0.36 

O. tlO 

0.60 

1. 85 

0.83 

0.84 

0.81 

1.15 

2.88 

3.78 

])1\ RK 
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TABLE f (CO~T'D) 

phenol 

7.,7.'bipyrfdine 

pyridine 

thiophene 

11.16 

11.00 

11.23 

11. 00 

13.00 

The column is backflushed at k' of 5.0 and the analysis is 

completed at k' of 14.S. 

can easily be automated. The chromatographic system uses two 

detectors in series, UV at 254nm is first followed by a dlffer-

ential refractometer. The saturated hydrocarbons are detected 

by the differential refractometer \o/hile those compounds with 

aromatic modiety are detected with greater sensitivity by UV. 

On the integrating recorder, the response of the UV is Pen 1 

\<lhile that of the refractometer is on Pen 2. The offset of the 

pens gives the visual appearance that the saturates elute in 

the middle of the aromatic envelope, see Figures 1 and 2. 

This approach was utilized for the compositional char

acterization of Lhe shEll (' lyi 1 s from the two different sources 

(Figures 1 & 2). The hydrocarbon group composition of the two 

shale oils were determined Lo be: 

UTAH THAILAND -.--------

Saturates 18.96 \>]t% 56.30 wt% 

Neutral Aromatics 57.63 16.30 

Polar Aromatics 23.40 27.50 

The techni.que for quanti tat ion utilized the approach that has 

been employed for crude oil (2). 
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t; 
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AI 

THAILAND 
Shale Oil 

SAMPLE: 

COLUMN: 

SOLVENT: 

FLOW RATE: 

DETECTOR: 

Polars - .... 

10 1,1 

Energy Analysis (NHJ 
Column 3.9 mm x 30 em 

n·Hexane 

2 mllmin 

Model 440, 254 nm, 
0.5 AUFS 
Model 401, 16X 

UV __ Aromatics ~ L-_____ -

Figure 1: Thailand Shale Oil -- Hydrocarbon Group Separation. 

6RI, 

I 

uv , .... 

Figure 2: 

COLUMN: 

SAMPLE: 

Shale Oil 
Utah 

Energy Analysis (NH,) 
3.9 mm x 30 em 
Shale Oil 

23 MINUTES 

SATURATES: 18.97 Wt% 

AROMATICS: 57.63 

POLAR AROMATICS 23.40 

Utah Shale Oil -- Hydrocarbon Group Separation. 
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The analytical separation ,-las scaled up so that multigram 

sample .Loads coulll be l,eparat·pd Thesp larger separaLions were 

done on Lhe PrepLC™ System 500A. The column is 57mm by 30cm. 

The pacldng is a NH2 modified siLica, Lhe same as the J.9mm ana-· 

lytical column. Other than a larger diameter, the particle size 

of the preparative packing is a nominal 40 m:Lcrons while that 

used in the analytical column is 10 microns. This preparative 

3:ll 

column is 200 times larger in cross-sectional area than the 3.9mm 

analytical column. Sample loads can be increased proportional to 

the cross-sectional area. If the same solvent is used at the same 

linear velocity, equivalent separations will be obtained in the 

same time frame. This translates to sample loads of up to 8 grams 

at a flow rate of 400 ml/min. 

The preparative column is equili.brated with n-Hexane at 400 

m1/min. at a pressure drop of 5 bars. The sample, up to 8 grams, 

is dissolved in 35-40 ml of n-Hexane. This volume is injected 

onto the head of the column following the manufacturer's recom-

mendations. The saturates are collected (Figure 3 saturate col-

lection is bet,,,een III and 112), the aromatics are collected between 

112 and 113. Instead of reversing the flow through the column, the 

mobile phase was stepped to dichloromethane. The polar aromatics 

elute with the solvent front. It is nOl that the flm-I cannot be 

reversed through this larger columll, but Gy clwnginr; th" mobile 

phase a reduction in overall solvent usage is realized. In the 

analytical separation, where solvent consumption ls small, sim-· 

plicity and automation are of prime concern. 

separation, flm.Jing at 400 ml/tnin. solvent consumption is of con·· 

cern. Thus, the step change 1s solvent. The total analysis time 

is 6.5 minutes. After the polar aromatics have eluted from the 

column, it is re-equi1ibrated ,,,ith n-Hexane, total time between 

injections is 10 minutes. 

The fractions were recovered by evaporating the solvent to 

dryness. Any sample component that has a partial vapor pressure 
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Figure 3: 

THAILAND 

gms Shale Oil 

DAH.K 

COLUMN: Custom Packed NH, PrepPAK 
57 mm x 30 em 

SAMPLE: Shale Oil 
INJECTION VOLUME: 35 ml 

FLOW RATE: 400 ml/min 
MOBILE PHASE: A. Hexane 

B. Dichloromethane 

100 % A, six minutes 
#2 100% B, 30 seconds 

#3 

Change to Dichloromethane 

Stop 

-~ 

6.5 MINUTES 

Thailand Shale Oil -- Preparative Hydrocarbon Group 
Separation. 

similar to that of the solvent \"i11 be lost. After the gravimetric 

quantitation of the recovered fractions, they were analyzed on the 

3.9mm by 30cm ENERGY ANALYSIS COLUMN (Figures 4-6). The recovered 

saturate fraction (Figure 4) shows response from the UV detector. 

This response may be due to carryover of neutral aromatics or from 

the olefins present in this fraction. The neutral aromatic frac-

tion (Figure 5) ShOHS the presence of polar aromatics. This is 

not due to poor chromatographic fractionation, but these polar 

aromatics are more soluble in the neutral aromatics than in the 

n-·Hexane at the concentration appl.ied to the preparative column. 

At the higher dilution level used in this analytical run, separa

tion is achieved. The polar aromatic fracl.ion is shmm in Figure 

6. There is sufficient matet'ial in each of these fractions so 

that additional characterization can be done. 
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Figure 5: 

THAILAND PREP CUT 
Shale Oil 
Saturates 

SAMPLE: 

COLUMN: 

SOLVENT: 

FLOW RATE: 

DETECTOR: 

10 It! 

Energy Analysis (NH,) 
Column 3.9 mm x 30 em 

n·Hexane 

2ml/min 

Model 440, 254 nm, 
0.1 AUFS 
Model 401, 8X 

Thailand Shale Oi.l -- Saturate Fraction From Prepa
rative Separation Analyzed Under Analytical Conditions. 

THAILAND PREP CUT 

Shale Oil 
Aromatics 

SAMPLE: 

COLUMN: 

SOLVENT: 

FL.OW RATE: 

DETECTOR: 

10 ILl 

Energy Analysis (NH,) 
Column 3.9 mm x 30 em 

n·Hexane 

2.0 ml/min 

Model 440, 254 nm, 
0.2 AUFS 
Model 401, 8X 

~Jl_ 

Thailand Shale Oil···· Aromatic Fraction from Prepa
arative Separation Analyzed Under Analytical Cond:Ltions. 
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Solvent 

THAILAND PREP CUT 
Shale Oil 

Polars 

11\ SAMPLE: 
I . COLUMN: 

\ 

SOLVENT: 

FLOW RATE: 

DETECTOR: 
\ 

DARK 

10,,1 

Energy Analysis (NH,) 
Column 3.9 mm x 30 em 

n·Hexane 

2.0 ml/min 

Model 440, 254 nm, 
0.5 AUFS 
Model 401, 16X 

Thailand Shale Oil -- Polar Aromatic Fraction from 
Preparative Separation Analyzed Under Analytical 
Conditions. 

Extended Separation Capabilities 

The separation of saturates, neutral aromatics, and polar 

aromatics on the amine modified support can be carried one step 

Eurther. By' adding a 3.9mm by 30cm high surface area silica gel 

column in series with the amine column, the separation "Jill be ex

panded. With these two different packings in series, the separa-

tion will nm, yield saturates, monoaromatics, diaromAtlcs, three·

ri.ng aromatics, three plus ring aromatics, and the columns are 

backflushed to elute the polar aromatics. The backflush of the 

columns must be timed such that none of the polar aromati.cs reach 

the silica gel column. These heteratomic aromatics have shown very 

strong retention on silica. Therefore, the columns must be oriented 

so that the sample is injected onto the amine modified support. 

The tvlO shale oils "Jere evaluated by this expanded separation 

scheme. The chromatograms, Figures 7 and 8, shOvJ the difference 
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Thailand Shale Oil 
Hydrocarbon Group Plus Aromatic Ring 

COLUMN: Energy Analysis (NH,) 
I,PORASIL' 
3.9 mm x 30 em 

SAMPLE: Thailand Shale Oil 
INJECTION VOLUME: 10 "I 
FLOW RATE: 2.0 mllmin 
MOBILE PHASE: 
DETECTOR: 

SATURATES 

"'RI 

n·Hexane 
Model 440, 254 nm, 0.5 AUFS 
Model 401, 8X 

UV 1·Ring 2·Ring 3·Ring 3·Plus Ring __ 
3.1% 3.6% 7.7% 1.9 0/°\ 

45 MINUTES 

POLARS 

SATURATES 56.3% 

AROMATICS 16.3% 

POLARS 27.5% 

Figure 7: Thailand Shale 01.1 -- Hydrocarbon Group Separation 
'-lith Separation of the Neutral Aromatics by Rings. 

in the distribution of the neutral aromatics. The cut points of 

thE' various rings was determined by running a standard mixture of 

benzene, naphthalene, phenanthrene, chrysene, and perylene. The 

UV detector is Pen 1 and the refractometer is Pen 2 oIfseL by 13,5mm. 

This gives the visual effect of the saturates eluting in the middle 

of thE' one-ring aromatics. 

UTAH THAILAND 

Shale Oil Shale Oil 

One Ring 7.3 3.1% 

Two Ring 6.7 3.6% 

Three Ring 29.0 7.7% 

Three + Ring lL;.7 1.9% 
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Utah Shale Oil 
Hydrocarbon Group Plus Ring Distribution 

COLUMN: Energy Analysis (NH,) pillS 
I,PORASIL' 

SAMPLE: 3,9 mrn x 30 ern 
10,,1 Utah Shale Oil 

INJECTION VOLUME: 10 "I 
FLOW RATE: 2,0 ml/min 
MOBILE PHASE: n·Hexane 
DETECTOR: Model 401, ax 

Model 440, 254 nm, 0,5 AUFS 

Uill_1--.-~====---_~ 
1·Ring 2·Ring 3·Ring 3 + Ring 44 MINUTES 

Figure 8: Utah Shale Oil -- Hydrocarbon Group Separation with 
Separation of the Neutral Aromatics by Rings. 

Extended Preparative Capabilities 

DARK 

The extended analytical separation was scaled up to the multi

gram preparative separation. 

T,vo preparative columns each 57mm by 30cm were used in series. 

