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Description 

Background  of  the  Invention 

This  is  generally  in  the  area  of  drug  delivery  of 
compounds  to  aquatic  animals,  and  in  particular 
uses  ultrasound  to  effect  or  enhance  uptake  of 
compounds  by  aquatic  animals. 

Fish  farming  has  become  one  of  the  most 
rapidly  growing  agricultural  industries  in  recent 
years.  One  of  the  major  problems  in  commercial 
fish  fainting  is  the  administration  of  drugs,  peptides, 
proteins,  vaccines  and  other  chemical  compounds 
to  the  fish.  Currently,  approaches  for  the  admin- 
istration  of  these  compounds  to  fish  is  by  injection, 
use  of  implants,  incorporation  into  food,  or,  for  a 
limited  number  of  agents,  via  diffusion  from  the 
water  (with  or  without  a  short  osmotic  shock).  In 
general,  all  of  these  methods  are  labor  intensive, 
often  inefficient  and  sometimes  not  successful.  In 
many  cases  it  is  impractical  on  a  commercial  scale 
to  inject  each  fish  or  crustacean  with  drug.  The 
uptake  of  these  compounds  co-administered  with 
food  or  placed  directly  in  the  water  is  inefficient 
and  unpredictable,  often  requiring  high  levels  of 
drug. 

Ultrasound  has  been  suggested  as  a  means  of 
administering  drugs  through  the  skin.  The  drug  is 
administered  topically  to  the  skin,  a  coupling  gel 
applied,  and  ultrasound  applied  to  the  drug  via  a 
probe  placed  in  contact  with  the  gel.  The  ultra- 
sound  enhances  permeation  of  the  drugs  through 
the  skin  at  a  controlled  rate.  The  advantages  of  this 
technique  is  that  the  ultrasound  forces  some  drugs 
through  the  skin  that  could  not  otherwise  be  deliv- 
ered  transdermal^  and  the  transfer  occurs  at  a 
controlled  rate.  Such  a  method  is  described  in  U.S. 
Patent  No.  4,767,402  to  Kost,  et  al.  Applying  the 
ultrasound  method  for  transdermal  drug  delivery  to 
aquatic  animals  would  be  impractical,  extremely 
labor  intensive,  and  the  results  not  predictable, 
particularly  in  the  case  of  fish  since  the  skin  of  a 
mammal  and  the  scaled  skin  of  a  fish  are  so 
different.  Ultrasound  has  also  been  used  to  force 
DNA  into  mammalian  embryos  under  highly  con- 
trolled  laboratory  conditions. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  a  method  for  effecting  or  enhancing 
administration  of  compounds  to  a  variety  of  aquatic 
animals. 

It  is  a  further  object  of  the  present  invention  to 
provide  a  method  for  administration  of  compounds 
on  a  large,  commercially  useful  scale. 

Summary  of  the  Invention 

A  method  for  administering  compounds,  includ- 
ing  proteins  (as  used  herein,  protein  includes  pep- 

tides,  polypeptide  and  protein  macromolecules), 
non-protein  drugs,  and  nucleic  acids,  to  aquatic 
animals,  especially  fish,  in  an  aquatic  medium  by 
applying  ultrasound  to  the  aquatic  medium  contain- 

5  ing  the  compound  to  be  administered  to  enhance 
or  effect  the  uptake  of  the  compound  by  the  animal 
from  the  water. 

In  one  example,  gonadotropin-releasing  hor- 
mone  analogue  (GnRHa)  was  administered  to  fish 

io  via  water  to  which  ultrasound  was  applied  for  ten  to 
fifteen  minutes  at  an  intensity  of  1.7  W/cm2.  Fish 
exposed  to  ultrasound  had  blood  levels  of  3.29  ± 
1.0  ng/ml  of  GnRHa  as  compared  to  levels  of  0.50 
±  0.23  ng/ml  for  fish  exposed  to  GnRHa  in  the 

75  absence  of  ultrasound. 

