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ABSTRACT

Background: In traditional medicine of Central and South America, the tenebrionid beetle Ulomoides
dermestoides is used as an a phrodisiac, for the treatment of inflammatory diseases and cancer. Recently was
reported cytotoxic and genotoxic properties of non-polar extract of U. dermestoides; also anti-inflammatory
and immunomodulatory activity of aqueous whole body extract of beetle was reported, it suggests the exis-
tence of components with potential pharmacology use. On the other hand, it is necessary to identify those
polar and non-polar extracts of U. dermestoides with anti-irritant properties for the membranes and blood
vessels, which will be used in subsequence biological test and clinical assays. Objectives: The purpose of
this research was to identify the chemical composition of methanolic and hexanic extracts of U. dermestoi-
des, and to assess their anti-irritant capacity. Methods: The extracts were obtained from adult beetles of
U. dermestoides. The chemical composition of the extracts was determined by gas chromatography-mass
spectrometry (GC-MS) and the anti-irritant effect of each extract was evaluated by means of a modified
assay of irritation of the chorioallantoic membrane (CAM) of fertilized chicken eggs (HET-CAM); the
results were expressed as irritation index (IR). Results: Six common compounds were identified in both
extracts: limonene, myristic, palmitic, estearic, oleic, and linoleic fatty acids. But in the alone methanolic
extract were found: 1-pentadecanol, alpha-pinene, beta-phellandrene and alpha-terpinene, whereas in the
hexanic extract were found: 2-methyl-p-benzoquinone, 2,4-dihidroxy-1-ethylbenzene, 2,5-dimethyl-
quinone, saturated and unsaturated hydrocarbons and alcohols. The methanolic extract of U. dermestoides
showed potential anti-irritant effect in the HET-CAM test (IR = 3.09 % 0.11), similar to that observed
with Nimesulida (IR = 2.05 = 0.14), a non-steroid anti-inflammatory drug (NSAID) used as positive
control for irritation inhibition reaction. The hexanic extract did not show anti-irritant capacity. Con-
clusions: The results demonstrated the anti-irritant eftect of the methanolic extracts of U. dermestoides
that could be attributed to compounds with anti-inflammatory activity as oleic acid and limonene.

Keywords: Ulomoides dermestoides, beetles, metabolites, biological assay, Chorioallantoic Membrane.
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RESUMEN

Antecedentes: En medicina tradicional de Centro y Sur América, el escarabajo tenebrionido Ulomoides
dermestoides es usado como afrodisiaco, en tratamiento de enfermedades inflamatorias y cincer. Recien-
temente se reporté las propiedades citotéxicas y genotéxicas de un extracto no polar de U. dermestoides;
también la actividad anti-inflamatoria e inmunomoduladora de un extracto acuoso del cuerpo entero del
coledptero, lo cual sugiere la presencia de compuestos con potencial uso farmacoldgico. Adicionalmente,
se requiere identificar extractos polares y no polares del U. dermestoides con propiedades anti-irritantes
para las membranas y vasos sanguineos, los cuales serfan usados en subsiguientes ensayos bioldgicos y en
pruebas clinicas. Objetivos: El propésito de esta investigacién fue determinar la composiciéon quimica
de extractos metandlicos y hexdnicos del cuerpo entero de U. dermestoides, y evaluar su capacidad anti-
irritante. Métodos: Los extractos fueron obtenidos de coledpteros adultos de U. dermestoides. La compo-
sicién quimica de los extractos fue determinada por cromatografia de gases acoplada a espectrometria de
masas (CG-EM) y el efecto anti-irritante fue evaluado mediante ensayo modificado de irritacién de la
membrana corioalantoidea (CAM) de huevos fertilizados de gallina (HET-CAM); los resultados fueron
expresados como indice de irritacién (IR). Resultados: Se identificé 6 compuestos comunes en ambos
extractos: limoneno, los dcidos grasos miristico, palmitico, estedrico, oleico y linoleico. En el extracto
metandlico también se encontrd: 1-pentadecanol, alfa- pineno, beta-felandreno y alfa-terpineno; en el
extracto hexanico: 2-metil-p-benzoquinona, 2,4-dihidroxi-1-etilbenzeno, 2,5-dimetil-quinona, hidro-
carburos saturados e insaturados y alcoholes. El extracto metanélico mostré efecto anti-irritante potencial
en el ensayo HET-CAM (IR = 3,09 = 0,11), similar al observado con el firmaco Nimesulida (IR =
2,05 % 0,14), un anti-inflamatorio no esteroide (AINES) usado como control positivo de la inhibicién
de la irritacién. El extracto hexdnico no mostré capacidad anti-irritante. Conclusiones: Los resultados
demostraron el efecto anti-irritante de los extractos metandlicos de U. dermestoides, lo que podria atribuirse
a compuestos con actividad anti-inflamatoria como el 4cido oleico y el limoneno.

