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Extracts of adult worker bodies of Vespa simillima in 2
% NaCl or acidified methanol were administered
orally to mice for 70 days. Following this period, mem-
ory at one-day and one-month periods, and the effects
on scopolamine-induced amnesia were examined using
a step-through passive avoidance task. Changes in
MK-801-induced disability after 8 days of training,
and in memory one month after the trial were also
assessed. Mice treated with the 2% NaCl extract
showed significant improvement in memory in the
behavioral tests one month after the trial, whereas
mice receiving the extract in acidified methanol, did
not differ from the controls in any trial. The results
inidicate that Vespa simillima contains substances act-
ing favorably on the cerebral functions of mammals.
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Introduction

Pharmacological studies on entomoresouce are largely
based on the traditional medicine in Asia and the Central
and South America (Wahrendorf and Wink, 2006; Gan et
al., 2006). The wasps of the genus Vespa (Hymenoptera:
Vespidae) are used as a souce of remedies throughout East
Asia where the genus probably originated and evolved into
a number of species (Vecht, 1959). Seven species (Vespa
mandarinia, ducalis, analis, crabro, dybowskii, simillima
and affinis) have been classified in Japan (Matsuura,
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1971). The wasps are social insects that live on colonies
composed of immature individuals, workers, queens, and
drones. The immature larvae and pupae are eaten as a part
of various recipes in the Yunnan province of China, the
northern part of Thailand, and the mountainous areas of
Japan. Adults (primarily workers) are utilized as a tradi-
tional nutritious tonic in shochu (a kind of sake) and honey.
The nest, which is constructed with the aid of worker’s
saliva, is used in Chinese herbal medicine to accelerate
blood coagulation, stimulate heart beat, exert a hypoten-
sive and diuretic effect, and provide relief of oedema and
inflammation (Yoshimura, 1946; Hong, 1960).

It is known that long-term potentiation of synaptic
transmission in the hippocampus of mammals is induced
by a venom peptide from a wasp relative, the honeybee,
Apis mellifera (Cherubini et al 1987). It may be expected
that the wasps of Vespa genus also contain biologically
active compounds, but no pharmacological studies have
been conducted to evaluate possible effects of this ento-
moresource on the cerebral or limbic functions. We exam-
ined such effects in mice with two kinds of extracts
prepared from the bodies of adult workers of Vespa simil-
lima: a 2% NaCl extract (NE) and an acidified methanol
extract (AE). A step-through passive avoidance task and a
Morris water maze task were to evaluate whether these
extracts may improve learning and memory and be con-
sidered as a potential source of useful pharmacological
materials. To our knowledge, this is the first report dem-
onstrating that an insect extract prevents decrease in the
learning and memory capacities.

Materials and Methods

Mice
ICR mice (females aged 5 weeks) were purchased from
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Fig. 1. Vespa simillima worker and experimental schedule.
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A, Adult wasp worker harvested from a nest in October 2006. Scale bar=3 mm. B, Timing of the passive avoidance task and the
Morris water maze in mice at the start of experimentations, in which mice were supplied orally with four preparations for 21 days
and during the experimental period, as shown in the legends to Figs. 2 to 5.

SLC Japan and kept in groups of 6 or 7 per cage. The
ambient temperature was maintained at 23 to 25°C, and
the light-dark cycle was 12 : 12 hr. During the experiment,
all mice were fed standard diet but different drinking
water and confirmed to have irregular sexual cycle and no
reproductive ability. The control group of 6 to 33 mice
was given plain water, while the experimental groups
received water with 0.028% NE, 0.043% AE, and 0.5%
honey, respectively. Both food and water were provided
ad libidum and their consumptions, as well as mice body,
were measured every 2 days. These same mice were used
for the 70-day study period (Fig. 1). This study was per-
formed in accordance with the Guidelines for Animal
Welfare Act and with the Guide for the Care and Use of
Laboratory Animals approved by the Animal Experiment
Committee in Iwate University, Japan.

Insects

Vespa simillima adult workers (Fig. 1A) were harvested
from nests in the botanical garden of the Faculty of Agri-
culture in Iwate University, and in the Sugo area in Morioka,
Japan in 2001 and 2002. After freezing the nests at —20°C,
the outer shell was removed, and the worker wasps were
quickly transferred to —80°C.