Brief  Description  of  the  Drawings 

Figure  1  is  a  graph  of  the  levels  of  GnRHa 
20  (ng/ml)  in  the  plasma  of  the  fish  over  time  (min- 

utes),  comparing  fish  exposed  to  GnRHa  in  the 
absence  of  ultrasound  ([dark])  and  in  the  presence 
of  ultrasound  ([///]). 

25  Detailed  Description  of  the  Invention 

The  efficient  administration  of  compounds  into 
aquatic  animals  in  an  aqueous  medium  is  effected, 
or  enhanced,  by  exposing  the  aquatic  medium  con- 

30  taining  the  compound  to  be  administered  to  short- 
term,  generally  less  than  one  hour,  low  intensity, 
generally  less  than  3  W/cm2  at  the  surface  of  the 
aquatic  animal  ultrasound.  Using  this  approach,  a 
highly  significant  uptake  (P<0.001)  of  a 

35  gonadotropin-releasing  hormone  analogue  (GnRHa) 
from  the  water  into  the  blood  system  of  fish  was 
achieved.  This  method  is  expected  to  have  tremen- 
dous  benefits  in  commercial  aquaculture  as  a  sim- 
ple  and  highly  efficient  method  for  the  administra- 

40  tion  of  chemical  agents  into  aquatic  animals. 
Examples  of  animals  that  can  be  treated  using 

this  method  include  fish,  crustaceans  (such  as 
shrimp  and  lobsters),  and  molluscs.  Embryos, 
hatchlings,  and  adult  aquatic  animals  can  all  be 

45  treated  with  this  method,  although  the  optimum 
conditions  will  vary  according  to  the  type,  age  and 
condition  of  the  animal.  For  embryos,  conditions 
will  also  vary  depending  on  the  type  of  egg.  Fish 
eggs  have  quite  different  properties  than  mamma- 

50  lian  or  avian  eggs  since  they  are  usually  fertilized 
externally. 

Compounds  which  can  be  delivered  into  aquat- 
ic  animals  using  ultrasound  include  proteins  (pep- 
tides,  polypeptides  and  protein  macromolecules), 

55  nucleic  acid  sequences  encoding  proteins,  non- 
protein  chemical  compounds,  such  as  most  anti- 
biotics,  antifungals,  steroids,  vitamins,  and  nutri- 
ents,  and  minerals.  Specific  examples  are  hor- 
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mones  (such  as  gonadotropins,  gonadotropin-re- 
leasing  hormones,  growth  hormones,  and  thyroid 
hormones)  and  vaccines.  These  compounds  can 
be  used  to  improve  reproduction,  growth  rates, 
disease  resistance  and  general  performance.  The 
mechanism  can  also  be  used  to  administer  small 
microencapsulated  implants  or  even  to  "seed"  mol- 
luscs,  for  the  production  of  pearls. 

The  ultrasound  is  generally  applied  to  the 
aquatic  medium  surrounding  the  animal  or  its  eggs. 
The  compound  may  be  absorbed  into  the  tissues, 
blood,  or,  in  the  case  of  eggs,  into  the  cytoplasm 
or  nucleus.  Ultrasound  can  travel  undiminished  for 
long  distances  in  water,  losing  only  50%  of  the 
energy  at  a  water  depth  of  about  11.5  meters,  for 
ultrasound  at  1  MHz,  assuming  no  other  medium  is 
present.  The  distance  over  which  the  ultrasound 
can  travel  is  dependent  on  the  frequency  of  the 
ultrasound.  At  a  distance  of  approximately  38  me- 
ters,  only  about  90%  of  the  intensity  of  ultrasound 
at  1  MHz  is  present. 

Ultrasound  is  defined  as  sound  having  a  fre- 
quency  greater  than  20  kHz.  Ultrasound  used  for 
medical  diagnostic  purposes  usually  employs  fre- 
quencies  ranging  from  0.75  to  about  10  MHz.  As 
used  herein,  frequencies  of  between  20  kHz  and  10 
MHz  with  intensities  between  more  than  0  and  3 
W/cm2  are  generally  used  to  enhance  transfer  of 
molecules.  Exposures  of  only  a  few  minutes  are 
usually  sufficient  since  the  response  time  to  the 
ultrasound  is  very  rapid.  Care  must  be  taken  to 
avoid  excessive  exposure,  usually  in  excess  of  one 
hour. 

