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Discovery of Vespa Amino
Acid Mixture (VAAM) and

It's Functions

Takashi Abe

The Institete of Physical and Chemical Ressarch {RIKEN})

OF many years amino acids have
F been popular with athletes, to
grow and strengthen muscles,
but as more and more beneficial effects
are identified the popularity of amino
acid drinks conlinues to grow exponen-
tially. In 2002, the sale of amino acid
products in Japan — including sports
drinks, jellies and powders — totaled
30 hillion yen, and is predicted to
exceed 70 hillion this yvear. One of the
most popular is VAAM produced by
Meiji Milk Products Co. Lid. and pro-
moted by Olympic Gold Medallist
marathon runner, Naoko Takahashi.
~ VAAM is unique, because it'is
based on & mixture of 17 amino acids
found in the saliva of hornet larvae.
The mixture burns fat so effectively to
produce energy that the adult hornet is
able to fly up to 70 ki per day, The
fat-metabolism qualities of VAAM are
equally effective for mice and humans
during exercise and recently, have been
linked 10 other health benefits, such as
improved liver and kidney function,
and improved autonomic neeve func-
tion eontrof.
But how did I discover the fat-oxi-
dation quatities of hornet larval saliva
for exercising humans? Whalt is the sci-
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ence behind the theories and how did |
prove i is effective?

Hornet Behavior

The tarning point in my research
came when I had a brush with death
after being stung by a hornet, and stars-
ed to carry out field observations to
find out how I could caich hornets
safely. My studies focused on the
unique hehavior of Vespa mandarinia
— meore commonly kaown as the
Japanese Giant Homnet — which not
ondy has the most toxie venor bat is
also the most robust species of hornet,
building the fargest colonies and flying
70 km at 35 kavhr every day for hunt-
ing, carrying one third of it's body
weight in food. For a long time burning
body fat has been recognized as an
abundant, efficient source of long term
energy for endurance activity, produc-
ing few fatigue-inducing compounds,
like lactate. From larva through to the
adule stage, many insects store abdorni-
nal fat as an energy source.

During my observalions 1 realized
that adult hornets could not survive for
more than a couple of days without
contact with their larvae ¥. Closer study
reveaicd the reason to be nutritional

dependence. The peculiar body struc-
ture of the adult — a very narrow
esophagus through a coarctate waist —
makes it impossible to eat solid food;
even the insects which they prey on,
Instead they turn the flesh into meat-
balls 1o feed the larvae, who in turn
excrete & special rich cocktail which is
the main source of nutrition for the
adull. Without a regular supply of lar-
val saliva the adult is unable to contip-
ue it's normal hunting behavicr, and
will eventually die (Fig, 1). The larvae
uses trophallaxis — food exchange —
to effectively comtrol the adeit's behav-
ior, manipulating the amino acid com-
position of the mixture to manage the
social colony ! (Fig. 2). Although lar-
val saliva is mainly comprised of tre-
halose, glucose and 17 amino acids
(predominantly proline and glycine) it
is compositionally very different from
other protein-rich foods, like eggs,
meat or milk. However, the composi-
tional similarity of the salival mixtures
of different hornet species suggests
common functional properties @, We
dubbed this special mixture 'Vespa
Amino Acid Mixture’ (VAAM) (Fig.
3), '
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Flg. 3: Amino acld composiion of hornet larval saflva.

VAAM function for energy metabo-
lism in insect flight musdes '
The flight muscle in the wings of
flying insects is one of the most inge-
nions of all bio-organisms. Flight
requires & large amount of instant ener-
gy, especially in the case of the giant
hornet, whose 2 g body weight makes
flight acrodynamically impossible in
theory, Many ingect flight muscles usu-
ally have more 10 to 1) times more
putstanding activity, ability and power
based on their metabolic system than

any other animal's muscies 43¢ The

insect muscle reaches the maximum
activity within a couple of seconds but
take a couple minutes in other active
animals. It is difficult to explain how a
body can suddenly generate sufficient
energy to fly ©, but basically it requires
the short and fast activation of the tri-
carboxylic acid (TCA or Krebs) cycle
to produce as much ATP energy as
possible, for which the tracheal respira-
tion of ingects is certainly essential @,
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The importance of enzymes for
contrelling insect energy metabolism is
widely recognized, so 1 examined the
enzyme aclivity in the flight muscle of
six popular fiight insect species to ry
to elucidate the principal metabolic
process @, [nsects metabolize glucose
and trehalose through glucolysis and
the TCA cycle to produce energy. Dur-
ing glucolysis, the o-glycerophosphate
shuttle producing ATP is very active in
flight muscie. Although plasma con-
tains @ high concentration of amino
acids, it is proline which is one of the
major sources for flight energy. The
proline cycie, which converts proline
to pyruvate using a part of the TCA
cycle, produces 13 ATPs ¥,

‘The enzymes that deeply control
flight energy metabolism were classi-
fied into five enzyme groups: glycoly-
sis, ¢-glyeercphosphate shuttlte, proline
cycie, TCA cycle and far hydrolysis
(Fig. 4), There was a significantly high
correlation between the enzymes in the
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glycolysis and o-glycerophosphate
shuttle, and glycolysis and the TCA
cycle, suggesting this is where the
major part of glycolysis takes place.
The high correlation between the -
glycerophosphate shuttle apd TCA
cycle suggests they are also linked.

