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Abstract

The hydrocarbon composition of the willow leaf beetle Chrysomela vigintipunctata (Scopoli) (Coleoptera: Chrysomelidae) is
presented in this paper. Surface and internal hydrocarbons, total hydrocarbons of fed and starved insects, of the excrement and
of the diet have been examined and compared. Normal chain-, terminally branched monomethyl-, internally branched
monomethyl-, dimethyl-, trimethyl alkanes and only four alkenes have been identified in the insect. The chain-lengths varied in
the interval C,y to C,;. Odd chain alkanes dominate. Surface hydrocarbons are characterised by the presence of longer-chain
(Cs5,C59 and C,,) dimethyl- and trimethyl-alkanes. Dimethyl- and trimethyl alkanes with an unusually great number of methylene
groups between the branch points have been detected. The excrement and the willow leaves have much simpler HC pattern:
n-alkanes, terminally branched alkanes and alkenes. Based on the similarity between the HC pattern of the excrement and willow
leaves it is assumed that the dietary HC are eliminated with the excrement. © 1999 Elsevier Science Inc. All rights reserved.

Keywords: Chrysomela vigintipunctata (Scopoli); Adult insects; Surface hydrocarbons; Internal hydrocarbons; Total hydrocarbons;
Unusual hydrocarbon structures; Excrement; Willow leaves; Diet; Gas chromatography—mass spectrometry

1. Introduction intensively studied and reviewed [1,3,10,13,17].
It is well recognised at present that the examination
In the last 20 years, insect lipids have been a subject of insect lipids and lipoidal compounds leads to a better
of increasing attention and rigorous examination thus, understanding of their metabolism and their biological

recognising the fundamental role that they have in all
cellular organisms. The major results obtained during
that period were summarised and critically evaluated in
two comprehensive volumes [16,27]. A major part of
the investigations are directed to the great variety of
hydrocarbons found in the insects. Their structure,
biosynthesis, physiological and behavioural roles, as
well as taxonomic and systematic utility have been

significance for these organisms. The results are also
seen as a basis of novel strategies for the management
of pest insects [26]. Undoubtedly, this is true in great
extent for the leaf beetles or Chrysomelidae
(Coleoptera). Many families and subfamilies of these
pest insects are widely spread in Southeast Europe [8],
some are known to cause serious damage to plants in
Bulgaria. There is little information on the lipid compo-
sition of chrysomelids, however. The main interest so
"+ Corresponding author. Tel.: +359-2-7134-136; fax: + 3592700 1ar has been concentrated on the chemical substances
5. that play role in the selection of host plant, in mating
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Table 1
The design of the experiments for determination of HC in C. vigin-
tipunctata reared in laboratory environment

Group  Number of  Treatment
insects

1 1368 The insects were first soaked in ethanol
to isolate the surface HC.
Then the internal HC were isolated by
the conventional way

11 160 The insect were fed for seven days with
willow leaves. The total HC were iso-
lated.

11 160 The insects were starved for three days.

The total HC were isolated.

trast, only a few papers concern lipids [5] and hydrocar-
bons [4,6,12] in leaf beetles.

As a part of a broader programme on examination of
chrysomelids of Bulgarian origin we examined the hy-
drocarbons of the beetle Chrysomela vigintipunctata
(Scopoli) (Coleoptera: Chrysomelidae) which feeds on
willow trees (Salix sp.).

The objective of the present work was to determine
the composition of the surface and internal hydrocar-
bons (HC) and to monitor eventual effects caused by
the diet. Therefore, the hydrocarbons in fed and starved
insects, in the fed insect excrement and in the leaves of
the host-plant have been determined and compared.

To the best of our knowledge, no data dealing with
either HC or with lipids of the beetle C. vigintipunctata
(Scopoli) have been reported as yet.

2. Experimental

Larvae of last instar and pupae of C. vigintipunctata
(Scopoli) were collected in June 1995 near Sofia and
reared to eclosion in laboratory environment.