Devices  are  available  which  emit  both  pulsed 
and  continuous  ultrasound.  The  specific  embodi- 
ment  of  the  ultrasound  device  is  not  important. 
Probes,  baths,  and  boxes  are  all  useful  depending 
on  where  and  how  the  ultrasound  is  to  be  applied. 
Ultrasound  devices  are  manufactured  by  Sonics 
and  Materials,  Inc.,  Danbury,  CT,  and  Enraf  Nonius, 
Al-Delft,  The  Netherlands. 

Because  ultrasound  does  not  transmit  well  in 
air,  as  well  as  because  aquatic  animals  do  better  in 
water,  the  ultrasound  is  preferably  applied  to  the 
water  in  which  the  animal  is  located.  In  addition,  or 
alternatively,  although  not  preferred,  the  ultrasound 
can  be  applied  to  the  animal  or  the  eggs  directly, 
taking  care  to  avoid  overexposure. 

The  present  invention  is  further  demonstrated 
by  reference  to  the  following  example. 

Example  1:  Administration  of  Gonadotropin-Re- 
leasing  Hormone  analogue  to  Goldfish. 

Methods: 

Goldfish  (Carassius  auratus)  12  to  15  cm  long, 
weighing  23.0  ±  2.9  g  were  purchased  from  Ozark 

Fisheries,  Inc.,  Stoutland,  Missouri.  The  fish  were 
individually  marked  with  tags  and  stocked  in  a  180 
liter  aquarium.  The  water  temperature  was  main- 
tained  at  20  °  C. 

5  Fish  were  divided  into  2  experimental  groups, 
each  consisting  of  10  fish.  Fish  from  the  first  group 
(control)  were  immersed  in  a  solution  of  a 
nanopeptide  analog  of  the  Gonadotropin  Releasing 
Hormone-  [D-AlaG,Pro9-NET]-LHRH  (GnRHa, 

io  Bachem,  Bubendorf  M.W.  1167)  and  were  not  ex- 
posed  to  ultrasound.  Fish  from  the  second  group 
(ultrasound  exposed)  were  immersed  in  a  solution 
of  similar  concentration  and  exposed  to  ultrasound. 
Each  fish  was  introduced  into  separate  2000  ml 

is  glass  beakers  containing  1200  ml  of  the  GnRHa 
solution  at  a  concentration  of  500  ng/ml.  The  diam- 
eter  of  the  beakers  was  13  cm  and  the  depth  of 
water  approximately  10  cm.  The  fish  were  kept  in 
the  beakers  for  1  hour.  Fish  from  the  ultrasound 

20  group  were  exposed  to  ultrasound  for  the  first  10  to 
15  minutes.  The  ultrasound  was  administered  using 
a  therapeutic  ultrasound  generator  (Sonopuls  434, 
Enraf  Nonius,  Al-Delft,  The  Netherlands).  A  1  MHz 
probe  with  an  effective  radiating  area  of  5  cm2  was 

25  used,  the  surface  of  which  was  maintained  just 
below  the  surface  of  the  solution  in  the  beakers. 
The  probe  was  slowly  moved  over  the  beaker 
surface  area  during  application  of  ultrasound.  The 
intensity  of  ultrasound  applied  was  1.7  W/cm2. 

30  After  1  hour  in  the  hormonal  solution,  all  the  fish 
were  returned  to  the  180  liter  aquarium  which  con- 
tained  water  without  hormone. 