The first column is the NH2 modified packing while the second is a 

high surface area silica gel. The mobile phase is n-Hexane at 400 

ml/min. as in the previous separation. The same sample work-up 

is used. The separation sequence should be saturates, mono

aromatics, diaromatics, three-ring aromatics, three plus ring 

aromatics, and then the polar aromatics. The saturates and 

neutral aromatics are eluted with n-Hexane ,,,hile the polar 

aromatics will be eluted by stepping the solvent to dichloro

methane. However, the silica column must be removed from the 

flow stream before the polar aromatics are eluted from the NH2 
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THAILAND 
Shale Oil 
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Figure 9: Thailand Shale Oil -- Preparative Separation by Hydro
carbon Group with Neutral Aromattcs Separated by Rtngs. 

packtng. The polar aromatics have extremely large k's across 

silica with non-polar solvenLs. Us:Lng polar solvents to elute 

these polar aromatics [rom the s:Uica co1.umn wjll lead to de

activation of the silica packing. 

After the polar aromatics have been eluted from the NH2 

column, it is re-equilibrated l.Jitlt n,·llexane ano t:hen the two 

columns are placed in series. The total analysis time is 20 

minutes for the separation and equilibration of the columns. 

The preparative separation of the Thailand shale oil using 

this dual column approach is shown in Figure 9. The saturates 

are in the first peak, each of the other peaks were collected 

as neutra] aromatics with increasing number of rings. The k' of 

cut points ~.Jas predetermined by running a mixture of benzene, 
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napthalene, phenanthrene, chrysene, and perylene. After the 

neutral aromatics eluted from the columns, the silica column 

,,,as removed and the solvent stepped to dichloromethane and the 

poJ.ar aromatics eluted. 

The fractions were recovered by evaporating the solvents to 

dryness, with quantitation again being gravimetric. The fractions 

were then redissolved in n-Hexane and rechromatographed on the 3.9mm 

dual column analytical set-up described above (Figures 10-15). An 

examination of these chromatograms shows that the first fraction, 

saturates, contains little if any UV response and a k' that coin

cides with standards. The neutral aromatics fractions show peaks 

with increasing k' in later eluting fractions. The last eluting 

neutral aromatic fraction and the polar aromatic fraction sho,,, 

cross contamination, again, this is due to solubility at loads 

used in the preparative separation. 

..\RI 
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Saturate Fraction 
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I,PORASIL' 

SAMPLE: Shale 011 
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FLOW RATE: 2.0 rnllmln 
MOBILE PHASE: n·Hexane 
DETECTOR: Model 401. ax 

Model 440, 254 nrn, 0.5 AUFS 

UV ~--------~--------------------____________ ___ 
1,.- )1001 

43 MINUTES 

Figure 10: Thailand Shale Oil -- Saturate Fraction From Dual Col
umn Preparative Separation Analyzed Under Analytical 
Conditions. 
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Figure 11: Thailand Shale Oil -- Cut #2 from Dual Column Prepa
rative Separation Analyzed Under Analytical Conditions. 

4.77 

UV
I .... 

Thailand Shale Oil 
Dual Column Prep Cut #3 

44 MINUTES 

COLUMN: 

SAMPLE: 

Energy Analysis (NH,) plus 
I,PORASIL' 
3.9 mm x 30 em 
Thailand Shale Oil 

INJECTION VOLUME: 10,,, 
FLOW RATE: 2.0 mllmin 
MOBILE PHASE: n·Hexane 
DETECTOR: Model 401, 8X 
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Figure 12: Thailand Shale Oil --- Cut 113 from Dual Column Prepa
rative Separation Analyzed Under Analytical Conditions. 
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Figure 13: Thailand Shale Oil -- Cut tiL. from Dual Column Prepa
rative Separation Analyzed Under Analytical Conditions. 
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Figure 14: Thailand Shale Oil -- Cut #5 from Dual Column Prepa
rative Separation Analyzed Under Analytical Conditions. 
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THAILAND 
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COLUMN: 

SAMPLE: 

Energy Analysis (NH,) plus 
I,PORASIL' 
3.9 mm x 30 em 
Shale Oil, Polar Cut 

INJECTION VOLUME: 10 I'; 
FLOW RATE: 2.0 ml/min 
MOBILE PHASE: n·Hexane 
DETECTOR: Model 40'1, 8X 

Model 440, 254 nm, 0.5 AU FS 

UV 254 

I ... 
43 MINUTES 

Figure 15: Thailand Shale Oil -- Polar Aromatic Cut from Dual 
Column Preparative Separation Analyzed Under Analytical 
Conditions. 

A comparison of quantitation from the three separation schemes 

using the shale oil from Thailand is shown below. Two pooled in

jections across a single 57mm NH2 column, three pooled injection 

across the dual 57mm columns and then the L"esults from a stng1e 

NH2 column, 3. 9mm, where detec tor responses \·lCre used Are (Compared. 

Saturates 

Aromatics 

1 Ring 

2 Ring 

3 Ring 

3+ Ring 

Polars 

Recovery 

ANALYTICAL NH2 NH~-=-~LIC~ 

RUN 13.43 gm 20.62 gm 

18.97 \vt. % 

57.63 

23. LrO 

51.8 wt.% 

26.3 

78.0% 

(53.6) wt.% 

43.7 

5.6 

3.0 

1.3 

21.1 

75. Lr% 
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Conclusi.ons 

High Performance Liquid Chromatography offers a new dimension in 

the separations of alternate fuels. Both preparative and fully 

automatable analytical systems can shorten the time required for 

separations. Tailored systems can provide Pilot Plant personnel 

with detailed and timely compositional data, shortening the de

cision time interval between sampling and results. 
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AT Roml AND BODY TEMPERATURES: HPLC llETERNINATION 

WITH HECTROCHHlICAL DETECTION 

R.D. Myers, J.L. Garrison and E.C. Critcher 
Center for Alcohol Studies 

and 
Departments of Psychiatry and Pharmacology 

University of North Carolina School of Medicine 
Chapel Hill, North Carolina 27514 

ABSTRACT 

Reversed-phase high-pressure liquid chromatography (HPLC) was 
utilized to determine the stability of tetrahyciropapaveroline 
(,fliP) and salsolinol at two ambient temperatures and over varyip..g 
time intervals of up to 27 hr. Although ascorbate, an antioxi
dant, was shown to retard the temporally contingent degradation 
of THP at both 22°C and 37°C, the breakdown of the tetrahydrni
soquinoline product was more pronounced at 37°C. Salsolinol was 
virtually stable under all conditions. The formation of detect
able by-products of THP \,as demonstrated by the presence of sec
ondary peaks in the THP-water assay which were strikingly absent 
in the THP-ascorbate aliquots. Finally, the HPLC 1Jrofiles of 
five 'fliP samples obtained from four different sources revealed 
the presence of sjmilar secondary peaks which varied considerably 
in shape and peak height from une sample to another. The impli
cations of this lack of uniformity of THP for pharmacological 
studies of addictive processes is discussed. 

INTRODUCTION 

Certain of the amine-aldehyde condensation products, such as 

a tetrahydroisoquinoline (TIQ), exert potent pharmacological ef

fects on the central nervous system (1). The catecho1amine

aldehyde products can possess an addictive liability as evidenced 
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Irma their ph~rmacological effects after direct administration 

into the brain (2, 3). Given systemically, they often exert 

opiate-like effects and analgesiJ (4). 

Because of the relatively short half--life of the dopamine

dopaldehyde metabolite, tetrahydropapaveroline (THP) (5), a num-

her of questions arise in terms of the potential instability of 

this class of compounds under various experimental conditions. 

Of paramount importance is the issue of whether a TIQ degrades 

at a more rapid rate at body temperature of -y 37°C than when the 

compound is maintained at a laboratory temperature of 22°C. 

Another question centers on the nature of the formation of sec

ondary by-products during the breakdown of the alkaloid. Final

ly, does an antioxidant such as ascorbate, which also serves to 

lower pH, also alter the characteristics of the degradation of 

a TIQ amine-aldehyde product? 

In the present experiments, HPLC procedures with electro

chemical detection (6) were utilized to examine the rate of de

gradation of THP and salsolinol over time at two conditions of 

ambie~t temperature. The effect of the presence of ascorbate 

in the test solutions was also tested. 

~1L\TERIALS AND METHODS 

Instrumentation 

The HPLC system was comprised of a single pump (Altex Model 

110, Solvent Metering Pump), with a pulse damper (Bioanalytical 

Systems [BAS]), and a syringe loading sample injector (Rhcodync 

Model 7120). A C18 reversed- phase column (3.9 mm i. d, x 300 mm 

)lBondapak, Haters) protected by a pre-column filter (Rheodyne) 

Has fitted in the system. A glassy carbon electrochemical cell, 

TL-SA thin layer transducer (BAS), VIas coupled ",ith a model LC4 

amperometric detector (BAS). The electrode potential was set at 

+0.70 V using a silver-silver chloride electrode as a reference. 

Detector sensitivity ,,,as set at 10 nA/V. A strip chart recorder 

(Fisher Recordall Series 5000) connected in parallel ",ith a 
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ldotting 'integrator (lle,'Jlett Packard Model 33901\) cumplcted thE' 

Mobile Phases -----------' 

The mobile phase for thQ TlIP ,"ssay consisted of 0.15 M acetic 

acid, 14% v/v methanol, and 0.25 mM heptanesulfonic acid sodJum 

salt (HSA) used as an ion-pairing agent. For salso1ino1, the 

mobile phase contained 0.15 M acetic acid and 2.'i~;' v/v acetoni

trile. The pH of both phases was adjusted to 3.0-3.2 as necessary 

with dilute sodium hydroxide. Each mobile phase 'vas passed under 

vacuum through a double filter (0.3 )lm Gelman A/E glass fiber 

filter and 2-3 )lm Hhatman Its filter) and degassed by sonication. 

A flow rate of 1. 5 ml/min ,'JaS maintained in both assays. 

Sample Preparatio~ 

The 'I'HP and salsolinol assays were divided into two parts 

which were subjected to the same conditions. One sample line was 

dissolved in dilute ascorbic acid (0.1 rog/ml), an anti-oxidizing 

agent, while the other "JaS dissolved in glass distilled "Jater. 

All samples were readily solubilized with sonication. An initial 

sample concentration was chosen to maximize peak height "hile re

maining on-scale on the recorder to al1m'J accurate quantitation. 

After the column had been conditioned with mobile phase and the 

detector activated for 20-30 min, samples were injected ontn the 

column in 10 III volumes delivered from a 50 III Hami] ton syringe 

flushed repeatedly ,'Jith VJater. The concentrations used consis

tently for the degradation analysis of THP and salso1ino1 "Jere 

50 ng/lO 111 and 40 ng/10 \11, respectively. 

HPLC Separation 

Once properly diluted, the freshly prepared samples were in

jected directly onto the HPLC column. After three aliquots of 

each compound were dissolved in distilled water or ascorbic acid, 

they "Jere kept at room temperature, placed in a water bath main

tained at 37°C or kept in a -20°C freezer. A1iquots of THP kept 

Elt a room temperature of 22°C or at 37°C ,'lere tested at 2-4, 10-
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12, or 2~ 2j hrs following the initial assay. Aliquots of salso

linol kept at room l:emperature \Vere tested at II and 2Lf hrs, 

\Vhereas \Vater bath samples held at 37°C \Vere injected after 1, ~ 

and 24 hrs. Samples of both THP and salsolinol kept at -20°C 

were tested after a 24 hr interval. For the analysis of different 

samples of THP obtained from different sources, a freshly pre

pared quantity of 1.0 )1g/l0.0 )11 THP Has injected onto the column 

,olithout any intervening period of time. 