Acidified methanol extract (AE)

This extract was prepared by the method of a simple acid-
ified-methanol extraction providing a large yield of pep-
tides (Tanaka et al., 2003). Samples of 50 g of adult
workers (without wings) were homogenized in a mortar in
500 ml cold acidified methanol (methanol : water : acetic
acid, 90:9:1). The homogenates were centrifuged at
10,000 x g for 30 min at 0°C, and the precipitates extrac-
ted 3 times with this same methanol solution. Combined
supernatants were concentrated to pellets using a centrif-
ugal evaporator, heated on boiling water bath for 10 min,
and centrifuged. The supernatant was stirred overnight
with 80 ml cold acetone. The solution mixture was then
centrifuged, and the precipitate dissolved in appropriate
volume of distilled water and lyophilized. The resulting
acidified methanol extract (AE) of 1,646 mg was sus-
pended in an appropriate volume of distilled water. The
mice were given free access to the water solution, but the
consumption was measured every 2 days and the AE con-
centration was adjusted to ensure consumption of 3 mg
AE per mouse and day. The dose was established in pre-
liminary experiments (data not shown).

2% NaCl extract (NE) and Chemical analysis
The extraction was accomplished with a method previ-



Effect of Vespa extracts on long-term memory and learning disability 41

ously used for the isolation of peptidic hormones (Naya et
al., 1994). Extraction began with 70 g adult workers
homogenized in a mortar with 200 ml cold acetone. The
homogenate was stirred for 30 min and then centrifuged at
10,000 x g for 20 min at 0°C. The precipitate was dried in
air to obtain acetone powder that was re-extracted with
200 ml of cold 80% ethanol. Ethanol was evaporated and
the remaining powder was suspended in 100 ml 2% NaCl
solution. The suspension was stirred overnight, centri-
fuged, and filtered through standard filter paper. The fil-
trate was dialysed overnight with the membrane (CE,
MWCO: 500, Spectrum) and lyophilized. The resulting
extract (NE) of 1,546 mg was suspended in appropriate
volume of distilled water. Based on preliminary experi-
ments (data not shown), NE concentration in drinking
water was adjusted to provide a consumption of 2 mg per
mouse and day. Measurement of the sodium content in NE
was performed according to the method of Wright and
Stuczyneski (1996).

Honey from Robinia pseudo-acacia (HO)

In respect to the high metabolic rate of glucose in the
brain tissue (Donohoe and Benton, 2000), a 0.5% solution
of Robinia pseudo-acacia honey (supplied by the Fuji-
wara Apiary in Morioka, Japan) derived from Apis mel-
[ifera was used as a positive control in our tests. The mice
were allowed to consume honey water ad libidium, but the
concentration was adjusted every 2 days to deliver about
40 mg HO per mouse and day.

Injection of chemicals

Mice used for the step-through passive avoidance task
were subcutaneously injected with scopolamine-HCl
(Sigma) at a dose 0.5 mg/kg body weight. MK-801 [(+)-5-
methyl-10, 11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-
imine] (Tocris Cookson) was injected intraperitoneally
0.25 mg/kg body weight into mice prepared for the Morris
water maze task.

Step-through passive avoidance task
We adopted the methods of Zhang et al. (1994) to assay
learning and memory. Tested sample solutions were
administered to mice for 21 days before they were taken
for the step-through passive-avoidance task (Fig. 1, referr-
ed to as passive-avoidance test hereafter). The apparatus
consisted of a bright compartment (19x19.5x17.5 cm)
illuminated by a fluorescent light (15 W) and a dark com-
partment (the same size as the bright one) with an elec-
trified grid floor. The two compartments are divided by a
vertically sliding door, which could be opened and closed
freely.

On the first day of the experiment, the mice were placed

in the bright compartment with the door closed. The door
was opened 30 sec later to measure their reaction latency
when they entered the dark compartment (acquisition
trial). The door was then closed, and an electric shock (0.5
mA, 4 sec) was given. After 24 hr, the mice were again
placed in the bright compartment with the door closed.
The door was opened 30 sec later, and their reaction
latency was measured for up to 180 sec at the longest
(post-shock trial). Before the retention trial, scopolamine
(0.5 mg/kg) was injected. Reaction latency to move from
the bright to the dark compartment was measured after 15
min. The same trials as those prior to the scopolamine
administration were performed again after one month, and
the reaction latency was measured.

