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Description

Field of Invention

[0001] The invention herein relates to the creation of
conditions that simulate microgravity in modulation of the
development of fertilized eggs of animals and of ova,
alevins and/or fish and other non-human test specimens.
The following are understood as being non-human test
specimens: embryonic cells, fish larvae, alevins, animal
eggs (fertilized) and foetuses. More specifically, the in-
vention herein provides a device and process capable of
inducing the effects caused by the cancellation of the
gravitational acceleration vectors, thereby simulating mi-
crogravity and/or due to the minimisation of the magnetic
field; the same is applied preferentially to fish ova and
other non-human test specimens during the different
stages in which cell division occurs. The process used
in order to simulate an environment with cancellation of
the gravitational acceleration vectors and the magnetic
field in fish ova and other non-human test specimens has
the following principal advantages: (1) accelerated de-
velopment with regards growth; and (2) a low mortality
rate, without bringing about damaging results to the spe-
cies. The growth rate (volume and mass) of fish and other
non-human animals obtained by the process of the
present invention is significantly greater, during the same
period, when compared to the same in an environment
with normal gravity.

Background to Invention

[0002] It is known that gravity and the magnetic field
of the Earth interfere with the development of certain or-
ganisms. The experiment which most closely resembles
the concept of the present invention was performed on
the 22nd of January, 1992, during the STS-50 mission on
board the space craft Discovery, during which chicken
eggs were incubated until hatching. As part of this mis-
sion, a microgravity laboratory (IML-1), a manned pres-
surised Spacelab module, was taken into space in order
to explore the extent of the complex effects from the ab-
sence of weight on living organisms and on the process-
ing of materials. The groups of researchers also carried
out experiments as part of the study for adaptation of the
human nervous system to low gravity and under the in-
fluence of microgravity, based on models in other living
forms, such as lentil seeds, fly eggs and bacteria. Other
experiments regarding material processing in low gravity
included the growth of crystals using a series of substanc-
es such as enzymes, mercury iodide and a virus. The
results obtained from the studies on samples of chicken
eggs demonstrated that individual eggs had a high
growth rate without deformities. However, a large part of
the egg samples did not even hatch. Another study, pub-
lished in 2005 (Proceedings of the 2005 IEEE Engineer-
ing in Medicine and Biology 27th annual Conference,
Shanghai, China: A Preliminary Biophysical Report on

the Fertilized Eggs Traveled with Spaceflight), demon-
strated that chicken eggs, which travelled in spacecrafts
and were submitted to the condition and absence of grav-
ity, experienced increased productivity. However, the
costs and risks of sending biological matter in large quan-
tities to space are still prohibitive, this being the reason
of the search for devices which reproduce at least par-
tially the conditions obtained in outer space.
[0003] The clinostat is a device designed to cause spa-
tial disorientation and it was used, at the beginning of the
last century, to study the reason the roots of plants grow
towards the centre of the Earth. The principle of how it
works is based on multiple rotations in such a way as to
bring about gravitational disorientation. Normally, clino-
stats rotate on only one axis, known as 2D. Modern ones,
however, rotate on two axes and are known as 3D clino-
stats. The physical reasons for the effects of clinostats
have been partially known since the beginning of the
1970s. However, new developments relating to said de-
vices - and principally regarding its new applications -
arise in present times. Current scientific knowledge en-
compasses various publications relating to the field of
microgravity. However, none of the documents found re-
veals or even suggest any of the objects of the present
invention.
[0004] Scientific findings include studies relating to the
use of devices which alter the gravitational acceleration
vector in the development of fish. Studies carried out by
the University of Stuttgart-Hohenheim, in Germany, dem-
onstrate that the development of certain fish organs is
influenced by hypergravity conditions and that the use of
clinostats can at least in part offset the harmful effects of
hypergravity. Various other studies, such as those listed
below, report the use of clinostat in fish and other animals.
Also listed are the evaluation of the results in passages.

• Biol Sci Space. 2003 Oct;17(3):165-6
The effect of clinorotation on vestibular compensa-
tion in upside-down swimming catfish.