The adult insects were separated into three groups
and treated as shown in Table 1. The excrement of the
fed insects were collected and examined separately for
their HC content as were samples of the willow leaves
used in the diet.

2.1. Chemicals and materials

All solvents and reagents were either analytical grade
or HPLC grade. Light petroleum and acetone were
used after preliminary distillation.

Docosane was purchased from Sigma (Sigma-—
Aldrich Chemie GmbH, Germany).

2.2. Extraction

2.2.1. Extraction of surface hydrocarbons
The insects (of the first group only, see Table 1) were

soaked for 2 min in 10 ml of ethanol. The solvent was
then evaporated in rotary evaporator and the residue
was redissolved in dichloroethane to give 20 mg/ml
solution.

2.2.2. Extraction of total hydrocarbons

The insects were homogenised in a blender for 2 min
in 10 ml of ethanol and transferred to a round bottom
flask. The total HC were extracted by refluxing the
homogenate for 5-6 min with 20 ml dichloroethane-
ethanol (1:1, v/v). The mixture was filtered (Filtrak 389)
while still hot and the residue was suspended in fresh 20
ml of the same solvent mixture and extracted for 24 h
(magnetic stirrer). After filtration the residue was ex-
tracted for another 24 h under the same conditions. The
extracts were combined and the solvents were evapo-
rated to dryness under nitrogen and redissolved in
dichloroethane.

Exactly the same procedure was employed to extract
the HC from the excrement and the willow leaves.

2.3. Isolation of the hydrocarbons

Each extract (10 mg solution in dichloroethane) was
applied on a 20 x 20-cm home-made preparative glass
plate (1.0 mm thickness of the silica gel layer, pre-
washed by two-fold development with hexane). Dode-
cane was applied alongside as a HC reference. The
plate was developed with light petroleum-acetone, 100:6
(v/v) to a solvent front of 19 cm. Bands were detected
by spraying the plate edges with 1% solution of
2,7-dichlorofluorescein in ethanol. Hydrocarbons
migrated with the solvent front (R;=~1.0) giving a
clearly detectable band. The band was scrapped, trans-
ferred to a small glass column, and eluted with n-hex-
ane. The solvent was evaporated under nitrogen and
the residue was dissolved in hexane to give a 2%
solution.

2.4. Gas chromatography—mass spectrometry
(GC-MS) of HC

A HP 6890-5973 GC-MS performance system
(Hewlett Packard, USA) with HP5973 MSD turbo
pump and EI system for separation and identification
of the HC was used. The samples were injected onto 60
m x 0.25 mm x 0.1 p SPB-1 capillary column (Supelco,
Czech Republic) by cool on-column injection under
temperature programme (from 50°C for 5 min to 320°C
at 10°C/min and held at the final temperature for 15
min. Hydrogen was the carrier gas at 0.52 ml/min.
Mass spectra were recorded every 0.3 s at 70 eV.
Identification of mass spectra was performed by one of
the authors (T. Rezanka) and confirmed with help of a
library (6th edition Wiley Library).
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3. Results

The surface and internal HC, the total HC in fed and
starved species of the leaf beetle C. vigintipunctata
(Scopoli) (Coleoptera: Chrysomelidae), in the excre-
ment of the fed insects and in the willow leaves, are
presented in Table 2. One hundred and ecighty five
individual compounds are identified in total. Due to the
extreme complexity of the mixture some components
formed mixed peaks under the gas-chromatographic
conditions employed. Hydrocarbons with chain-lengths
shorter than C,, were detected in only traces amount. A
typical GC-MS chromatogram (of the surface HC) is
presented on Fig. 1.

The HC composition of the examined samples as
distributed according to the structures, is shown on Fig.
2(A-F).

