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A method of administering growth hormone includes (a) osmotically shocking aquatic animals for about 60 seconds with a
hyperosmotic salt solution; and (b) placing the shocked aguatic animals in a tank containing a solution of about 300 mg/l of growth
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hormone (preferably bST). The treatment solution Is preferably at least slightly saline. The aguatic animals are immersed In the
treatment solution for between about 30 minutes and about two hours. The growth hormone solution Is supersaturated with
oxygen to place the aquatic animals In a state of suspended animation. Depending on the aquatic species treated, the osmotic salt
solution and the treatment solution may be refrigerated. The aguatic animals are preferably treated when less than 24 hours old.
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(57) Abstract

I A method of administering growth hormone includes (a) osmotically shocking aquatic animals for about 60 seconds with a

hyperosmotic salt solution; and (b) placing the shocked aquatic animals in a tank containing a solution of about 300 mg/l of growth

hormone (preferably bST). The treatment solution is preferably at least slightly saline. The aquatic animals are immersed in the treatment
solution for between about 30 minutes and about two hours. The growth hormone solution is supersaturated with oxygen to place the

l aquatic animals in a state of suspended animation. Depending on the aquatic species treated, the osmotic salt solution and the treatment
solution may be refrigerated. The aquatic animals are preferably treated when less than 24 hours old.
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METHOD OF STIMULATING GROWTH IN AQUATIC
ANIMALS USING GROWTH HORMONES

Technical Field
This invention relates to aquaculture, and, in particular, to the use of

growth hormones, especially bovine somatotropin (bST), to enhance the rate at

which aquatic animals grow.

Background Art
Fish is a recognized source of food. World-wide demand for wild-

caught fish has lead to a phenomenal growth in the aquaculture industry.
World-wide demand for fish continues to grow. Fish are found world wide, and
can be fairly inexpensive where fish aie plentiful. If fish could be grown more
quickly, farm grown fish could be harvested more quickly than presently
possible. This could increase the supply of fish and concomitantly reduce the
cost of fish to consumers and reduce the threat of over fishing of vﬁld
populations of fish and the effects on the environment of such over fishing. A
considerable amount of research has been conducted with aquatic animals, and
in particular, with methods or treatments to increase the rate of growth of
aquatic animals. Some of this research has focused on the use of growth
hormones (including bST) and methods of administering growth hormones to
fish. Fish have been injected with growth hormones and immersed in growth
hormone solutions. Because of the configuration of fish muscles and skin, the
skin does not readily close up at the injection site, and hormones injected
subdermally or intramuscularly can simply be washed out of the fish. The
injection of bST into fish thus has not been a successful method of
administering growth hormones.

[ know of two studies in which fish were treated with growth hormones:
(1) Growth Stimulation of Juvenile Salmonids by Immersion in Recombinant

Salmon Growth Hormone, Moriyama et al., Nippon Suisan Gakaishi, 56(1):31-
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34 (1990); and (2) Experimental Administration of Recombinant Bovine Growth
Hormone To Juvenile Rainbow Trout (Salmo Gairdneri) By Injection Or By
Immersion, Schulte, et. al., Aquaculture, 76:145-156 (1989). Both studies used
low levels of growth hormone. In the former study fish were immersed in a
solution containing 30 mg/l of BSA; in the latter study, fish were 1njected with
10 ng growth hormone/g body weight. The method disclosed 1n the latter study
(Schulte, et. al.) did not show a marked difference between the treated and
control groups. In the former study, the authors concluded that immersion in
rsGH may be useful as a method of GH (growth hormone) administration to
accelerate the growth of fish in aquaculture. However, there are advances that
can still be made in the administration of growth hormones to fish, particularly
1in the manner of administration of the growth hormone to enhance or accelerate
the growth of fish.

Summary of the Invention

A method of increasing the rate of growth of aquatic animals comprises

immersing the aquatic animal 1n a solution of growth hormone. When
immersed in the growth hormone solution, the aquatic animal swallows the
solution, and the growth hormone 1s absorbed through the aquatic animal's gut,
rather than through its skin, muscle, or gills. The administration of growth
hormones to the aquatic animals 1s believed to increase the animals’ metabolism
and thus stimulate growth. The increased rate of growth 1s accomplished using
natural products (or synthesized copies of the natural products). The genetic
phenotype or the cellular consistency of the aquatic animal is not altered.

The growth hormone solution (or treatment solution) contains 3-3000mg
growth hormone per liter. Preferably, the solution contains 150-450mg, and
most preferably 300mg growth hormone solution per liter. The growth hormone
1s bST, although other related growth hormones should work equally as well.
Additionally, the treatment solution includes at least some salt to make the
solution at least slightly saline. The growth hormone solution 1s supersaturated
with oxygen to enable the aquatic animals to be treated for longer periods of

time. This places the aquatic animal 1n a state of suspended animation. Prior to

PCT/US99/30663
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immersing the aquatic animal in the growth hormone solution, the aquatic
animals are osmotically shocked in a higher concentration, hyperosmotic, saline
solution. The salinity of the shocking solution depends on the aquatic animal
being shocked. The salinity of the treatment solution is preferably about one-
half that of the shocking solution. The growth hormone solution, depending on
the aquatic animal being treated, can be refrigerated. The aquatic animals are
immersed in the treatment solution for between two minutes and six hours.
Preferably, the immersion time is 30 minutes to 2 hours, and most preferably
about one to one-and-one half hours. After the treatment period has elapsed, the
temperature of the aquatic animal is slowly raised to an ambient temperature,
for example, by titrating the growth hormone solution with warmer water.

