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The difference in the transverse tubular staining by anti- 
dystrophin antibodies in cardiac and skeletal muscle 
might be caused by a variation in antibody accessibility 
as a result of  protein-protein interactions or a difference 
in dystrophin concentration. It has recently been report- 
ed that chimaeric myocytes with either cardiac or skeletal 
muscle calcium channel alpha-1 subunits are available 16 
It would be interesting to study the interactions of  dys- 
trophin with the two subunit proteins in order to further 
our understanding of  the paucity of  cardiac pathology in 
DMD.  
The significance of  the absent intercalated disc staining 
remains unclear. 
To conclude, our study demonstrates the presence of  
dystrophin in cardiac myocyte sarcolemma and trans- 
verse tubules, but not the intercalated discs, and the 
resistance of  this dystrophin localization to ischaemic 
injury. 
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Abstract. Effects of  the essential oils (EOs) extracted from eleven aromatic plants belonging to the Lamiaceae family 
(common in the Greek flora) were examined upon three different developmental stages of  Drosophila auraria. All of  
the EOs examined exhibited insecticidal effects, either by preventing egg hatching, or by causing the death of  larvae 
and adult flies. In several cases, malformation and/or prohibition of  puparium formation was also observed. 
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During the last decade, a growing body of  evidence con- 
cerning the biological activity o f  plant-derived com- 
pounds has emerged 1, 2. A m o n g  these compounds,  es- 
sential oils (EOs) possess biological activity against 
prokaryotic and eukaryotic organisms (e.g., antibacteri- 
al; antifungal, insecticidal)3,4. The necessity of  finding 
safer insecticides l~as led to the exploitation of  the mech- 
anisms of  chemic~al defense that plants naturally pos- 
sess 5. Recently it was shown that juvocymenes, the active 
ingredients of  the EO of  Ocimmum basilicum, a nd  far- 
nesol, a component  of  many EOs, exhibit insecticidal 
activity 5. These compounds  have a limited use on a com- 
mercial scale, but have been used as prototypes for the 
chemical synthesis of  other, commercially available, in- 
secticides 6, 7. 

In the present study, eleven EOs, extracted from Greek 
aromatic plants have been tested for insecticidal activi- 
ties. Drosophila auraria (eggs, larvae and adults) was used 
as a n  insect model system, in a controlled environment. 

Materials and methods 
Plant material and essential oil extraction. Using the Cle- 
venger apparatus (constructed according to the specifica- 
tions o f  the American Spice Trade Association) essential 
oils o f  eleven aromatic plants were extracted (table). The 
distillation yield (ml of  EO per 100 g of  dried plant mate- 
rial) as well as the major constituents of  each EO are 
given in the table. 
Animals. Drosophila auraria, an oriental member of  the 
montium subgroup of  the melanogaster species group l s, 
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List of the aromatic plants used (belonging to the Lamiaceae family), the distillation yield in essential oil (EO), and the major consituents of the EOs. 

Plant species Common name Distillation Major constituents of the EO 
yield in EO 
(ml/lO0 g d.wt) 