Palabras clave: Ulomoides dermestoides, escarabajos, metabolitos, bioensayo, membrana corioalantéide.

INTRODUCTION cancer (8). Another publication has reported the
anti-inflammatory properties of polar whole body
extract of U. dermestoides using carrageenan-induced
paw edema assay in rats and human peripheral
blood mononuclear cells (9); however, the specific
anti-inflammatory compounds in this extract are

unknown.

Ulomoides dermestoides (Chevrolat, 1893) (synon-
yms: Martianers dermestoides; Palembus dermestoides),
is an Asian tenebrionid beetle commonly known
as the “peanut beetle” because it is a pest to peanuts
and other grains (1). The beetles are eaten alive as an
aphrodisiac in Southeast Asia (2, 3). In Central and
South America it is used in the treatment of various
illnesses such as bronchial asthma, dermatitis, rheu-
matoid arthritis, hemorrhoids, inflammations and
pain in the liver and kidneys, Parkinson disease, dia-

In addition, an in vitro study about crude ex-
tracts of the defense secretion of beetle Palembus
ocularis reported inhibitory activity of the enzyme
5-lipoxygenase, suggesting a possible bronchodila-
tor effect of these beetles, the same study showed

betes mellitus, and different types of cancer (4-7).

Although the use of beetles in folk medicine is
spread, few studies have been published about the
insect compounds responsible for the potential hea-
ling eftects. A recent publication has described the
cytotoxic and genotoxic properties of U. dermestoides
benzoquinone (1, 4-benzoquinones) on human
lung carcinoma epithelial cell line A549; similar
results were reported with the dichloromethane
whole body extract, which could explain the po-
sitive results reported in alternative treatments for

anti-inflammatory effect from a polar extracts of
defense secretion and their major compound, hy-
droquinone, using a modified in vivo test on the
chorioallantoic membrane of the fertilized hen’s
egg (HET-CAM), which suggests that hydroqui-
none in the defense secretion of beetles have anti-
inflammatory properties (10).

HET-CAM test is a current method that allows
determining anti-inflammatory activity and toxic
eftects of complex extracts, and has proven be useful
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in screening natural products (11). Irritation causes
alterations in the vascular system of the CAM that
result in membrane discoloration, hemorrhaging
and increased perfusion. In the HET-CAM test
the anti-inflammatory activity occurred when
irritation of the CAM, induced by an irritant
agent, decreased and the blood vessel net appeared
unchangeable (12, 13).

In this study we have analyzed the chemical
composition of the methanolic and hexanic ex-
tracts of U. dermestoides and have determined their
potential anti-irritant effect using HET-CAM test.

MATERIALS AND METHODS

Extracts

Specimens of Ulomoides dermestoides were
identified in the Entomology Department of the
Natural Sciences Institute (Universidad Nacional,
Bogotd, Colombia, collection code ICN-45905).
The specimens were kept protected from light and
under controlled conditions for temperature (27
+ 2°C) and relative humidity (70-75%) and were
only fed with wheat bran and whole-grain bread.
Extracts were prepared from 2 g of adult beetles
obtained from the culture and frozen at -70°C. To
obtain methanolic extract, the protocol in Unruh
et al., 1998 (14), was followed with modifications.
Briefly, beetles were crushed using traditional fric-
tion fragmentation methods with a mortar under a
current of liquid nitrogen, followed by extraction
with 25 mL of methanolic solution (methanol 10%
v/v, HC1 10mM and ascorbic acid 25 mM). Hexanic
extract was obtained from fragmented beetles us-
ing 25 mL of hexane during 12 hours and under
constant stirring. Both extracts were clarified by
using centrifugal force at 3500 x g for 15 min at
4°C in a Beckman 81783 GS 6R centrifuge, and
filtered through fiberglass membranes. All extracts
were kept sealed and frozen until they were used.