Glass\Vare used in preparation of samples Has ,018shed and 

rinsed, sonicated in chromic acid, then rinsed five times in de

ionized ,vater and again in distilled ,..rater. After the glass,vare 

\Vas drained, it was subsequently baked in an oven for t\Vo hrs at 

185°C. Syringes were also flushed \Vith dilute chromic acid 

cleaning solution at the end of each day. The chromatograph in

jector port ,vas flushed with 800 )11 distilled ,vater prior to 

samp]~e injections. These precautions \..rere taken to reduce the 

possibility of contamination of the original samples in an actual 

injection. 

Compounds ,vere weighed accura tely to 10-3 mg using a Cahn 

21 Automatic Electrobalance. Dilutions were made in ratios no 

greater than 1: 9 \vi th graduated pipets. 

Reagents 

L-ascorbic acid, sodium hydroxide and methanol Here obtained 

from Fisher Scientific, the latter two compounds being certified 

as HPLC grade. Glacial acetic acid ,018S purchased from Hallinc

krodt and the I-Heptane sulfonic acid sodium salt Has obtained 

from Eastman Kodak. Samples of THP were kindly provided by 

Hoffmann-LaRoche (R06-l673),R. Deitrich of the University of 

Colorado, Z. Amit of Concordia University and Burroughs He11come. 

Sa1s01inol was obtained from Aldrich Chemical Company. 

RESULTS 

The marked degradation of THP in ,vater as determined by the 

IlPLC with EC detection is shmvn in Fig. LAo The solvent peak, 
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FIGURE 1: Degradation of TEP in (A) ,-later and (B) ascorbate at 
room temperature and at 37°C during 27 and 24 hrs, 
respectively. 

,.,ith tR = 3.1 min, was followed by the THP peak, tR = 8.2 min. 

A second peak with tR = 9.8 min became evident after four hours 

at both the ambient temperatures of 22°C and 37°C, and this 

peak increased over the duration of this experiment. As the sec

ond peak increased in size, a concomitant decline in the height 

of the actual TEP peak also occurred. Though this trend was 

apparent both at room temperature and at_ 37°C, the higher ambient 

temperature caused a far greater rate of TEP's degradation with 
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increase :Ln this LSO(luillo.LLne IS by-products during the comparable 

pc'riod of time. 

Figure IE illustrates the decon~osition of THP which wns dis

solved in ascorbic acid (0.1 mg/ml). The ascorbate peak itself 

\vas eluted at 2. D min and the TIll' peak again followed thereafter 

at S.2 min. Thus, the retention lime of THP was unaffected by 

the presence of ascorbate. Further, in the test solution no 

clear-cut degradation of THP in the ascorbate medium occurred at 

a room temperature of 22°C. A small secondary peak was observed 

at four hours and at 27 hours, but the THP peak appeared to be 

unaffected. However, at 37°C evidence of degradation became 

apparent 10 hrs follm'ling preparation of the sample. A slight 

shoulder \vas registered after two hrs and stayed relatively con

stant throughout the remainder of the assay period. In contrast 

to the secondary peaks \vhich dominated the THP chromatograms 

shown in Fig. lA, no evidence of additional by-products \Vas noted. 

A slight degradation of the ascorbate peak \vas observed at room 

temperature; however, its decomposition after 10 hrs in a 37°C 

environment was very pronounced. 

In the second phase of this study, \Ve obtained chromatograms 

of five different THP samples in order to compare their chemical 

profiles. The results of this analysis are shown in Fig. 2. The 

solvent eluted at 2.D min follm.;ed by the primary THP peak at 

S.D min. Although each of the samples possessed four secondary 

peaks following the primary THP peak, large variations in the 

profile of these peaks as well as overall peak height were noted. 

The sample 0 btal.ned from Dei tric h exhib-Lt.ed the grea tes t aUlOUl1 L 

of secondary activfty ",hereas that supplied by Amit shm.;ed only 

minfmal after-peaks. 

Table 1 presents a composite comparison of the average per-

cent degradatfon of THP and salsolinol under the vari.ous test con

ditfons. Each calculated value is based on two-four replfcations 

of the assay for the given test condition. As shmm fn the Table, 

salsolinol retained its stabilfty even at the 37°C temperature 

aIld after a 24-hr period. 
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FIGURE 2: Profiles of five freshly prepared THP samples in a 
1 )lg quantity: two samples from Hoffmann-LaRoche 
(R06 1673) and one sample each from Deitrich, Amit 
and Burroughs-Wellcome (Burr-Well) as described in 
text. 

TABLE I 

Percent Degradation Over Time of Tetrahydropapaverolj.ne and 
Sa1so1inol at 37°C and 22°C in H20 and Ascorbate Vehicles 

THP 

37°C 

Elapsed Time ~ 
2 hrs 22.5 

10 hrs 46.8 
24 hrs 78.3 

22°C 

Elapsed Time ~ 
4 hrs 4.0 

12 hrs 16.2 
27 hrs 45.0 

Asc 

5.6 
30. 
48.7 

Ase 

0.8 
13.1 
26.1 

Salso1inol 

Elap s.e.(L'l:'~e 

1 hr 
4 hrs 

24 hrs 

Elapsed Time 

If hrs 
24 hrs 

1i2_Q 

0.0 
1.5 
3.2 

0.0 
2.8 

Asc 

0.0 
0.0 
0.0 

Asc 

0.0 
0.0 
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DISCUSSION 

TIQs are potent pharmacological agents t'1hich can cause anal-

gesia (~) al~ a variety o[ physiological effects on pulse and 

respiratory rates, blood pressure and smooth muscle tension (1,7). 

More recently, certain of the TIQs have been implicated in the 

symptoms of physical dependence on alcohol (8) as well as the 

development of abnormal preference for alcohol (3). Recently, 

salsolinol has been found in CSF and brain substance of the human 

alcoholic (9) as well as rat treated with alcohol (10). Because 

of the potential clinical importance of these substances, it is 

necessary that the physico-chemical properties and stability of 

TIQs under laboratory conditions are understood if they are to be 

studied experimentally. 

In our experiments, we found that temperature is a critical 

factor in the stability of THP in solution. Noticeable degrada

tion t-lith by-product formation occurs at 37°C in a sample unpro

tected by an anti-oxidant. Therefore, it is suggested that a 

mini-pump embedded under the skin of an experimental animal cannot 

be appropriately used for the chronic administration of this TIQ 

compound. Solutions that are used for repeated injections could 

be maintained at room temperature, but they necessarily would have 

to be changed every 24, if not 12 hrs, to ensure the stability of 

THP. 

Further, our results indicate that ascorbate does help to 

protect the compounds from degradation at both ambient and body 

temperatures. The use of ascorbate or a similar agent which pre-

vents decomposition of the alkaloids is essential to maximize 

stability. Even though ascorbate does not alter the retention 

time or HPLC pl:ofile of THP's activity, certain questions must be 

raised, however, concerning the pharmacological effects of ascor

bate itself. For example, does ascorbic acid influence the phar

macological activity of a TIQ or does it exert its own pharmacol

ogical action on addictive behavior? 
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The differences observed among various sampler; of TEP avail

able to the investigators imply that a "standard" THP doef; not 

rE'nLiy exist. The secondary peaks presumably represent degra

dative by-products "hich in themselves could possibly altc,r or 

augment any of the pharmacological effects of THP. In any case, 

this difference in sample purity would lead to an explanation of 

the discrepancies observed in pharmacological studies of these 

compounds (11,12). Although some of the secondary peaks could be 

due to O-methy1ated products of TRP, as identified by Meyerson 
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et al. (13), to what extent each of these substances may be active 

biologically is not presently knmm. 
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ABSTRAC'f 

The simultaneous determina~ion of 
warfarin, sulphaquinoxaline and fenitrothion 
in wheat-based rodenticides is achieved by 
extracting the three components from the bait 
with dimethylformamide followed by an 
isocratic, high-pressure liquid chromatographic 
separation using a reverse-phase P.P-8 column 
and 0.005 M pentane sulphonic acid in 
me-thanol:water (60: 1!0) as eluen·t. The three 
components are detected at 280 nm after 
separa-tion. Recoveries in the concen·tration 

investigated were fenilrothion 97.2%, 
ill 97.8\6 and sul nha(luinoxaline 96.9%. 

INTRODUCTION 

Commercial grain baits conta warfarin, 

(3- [acetonYl benzyl] -4-hydroxycoumarv in) and sulpha-

quinoxaline (2- [p.-aminobenzenesulphonamidol quin-· 

oxaline) are frequently used for the control of 
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rodent infestations. The clckli Jon or fenitr'othiull 

(O,O-dimethyl 0-: 3-methyl 4-nitr'ophonyl] phosphoro

thioate) heJps to control insects thRt attack and 

infesi:the baj-t. 

Several methods have been published for' the 

determination of warfarin including thin layer 

chromatography (TLC) followed by ultra violet (UV) 

detection at 305 nm (1), electron capture gas chrom

atography (2), and extraction with 1% pyrophosphate 

solution followed by UV determination at 308 nm (3). 

In addition several high-pressure liquid chromato

graphic (HPLC) methods have also appeared (3,4,5.). 

The de-termination of sulphaquinoxaline in various 

matrices has also received considerable attention. 

Published methods include diazotization followed 

by coupling in the presence of zirconium and meas

urement of the coloured complex at 550 nm (6), 

under'ivcl Lised UV de-lermination at 350 nm ('7,8), 

and l-IPLC (5). 

Methods used for the determination of fenitro

thion include infra-red analysis (9), gas chromatog

raphy (10,11,12) and l-IPLC (13, 14, 15). 

Although the article by Trujillo (5) describes 

the determination of both warfarin and sUlphaquin

oxaline by HPLC, no information was found for the 

simultaneous determination of the three components 

PEREZ 
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warfarin, sulphaquinoxaline and fenitrothion. In 

addition Trujillo's article refers to the analysis of 

rodenticide concentrates and not to the baits themselves. 

The need for a quick and specific method for the 

determination of all three components in rodenticide 

baits led to the HPLC method described here, which 

involves extraction of the bait with dimethylformamide 

(DMF) followed by HPLC on an RP-8 reverse-phase column 

using methanol:water (60:40) containing pentane 

sulphonic acid, and detection at 280 nm. 

EXPERIMENTAL 

Apparatus 

A Waters Model 6000A pump, U6K injector and Model 

450 variable wavelength UV detector (Waters Associates, 

Sydney, Australia) were used. The column used was a 

Brownlee Laboratories RP-8, (lOp), 25 cm x ll_.5 mm (i.d.) 

reverse-phase column (Ac·t:ivon Scientific Services, 

Granville, Australia). The detector was coupled to 

a Curken 250-1 recorder (Varian Pty. Ltd., Sydney, 

Australia) and injections were made with a Hamilton 

25plsyringe. 