Five  fish  from  each  group  were  bled  before 
their  introduction  into  the  hormone  solution  and  at 

35  30  and  120  minutes.  The  five  remaining  fish  in 
each  group  were  bled  at  15,  60  and  180  minutes 
following  their  introduction  into  the  hormone  solu- 
tion.  For  the  sampling  of  blood,  the  fish  were 
anesthetized  in  a  300  ppm  solution  of  2  phenoxy 

40  ethanol  (Merck).  200-250  M.I  of  blood  was  removed 
from  the  caudal  vessels  using  1  ml  syringes  and 
23  g  needles.  The  fish  recovered  from  anesthesia 
rapidly  (within  2  to  3  minutes)  when  replaced  into 
water.  Blood  samples  were  placed  on  ice  for  2  to  3 

45  hours  and  then  centrifuged  for  10  min  at  15,000 
rpm.  Serum  was  removed  and  stored  at  -30°  centi- 
grade  for  radioimmunoassay  (RIA)  of  the  GnRHa. 

Radioimmunoassay  for  [D-Ala6,Pro9-NET]-LHRH. 
50 

A  specific,  homologous  RIA  for  [D-AlaG,Pro9- 
NETJ-LHRH  was  used  for  the  determination  of  its 
levels  in  the  serum.  50  M.I  of  a  diluted  serum 
sample  or  a  standard  were  incubated  with  50  M.I  of 

55  rabbit  antiserum  against  [D-AlaG,Pro9-NET]-LHRH 
in  a  final  volume  of  500  u.l  for  24  h  at  4°C. 
Incubation  was  performed  in  0.01  M  phosphate 
saline  buffer  pH  7.6  containing  0.2%  of  BSA.  After 

3 
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24  h,  50  ul  of  radiolabeled  l125-[D-AlaG,Pro9-NET]- 
LHRH  was  added  to  all  tubes  and  the  incubation 
was  continued  under  the  same  conditions  for  an- 
other  24  h.  At  the  end  of  this  incubation  the  bound 
fraction  of  the  [D-AlaG,Pro9-NET]-LHRH  was 
precipitated  using  a  second  antibody,  raised 
against  rabbit  gamma  globulins.  The  precipitate 
was  counted  in  a  gamma  radioactivity  counter.  The 
serum  levels  of  the  GnRHa  were  calculated  after  a 
log-logit  linearization  of  the  standard  curve.  The 
sensitivity  of  the  RIA  was  0.02  ng/ml  and  its  preci- 
sion  (intra-assay  variability)  was  3.2%. 

Results: 

The  levels  of  the  GnRHa  in  the  plasma  of  the 
fish  before  and  during  the  course  of  the  study  are 
shown  in  Figure  1.  As  expected,  no  GnRHa  was 
measured  in  the  blood  of  the  fish  before  their 
exposure  to  the  hormone  solution.  There  was  some 
uptake  of  GnRHa  from  the  water  by  the  control 
fish,  with  a  maximum  measured  level  of  GnRHa  in 
the  plasma  of  the  control  fish  being  0.50  ±  0.23 
ng/ml  after  1  hour  of  immersion  in  the  hormone 
solution.  The  exposure  of  the  fish  to  10  to  15  min 
of  ultrasound  dramatically  enhanced  the  uptake  of 
the  GnRHa  from  the  water  into  the  fish.  Plasma 
GnRHa  levels  increased  to  3.29  ±  1.00  ng/ml  after 
15  minutes  ultrasound  exposure  and  were  still  ele- 
vated  45  minutes  later  (2.83  ±  0.49  ng/ml).  Thirty 
minutes  after  fish  were  exposed  to  10  minutes  of 
ultrasound,  blood  GnRHa  levels  were  1.36  ±  0.27 
ng/ml.  During  the  entire  period  of  immersion  in  the 
GnRHa  solution  (60  minutes),  GnRHa  levels  mea- 
sured  in  the  plasma  of  the  fish  exposed  to  ul- 
trasound  were  significantly  higher  (P<  0.001)  than 
the  GnRHa  levels  measured  in  the  plasma  of  the 
control  fish  (Fig.  1). 

Upon  removal  of  the  fish  from  the  beakers 
containing  the  hormone,  the  GnRHa  was  cleared 
from  the  circulation,  and  by  180  minutes  (2  hours 
after  the  transfer  to  clean  water),  plasma  GnRHa 
levels  in  the  ultrasound  treated  fish  were  not  dif- 
ferent  from  those  observed  in  the  control  fish  (Fig. 
1)- 

The  data  thus  clearly  demonstrates  that  a 
short-term  exposure  of  goldfish  to  therapeutic  lev- 
els  of  ultrasound  dramatically  enhances  the  uptake 
of  a  nanopeptide  from  the  water  into  the  fish  blood. 