GC-MS

Simultaneous extraction and concentration
were done to the compounds found in the vapor
phase of the methanolic extract by using headspace
solid-phase microextraction (HS-SPME). A 65-um
PDMS/DVB fiber was used, and split injection
was conducted using the mode with a volume of
injection of 1 uL. The hexanic extract (1 uL) was
injected manually. Chromatographic analysis of

both extracts was performed in an Agilent Tech-
nologies 6890 Plus gas chromatograph coupled to
an Agilent Technologies 5973 mass selective detec-
tor operated at a full scan of radio frequencies. AJ &
W Scientific DB - 5MS column (5%- phenyl- poly
(dimethylsiloxane), 60 m x 0,25 mm x 0,25 wm).
The compounds in each sample were identified
using mass spectrometry data from the NIST MS
Search Program, version 2.0.

HET-CAM Test

For this procedure, the chorioallantoic mem-
brane (CAM) of fertilized chicken eggs of the Hi
Line Brown was used. The CAM that surrounds
the developing embryo is highly vascular, and it
is considered insensitive to pain (15). Eggs were
donated by the company ACONDESA, S.A. The
procedures undertaken on the eggs were realized
according to the provisions of Law 84 of 1989 and
resolution 8430 of 1993 of Ministerio de Salud
de Colombia, regarding biomedical research on
animals.

Test preparation

The eggs were placed for eight days at 37.5°C
in an incubator containing an automatic revolving
mechanism. After that, the eggs were removed from
the incubator and the position of the air sacs was
marked with a pencil. Unfertilized eggs or eggs
containing embryos were discarded. The remaining
eggs were weighed, and only those weighing 60 =+
5 g were used in the HET-CAM test.

Samples and solutions

Test samples were the methanolic and hexanic
extracts of U. dermestoides. Because hexane is irri-
tating for the CAM, this solvent was evaporated of
the hexanic extract usinga HEIDOLPH 4000-G1
rotary evaporator, and the liquid residue was applied
on the CAM; the methanolic extract was used di-
rectly in the anti-irritant test. An aqueous solution
of sodium dodecyl sulphate (SDS 0.5% w/v) was
used as irritating agent. The negative control of the
inhibition of irritation reaction was a saline isotonic
solution (NaCl 0.9% w/v); the positive control for
irritation inhibition reaction was a non-steroid
anti-inflammatory drug, Nimesulida (AINEX®)
at a concentration of 1 mg/mL. The anti-irritant
property of the methanolic solution was also evalu-
ated (solvent control). All of the solutions used in
the HET-CAM test were daily prepared.
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Standard irritation reaction

The procedure described by Luepcke, 1985 (16),
was used, with modifications. Eggs were placed
in a Nuaire AireGard 201/301 horizontal laminar
tlow cabinet. Egg shells were cut around the air
sacs with a 3200 rpm circular saw with maximum
blade capacity of 1/8". Cut sections were removed
with a forceps and dissecting tongs. The exposed
CAM was humidified with 300 uL of isotonic NaCl
solution and placed in an incubator for two hours,
after which 200 uL of SDS 0.5% was placed on the
CAM. Three irritation reactions (hemorrhage, ly-
sis, and coagulation) were monitored and registered
with a Sony DCR-DVD 610 video camera placed
at 35 cm above the CAM. Time was recorded in
seconds, from the addition of SDS (time = 0) until
the appearance of the three irritation reactions.

Determination of the anti-irritant capacity

CAM of eggs was exposed as described above
and pre-treated with 300 uL of testing samples or
control solutions. To prevent contamination of the
CAM surface, egg-shell openings were covered
with paraffin film. Eggs were placed in the incu-
bator for two hours to facilitate absorption by the

membranes, and the CAM was then treated with e

200 uL of SDS 0.5%. Time (in seconds) was moni-
tored until appearance of the irritation reactions.
The irritation index (IR) was calculated using the
Equation 1.