1. Satureja thymbra L. 

2. Coridothymus capitatus (L.) Reichenb. ill. 

3. Origanum vulgare ssp. hirtum (Link) leetswart 

4. Origanum dictamnus L. 

5. Origanum majorana L. 

6. Lavandula stoechas L. 

7. Lavandula angustifolia (Miller) 

8. Mentha spicata L. - carvone type 

9. Mentha pulegium L. 

10. Salvia fruticosa (Miller) 

11. Rosmarinus officinalis L. 

Spanish origanum 3.952 

Thyme 3.891 

Greek origanum 2.180 

Dittany of Crete 2.130 

Marjoram 1.018 

Lavender 1.695 

Lavender 2.579 

Mint 0.711 

Pennyroyal mint 2.196 

Sage 3.322 

Rosemary 0.377 

Carvacrol, thymol, y-terpinene, 7z-cymene 8 

Carvacrol, thymol, 7-terpinene, rc-cymene s 

Carvacrol, thymol, 7-terpinene, n-cymene 8 

Carvacrol, linalool, 7-terpinene 9 

Carvacrol, linalool lo 

Feuchone, camphor, pinocarvyl acetate, 
eucalyptol 11 

Linalyl acetate, linalool lz 

Carvone, di-hydro-carvone s 

Pulegone 13 

Cineol, thujone, camphor, ct-pinene, 
fl-pinene 11 

Limonene, cineol, borneol, terpineo114 

was used in this study. D. auraria was selected as an  

exper imenta l  insect mode l  because it is well k n o w n  to 
us16-18:  it has a shor t  life cycle, it can  be easily cul tured,  100 

and  genetic,  b iochemica l  and  physiologica l  pa ramete r s  8o 

are well established.  
Exper imenta l  procedures. The  exper iments  were carr ied  6o 

ou t  on three deve lopmen ta l  stages: (1) freshly laid eggs 4o 

( 1 - 2  h), (2) late third ins tar  la rvae  and (3) 2 - 4 - d a y - o l d  20 

adul t  flies. Eggs and  larvae  were  exposed to each individ-  

ual  E O  in paraf i lm-sea led  petr i  dishes (diam. = 9 cm) 
10o 

wi th  three di f ferent  substra tes :  (1) food :  a yeas t -glucose  

med ium,  (2) paper :  W h a t m a n  3 m m  paper  mois tened  80 

wi th  R inge r  solut ion,  and  (3) paper -yeas t :  the same as 60 

(2), bu t  supp lemented  wi th  3 drops  o f  di luted baker ' s  40 

yeast  (1 : 1 in tap  water)  added  at the center  o f  the dish. 
z0 

Adu l t  flies were  kept  in Drosophila cul t iva t ion  bot t les  

(150 ml) wi th  yeast -glucose  m e d i u m  (food). In  all cases, 

different  a m o u n t s  o f  E O  ( f rom I gl to 20 gl) were  appl ied  mo 

on a small  fil ter pape r  disc (diam. 4 m m )  placed at the 80 
center  o f  the petr i  dish or  o f  the cu l t iva t ion  bott le .  Af t e r  

that ,  dishes and bot t les  were kept  at 21 + 1 ~ for  the 6o 

desired time. Each  exper iment  was repea ted  three times, 40 

and  30 animals  were  screened each time. 20 

Results  and discussion 

The  insect icidal  ac t ion  o f  all the E O s  tested was con-  

f i rmed af ter  a series o f  p re l iminary  exper iments  wi th  

va ry ing  a m o u n t s  o f  EOs.  These  exper iments  showed that  

in a m o u n t s  o f  5 gl o r  more ,  all e leven EOs  caused severe 

lethal  effects (mor ta l i ty  rates up to 100%) ,  using the 

condi t ions  descr ibed above.  W h e n  2.5 gl per  dish or  bot-  

tle was used, the effect on  mor t a l i t y  appea red  to be m o r e  

EO-speci f ic  (fig.). Us ing  this a m o u n t  de t e rmina t ion  o f  

the mos t  effect ive EOs,  as well  as screening o f  the surviv- 

ing animals  for  o ther  effects, was possible.  