However, the enzymes involved in
giycolysis and fat hydrolysis showed a
marked negative correlation. From this
we extrapolated that they weork inde-
pendently; when energy is mainly sup-
plied by glycolysis, fat hydrolysis is
reduced and vice versa, The presence
of the two enzymes involved in the
proline cycle, proline dehydrogenase
(1.5.1.12) (PDH) and lactate dehydro-
genase €1.1.1.27) (LDH) correlated
closely with the production of pyru-
vate, apd monoacyl glycerol lipase,
suggesting a close relationship between
pyruvate production and fat hydrolysis,
In other words, there is a link between
the metabolism of amino acids and fat
85 LREIZY SOurCes,
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Fig. 4: Correlations of enzyme activilies related to onargy metabollsm In insect filght muscles

From the origin of life, there is a
sirong and deep relationship between
life and amine acids. Each amino acid
is changeable metabolically, and has
multiple functions that work indepen-
dently of each other, but can have syn-
grgistic effects when combined in cer-
tain situations. When I realized the
complex and peculiar combination of
the amino acids in VAAM, I knew the
effect and function would not simply
be the sum of the individual amino
acids. I was also confident that the
large concentrations of proline and
glyeine in hornet larval saliva, (espe-
cially in Yespa mandariniay conld not
be a coincidence. I needed a working
hypothesis to progress the experiments,

“The amino acid engine working

hypothesis

We know how hard a diet to reduce
body fat is, because of the difficulty to
initiate fat oxidation metabolically. In
B-oxidation fat hydrotysis only pro-
duces acetyl CoA, while, sugar metab-
olism produces pyruvate, a precursor
of acetyt CoA and oxaloacetate. The
TCA cycle is started by acetyl-CoA
working in conjunction with oxaloac-
gtate and citrate synthetase, the most
active rate limiting enzyme among the
TCA cyele enzymes. The TCA cycle
activation is therefore started more eas-
ily by sugar than by fat, In other words,
sugar will be burned faster than fae.

Insects nspally have very high

amino acid concentrations in their body
fiuids. The proline cyele, like a short
cut TCA cycle, is the most commen
form of energy metabolism in insect
fHight muscie. The cycle reaction final-
ly produces ATP and alanine, not pyru-
vate. Therefore, proline cycle alone is
not able to complete the cycle reaction
to attempt exceptional activity of the
flight muscle. The question arises how
is the destiny of alapine being accumu-
lated and why VAAM has a high con-
tent of glycine, It is possibie to make
pyruvate from alanine by high activi-
ties of fransamination and dehydro-
genation in an insect flight muscle

_environment (%, Alanine glyoxylate

transaminase known to be present in
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Fig. 5: The amino acid anglne

insects is an enzyme that produces
pyruvate and glycine, but glyoxylate is
also needed. Glyoxylate is commonly
produced from glycine by the transami-
nase-dehydrogenase system in the
flight muscle. Glyeine c-ketoglutarate
transaminase is especially highly active
in the flight muscle 9%, 8o, a large
amount of glycine cyclically makes
glyoxylate, then glyoxylate is conver-
ed by alanine to glycine and produces
pyruvate, Pyruvaie changes to oxaloac-
etatc then is incorporated into the TCA
cyele with acetyl CoA. The reaction of
alanine to pyruvate iz coupled with the
proline cycle. The enzyme reactions of
ther proline cycle, alanine eycle and
glycine cycle stimulate and work
together int & system named ‘the Amino

Acid Engine’ (Fig.5). This amino acid -

engine seemed to be a hikely trigger for
the TCA cycle and was my working
hypothesis. It would not only explain
the immediate, fast activation in the
early period of flight muscle work in
flying insects, but also explain the
strong comrelation between amino acids
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and fat oxidation. These results
explained the large amounts of proline
and glycine in VAAM, and indicated
potential effects and uses U4,

Swimming mice experiment

This hypothesis would probably be
equally beneficial for vertebraies and
man, because the energy metabolism
systems of insects and man are funda-
mentally similar, Amino acids, like
those contained in VAAM, are basic
substances that support all forms of
fife. A series of swirnming experiments
were catried out using mice adminis-
tered with VAAM, distilled water, 10%
glucose, 18% casein amino acid mix-
ture (CAAM) or other amino acid com-
positional mixtures. The mice adminis-
tered with VAAM consistently swam
significantly ionger ¢ (Fig. 6). Post-
exercise tests showed lower concentra-
tions of blood lactate and negligibie
decreases in blood glucose levels in the
mice administered with VAAM or
native hornet saliva, compared to all
other nutrieats 3 (Fig. 7).

