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The pentane (B) and chloroform-methanolic (C) extract of crushed bodies of the pea aphid 
Acyrthosiphon pisum (HARRIS) was analysed. Homologous series of alkanes (inclusive of trans-
-P-farnesene), higher esters, saturated and unsaturated triglycerides, free aliphatic acids and 
alcohols, 1,3- and 1,2-diglycerides and ethanediol monoesters were detected by means of chro-
matographical and spectrometrical methods. The results were compared with those obtained 
by analysis of the pentane extract (A) of surface lipids from intact bodies. 

T h e pen t ane extract (A) of surface l ipids f r o m in tac t pea aph id Acyrthosiphon pisum 
(HARRIS) was analysed in t he prev ious p a p e r 1 . T h e insect bodies were then crushed 
a n d ext rac ted wi th pen t ane aga in (extract B) and c h l o r o f o r m - m e t h a n o l (extract C). 
Analysis of extracts B a n d C is the object of the present paper . 

E X P E R I M E N T A L 

For the material, extraction, and chromatography of extracts on a column of silica gel see the 
previous paper1. The first column chromatography was efficient enough to separate the free 
acids and alcohols. Compounds of Table I are arranged accordding to the decreasing Rva lues 
on thin-layer chromatography on silica gel in hexane-ether as eluent. Esterification of free acids, 
transesterification of higher esters and glycerides, silylation of free alcohols, gas chromatography, 
infrared spectroscopy and mass spectrometry were performed as described previously1. 

R E S U L T S A N D D I S C U S S I O N 

Analysis of extracts B and C is shown in Tab le I a long with the earl ier analytical 
da t a of extract A. T h e substant ia l po r t ion of h y d r o c a r b o n s in all the three extracts 
is f o rmed o n principle by t w o h o m o l o g o u s series (I and II) of s t raight a n d branched 
a lkanes of the C 1 6 - C 3 8 range. Thus , the con ten t of b ranched h y d r o c a r b o n s is 
a lmost 20% in extract A, 62-5% in extract B, and 71-7% in extract C (Table II). 
T h e h y d r o c a r b o n mixtures a re r a the r complex as inferred f r o m c h r o m a t o g r a m s 
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TABLE I 

Group Composition of Extracts A, B, and C 

Spot 
No 

PNMNNN NH^ 
A (684-0 mg) B (1 912-0 mg) C (3 329-0 mg) 

Spot 
No 

v^uinpuuiivi 
yield 
mg 

% E " yield 
mg 

% E yield 
mg 

% E 

1 alkanes 27-3 4-2 15-0 0-80 47-6 2.8 
2 — + c + + + — 

3 /rafls-P-farnesene + + 0-8 0-04 1 -O 0 0 6 
4 — + + + + + + 
5 — + + + + + + 
6 — — — + + 
7 esters 17-1 2-7 7-2 0-39 22-0 1-3 
8 methyl esters — — — 32-6 1-9 
9 aldehydes 55-5 8-6 1-0 0-05 + 

10 — 1-4 0-22 2-3 0-12 — — 

11 — — 4-3 0-23 — — 

12 — — 6-8 0-36 2-1 0-12 
13 satl.irated triglycerides 91-8 14-2 1 265-9 67-7 876-9 51-7 
14 unsaturated triglycerides 83-3 12-9 131-0 7-0 85-0 5-0 
15 — 1-0 0 1 5 — — 6-0 0-35 
16 — 1-0 0 1 5 — — — — 

17 fatty acids 270-0 41-8 400-7 21-4 524-0 30-9 
18 — 23-1 3-6 — — — — 

19 alcohols 60-5 9-4 + + 16-0 0-94 
20 — — — — — 22-4 1-3 
21 diglycerides — — 35-0 1-9 22-0 1-3 
22 ethanediol monoesters — — — — 26-4 1-6 
23 a-hydroxy acids 13-3 2-1 — — 13-4 0-79 

not eluted 38-7 4 2 0 1 631-6 

" So far as identified; b % in the column effluent; c the symbol + designates traces. 

