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Note 

A preliminary investigation af the high-speed liquid chromatography of 
some ergot alkaloids” 

There has been a considerable interest in recent years in sensitive, specific 
analytical methods for the ergot alkaloids. Many of these compounds have legitimate 
medicinal uses, however certain members of this group, notably D-lysergic acid 
diethylamide (LSD), have become well known by virtue of their non-medical USC, 
based on their hallucinogenic properties. Much has been written in the past decade 
on analytical procedures for “drugs of abuse” (such as LSD) (cf. ref, I). 

Many of the methods proposed for the ergot alkaloids have been based on the 
native fluorescence of these base+“. The combination of thin-layer chromatography 
and 1:ft sitzc spectrophotometric cletcrmination on thin-layer plates4-7 or fluorescence 
measurement in solution following elution of the sample from the chromatogramR 
has been the basis of some investigations. The technique of high-speecl liquid chro- 
matography (WSLC) o-11 has gained increasing popularity with analysts in the past 
few years, and some stuclies using several commercial instruments f& the separation 
and determination of some ergot alkaloids llavc recently been rcportedl2. In the 
current investigation, the fluorcsccnce of these compouncls has been used for the 
first time for their detection in I-ISLC. 

Ch~ticnls. The majority of the ergot alkaloids usccl in these investigations were 
obtained as gifts from either Sancloz Ltd. (Basic, Switzerland) or from Dr. L. C, 
VIXING (Dalhousie University). n-Lysergic acid and agroclavine were purchasecl from 
the Koch-Light Laboratories Ltd, n-Lysergic acid diethylamiclc was suppliecl by the 
Department of National Health ancl Welfare (Canada), 

~lra&ln~~2v chronlntogvapl~~~~. Thin-layer chromatography was carried out on 
commercially available Merck Silica Gel 1?,,4 thin-layer plates (layer thickness, 
o,q mm), using a variety of chloroform-methanol mixtures as solvent systems. The 
spots were visunlised on the cleveloped chromatoplntes by viewing in ultraviolet light 
(UVS-11 lamp, Ultra-violet Products Inc,), 

Fluovesce~tcc: .I~ZC~SZCYC?II.C~I~S. The fluorcsccnce spectra of the ergot alkaloids were 
measured in solution (zo-roo p.p,m.) using an Aminco-Bowman SW Spectrophoto- 
fluorimeter to determine the optimum choice of primary and secondary filters for 
the fluorescence cletector. The excitation wavelength was, in all cases, set at 350 nm. 

Ni&s/x~rZ liquid cltvomltogvofihy. Experiments were carried out on two instru- 
mcnts which had been built in the laboratoriesl”J” of the Dalhousie University 
Chemistry Department and also on one commercially available instrument, a Chroma- 

’ klsuccl al3 NRCC IBOJB. 
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tronis hloclcl 3100 ~cluil~lxxl ivitll UV-clctcctor. One of the cspcrimcntal instruments 
was ccluippcd with a Maskel air-driven piston punip cnpablc of operating to 500 atm 
and a Pliarmacia UV monitor opcmtcd at 254 nm I:], the other instrument consisted 
of a three-head diaphragm pump whicll coulcl bc opcratccl to 350 atm (Type 54, 
Orlita K.G., Giesscn, G.F,R,) nncl was cquippecl with a fluorescence detector built 
from a mocliiiecl Turner III fluorimeterl~. 

All fittings and tubing used in the instrunients built in the laboratory were of 
stainless steel. Columns were 1000 x 2.4 mm scanilcss stainless steel. A stop-ilow 
valve was used to pcrniit clircct on-column injection of the sample with these instru- 
mcnts. Column packings (“Zipas” and “Corasil”) were prc-conditioned according to 
manufacturer’s specifications and the columns were then packed as previously 
clescribcdl”J4. The same columns were also used with the commerci.al instrument 
which was cquippecl with the standarcl sample injection loop system, 

The fluorescence masima of a number of ergot alkaloids ancl related lysergic 
acid derivatives were measured in acetone solution with the excitation wavelength 
set at 350 nm, The observccl fluorescence rmxinla were, in all cases, between 396 and 
410 nm. Therefore the primary filter chosen was n Turner x10-81 (or Corning ~-GO). 
whilst the secondary filter used was a Turner IIO-SIG (or Kodak-Wratten zA). The 
intensities of the fluorcsccnce observed were somewhat variable clepending on the 
chemical structure of the compouncl used (SIX Table I). 