The aquatic animals are preferably treated at any time up to about six-
months of age. Preferably, however, the aquatic animals are treated when
young, i.e., less than nine days old, and more preferably, when less than twenty-
four hours old.

Brief Description of Drawings

FIG. 1 is a chart showing the results of treating hybrid striped bass 1n
accordance with the invention;

FIG. 2 is a chart showing the results of treating channel catfish in
accordance with the invention;

FIG. 3 is a chart showing the results of treating prawns in accordance
with the invention;

FIG. 4 is a chart showing the results of treatment of bass, when the bass
were sonicated during immersion in the growth hormone solution;

FIGS. 5A and 5B are charts showing the weight and length of grass carp
treated with a growth hormone solution of 300mg growth hormone/liter;

FIGS. 6A and 6B are charts showing the weight and length of shrimp
treated with a growth hormone solution of 300 mg growth hormone/liter;

FIGS. 7A and 7B are charts showing the effect of treating embryonic
catfish with growth hormone solutions of 30mg and 300mg growth hormone per

liter of water:

PCT/US99/30663
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FIGS. 8A and 8B are charts showing weight and length of catfish
wherein the fish were treated once, twice. as hatchlings, and as older fish; the
chart also shows the effect of limiting the food intake ot the fish;

FIG. 9 1s a chart showing the weight of bass in which the bass were
subject to different immersion times and to different dosages of growth
hormone solution;

FIGS. 10A and 10B are charts showing the weight and length of catfish
treated with high levels of growth hormone;

FIG. 11 is a chart showing the weight gain of treated coho salmon v.
untreated coho salmon;

FIG. 12 1s a photograph taken in October, 1999 comparing the size of
control fish with fish treated with 3gm bST/l, and showing that the treated fish
were significantly different in size from the control fish, the growth of which 1s
charted in FIGS. 10A and 10B;

FIG. 13 1s a photograph taken in October, 1999 ot the control and
treated hybrid striped bass treated for 1% hours in solutions of 30 mg bS'I/l and
300 mg bST/I1, the growth of which 1s charted in FIG. 9;

FIG. 14 is a photograph taken in October, 1999 of the control and
treated hybrid striped bass treated for 1 hour in solutions of 30 mg bST/l and
300 mg bST/1, the growth of which 1s charted in FIG. 9;

FIG. 15 is a photograph taken in October, 1999 of the control and
treated grass carp, the growth of which are charted in FIGS. 5A and 5B;

FIG. 16 is a photograph taken in October, 1999 of the control catfish and
catfish which were treated as hatchlings, the growth of which is charted in FIGS
7A and 7B; and

FIG. 17 is a photograph taken in October, 1999 of the control fish, the
fish treated once, and the fish treated twice, the growth of which are charted in
FI1GS. 8A and 8B.

Best Mode for Carrying Out the Invention

The following detailed description illustrates the invention by way of

examplé and not by way of limitation. This description will clearly enable one

PCT/US99/30663



WO 00/67763

10

15

20

25

30

CA 02373130 2001-11-05

skilled 1n the art to use the invention, and describes what 1 presently believe 1s
the best mode of carrying out the invention.

The method of treating aquatic animals with growth hormones, namely,
bST, was studied 1n association with hybrid striped bass, channel catfish, fresh
water prawns, shrimp, carp. and salmon, as discussed below. I believe that the
treatment will work on other aquatic animals equally as well. For example, the
treatment should work with Talapia and other bass species, other carp species,
other invertebrates, such as lobsters. crabs, abalone, etc., and other aquatic
vertebrates, such as amphibians. The treatment involved immersing the aguatic
animal 1n a bST solution for a period of time. The concentration of bST 1n the
solution varied from 3 mg/l to 3000 mg/l. preferably about 150mg/] to about
450mg/l, and most preferably about 300mg/l. The immersion time of the
aquatic animal 1n the solution varied trom approximately 2 minutes to about 6
hours; preferably from about 30 minutes to about 180 minutes; and most
preferably, from about 60 minutes to 120 minutes. The bST solution was
supersaturated with oxygen to place the aquatic animal in suspended animation
while they were immersed 1n the bST solution. The treatment solution included
some NaCl, so that the bST solution was at least somewhat saline. Different
aquatic animals respond differently to water temperature and water salinity.
Thus the protocols for the different aquatic animals had to be varied to account
for this. Statistical studies done for the data sets where change was evident
using a T-test evaluation consistently indicated that the data was statistically
significant for change due to the treatment, with a p<0.05.

Additionally, prior to placing the aquatic animals (except for shrimp and
prawns) in the treatment solution, the aquatic animals were osmotically shocked
by placing them 1n a hyperosmotic saline solution. The saline solution used to
osmotically shock the aquatic animal typically had a salinity of about twice the
salinity of the treatment solution. As discussed below, the shrimp and prawns
were received in saline solutions, and thus were already osmotically shocked.