Claims 

1.  A  non-therapeutic  method  for  administrating 
compound  to  an  aquatic  animal  in  an  aqueous 
medium  comprising  adding  the  compound  to 
be  administrated  to  the  aqueous  medium  and 
applying  ultrasound  to  the  aqueous  medium 
containing  the  compound  for  a  period  of  time 

effective  to  increase  the  level  of  compound  in 
the  animal  as  compared  with  a  control  animal 
not  exposed  to  ultrasound. 

5  2.  The  method  of  claim  1  wherein  the  animal  is 
selected  From,  the  group  consisting  of  fish, 
crustaceans,  molluscs,  and  eggs  thereof. 

3.  The  method  of  claim  1  wherein  the  compound 
io  is  selected  from  the  group  consisting  of  pro- 

teins  ,  nucleic  acid  sequences  encoding  pro- 
teins,  non-protein  chemical  compounds  and 
minerals. 

is  4.  The  method  of  claim  3  wherein  the  compound 
is  selected  from  the  group  consisting  of  anti- 
biotics,  antifungals,  steroids,  vitamins,  and  nu- 
trients. 

20  5.  The  method  of  claim,  3  wherein  the  protein  is 
selected  from  the  group  consisting  of  hor- 
mones  and  vaccines. 

6.  The  method  of  claim  1  wherein  the  ultrasound 
25  is  applied  for  between  1  and  60  minutes. 

7.  The  method  of  claim  1  wherein  the  ultrasound 
is  applied  at  an  frequency  of  between  20  kHz 
and  10  MHz  with  an  intensity  between  more 

30  than  0  and  3  W/cm2  at  the  surface  of  the 
aquatic  animal. 

8.  The  method  of  claim  1  wherein  compounds 
are  administered  to  multiple  animals  using  ul- 

35  trasound  applied  to  an  aqueous  solution  con- 
taining  all  of  the  animals  and  the  compound  to 
be  administered. 

9.  The  use  of  a  therapeutic  compound  for  the 
40  manufacture  of  a  therapeutic  system  for  the 

administration  of  the  compound  to  an  aquatic 
animal  in  an  aqueous  medium,  wherein  the 
administration  of  the  therapeutic  compound  is 
enhanced  by  applying  ultrasound  to  the  aque- 

45  ous  medium  containing  the  compound  for  a 
period  of  time  effective  to  increase  the  level  of 
compound  in  the  animal  as  compared  with  a 
control  animal  not  exposed  to  ultrasound. 

50  10.  A  system  for  administration  of  compound  to 
aquatic  animals  comprising: 

an  aquatic  medium  containing  the  com- 
pound  to  be  administered,  wherein  the  aquatic 
medium  is  not  harmful  to  the  aquatic  animal, 

55  and 
means  for  applying  ultrasound  to  the  aque- 

ous  medium  at  a  frequency  of  between  20  kHz 
and  10  MHz  with  an  intensity  between  more 

4 
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than  0  and  3  W/cm2  at  the  surface  of  the 
animals  to  be  treated  with  compound. 

11.  The  system  of  claim  10  wherein  the  compound 
is  selected  from  the  group  defined  in  any  one 
of  claims  3  to  5  and  9. 

12.  The  system  of  claim  10  or  11  further  compris- 
ing  an  animal  selected  from  the  group  consist- 
ing  of  fish,  crustaceans,  molluscs,  and  eggs 
thereof. 

Patentanspruche 

1.  Nicht-therapeutisches  verfahren  zur  Verabrei- 
chung  einer  Verbindung  an  ein  Wasserlebewe- 
sen  in  einem  wassrigen  Medium  durch  Eintra- 
gen  der  zu  verabreichenden  Verbindung  in  das 
wassrige  Medium  und  Beschallen  des  die  Ver- 
bindung  enthaltenden  wassrigen  Mediums 
wahrend  einer  zur  Erhohung  des  Gehalts  an 
der  Verbindung  in  dem  Lebewesen  -verglichen 
mit  einem  nicht  beschallten  Vergleichslebewe- 
sen  -  wirksamen  Zeitdauer. 