Reagepts _an~~.!~~~~rd~ 

Fenitrothion 99.5% and sulphaquinoxaline 99.9% 

(Cooper Austra~ia Ltd.). 



J56 PEREZ 

Methanol HPLC grade (Burdick and Jackson, from Alltech 

A 0.2SM solution of ]-pentane~ulphonic acid in 

glacial acetic acid (from Waters Associates, Sydney, 

Australia) . 

l"lobiJ .. e Phase 

The mobile phase was prepared by adding one vial 

of the I-pentanesulphonic acid solution to 400 ml of 

distiJ.led water and making to 1000 ml with HPLC grade 

me-thanol. The solution was then degassed by vacuum. 

ion of Standard 

A stock solution was prepared by dissolving 

0.0126 g of fenitrothion, 0.4620 g warfarin and 0.2217 g 

of sulphaquinoxaline in 100 ml IT1F. A 10 ml aliquot 

rf this stock solution was transferred to a 100 ml 

Inlumetrie f1 ask and maele to volume wi l:h Dr'll'. This 

i.llcli anaJytical standard contained 0.00126% (12.6 ppm) 

fenitrothion, 0.04620% (U62 ppm) warfarin and 0.02217% 

(;71.7 ppm) sulphaquinuxdl 

Us a mixture of 60% wheat and 40% cornflour, 

three samples of bait were prepared 

fenitrothion, warfarin and sulphaquinoxa1ine in the 

concentrations shown in Table I. 
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TABLl: 1 

Rodent Bait Samples Prepared and Analysed 

Component (ppm) in 1,'ihea t / Corn Jour hix 

Sample Fenitrothion 1;,Jarfarin Sulphaquinoxa1ine 

1 10 

2 12 

3 14 

lon Procedure 
:::.c~=-::.:-=-_. __ 

1+40 200 

460 no 

480 240 

Approximately 20.0 g of each bait was accurately 

weighed and transferred to a 500 ml stoppered conical 

flask. After addition of approximately 150 ml of DMF 

the flask was stoppered and shaken for 1 hour by means 

of a mechanical shaker. At the end of 1 hour the 

contents of the flask were filtered into a 200 ml 

volumetric flask, the residue washed several times with 

small portions of DMF and the washings added to the 

flask. The solution was then made to 200 ml with DMF. 

A portion of the solution was then filtered through a 

5 pm teflon filter by means of a '['his 

procedure was performed in duplicate for each sample. 

The same extraction procedure was used on a single 

sample of untreated wheat/cornflour mixture. 
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Chromatography 

With a flow rate of 2 ml/min, the detector set at 280 

nm dnd 0.1 AUFS and -Lhe l'ecor'dep at: 0.5 cm/min, duplicatlC' 

25 pl injections including the blank were made and the 

average peak height of each duplicate determined. By 

comparing the average height of each sample injection 

with that of the standard, the amount of warfapin, 

sulphaquinoxaline and fenitrothion in the original bait 

was calculated. 

and Discussion 

There are no interfering co-extractives when DMF 

lS used to extract fenitrothion, warfarin and sulpha

quinoxaline from wheat/cornflour based rodent baits, 

as can be seen from the chromatogram of the blank 

extract. (Fig. 1). The chromatogram of the standard 

solution of fenitpothion, warfarin and sulphaquinoxaline 

(Feg. 2) shows that, using the chromatographic conditions 

described, good sepapation of the three components is 

achieved within 9 minutes. As shown in Table 2, the 

average recovery of the three components in the 

concentration range investigated is fenitrothion 97.2%, 

warfapin 97.8% and sulphaquinoxaline 96.9%. Fig. 3 is 

the resulting chromatogram of a bait manufactured under 

actual "production conditions" which has been ex-tract:ed 

and chromatographed as described. 
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FIGURE 1. Chromatogram of untreated wheat/cornflour 
mixture, 25 u1 injection (blank). Extraction and 
chromatographic conditions as described under 
Experimental. 
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fIGUR~ 2. Chromatogram of standard analytical working 
solution. A, sUlphaquinoxaline (221 ppm); B, warfarin 
(462 ppm); C, fenitrothion (12.6 ppm), Injection 
volume, 25 ul. Retention times: sulphaquinoxaline, 
2.5 min; warfarin, 7.7 min; fenitrothion, 9.0 min. 
Chromatographic conditions as described in Experimental 
section. 
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FIGURE 3. Typical chromatogram of extract of bait 
manufactured under actual "Production Conditions". 
Extraction and chromatographic conditions as described 
in Experimental section. 
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Chromalogl'Clphic s(~varcllion 0 the I~hrcce 

components is based on a combination of i.on-pail'ing and 

ion-suppression. The pelYtdlle'r;ulphon·i.c C1Ci.c] solution, s 

pUl'chased, is buffered at pH 3.5 under which conditions 

sulphaquinoxaline, being a weak base, forms an ion-pair with 

pentanesulphonic acid and the ionisation of the weak acid 

warfarin is suppressed. Fenitrothion is essentially 

non-polar at pH 3.5. By means of this technique the 

retention and separation of the three compounds is 

achieved by reversed-phase chromatography. 

CONCLUSION 

The method described here for the extraction and 

analysis of rodent baits based on a wheat/cornflour 

mixture containing fenitrothion, warfarin and 

sulphaquinoxaline is rapi.d, reproducible and accurate 

with an average recovery of 97.2% fenitrothion, 97.8% 

warfarin and 96.9% sulphaquinoxaline. The extraction 

pl'ocedul'e described does not extract any component from 

the wheat/cornfloul' mixtul'e that may interfere with Ll\c 

detel'mination of the three components of intel'est. 
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A SIMPLE AND RAPID METHOD }"OR THE DETERNINATION OF 
2--ACETYLANINOFLUORENE IN LABORATORY DIETS 
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1208 Hest Pennsylvania 
Urbana, Illinois 61801 

and 

C. R. Truex and W. J. Visek t 
Clinical Nutrition and Netabolism 
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Urbana, Illinois 61801 

ABSTRACT 

A simple and rapid method for the determination of 
2-AAF in animal feeds ,oJas developed using high perfor
mance liquid chromatography. The column employed Has 
an octadecyl bonded silica support Hith 80% methano] as 
mobile phase. Fluorene "as added as an internal stan
dard. The method is applicable for concentrations of 
250-1200 I1g AAF/kg diet. 

INTRODUCTION 

The carcinogen 2-acetylaminofluorene (2-AA1°) has been used 

extensively to induce cancer in lahoratory animals. Its physical 

properties have been discussed (1) and various methodologies 

*Author to ",hom correspondence should he addressed. 

'tDr . Visek is also a faculty member of the Department of Food 
Science. 
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developed [or Lu; analysis by gas liquid chromatography and fluo

rometry have been revLe\o!c'd (2). \Vest and Oiler (:3) have also pub

lished a method for determining 2-I\AP in laboratory animal chO'" by 

reverse phase liquid chromatography. Ive are describing here a 

method for determining 2--I\AF in semi-purified diets by high pres

sure li'1uid ch roma tography (IIPLC). The me thod req uires no prelim

inary clean-up and utilizes fluorene as an internal standard. 

HATERIALS 

Chemicals 

2-AAP and fluorene "Jere obtained from Aldrich Chemical Co. 

(Mil>vaukee, HI). The acetonitrile and methanol used as solvents 

were obtained from Burdick and Jackson (Philadelphia, PA) and 

were glass distilled. 

Synthetic Diets 

The semipurified diets containing added 2-AAF and control 

diets "'ere prepared commercially according to the AIN-76 refer

ence standard (4) (Bio Serv Inc., Frenchto",n, NJ). They contained 

10 or 40% of isolated soybean protein or vitamin-free casein, 5% 

corn oil, 5% cellulose, 3.5% minerals, 1% vi tamins, 0.3% dl

Methionine cmd 0.2% choLine hi t(1rtrnte'. The balance' of LhEe mlx-

ture contained SlIcro.';E' C1ne! C'ornstC1rch in a raU.o of 1: 3. The' 

protein content was varied at the expense of the carbohydrate. 

Sever~. batches of diet were also prepared in the laboratory, 

spnzee! ,·!ith /'--i\I\F in ethclnolic solution, dried, thoroughly mixed, 

and assayed to determine recovery of the chemicnl. 

Annlyt:Lcal Pro cedure 

Five grams of diet were weighed into a 100 ml round bottom 

flask and 50 ml of acetonitrile containing the internal standard, 

fluorene, at a concentration of 300 ~g/ml, were added via a pipet 

dispenser. The flask was then stoppered and shaken mechanically 
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for 30 minutes at abuut 100 cyc]es/min. After the solids \Vere 

allo\Ved to settle, 10.0 ml of extract were transferred to a 3-

inch glass funnel :lined \-lith a 12.5 cm "hatman filter paper. The 

filtrates, collected in 22 ml glass scinL,Lllal'i(Jll VL1L;, \-JeJ:(' 

analyzed as described beloH. 

Instrumentation 

The analytical system consisted of a Tracor model 995 iso

chromatographic pump (Tracir Avi, Austin, TX) and a Rheodyne loop 

injector equipped Hith a 20 111 loop (Rheodyne, Berkeley, CA) and 

U.V. detection at 2S5 nm. The data were recorded by a He'.Jlett-

Packard model 33S0 electronic integrator, which \.Jas programmed to 

record results directly in ppm when compared to an internal stan

dard. A Hhatman PXS-IO-2S, ODS-2 reverse phase octadecyl bonded 

column wLth an attached C-lS, 37-50 11 bonded pre-column (4" x 

l/S") Here used f'or separation. The mobile phase employed vlas SO% 

methanol: 20% Hater at 1 ml per min flm-l rate. 

RESULTS AND DISCUSSION 

Complex matrices like diets and tissues often contain compo

nents \.Jhich are extracted and interfere \.Ji th subsequent analyses. 

The extracts prepared as described here did not appear to contain 

interfering components in the area of the chromatogram of present 

interest. The chromatogram of a control diet extract shmved no 

peaks. Subsequent chromatograms of diet extracts \.Ji th added 

internal s tanclard and 2-AAV are sho\-1n in Figure 1. Fluorene, a 

degradation product of 2-AA1', and chosen for the internal standard 

(1), \.Jas \.Jell-separated from 2-AAF. Its presence ~~ diet extracts 

prepared after diets \.Jere stored as long as 90 days could not be 

demonstrated. This :Ls to be expected since the formation of 

fluorene from 2-AAF requires hydrolysis of the amide fol10\ved by 

deamination. Conditions favoring these reactions \.Jould not be 

expected in feed stored at 4°C. Though oxidative and hydroxy1ated 

products might be expected, none \·lere found. 
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FIGURE 1. Chromatogram of diet extract containing 2-AAF and 
fluorene, an internal standard. Correlation: 25 cm 
x 4.2 m O.D.S. column (Whatman, 10 ~, Nutley, NJ). 
Mobile phase: 80% methanol:H20 at 1 ml/min. Detec
tion method: 285 nM. 