Internally branched dimethylalkanes (29.2% of the
total) are most abundant in the surface HC (Fig. 2(A))
and 5,23-dimethyltritriacontane is the main individual
compound (1.7%) detected in this HC class. The
straight-chain alkanes (28.0%) are the second most
abundant HC and nonacosane is the main representa-
tive (5.7%). The monomethylalkanes (18.3%) with few
exceptions formed mixed peaks in GC, and despite the
unambiguous identification, a single dominating repre-
sentative cannot be shown. The main group is the
mixture of 13-, 15-, 17- and 19-methylheptatriacontane.
Trimethylalkanes with 17.3% follow and 13,17,21-
trimethylpentatriacontane is the main individual com-
ponent. Surface HC contain relative low amounts of
iso- (3.6%) and anteiso- (2.9%) alkanes. The main
representatives are 2-methyltriacontane and 3-methyl-
hexacosane, respectively.

Fig. 2(B) represents the structural distribution in the
internal HC. Straight-chain alkanes dominate (39.9%)
with heptacosane as the main component (7.9%). Fol-
lowing are dimethyl- (21.1%), internally branched
monomethyl- (18.5%) and trimethyl- (9.2%) alkanes. A
single dimethyl- or monomethyl-component of signifi-
cant quantity cannot be differentiated. The mixtures of
9,13- 11,15-, 13,17- and 15,19-dimethylpentatriacon-
tanes (4.3%) and of 9-, 13-, 15- and 17-monomethyltri-
triacontanes (4.4%) dominate in the respective classes.
13,17,21-Trimethylpentatriacontane with 3.2% 1is the
main trimethyl HC component. The quantities of iso-
and anteiso-alkanes are 5.6 and 4.4%, respectively.

The composition of the total (surface plus internal)
HC of insects put on willow leaves diet for 7 days and
of insects starved for 3 days is shown in Fig. 2(C and
D), respectively. The HC pattern of the two samples is
similar with only small quantitative differences between
the respective HC classes. Straight-chain alkanes (28.9
and 31.1%) are the most abundant compounds with
nonacosane being the main component (6.3 and 9.0%).
The internally branched dimethyl alkanes represent the

second most abundant class (26.8 and 33.9%, respec-

tively). The main group is a mixture of 11,15-, 11,19-,

13,17- and 15,19-dimethylheptatriacontanes (5.6 and

4.7%). The trimethyl alkanes follow with 19.2 and

20.2%. 13,17,21-Trimethylpentatriacontane (3.1%) is

the main component in the fed and 5,15,23-

trimethylpentatriacontane (4.1%) in the starved insects.

The mixture of 13-, 15-, 17- and 19-methylheptatriacon-

tane (4.3 and 4.5%) is the main group of internally

branched monomethyl alkanes (18.6 and 17.7%). 2-

Methyltriacontane (0.8%) and 3-methylhexacosane (0.9

and 1.0%) are the major components of the iso- (3.0

and 3.4%) and anteiso- (3.0 and 3.3%) alkanes.

The HC pattern of the excrement (Fig. 2(E)) is simple
and is characterised by compounds with relatively short
chain-length: up to 32 carbon atoms. Straight-chain
alkanes are by far the most dominating type (86.9% of
the total). Heptacosane (36.1%) and pentacosane
(18.7%) are the major components. The excrements
contain in addition only iso- and anteiso-alkanes in
proportion 2:1. 2-Methyltetracosane (5.6%) and 3-
methyloctacosane (1.1%) are the main terminally
branched components. As in the insect samples alkenes
are under 1%.

Finally, Fig. 2(F) shows the HC composition of the
willow leaves. Straight chain alkanes (60.9%), iso- and
anteiso-HC of practically the same quantity (13.5 and
13.9%, respectively), and relatively high amount of
alkenes (11.6%) were detected in the leaves. Hepta-
cosane (16.9%) is the main n-alkane; 2-methylhexa-
cosane, 2,5%, and 3-methyloctacosane, 3.4% are the
main terminally branched HC. The alkenes are of the
same composition as those identified in the insect, with
pentacosene (8.5%) being the main component.