IR= 300 x (IR) = 5 x (301-T,,) +

7x (301- T,) + 9x (301-T,.). Equation 1

T,,, T, and T are, respectively, the time in
seconds from the application of the irritant to the
appearance of signs of hemorrhage (H), lysis (L),
and coagulation (C) during a period of observa-
tion of 300 seconds. Because of the nature of the
formula, IR can take values between 0 and 21. To
determine the irritation potential of the substances,
a classification analogous to the Draizé test was
used: not irritating (IR= 0.0 — 0.9), slightly irri-
tating (IR= 1.0- 4.9), moderately irritating (IR=
5.0 — 8.9), and severely irritating (IR = 9.0 — 21).
The anti-irritating capacity H', L, and C” of the
tested substances was expressed as the relationship
between the starting times of irritation reactions

D. L. Mendoza M. et al.

in the CAM pre-treated with testing samples and
negative control, using the Equations 2, 3 and 4 (12).
H'=T,/T

HLSDS, Equation 2

L=T/T g Equation 3

C'=TJ T gps. Equation 4

Statistical analysis

The HET- CAM test was triplicated for each test
sample and controls, the data are expressed as mean
+ SD. Two group comparisons were performed
using Student’s t test and statistical significance was
accepted at the 95% confidence level (p < 0.025).
All statistical evaluations were performed using
IBM SPSS Statistics 19 for Windows (SPSS Inc.,
an IBM Company, Chicago, IL, USA).

RESULTS

Figure 1 presents the chromatographic profile
of the whole body methanolic extract of Ulomoides
dermestoides.
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Figure 1. Chromatogram of the volatile fraction of the
methanolic extract of U. dermestoides.

The molecules with the highest relative quan-
tity were pentadecanol (28.85%), methyl palmitate
(27.55%), limonene (17.15%), and methyl oleate
(11.45%) which can be seen in Table 1.
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Table 1. Retention time (RT) and relative quantities
of compounds identified in the volatile fraction of the
methanolic extract of Ulomoides dermestoides.

Peak RT Identity Relative
number | (min) Quantity (%)

1 16.31 Alpha-pinene 1.95

2 19.23 | Alpha-terpinene 0.50

3 20.63 | Beta-phellandrene 2.10

4 20.53 Limonene 17.15
5 44.55 | Methyl myristate 2.50

6 49.15 | Methyl palmitate 27.55

7 52.55 | Methyl linoleate 7.15

8 52.67 Methyl oleate 11.45

9 53.15 | Methyl Stearate 0.80
10 37.95 Pentadecanol 28.85

The chromatographic profile of the hexanic
extract is shown in Figure 2.
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Figure 2. Chromatograph of the hexanic extract of
U.dermestoides.

The compounds that were identified by GC-MS
are shows in the Table 2. The compounds with
the highest relative quantity were 1-pentadecene
(32.88%), linoleic acid (24.13%), and 2-ethyl-p-ben-
zoquinone (9.93%). Other compounds were 2,5-di-
methylquinone, 2,4-Dihydroxy-1-ethylbenzene,
limonene, aliphatic hydrocarbons, saturated and
unsaturated fatty acids, and long-chain alcohols.

Table 2. Retention time (RT) and relative quantities of
compounds identified in the hexanic extract of Ulomoides
dermestoides.

Peak R'.T Identity Rela.tive
number | (min) Quantity (%)
1 7.531 Limonene 4.60
2 9.076 2-Ethyl-p-benzoquinone 9.93
3 11.558 1-Tridecene 1.43
4 13.719 | 2,4-Dihydroxy-1-ethylbenzene 2.04
5 14.273 1-Pentadecene 32.88
6 16.880 2,5- Dimethylquinone 1.24
7 17.119 Myristic acid 091
8 19.549 Palmtic acid 1.61
9 19.803 Stearic acid 0.75
10 21.347 Linoleic acid 24.13
11 21.518 Oleic acid 1.40
12 22.373 Hexacosane 0.51
13 23.995 Heptacosane 2.46
14 24.146 5-Nonadecen-1-ol 2.05
15 24.389 9-Eicosen-1-ol 6.73
16 25.493 Octacosane 3.88
17 26.877 Nonacosane 213
18 28.167 Tetratriacontane 0.56
19 30.370 17- Pentatriacontene 0.73

The changes of standard irritation reaction that
occur in the CAM are shown in Figure 3. Hemor-
rhage reaction was observed in the aggrandizement
of the major blood vessels and the appearance of small
vascular complexes with multiple branches; lysis reac-
tion was evidenced in the rupture of blood vessels and
extravasations; clotting reaction was determined by
the darkening and hardening of the CAM.

The inhibition of irritant reactions in the group
pre-treat with positive control, methanolic extract
of U. dermestoides and hexanic extract of U. dermestoi-
des are shown in Figure 4.