Further experiments were concluctecl to cletcrmine the effect of various solvents 
on the fluorescence intensity of the compouncls studied using ergotamine as a test 
substance. Measurements were maclc in either pure ethanol or in 50:50 mixtures of 

1sx11ss10s nlASl;\lA ASI) 1*1ILA?‘Ivl5 I~LUOI~IISCISSCE IxTISSslTIlSS x:01* SOMlr. EIIcicYr ALlSALOII,S IS 
ACl~TONlE SOI.UT1o.S 

i ,0X = 350 nm, concuntrntion = 100 p.p,m, 
-.--.___ -.- ..-. -.._-_..__.- 

Corr,polr,rd I .,,,r,.r Itw. 
. . 

l!~~/I.S.~1OI/ 
(WI) 

irttcrisi/.v 
(%I) 

___l---____.__ 

Ergotnminu 
JZrgotnininino 

.$OO .#o.z 

Ergocristinc 
3Q7 100.0 

Ergocryptinc 
400 21.0 

lfrgncryptininu 
403 22.1 

Ergocorninc 
307 &2.2 

Ergocornininc 
402 18.8 

Ergosinc 
398 83.8 
395 

Ergincn 
$5.1 

Ergininc 
393 I.1 

D-Lysergic acid 
393 61.5 

Ergotratc 
392 32.8 

Isosotoclnvinc 
403 28.9 

Elymoclnvincn 
393 8~2.2 

Agroclhvinc 
3Q4 0.3 
392 

n-Lysergic ncitl tliutliylnniidc 
0.S 

307 62.2 
-.. ..- __.. .__-.-_---.. _-__.. ._-._. _... 

‘1 Concuntrntion = 20 plum,, cliw to low solutility of coniporrncl in acetone. 
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I~I~LUENCIE OP SOLVENT ON I%UORITSCIESCE ISTJLNSITY 01’ IERGOTAMISI~ (.I,5 X IO-” &I) 

A# = 350 11111. 

Solvcrlt Ir’clntivc 
irAwsi/v (‘%I , -~ _..--_-- 

100% IEtlwnol 100 

50”& Iliisqwopyl otlwr~c 130 
50’)” Cvclolwxnnc~ 
50’s kicctonc~~ 

11.3 
96 

50% Hcxitnc~~ 91 
5o:/, Bcnaencfi 100 

so”/0 Cl~lorofornr~~ 13 _-_.___- ___.--__ 
1) 500/u Misturcs with aholutc ctlinnol, 

ethanol with acctonc, licxanc, cyclol~exanc, cliisopropyl ether nncl chloroform. Little 
variation in fluorcsccncc intensity was noted except in tlic cast of tlic cl~loroform- 
ethanol mixture whcrc the observed intensity was only cn, 10-qj~/~ of that found in 
other solvents used due to quenching. The results are summariscd in Table II. The 
sensitivity of the fluoresccncc dctcctor is thus limited when chloroform is used in tlic 
solvent system. ” 