The data shown in Table 1 indicate satisfactory overall re

covery of 2-AAF from semi-purified diets to "'hich the carcinogen 

and internal standard had been added in the laboratory. The dif

ference in carcinogen content from that expected "'as slightly 

greater than one percent. 

The data presented in Table 2 indicate a considerable differ

ence both in the error betlveen replicate samples and the percent

age deviation from the amount presumed to be present in the diet 

mixture. The 54 samples analyzed to obtain these data "'ere all 

obtained from diets provided by the same commercial supplier. 

They demonstrate the importance of analyzing dietary formulations 

before feedIng of toxic or carcinogenic compounds "'hich depend 

upon the amount consumed for their biological effects. The 
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TABLE 

Recovery of Added 2-AAF from Control Diets 

Concentration 
of 2--AAF Added 

1.113/ g 

n 
Concentration 

of 2--AA1' Found 
pg/ 'is :f 0 

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

10 250 6 257.2 ± !+ • 5 
333 6 344.1 ± It. 5 

666 6 669.7±13.7 
LOOO 6 1005.9 ± 6.2 

40 333 6 348.3± 4. Lf 
500 6 524.0 ± 4.9 
666 6 695.9 ± 7.3 
700 6 710.5 ± 7.5 

1000 6 985.4 ± 9.4 

% 
Recovery 

102.9±1.3 
103.4±1.3 
100.6 ± 2.1 
100.6 ± 0.6 

104.6 ± 1.3 
104.8 ± 1.0 
104.511.1 
101.5 ± 1.1 
98.5±0.9 

;'Each sample result was the average of duplicate injections into 
the HPLC. 

Diet 
Number 

TABLE 2 

Determination of 2-AAF in Commercially Prepared Diets 

% 
Protein 

1,·0 

Concentration 
of 2-AAF Added n 

IJg/g 

333 6 
666 6 

1000 6 

333 6 
666 6 

1000 6 

'3:33 '3 
666 3 

1000 3 

333 3 
666 3 

1000 3 

-------

Concentration 
of 2-AAF Found 

pg/g ± 0 

306.4 ± 17.5 
576.2±20.4 
973.4 ± 47.6 

332.7±58.1 
614. I ± 11. / 
935.3±53.0 

340.6 :t 6.5 
671.1:f32.0 
990.lf :': 57.0 

294.4 8.4 
641. 0 :f 28.8 
951. 6 ± 8.8 

% 
Recovery 

92.0 ± Lf.3 
86.5 + 3.0 
97.3 -!: L, .8 

99.9 17.5 
92 .3 ± 1.8 
93.5 ± 5.3 

102.3 ± 1.8 
100.8 :t L, .8 
99.0 "!" 5.7 

88.4 '1 2.6 
96.2 ± 4.3 
95.2 ± 0.9 

;"Diets supplied at HlO different time intervals and from different 
batches. 

1Determined by duplicate injection of diet extract into the HPLC. 
"One injection of diet extract into the HPLC. 
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FIGURE 2. Relationship bet,,,een observed and nominal 2-AAF 
level in chm". 

linearity of the analytical method developed is illustrated in 

Figure 2. Reliable determinations were made for concentrations 

ranging from 250 /.1g to 1200 /.1g/kg of 2-AAF in the diet. The 

currently used analytical col umn has shm"n no signs of deteriora

tion after analyses of over 500 diet extracts. It is necessary, 

ho",ever, to employ a short precolunm packed ,"ith 37-50 /.1 octadecyl 

stationary phase, which should be replaced after 200-225 analyses. 
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LIQUID CHROMATOGRAPHIC DE'rERMINATION OF EXClZE'l'lON 

PA'l"l'ERNS OF' URINARY PHENOLIC COMPOUNDS 
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College of Biomedical Technology and Nursing 
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ABSTRACT 

Excretion patterns of urinary phenoU c compounds 
were determined by means of chromatoqraphy with 
Sephadex G-10, Witll 4-aI;1inoantipyrine for tile 
detection of phenolic compounds. 

Deriva'tization for phenolic compounds is based 
on a coupling reaction with 4-aminoantipyrine in the 
presence of sodium metaperiodate. The reaction is 
complete within a few minutes and, thus, provides a 
simple det_ection method. 

Excretion patters of samples with normal subjects 
and pat~ien ts of catecholamine-producing tumor were 
determined and the results were compared. 

From Lhe da La obtained f i~h i.s method is shown ,to 
be useful as a screening test of some catecholamine
producing tumors. 

INTRODUCTION 

Numerous techniques have been developed for 

detection of catecholamine metabolites in urine, such 

as colorimetric methods preceded by solvent ext_raction, 

a gas liquid chroma1~ographic method, gas chromatograph-
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ic " mass spGctrome try and high performance liquid 

cnromat.ography ( 1-4 ). 

For spo·t tests and some semiquantitative methods 

[or urinary cat.echolamine metabolites, a coupling 

reaction wit:h diazotL>:ed p-nitroaniline is widely used. 

On the other hand, determination of urinary total 

phenolic compounds with use of 4-aminoan tipyrine has 

been described previously by Yamaguchi (5). 

Recen tly, high performance liquid chromatography, 

with use of Sephadex G-IO for isolation of urinary 

catecholamine metabolites, has been reported (4). 

In this paper, a new method for determination of 

urinary phenolic compounds excretion patterns is 

described and proposed as a diagnostic aid in patients 

with suspected cases of pheochromocytoma and neuro

blastoma. 

MATERIALS AND METHODS 

All compounds used for this study were purchased 

from Si':Jma Chemical Co., St. Louis, Mo. 63178. 

Preparation of reagent: 

Carbonate-bicarbonate buffer, 0.05 mol/L, pH 10.1. 

Dissolve 3.18 g of anhydrous sodium carbonate plus 1.68 

g of sodium bicarbonate in water and dilute to 1 liter. 

Solution A. Dissolve 90 mg of 4-aminoantipyrine 

in 200 ml of carbonate -bicarbonat.e buffer. 

Solution B. Dissolve 2.6 g of boric acid and 0.4 

g of sodium metaperiodate in water and dilute to 200 ml. 

Prepara tion of urine sample: 

A 24-h urine specimen is collected and aliquot of 

the 24-h urine is centrifuged for 3 min at 2500 g. 

One ml of the supernatant of urine is directly applied 

to the Sephadex G-IO column ( 1 x 30 cm ). 
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gel chromatography: 

Sephadex G-IO is swollen by heating a suspension 

of the particles in acetate buffer ( 0.05 M, pH 5.0 ) 

for 4 h at 90°C under constant sLirring. '1'he fine,; 
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are removed by several decantab.ons and the resultant 

slurry is poured direc tly in to the column. The column 

is then washed for 3 h with acetate buffer solution. 

After application of sample, chromatographic separation 

is performed with acetate buffer ( 0.05 M, pH 5.0 l. 

Each fraction of effluent contains 1.3 ml; 10 fractions 

are run within 30 min, and 40 fractions are collected. 

Procedure for a detec·tion of phenolic compounds: 

To 0.5 ml of each chromatographic effluent is added 

0.6 ml of solution A and shaken well; then 0.6 ml of 

solution B is added. Absorbance at 500 nm is read 

against the first fraction of effluent. 

Total excretion value of urinary phenolic compounds 

is determined by the method previously reported (5). 

Preparation of diazo reagent: 

a) 100 mg of p-nitroaniline and 2 ml of conca HCl are 

dissolved in 98 ml water. 

b) 200 mg of Na?No? is dissolved in 100 ml of water. 

c) 10 g of Na2 co 3 is dissolved in 100 ml of water. 

Mix the reagent of a, band c at a ratio of 1:1:2 

immediately before use. 

Color development of phenolic compounds by diazo 

reagent 

To O.~ ml of each effluent fraction, 1 ml of diazo 

reagent is added, and then allowed to stand for 30 min 

at room temperature. Measure absorbance at 540 nm. 
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EESUL'l'S 

Specificity of the reaction with 4 aminoantipyrine: 

c{'abl.e J shows t:.ho c3pccificil.y or reacU.on wiLh 

various biological phenolic compounds. 

Precision and analytical recovery have already descrjb·

ed in previous paper (5). 

Excretion patters of urinary phenolic compounds 

Chromatograms of standard compounds and of samples 

of normal subjects and patients of catecholamine-

producing tumor are shown in Figure 1. Chromatograms 

of some other patients are also shown in Figure 2, in 

which samples from patients with diabetes mellitus and 

hypertension are analyzed. 

TABLE 1. 

Specificity of the reaction 

-----_._-------_._._----..-------- ------, 
Compounds tested 

Vanilmandelic acid 
Nonnetanephrine 
Ep:i neph ri ne 
3,4 Dihydroxypheny1a1anine 
Octopamine 
Homovanillic acid 
Noradrenaline 
Dopamine 
p-Hydroxyphenylacetic acid 
T'yramine 
VaniJ_lin 
Salicylic acid 
Phenylalanine 
Xanthurenic acid 
T'ny roxine 
Guaiacol 
Catechol 
Serotonin 

Absorbance 
( 20 wg/tube 

0.330 
0.145 
0.138 
0.100 
0.095 
0.077 
0.057 
0.050 
0.000 
0.000 
0.000 
0.000 
0.000 
0.580 
0.225 
0.290 
0.146 
0.035 
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FIGURE 1. Excretion patterns of urinary phenolic 
compounds; chromatograms of standards, 
normal subjects and some patients of 
catecholamine producing tumor ( N.B., 
Neuroblastoma, P .C., Pheochromocytoma 
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FIGURE 3. Compar~son between the present method and the d~azo 
react~on method._, present method and ()--{), d~azo 
reaction method. a) normal subject, and b) pheochromo
cytoma. 
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DISCUSSION 

Comparison of excret:ion patterns of urinary phenolic 

compounds wiLh diaL;o react.ion met.hod was also performed 

and t:he chroma t:ograms were also shown in Figure 3, in 

which diazotization with p-nitroani1ine showed high 

sensitivity and specificity for VMA ( vani1mande1ic 

acid) fraction but not for HVA ( homovanillic acid 

fraction. 

Chromatograms between two methods are comparable; 

so the detection method using 4-aminoantipyrine can 

also applied to the diagnosis of catecholamine-produc

ing tumors as shown in Figure 1. 

The major advantage of this method is in its 

procedural simplicity and in the stability of reagents. 

Thus, this procedure provides new method that is 

useful for diagnostic purposes. 
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HIGH PERFORMANCE LIQUID CHROMATOGRAPHY OF UROPORPHYRIN ISOMERS 

James M. Rideout, Dennis J. Wright and C.K. Lim 
Division of Clinical Chemistry, MRC Clinical Research Centre, 

Harrow, Middlesex HAL 3UJ, U.K. 