TABLE I I 

Composition (%) of Alkanes from Extracts A, B and C 

Alkanes A B C 

Normal 80-3 37-5 28-3 

Branched series I 9-3 25-6 30-7 
series II 8-9 36-9 41-0 
series III 1-2 — 

series IV 0-3 - - — 
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obtained on packed columns. By means of gas chromatography-mass spectrometry 
(GLC-MS), the sesquiterpene trans-fi-farnesene was identified in all the three extracts 
A, B, and C. From extracts B and C, only about 1 mg of this substance was isolated 
in pure state. However, as suggested by thin-layer chromatography of original 
extracts, its actual amount in insect bodies should be approximately ten times 
higher. trans-\3-Farnesene, excreted f rom cornicles of pea aphids and acting as 
alarm pheromon, has also been detected in other aphid species 2 - 6 . This sesqui-
terpene has also been identified by mass spectra; a gaseous sample obtained by the 
head space method7 f rom crushed aphid bodies was injected by means of a modified 
syringe8 into a combined G L C - M S apparatus. 

The content of particular ester homologues in extracts B and C is almost the same. 
When compared with extract A, the maxima of C 4 4 and C 4 6 homologues are not 
as significant in extracts B and C. Transesterification of esters of extracts B and C 
afforded results similar to those obtained in the case of extract A (ref.1). In addition 
to a group of higher esters, some methyl esters (the esterified C 1 8 : 2 , C 1 8 : 1 , C 1 6 : 1 , 
and C 1 4 : 0 acids predominated) were isolated and identified (IR: 1744, 1200, and 
1173 c m " 1 (—COOR), 1438 c m - 1 (—COOCH 3 ) , and 3.085, 3015, and 1 6 5 4 c m " 1 

( ^ C = C Q ) in extract C. To our opinion, these methyl esters are artefacts produced 
from about 1 % of the free acids by the action of the chloroform-methanol extracting 
agent. 

N o aldehydes were found in extracts B and C in contrast to the surprisingly high 
content of aldehydes (8-6%) in extract A. The aldehydes are thus contained in surface 
lipids of the pea aphid only, similar to free alcohols. The occurence of aliphatic 
aldehydes in insect lipids is rare9 . 

The ratio of saturated triglyceride homologues in extracts B and C and their 
chemical composition is almost identical with that observed in extract A. On the 
other hand, the amount of these glycerides is many times higher in extracts B and C. 
The principal component of all the three extracts A, B, and C (its content is the highest 
in extract A) is represented by a triglyceride containing myristic acid at positions 1 
and 3 and sorbic acid at position 2. Mass spectra obtained by measurements of extract 
C by the direct inlet at various temperatures (170-270°C) were used to determine 
molecular weights of all important components of this mixture and to detect most 
acids contained in triglycerides. The RCO + , (RCO + 74)+ , and (RCO + 128)+ ions 
served for determination of the present acids1 0 '1 1 except for those unsaturated acids, 
all the carbon atoms of which are incorporated in the system of conjugated double 
bonds (such as with the C 6 : 2 , C 8 : 3 , and other acids). The mass spectra of triglycerides 
containing these acids are characterised by unusually intensive peaks of R c C O + ions 
(wherein Rc designates the acid residue containing the system of conjugated double 
bonds) while the corresponding (R c CO + 74)+ or (R cCO + 128)+ ions are almost 
absent as it has been observed earlier1 in the case of the C 1 4 — C 6 : 2 — C 1 4 triglyceride. 
The molecular ions of triglycerides were also detectable in the mixed spectrum 
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by means of the corresponding (M — 18)+" ions. In this manner, the presence of the 
following triglycerides was established: C32:2 (C1 2—C6 : 2—C1 4 , M.w. 578), C 3 4 : 3 

(C1 2—C8 : 3—C1 4 , M.w. 604), C 3 4 : 2 (C1 4—C6 : 2—C1 4 , M.w. 606; the main com-
ponent), C 3 6 : 3 (C1 4—C8 : 3—C1 4 , M.w. 632), C 3 8 : 3 (C14— C1 4 : 3—C1 4 , M.w. 660), 
C 4 0 : 4 (C14— C1 6 : 4— C1 4 , M.w. 686), and C 4 8 : 5 (C1 4—C2 0 : 5—C1 4 , M.w. 796). 
The character of additional substances present of molecular masses 1000 and 1026 
was not determined. Our results concerning composition of saturated as well as 
unsaturated triglycerides are in accordance with those reported in some recent pa-
pe r s 1 2 - 1 5 on the basis of which myristic acid (C14 :0), hexanoic acid (C6:0), and 
sorbic acid (C6:2) may be regarded as the main acid components of aphid triglyce-
rides. 

Similar to extract A, the content of free acids in extracts B and C is surprisingly 
high. The acids C1 8 : 2 , C1 8 : 1 , C 1 8 : 0 , C1 4 : 0 , and C 1 6 : 1 again predominate. In view 
of the ready decomposition of unsaturated acids it may be assumed that a portion 
of acids polymerised during isolation and identification of other substances. The 
original amount of free acids might be probably somewhat higher. 