% Mortality 

a adults  

abe abe abe abe abe abe abe abe abe abe abe abe 
C 1 2 3 4 5 6 7 8 9 10 11 

Percentage (%) of mortality caused by essential oils (EOs) extracted from 
eleven Greek aromatic plants (see table) on three discrete developmental 
stages of Drosophila: adult flies, eggs and late third instar larvae. 
a l l  Mortality of adult flies after 24 h of exposure to the EOs only in the 
FOOD substrate, b Inhibition of egg hatching (Ill) and deaths of newly 
emerged larvae ( ) after 48 h of exposure of eggs to the EOs. e Mortal- 
ity of larvae after the first 24 (JI) and the second 24 h ) of exposure 
of larvae to the EOs. At the bottom: a, b and c, the three different 
substrates used; food, paper and paper-yeast, respectively; C, control; 
numbers from 1 to 11, indicate the EOs extracted from the aromatic 
plants listed in the table (for further explanations see text). Asterisks 
indicate the statistically significant results after comparing each EO-treat- 
ed population with the respective control population (Z ~ test of homo- 
geneity). 
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The figure (a, b and c) shows the percentage of mortality 
after exposure to 2.5 gl of the EOs of adult flies, eggs and 
larvae, respectively. Lethality on eggs is measured in two 
ways, as: (1) inhibition of hatching, and (2) death of 
newly emerged larvae (the term mortality defines the sum 
of I and 2). As can be seen in the figure (b), the percent- 
age of mortality differs between the three different envi- 
ronments used; embryos are mostly affected in the paper 
dish, while the effect is much lower in the food dish. 
Newly emerged larvae did not survive in the paper dishes 
with any of the tested EOs, while in the food dishes, once 
the eggs were hatched almost all larvae survived. 
There are at least two reasons for the stress being more 
severe in the paper dishes: first, newly-emerged larvae are 
deprived of food during a crucial developmental stage, 
and second, in the food dishes larvae have the advantage 
of being able to hide in the feeding medium, and so their 
exposure to the toxic environment created by the volatile 
oil may be limited. Thus, the results obtained from the 
paper-yeast dishes may be more representative of the 
effectiveness of each of the EOs, since the paper-yeast 
dishes can be considered as an intermediate situation. 
Among the EOs tested Mentha pulegium and Mentha 
spicata were the most effective in preventing egg hatching 
(fig., see also table). 
Lethal effects on late third instar larvae are shown in the 
figure (c). Mortality was measured at 24 and at 48 h. The 
comments made for eggs concerning the difference in 
mortality between the three environments used also ap- 
ply here, although third instar larvae seem to survive 
better after the 48-h exposure than newly-emerged larvae 
(fig. b, c). The results obtained show that mortality did 
not increase significantly after a 24-h exposure to most of 
the EOs (with the exception of Satureja thymbra and 
Coridothymus capitatus, but only in the paper dishes). 
After 48 h exposure, mortality in the paper and, in some 
cases, in the paper-yeast dishes increased dramatically, 
but larvae still survived in the food dishes (with the only 
exception of Satureja thymbra). The most effective EOs 
at this developmental stage appear to be Satureja thym- 
bra, Coridothymus capitatus and Origanum vulgare ssp. 
hirturn; all three EOs share the same major constituents 
(table). Also very effective were Mentha pulegium, Men- 
tha spicata and Salvia fruticosa. After 48 h exposure, 
almost all the surviving larvae became pupae. 
When the surviving and dead larvae and pupae were 
examined, several kinds of malformations were ob- 
served; these included (a) blackened long narrow larvae, 
(b) black spots in the larval body and the puparium, 
(c) blackened posterior and/or anterior ends, (d) pupae 
with posterior ends of larval morphology, and (e) black- 
ened salivary glands and/or gut. All the above indicate 
strong toxic effects of the EOs and probably some inter- 
ference of the EOs with the developmental processes (e.g. 
pupae with posterior ends showing larval morphology) 
and are compatible with previous observations 19'2~ 
However, one should not forget that the EOs are a mix- 