ABSTRACT 

The separation of uroporphyrin I and III isomers by 
reversed-phase high performance liquid chromatography on OD8-
Hypersil with ammonium acetate buffer - acetoni-trile solvent 
systems is described. The effects of buffer concentration, pH, 
organic modifier proportion and different organic modifiers on 
the resolution are studied. The optimum conditions for the 
separation were 12-13 96 acetonitrile in 1M ammonium acetate buffer 
pH 5.10-5.20. The method also separated uroporphyrin I and III 
from the II isomers but the resolution of uroporphyrin III and IV 
isomers was not achieved. 

INTRODUCTION 

Uroporphyrinogen III is -the universal precursor of 

chlorophylls, haem and viLamin D12" It~_ is formeCl ini_U_ally by 

the condensation of four molecules of porphobilinogen to the 

unstable intermediate preuroporphyrinogen catalysed byLhe enzyme 

porphobilinogen deaminase. In the absence of: Lhis en:c:ymc, 

preuroporphyrinogen is spontaneously rearranged into 

uroporphyrinogen I (1,2), 

Much effort had been devoted to the development of 

separation methods for uroporphyrin I and III isomers (Figure 1), 

the -two naturally occurring uroporphyrins. The separation is 
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Figure I structures of uroporphyrin I, II, III and IV isomers. 
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2
COOI-I; p = -CH
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important for the diagnosis of porphyrias and for developing an 

assay for uroporphyrinogen III cosynthe"tase where "the 

quan"titative separation of "the I and III isomers is essentii.ll. 

IIigh pcrfonnance liquid chrolllclLogrdphy (nPLC) hds been used 

to separate uroporphyrin I and III isomers as their octamethyl 

esters. Bommer et al. (3) separated the isomers after a five 

peak-recycle on two 30 cm silica columns in series. Nordlov et 

aI. (4) modified the system and achieved separation without peak 

recycling but unfortunately the method required several hours of 

equilibration and a 3-hour separation. The reproducibility of 

such a system is doubtful. Walker et al. (5) and Jackson et al. 

(6) reduced the analysis time considerably but complete 

separation was not achieved. 'rhere has been hitherto only one 

paper describing the separation of uroporphyrin I and III isomers 
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as free acids (7) bu·t no deLailed sLudy of their retenLion 

behaviour Has presented. 
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The separation of the porphyrins as free acids is 

advanLageous as the comp.l·[ cat:ed Fmd i:edious extraction and 

derivat.isation steps are avoided. We report here a rapid, 

highly effective and reproducible reversed-phase HPLC system for 

the separation of uroporphyrin I and III isomers as their free 

octacarboxylic acids. The retention behaviour of the isomers on 

ODS-Bypersil (S f.lJJJ spherical silica chemically bonded Hith 

octadecyl silyl groups) with buffered ammonium acetate

acetonitrile as the mobile phase is studied in detail. The 

separation of uroporphyrin II and IV isomers (Figure 1) is also 

described. 

The practical applications of the method are demonstrated 

by the separation of the isomers in the urine of a patient with 

congenital porphyria and in the incubation mixture used in the 

determination of uroporphyrinogen III cosynthetase. 

EXPERIMENTAL 

Materials and Reagents 

Porphobilinogen, uroporphyrin I and uroporphyrin III 

oct.i'llnethyl ester Here obtained from Sigma London LLd. (poole I 

U.K.). A statistical mixture of uroporphyrin 1, II, III ann TV 

vias prepared by heating porphobilinogen in BCl (8). Ammonium 

acetaLe, glacial aceLic acid and tetrahydrofuran were AnalaR 

grade from BDH Chem. Ltd. (Poole, U.K.). Acetonitrile and 

methanol Here HPLC grade from Rathburn Chem. Ltd. (Walkerburn, 

U.K.) . 

A Pye Unicam (Cambridge, U.K.) LC3-XP solvent delivery 

system ,'!as used with a Perkin-Elmer (Beaconsf ield, U. K.) 1.S-3 



386 lUDEOUT, IvRIGHT, AND IoU! 

fluorescence detector. The exci.t~at~jon And emission wavclenCjths 

were 406 nm and 619 nm respectively. A Rheodyne 712') injecLor 

fitted with a 100 pI sample loop was used for injection. 

HPLC Column and Mobile Phases 

A 25 cm x 5 mm ODS-Hypersil (Shandon Southern Products, 

Runcorn, U.K.) reversed--phase column was used for the analysis. 

The mobile phases were acetonitrile (12-15%) in 0.25, 0.5, 0.75, 

1.0 and 1.5M ammonium acetate buffer (pH 4.0-7.0). The pH was 

adjusted with acetic acid. Other eluents such as methanol--lM 

ammonium acetate pH 5.15 (16.6 : 83.4 v/v) , tetrahydrofuran-lM 

ammonium acetate buffer pH 5.15 (10.2 : 89.8 v/v) and 

tetrahydrofuran-methanol-ammonium acetate buffer pH 5.15 

(5.1 : 8.3 : 8.6 by vol.) were also used. The flow rate was 

1 ml/min throuCjhout. 

RESULTS AND DISCUSSION 

The Effect of Buffer Concentration on Retention and Resolution 

The molar concentration of ammonium acetate buffer in the 

mobile phase siCjnificantly affected the retention and resolution 

of uroporphyrin I and III isomers. 'l'he variation of the capacity 

ratio (k') with the buffer concenLraLion is shown in Figure 2. 

The optimum buffer concentration was 1M. At below 0.5M, 

excessive retention and peak broadening resulted while at above 

1.5M, rapid eLution with loss of resolution was observed. This 

observation suggested that ammonium acetate competes effectively 

with the solutes for extraction onto the stationary phase and is 

perhaps also a Cjood masking aCjent for the residual silanol groups 

on the silica of the reversed-phase packing. l-t is therefore 

importan-t that a hiCjh concentration of ammonium acetate soluti_on 

(0.75-IM) is used to ensure good resolution and a short 

separation time. 
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Figure 2 Variation of the capacity ratios (k') of uroporphyrin 
I and III with ·the molar concentration of ammonium 
acetate buffer in the eluent. The mobile phase was 
maintained at pH 5.15 and contained 13% acetonitrile. 

The Effect of on Retention and Resolution 

The retention and resolution of the porphyrins was greatly 

influenced by the pH of the ammonium acetate buffer used. 

Increasing the pH decreased the k' values (Figure 3) \vi th loss 

of resolution. Figure 3 clearly shows that the usable pH range 

is narrow, to achieve rapid and effective separation the pH 

should be carefully adjusted to 5.0-5.2. 

Acetonitrile Concentration Effect 

'rhe effect of ace-tonitrile concentration on the k' values 

of the porphyrin isomers (Figure 4) is that expected for 

reversed--phase chromatography. The k' values decreased with 
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Uro III 

Uro I 

5.0 5.5 6.0 
pH 

The effect of pH on the capacity ratios (k'J of 
uroporphyrin I and III. The eluent was 13% 
acetonitrile in 1M ammonium acetate buffer. 

increasing acetonitrile content in the mobile phase. The 

optimum concentration of acetonitrile was found to be 12·"·13%. 

Organic Modifier Specificity 

The solvent system described here is organic modifier 

speci:fic. Replacing 13"6 acetonitrile wi"th met.hanol or 
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Figure 4 
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Relationship between capacity ra·tios (k') of 
uroporphyrin I and III and acetonitrile content in 
the mobile phase. The eluent was maintained at 1M 
ammonium acetate buffer pH 5.15. 

TABLE 1 

Capaci ·ty rat-.io (k') o:E uroporphyrin I and III isomers in 

HloL>ile phases of 8Cl"2 1 polari ty. Solvent A is 1M ammonium 

acet-.ate-aeetic acid pH 5.15. Column is ODS-Hypersil (2.5 em x 

5 mm). 

Mobile phase B in 1'; k' 

B URO I URO III 

13'6 CH
3

CN 2.50 3.14 

16.6 CH
3

0I-l > 20 > 20 

10.2% 'l'HY 0.43 0.43 

8.396 CH30H -I- 5.H THF 2.30 2.61\ 
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tet:ral1ydrofuran to giv'" equal mobile phase polarity resulted in 

no elution and no retention respectively (Table 1). 

A ternary mobile phase system of t_etrahydrofuran-methanol-1M 

aUllIlonium acetate buffer pH 5.15 (5.1 : 8.3 : 86.6 by vol.) which 

is equivalent to 13°6 acetonitrLle in 1M ammonium ace-tate buffer 

pH 5.15 in terms of mobile phase polarity. did separate the 

isomers but the resolution was not as good. 

The optimum Solvent System for the Separation of Uroporphyrin I 

and III Isomers 

From the results obtained it becomes obvious that for the 

fast and effective separation of the isomers on a 25 cm x 5 mm 

I.D. ODS-Hypersil column the recommended mobile phase is 13% 

acetonitrile in 1M ammonium acetate buffer at pH 5.15. A typical 

separation is shown in Figure 5. 

Figure 5 
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mi n 
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o 

Separation of uroporphyrin I and III isomers. 
Column, ODS-Hypersil (25 cm x 5 mm); mohile phase 
13% acetonitrile in 1M ammonium acetate buffer pH 
5.15; flow rate, 1 ml/min., detector, fluorescence 
exci-tation 406 nm, emission 619 nm. 
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Figure 6 
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Separation of uroporphyrin I and III isomers in 
(a) incubation mixture for the determination of 
uroporphyrinogen III cosynthetase, (b) congenital 
porphyric urine. HPLC conditions as in Figure 5. 
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'l'he most importan-t application _is in the development of a 

rapi0 an0 specific assay for the enzyme uroporphyrinogcn TTT 

cosyn-thetase. Our preliminary resul ts clearly demons-tra-te -this 

possibilit:y and are ShOWll j_n ~'igure 6 (a), t_he separation of 

uroporphyrin III from -the I isomer in the incubation mixture used 

for the de-termination of uroporphyrinogen III cosynthe tase in 

haemolysed red blood cells. Figure 6(b) shows another practical 

application, Ule identifica-tion of uroporphyrin I in the urine 

of a patient with congenital porphyria. The separation and 

identification of the isomers is important for the diagnosiS of 

this condition in order to differentiate it from other forms of 

porphyria. 

~l.c:'-~_E:'para~~~~ __ of UroporphYlC.:i,:E~ __ ~ __ P' and III + IV Isomers 

A mixture of four uroporphyrin isomers prepared by heating 

porphobilinogen in acid \-las resolved into 3 peaks as shown in 

Figure 7. The syst_em could not separate uroporphyrin III from 

the IV isomers but uroporphyrin II was easily resolved. The 

separation of the I and III isomers from the II and IV isomers 

j.s llntmportan~, however, ~s the TJ and IV isomers are not 

nat_ural 1 y occurri ng compollnd~; ann j-herefore no aU~empl~ ':ii''', made 

-to improve the separa tion. The proportion of the four isomers 

(12.Y% I, 12.0% II, 15.1% III + IV) correlates well with the 

slal.LsUcal proporLLoll ot- 12.596 1,12.596 LI, ')O'~ LLJ_ and 25% IV 

isomer (13). 

of the Mobile Phase 

One of -the major problems with the separation of 

uroporphyrin isomers as octamethyl esters by adsorption 

chromatography on silica is poor reproducibility. This is often 

due to the various degree of hydration and purit:y of the organic 
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Figure 7 
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Separation of uroporphyrin isomers prepared by 
heating porphobilinogen in acid. 
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solvents used. Reversed-phase chromatography Vii th buffer-· 

controlled mobile phases is much less likely to suffer from such 

a varia·tion. The reproducibility of the present system has been 

thoroughly 1-estec1. Several hundred analyses have been performed 

on the same column and on different columns packed with the same 

stationary phase. The results are highly reproducible. Any 

deterioration of colmnn performance can of "ten be cured by 

replacing the "top 2 mm of the column packing. 