• J Gravit Physiol. 2000 Jul;7(2):P97-8.
Unique postural control of upside-down swimming
catfish, Synodontis nigriventris, not affected by the
change of gravity.

• Adv Space Res. 1999;23(12):2045-8.
Retinal photoreceptor and related gene expression
in normal and clinostat-treated fish embryos.

• Adv Space Res. 2000;25(10):1985-95.
Gravitational neurobiology of fish.

• Adv Space Res. 1998;22(2):255-64.
Neuroplastic reactivity of fish induced by altered
gravity conditions: a review of recent results.

• Naturwissenschaften. 1999 Apr;86(4):155-67.
Effect of altered gravity on the neurobiology of fish.

• Brain Res Rev. 1998 Nov;28(1-2):9-18.
Neurobiology of fish under altered gravity conditions.

• Adv Space Res. 1996;17(6-7):285-8.
Influence of altered gravity on the cytochemical lo-
calization of cytochrome oxidase activity in central
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and peripheral gravisensory systems in developing
cichlid fish.

• Adv Space Res. 1996;17(6-7):275-9.
Early development in aquatic vertebrates in near
weightlessness during the D-2 Mission STATEX
project.

• Neurochem Int. 1995 Jun;26(6):579-85.
Development and altered gravity dependent chang-
es in glucose-6-phosphate dehydrogenase activity
in the brain of the cichlid fish Oreochromis mossa-
mbicus.

• Acta Astronaut. 1988 Feb;17(2):257-62.
The response of structure and function of the gra-
vireceptor in a vertebrate to near weightlessness.

[0005] However, none of the previous scientific publi-
cations or existing patents mentions the use of clinostats
for the incubation of non-human test specimens as set
out in the present invention, with the goal of future indus-
trial farming of said test specimens. Nor is there any sug-
gestion, even indirect, regarding the various advantages
of the process relating to the invention herein in the large
scale farming of fish and other non-human edible ani-
mals.
[0006] JP patent application 2007 068447 A, assigned
to Univ. Hiroshima, Mitsubishi Heavy Ind. Ltd., discloses
a device (2) for the incubation of fish and other non-hu-
man animals under simulated effects of microgravity
comprising:

- four cylindrical or spherical receptacles, fixed to a
first rotation axis (23a), in order to house fish and
other non-human animals;

- a second rotation axis (25a), perpendicular to the
first rotation axis;

- means for providing the rotation of said receptacles
(1) about said axes (23a, 25a); and

- an electronic system for controlling the rotating
movement of said receptacles (1) about said axes
(23a, 25a);

wherein each said cylindrical or spherical receptacle (1)
comprises access ports (11 b) at its ends that are suitable
for the removal or collection of samples, even when said
receptacle is in movement.
[0007] US patent application 2003/064513A1 as-
signed to Uemura Masaru et al., discloses a device (10,
50) comprising for receptacles (60) fixed to a first rotating
axis (4a), a second rotating axis (6a), means for providing
rotation and an electronic system.
[0008] US patent 3,882,634, assigned to NASA, de-
scribes a device which accelerates the growth of plants
as a result of the application of rotation and translation
movements on the horizontal axes, with means being
provided for nutrients to be administered to said plants
during the rotational movements. Horizontal planetary
movement reduces the effects of gravity, thereby accel-
erating the growth of plants.