ture of different compounds, and therefore more than 
one mechanism of action may exist. Some of the recently 
proposed hypotheses concerning mechanisms of action 
of EOs include denaturation/degradation of proteins, in- 
hibition of enzyme action, and interference with the elec- 
tron flow in the respiratory chain, or with ADP phospho- 
rylation 21- 23. None of these hypotheses can yet provide 
a complete explanation for the action of the EOs. 
The figure (a) presents the results obtained after a 24-h 
exposure of adult flies to the EOs. Equal numbers of flies 
of both sexes were treated. No differences in mortality 
between male and female flies were observed. The most 
striking result in this series of experiments is the great 
difference between mortality caused by the EO of Men- 
tha pulegium and that caused by all other EOs. This 
difference is made even more impressive by the fact that 
mortality reached 100% within 30 min of exposure to 
Mentha pulegium, whereas flies exposed to the other EOs 
began to die only after several hours of exposure. The 
group of the three EOs with the same major constituents, 
Satureja thymbra, Coridothymus capitatus and Origanum 
vulgare, ssp. hirtum also appear very effective in treating 
adult flies. 
The data presented in this report strongly indicate that 
eleven essential oils isolated from Greek aromatic plants 
belonging to the Lamiaceae family exhibit insecticidal 
activity. Of these EOs, Mentha pulegium and Mentha 
spicata proved to be most effective on eggs, Satureja 
thymbra, Coridothymus capitatus and Origanum vulgare, 
ssp. hirtum on larvae, and Mentha pulegium on adults. 
Whether the major constituents of these oils (see table) or 
their synergistic effects are the causal insecticidal factors 
is not yet clear. Work is in progress in our laboratory to 
screen more essential oils for incecticidal effects, to study 
the differential action of the EOs on different economi- 
cally important insects, and to investigate the mechanism 
of action of the EOs on insect development. 

Acknowledgments. We would like to thank Dr S. Kokkini for her help 
during the initial phase of this work and Drs M. Arsenakis and 
J. Karakoussis for their fruitful discussions. 

* To whom all correspondence should be addressed. 

1 Balandrin, M. F., Klocke, J. A., Wurtele, E. S., and Bollinger, W. H., 
Science 228 (1985) 1154. 

2 Nahrstedt, A., Planta Med. 55 (1988) 333. 
3 Janssen, A. M., Schleffe, 3". J. C., and Baerheim Svendsen, A., Pharm. 

Weekblab Scientific Edition 9 (1988) 193. 
4 Janssen, A. M., Schleffe, J. J. C., and Baerheim Svendsen, A., Planta 

Med. 53 (1987) 395. 
5 Balandrin, M. E, and Klocke, J. A., in: Biotechnology in Agriculture 

and Forestry, vol. 4, pp. 3-6. Ed. V.P.S Bajaj. Springer-Verlag, 
Berlin/Heidelberg 1988. 

6 Staal, G. B., A. Rev. Ent. 2 (1975) 417. 
7 Djerassi, C., Shih-Coleman, C., and Diekman, J., Science 186 (1974) 

596. 
8 Kokkini, S., and Vokou, D., Flav. Fragr. 4 (1989) 1. 
9 Katsiotis, S., and Iconomou, G. N., Sci. Pharm. 54 (1986) 49. 

10 Sarer, E., in: Essential Oils and Aromatic Plants, pp. 209-212. Eds 
Baerheim Svendsen and J. J. C. Schaeffer. M. Nijhoff and W. Junk, 
Dordrecht/Boston/Lancaster 1985. 

11 Kokkalou, E., Planta Med. 84 (1988) 58. 
12 Tucker, A. O., Maciarello, M. J., and Howell, J. T., Perfumer Flay. 9 

(1984) 49. 



Research Articles Experientia 

13 Lawrence, B. M., in: A Study of Monoterpene Interrelationships in 
the Genus Mentha with a Special Reference to the Origin of Pulegone 
and Menthofuran. Print Three Inc., Hamilton, Canada 1988. 

14 Vokou, D., Volatile Oils and Their Role in Phryganic Ecosystems, 
Doctorate Thesis, Univ. of Thessaloniki, 1983. 

15 Lemeunier, E, David, J. R., Tsacas, L., and Ashburner, M., in: The 
Genetics and Biology of Drosophila, vol. 3e, pp. 148-156. Eds 
M. Ashburner, H. L. Carson and J. Thompson. Academic Press Ltd. 
London, Orlando 1986. 

16 Scouras, Z. G., and Kastritsis, C. D., Chromosoma 89 (1984) 96. 
17 Mavragani-Tsipidou, P., and Kastritsis, C.D., Chromosoma 94 

(1986) 505. 
18 Mavragani-Tsipidou, P., and Scouras, Z. G., Chromosoma 100 (1991) 

443. 