The mean times for the beginning of the irri-
tation reactions in CAM for each one of the tested
samples and controls, as well as the mean values of
the irritation index and anti-irritant capacity are
shows in the Table 3.
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Figure 3. Irritation reactions of the CAM. This figures show the CAM before addition of SDS 0.5% and the
non-desired effects after addition of SDS 0.5% (hemorrhage, lysis and coagulation). a) CAM without SDS; b)
Hemorrhage and Lysis; ¢) Coagulation.

Figure 4. Inhibition of irritation reaction of the CAM pre-treated with positive control (Nimesulida) and test samples
(ME= Methanolic extract of U. dermestoides; HE= Hexanic extract of U. dermestoides). This figures show the blood
vessels after addition of SDS 0.5%. a) Positive control; b) CAM pre-treated with ME; c) CAM pre-treated with HE.

Table 3. Results of the HET-CAM test with different tested substances. IR = irritation index; SD = standard
deviation of the three measurements; T\, T} and T, are, respectively, the mean time for the beginning of
the hemorrhage, lysis, and coagulation reactions; H”, L, and C~ are, respectively, the mean anti-irritant capacity
for the hemorrhage, lysis, and coagulation reactions.

Mean * SD
Treatment
IR T, H' T, L T, C'
Methanolic extract of U. dermestoides 3.09 £0.11 [195 =3.06| 12.6 = 1.76 | 266 = 4.73 | 5.92 = 0.15 | 284 = 2.0 | 5.11 = 0.15
Hexanic extract of U. dermestoides 204 +0.02 ] 2706 | 01703 [ 8712 [ 01903 | 1310 | 023 0.1
Negative control (NaCl 0,9%) 18.09 = 0.08 [ 157 2.1 | 1.00 £ 0.0 | 45=1.0 | 1.00 =0.0 [ 56 =2.08 | 1.00 = 0.0
Solvent control 13.6 2012 | 4531 (294 £056| 115 =35 | 255+ 0.11 | 135 = 3.06 [ 2.42 = 0.10
Positive control (Nimesulida) 2.06+0.14 | 205 3.0 [ 1324 £ 1.8 285 3.1 | 634 £0.2 | 298 = 3.46 | 5.36 = 0.19

DISCUSSION and blocking chemoreceptor substances that are
stored in cuticular inclusions or abdominal glands,
which are expelled when beetles are stressed. De-
fensive secretion of beetles has been postulated as
a source of pharmacologically active compounds in
treatment of respiratory diseases (8, 10, 21). Other
compounds identified in the present study were

saturated and unsaturated fatty acids and hydro-

The compounds 1- pentadecene, 2-ethyl-p-
benzoquinone, limonene, and 1-tridecene identi-
fied in the extracts of U. dermestoides have been
previously reported in studies to determine the
chemical characteristics of the defensive secretions
and sex-specific pheromones of U. dermestoides (17,

18). The monoterpene hydrocarbons alpha-pinene,
alpha-terpinene, phellandrene, and dimethylqui-
nones have been reported in the defensive secretions
of some Australian tenebrionid beetles (19, 20).
Insect defensive secretion is a mixture of repellent

carbons with chains of 16-35 carbon atoms, some
of these compounds have been found in the cuticle
of beetles U. dermestoides and Blaps femoralis (17,
22) and they have been associated with important
roles in the biology of beetles, such as sexual com-
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munication, preventing desiccation and protecting
against pathogens.

In the HET-CAM test, pre-treatment of the
CAM with methanolic extracts of U. dermestoides
decreased the vascular hemorrhaging and mem-
brane coagulation produced for the irritating agent
(SDS 0.5%) (Mean of IR= 3.09 % 0.11). There was
a significant statistical difference in the irritation
index between the group pre-treated with methano-
lic extract of U. dermestoides and negative control
group, including the solvent control (p= 0.00).
In addition, not significant statistical differences
were seen in the hemorrhage reaction (p= 0.041),
coagulation reaction (p= 0.028) and lyses reaction
(p= 0.05) of the CAM between methanolic extract
group and positive control group. Hexanic extract
of U. dermestoides did not show any anti-irritant
effect in the CAM test (Mean of IR= 20.6=* 0.14).
No statistical differences were observed in the index
reaction between the hexanic extract group and
negative control group (p = 0.00).