Morris water maze task
Morris water maze test (Morris, 1981) was performed one
week after completion of the retention trial of the passive
avoidance test (Fig. 1B). The apparatus consisted of a cir-
cular pool (100 ¢cm in diameter, 30 cm in depth) set on a
stand 80 cm heigh. A clear acryl resin platform (10 cm in
diameter, 19 cm in height) was situated 1 cm below the
water surface at the center of a quadrant prepared by
dividing the pool conceptually into four equal parts. The
room and water temperatures were both maintained at
25+1°C, and the pool was made opaque by the addition
of white poster color (Color acrylique). All objects in the
laboratory were kept in their original locations during the
experiment. A camera was installed above the center of
the pool at a height of 100 cm from the water surface, and
images covering all quadrants were recorded at 2 frames/
sec. Picture analysis was performed on Macintosh com-
puter using Image WMH 2.08 and Image WM 2.12.
(O’Hara), software based on the public domain NIH
Image program (developed at the U.S. National Institutes
of Health).

A total of 32 training sessions (4 sessions/mouse/day for
8 days) were performed. The time for cach mouse to reach
the platform was taken as the reaction latency and mea-
sured for up to 60 sec. When a mouse reached the platform
within the trial time, the animal was detained on the plat-
form for 15 sec before progressing to the next trial. When
a mouse did not reach the platform within 60 sec, the reac-
tion latency was assigned to be 60 sec, and the animal was
transferred to the platform and detained there for 15 sec
before progressing to the next trial. After 8 consecutive
days of training, a probe trial was performed on the 9th
day. In the probe trial, the platform was removed from the
pool, and each mouse was forced to swim for 60 sec. The
number of crossings by a given mouse at the position
where the platform had been located was determined (pre
MK-801 trial). Subsequently, MK-801 (0.25 mg/kg) was
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Fig. 2. Body weights of mice supplied with pure drinking water
(Control, 4, n = 6) or drinking water containing acidified meth-
anol extract (AE, B, n=6), 2 % NaCl extract (NE, A, n=6),
and 0.5% honey solution (HO, @, n=6). Data are expressed as
the mean.

injected intraperitoneally, and the probe test was repeated
15 min later (post MK-801 trial). One month later, each
mouse was made to swim in 4 sessions similar to the train-
ing trial, and the reaction latency was measured.

Statistical analysis

The statistical significance of the results was evaluated
using one-way ANOVA or partially followed by the Dun-
nett test in comparison with the control group, or the Stu-
dent’s r-test. All results are expressed as mean+S.E.M.

Results

Weight and general condition

The consumptions of food and drinking water did not differ
significantly among the 4-groups receiving different sup-
plements in the water (none in the control, acidified meth-
anol extract, 2% NaCl extract, and 0.5% honey in the
experimental mice). All animals steadily gained weight
during the 70-day study period and there was no significant
weight difference between the groups (Fig. 2). The 2 %
NaCl extract (NE) contained 60 pg of sodium/mg, but this
amount was small compared to about 12 mg sodium
received daily with about 5 g of ingested food. Mice receiv-
ing AE, NE, and HO, respectively, did not show any phys-
iological abnormality compared with the control group.

Passive avoidance task
The latency time of the post shock trial, which represented
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Fig. 3. Effects of Vespa extracts on mouse memory in a pas-
sive avoidance task. Control mice (Control, B, n=33) received
pure drinking water and the experimental mice water supple-
mented with acidified methanol extract (L], n=23), 2% NaCl
extract (ll, n=32), and 0.5% honey solution (&, n=32),
respectively. The latency time of the post-shock trial and reten-
tion trial was measured and analyzed 1 month after the first
trial. Data are expressed as meantS.E.M. *, P <0.05, {, P
<0.01 versus the control group and #, P<0.05, 2# P<0.01 ver-
sus the post-shock trial in each group (ANOVA followed by
Dunnett test). :