It is well known that thin-layer chron~ntogral~l~ic systems can often bc usefully 
applied to HSLC scparations irj. Tlic use of chloroform-methanol systems for the 
separation of ergot alkaloicls and lysergic acid dcrivativcs on silica gel thin layers is 
well estal~lisl~ecl~~‘~~ln, Therefore the USC of various methanol-chloroform mixtures 
containing from. IO/” to Iso/O methanol 8s possible solvent systems in HSLC using 
“Corasil” columns was invcstigatecl using both UV and fluorescence detector systems. 
Some experiments were carriccl out with “Zipax” columns with a fluoresccncc dc- 
tector. A large number of solvent systems containing chloroform-methanol mixtures 
alone or, in some cases, wit11 aclclitional solvents were invcstigatecl. Whilst many 
proved to be unsatisfactory, the separation of ergotamine ancl crgocristine on a 
“Corasil” column using fluorescence detection is shown in Fig. I, using chloroform- 
methanol-ethyl acetate-acetic acid (Go:zo:50:3) as solvent 

It may be seen from Fig. I that no problems of tailing arc encountered with 
these compounds uncler such conclitions and the resolution could undoubtedly lx 
improved by increasing the number of theoretical, plates in the column. It can also 
be seen from Fig. I that the lowering of the operating pressure improves the sepa- 
ration of these compounds. The cletcction sensitivity. was clcfinitely rcclucecl by the 
prcscnce of chloroform in the solvent system, however the prcsencc of more polar 
solvents in the mixture counteractccl the negative effect to some cxtcnt. ,’ 

Experiments comparing UV-detection with fluorescence detection for simple 
chloroform-methanol: mixtures strikingly illustrated the effect of the chloroform in 
clucnching the fluorescence. Compounds which were elutecl at the solvent front were 
readily detected by their fluorescence, but their detection bccamc increasingly 
difficult as. their retention time on the column increased, Compounds which were 
retainecl for several minutes could not bc detected at tlw ~-pg level, This can bc 
explained by assuming that the fluorescence properties of the cbmpouncls travelling 
in the solvent front are influencecl mainly by the original solvent in which they were 
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Fig. I, Higbspcccl liquid chronrntography of crgotnminc (t\), crgocristinc (13), nlonc, nnd in IL 
mixture on n “Corasil” column with lluarcsccncc clctcction at 300 p.s,i. (A, R) and 150 pai. 
(A’, U’). Solvent system, chloroform-rncthnnol-cthpl ncctatc-ncctic ncicl (~0:20:50:3): injection 
volume, 2 pl; flow-mtc. I I0 see/ml. Rctcntion tinics as inclic&ccl. 

injected (i.e. ethanol). However, compounds retained on the column are in a pre- 
dominantly chloroform environment, and thus their fluorescence is substantially 
quenched. It may be expected that other solvents containing several chlorine atoms 
would cause similar problems. 

Work carried out with the apparatus built in the Dalhousie University labora- 
tories using UV detection showed that separations of many of these compounds could 
be achieved by using a methanol-chloroform solvent and varying polarity (i.e, ratio 
of solvent components) of the solvent, Variation of operating pressure also could be 
used to advantage in separations of this type. Other polar solvents tried (a.,g, aceto- 
nitrilc) did not appear very promising, clue to severe tailing. Other less polar phases 
(hexnne, diethyl ether) as substitutes for chloroform were also ineffective. 

Some preliminary separations are sllown in Table III. It can be clearly seen 
that the stereoisomers ergotamine and ergotaminine can be readily separated using 
the methanol-chloroform systems, Furthermore they could be separated from 
structurally different compounds such as agroclavin, 

Further studies with these systems were then carried out using a commercially 
available instrument (Chromatronis 3100)~ In an attempt to improve the poor column 
efficiencies, due to tailing, the “Corasil” was partially deactivated by the adclition 
of a larger amount of water to the column material. (This represented a change from 
0.9% to 2.0% water deactivation,) 

Using the 2% water-deactivated column and 4% methanol in chloroform 
solvent at IOOO psi, the compounds examined may readily bc separated into four 
groups as shown in Table IV. 