The potential anti-irritant capacity of metha-
nolic extract of U. dermestoides can be attributed to
the components with anti-inflammatory activity.
Omega-9 monounsaturated fatty acid (MUFA) and
omega-6 polyunsaturated fatty acid (PUFA) may
contribute to the anti-irritant capacity of methanolic
extracts. A systematic review of electronic databases
and bibliographies of selected articles showed that
diets rich in oleic acid (omega-9 MUFA) have
beneficial effects on inflammation-related diseases
(23). Bartoli et al., 2000 (24), reported that oleic
acid can influence the metabolism of araquidonic
acid (omega-6 PUFA), decreasing the production
of pro-inflammatory eicosanoids. Moreover, the
anti-inflammatory effect of linoleic acid (omega-6
PUFA) is not clear, several studies have expressed
that a high intake of dietary linoleic acid contrib-
utes to excess of chronic inflammation. Linoleic
acid can be metabolized to araquidonic acid, the
substrate for the biosynthesis of a wide array of pro-
inflammatory, vasoconstrictive, and/or proaggrega-
tory eicosanoids; but the araquidonic acid is also the
substrate for the production of anti-inflammatory
and/or anti-aggregatory eicosanoids, such as pros-
tacyclin, lipoxin A4 and epoxyeicosatrienoic acids
(25). In the present study, the methanolic extract of
U. dermestoides showed a higher quantity of oleic acid
(11.45%) and lower quantity of linoleic acid (7.15%)
compared with hexanic extract (1.4% and 24.13%,
respectively). None anti-inflammatory or anti-

irritant activity has been reported for pentadecanol
and methyl palmitate.

In addition, the methanolic extract has high
quantity of monoterpenes (21.7%) with anti-inflam-
matory properties as limonene, alpha-terpinene and
alpha-pinene (26). Recent findings suggest that D-
limonene could be used as a potential anti-inflam-
matory agent for the treatment of bronchial asthma
by suppressing pro-inflammatory cytokines, radical
oxygen species (ROS) production, and inactivating
eosinophil migration; experiments with RAW 264.7
macrophage cells demonstrated that D-limonene is
an effective inhibitor of lipopolysaccharide (LPS)-
induced nitric oxide (NO) and prostaglandin E(2)
production; likewise, D-limonene decreased the
expression of pro-inflammatory cytokines TINF-
alpha, IL-1beta, and IL-6 in a dose-dependent
manner (27). In addition, D-limonene obtained
from a fruit peel of a traditional Japanese medicine
named Yuzu (Citrus junos Tanaka) showed inhibi-
tion of the ROS production for eotaxin-stimulated
HL-60 clones 15 cell at a low concentration; while
ata higher concentration suppressed the cell chemo-
taxis and production of the monocyte chemotactic
protein-1 (MCP-1) via NF-kB activation (28). The
anti-inflammatory properties of alpha-pinene and
alpha-terpinene have been demonstrated using an
inflammatory experimental model in mice and an
inhibition test of ovine cyclooxygenases (COX-1y
COX-2), respectively (29, 30).

These results about the anti-irritant capacity of
methanolic and hexanic extracts of U. dermestoides
are preliminary, because it is necessary to evaluate
the effect of the extracts concentration on the CAM
and the anti-irritant effect of the major components
of each extract. In this study the hexanic extract
used in the HET CAM test was a concentrated
sample and this might influence the results. We
propose that the high irritation index of the CAM
pre-treated with hexanic extract could be cau-
sed by the aliphatic hydrocarbons and quinones
(2-ethyl-p-benzoquinone and 2,5-dimethylqui-
none). Aliphatic hydrocarbons (43.85% of hexanic
extract) may cause irritation of the skin and the
mucous membranes (31), while quinones (11.17%
of hexanic extract) have been reported as highly
cytotoxic and/or genotoxic due to the formation of
ROS and covalent binding to macromolecules (32,
33). However, the irritant effect of quinones present
in the U. dermestoides extracts should be confirmed
in further studies.
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CONCLUSIONS

The whole-body methanolic and hexanic extracts
of Ulomoides dermestoides presented volatile and semi-
volatile compounds that are characteristic of the
defensive secretions and the cuticular surface of te-
nebrionids. The main compounds in the methanolic
extract were fatty acids, pentadecanol and terpens.
The methanoic extract exhibited anti-irritant capac-
ity in a modified HET-CAM test that could be at-
tributed to oleic acid and monoterpens like limonene;
other minor compounds with anti-inflammatory
activity were alpha-pinene and alpha-terpinene.
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