reminiscence of an electric shock after 24 hr, increased
significantly in the 0.5% honey solution group, as shown
in Fig. 3. The latency time in the retention trial after sco-
polamine administration did not differ significantly for
any of the groups. In comparing the reaction latencies
between the post shock trial and the retention trial in each
group, there were differences at the 5% level in the acid-
ified methanol extract group and at the 1% level in the
other groups. Based on this result, the effect of temporary
amnesia induced by scopolamine was not rectified in any
of the groups. Latency time measured 1 month after the
trial represented memory retrieval of the electric shock
given previously. As can be seen in Fig. 3, the result
obtained in mice treated with NE was similar to it
recorded in the post shock trial, while the responses of the
other groups were significantly different. In other words,
the wasp extract prevented the decrease in the latency
time that occurred after 1 month in mice. The 1-month
latency times in the control and acidified methanol extract
groups decreased significantly to those at the retention
trial level (the significance of the differences was ana-
lyzed by ANOVA followed by the Dunnett test).
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Fig. 4. Effects of Vespa extracts on the escape latency in a
Morris water maze. Mice were treated orally with one of four
preparations {Control, 4, n=27; acidified methanol extract
(AE), B, n=23; 2% NaCl extract (NE), &, n=32; 0.5% honey
solution (HO), @, n=31}. The latency time for escaping onto
the platform was measured for 8 consecutive days and then
again 1 month after the first trial (in this case, control, n=11;
AE, n=11; NE, n=13; HO, n=12). Data are expressed as
meant S.EM. * P<0.05 versus the control group for each
day (ANOVA followed by Dunnett test, and also on day 38,
ANOVA followed by Dunnett test).
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Fig. 5. Effects of Vespa extracts on mice performance in a
Morris water maze. Mice received pure drinking water (Con-
trol, #, n=27), acidified methanol extract ((J, n=23), 2%
NaCl extract (ll, n=32), and 0.5% honey solution (F, n=31),
respectively. Number of crossings over the quadrant of former
platform location was recorded by a camera. Data are
expressed as mean+S.E.M. f, P<0.01 versus the control
group ( ANOVA followed by Dunnett test), and #, P<0.05, 34,
P<0.001 versus the pre MK-801 trial in each group (ANOVA
followed by Student’s 7-test).
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Morris water maze task

The results of the Morris water maze task and the 1-month
follow-up are shown in Fig. 4. During the training trials,
the latency time for escaping onto the platform shortened
over the 8 days in all groups. A significant difference was
observed in the HO group on the 6th day. A probe test was
performed on the 9th day after the removal of the plat-
form. The mean number of crossings in the pre MK-801
trial was 4 to 5 in all groups with the exception of the NE
group, which had about 6.5 crossings (Fig. 5). The mean
number of crossings in the post MK-801 trial decreased to
about 2, again with the exception of the NE group, in
which mice crossed the platform about four times. In
addition, the differences in the number of crossings
between the pre MK-801 trial and post MK-801 trial in
each group were significant at 5% level in the NE group
and at 0.1% level in the other groups. In the NE group, the
latency time on the 38th day (1 month afier the trial) was
shorter than on the 8th day of training, indicating spatial
working memory (Fig. 4).

Discussion

The NE preparation from adult workers of Vespa simil-
lima improved long-term memory of passive avoidance
and mitigated MK-801-induced learning disability in spe-
cial cognitive acquisition. These results demonstrate that
insects such as wasps may harbor compounds worth of
consideration in search for novel treatments of age-related
memory impairment.

It has recently been reported that aqueous extracts of the
plant Puerarial flos and Chinese medicine Oren-gedoku-
to, exert antiamnesic effects on the impairment of learning
and memory induced by alcohol or surgical cerebral
ischemia (Xu et al., 2000; Yamazaki ef al., 2005). Another
report stated that a honeybee venom peptide (the mast cell
degranulating peptide, MCD) composed of 22 amino
acids induced a long-lasting increase of synaptic trans-
mission in rat hippocampal slices (Cherubini et al., 1987).
The peptides found in honeybee venoms are structurally
different from those known from the Vespid venoms, but
the sites and modes of their actions are similar (Nakajima,
1986). Fractions extracted with 2% aqueous NaCl from
the acetone powder of insect bodies are rich in peptide-
like ingredients, as are the extracts prepared with acidified
methanol (Naya ef al., 1994; Tanaka et al., 2003). There-
fore, the 2% NaCl extract prepared from the wasp workers
may contain compounds related to MCD-peptide. How-
ever, the NE preparation was active orally, indicating that
the effects observed in this study might have been be
caused by partly digested peptides or by non-peptide
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ingredients. Isolation of the effective compounds con-
tained in the extracts is obviously needed for a full appre-
ciation of the findings of this study. Oral administration of
an insect-derived compound as a treatment of impaired
learning and memory belongs at present to the realm of
fantasy but the aging of human population requires explo-
ration of all possibilities.