The Basic Treatment Procedure for Bass, Carp, and Prawns

PCT/US99/30663



WO 00/67763

10

15

25

CA 02373130 2001-11-05

The treatment for the hybrid striped bass involved osmotically shocking
the fish by immersing them 1in a cold (approximately 45°F) hyperosmotic saline
solution for about 120 seconds. The saline solution was about 0.375-1.5M
NaCl, and preferably about 1.5M NaCl. They were then immersed 1n the bST
solution (about 300 mg bS'T/1) for about one hour. The bST solution was cold
(approximately 45°F). It was also slightly saline, the solution being about 0.15-
0.75M NaCl (and preferably about 0.75M NaCl). For the hybrid striped bass,
the salinity of the bST solution was less than the salinity of the shock solution.
The treatment tank was closed. and while the fish were in the treatment tank.
oxygen was bubbled into the tank, so that the water was supersaturated with
oxygen. Some fish were treated only once, others were treated twice. While
other fish were treated every two weeks. After each treatment session, the fish
were placed 1in holding tanks, the temperatures of which were approximately
equal to the ambient temperature of the tank’s surroundings.

The catfish were highly susceptible to temperature and salinity of the
solution 1n which they were kept. If the solution was too cold and/or too salty,
they would die. Thus, the protocol for the catfish had to be altered from the
striped bass protocol to account for the catfish’s susceptibility to salinity and
temperature. The treatment of the catfish involved osmotically shocking the
catfish by immersing them 1n a saline solution at room temperature for about 2
minutes. The shocking solution was about 0.75M NaCl. The fish were then
moved to treatment tanks, where the fish were immersed 1n the bST solution at
room temperature for about one hour. The bST solution contained about 300
mg bST/1, was about 0.375M NaCl, and was supersaturated with oxygen.

The prawns were received 1n a cold saline solution which had a specific
gravity of 1.002 and a temperature of 45°F -55°F. Thus, upon receipt of the
prawns, they were placed directly in the bST solution for a single treatment for
a period of one hour. The bST solution was saltier than the solution in which
the prawns were received. In this case, the treatment solution contained about
300 mg/l bST, had a specific gravity of 1.010, a temperature of about 45°F, and

was supersaturated with oxygen.

PCT/US99/30663
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EXAMPLE ]
Treatment of Hybrid Striped Bass

The protocol for treating hybrid striped bass involved osmotically
shocking the fish with a refrigerated osmotic salt solution for about 120
seconds. The salt solution was about 1.5M NaCl. The temperature of the salt
solution was about 45°F. The shocked fish were then transferred to a tank
containing a refrigerated solution of growth hormone. Preterably, bovine
somatotropin (bST) 1s used and 1s at a normal saline content (about 0.75M
NaCl). The solution contained about 300 mg bST/I. The bST tank was closed,
and the bST solution 1n the tank, with the fish therein, was supersaturated with
oxygen by bubbling oxygen into the solution. Supersaturating the water with
oxygen 1s believed to place the fish 1n a state of suspended animation, and
allows the fish to be treated for longer periods of time. The fish remain in the
refrigerated, oxygenated bST solution for about one hour. After the treatment
period is over (i.e., after about one hour), the temperature of the bST solution
was slowly increased to room temperature. Preferably, this 1s done over a
fifteen minute period by titrating the bST solution with warmer (room
temperature) water. The water cannot be increased 1n temperature too quickly,
and the water was raised to normal room temperature (68°F) at a rate of about
1.5°F/minute. This treatment procedure was carried out approximately every
two weeks for 10%2 weeks. As seen in FIG. 1 and Table I below, the treatment
resulted 1n significant increases in the growth rate of the fish, as compared to a
control group ot the fish.

The hybrid striped bass were divided into 5 categories: (1) a control
group wherein the water was warm (86-92°F); (2) a group treated with bST as
noted above wherein the water was warm (86-92°F); (3) a group treated with
bST and NovAqua" and wherein the water was warm; (4) a control group
wherein the water was maintained at room temperature (1.€., about 72°F); and
(5) a group treated with bST wherein the water was maintained at room

®

temperature (i.c.. about 72°F). NovAqua' is a water conditioner available from

the Kordon division of Novalek of Hayward, Califormia. which contains a

PCT/US99/30663
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buffering system, synthetic polymers, reducing agents (dechlorinators),
clectrolytes, and stabilizers. It provides a colloid coating on the fish’s body. It
is known that NovAqua® will compete with, and interfere with, the binding of
bST to the fish. Thus, the NovAqua® should prevent the bST from affecting the
5  growth of the fish. The third group thus measured the effect of the osmotic

shock and immersion in water supersaturated with oxygen on the growth of the
fish. As seen in Table I below, the fish treated with both bST and NovAqua
grew at substantially the same rate as the control fish. This shows that the
orowth of the bST treated fish was due to the bST, and that the osmotic shock

10 and the oxygen supersaturated water did not, by themselves, attribute to the
enhanced growth rate of the fish. Additionally, 1t can be seen from the data and
the chart of FIG. 1 that the fish kept in the warmer bath water grew at a faster
rate than the fish in the colder water. The control group had 40 fish and the bST
and bST+NovAqua groups each had 50 fish. The weight of the fish were

15 monitored for 102 weeks. The fish were treated every two weeks, and 1n

between treatments, the fish were held in holding tanks.