[0009] US patent 3,911,619, assigned to Gravi-Me-
chanics Co., describes a device for germination of seeds,
which also involves the application of rotational move-
ments on the horizontal axes. Horizontal planetary move-
ment reduces the effects of gravity, thereby accelerating
the germination of seeds and avoiding certain problems
associated with gravity.
[0010] US patent 3,973,353, assigned to Gravi-Me-
chanics Co., describes a another device which acceler-
ates the growth of plants by applying rotation and trans-
lation movements on the horizontal axes, with means
being provided for nutrients to be administered to said
plants during the rotational movements. Horizontal plan-
etary movement reduces the effect of gravity, thereby
accelerating the growth of plants.
[0011] US patent, 4,988,623, assigned to NASA, de-
scribes a bioreactor for cellular culture which applies ro-
tational movements on the horizontal axes, with means
being provided for nutrients to be administered to said
cells during the rotational movements. Different devices
for the control of nutrient flow are provided, as well as
means for aerating said nutrients and temperature con-
trol mechanisms.
[0012] US patent 5,155,034, assigned to NASA, de-
scribes an use of the bioreactor described in US patent
4,988,623, claiming to be a method for the culture and
growth of cellular tissue in mammals, under low shear
conditions.
[0013] International patent application, WO 01/23595,
filed by the University of Toledo (US), describes a method
of genetic transformation in animal or vegetable cells, by
contacting said cells with mutagenic chemical agents, or
other compositions containing organisms or ingredients
capable of genetic transformations, in a microgravity en-
vironment created by a clinostat. The ability of cells to
undergo gene transformation by way of said agents is
augmented due to the microgravity environment. Fur-
thermore, the document reports that the production of a
heterologous gene product is increased by a microgravity
environment.
[0014] US patent 6,726,765, assigned to Mitsubishi
Heavy Industries Ltd., describes a device which crystal-
lizes proteins in a microgavity environment. Said device
applies rotational movements to the two perpendicular
axes between themselves. The document reports that
the crystallisation of proteins under the conditions creat-
ed by the device brings about the growth of isotropic pro-
tein crystals.
[0015] US patent application 2005/208650, filed by the
same Japanese inventor who owns US patent 6,726,765,
describes the method for the culture and growth of cells
or organisms in a clinostat provided with means for sup-
plying nutrients to said cells or organisms.
[0016] The results obtained with the device and proc-
ess of the present invention are surprising in light of sci-
entific publications and known patents. The considerable
advantages and beneficial outcomes of the invention pro-
vide an alternative for the production of more food prod-
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ucts in the world. Due to the problems caused by bird flu
recently, in the short term this process could be an alter-
native for the consumption of chicken meat.

Summary of Invention

[0017] One of the objectives of the invention herein is
to provide a device which simulates an environment with-
out gravity and/or a magnetic field, for the incubation of
fish and other non-human animals.
[0018] Another objective of the invention herein is to
provide a process for the large scale farming of fish and
other non-human animals. The process according to the
invention as defined in claim 3 is comprised of at least
one step involving incubation of fish and other non-hu-
man animals in a device according to the invention as
defined in claim 1 which simulates an environment with-
out gravity and/or magnetic field.
[0019] Another further objective of the invention herein
is to provide a process for the large scale farming of fish
and other non-human animals, which undergo acceler-
ated growth.
[0020] Another objective of the invention herein is to
provide a process for the large scale farming of fish and
other non-human animals, which experience a low mor-
tality rate, without any harmful effects being induced.
[0021] Another objective of the invention herein is to
provide a process for the large scale farming of fish and
other non-human animals, which experience a signifi-
cantly higher growth rate (volume and mass), in the same
time frame, when compared to others in an environment
with normal gravity.
[0022] The abovementioned and other objectives of
the present invention will become more apparent from
the detailed description of the invention and the attached
claims.

Short Description of the Figures

[0023]

Figure 1 displays a schematic diagram of the present
invention from a 3D perspective, in which: D repre-
sents a receptacle with a cylindrical shape in which
the biological material is contained.
Figure 2 displays a schematic diagram of the device
in Figure 1 from 3 technical angles, in which: A rep-
resents the base; B represents the rotating axis, C
represents another rotating axis, D represents a cy-
lindrical receptacle in which the biological material
is contained (four in total: D1, D2, D3 and D4). Motor
1 and Motor 2 are also indicated.
Figure 3 displays a schematic diagram of another
version of invented device herein, from a 3D per-
spective, in which: D represents a spherical recep-
tacle where the biological material is contained.
Figure 4 displays a schematic diagram of the ma-
chine in figure 1 from 3 technical angles, in which: A

represents the base; B represents the rotating axis,
C represents another rotating axis, D represents a
spherical receptacle in which the biological material
is contained (four in total: D1, D2, D3 and D4). Motor
1 and Motor 2 are also indicated

