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Secretion products from the opisthosomal defense gland of south east Asian whip scorpi-
ons were identified for the first time by gas-chromatography and mass-spectrometry. Speci-
mens of the genera Hypoctonus, Typopeltis and Ginosigma were tested. While some ingredi-
ents are present in large concentrations, others are possibly only side products and may be
synthesized more incidentally. For this reason no important functional role is attributed to
them. There are considerable individual differences concerning the concentrations of various
ingredients. While the secretion products of most species of the genus Typopeltis — similar
to Mastigoproctus — are characterized by acetic and octanoic acid in large concentrations,
the secretion product of Hypoctonus siamensis provides octanoic acid only in a very low
concentration but it is characterized by hexyl acetate.
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Introduction

The variety of secretion products in whip scorpi-
ons reaches from pure acetic and octanoic (ca-
prylic) acid (Eisner et al., 1961) in the American
Mastigoproctus giganteus and in Japanese whip
scorpions (Yogi and Haupt, 1977; Itokawa et al.,
1981, 1985) to the addition of ketones in the Chi-
nese species Typopeltis guangxiensis (Haupt et al.,
1988; Haupt, 2000), alcohols and esters (Haupt
et al., 1993). Here, further ingredients are reported
from additonal genera and species living in south
east Asia. Their importance is discussed in relation
to practical implications for these species. Another
important point is apparently the way of acquisi-
tion of secretion products, which deserves inten-
sive discussion.

Material and Methods

The following species of Uropygi from Thailand
were used for the current study: Hypoctonus sia-
mensis Haupt, 1996 (12 samples from the vicinity
of Chiang Mai), Typopeltis tarnanii Pocock, 1902
(2 samples from the vicinity of Chiang Mai), T.
soidaoensis Haupt, 1996 (4 samples from Chantha-
buri province) and Ginosigma schimkewitschi
(Tarnani, 1894) (17 samples from Sakaerat Envi-

ronmental Experiment Station, Nakhon Ratchasi-
ma).

Secretion products from the opisthosomal
glands were collected during the process of spray-
ing. For this purpose sample vials (cap with sty-
rene/butadiene) with clean cotton and methanol
as solvent were held over the whip. The methanol
contained 0.1 ug/ul tridecane in order to detect the
concentration of ingredients more easily. From
such vials the secretion product could easily be
transferred into the gas chromatograph for further
processing: 4’ at 40 °C, then 10" with rising tem-
perature to 280 °C; injection temperature 240 °C;
1ul probe; column DB5 (0.32mm x 30m). In
some cases a SPME method (without solvent) was
used in order to avoid masking of substances in
lower concentration.

No standards were used, but all substances
could be identified by comparison with literature
data (NIST and own library). The determination
of concentrations is based on quotients to the in-
ternal standard (100 ng).

Results

According to the present results in any case ace-
tic acid is the main component. It occurs in all
Typopeltis species studied. In Hypoctonus sia-
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Table I. Results of the analysis of ingredients after injection of the secretion product with methanol as solvent (in %).

Species/ Hexanol Hexanoic Hexyl Heptanoic Heptyl Octanoic Octyl Hexyl Octadecyl
Ingredients acid acetate acid acetate acid acetate hexanoate  acetate
Hypoctonus 1.6 (+ 0.8) 107 (+51) 562 (+ 11.9) 0.8 (+ 0.8) 1.6 (+ 0.4) 32(£26) 61(+79) 59(£29) 122 (+5.8)
siamensis n=12 n=12 n=12 n=2 n=2 n=3 n=3 n=12 n=12
Typopeltis - 40.8 (£ 11.0) - 22 (£ 0.5) - 542 (£ 105) - - 1.7 (£ 0.8)
soidaoensis n=4 n=4 n=4 n=4
Typopeltis - 0.04 - 1.7 - 927 (+£57) - - 6.05 (£ 7.0)
tarnanii n=1 n=1 n=2 n=2
Ginosigma - - - 0.19 (£ 0.24) - 90.2 (£ 52) - - 8.5 (+ 3.8)
schimkewitschi n=9 n=17 n=17

mensis it makes up 36.7% (SPME, n = 1) and in
Ginosigma schimkewitschi 39.6% (SPME, n = 1).
In Ginosigma schimkewitschi low concentrations
of propionic and valeric acid were detected (0.8%
and 0.03%, respectively), in Hypoctonus siamensis
propionic acid was found (0.3%).