TABLE I
Average Weight of Hybrid Striped Bass in Grams

Warm Water Bath (86-92°F) Room Temp. Water (~72°F)
Week | Control = bST = bST+NovAqu Control ~ bST treated
R f
0 1.96 1.96 1.96 0 0
; 39 45 4l 0 6
& [60 79 68 19 23
6 8.1 10.3 8 1.9 2.7
o 1212 298 212 79 8.5
10% 282 382 6.7 10.9
20 The fish in the control group grew by about 1339%, whereas the bST

treated fish grew by about 1849%. At the end of the 10% weeks, the bST treated
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0.

fish were 35.5% heavier than the fish in the control group. Analysis of the
results using a T-test showed that the data had a p<0.05 statistical significance.
For the first 6 weeks of the experiment, the fish were housed 1n indoor
holding tanks. At week 6, (which was 1n early August in St. Louis, Missoursi,
USA), the fish were moved to outdoor holding tanks. As can be seen from FIG.
1 (which charts the data of Table I), at week 6, the fish began to grow at a much

faster rate than in the prior weeks. This is believed to be due to the fact that the

water 1n the outdoor holding tanks was warmer than the water in the indoor
holding tanks. The ambient outdoor summer temperature (80-84°F) is believed
to have been an ideal temperature for the growth of the fish, and, as can be seen,
the rate of growth of both the control fish and the bST treated fish was much
faster than 1n the first six weeks, when the fish were in indoor holding tanks.
EXAMPLE II
Treatment of Channel Catfish

The channel catfish were treated somewhat similarly to the hybrid
striped bass. The fish were removed from their holding tanks and osmotically
shocked with a 0.75M NaCl solution for about two minutes. The shocking
solution was at ambient temperature, typically about 70°F-80°F. The catfish
were then moved to the bST treatment solution. The solution had 300 mg bST/I
and was 0.375M NaCl. The bST solution was also at ambient room
temperature. The catfish were immersed 1n the bST solution for about one hour.
As with the striped bass, the bST tank was closed, and the bST solution in the
tank, with the fish therein, 1s supersaturated with oxygen to place the fish in a
state of suspended animation.

The fish were weighed and treated at 0 weeks. The fish were kept in
outdoor holding tanks in water that was about 80-84°F. The fish were weighed
at two and three weeks, however. they were not treated again. As seen in FIG.
2. and 1n Table II below, the bST treated group grew at a rate significantly faster

than the control group.

PCT/US99/30663
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TABLE II
Average Weight of Channel Catfish in grams

Week Control Group bST treated
0 4.9 5.1

2 6.8 9.6

3 8.8 11.0

Over the three week period, the control group grew on average by about
80%, whereas, over the same period, the bST treated group grew on average by
about 116%. After three weeks, the fish in the bST treated group was, on
average, about 45% heavier than the fish in the control group. Analysis of the
results using a T-test showed that the data had a p<0.05, statistical significance.

EXAMPLE III
Treatment of Fresh Water Prawns

The prawns were received 1n a cold saline solution which had a specific

gravity of about 1.002 and a temperature of about 45°F-55°F. The prawns were

already osmotically shocked. They were taken from their cold saline solution

and placed directly 1n a refrigerated (about 45°F-55°F) treatment solution of 300
mg bST/l. The treatment solution had a specific gravity of 1.010 at about 45°F,
and was thus approximately five times saltier than the shipping solution. The
prawns were left in the treatment solution for about one hour. As with the
striped bass, the bST tank was closed, and the bST solution was supersaturated
with oxygen to place the fish in a state of suspended animation. After the
treatment period ended. the treatment solution was allowed to slowly warm up
to room temperature, and the prawns were then placed 1n a fresh water outdoor
holding tank (about 80-84°F). The growth of the prawns was observed for five
weeks. The prawns were treated only the one time.

As seen 1n FIG. 3 and Table III below, the treated prawns grew at a
faster rate than the untreated control prawns. In the five week period, the
control prawns grew by about 539%, whereas the bST treated prawns grew by

about 664%. After five weeks. the bST treated prawns had an average weight
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which was about 20% greater than the prawns in the control group. Analysis of

the results using a T-test showed that the data had a p<0.01, statistical

significance.
TABLE III
5 Average Weight of Prawns 1n grams
Week Control | bST treated
0 0.36 0.36
S 2.30 2.75
EXAMPLE IV

Effect Of Sonicating Fish During Treatment
In this example, bass were treated with a 300 mg/l bST solution,

10 substantially the same as set forth in Example I. However, while immersed in
the bST solution, the fish were sonicated. The fish were immersed and
sonicated for about two minutes. Thus, instead of a one-hour immersion, the
fish were only immersed in the bST solution for two minutes. It was found that
sonication of the fish for much longer than two minutes was detrimental to the

15  health of the fish. The sonication of the fish was intended to shock the bST into
the dermal cells and gilis of the fish to facilitate absorption of the bST at the

skin and gill level. The results are tabulated below in Table I'V, and shown 1n

FIG. 4.
TABLE IV
20 Weight of Sonicated Fish v. Control Fish
Date Weight of Control |Weight of Treated
Fish (gms) Fish (gms)

6/25/99 0.62 0.62
——mmat— e — T T 77 |
e 7% 7 BEE—Y |
BT Y] BE— S8
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As can be seen from the results, the control fish (which were not treated
with bST) grew faster than the treated fish. These results are believed to show
that the bST 1s not absorbed at the cutaneous (skin) or gill level. Thus, 1t 1s
believed that the fish are swallowing the bST solution while immersed in the
treatment solution, and that the bST itself 1s absorbed in the fish’s (or aquatic
animal’s) gut.