2.  Verfahren  nach  Anspruch  1,  wobei  das  Lebe- 
wesen  unter  Fischen,  Krustentieren,  Mollusken 
und  Eiem  hiervon  ausgewahlt  ist. 

3.  Das  Verfahren  nach  Anspruch  1,  wobei  die 
Verbindung  unter  Proteinen,  fur  Proteine  codie- 
renden  Nukleinsauresequenzen,  kein  Protein 
darstellenden  chemischen  Verbindungen  und 
Mineralien  ausgewahlt  ist. 

4.  Verfahren  nach  Anspruch  3,  wobei  die  Verbin- 
dung  unter  Antibiotika,  Antipilzmitteln,  Steroi- 
den,  Vitaminen  und  Nahrstoffen  ausgewahlt  ist. 

5.  Verfahren  nach  Anspruch  3,  wobei  das  Protein 
unter  Hormonen  und  Impfstoffen  ausgewahlt 
ist. 

6.  Verfahren  nach  Anspruch  1,  wobei  das  Be- 
schallen  wahrend  1  bis  60  Minuten  erfolgt. 

7.  Vorfahren  nach  Anspruch  1,  wobei  das  Be- 
schallen  bei  einer  Frequenz  zwischen  20  kHz 
und  10  MHz  mit  einer  Intensitat  zwischen  mehr 
als  0  und  3  W/cm2  an  der  Oberflache  des 
Wasserlebewesens  erfolgt. 

8.  Verfahren  nach  Anspruch  1,  wobei  Verbindun- 
gen  durch  Beschallen  einer  alle  Lebewesen 
und  die  zu  verabreichende  Verbindung  enthal- 
tenden  wassrigen  Losung  an  mehrere  Lebewe- 
sen  verabreicht  werden. 

9.  Verwendung  einer  therapeutischen  verbindung 
zur  Herstellung  eines  therapeutischen  Systems 
zur  Verabreichung  der  Verbindung  an  ein  was- 
serlebewesen  in  einem  wassrigen  Medium, 

5  wobei  die  Verabreichung  der  therapeutischen 
Verbindung  durch  Beschallen  des  die  Verbin- 
dung  enthaltenden  wassrigen  Mediums  wah- 
rend  einer  zur  Erhohung  des  Gehalts  an  der 
Verbindung  in  dem  Lebewesen  -  verglichen 

io  mit  einem  nicht  beschallten  Vergleichslebewe- 
sen  -  wirksamen  Zeitdauer  erhoht  wird. 

10.  System  zur  Verabreichung  einer  Verbindung 
an  wasserlebewesen,  das  die  folgenden  Be- 

15  standteile  umfaBt: 
ein  die  zu  verabreichende  Verbindung  ent- 

haltendes  wassriges  Medium,  das  fur  wasser- 
lebewesen  nicht  gefahrlich  ist,  und 

ein  Mittel  zum  Beschallen  des  wassrigen 
20  Mediums  bei  einer  Frequenz  zwischen  20  kHz 

und  10  MHz  mit  einer  Intensitat  zwischen  mehr 
als  0  und  3  W/cm2  an  der  Oberflache  der  mit 
der  Verbindung  zu  behandelnden  Lebewesen. 

25  11.  System  nach  Anspruch  10,  wobei  die  Verbin- 
dung  aus  der  in  einem  der  Anspruche  3  bis  5 
und  9  definierten  Gruppe  ausgewahlt  ist. 

12.  System  nach  Anspruch  10  oder  11,  das  des 
30  weiteren  ein  unter  Fischen,  Krustentieren,  Mol- 

lusken  und  Eiem  hiervon  ausgewahltes  Lebe- 
wesen  umfaBt. 