Certain extracts and compounds (ginsenoside Re, gin-
seng saponins) originating from plants have an antiam-
nesic effect on the scopolamine-induced impairment of
learning and memory (Espinola ef al., 1997; Yamazaki et
al., 2005; Yamaguchi et al., 1996; Jin et al., 1999). These
functions may be associated with the cholinergic system
in the central nervous system (Xu et al., 2000; Das ef al.,
2002). In this study, scopolamine and MK-801 were used
as amnesic agents. Scopolamine is a muscarinic receptor
blocker and has been used as a suitable experimental
model for Alzheimer’s disease (Coyle ef al., 1983; Nobili
et al., 1997). MK-801 is an inhibitor of the NMDA recep-
tor, and animals treated with MK-801 have been used for
modeling of long-term loss of spatial memory (Coan et
al., 1987; Ramirez-Amaya et al., 2001; Tsai et al., 2004).
Our data show that the NE from adult worker wasps did
not have an antiamnesic effect on the scopolamine-
induced impairment in the retention trial, but had a sig-
nificant effect on the memory retrieval in the 1 month
latency trial. It is therefore possible that this extract
enhances building of the long-term memory (Fig. 3). The
results in Figures 4 and 5 provide additional evidence that
with the use of the NMDA receptor antagonist MK-801
the 2% NaCl extract may combine to enhance long-term
formation of spatial memory.

The wasps and their nests have been used in traditional
Chinese medicine for millennia, but until today virtually
nothing is known about the mechanism of their action on
human body. Our findings suggest that the wasps harbor
substances with a potential to be developed for treatments
of the age-related memory impairment.

Acknowledgments

This study was supported in part by a Grand-in-Aid from
the Fujiwara Apiary in Morioka, Japan. The authors wish
to thank Mr. K. Fujikura, Takizawa Village, for providing
Vespa simillima workers.

References

Cherubini, E., A.Y. Ben, M. Gho, J. N. Bidard and M. Lazdun-
ski (1987) Long-term potentiation of synaptic transmission

in the hippocampus induced by a bee venom peptide. Nature
328, 70-73.

Coan, E.J., W. Saywood and G. L. Collingridge (1987) MK-
801 blocks NMDA receptor-mediated synaptic transmission
and long term potentiation in rat hippocampal slices. Neuro-
sci. Letters 80, 111-114.

Coyle, J.T., D.L. Price and M.R Delong (1983) Alzheimer’s
disease: a disorder of cortical cholinergic innervation. Sci-
ence 219, 1184-1190.

Das, A., G. Shanker, C. Nath, R. Pal, S. Singh and H. K. Singh
(2002) A comparative study in rodents of standardized
extracts of Bacopa monniera and Ginkgo biloba anticho-
linesterase and cognitive enhancing activities. Pharmacol.
Biochem. Behav. 73, 893-900.

Donohoe, R.T. and D. Benton (2000) Glucose tolerance pre-
dicts performance on tests of memory and cognition. Phys-
iol. Behav. 71, 395-401.

Espinola, E.B., R.F. Dias, R. Mattei and E.A. Carlimi (1997)
Pharmacological activity of Guarana (Paullinia cupana Mart.)
in laboratory animals. .J. Ethnopharmacol. 55, 223-229.

Gan, M., D. Wan, X. Qin and P. Gao (2006) Pharmacological
study on Samia cynthia ricini in old female mice. J. Ethnop-
harmacol. 105, 210-214.

Hong, Z.Y. (1960) Effects of the extract from Vespae nidus on
blood coagulation and heart movement. J. Osaka Med. Coll.
20, 739-741 (in Japanese).