Detailed Description of the Invention

[0024] For the purposes of the invention herein, the
term "fish and other non-human animals" includes fish
and other young and adult animals, as wells as their
alevins, ovaries, (fertilized) eggs and other non-human
test specimens. The invention herein provides a clinostat
adapted for the incubation of the fish ova, (fertilized) eggs
and other non-human test specimens and a process for
the large scale farming of fish and other non-human an-
imals by way of the application of microgravity. Submit-
ting fertilized fish ova, (fertilized) eggs from animals and
other non-human test specimens to a simulated environ-
ment characterised by microgravity and/or minimisation
of the magnetic field is an innovative process. No other
publications or reports were found on experiments relat-
ed to the present invention.
[0025] The device of the present invention is capable
of stimulating the development (growth/time) in fish spe-
cies and other non-human animals and it represents an
enhancement and adaptation of another older device,
known as the "clinostat". In reference to the preferred
version of the invented device herein, which was con-
ceived, designed and developed by the Microgravity
Centre of the Faculty of Engineering for the Catholic Uni-
versity of Rio Grande do Sul (PUCRS), the clinostat pos-
sesses two rotating axes (3D clinostat). Its structure was
conceived as a modular piece divided in 3 principal parts:
base, rotating framework and receptacles (cylinders or
spheres). The base was designed in waterproof material.
The structure of the rotating framework is rectangular in
shape and it was designed with rigid tubes. The recep-
tacles hold the non-human test specimens. Each recep-
tacle possesses quick release couplings at its ends for
removal or collection of samples, even when in move-
ment. The rotational movements of the device are ob-
tained by way of two motors, each joined to a mechanical
assembly with reduction. These two motors are respon-
sible for rotating the vertical and horizontal axes. The
rotating movements of the device are controlled by way
of an electronic system which feeds the motors. The ro-
tation controller can independently adjust the rotational
speed of the receptacles (containing the non-human test
specimens), on the vertical and horizontal axes.
[0026] The process of the present invention comprises
at least one step of incubating fish ova and other non-
human animals in a 3D clinostat. After several periods
of incubation subject to rotations that can last from a few
minutes to a few days, the samples are removed from
the clinostat. The incubation step has the purpose of in-
ducing accelerated growth after the hatching and devel-
opment of ova in fish and other non-human animals.
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[0027] Although the mechanisms by which increased
and surprising growth occurs are unknown; it is believed
that the process is a result of a reduction of the effects
caused by the acceleration of gravity (that is, the simu-
lation of microgravity) and/or by Earth’s magnetic field.
The device of the present invention induces these effects
in fish larvae, (fertilized) animal eggs and other non-hu-
man test specimens in a normal environment on land. In
the process of the present invention, a microgravity en-
vironment is simulated by the use of a receptacle with
non-human test specimens placed under a rotating
mechanism, in order to, by way of rotation of the horizon-
tal and vertical axes, randomly accelerate the cells in
such a way as to reduce the resulting gravitational vector.
In a preferred embodiment, the test receptacle is com-
prised of four cylindrical and spherical containers. In a
preferred embodiment, said containers can hold at the
same time four groups of fish ova (100 thousand ova in
each group) or other non-human test specimens. In an
embodiment of the process herein disclosed, fertilized
fish ova species, Tilapia Nilotica, were subjected to con-
ditions of simulated microgravity. Four sample groups
were incubated in the device of the present invention for
different time periods.
[0028] The device and process of the present invention
advantageously provide the fertilisation and farming of
fish larvae and foetuses/larvae of other non-human ani-
mals in a normal earthly environment. The process used
in order to simulate an environment with a reduction of
the gravitational acceleration vector and/or the magnetic
field in fish ova and other non-human test specimens has
the following main advantages: (1) accelerated develop-
ment in terms of growth in the species undergoing the
process; (2) a low mortality rate; (3) greater resistance
in animals to aggressive external factors (diseases and
climatic variations); and (4) the absence of harmful ef-
fects on the species (physiological differences were not
found in the group of individuals subjected to the equip-
ment in relation to a scientific control).
[0029] Specialists in the art of large scale farming of
fish and other non-human animals will immediately value
the findings described herein and will understand the sev-
eral technical, economic, environmental and sanitary ad-
vantages of the technology described herein. Small var-
iations of the invention described herein should be un-
derstood within the scope of the claims.

