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tion or, in the best instances, only a hint ofa shoulder. As has been reportedrecently! ',
the tJ-amino acids, which can form hydrogen bonds via a " C6" conformation :

have considerably lower resolution factors than the corresponding a-amino acids,
which can hydrogen bond via a "C," ring :

The above-mentioned diluting effect of chain lenghtening further decreases chiral
recognition. It should also be recaIled th at there is a stro ng influence for this class of
compounds of the nature of the R '" substituent on stereoselectivity, as manifested
by the reversal of the order of emergence on N-Iauroyl-L-valine-tert.-butylamide as
compared with N-Iauroyl-L-valine-6-undecylamide13

•

v-Amino acids. Data on the y-amino acids examined are given in Table l. They
all show reversal of the order of emergence with respect to a -amino acids, as has
also been noted on other diamide phases. This chromatographic behaviour has been
tentatively correlated with the predominant formation of solvent-solute hydrogen­
bonded association--v-" of the "Cs-C/' type, with " non-para llel" orientation of the
alkyl groups at the respective asymmetric carbons for the less strongly retained
L-enantiomer (F ig. 3). Frank et al." have also used thi s type of structure to explain
the stereoselectivity observed with their Chirasil-val phase. It is of interest that in
the example given" , where the solute was pentafluoropropionyl-i.-lactic acid cyclo­
hexylamide and the association was of the "CS-C7" type, the enantiomer with the
higher retention (rL / D > I) showed, as expected, a paraIlel orientation of the per­
tinent alkyl groups.

a.a-Dialkyl-o-amino acids. N-TFA de rivatives of th is type of amino acid have
been separated into their enantiomers on carbonylbis-(N-L-valine isopropyl ester)!".
On "low-molecular-weight" diamides, however, resolution has been observed only in
exceptional instances, e.g., for a-methylvaline on 3 (Fig. 4); (r ll fl = 1.085 at 80°C).
Isovaline, a-methylnorvaline, a-methylnorleucine and a-methylleucine gave only one
peak. It seem s that for this cla ss of compounds the polymeric diamides have an
advantage, as isovaline is reported to have been resolved on Ch irasil-val".

2-Amino-I-alcohols. It has been already reported that aliphatic 2-aminoalkan­
1-01s in the form of their N-TFA-O-acyl esters can be readily resolved". The same
is true for stationary phase 3, as can be seen in Table II and Fig. 5. The order of
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TABLE II

CHROMATOGRAPHIC BEHAVIOUR AND BIOLOGICAL ACTIVITIES OF ARYLACETIC ACIDS (II)- - _ .__ . . .-. __._._----_ ...._--_... - .... .- --- --_ . -. - -- --_..__._-- _ ._-- - . ._ -- -- -----
No. X n" RF" RM Log ( Li C' L: " Log (l /CF)" , ,

.. _-_ .. - - --- _ ._ - - - -----
IIa H
lIb 4-CH ,O
I1c 4-CI
lId 4-iso-C,H70
lIe 4-C2H,

IIf 3-C1-4-CH 2 =CHCH 20

IIg 3-CI-4-iso-C,H70

IIh 4-iso-C,H7

IIi 4-tert.-C.H.
IIj 4-iso-C.H.
Ilk 4-cyclo-C6H ll

III 4-cyclo-C6HlICH 20

11m 3-CI-4-cycio-CoH llO

lIn 4-Il-C6H I30

110 3-C1-4-cyclo-C6 HlICH20
IIp 3-CI-4-n-CoH I30

IIr 4-2' -ethylhexyl
lis 3-C1-4-n-C8H170
I1t 3-CH,0-4-cycio-CoH ll CH 20

o
0.01
0.70
0.81
0.90
1.I 6
1.26
1.40
1.68
1.90
2.46
2.47
2.51
2.51
2.92
2.96
3.90
3.96
2.28 (1.91 t)

0.795
0.795
0.725
0.705
0.70
0.675
0.64
0.645
0.59
0.57
0.50
0.46
0.49
0.46
0.40
0.40
0.265
0.215
0.56

- 0.59
- 0.59
- 0.42
- 0.38
- 0.37
- 0.32
- 0.25
- 0.26
- 0. 16
- 0.12

o
0.Q7
0.02
0.Q7
0.18
0.18
0.47
0.56

- 0.10

_ I

2.523
3.000
3.056
3.056
3.377
3.511
3.488
3.678
3.724
4.125
4.046
4.131
4.034
4.347
4.201

_ ii i

_ iii

3.801

_Ii

_Ii

_H

1.000
1.222
1.398
1.398
1.398
1.699
1.699
2.222
2.301
2.222
2.222
2.398
2.398

_I H

_ H

2.000

, ;n pa rameters taken from refs. 24 and 25.
" Chromatography was per formed on silica gel containing 2.5% of silicone oil.