Summarising the results presented in Table 2 and
Fig. 2, it is evident that:

e Four odd-chain alkenes have been identified: penta-
cosene (25:1), nonacosene (29:1), hentriacontene
(31:1) and tritriacontene (33:1). The 33:1 alkene has
been detected only in surface HC (in traces) and in
the willow leaves (0.4%). The other three alkenes
have been found in all samples in different propor-
tions, the highest being in the willow leaves. The
position of the double bond remains unknown but
according to the literature any position within the
chain is possible [10].

o The total content of the iso- and the anteiso-HC (or
terminally branched monomethyl alkanes according
to Lockey [13]) in the insect does not exceed 10%.
Interesting is that in all samples the ratio between
the 2- and the 3-branched compounds is close to
1. The terminally branched alkanes found in the
willow leaves differ by their significantly higher
amount but not in composition and the ratio be-
tween the two structural types. The chain-lengths of
terminally branched alkanes are relatively short
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Fig. 1. GC-MS chromatogram of surface hydrocarbons of C. vigintipunctata (Scopoli) (Coleoptera: Chrysomelidae). 16-Pentacosane; 23-heptacosane, 33-nonacosane; 44-hentriacontane; 62-11,15
& 13,17 &11,17 & 15,19-Dimethyltritriacontane; 78-9,13 &11,15 & 13,17 & 15,19-Dimethylpentatriacontane; 90-11,15 & 11,19 & 13,17 & 15,19-Dimethylheptatriacontane; 96-11,15,19-Trimethyl-
nonatriacontane.
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Table 2
Hydrocarbon composition and content in C. Vigintipunctata (Scopoli)