48 (1992), Birkhfiuser Verlag, CH-4010 Basel/Switzerland 619 

19 Koul, O., Tikku, K., and Saxena, B. P., Cur. Sci. 56 (1987) 1025. 
20 Bhattacharyya, P. R., and Bordoloi, D. N., Ind. Perfumer 30 (1987) 

361. 
21 Jannsen, A. M., Antimicrobial Activities of Essential Oils. Doctoral 

Thesis, Dordrecht 1989. 
22 Reynolds, S. E., Pestic. Sci 20 (1987) 131. 
23 Belai, I., Matolcsy, G., Farnsworth, D. E., and Feyereisen, R., Pestic. 

Sci 24 (1988) 205. 

0014-4754/92/060616-0451.50 + 0.20/0 
�9 Birkh~iuser Verlag Basel, 1992 

Instructions to Authors 

Experientia is a monthly journal for life sciences devoted to 
publishing articles which are interdisciplinary in character and 
which are of general scientific interest. Considered for publica- 
tion will be hitherto unpublished manuscripts that fall within the 
following categories: 

Multi-author Reviews (collections of reviews on one topic as- 
sembled by an appointed Coordinator) 
Reviews 
Mini-reviews 
Research Articles 

Manuscripts reporting only preliminary results will not be ac- 
cepted. Experiments on animals must conform to the Ethical 
principles and guidelines f o r  scientific experiments on animals of 
the Swiss Academy of Medical Sciences. These are printed in the 
January issues of EXPERIENTIA.  Copies can be obtained from 
the editorial office (see address below). 
In order to emphasize the interdisciplinary character of papers 
submitted as Research Articles, authors are requested to explain 
the import and significance of the research described in both the 
Abstract  and the Introduction in clear and simple terms for the 
benefit of readers outside their own field of interest. 

Manuscripts  must be submitted in triplicate, typed double- 
spaced and written in English. 
- A title page should bear the author's name and address, an 

Abstract  (not more than 10 lines), and a listing of not more 
than 7 Key Words. 

- Footnotes must be avoided. 
- Tables and Figures should be submitted on separate pages. 

Explanatory legends (captions) should be listed together on 
separate pages. 

- All data should be expressed in units conforming to the Sys- 
t~me International (SI). 

- Drawings are to be on heavy bond paper and marked dearly 
in black. Computer graphs are acceptable only if of highest 
quality and high contrast. 

- Photographs should be supplied as glossy positive prints. Col- 
or photographs are not usually published. They can be accept- 
ed at the author's expense. 

- References: For Reviews, references should be listed alphabet- 
ically and be numbered. Citation in the text should be by 
number. The references should contain full article titles and 
both first and last pages of the cited article. For Research 
Articles and Mini-reviews, an abbreviated bibliography is 
used: references are listed and numbered in order of appear- 
ance; titles and last pages are omitted. 

Authors are requested to specify into which of the following 
disciplines their paper falls: 

1. Anatomy, Physiology 
2. Biochemistry, Biophysics, Metabolism, Neurobiology, 

Pharmacology 
3. Endocrinology (vertebrate, invertebrate, plant hormones, 

pheromones) 
4. Cellular Biology, Molecular Biology, Immunology and 

Immunochemistry 
5. Genetics, Developmental Biology 
6. Ethology, Ecology, Natural Product Chemistry 

All incoming manuscripts are acknowledged immediately. Au- 
thors will be notified of the editorial board's publishing decision 
once their manuscripts have been evaluated by a minimum of 
two referees. 

Fifty reprints of papers accepted for publication will be sent to 
the authors free of charge; additional reprints may be ordered. 

Manuscripts and all communications to the editors should be 
addressed to: 

Experientia 
Birkh~user Verlag 
P.O. Box 133 
CH-4010 Basel/Switzerland 
Tel. Switzerland-61-271 7400 
Fax Switzerland-61-271 7666 