" . Act ivities taken from ref. 16.
I Not establ ished .

I I Inactive.
§ I § Insoluble unde r the conditions of the test.

t Average value calcul ated from RM value using eqn s. 15 and 16 ; this value was used in correlation
analysis of biological activities (eqns. 17 and 19).

consequence of the lower statist ical significance of the linear dependence of fibri­
nolysis act ivation on lipophilicity.

log ( I /C F
) = 0.645 n + 0.590

log (1/C F
) = 2.419 RM + 2.076

n r s

14 0.982 0.094
14 0.977 0.107

F

328
248

(19)
(20)

a-M ethy l-Bsary lpropionic acids
In th is series of acid s (IIIa-llIm), the linear correlati on between the tabulated

n parameters and RM values is expressed by eqn. 21.

n = 2.827 RM + 0.625

n r s F

13 0.993 0.084 754 (21)

Owing to a narrower range of lipophilicity of the aromatic substituents,
(0 < n < 1.9), the parabolic n versus R M relationship is statist ically less significant.
En values were calculated for the 3,4-disub st ituted deri vat ives IIln-llIp (see Table Ill)
by insertin g exper imental RM values into eqn . 21.
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TABLE III

CHROMATOGRAPHIC BEHAVIOU R AND BIOLOGICAL ACTIVITIES OF CYCLOHEXYLAM-
MONIUM SALTS OF a -METHYL-{1-ARYLPROPIONIC ACIDS (III)
._ "._-----,,- ...__.. -_.._- ---,". .._ - -. - "- _ . .---_.

No. X n' R " RM Log (1 /C 1
) ' " Log (l /C F

) '"r
-- _. . --- - - - -- -_.. -_ . -~_ ._-- _ . ._-- ._- ~ - ~ ---~.._-_._-

lIla H 0 0.60 - 0.18 3.192 0.921
IIIb 4-CHlO 0.01 0.61 - 0.19 3.169 0.921
IIIc 3-CHlO 0.04 0.615 - 0.20 3.169 _I

IIId 3-CI-4-CHlO 0.46 0.535 - 0.06 3.327 _II

lIIe 3-CI 0.68 0.49 0.Q2 3.498 1.222
IIIf 4-CI 0.70 0.50 0 3.524 1.222
IIIg 4-iso-ClH70 0.81 0.47 0.05 3.607 1.347
IIlh 4-Br 0.90 0.48 0.03 3.620 1.398
lIIi 3-CI-4- iso-ClH7O 1.26 0.38 0.21 3.896 _ IIi

IIIj 4-iso-C 3H7 1.40 0.345 0.28 3.982 1.824
IIIk 4-tert.-C.H9 1.68 0.28 0.41 4.071 2.000
IIII 3-CI-4-iso-C.H9O 1.76 0.28 0.41 4.201 _ iii

IIIm 4-iso-C4H9 1.90 0.26 0.45 4.292 2.222
IIIn 3-CH3O-4-iso-C3H7O 0.62 (0.41t) 0.535 - 0.06 3.327 1.097
1II0 3-CHl0-4-II-C6H 130 2.32 (1.80 t ) 0.275 0.42 4. 171 2.097
III p 3-Br-4-iso-C3H7 2.08 (1.73 t) 0.29 0.39 4.071 2.000._ .. _ _. _ _ • • ' _ 0' ___ - - - --.. ,..._-- _. ..--...- "-

'n parameters taken from refs . 24 and 25.
" Chromatography was performed on silica gel conta ining 7.5 % of silicone oil.

". Activities taken from ref. 10.
I Inactive.

II Not established .
I I I Insoluble unde r the conditions of the test.

t These values, ca lculated from RM values using eqn . 21, were used in co rrelat ion an alysis of
biological activities (eqns . 22 and 23).