Hydrocarbon ECL* Surface HC  Internal HC Fed Insects Starved Insects Excrement Willow leaves
Nonadecane 1900 0.1 0.1 0 0 0.2 0.1
2-Methylnonadecane 1960 0.1 0.2 0 0 0 0.1
3-Methylnonadecane 1965 0.1 0.1 0 0 0 0.2
Eicosane 2000 0.1 0.2 0.1 0.1 0 0.1
2-Methyleicosane 2060 0.2 0.2 0.1 0.1 0 1.0
Heneicosane 2100 0.3 0.5 0.1 0.1 0.5 1.1
2-Methylheneicosane 2160 0.1 0.2 0 0 0 0.5
3-Methylheneicosane 2165 0.1 0.3 0.1 0.1 0 0.4
Docosane 2200 0.2 0.4 0.1 0.1 1.1 1.0
2-Methyldocosane 2260 0.1 0.3 0.2 0.1 0 0.4
Tricosane 2300 0.5 0.8 0.3 0.3 6.2 1.1
2-Methyltricosane 2360 0.2 0.5 0.2 0.2 0.5 0.9
3-Methyltricosane 2365 0.3 0.6 0.4 0.4 0.6 1.6
Tetracosane 2400 0.8 1.2 0.7 0.6 5.2 1.9
2-Methyltetracosane 2460 0.4 0.8 0.3 0.2 5.6 2.5
Pentacosene 2490 0.3 0.5 0.1 0.1 0.3 8.5
Pentacosane 2500 3.2 5.7 34 3.8 18.7 10.7
11 & 13-Methylpentacosane 2530 0.6 0.8 0.3 0.2 0 0
2-Methylpentacosane 2560 0.3 0.5 0.2 0.2 0.8 0.9
3-Methylpentacosane 2565 0.2 0.4 0.2 0.2 0.6 1.3
Hexacosane 2600 0.6 1.0 0.4 0.5 0.5 1.1
2-Methylhexacosane 2660 0.5 0.8 0.3 0.4 0.6 2.5
3-Methylhexacosane 2665 0.8 1.2 0.9 1.0 0.9 32
Heptacosane 2700 4.5 7.9 5.0 5.4 36.0 17.0
2,6-Dimethylhexacosane 2704 1.3 1.9 1.1 1.1 0 0
9 & 11 & 13-Methylheptacosane 2730 0.8 1.2 1.0 1.1 0 0
2-Methylheptacosane 2765 0.2 0.2 0.1 0.1 0.3 1.0
3-Methylheptacosane 2765 0.1 0.2 0.1 0 0.1 0.9
Octacosane 2800 1.7 1.6 23 1.8 1.4 3.0
10-Methyloctacosane 2836 0.3 0.3 0.1 0.1 0 0
3-Methyloctacosane 2864 0.6 0.6 0.3 0.4 1.1 3.4
Nonacosene 2890 0.3 0.3 0.1 0.1 0.5 1.6
2,10 & 2,18-Dimethyloctacosane 2899 0.1 0.2 0.1 0.1 0 0
Nonacosane 2900 5.7 6.0 6.3 9.0 14.8 12.3
2,6-Dimethyloctacosane 2905 0.2 0.4 0.4 0.3 0 0
2,10,18-Trimethyloctacosane 2918 0.1 0.2 0.1 0.1 0 0
9 &11 & 13 & 15-Methylocta- 2931 1.9 2.0 1.6 1.2 0 0
cosane
2-Methylnonacosane 2960 0.4 0.5 0.4 0.5 0.1 0.6
3-Methylnonacosane 2965 0.5 0.7 0.5 0.7 0.3 0.8
11,19-Dimethyloctacosane 2995 0.1 0.3 0.1 0.2 0 0
Triacontane 3000 1.3 2.6 1.5 1.3 0.9 1.6
12-Methyltriacontane 3033 0.3 0.5 0.5 0.4 0 0
2-Methyltriacontane 3060 0.8 1.1 0.8 0.8 0.1 1.4
Hentriacontene 3090 0.1 0.1 0.1 0.1 0.2 1.2
Hentriacontane 3100 4.2 5.9 4.0 3.5 0.8 6.1
2,6-Dimethyltriacontane 3105 0.3 0.4 0.3 0.3 0 0
13 & 15-Methylhentriacontane 3127 0.4 0.8 0.6 0.5 0 0
9 & 11 & 13 & 15-Methylhentria- 3130 1.0 1.8 0.7 0.6 0 0
contane
5 & 7-Methylhentriacontane 3145 0.1 0.2 0.2 0.1 0 0
9,13 & 11,15 & 13,17-Dimethyl- 3158 22 2.0 1.4 1.6 0 0
hentriacontane
2-Methylhentriacontane 3160 0.2 0.3 0.3 0.5 0.1 1.3
3-Methylhentriacontane 3165 0.2 0.4 0.4 0.6 0.3 2.0
5,15-Dimethylhentriacontane 3178 0.3 0.4 0.3 0.3 0 0
Dotriacontane 3200 1.3 2.6 1.5 1.2 0.3 2.2
11 & 13 & 14 & 16-Methyldotria- 3230 0.4 0.5 0.3 0.3 0 0
contane
12-Methyldotriacontane 3233 0.2 0.2 0.3 0.3 0 0

2-Methyldotriacontane 3260 0.3 0.2 0.3 0.3 0 0.5
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Table 2 (Continued)

Hydrocarbon ECL* Surface HC  Internal HC Fed Insects Starved Insects Excrement Willow leaves

Tritriacontene 3290 .0.1 0 0 0 0 0.4

2,8 & 2,10-Dimethyldotriacontane 3297 0.6 0.9 0.8 0.8 0 0
(possible 2,22 and 2,24)