Jin, S.-H., J.-K. Park, K.-Y. Nam, S.-N. Park and N.-P.Jung
(1999) Korean red ginseng saponins with low ratios of pro-
topanaxadiol and protopanaxatriol saponin improve scopola-
mine-induced learning disability and spatial working
memory in mice. J. Ethnopharmacol. 66, 123-129.

Matsuura, M.(1971) Nest foundation by the female wasps of
the genus: Vespa (Hymenoptera, Vespidae). Kontyi 39, 99-
105.

Morris, R.G.M. (1981) Spatial localization dose not require the
presence of local cues. Learn. Motiv. 12, 239-260.

Nakajima, T. (1986) Pharmacological biochemistry of vespid
venoms; in Venoms of the Hymenoptera. Piek, T.( eds.), pp.
309-327, Academic Press, London.

Naya, S., A. Sagisaka and K. Suzuki (1994) Identification of a
maturation factor inducing post-diapause development in
pharate first-inster larvae of the Wild Silkmoth, Antheraea
yamamai. Int. J. Wild Silkmoth & Silk 1, 195-200.

Nobili, L. and W.G. Sannita (1997) Cholinergic modulation,
visual function and Alzheimer’s demensia. Vision Res. 37,
3559-3571.

Ramirez-Amaya, V., 1. Balderas, J. Sandoval, M.L. Escobar
and F. Bermudez-Rattoni (2001) Spatial long-term memory
is related to mossy fiber synaptogenesis. J. Neurosci. 21,
7340-7348.

Tanaka, H., K. Sato, Y. Saito, T. Yamashita, M. Agoh, J. Okun-
ishi, E.T achikawa and K. Suzuki (2003) Insect diapause-
specific peptide from the leaf beetle has consensus with a
putative iridovirus peptide. Peptides 24, 1327-1333.

Tsai, G, R.J. Ralph-Williams, M. Martina, R. Bergeron, J.



Effect of Vespa extracts on long-term memory and learning disability 45

Berger-Sweeney, K.S. Dunham, Z. Jiang, S.B. Caine and J.T.
Coyle (2004) Gene knockout of glycine transporter 1: Char-
acterization of the behavioral phenotype. Proc. Natl. Acad.
Sci. US4 101, 8485-8490.

Vecht, J.van der (1959) Notes on Oriental Vespinae, including
some species from China and Japan (Hymenoptera, Vespi-
dae). Zool. Med. Leiden 16, 205-232,

Wahrendorf, M.-S. and M. Wink (2006) Pharmacologically
active natural products in the defence secretion of Palembus
ocularis (Tenebrionidae, Coleoptera). J. Ethnopharmacol.
106, 51-56.

Wright, R. J. and T. Stuczynski (1996) Atomic absorption and
flame emission spectrometry; in Methods of Soil Analysis
part 3A]JChemical Methods, Book Series: 5, Soil Science
Society of America, pp. 65-90, Inc. America Society of
Agronomy, Inc. Madison, Wisconsin, USA.

Xu, J., Y. Murakami, K. Matsumoto, M. Tohda, H. Watanabe,
S. Zhang, Q. Yu and J. Shen (2000) Protective effect of

Oren-gedoku-to (Huang-Lian-Jie-Du-Tang) against impair-
ment of learning and memory induced by transient cerebral
ischemia in mice. J. Ethnopharmacol. 73, 405-413.

Yamaguchi, Y., M. Higashi and H. Kobayashi (1996) Effects of
ginsenosides on impaired performance caused by scopola-
mine in rats. Eur. J. Pharmacol. 312, 149-151.

Yamazaki, T., M. Yaguchi, Y. Nakajima, T. Hosono, Y. Niiho,
Y. Hibi, J. Kinjo and T. Nohara (2005) Effects of aqueous
extract of Puerariae flos (Thomsonide) on impairment of
passive avoidance behavior in mice. J. Ethnopharmacol.
100, 244-248.

Yoshimura, K. (1946) Pharmacological study of Vespae nidus.
Proceedings of the 19th Congress of Japanese Pharmaco-
logical Society, 7-8 (in Japanese).

Zhang, Y., Y. Shioyama, M. Sugiura and H. Saito (1994)
Effects of Crocus sativus L. on the ethanol-induced impair-
ment of passive avoidance performances in mice. Biol.
Pharm. Bull. 17, 217-221.