In the series of acid s III the dependences of the inhibition of denaturation of
serum albumi n and of fibrinolysis act ivation on lipophi\icity are expressed by eqns . 22
and 23.

log (I /C I
) = 0.569 n + 3.135

log (l/CF
) = 0.679 n + 0.830

n r s

16 0.993 0.047
12 0.990 0.070

F

1069 (22)
493 (23)

In line with eqn . 21, in this instance substitution of n parameters by experi­
mental RM values led to the linear correlations in eqns . 24 and 25, equivalent to the
preceding equations.

log (l /C') = 1.634 RM + 3.483
log (l/C F

) = 1.960 RM + 1.247

n r s F

16 0.989 0.061 621 (24)
12 0.992 0.063 623 (25)

n = 3.660 R M - 1.232 RM
2 + 1.130

Cinnamic acids
In the series of acids IVa-IVI the correlations between the n parameters and

the RM values are expressed by the quadratic depe ndence in eqn . 26.

n r s F
..., -- - - -

12 0.997 0.077 724 (26)
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Th ere is stro ng circ umstantia l evidence to suggest that polyunsaturated fatty
acids are invo lved in some ca pac ity in the reprodu ctive process, and attention to
th is possi bility sho uld be give n in designing feeds tocks for shr imp maricul ture.

Dietary lipids
The fatty acid content of many crustaceans reflect s that of their diet s"' ':" . or

particular interest is the observation that the lipid content of the coconut crab is very
simi lar to that of coco nuts". Th us, th e foregoi ng discussion has show n that atte n­
tion should be given to t he sterol an d fatt y acid co ntent of the die ts of penaeid
shr imp if they are to be expected to spawn in captivity.

The fatty acid composition of a commercially available marine chow is given
in Table III. Cholesterol is the on ly stero l in this formulat ion . While the sterol
content appears to be app rop ria te, there is clearly a deficie ncy of po lyunsatu ra ted
fatty acids . If this feedstock is to be used for maturation, it sho uld be supplemented
with additives containing sufficient essential fa tty acids.

TAB LE III

RELATI VE CONCENTRATIONS OF SELECTED FATTY AC IDS IN COMMERC IA LLY
AVAILA BLE MARIN E C HOW AND T HE BLOO DWORM G. DIBRANCH IATA
- - - -- - _. ._- - - -- . • _ _ 0 - _.
Sp ecimen 16:0 16:1 18:0 18:1 20:4 + SO 22:6
- - _ 0 __ _ _ ...
Marine chow 21.6 3.3 7.6 27.1 3.5 1.7
Bloodworm (live) 12.9 4.5 6.6 10.7 21.5 10.0
Bloodworm (fro zen) 19.4 2.8 4.3 11.1 26.3 10.7
_.__.. _..'- - "- -- ._~- ..-

·20:4 and 20:5 not resolved on OV-!.

Among the feedstock supplements whic h we have investiga ted is the blood­
worm Glycera dibranchiata. T he fatty ac id profile (Table III) of thi s annelid appears
to be appropriate fo r use with shrimp.

Feeding trials
P. setiferus were maintained in captivity with a diet supplemented with

G. dibranchiata . The fatty acid profi les of these animal s after three month s on th is
diet are give n in Table lV. These profi les are very similar to those for the wild shrimp
in Table 11. Ova rian deve lopment a nd spaw ning were obtai ned 3-4 weeks a fter the
experiment was initiated: 63 egg collections yielded a total of 4.3 million eggs".
Fertilization did not take place since the male shrimp had a Vibrio infection. More
recently, however, thi s pro tocol has resu lted in the prod uction of viab le larvae of
P. stylirostris":

Eve n tho ugh the fatty ac id profi les of the wild and captive shrimp were
simila r, there were sign ificant (P < 0.05) differences bet ween the tota l lipid contents
of the two gro ups of animals, as shown in Table V. T he hepatopancreas lipid
content of the captive shrimp was 2.0-4.4 times that of the wild shrimp, the gonad
lipid content of the captive shrimp was 1.2- 2.0 times that of the wild shri mp, while
the tai l muscle lipid content of the captive shrimp was only 1.1 - 1.4 t imes that of the
wild shrimp. The higher concentrations of the lipid s in the captive shrimp indicate
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trirneth ylsilyl" or alk ylboronate' derivatives. When first described from Amsinckia
species, each alkaloid was isolated in small amounts by counter-current distribution
of extracts, but the preparation of the pure alkaloids on a lar ger scale has remained
one of the most difficult separation tasks in the pyrrol izidine alkaloid field.

In an earlier study of the paper electrophoresis of pyrrolizidine alkaloids" it
was shown that the se compounds migrate as cation s in non-complexing electrolytes,
but that, in sod ium borate buffer, compounds containing complexable pairs of
hydroxyl gro ups form anionic complexes to an extent determined by their stereo­
chemi stry, and the cationic migrati on is thereby reduced or changed into anionic
migration. In a sod ium carbonate electrolyte (pH 9.2), intermedine and Iycopsam ine
were found to have identical cationic mobilities (1.54 cmJh · kV of total potential
applied) but, in borate buffer of the same pH, they migrated toward the anode with
mobil ities of 0.29 and 2.35 cmJh· kV, respectively, and thi s large difference allowed
rapid separation of the isomers, albeit on an analytical scale.