Claims

1. Device for incubation of fish and other non-human
animals under simulated effects of microgravity,
comprising:

- four cylindrical or spherical receptacles (D1,
D2, D3 and D4), fixed to a first rotating axis (B),
in order to house fish or other non-human ani-
mals;

- a second rotating axis (C), associated with
each of said receptacles that are placed along
said first rotating axis (B), said second rotating
axis (C) being perpendicular to said first rotating
axis (B), wherein said second rotating axis (C)
of each receptacle is parallel to and distinct from
said second rotating axis (C) of every other re-
ceptacle;
- a motor (1);
- a further motor (2);

and

- an electronic system for controlling the rotating
movement of said axes;

characterized in that
each receptacle (D1, D2, D3 and D4) rotates about
its said second rotating axis (C);
wherein rotation of all receptacles (D1, D2, D3 and
D4) rotating about its said second rotating axis (C)
is provided by said motor (1) which is disposed in a
parallel position with each receptacle (D1, D2, D3
and D4);
wherein said motor (1) and further motor (2) are an-
gularly spaced apart by about 90° about a center line
that intersects perpendicularly an axis of rotation of
each of said motor (1) and further motor (2); and
wherein each of said cylindrical or spherical recep-
tacles (D1, D2, D3 and D4) comprises quick release
couplings at its ends for the removal or collection of
samples, even when said receptacles are in move-
ment.

2. Device according to claim 1, wherein the system for
controlling the rotating movement of said axes inde-
pendently adjusts the rotational speed of the recep-
tacles (D1, D2, D3 and D4) about the first and second
axe.

3. Process for farming of fish and other non-human an-
imals characterized by the step of:

- including at least one step involving the incu-
bation of fish or other non-human animals in a
device defined in claim 1.

4. Process according to claim 3, wherein said fish or
other non-human animals are fish, young adult ani-
mals, alevins, ovaries, fertilized eggs, test speci-
mens and fish ova.

5. Process according to claim 4 wherein said fish or
other non-human animals is fish or fish ova.

6. Process, according to claim 3, wherein said fish and
other non-human animals are at a stage in which the
ova/eggs are fertilized.
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Patentansprüche

1. Vorrichtung zur Inkubation von Fischen und anderen
nicht-menschlichen Tieren unter simulierten Mi-
kroschwerkraftwirkungen, die umfasst:

- vier zylindrische oder kugelförmige Gefäße
(D1, D2, D3 und D4), die an einer ersten Dreh-
achse (B) befestigt sind, um Fische oder andere
nicht-menschliche Tiere aufzunehmen;
- eine zweite Drehachse (C), die mit jedem der
Gefäße verbunden ist, die entlang der ersten
Drehachse (B) angeordnet sind, wobei die zwei-
te Drehachse (C) senkrecht zu der ersten Dreh-
achse (B) ist, wobei die zweite Drehachse (C)
jedes Gefäßes parallel und entfernt von der
zweiten Drehachse (C) jedes anderen Gefäßes
ist;
- einen Motor (1);
- einen weiteren Motor (2);

und

- ein elektronisches System zur Steuerung der
Drehbewegung der Achsen;

dadurch gekennzeichnet, dass
jedes Gefäß (D1, D2, D3 und D4) sich um seine zwei-
te Drehachse (C) dreht;
wobei die Drehung aller Gefäße (D1, D2, D3 und
D4), die sich um ihre zweite Drehachse (C) drehen,
durch den Motor (1) bereitgestellt wird, der in einer
zu jedem Gefäß (D1, D2, D3 und D4) parallelen Po-
sition eingerichtet ist;
wobei der Motor (1) und der weitere Motor (2) win-
kelig um etwa 90° um eine Mittellinie, die eine Dreh-
achse jedes des Motors (1) und des weiteren Motors
(2) senkrecht schneidet, beabstandet sind; und
wobei jedes der zylindrischen oder kugelförmigen
Gefäße (D1, D2, D3 und D4) Schnellentriegelungs-
kopplungen an seinen Enden für die Entfernung oder
Sammlung von Proben, selbst wenn die Gefäße in
Bewegung sind, umfasst.