Using a o.g”h water-deactivated column and the same operating conditions as 
those mentioned above, the capacity factors for the ergot alkaloids examined are as 
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%hBLE XII 

R’ VhLlJBS~ FOR SOME ERGOT ALICALOIIJS ON “CORASIL” COLUMN 

Column length = I m. Solvent systems: 
chloroform (S:roo), j 

1 = mctl~anol/cl~loroform (5:Ioo). 2 = :\cctonitrilc/ 

chloroform (2 :IOO), 6 
= mcthnnol/hcxsnc (8:100), 4 = mcthnnol/othcr (~:roo), 5 --f mctlland/ 
= mctlianol/cl~loroform (3 : rooo), 7 = ni~tlianol/cliloroli,r~~~ (I 5 : 100). 

--___ I- --.--__ _~__ 

Compouwl Sulver1t systclrr 
_.- -_---- . . --...-___-- _____._--.- -_- _____ - _.___ .___.,___._ 

r a 3 4 5 6 7 

Ergotnmininc 
Ergotaminc 
Ergocristinc 
Ergocryptinc 
Agroclnvinc 
Ergotratc 
Elymoclavinc 

Cohmn pvcssrcrv (psi.) 

I ,OC) I’ll 7,87 (T) T I.29 I.25 I .0x 
1.5s . . 1 - 2.GG - 
I,12 

. . 

: 

1 r.74 (T) -1_ 
8.13 I a42 1.25 - 

I .og . . +G5 T - I.39 1.23 
3.18 (T) 11: - - - .).qz (T) 1.55 
- - 

: z 
- - - 

, . - - - - a.43 

IO00 rooo IOOCI 5oo 1000 5oo 5oo -__.--- -.- ._ _.._ ------. -- 
RI - R 

Il Rl = . . . ..__..-._“. 
& 

whcrc RI = rctcntion timcof compountl, 1~‘” = rct&ion time of solvent. 

Ir T = tailing. 

SRDARATIOBS AClIlEVEI’, ON A 2’)/o-WATER-Dlr.ACTl~‘ATl~lJ “CORr\SIL” COLUXlN (1000 X 2.5 1~111~) 
USING AS SOLVBST hlETlIASOL-CIILOROIORhl (4:IOO) AT 1000 ~YAl.i. OS A CIlROhlATROSIS 3100 IIIGl~l- 
YI’EE:T, LIQUID CHROMATOGRATH 

HI (see) f?’ Co~npoitnds irl tnird 
--- _*. . ..- --I--.. . .--. 

-15 (-f~,) crgocorninc 
crgocryptininc 

70 I ,JG crgotnmininc 
crgocristinc 
crgocorninc 
crgocfyptinc 
crgosminc 

IGO 3056 crgotnminc 
argosinc 

not clutctl at thcac nil other 
column conditions ccmipounds twtctl 

follows: ergotamine, 2.42; ergotaminine, 1.53; crgosine, 2.62; ergosinine, 1.69; ergo- 
cornine, 2.09; crgocorninine, 1,Gg; ergometrine, 7.75; n-lyscrgine, 4.00; D-isolyxqine 
2,60 ; penniclavine, Kg3 : agroclavine, 4.22 ; isosetoclavine, 3.47 ; ergotrate (maleate), 
10.89; D-lysergic acid clietl~ylamide bitartrate, 3.07; ergocristine, I,SI ; ergocryptine, 
x,76; ergocryptinine, 1.53; (flow-rate 45 set/ml). 

These preliminary studies have shown that HSLC has excellent possibilities for 
theManalysis of ergot alkaloids and related compounds such as the lysergic acid 
derivatives. Separations may be achieved using a variety of columns and operating 
conditions, and even stereoisomers may be resolved, While the results achieved with 
fluorescence detection in this investigation nre preliminary, this method of detection 
should offer advantages of both selectivity and sensitivity once more suitable solvent 
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systems ;ITC founcl. I;urtlicr cspcriments arc now Ixing carried out with other solvent 
systems and column lxddngs to clcvclol~ a qualitative and quantitative methocl of 
anal.@3 for these conipouncls bnsccl on high-spcccl liquid clironiatograpl~ic separation 
with fluorcsccncc clctcction. 
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