OH
OH

(10 )

OH
OH.:

H
- CH3

co coI
O......R

I

O'R

(2 0 )

The grea ter anionic mobil ity of Iycopsamine is a result of its formin g the more
stable borate complex, the rea son for which is indica ted by comparison of the New­
man projecti on formulae (1a) and (2a). Formula (I a) represent s a proj ect ion along
the CZ- C3 bond of the trachelanthate moiety of intermedine. 1t is seen that with the
hydroxyl groups eclipsed (a condition ideal for the formati on of a 5-membered cyclic
borate complex) a destabilising non-bonded interaction is set up by the eclipsing of
the Cz-isopropyl and Cj-methyl gro ups. The corresponding projection formula (2a)
for the viridiflorate moiety of Iycop samine shows how eclip sing of its eryt hro hydroxyls
lead s to a conformationally more stable arrangement in which the Cz-isopropyl group
interacts only with an eclipsed C3-H.

The difference in degree to which intermedine and Iycopsamine complex with
borate ha s now been used in two different procedures for their separation on a
preparative scale.

EXPERIMENTAL

M aterials
The mixture of intermedine (appro x. 30%) and Iycop samine (a pprox. 70 %)

contained a sma ll amount of ech irnidine and was the product of an earlier investigation
of the alk aloids of Amsinck ia species' . The long-stored mixture was cleaned up by
dissolving it in dilute sulphuric acid , filtering th e solution from a black precipitate,
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CHROM. 12,882

Note

Chloranil, a sensitive detection reagent for pyrrolizidine alkaloids on thin­
layer chromatograms

H. J. HUIZING*, F. DE BOER and Th. M. MALINGRE

Laboratory for Pharmacognosy and Galenic Pharmacy, Antonius Deusinglaan 2, 9713 A W Groningen
(The Netherlands)

(Received April 10th, 1980)

For the detection of pyrrolizidine alkaloids on thin-layer chromatographic
(TLC) plates, Mattocks l developed a reagent specific for hepatotoxic alkaloids with
an unsaturated (3-pyrroline) ring in the basic moiety.

The alkaloids that are usually isolated as free bases after reduction of their
corresponding N-oxides, which are often abundant in plant material, have to be
converted into the N-oxides again after TLC separation of the free bases, by treatment
with hydrogen peroxide, prior to further derivatization. The N-oxides are treated with
acetic anhydride for their conversion into pyrroles, which give coloured compounds
with Ehrlich reagent. Although the detection limit for retrorsine is low (0.25 pg), the
complete detection method is lengthy and the conditions are critical. Another dis­
advantage of the method is that several hazardous chemicals are required. Because we
experienced problems with the reagent, we discontinued investigations with this detec­
tion technique.

A second frequently used method for the detection of pyrrolizidine alkaloids
involves the use of Dragendorff's reagene-7• This reagent, however, is not only non­
specific towards the different groups of alkaloids that can be detected, but also gives
positive results with common plant sterols, triterpenes8 , a- and y-pyrones and several
other compounds9, especially when used in combination with sodium nitrite as
intensifier spray.

Chloranil is used as a spray for the detection of capsaicin and hydroquinone
derivatives. It yields blue or red-brown spots with the former compounds after exposure
to ammonia vapour lO

• A further use has been described for the detection of alkaloids
that form charge-transfer complexes with n-acceptors such as chloranilll .

In this paper we describe the use of chloranil as a sensitive and highly conve­
nient spray reagent for the detection of pyrrolizidine alkaloids on TLC plates.

EXPERIMENTAL

Materials
Pyrrolizidine alkaloid extracts from Echium vulgare, Omphalodes verna,

Heliotropium europaeum, Symphytum officinale, Cynoglossum officinale, c. nervosum
and Amsinckia intermedia were derived according to Pedersen5

• All reagents and

0021-9673/80/0000-0000/$02.25 © 1980 Elsevier Scientific Publishing Company
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CHROM.12,776

Note

Specific detection of pyrrolizidine alkaloids on thin-layer chromatograms

RUSSELL J. MOLYNEUX* and JAMES N. ROITMAN

Western Regional Research, Science and Education Administration, U.S. Department of Agriculture,
Berkeley, CA 94710 ( U.S. A. )

(Received February 28th, 1980)

Pyrrolizidine alkaloids, occurring in various plant species, present a significant
hepatotoxic hazard to grazing animals and may enter the human food chain via meat,
milk products'v", grains, honey? and herbal teas.