In contrast to extract A, extract C contained only small amounts of free alcohols 
(cf. the aldehydes). The extent of the homologous series and the ratio of homologues 
is in extracts A and C very similar (Table I). 

Diglycerides were found in extracts B and C only (IR: 1745 and 1167 cm"1 

(—COOR), 3625 and 1050 cm" 1 (—OH), and 3085 and 3015 cm" 1 Q C = C Q . 
In both cases, two isomeric series of homologues were detected by gas chromato-
graphy in the range (overall number of carbon atoms) from C2 1 (C12 and C6 acids) 
to C 3 9 (C30 and C6 acids), the C2 3 homologue (C14 and C6 acids) being predominat-
ing (about 90%). The peaks of the two homologous series were almost overlapping; 
peaks of series II (longer retention times) predominated about ten times over peaks 
of the somewhat more volatile isomers of series I. After transesterification of both 
the diglyceride series, the C6 : 0 acid was present along with a series of even homologous 
acids from C 1 2 : 0 to C3(j :0 (the C 1 4 : 0 acid predominated), as shown by gas chromato-
graphy. The presence of small amounts of the C 1 6 : 1 and C 1 8 : 1 acids may also be 
inferred from these chromatograms. 

Since mass spectra of diglycerides do not make possible an unequivocal determina-
tion of positions of the particular acids16, the diglycerides of extract C were sub-
jected to trimethylsilylation and the resulting mixture was analysed by GC-MS. 
In the record of the total ion current, both the homologous series of trimethylsilylated 
diglycerides were resolved; it was therefore possible to obtain mass spectra of mem-
bers of both the isomeric series (Table III). As shown by Barber and coworkers16, 
the mass spectra of trimethylsilylated 1,3- and 1,2-diglycerides can be readily resolved 
by means of [ - MCH 2OCOR] + and [M - { R = C = 0 + Si(CH3)3}] + ions.The former 
ion type is exclusively present in mass spectra of 1,3-derivatives while the latter is 
significant in spectra of 1,2-derivatives only. Accordingly, the mass spectrum (fairly 
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intensive/ and g ions and very low peaks of h and i ions) of the series I C23 diglyceride 
trimethylsilyl derivative corresponds to the 1,2-isomer. The other three spectra 
of the series II C21 , C23, and C25 homologues (very intensive h and i ions and negli-
gible peaks of / and g ions) point to 1,3-diglyceride derivatives as the predominant 
component of this trimethylsilylated fraction of extract C. 

A small amount of ethanediol monoesters was detected in extract C only (IR: 1 742 
and 1173 cm"1 (—COOR), 3630 cm"1 (—OH), and 3090, 3015, and 1640 cm"1 

( /C=(X) ) . Two homologous series I and II could be detected by gas chromato-
graphy. Series I contains ethanediol monoesters of unsaturated C1 6 : 1 (3-8%) and 
C18 :1 (40-9%) acids while ethanediol monoesters of saturated C12 :0 (0'6%), C14 :0 

(11-3%), C1 6 : 0 (4-7%), C18 :0 (29-8%), and C20 :0 (6'2%) acids are present in series II. 
The same results were also inferred from gas chromatography of methyl esters 
obtained by transesterification pf the ethanediol monoester mixture. A combined 
GC-MS method was used to determine the mass spectra of main components 
of the original fraction. The observed intensive peaks of mje 61, 98, 104, 112, 117, 
and M —61 ions are considered17 as characteristic of ethanediol monoesters. For 
a survey of ethanediol monoesters hitherto isolated from plants, animals, and micro-
organisms see the paper of Bergelson18. 

The constitution of a-hydroxy acids isolated from extract A has been reported 
earlier1. A small amount of substances of the same RF values on a thin layer of silica 
gel was also isolated from extract C but the identification failed because of their 
instability despite the storage in a refrigerator. 