Further ingredients were detected in samples
containing methanol as solvent (Table I): Besides
acetic acid large concentrations of octanoic (ca-
prylic) acid were found in Typopeltis species and in
Ginosigma schimkewitschi. Other substances are
generally present only in rather low concentra-
tions (except for hexanoic acid in Typopeltis soi-
daoensis and hexyl acetate in Hypoctonus sia-
mensis).

Discussion

Thailand is the home of at least three genera
(Hypoctonus, Typopeltis and Ginosigma) and sev-
eral species of whip scorpions (Haupt, 1996),
therefore it proves to be ideal for further studies
on this group.

In general, the secretion products were collected
from the spray (Eisner et al, 1961; Yogi and
Haupt, 1977; Itokawa et al., 1981, 1985; Haupt
etal., 1988, 1993). Schmidt et al. (2000) practiced
another method: they shockfreezed the specimens,
took off the opisthosomal gland and extruded the
frozen secretion product directly from the frozen
gland. Their object was again the American spe-
cies Mastigoproctus giganteus.

If we compare the results of Schmidt et al
(2000) with those reported by Eisner et al. (1961),
it is obvious that now many more ingredients were
found. Such result may easily be attributed to the
advance of analytical techniques during a period

of almost forty years. Nevertheless, we also might

have in mind some other aspects:

1) The opisthosomal gland is rather long, it may
reach the anterior end of the opithosoma while
its secretory ducts end in the metasoma.
Schmidt eral. (2000) did not indicate from
which region of the gland the samples were
taken.

2) The secretion product inside the opisthosomal
gland may be still in statu nascendi and quite
different from the final spray.

3) The concentrations of the newly reported pro-
ducts are remarkably low. Therefore, the ques-
tion remains, whether they practically play any
role, at all. In general, an experienced chemist
might even neglect such low concentrations or
consider them either as unimportant artifacts
and contaminations or as an reaction resulting
from usually occurring products. Esters and ke-
tones may easily result as reaction products
from acids and alcohols. At present, there are
no data available on the base of the same ana-
lytical procedure which might allow a compari-
son of the two different collecting methods.
This certainly is a severe shortcoming and it has
added significantly to the fact, that we used the
traditional collecting method which allows
comparison with data from literature more
easily.

It is rather clear that the secrection product
serves to repel potential enemies (Eisner et al.,
1961) and that acetic acid plays a major role in it.
Therefore, this ingredient was found in any case.
This fact suggests that substances of lower concen-
trations may be more or less accidental and do not
play any important role for the whip scorpion. This
may be supported by the fact that these substances



J. Haupt and F. Miiller - Defense Secretion of Whip Scorpions 581

do not occur regularly but only in a smaller part
of specimens once a larger number of one species
could be tested (Table I). A major support for this
opinion is the fact that concentrations of such ad-
ditional substances vary to a great extent not only
according to the stage of the whip scorpion but
also to the conditions of repeated spraying.

While certain such substances may still have
some repellent function, they may also play an en-
tirely different role in other connections: Hexanol
is known as an repellent of ants and cause health
problems after inhalation, ingestion or skin ab-
sorption, but it is also added to perfumes to have
better nuances. Hexyl acetate, its ester with acetic
acid, is much more widespread in nature. Together
with heptyl acetate it occurs in ripening bananas
(Pelayo et al., 2003), and hexylacetate and octyl-
acetate are present in strawberries (Aharoni et al.,
2000). Heptanoic acid was found toxic for various
vertebrates (Dawson ez al., 1995). Octadecyl ace-
tate is present in low concentrations in meat
(Bouma and Douwes, 2002). Octanoic acid is a fre-
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quent ingredient of perfumes and medicine appa-
rently for its role in easing the access of other sub-
stances into the tissue. It is quite interesting that
this substance is apparently absent or only present
in very low concentrations in the species of the
genus Hypoctonus. This fact may allow the conclu-
sion, that this product is less effective when
sprayed at potential enemies.

Thus, the variety and generally low concentra-
tions of such substances in the secretion products
of whip scorpions are certainly a hint of their insig-
nificance and accidentalness, but various sub-
stances in low concentrations may also act as pro-
tection against microorganisms.
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