Thin-layer chromatography (TLC) provides a rapid method for separation
and monitoring of the se alkaloids':" in biological extracts but methods available for
detection on the chromatographic plate are limited . The commonly used alkaloid­
sensitive chromogenic spray reagents, such as Dragendorff's reagent and iodo­
platinate, are non-specific, producing colors with most classes of naturally-occurring
organic bases . The only specific pyrrolizidine alkaloid detection method developed
to date is that of Mattocks" which is lengthy and somewhat inconvenient, involving
spraying of TLC plates with three separate reagents and thorough drying between
sprays. This method involves oxidation of the pyrrolizidine alkaloids to their N-oxides
by hydrogen peroxide, treatment with acetic anhydride to convert the N-oxides to
pyrroles and subsequent reaction with Ehrlich's reagent to give characteristic purple
colours.

The method described herein also makes use of the pyrrole-specific Ehrlich's
reagent but oxidation of the pyrrolizidine alkaloids to pyrroles is achieved rapidly
and directly by treatment with o-chloranil, this reagent itself giving an intense, albeit
transient, deep blue colour with the alkaloids.

EXPERIMENTAL'

o-Chloranil (tetrachloro-o-benzoquinone) was obtained from Aldrich (Mil­
waukee, wr, U.S.A.) and was dissolved in ben zene to give a I % solution. Ehrlich's
reagent was prepared by dissolving p-dimethylaminobenzaldehyde (Eastman-Kodak,
Rochester, NY, U.S.A.) (2.0 g) in ab solute ethanol (100 ml) containing boron tri­
fluoride etherate (2.0 rnl)". Acetic anhydride spray reagent was prepared as a 10%
solution in benzene.

For TLC, solutions of pyrrolizidine alkaloids, or crude plant extracts, in

• Referenc e to a company and/or product named by the Department is only for purposes of in­
formation and does not imply approval or recommendat ion of the product to the exclusion of others
which may also be su itable.
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CHROM. 12,833

Note

Gas chromatographic determination of N-nitrosoamino acids

TOHRU ISHIBASHI *

Research Laboratory, Japan Medical Foods Association, 5-3-11 Ma esawa, Higoshikurume, Tokyo
180-03 (Japan)

TOSHIHARU KAWABATA

Department of Biomedical Research on Foods, National Institut e of Health, 2-10-35 Kamiosaki,
Shinagawa-ku, Tokyo 141 (Japan)

and

HI ROYA TANABE

Research Laboratory, Japan M edical Foods Association, 5-3-11 Maesawa, Higashikurume, Tokyo
180-03 (Japan)

(Received March 12th, 1980)

N-Nitrosoamino acids, except for N-nitrososarcosine (NSA R), have been
reported to be no n-carcinogenic to experimental animals. However, these acids may be
converted into carcinogenic N-nitrosoamines by decarboxylation during high­
temperat ure coo king. N- Nitrosoproline (N PRO), for instance, was reported to be
co nver ted into carcinoge nic N-n itrosopyrrol idine in a model system using con ditions
simulat ing the frying of bacon I .

In the gas chromatographic determi nation of N-nitrosoamino acids , methods
have been reported fo r the derivatization of the carboxyl groups by methylation/ P or
silyla tiorr' to form volati le derivatives.

We have developed a method for the determination of trace amounts of N-nitro­
soaminoacids, including hydroxylated N-nitrosoamino acid s such as N-nitrosohydroxy­
proline (NHPRO), based on the following principle. The carboxyl gro ups of NSA R,
NPRO, N HPRO and N-nitrosopipecolic acid (NPIC) were esterified with diazo­
methane, and the nitroso gro ups further oxidized with peroxytrifluoroacetic acid
(PTFA) to give N-n itroam ino acid methyl esters. The hydroxyl group of NHPRO
methylester was acylated with trifluoroacetic anhydride (TFA).

The derivatized N-nitrosoamino acids can be determined with high sensitivity
using a gas chromatograph eq uipped with an electron capture detector (GC- ECD); in
addition, the se compounds can be confirmed by gas chromatography-mass spectrom­
etry (GC-MS).

EXPERIMENTAL

Reagents
NSA R, NPRO, NHPRO and NPIC were synthesized by ni trosation of the

corresponding amino acids according to the Lijinsky method". Each N-nitrosoamino

0021-9673/80/0000-0000/$02 .25 © 1980 Elsevier Scientific Publishing Company
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