Tritriacontane 3300 2.3 2.5 1.7 2.0 0.5 1.1

2,10,16-Trimethyldotriacontane 3324 04 0.6 0.4 0.4 0

9& 11 & 13 & 15 & 17-Methyl- 3330 3.2 44 3.5 2.8 0 0
tritriacontane

11,15 & 13,17 & 11,17 & 15,19- 3360 3.7 24 29 2.0 0 0
Dimethyltritriacontane

9,13 & 7,11-Dimethyltritriacontane 3370 0.1 0.1 0.1 0.1 0 0

5,23-Dimethyltritriacontane 3386 1.7 2.0 1.4 1.6 0 0

13,17,19 & 13,17,21-Trimethyl- 3390 0.2 0.2 0.3 0.2 0 0
tritriacontane

Tetratriacontane 3400 0.2 0.4 0.2 0.2 0 0.2

3,23-Dimethyltritriacontane 3407 0.3 0.5 0.4 0.5 0 0

59,23 & 5,17,23-Trimethyl- 3409 04 0.5 0.6 0.5 0 0
tritriacontane

10 & 11 & 12-Methyl- 3430 0.7 1.1 0.9 1.2 0 0
tetratriacontane

Methyltetratriacontene 3431 0.1 0.2 0.1 0.1 0 0

10,18 & 12,18- 3449 0.3 0.3 0.3 0.3 0 0
Dimethyltetratriacontane

13,17 & 12,16 & 11,15 & 10,14- 3458 1.2 1.3 1.4 1.4 0 0
Dimethyltetratriacontane

10,14,18 & 11,15,19-Trimethyl- 3482 0.7 0.8 0.9 0.9 0 0
tetratriacontane

2,10 & 2,12 & 2,14-Dimethyl- 3494 0.2 0.3 0.2 0.2 0 0
tetratriacontane

Pentatriacontane 3500 1.0 0.7 1.4 1.3 0 0.1

2,10,16 & 2,16,24-Trimethyl- 3524 1.1 1.1 1.4 1.4 0 0
tetratriacontane

11 & 13 & 15 & 17-Methyl- 3530 2.8 3.1 22 22 0 0
pentatriacontane

9,13 & 11,15 & 13,17 & 15,19- 3560 4.5 4.3 4.6 3.5 0 0
Dimethylpentatriacontane

11,19 & 11,23-Dimethyl- 3561 0.6 0.7 0.8 0.7 0 0
pentatriacontane

11,15,19 & 9,13,17-Trimethyl- 3580 1.0 0.4 1.6 1.3 0 0
pentatriacontane

13,17,21-Trimethylpentatriacontane 3590 2.5 32 3.1 2.9 0 0

5,15,23-Trimethylpentatriacontane 3612 2.4 1.5 1.9 4.0 0 0

11 & 12-Methylhexatriacontane 3626 0.6 0.6 0.8 0.8 0 0

13 & 14-Methylhexatriacontane 3630 1.0 0.5 1.2 1.3 0 0

12,16-Dimethylhexatriacontane 3652 09 0.5 1.0 1.0 0 0

Dimethylhexatriacontane 3660 2.4 1.6 1.2 1.4 0 0

12,16,20 & 11,15,19-Trimethyl- 3677 1.7 0.1 24 2.1 0 0
hexatriacontane

2,12-Dimethylhexatriacontane 3695 0.1 0 0.1 0.1 0 0

13 & 15 & 17 & 19-Methyl- 3730 4.1 0.8 4.3 4.5 0 0
heptatriacontane

11,15 & 11,19 & 13, 17 & 15,19- 3760 6.0 0.5 5.6 4.7 0 0
Dimethylheptatriacontane

11,15,19 & 9,13,17-Trimethyl- 3781 1.8 0.2 1.2 1.4 0 0
heptatriacontane

13,17,21-Trimethylheptatriacontane 3790 2.2 0.2 2.5 2.5 0 0

12,16-Dimethyloctatriacontane 3852 0.1 0 0.2 0.2 0 0

11,15,19-Trimethyloctatriacontane 3875 0.2 0 0.3 0.1 0 0

13,17 & 11,15 & 11,19-Dimethyl- 3949 1.0 0.1 1.1 0.8 0 0
nontatriacontane

11,15,19-Trimethylnonatriacontane 3974 1.6 0.1 1.4 1.3 0 0

13,17-Dimethylhentetracontane 4149 0.3 0 0.3 0.3 0 0

11,15,19-Trimethylhentetracontane 4174 0.8 0 0.8 0.8 0 0

13,17-Dimethyltriatetracontane 4349 0.7 0 0.7 0.7 0 0

11,15,19-Trimethytriatetracontane 4394 0.3 0 0.3 0.3 0 0

4 ECL, Equivalent chain length.
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Fig. 2. The structural pattern of surface (A), internal (B), fed insects
(C), starved insects (D), excrement (E) and willow leaves (F) hydro-
carbons. S, straight-chain-; I, iso-; A, anteiso-; M, monomethyl-; D,
dimethyl-; T, trimethyl-; U, unsaturated hydrocarbons.