EXAMPLE V
Treatment of Grass Carp

Grass carp were treated substantially in accordance with Example 1,
except as indicated below. The carp were 1nitially osmotically shocked in a
0.375 molar saline solution. The shocked fish were then immersed 1ina 0.154
molar salt solution including 300 mg bS'T/I for 37 minutes. The treatment
solution was at room temperature. The carp were treated only once and then the
length and weight of the carp were followed for several weeks. The weight and

length of the carp are set forth below in Table V and charted in FIGS. 5A and
SB.
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TABLE V
Length and Weight of Grass Carp

Control Fish | Treated Fish
Date |Weight Length|Weight Length
(@m)  (n) | (@m) (in)
6129799 0 11 0 1.25
7113/199. 019 199 017  2.14
7127/99, 115 361 132  4.08
8/11/99 321 417 39 4.74
8/26/99] 479 6 599 7.
0/9/99| 529 66 7.04 74
10/14/99| 10.85 7.44) 17.68 9.13

As can be seen, after slightly more than two months, the treated grass
carp weighed approximately 1.75 gm or about 33% more than the control fish
and were about 0.8 or about 12% longer than the control fish. After about 3%
months, the treated grass carp weighed about 6.8gms (or about 63%) more than
the control grass carp. The photograph in FIG. 15 shows the differences
between the control and treated fish. Analysis of the results using a T-test
showed that the data was extremely statistically significant, with a p<0.001.

EXAMPLE VI
Treatment of Shrimp

Shrimp were received 1n a brine solution having a specific gravity of
1.002. The specific gravity of the solution was increased to 1.010 by adding
salt to the solution. Growth hormone (bST) in an amount of 300 mg/l was
added to the solution, so that the shrimp were osmotically shocked and treated
simultaneously. The shrimp were immersed 1n the treatment solution for one
hour, after which time they were removed and returned to a bath having a
specific gravity of 1.002. The shrimp were treated only once. and their growth

was monitored for several weeks. The weight and length of the shrimp is set

forth below in TABLE VI and shown in FIGS. 6A and 6B.

PCT/US99/30663
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TABLE VI
Single Treatment Of Shrimp

Control Shrimp | Treated Shrimp
Date | Weight Length| Weight Length
(gms) (in) | (gm)  (in)
7[1/99]  0.00 026 009 237
7113/99, 017 253 016 267
7/27/99) 1.06 552| 098  5.28

8/11/99| 172 65 202 66
8/26/99| 241 71| 293 74
0/9/99| 272 7.4 375 82

As can be seen, after about two months, the treated shrimp weighted
approximately 1.03 gms or about 38% more than the control shrimp and were
about 0.8” or about 11% longer than the control shrimp. Analysis of the results
using a T-test shows a statistical significance of p<0.05.

EXAMPLE VII
Treatment Of Fish When Less Than 24 Hours Old

In this example, newly born or hatchling catfish were treated. The
catfish that were treated were less than 24 hours old, and still had their egg sacs
attached to them. The fish were treated once following substantially the same
protocol as set forth in Example I (i.e., osmotic shock, immersion for one hour
in a saline solution with bST), and their growth was followed for several weeks.
The weight and length of the fish are set out below in Table VII and charted in
FIGS. 7A and 7B. The fish were divided into four groups. The first group was
a control group. This group was subject only to the osmotic shocking solution.
The second shocked group, was subject to the osmotic shocking solution and
then immersed for one hour in a saline solution having the same salinity as the
treatment solution. In the third group, the fish were immersed for one hour 1n a
saline solution having 30 mg bST/l; and in the fourth group, the fish were

immersed for one hour in a saline solution having 300 mg bST/l. Analysis of the

PCT/US99/30663
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results using a I-test showed that the data was statistically significant, with a
p<0.03.
TABLE VII

Weight in grams
Date  Control Shocked Treated  Treated
fish  fish  30mgbST 300mg bST
6/17/98 001 001 001 001

'
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0/9/99  7.65 7.9 7.41 8.95
; iLength In inches
Date  Control Shocked Treated  Treated
fish  fish  30mgbST 300mg bST
6/17/99 18 185 197 187
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10/7/99 109 11.6. 13.2

As noted above, these fish were treated only once, and when they were
very young (less than 24 hours old). This allowed for the treatment many more
fish at once. than, for example, if the fish are treated when they are older, for
example, six months old. This example shows the increased effect of using a