CONCLUSION 

The factors affecting the separation of uroporphyrin I and 

TTT i somers by reversed-phase chroma"tography have been studied 
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in detail. It is concluded Hwt rapid and effec·tive separation 

of the isomers required a mobile phase of 12-13% acetonitrile in 

0.75-1.251'1 ammonium acel.ate buffer pH 5.0·-5.7.. 
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LC NEVIS 

AUTOMATED CHROMATOGRAPHY SYSfEM combines an I,C with a computer with 
high resolution graphics. It features a pulse Free pump, ternary 
gradient capability, and a variety of detectors, and can control up 
to four liquid chromatographs. Programs can be stored on disk for 
future use. IBM Instruments, Inc., JLC/83/2, P.O.Box 332, Danbury, 
CT, 06810, USA. 

SHORT COURSE IN PARTICLE TECHNOLOGY is an introduction for 
scientists and engineers concerned with evaluating materials 
properties. Topics include influence of particle size and range, 
importance of surface area, effect of pores, and density. 
Micromeritics Instrument Corp., JLC/83/2, 5680 Goshen Springs Rd., 
Norcross, GA, 30093, USA. 

AUTOMATED PREPARATIVE LC features interactive CRT for precise 
sample collection and repetitive injection. It can be used to 
isolate compounds from dilute solutions or to remove minor 
impurities from a concentrated sample. \,Jaters Associates, Inc, 
JLC/83/2, 34 Maple Street, Milford, MA, 01757, USA. 

ilTGH PERFORMANCE AND RESOLUTION are offered in new lc columns, with 
plate counts up to 30,000 to 40,000 plates per meter, very c'lose to 
the theoretical limit for 10 micron particles. Hamilton Co., 
JLC/83/2, P.O.Box 10030, Reno, NV, 89510, USA 

PROGRAMMABLF \'IAVELFNGTH DETECTOR is microrrocessor controlled. It 
permits selection of any number of wavelengths in one-nanometer 
increments Frolf! 190 to 3/0 l1ill IO\' ofJLilliaI deLecVioll of illl 
components. Utilizes keyboard entry that may be changed at any 
point and as often as desired. Varian Instrument Group, JLC/83/2, 
2700 Mitchell Drive, Walnut Creek, CA, 94598, USA. 

APPLICATIONS DEVELOPMENT KIT permits application of solid phase 
lecililologyin Lhe devGlopment or nOVi samp'le proparat-ion methods. 
One can experiment with new methods or solvG existing problems with 
the phases included in the kit. Included are octadecyl, phe~yl, 
cyanopropyl, aminopropyl, benzenesulfonic acid, quaternary amlne, 
diol, and unbonded silica. Analytichem Internat'l, Inc., JLC/83/2, 
24201 Frampton Avenue, Harbor City, CA, 90710, USA. 
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POST-COLUMN REACTOR can be used to determine metals. It features a 
pneumatic pump, mlXlng tee, and a packed bed reactor in a 
self-contained unit. Dionex, JLC/83/2, 1228 Titan Way, Sunnyvale, 
CA, 94086, USA. 

DUAL ELECTRODES FOR LC/EC capable of handling applications in 
single, dual-series, and dual-parallel modes. The dual parallel 
mode permits ratioing for identification of chromatographic peaks 
and also enhances selectivity and saves time. Dual-series assays 
are possible for reversible redox couples and, in many cases, can 
enhance both selectivity and detection limits. Bioanalytical 
Systems, Inc., JLC/83/2, 111 Lorene Place, West Lafayette, IN, 
47906, USA. 

GEL FILTRATION COLUMNS are in widespread use for the separation of 
enzymes, proteins, polysaccharides, nucleic acids, water-soluble 
polymers and oligomers. A wide range of pore sizes accomodates a 
broad range of molecular weights. Kratos Analytical Instruments, 
JLC/83/2, 170 Williams Drive, Ramsey, NJ, 07446, USA. 

HPLC OF CNBr CLEAVAGE FRAGMENTS of a bacterial toxin "parent" 
protein have been successfully separated with a Wide-Pore Octadecyl 
C-18 column. The 5 major fragments and several intermediates 
resulting from cyanogen bromide treatment were well resolved in 
less than 20 minutes. J. T. Baker Research Products, JLC/83/2, 222 
Red School Lane, Phillipsburg, NJ, 08865, USA. 

CHROMATOGRAPHY DATA SYSTEM FOR APPLE II fits into an empty slot of 
the Apple and receives analog signals from the chromatograph's 
recorder output and converts it to digital with 12-bit precision up 
to 20 times/sec. Signals are smoothed, then peaks identified and 
integrated. Chromatogram is displayed on the CRT in real time 
using the high resolution graphics mode. Analytical Computers, 
ellC/83/2, P. O. Box 285, Elmhurst, IL, 60126, USA. 

CHANNELLED HPTLC PUITES make poss ib Ie HPTLC wHhout need for 
special spotting apparatus or spotting techniques. They offer a 
majr advantage when large volumes of sample must be applied. They 
are divided into 0.8 cm wide silica gel strips separated by 2 mm 
clear glass strips. This prevents bleed or cross contamination. 
Whatman, Inc., JLC/83/2, 9 Bridewell Place, Clifton, NJ, 07014. 
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THE EASTERN ANALYTICAL SYMPOSIUM 

The 21st Eastern Analytical Symposium (EAS), which was held 

in Ne,'] York City, November 17-19, was an impressive meeting. 

It started as a regional meeting, and is becoming a national one 

with an international flair. The organizers' objective has been 

to make EAS the scientific meeting for analytical chemists. If 

the recent symposium is any indication, the organizers' aim has 

been fulfilled. The symposium, "hich included discussions, and 

an instrument shoH of every major analytical technique, was 

organized into tHO main disciplines of analytical chemistry: 

separation (chromatography) and identification (spectroscopy). 

Unlike other meetings, Hhere papers are submitted, the EAS 

consists exclusively of invited symposia, organized and chaired 

by eminent scientists who are experts in their fields. Each 

session (36 were presented this year) consisted of four to five 

lectures of from 35-45 minutes each allowing speakers the 

opportunity to adequately present their material, and the 

audience to actively discuss iL. 

Among this year's sessions were all aspects of chromatography 

(GC, TLC, HPLC, and GPC) and spectroscopy, (atomic absorption 

and emission, NMR, IR, UV-Vis, fluorescence and lasers in 

spectroscopy). Also, symposia dealing with radioimmunoassay, 

computers and laboratory automation, and the role of analytical 

chemistry in pharmaceutical, environmental, forensic, precious 

metals and polymer analysis were presented. 
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'j9ll EASTEHN fu'JAl,YTI CIIL SYHPOS TUN 

"Villat "18 try t a do", says Dr. Jssaq, this year's co-chairman 

and next year's program chairman, "is to give the analytical chemist 

\·,ho attends the EAS a state--of-the-art vie", of analyt,ical chemistry 

discuf;sed by top sc:ic,ntisrs in the IJS and abroad." For example, 

the tHO HS sessions, \'lhich Here arranged and chaired by Dr. Gross 

of Nebraska, included the most recent advances presented by 

Biemann, McLafferty, Fenselau, Cooks, Field, Hunt, and Rinehart. 

These are the leading mass spectroscopists not only in the US 

but throughout the ",orld. In chromatography, the list of 

speakers included Karger, Horvath, Lochmuller, Snyder, Engelhardt, 

Schomberg, Brown, Regnier, Majors, Armstrong, Scott, Knox, Issaq, 

Stein, Laub, Bertsch, Deming and many others who presented 

excellent papers. The same "las true in most of the other sessions. 

Having invited symposia rather than contributed papers 

permits the organizers to present the analytical chemist "dth 

the best and the most up-to-date analytical techniques. This 

year, a budget of almost $40,000 \'JaS used to bring many of the 

speakers to NeH York. 

\o/e at The Journal of Liquid Chromatography ,,,ish the EAS 

organizers continued success in offering the analytical 

chemist a wide range of topics at the highest scientific level. 

Dr. Jack Cazes 
Ed:Ltor 
December 6, 1982 
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LC CALEND~\R 

1983 

MARCH 7-12: Pittsburgh Conference on Anal. Chern. & Applied 
Spectroscopy, Convention Hall, Atlantic City, NJ, USA. Contact: 
Mrs. Linda Briggs, Program Secretary, 437 Donald Rd., Pittsburgh, 
PA, 15235, USA. 

MARCH 20-25: National Amer. Chern. Soc. Meeting, Seattle, WA, USA. 
Contact: A. T. Winstead, Amer. Chern. Soc., 1155 Sixteenth St., NW, 
Washington, DC, 20036, USA. 

APRIL 18-21: Fundamentals of Chromatographic Analysis, Kent State 
University, Kent, Ohio. Contact: University Conference Bureau, 
211-A Kent Student Center, Kent State University, Kent, OH, 44~4?, 
USA. 

~1AY 2-6: VIIth International Symposium On Column Liquid 
Chromatography, Baden-Baden, West Germany. Contact: K. Begitt, 
Ges. Deutscher Chemiker, Postfach 90 04 40, Varrentrappstrasse 
40-42, 0-6000 Frankfurt (Main), West Germany. 

MAY 30 JUNE 3: International Conference on Chromatographic 
Detectors, Melbourne University. Contact: The Secretary, 
International Conference on Chromatographic Detectors, University 
of Melbourne, Parkville, Victoria, Australia 3052. 

JUNE 1-3: The Budapest Chromatography Conference, Budapest, 
Hungary. Contact: Dr. T. Devenyi, Institute of Enzymology, 
Hungarian Academy of Sciences, Budapest, lIungary or Dr. H. Issaq, 
Frederick Cancer Research Facility, P.O.Box B, Frederick, MD, 
21701, USA. 

JULY: 3rd Int'l. Flavor Conf., J\mer. Chern. Soc., The Corfu 
Hilton, Corfu, Greece. Contact: Dr. S. S. Kazeniac, Campben 
Inst. for Food Research, Campbell Place, Camden, NJ, 08101, USA. 

JULY 17-23: SAC 1983 International Conference and Exhibition on 
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Anulyticu-' Chemistry, The University of Ed-inburgh, United Kingdom. 
Contact: The Secretury, Analytical Division, Royal Society of 
Chemistry, Burlington House, London W1V OBV, United Kingdom. 