when compared to those of the other branched alkanes:

up to 32 carbon atoms. The same has been reported for

other insects [17].

e The internally branched monomethyl HC form a
homologue series of compounds with chain-lengths
from 25 to 37 carbon atoms and branching at either
the 5-, 7-, 9-, 10-, 11-, 12-, 13-, 14-, 15-, 16-, 17- or
19-carbon atom. Most of the compounds give mixed
peaks in GC. A C,, homologue was not detected,
presumably because of its very low proportion.

e Dimethyl alkanes of two types have been found. The
first type is represented by C-C*-Cx-C*-Cy and C-C-
C*-Cx-C*-Cy structures (the * sign indicates the
branching). The number of the separating methylene
groups, X, varies in the interval 3-19. Thus, for
example 2,18-dimethyloctacosane has 15, while
3,23-dimethyltritriacontane  has 19  separating
methylene groups. HC with a distance between the
branching points longer than 13 methylene groups
[11] have not been reported for Coleoptera beetles to
the best of our knowledge. The chain lengths of
these HC vary from 26 to 36 carbon atoms. The
second type represents the genuine internally
branched dimethylalkanes, the Cx-C*-Cy-C*-Cz

structures [17]. The methyl groups are attached to
either odd or even numbered carbon atom and are
separated by an odd number of methylene groups,
mostly by three. In addition, compounds were de-
tected with 5, 7, 9 and 11 (which is not unusual [17])
but also with 17 separating methylene groups as in
5,17-dimethyltritriacontane.  Internally branched
dimethyl HC with chain-lengths from C;; up to C,,
are detected.

o Trimethyl alkanes (Cw-C*-Cx-C*-Cy-C*-Cz) also
comprise compounds with odd and even chain-
lengths and branching at odd and even carbon
atoms. HC with three separating methylene groups
are most abundant but compounds with 5, 7, and
even with the unusual 13 intervening groups are
found. Most of the alkanes with more than three
intervening methylene groups have an even-chain
carbon skeleton with branching at even numbered
carbon atom, and presumably derived from the ter-
minally branched species, as 2,10,16- and 2,16,24-
trimethyltetratriacontane, for example. Chain
lengths vary in the interval from 31 to 43 carbon
atoms.

4. Discussion

The results presented here give a general picture of
the hydrocarbon composition of the adult C. vigin-
tipunctata insects reared in laboratory conditions and
fed with their usual diet.

The choice of ethanol to extract the surface HC was
unusual and evidently, as compromising, as is the
choice of non-polar solvent for the purpose. Our point
was based on a previous experience with examination
of plants where it has been found that polar solvents
are able to extract lipophylic compounds from a mate-
rial that contains also a high amount of polar com-
pounds. In this case, the assumption was that opposite
to the conventional procedure, co-extraction of internal
HC will be substantially minimised. The data presented
in Table 2 confirm, in our opinion, that ethanol ensures
sufficiently full isolation of surface hydrocarbons, in-
cluding long-chain (C,;) trimethyl-branched compo-
nents, which were found in the ethanol washing but not
in the internal HC (cf. the respective columns in Table
2). The efficiency of this extraction is confirmed also by
the experiments with fed and starved insects when the
total HC were also thoroughly extracted (Section 2).
No differences in HC composition and in structural
pattern but only in quantities, have been observed.