300mg/l bST solution over a 30 mg/l bST solution. The fish treated with 30mg/I

welght less than the control fish (but more than the shocked fish) after almost
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three months. As compared to the shocked fish, after almost four months, the
fish treated with 30 mg bST/l weighed 0.91 gm or about 8% more than the
shocked fish and were equal in length to the shocked fish. On the other hand,
the fish treated with 300 mg/l bST grew at an overall much faster rate than the
fish treated with 30mg bST. Interestingly. as seen 1in FIG. 7A, mnitially the fish
treated with 30 mg bST grew at a faster rate than the fish treated with 300 mg
bST. However, after about 9 weeks, the rate of growth of the fish treated with
300 mg bST far surpassed the fish treated with 30 mg bST, and the fourth group
of fish caught up with, and out grew the third group of fish. At the end of about
almost four months, the fish treated with 300 mg bST weighed 9.84 gm or
almost 90% more than the shocked fish and weighed 8.91 gm or almost 75%
more than the fish treated with 30 mg bST. With respect to length, the fish from
all four groups had lengths that were fairly equal at the end of three months.
However, in the fourth months, greater differences began to be seen. The fish
treated with 30 mg bST/l were about 0.5 longer than the shocked fish and the
fish treated with 300 mg bST were about 2.3 and 1.6” longer than the shocked
fish and the fish treated with 30 mg bST, respectively. The photograph in FIG.
16 clearly shows the differences between the different groups ot fish.

As discussed above, prior articles discussed treating fish with small
doses of growth hormone. This example shows that treatment with higher doses
of growth hormone dramatically increases the rate at which the fish grow.
Analysis of the results using a T-test showed that the data was statistically
significant, with a p<0.05 for the fish treated with the 300 mg bS'T/] solution
and a p<0.10 for the fish treated with the 30 mg bST/l solution. Thus, despite
the small difference in average weight and length between the control fish and
the fish treated with the 30 mg bST/I solution, the lower dosage did have some
etiect.

EXAMPLE VIII
Effect Food Restriction on the Treatment of Fish
In this example, the fish were divided into four groups. In each group,

the food given to the fish was limited. The fish received 10% of their body

PCT/US99/30663
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weight 1n food daily. The fish were fed three times/day. Thus, at each feeding,
the fish received food equal to about 3.33% of their body weight. The first
group 1s a control group in which the fish were not treated with bST. The
second group was treated twice; the first time as hatchlings (i.e., less than 24
hours old) and the second time at one month of age; the third group was treated
a single time at one month of age; and the fourth group is treated only once as
hatchlings. The fish that were treated were treated substantially in accordance

with the procedure of Example I. The weight and length of the fish are
tabulated below, and charted in FIGS. 8A and 8B.

TABLE VIII
Control Treated Twice | Treated Once | Treated Once
as hatchling |at One Month | At Embryonic
and at one of Age Stage
month
Date Wt  Length | Wt = Length | Wt Length | wt §Length
@m)  (n) (@m) () |(@m) (@n) |(m) (i)
6/17/99] 001 18 001 187 001 18 001 187
7116/99| 02 275 027 304 02 275 027 3.04
7/21/99] 051  356) 058 382 042 4.03 055 4.6
 8/5/99) 129 528/ 139 548 134 536 151 56
| 812/99) 203  6.12) 207 628 212 625 232 6.43
8/19/99) 268 67 265 67 264 66 328 7.1
8/31/99 4.59 8| 423 7.8 417 769 488 82
9/10/99| 6.08 87| 573 86| 505 82 649 89
0116/99| 693 89 667 92 566 85 758 94
0/23/99| 10.14 99 845 96 732 89 952 98
9/30/99| 1254 1081128  10.3]10.29 9.8 11.97 107
10/7/99) 1718 1191387  11.4{12.35 10.8 17.14 119
10114/99| 19.77  12.9(16.33 1221484 117 1899 126
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Although the data trend appears to show ditferences between the groups
of fish, the weight 1n each group of fish varied widely. Thus, analysis of the
results showed no statistical significance between the groups. From my
observations. it i1s believed that the treated fish have larger appetites than the
untreated fish. Thus, as the fish consume more food, with an increased
metabolism rate, they will grow larger 1n size.

With respect to the trends of the data in the charts (i.e., the averages
shown in the charts) treatment of fish only once as hatchlings (i.e.. less then 24
hours old), once when about one month in age, or twice — as hatchlings and
again at one month, it can be seen that the fish treated as hatchlings were larger
after four months than the fish treated only at one month of age. Thus, 1t 1s
beneficial to treat the fish at a younger age. Additionally, the fish treated only
once as hatchlings were larger at the end of the test than the fish treated twice.
Thus, the additional treatment did not cause the fish to grow faster. In fact, for
some reason, the additional treatment of the fish appears to have slowed down
the rate of growth of the fish, such that the fish in the control group were able to
catch up 1n weight with the fish treated twice. Additionally, as seen in FIG. 8A,
the treatment of the fish only once at one month of age did not significantly
affect the rate of growth of the fish, as compared to the control group.

From this, 1t can be seen that the bST best affects the growth rate of
young fish. It apparently has little to no effect on older fish (i.e., one month of
age), except as administered 1n higher shock and treatment solutions. Thus, the
preferred time for treating the fish is when they are hatchlings. Because
hatchlings are much smaller than when they are one month old, many more
hatchlings than older fish can be treated at once in a given volume of solution.
Because of the expense of the bST, it is also preferred to be able to maximize
the number of fish that can be treated simultaneously. The photograph in FIG.