2. Vorrichtung nach Anspruch 1, wobei das System zur
Steuerung der Drehbewegung der Achsen die Dreh-
geschwindigkeit der Gefäße (D1, D2, D3 und D4)
um die ersten und zweiten Achsen unabhängig ein-
stellt.

3. Verfahren zur Zucht von Fischen und anderen nicht-
menschlichen Tieren,
gekennzeichnet durch den folgenden Schritt:

- Aufnehmen wenigstens eines Schritts, der die
Inkubation von Fischen oder anderen nicht-
menschlichen Tieren in einer in Anspruch 1 de-
finierten Vorrichtung bedingt.

4. Verfahren nach Anspruch 3, wobei der Fisch oder
andere nicht-menschliche Tiere Fische, heranwach-
sende Tiere, Dottersacklarven, Eierstöcke, befruch-
tete Eier, Testproben und Fischeizellen sind.

5. Verfahren nach Anspruch 4, wobei die Fische oder
anderen nicht-menschlichen Tiere Fische oder
Fischeizellen sind.

6. Verfahren nach Anspruch 3, wobei die Fische und
anderen nicht-menschlichen Tiere in einem Stadium
sind, in dem die Fischeizellen/Eier befruchtet sind.

Revendications

1. Dispositif d’incubation de poissons et autres ani-
maux non humains sous des effets simulés de mi-
crogravité, comprenant :

- quatre réceptacles cylindriques ou sphériques
(D1, D2, D3 et D4), fixés à un premier axe de
rotation (B), afin de loger des poissons et autres
animaux non humains ;
- un second axe de rotation (C), associé à cha-
cun desdits réceptacles qui sont placés le long
dudit premier axe de rotation (B), ledit second
axe de rotation (C) étant perpendiculaire audit
premier axe de rotation (B), dans lequel ledit se-
cond axe de rotation (C) de chaque réceptacle
est parallèle à et distinct dudit second axe de
rotation (C) de chaque autre réceptacle ;
- un moteur (1) ;
- un moteur supplémentaire (2) ;

et

- un système électronique pour commander le
mouvement rotatif desdits axes ;

caractérisé en ce que
chaque réceptacle (D1, D2, D3 et D4) tourne autour
de son dit second axe de rotation (C) ;
dans lequel une rotation de tous les réceptacles (D1,
D2, D3 et D4) tournant autour de leur dit second axe
de rotation (C) est assurée par ledit moteur (1) qui
est disposé dans une position parallèle à chaque
réceptacle (D1, D2, D3 et D4) ;
dans lequel lesdits moteur (1) et moteur supplémen-
taire (2) sont espacés angulairement d’environ 90°
autour d’une ligne centrale qui coupe perpendiculai-
rement un axe de rotation de chacun desdits moteur
(1) et moteur supplémentaire (2) ; et dans lequel cha-
cun desdits réceptacles cylindriques ou sphériques
(D1, D2, D3 et D4) comprend des raccords à déga-
gement rapide au niveau de ses extrémités pour le
retrait ou le recueil d’échantillons, même lorsque les-
dits réceptacles sont en mouvement.
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2. Dispositif selon la revendication 1, dans lequel le
système pour commander le mouvement rotatif des-
dits axes ajuste indépendamment la vitesse de ro-
tation des réceptacles (D1, D2, D3 et D4) autour des
premier et second axes.

3. Procédé d’élevage de poissons et autres animaux
non humains caractérisé par l’étape :

- d’inclusion d’au moins une étape impliquant
l’incubation de poissons et autres animaux non
humains dans un dispositif défini à la revendi-
cation 1.

4. Procédé selon la revendication 3, dans lequel lesdits
poissons ou autres animaux non humains sont des
poissons, des jeunes animaux adultes, des alevins,
des ovaires, des oeufs fertilisés, des spécimens
d’essai et des ovules de poissons.

5. Procédé selon la revendication 4, dans lequel lesdits
poissons ou autres animaux non humains sont des
poissons ou des ovules de poissons.

6. Procédé, selon la revendication 3, dans lequel les-
dits poissons et autres animaux non humains sont
à un stade auquel les ovules/oeufs sont fertilisés.
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