The HC pattern of all insect samples are similar. The
HC in the adult C. vigintipunctata insects comprise
normal-chain-, terminally branched monomethyl-, in-
ternally branched monomethyl-, dimethyl- (with either
terminal or internal branching of the first methyl
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group) and trimethyl alkanes. The alkanes are about
99% of the total hydrocarbons, while the alkene content
is less than 1%. Compounds with odd chains dominate
(approx. 75% of the total). The excrement and the
willow leaves have much simpler HC pattern: n-alka-
nes, terminally branched alkanes and alkenes.

The surface HC of C. vigintipunctata (Scopoli) are
characterised by the presence of longer chain compo-
nents with higher level of branching when compared to
the internal HC. Branched-chain compounds with
chain-lengths from C,, to C,; were detected in the
surface HC (Table 2).

Several dimethyl- and trimethyl-branched HC with
unusual large distance between the branching points
have been detected. We believe that these were unam-
biguously identified by their resolution in capillary gas

100

chromatography and the specific fragmentation in the
electron-impact mass-spectrometry (Figs. 3 and 4).
Thus, for example, in the mass-spectra of 5,23-
dimethyltritriacontane the abundance and intensity of
M™* at m/z 492, M-CH; at m/z 377 and the pairs of
ions at m/z 351/350 and 168, and m/z 435/234 and 84
reveal a dimethylalkane of 35 carbon atoms and
branching at carbon 5 and carbon 23.

We assume that the HC composition of C. vigin-
tipunctata (Scopoli) reveals that the ‘normal’ elonga-
tion/decarboxylation pathway prevails in the synthesis
of surface and internal HC. In accordance with this
pathway, dominating are odd-chain HC, with branch-
ing at odd numbered carbon atoms and with three
methylene groups separating the branch points in the
dimethyl- and trimethyl-branched compounds [13]. On
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the other hand, the relatively high amount (23.4%
of the total) of even-chain normal and branched hy-
drocarbons, as well as the existence of di- and
trimethyl branched compounds with more than
three methylene groups between the branch points in-
dicates that a modified pathway might be also in use
[13,14].

It is obvious from the results that the HC composi-
tion of the insect is not effected by the diet, at least
for the duration of the feeding and starving stages
chosen in the present work. The hydrocarbon compo-
sition of both fed and starved insects is very close
and the small quantitative differences cannot be con-
sidered to be of any significance. The incorporation
of dietary hydrocarbons has been assumed in some
studies [4] but the assumption is contradictory to the
accepted mechanism of hydrocarbon synthesis in in-
sects via an elongation/decarboxylation pathway [13].
No effect of the diet has been observed in the study
of cuticular HC in the insects of Diabrotica
(Coleoptera: Chrysomelidae) sibling species [6].

Another confirmation that the diet does not effect
the HC composition of the insects is the general simi-
larity between the HC pattern and composition be-
tween the excrement of the fed insects and those of
the willow leaves. To the best of the authors’ knowl-
edge lipids and HC in insect excrement have not been
examined so far. It has been assumed that due to
regulatory mechanisms in the insect organism unde-
sired compounds or excess of compounds should be
discarded with the excrement. Evidently, that exactly
happens with the n-alkanes and with some of the
terminally branched alkanes. These compounds are
the main components in both the leaves and the ex-
crement and this eventually indicates that dietary HC
of these types are predominately eliminated with the
excrement. Unexplained at this stage is the remark-
able quantitative difference between the alkene con-
tent in the willow leaves and in the rest of the
samples. Equivalent amounts of alkenes are not
found either in the insects or in the excrement, while
the composition is the same in all samples. A possible
explanation is that alkenes are degraded by intestinal
bacteria of insects or by the insects own metabolism.
Also, it was not possible to compare the HC compo-
sition of the willow leaves from the region with re-
ported data. It has been shown that the HC
composition of Salix sp. leaves is strongly effected
not only by the species but also by the geographical
region and climate changes [24].

The presence of methyl-branched alkanes with un-
usual number of separating methylene groups might
be of interest for the chemotaxonomic characterisa-
tion of C. vigintipunctata (Scopoli).
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