17 shows the similarities and differences between the treatment groups.

PCT/US99/30663
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EXAMPLE [X

Varying Immersion Time In The Treatment Solution And bST Dosage
In this test, the effect of the time in which hybrid striped bass were

immersed 1n the treatment solution was tested, as well as varying bST

PCT/US99/30663

5  concentrations. The bass were placed 1n treatment solutions of 30mg bST/1 and
300mg bST/] for varying amounts of time. It was determined that immersing
the fish according to the present protocol (1.e., osmotic shock and immersion in
an oxygenated saline/bST solution) for more than about two hours was
detrimental to the fish’s health. It 1s believed that the bST binds to the fish’s
10 gills and inhibits oxygen transfer across the fish’s gills. Thus, the immersion
time 1n the treatment solution 1s preferably less than two hours. The results for
12-hour and 1-hour immersion (or treatment) are shown below 1n Table IX and
charted 1n FIG. 9. The fish were divided into seven groups. There was one
control group, three groups for the 12 hour treatment and three groups for the 1
15 hour treatment The three groups for the 12 hour and 1 hour treatment each
included a control shock group (a group of fish which were immersed 1n a saline
solution having a salinity equal to the salinity of the treatment solution), a group
of fish which were placed in a 30 mg bST/I solution, and a group of fish which
were placed 1n a 300 mg bST/1 solution.
20 TABLE IX
Weight of Fish for Varying Immersion Times And Doses of bST
1%2 Hour Treatment 1 Hour Treatment
Date |Control| Control 30mg bST 300mg bST| Control 30 mg 300 mg
Shock | Shocked
6I25/99, 062 062 062 0.62 0.62 0.62 0.62
B 77T, B K [ Y CRETTTT R —a oE
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As can be seen from the results in Table IX and from the chart of FIG. 9,
the was no significant increase in the weight of fish treated with 30mg bST
when they were immersed for 1'2 hours, as compared to the shocked fish at the

5 end of three months. At the end of four months, however, the fish treated with
the 30 mg/l bST solution weighed 5.39gm, or about 14%, more than the
shocked fish. For the 1 hour treatment, it can be seen that there 1s no marked
difference between the control shocked group and the group treated with the 30
mg bST/] solution. In fact, at the end of nearly four months, the fish treated

10  with the 30 mg bST/1 solution for one hour weighed nearly as much on average
as their control shocked fish. Thus, the extra one-half hour in the 30 mg bST/I
solution appears to have allowed the fish to absorb more bST, such that fish
treated for 12 hours do show a faster growth rate than the control fish.
However, when the fish were treated for both 1% hours and 1 hour, there was a
15  significant increase in weight gain between the fish treated with 30mg bS'T and
the fish treated with 300mg bST. There was a marked increase in the weight
gain of the fish treated with 300 mg bST over the fish treated with 30mg bST.
At the end of three months, the fish treated with 300mg bST for 1'% hours
welghed about 36% more than the fish treated with 30mg bST. And at the end
20  of four months, the fish treated with 300mg bST weighted only about 0.4%
more than the fish treated with 30mg bST. In the intervening month, the fish
treated with 30 mg bST/l grew at a faster rate, and substantially caught up with
the fish treated with the 300 mg bST/l solution. For the fish treated for 1 hour,
at the end of three months, there was not much difference between the weight of
25  the fish treated with 300 mg bST/l and the fish treated with 30 mg bST/1.
However. during the fourth month, the fish treated with 300 mg bST/I grew at a
much faster rate, and weighted 3gm (or about 7%) more than the fish treated
with 30 mg bST/l. Thus, higher concentrations (up to a point, as discussed

below) appear to create higher growth rates earlier. The differences between
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the groups can be visually seen in the photographs in FIGS. 13 and 14. Analysis

of the results using a T-test showed statistical significance at a p<0.05.

EXAMPLE X
High Dosage of bST

In this test, the fish were subject a treatment solution containing 3000mg

bST/1 of solution. The fish treated where less than 24 hours old, and were

immersed in the treatment solution for one hour. As can be seen in Table X

below and in the charts of FIGS. 10A and 10B, the fish immersed 1n the

3000mg/1 bST treatment solution did not grow any faster or any larger than the

fish in the control group by the end of the third month. However, by the end of

the fourth month, the treated fish were somewhat larger than the control fish.