Changes in blood non-esterified
fatty acid (NEFA) during the swim-
ming exercise were observed with the
VAAM mice showing significantly
higher levels 8 (Fig. 8). This suggest-
ed increased fat oxidation, and lipoly-
sis was confirmed when mcasurements
of the changes of blood ketone bodies,
lipase, adrenaline and noradrenaline
were also greater in the VAAM mice
{Fig, 9. -

In the progressive exercise experi-
ments, blood insulin, pyruvate and tac-
fate were also analysed. In the VAAM-
administered mice, blood insulin levels
were lower and the ratio of pyruvate fo
lactate was higher {Table 1}. Again,
this supported the activation of fat oxi-
dation and the amino acid engine,
namely activation of the TCA cycle.

VAAM effectiveness for humans

The effectiveness of VAAM for
exercising humans was tested in a sim-
ilar way to the mice, but with o greater
variety of exercise activities. In the
case of soccer athletes, each subject
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Table 1. Comparison of serum NEFA and insulin, and blood glucose, lactate and pyruvate
levels of mice ingesting 1.8% VAAM, 1.8% CAAM. 20% Glucose and DW after 60 min

of swimming exercise .

Nutrients 1.8% YAAM 1.8% CAAM 20% Glucose DW
Serum NEFA 1.7440.17 *2 1.35£0.22 @ " 1.04:0.09 1.57+0.18
(mEq/L.) {(n=9) {n=10) (=0} (r=15)
Blood Glucose 3.98:0.46 *b 2.334:0.48 b 4.8120.48 2.76:0,10 b
(mMol) (n=6) (n=8) (n=6) (n=6)
Serum Insulin 4.51:0.86 6.00x1,93 5.01+0.83 f 3.64x1.35
(1) (n=§) {n=8} {n=8) {n=8)
1.0230.07 *C 1.3740,13 € 2.12+0.13 ¢ 1.28+0.07
Bio?glblgf)tate (n=6) (n=8) {n=6) {n=6)
- Serum uvate 0.170£0.012**C  0,135+0.018 0.256+0.016 &§ ¢, 142+0.010
(mMol) (n=11) {(n=10) (n==8) (n=9)
Ratio of means
Pyruvate/Lactate 0.167 0.099 0.121 0.111
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n = number of mice

Date of significant differences were compared with reference to 1.8% VAAM.
*a and a, *b and b, *c¢ and ¢ show significant differences (p<0.05).

d indicates values after 30min of swimming.

**e and e show a very significant difference (p<0.01).

f = 10% glucose.

worked at 1/2 AT loaded ergometric
exercise All the results were similar to
the data collected from the animal
experiments (7. Compared to the ath-
ietes who were given CAAM, those
who were piven VAAM exhibited
lower regpiration and heart rates, Their
higher levels of NEFA, ketone bodies
U% biood glucose and blood amino
acids indicated similar results to the
animal experiments, These results also
showed that VAAM prevents an imbal-
ance of amino acid concentration in
body fluids (Fig. 10), suggesting
VAAM has homeostasis maintenance
properties.

Recent stodies have shown VAAM
has many addilional effects, such as
improving liver and kidney functions;
improved central aervous system

response during exercise; helping to
refain body heat; improving autonomic
nerve function control and 5o on, These
functions probably stem from the syn-
ergistic interaction of the complicated
amino acid composition.

- Lipolytic amino acid mixture was
isolated from VAAM composition fol-
lowing the animal experiments, Human
subjects administered 3 g of lipolytic
amino acid mxture every day for one
month exhibited decreases in both
body weight and fat at the end of the
trial period, without any changes in
lifestyle (Fig. 11). Pre- and post-trial
blood tests indicated that numerous
blood lipid indexes had decreased (Fig,
12), particularly, total cholesterol, high
density choresterol and phospholipids.
However, partially metabolized fatty

acids, NEFA and lipid peroxide,
showed a marked increase. These
would also have fallen if the subject
had exercised. These results suggest
that lipolytic amino acid mixture
refines fat metabolism, with emphasis
on accelerating lipolysis and fat burn-
ing.

Manufactured products: VAAM and
Diet Amino Acid

For the last B years VAAM, the
same name as its scientific name, has
been marketed by Meiji Milk Products
Co. Ltd. ax a sports drinks, popular
with professional and amateur sports
enthusiasts. It iz available in many
forms, including powder and jelly.

The lipolytic amino acid mixture is
soid by Hoshi Chemical Co. Ltd. under
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the commercial name, Diet Amino
Acid. Together these two products are
promoting the popularity of amino
acids as multifinctional health foods in
Japan.
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