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Field trials of a method of induction of autoimmune
gonad rejection in Atlantic salmon (Salmon salar L.)

par Lindsay M. LAIRD, A. R. WILSON, F. G. T. HOLLIDAY *

Department of Zoology, University of Aberdeen,
Tillydrone Avenue, Aberdeen, AB9 2TN, U.K.
* University of Durham, Old Shire Hall, Durham DH1 3HP, U.K.

Summary. Autoimmune gonad destruction was induced in Atlantic salmon of both
sexes in trials carried out on fish kept in sea cages on a fish farm. Damage to gonads was
only found in fish where the first injection of gonad extract had been given together with
Complete Freund’s Adjuvant, injections without adjuvant or with carrageenan as an adju-
vant were unsuccessful. Length and weight differences between treated and untreated
groups of fish were slight at the termination of the experiment.

Results suggest that practical application of this technique would involve injection at
an early stage of gonad development and at a higher water temperature (>> 10 °C) to
increase the rate of the primary avtoimmune response.

The lesion induced in the salmon testis was compared with that caused by autoimmune
destruction of mammalian testis.

Introduction.

Preliminary experiments have shown that it is possible to induce an autoimmune
reaction in the testes of Atlantic salmon and thus destroy the germ ceils (Laird et al.,
1978). The benefits to the fish farming industry of rearing fish without gonads include :

1. Harvesting of fish is not subject to the constraints imposed by gonad maturity and
marketing can take place at the optimum fish size and time of year according to
purely economic criteria.

2. The cessation of somatic growth and increased susceptibility to fungai invasion
(Richards and Pickening, 1979) associated with gonad maturation could be elimi-
nated.

3. The possibility of improved conversion of food into flesh with no wastage by conver-
sion to gonad material.

Other methods which have been proposed for the sterilization or modification of
gonads in farmed fish involve surgical gonadectomy or the use of steroid hormones.
Surgical gonadectomy for farmed salmonids has been successfully carried out (Brown
and Richards, 1979), with low mortalities resulting. However the operation takes a
minimum of 90 sec, fish less than 25 cm length are unsuitable and in Britain may only be
performed on farms by veterinary surgeons.
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Treatment of fish with sex steroid hormones has been used with two aims : com-
plete sterilisation or sex reversal. Encouraging results for sex reversal have been
obtained by Johnstone et al. (1978, 1979a and b) by the administration to fry, in the diet
of 178-cestradiol or 17«-methytestosterone. These workers established minimum time
periods for feeding steroids : shorter periods resulted in the production of herma-
phrodites. Less encouraging results were obtained by Jalabert et al. (1975) and Goetz
et al. (1979) suggesting that for successful results a narrow range of treatment condi-
tions exist. Johnstone et al. (1978) showed adverse conditions to be less tolerated by
treated fish than by untreated. Growth depression which occurred during treatment
was made up later. One of the aims of steroid treatment is to produce functional males
which are genetic females and cross them with normal females to produce all female
offspring. Female salmon on average mature later than males, but, with Atlantic sai-
mon, may mature as grilse and all female populations grow more slowly than mixed
populations. Because hormone treatment of a batch of fry involves the treatment of
genetic males and females to make all male or all female populations it is difficult to
assess which fish are normal and which are sex-reversed.

A proportion of sterile fish are produced by hormone treatment (Jalabert et al.,
1975) but there has, so far, been no reliable production of a complete batch of sterile
fish,

Following the preliminary experiment, field trials were designed to test the follow-
ing :

1. If results obtained under laboratory conditions could be repeated in field conditions,
using older fish than in the previous experiment ;

2. If female fish could respond to injection ;

3. The effects of two adjuvants on the fish, both when injected alone and with gonad
extract ;

4. The effects of different injection schedules ;

5. If growth of treated fish varied significantly from untreated ones.

Materials and methods.

The experiments took place on a commercial fish farm; Atlantic salmon (approxi-
mate mean weight 750 g) of 2 years freshwater and 10 months seawater age were
selected for injection. They were kept in a floating cage and fed dry pelleted diet accord-
ing to the normal routine of the farm. Feeding was observed to continue normally on
the day following each treatment. Water temperatures for March averaged 6.6 °C
(max 7.30), April 7.2° (7.99), May 9.7° (11.80), June 10.9° (11.4°) and July 11.9° (12.89).

Injections were carried out according to the schedule given in table 1. The-
following materials were used in injections :

1) Sterile 0.85 p. 100 saline.