As seen in Table X, the treated fish weighed about 2.3gm or 15% more than the

control fish. Analysis of the results using a T-test showed statistical

significance at a p<0.05. The effects of the high dosage treatment can be seen

visually in the photograph in FIG. 12.
TABLE X
Control Treated
Date | weight length | weight length
@m)  (n) | (gm)  (in)
813/99] 354  7.31] 343  7.23
8/31/99, 683 94/ 685 9.
0/9/99| 764 96| 726 94
10/7/99| 1531 1245 17.61 127
EXAMPLE XI

Treatment of Coho Salmon

In this test, coho salmon were treated in accordance with Example |

(osmotic shock, treatment solution containing 300mg bST/Il of solution for one

hour). As can be seen in Table XI below and in the charts of FIG. 11, the coho

salmon which were treated with bST did not grow at a rate faster than the coho

salmon in the control group. As noted above, prior studies showed that the
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treatment of coho salmon was effective. Therefore, 1t 1s hypothesized that the

treatment techniques I designed are wholly different from previously conducted

research.
TABLE XI
Week Control |bST treated
0 2.37 2.3
1 5.51 5.47
3 8.43 8.37
Conclusion

As can be seen, by immersing aquatic animals in solutions having a high
concentration of bST, the growth rate of these aquatic animals can be
dramatically increased. This will enable aquaculturists to grow, and thus
harvest, the aquatic animals more quickly, thereby effectively increasing the
amount of cultured food available to feed people and decrease subsistence on
wild caught food sources.

Although the method was described with respect to the administration of
growth hormones, and in particular, bST, to aquatic animals, it 1s believed that
the method of administering bST to the aquatic animals, as set forth above, will
work equally well with other pharmaceutically active agents which are absorbed
through the gut of the aquatic animal. Namely, as set out above, the aquatic
animal 1s nitially shocked in a hyperosmotic saline solution and then immersed
in a solution of the pharmaceutically active agent for a desired period of time.
Obwviously, the concentration of the treatment solution will vary depending on
the pharmaceutically active agent being administered. The concentration will
have to be sufficient so that the aquatic animal absorbs a sufficient amount of
the pharmaceutically active agent during the immersion period in the solution.
If longer treatment periods are desired or needed, the treatment solution can be

supersaturated with oxygen to place the aquatic animal in a state of suspended

animation.
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As various changes could be made in the above treatment method
without departing from the scope of the invention, 1t is intended that all matter
contained in the above description shall be interpreted as illustrative and not 1n a
limiting sense. For example, the treatment solution could be supersaturated
5 with oxygen prior to placing the fish in the treatment tank. Although bST was
used as the growth hormone, other growth hormones, which are similar in
molecular structure to the bST, should work equally as well. This example 1s

merely 1llustrative.
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CLAIMS:

1. A method of increasing the rate of growth of aquatic animals, comprising
osmotically shocking the aquatic animals and immersing the aquatic animals in a
treatment solution for less than four hours; the treatment solution consisting
essentially of a growth hormone in a saline solution; the treatment being administered

only a single time, the aquatic animals being treated when they are less than five days

old.

2. The method of claim 1 wherein the treatment solution has about 3 to 3000 mg
growth hormone per liter.
3. The method of claim 1 wherein the treatment solution has about 150 to 450

mg growth hormone per liter.

4, The method of claim 1 wherein the treatment solution has about 300 mg

growth hormone per liter.

5. The method of claim 1 wherein the growth hormone is bovine somatotropin

(bST).

6. The method of claim 1 wherein prior to immersing the aquatic animals in the
treatment solution, the aquatic animals are osmotically shocked in a hyperosmotic

saline solution.

7. The method of claim 1 wherein the treatment solution is supersaturated with

oxygen.

8. A method of administering growth hormone to aquatic animals comprising the

steps of:

(a) osmotically shocking the aquatic animals with a osmotic salt solution;
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(b) placing the shocked aquatic animals in a treatment tank containing a
solution of growth hormone for a predetermined period of time, the solution being
refrigerated; and

(c) supersaturating the growth hormone solution with oxygen while the aquatic

animals are in the treatment tank.

9. The method of claim 8 wherein the aquatic animals are osmotically shocked

for about 120 seconds.

10.  The method of claim 8 wherein the growth hormone solution contains about 3-

3000 mg growth hormone/l.

11.  The method of claim 8 wherein the aquatic animals remain in the growth

hormone solution for about 2 minutes to about 2 hours.

12.  The method of claim 11 wherein the aquatic animals remain in the growth

hormone solution for about sixty to about 90 minutes.

13.  The method of claim 8 wherein the method further includes a step of raising
the temperature of the aquatic animals to an ambient temperature after the

predetermined period of time has lapsed by increasing the temperature of the solution.

14.  The method of claim 8 wherein the temperature of the growth hormone

solution 1s about 45°F.

15.  The method of claim 8 wherein the steps (a)-(c¢) are repeated every two weeks.

16.  The method of claim 8 wherein the aquatic animals are treated only once.

17.  The method of claim 16 wherein the aquatic animals are treated before 6

months of age.
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18.  The method of claim 17 wherein the aquatic animals are treated when less

than 9 days old.

19.  The method of claim 18 wherein the aquatic animals are treated when less

than 24 hours old.

20. A method ot administering growth hormone to aquatic animals comprising the
steps of osmotically shocking the aquatic animals and immersing the aquatic animals
in a growth hormone solution for at least thirty minutes, the solution being contained
in a closed tank, and placing the tank under a pure oxygen atmosphere while the

aquatic animals are immersed in the growth hormone solution.

21.  The method of claim 20 including supersaturating the growth hormone

solution with oxygen.

22.  The method of claim 1 wherein the temperature of the treatment solution is
about 45°F.
23.  Use of a hyperosmotic saline solution supersaturated with oxygen for

introducing a pharmaceutically active agent to an aquatic animal.
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