Revendicatlons 
35 

1.  Procede  non  therapeutique  pour  administrer  un 
compose  a  un  animal  aquatique  dans  un  mi- 
lieu  aqueux,  comprenant  I'addition  du  compose 
devant  etre  administre  au  milieu  aqueux  et 

40  I'application  d'  ultrason  au  milieu  aqueux 
contenant  le  compose  pendant  une  periode  de 
temps  efficace  pour  augmenter  le  taux  du 
compose  dans  I'animal  par  rapport  a  un  animal 
temoin  non  expose  a  I'ultrason. 

45 
2.  Procede  selon  la  revendication  1,  dans  lequel 

I'animal  est  choisi  dans  le  groupe  constitue 
des  poissons,  des  crustaces,  des  mollusques 
et  des  oeufs  de  ceux-ci. 

50 
3.  Procede  selon  la  revendication  1,  dans  lequel 

le  compose  est  choisi  dans  le  groupe  constitue 
des  proteines,  des  sequences  d'acides  nuclei- 
ques  codant  pour  les  proteines,  des  composes 

55  chimiques  non  proteiques  et  des  mineraux. 

4.  Procede  selon  la  revendication  3,  dans  lequel 
le  compose  est  choisi  dans  le  groupe  constitue 

5 
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des  antibiotiques,  des  antifongiques,  des  ste- 
ro'fdes,  des  vitamines  et  des  substances  nutriti- 
ves. 

5.  Procede  selon  la  revendication  3,  dans  lequel  5 
la  proteine  est  choisie  dans  le  groupe  constitue 
des  hormones  et  des  vaccins. 

6.  Procede  selon  la  revendication  1,  dans  lequel 
I'ultrason  est  applique  pendant  entre  1  et  60  10 
minutes. 

7.  Procede  selon  la  revendication  1,  dans  lequel 
I'ultrason  est  applique  a  une  frequence  d'entre 
20  kHz  et  10  MHz,  avec  une  intensite  entre  is 
plus  de  0  et  3  W/cm2,  a  la  surface  de  I'animal 
aquatique. 

8.  Procede  selon  la  revendication  1,  dans  lequel 
les  composes  sont  administres  a  plusieurs  ani-  20 
maux  en  utilisant  un  ultrason  applique  a  une 
solution  aqueuse  contenant  tous  les  animaux 
et  le  compose  devant  etre  administre. 

9.  Utilisation  d'un  compose  therapeutique  pour  la  25 
fabrication  d'un  systeme  therapeutique  pour 
I'administration  du  compose  a  un  animal  aqua- 
tique  dans  un  milieu  aqueux,  dans  laquelle 
I'administration  du  compose  therapeutique 
consiste  a  appliquer  un  ultrason  au  milieu  30 
aqueux  contenant  le  compose  pendant  une 
periode  de  temps  efficace  pour  augmenter  le 
taux  du  compose  dans  I'animal  par  rapport  a 
un  animal  temoin  non  expose  a  I'ultrason. 

35 
10.  Systeme  pour  I'administration  d'un  compose  a 

des  animaux  aquatiques,  comprenant  : 
un  milieu  aquatique  contenant  le  compose 

devant  etre  administre,  ou  te  milieu  aquatique 
n'est  pas  nuisible  vis-a-vis  de  I'animal  aquati-  40 
que,  et 

des  moyens  pour  appliquer  un  ultrason  au 
milieu  aqueux  a  une  frequence  d'entre  20  kHz 
et  10  MHz,  avec  une  intensite  entre  plus  de  0 
et  3  W/cm2,  a  la  surface  des  animaux  devant  45 
etre  traites  avec  le  compose. 

11.  Systeme  selon  la  revendication  10,  dans  lequel 
le  compose  est  choisi  dans  le  groupe  defini 
dans  I'une  quelconque  des  revendications  3  a  so 
5  et  9. 

12.  Systeme  selon  la  revendication  10  ou  11,  com- 
prenant  en  outre  un  animal  choisi  dans  le 
groupe  constitue  des  poissons,  des  crustaces,  55 
des  mollusques  et  des  oeufs  de  ceux-ci. 

6 
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