AUGUST 29 SEPTEMBER 2: 4th Danube Sympos -iulll on ChY'omatogruphy & 
7th I'nt'l. Sympos. on Advances & Applications of Chromatography 
in Indudtry, Bratisluva, Czech. Contact: Dr. J. Remen, Anal. 
Sect., Czech. Scientific & Techn. Soc., S-'ovnaft, 823 00 
Bratislava, Czechoslovakia 

1984 

OCTOBER 1-5: 15th International Symposium on 
Nurenberg, West Germany. Contact: K. Begitt, 
Chemiker, Postfach 90 04 40, Varrentrappstrasse 
Frankfurt (Main), West Germany. 

Chromatography, 
Ges. Deutscher 

40-42, 0-6000 

The Journal of Liquid Chromatography will publish 
announcements of LC meetings and symposia in each issue 
of The Journal. To be listed in the LC Calendar, we 
will need to know: Name of meeting or symposium, 
sponsoring organization, when and where it will be held, 
and whom to contact for additional details. You are 
invited to send announcements for inclusion in the LC 
Calendar to Dr. Jack Cazes, Editor, Journal of Liquid 
Chromatography, P. O. Box l440-SMS, Fairfield, CT, 
06430, USA. 



INSTRUCTIONS FOR PREPARATION OF MANUSCHIPTS 
FOR DIRECT REPRODUCTION 

Journal of Liquid ChrOfnatographv is a bimonthly 
publication in the English language for the fnpid com
munIcation of liquid chromatographic research. 

Directions for Submission 

One typewritten manuscript sUitable for direct 
reprouuction, carefully inserted in a folder, and two 
(2) copies of the manuscript must be subrnilwd. Since 
all contributions are reproduced by direct photography 
of the manuscripts, the typing and format instructions 
must be strictly adhered to Noncompliance will result 
In return of the manuscript to the authors and delay 
its publicatton. To avoid creasing, manuscripts should 
be placed between heavy cardboards and securely 
bound before mailing. 

Manuscripts should be mailed to the Editor: 

Dr. Jack Cazes 
Journal of Liquid Chromatografjhy 

P. O. Box 1440-SMS 

Fairfield, Connecticut 06430 

Reprints 

OWing to the short productIOn time for articles in 
this journal, it is essential to indicate the number of 
reprints required .upon notification of acceptance of 
the manuscript. Reprints are available in quantities 
of 100 and multiples thereof. For orders of 100 or 
more reprtnts, twenty (20) free copies are provided. 
A reprint order form and price list will be sent to the 
author with the notification of acceptance of the 
manuscript. 

Format of Manuscript 

1. The general format of the manuscript should be 
as follows: title of article; names and addresses of 
authors; abstract; and text discussion. 

2. Title and Authors: The entire title should be in 
capital letters and centered on the width of the typing 
Flrea 8t least 7. inches (5.1 cm) from the top of the 
page. This should be followed by three lines of space 
and then by the names and addresses of the authors in 
the following way (also centered): 

A SEMI-AUTOMATIC TECHNIQUE FOR THE 
SEPARATION AND DETERMINATION OF 

BARI UM AND STRON TIUM I N SURFACE WA fEr,S 
BY ION EOXCHANGE CHROMATOGRAPHY AND 

ATOMIC [OMISSION SPECTROMETRY 

F. D. Pierce and H. R. Brown 
Utah Biomedical Test Laboratory 

520 Wakra Way 
Salt Lake City, Utah 84108 

3. Abstract: Three lines below the addresses, the 
title ABSTRACT should be t\'ped (capitalized and cen
tered on the page). This should be followed by a 
single-spaced, conCise, abstract compnsing less than 
10%of the length of the text of the article. Allow three 
lines of space below the abstract before beginning the 
article Itself. 

4. [ext Discussion: Whenever possible, the text diS
cussion should be divided Into such major sectlOns as 
INTRODUCTION, MATERIALS, METHODS, RE
SULTS, DISCUSSION, ACI<NOWLICDGMENTS, a [1(1 
REFERENCES. These major headmgs should be sepa
rated from the text by two I ines of space above and 
one line of space below. Each heading should be ill 
capital letter!;., centered, and underlined. Secondary 
headings, If any, should be flush with the left margm, 
underscored, and have the first letter of all main words 
capitalized. Leave two lines of space above and one 
line of spfJce below secondary headlllgs. 

5. Paragraphs should be Indented five (5) typewriter 
spaces. 

6. Acknowledgment of collaboration, sources of re
search funds, and address changes for an author should 
be listed in a separate section at the end of the paper. 

7. References (including footnotes) in the text will 
be numbered consecutively by numbers in parentheses. 
All references (and footnotes) should then be aggre
gated in sequence at the end of the commun icatlOn. 
No footnotes should be shown at the bottom of pages. 
The reference list follows Immediately after the text. 
The word REFERENCES should be capitalized and 
centered above the reference list. It should be noted 
that all reference lists should contain initials and names 
of all authors; et al. will not be used in reference lists. 
Abbreviations of journal titles and styles of reference 
lists will follow the American Chemical Society's 
Chemical Abstracts List of Periodicals. References 
should be typed single-spaced with one line space be
tween each reference. 

8. Each page of manuscript should be numbered 
lightly at the bottom of the sheet with a light blue 
pencil. 

9. Only standard symbols and nomenclature ap
proved by the International Union of Pure and Ap
pllcrl Chemistry should be used. 

10. Any material that cannot be typed, such as Greek 
letters, script letters, and structural formulae, should 
be drawn carefully in black India ink (do not use blue 
Ink). 

Typi I1g I nstrllctions 

1. The manuscript lliUSt b(~ typewritten on good 
quality white bond paper measuring approximately 8% 
x 11 inches (21.6 cm x 27.9 cm). Do not use Corrasl
ble bond or its equivalent. The typing area of the 
article opening page, including the ti tie, should be 5% 
Inches Wide by 7 II1ches deep (14 cm x 18 cm). The 
typing area of all other pages should be no more than 
5Y2 Inches wide by 8% Inches deep (14cm x 21.6cm). 

2. I n general, the chapter tItle and the abstmct, as 
well as the tables and references, are typed slngle
spaced. All other text DISCUSSion should be typed 1 %
line spaced, If available, or double-spaced. Prestige elite 
chamcters (12 per Inch) are recomrncndeu, If ava1lable. 



:3 11 IS (;SSI~ntl<11 lu use hlack typuwntl:1 ribbon kill 

h011 filrJ1 IS preferred) In good COlldltlon so that a cleo!l, 
clear Irnpl(~ssjOtl of thf: If~lters IS obtillfll)d l:rilslIrr
l11i1l"ks, Sinudocs, crf:;:lses, etc., may result If) return of 
tile IlldIHI$CIIP t to lIw <HI thors for retYPl119. 

i]. ralJlE~s should b(~ typed as IYi'lr"( of tlw tex l but 111 
such fl way as to sejJ,l! [lte rheIn fl orn tile wx t by a 
three-IIIH-! SPilC(~ iJt botll top and bottom of each t<1blc. 
T,lhlcs should be IIISCI wd Iii til(; Lex1 ClS clOSt' to Uw 
POint of reference as possible, but aU thor'S must make 
sun: that one tahlp. does 110t run over to the next paw:, 
that is, 110 table may nxceed one pane. The word U\· 
B(J~ kaplWllzecl and followed by an 1\13blC IHHllbtn) 
should precede the table and be centered all the page. 
Tile table tItle should have the first Iptiers of all main 
words III capItals. T,tlc~ should be tyP(~cJ Single-spaced 
Use the fuJI width of the type paqe for the t8ble title. 

5. Drawings, graphs, and othel numbered figures 
should be profeSSionally drawn In black India ink (do 
not use blue ink) on separate sheets of white pupel" and 
placed at the end of text. Figures should not be placed 
within the body of the text. They should be sized to 
ht within tile Width and/or height of the type page, 
Includm9 any legend, label, or number associated with 
thern. Photographs should be glossy prints. A type
writer or lettering set should be used for all labels on 
the figures or photographs; they may not be hand 
drawn, CaptIons for the pictures should be typed 5i ngJe
spaced on a separate sheet, along the fuJI width of the 

type panf~, ilnd prec(!decJ by tlw VVUI d 1·1 GUri L <.lfld d 

f)lImbl~r In ilril!)1C IHlln(nals. 1\11 rl~JLI(US ~lIlcJ If!ttellll~J 

I11llst I)(~ of i.1 Sill! to l"ellwm IlJ~Il!JJe dJtul i.l 20% leduc 
tron from nn£Jinal ~lze. rlqure flurnh(~15, J)i.j11lfJ 0 f S(;lIIOI 

authOl, alld arrow JIlJlcatlll9 "top" should be written 

III light bluu peilcil Of) thn back or typceJ 011 a gurnnwc.J 
label, which should be aUi:lched to the back of the 
illustuHIOJl. IndJcate clpPloxHnate placement of the II 
1!lstraliOIlS III flw l{:xl by n nlilr~Jlllr.ll note In Ilqllt hlul~ 
pencil . 

(3, The reference list should Lw typed single·spaced 
altllough separated from one another by an extrallfW 
of space. Use Chemical Abstract abbreviations for Jour· 
nill titles. Reterences to Journal artIcles should In· 
clude (1) the last l1ame of all cluthor(s) to anyone 
paper, followfld by their illftials, {2) article title, (3) 
journal, (4) volume number (underlined), (5) first page, 
[lnd (6) year, 111 that order. Books should be Cited 
Similarly and Iflclude (1) author, surname, first and 
middle Initials, (2) title of book, (3) editor of book (If 
applicable I, 141 edition of book lif anyl, 151 publisher, 
(6) cIty of publication, (7) year of publicatIon, and (8) 
page reference (If applicable). E.g., Journals: CrUlg, 
L. C. and KOlllgsber, W., Use of Catechol Oxygenase 
and Determlllation of Catechol, Chromatogr., 10,471, 
1963. Books: AllJertsson, p, A., Partition of Cell PartI
cles and Macromolecules, Wiley, New York, 19GO. 
Artlcfe In a Book: Walter, i-l., Proceedings of the Pro· 
tides of Biological Fluids, XVth Colloqu im, Pteeters., 
H., eds .. Elsevier, Amsterdam, 1968, p. 367. 



Custom packing HPLC 
columns has become our 
specialty. Any length, 
several 10's (includ ing 
3.2mm) and almost any 
commerc ially available 
packing material may be 
specified. We'll supply the 
column others won't . 
With each column, you 

will receive the original 
test chromatogram plus 
a vial of the test mixture. 
Our advanced technology 
and computer testing 
is your assurance of a 
quality product. 
When custom packing 

and testing is your special 
concern, we make the 
difference. 

For further information contact: 

ALLTECH ASSOCIATES, INC. 
2051 VVauk egan Road 
Deerfie ld , Illinois 60015 
312/ 948-8600 

I=ach 
one 
• 
IS 
our 
special 
concern 

[USIOm 
PR[HED 
HPl[ 
[OlUmnS 

Specifications 

The way 
you want it! 

ALLTECH ASSOClATES 
See us in booths 77 - 79 at the Pittsburgh Conference. Circle Header Service Card No. 102 
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