TABLE I I I 

Values of mje and Relative Intensities (in % of base peak) of a—i ions in Mass Spectra of Di-
glyceride Trimethylsilyl Ethers ( C 2 1 , C 2 3 , a n d C 2 5 homologues in the series II and the C 2 3 

homologue in the series I) from Extract C 

Ion Ion structure" 
c 2 1 (II) C-23 (I) C"23 (II) C-25 (II) Ion Ion structure" 

mje % mje % mje % mje % 

a M - 15 429 11 457 12-2 457 17 485 14 
b R ! C O 99 100 99 73 99 100 99 100 
c R x CO 74 173 27 173 61 173 29 173 28 
d R 2 CO 183 40 211 21-6 211 29 239 18 
e R 2 CO + 74 257 15 285 37-3 285 13 313 20 
f g 

h 

M - | R 1 = C = 0 + 
M - ( R 2 = C = 0 -f 
M - CH^OCOR 1 

Si(CH3)3} 
Si(CH3)3} 

273 
189 
315 

5 
45 

301 
189 
343 

10-2 
14-3 

301 
189 
343 

5-6 
53 

329 
189 
371 31 

i M - CH 2 OCOR 2 231 62 231 231 71 231 56 

a R 1 = C s H ^ — ; R 2 = C n H 2 n + 1— (/? = 11, 13, and 15). 
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The following conclusion can be drawn from comparison of extracts A, B, and C. 
The amount of substances obtained by the pentane extraction of crushed pea aphids 
(extract B) is about three times higher than the amount of surface lipids obtained 
by extraction of intact insect bodies with the same solvent (extract A). In addition 
to lipids, some more polar substances (49%) were extracted with the chloroform-me-
thanol solvent mixture (extract C); when subjected to column chromatography, the 
polar substances remained adsorbed to silica gel. The crushed pea aphids con-
taining 80% of water1 cannot thus be exhaustively extracted with pentane alone, 
as shown by quantitative evaluations of extracts B and C; the use of the chloro-
form-methanol solvent mixture was therefore fully justified19. The extracts A, B, and 
C differ in their chemical composition particularly in the case of alkanes, aldehydes, 
free alcohols, diglycerides, ethanediol monoesters, and hydroxy acids. Except for 
alkane fractions, the content of extracts B and C is similar. 

The authors wish to thank Mrs K. Matouskova and Mr P. Formanek for measurements and 
Dr J. Smolikova for interpretation of IR spectra, and Dr J. Holman, Institute of Entomology, 
Czechoslovak Academy of Sciences, Prague, for the gift of the experimental material and continued 
interest. 

REFERENCES 

1. Stransky K., Ubik K., Holman J., Streibl M.: This Journal 38, 770 (1973). 
2. Bowers W. S., Nault L. R., Webb R. E., Dutky S. R.: Science 177, 1121 (1972). 
3. Nault L. R., Edwards L. J., Styer W. E.: Environ. Entomol. 2, 101 (1973). 
4. Edwards L. J., Siddall J. B., Dunham L. L., Uden P., Kislow C. J.: Nature (London) 

241, 126(1973). 
5. Wientjens W. H. J. M., Lakwijk A. C., Van der Marel T.: Experientia 29, 658 (1973). 
6. Nault L. R „ Bowers W. S.: Entomol. Exp. Appl. 17, 455 (1974). 
7. Binder H.: Z. Anal. Chem. 244, 353 (1969). 
8. Ubik K.: Unpublished results. 
9. Gilby A. R., Cox M. E.: J. Insect Physiol. 9, 671 (1963). 

10. Ryhage R., Stenhagen E.: J. Lipid Res. 1, 361 (1960). 
11. Barber M„ Merren T. O., Kelly W.: Tetrahedron Lett. 18, 1063 (1964). 
12. Callow R. K., Greenway A. R., Griffiths D. C.: J. Insect. Physiol. 19, 737 (1973). 
13. Greenway A. R., Griffiths D. C.: J. Insect Physiol. 19, 1649 (1973). 
14. Houk E. J.: J. Insect. Physiol. 20, 471 (1974). 
15. Greenway A. R., Griffiths D. C., Furk C., Prior R. N. B.: J. Insect Physiol. 20, 2423 (1974). 
16. Barber M., Chapman J. R., Wolstenholme W. A.: Int. J. Mass Spectrom. Ion Phys. 1, 98 

(1968). 
17. Baumann W. J., Seufert J., Hayes H. W., Holman R. T.: J. Lipid Res. 10, 703 (1969). 
18. Bergelson L. D.: Fette, Seifen, Anstrichm. 75, 89 (1973). 
19. Schmid P.: Physiol. Chem. Phys. 5, 141 (1973). 

Translated by J. Pliml. 

Col lec t ion Czechos lov . Chem. C o m m u n . [Vol. 41] [1976] 


	19761799_Page_1.pdf
	19761799_Page_2.pdf
	19761799_Page_3.pdf
	19761799_Page_4.pdf
	19761799_Page_5.pdf
	19761799_Page_6.pdf