2) Gonad extract. — Testes from maturing (spermatid stage) salmon and ovaries from
immature (previtellogenic) female salmon (to avoid yolk contamination) were removed
from newly kilied Atlantic salmon and stored in liquid nitrogen until half an hour prior
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TABLE 1

Injection schedules

No of the group ... 1 2 3 4 5 6 7
Nooffish ......... 50 50 50 50 150 150 150
Treatment (day 0) . . 0.2mlS 0.2mlS 0.2miS 0.2mlS 0.2mlS 0.2mlS
+4- CFA +C + G +G. + G
+ CFA +C
Boosters  day 30 . 0 0 0 0 100 fish 100 fish 100 fish
(Gonad in
saline) day 60 . 0 0 0 0 50 fish 50 fish 50 fish

0:= No injection ; G:= Gonad extract; S:= Saline ; CFA:= Complete Freund's Adjuvant ;
C = Carrageenan.

to injection. They were then removed from the liquid nitrogen and allowed to thaw at
air temperature. When thawed they were washed with saline to remove excess blood
and ground through a fine stainless steel mesh sieve (2.5 mesh/mm) to form a 50 p. 100
solution with saline. Male and female gonad extract was mixed together for injection.

3) Adjuvants. — (a) Complete Freund’s Adjuvant (CFA), (b) Carrageenan X52 Auby-
gel batch 3557... Both adjuvants were mixed 50/50 by volume with the appropriate
material for the required injection.

Injections were carried out using 2 ml disposable syringes with 23 gauge needles.
These were loaded prior to the capture of the fish, which were removed from the pen
by hand net and anaesthetised in @ 25 ppm solution of benzocaine. Injections were
performed intraperitoneally, the injection site being anterior to the anus and to one
side, batch by batch : i.e. all fish for one treatment were injected before another was
begun. Each fish was injected with 0.2 ml material, containing approximately 0.1 g (wet
weight) gonad exiract.

As all fish were to be kept in a single cage, the different treatments were distin-
guished by differential marks applied by freeze-branding using liquid nitrogen to cool
the brand in the method described by Mighell (1969).

When the first injections were given, time did not permit the weighing and measur-
ing of the fish. However this was carried out at all subsequent injection times and at the
time of assessment of the results of the trials. At this last sample, five fish were removed
from each treatment, killed, opened by a ventral, longitudinal incision and the gonads
removed and preserved in 10 p. 100 buffered formol saline.

in the laboratory the fixed gonad material was embedded in paraffin wax and
sections cut at 6 um. Staining was by haematoxylin and eosin.

Results.

Lengths and weights are shown in table 2. There were few significant differences
noted : that of May is not found in June and vice versa.
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TABLE 2

Lengths and weights of groups of fish during the irials (Group reference numbers as in table 1)

Group Date of sampling
12.4.1978 9.5.1978 26.7.1978
mean S.D. mean S.D. mean S.D.
1 L 40.74 3.74 42.71 4.13 49.65 5.88
w 810.67 256.62 956.85 362.74 1 584.00 676.12
2 L 39.78 3.44 41.55 3.70 46.66 4.92
w 763.84 237.04 872.24 292.81 1225.00* 479.71
3 L 40.38 3.56 42.08 3.78 47.99 291
w 801.00 242.34 914.90 312.96 1 382.50 356.82
4 L 40.33 3.87 42.06 4.19 46.07 * 5.39
w 791.60 277.62 915.53 339.57 1221.43 519.86
5L 40.56 3.75 42.34 3.95 48.04 4.47
w 799.73 259.05 932.70 348.67 1 339.09 43513
6 L 39.67 3.73 41.44 3.95 47.91 5.42
w 748.85 249.42 872.58 311.36 1338.89 43113
7 L 40.69 3.65 42.38 317 47.72 414
w 815.07 260.18 933.84 309.02 1293.85* 378.81

L Length (cms), W Weight (gms).

* Denotes points where data for experimental fish significantly different from the control untreated
fish (Group 1)} (p < 0.05).

With the exception of one female fish injected with CFA alone which had a small
granuloma on the surface of one of the ovaries, the only groups to show reactions in the
gonads were those injected with gonad extract plus CFA. It was not possible, owing to
fading of the last mark applied, to distinguish those fish which had two and three
injections. Of these, all males showed a degree of reaction in both testes, varying from
near complete obliteration of normal gonad tissue to a granuvloma on the surface of the
testis penetrating inwards along the lobule margins. This latter reaction was observed
in the more mature animals, the overall impression being that the injections had been
carried out at too late a stage of development in those fish which whouid have matured
as grilse. The testes of the less mature fish are shown in plate 1, and more mature fish
in plate 2, and indicate that an active response was still taking place, with the replace-
ment of normal germ tissue by granular connective tissue. Lymphocytes can be seen

Salmon gonads dfter injection with gonad exiract and CFA

PLATE 1. — Immature testis showing infiltration of lymphocytes between tubules from granuloma.
x 150.

PLATE 2. — Testis at spermatid stage of development with surface granuloma and inter-lobular
infllfration. x 100.

PLATE 3. — Ovary with surface granuloma penetrating between oocytes. X 100.

PLATE 4. — Posterior part of ovary occluded with granuloma. x 50.

All tissues stained with haematoxylin and eosin.
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between tubules, the invasion being carried out from a « front » of tissue. 1t is clear that
in all these fish the testicular rejection was proceeding actively at the time of sampling.
Some male fish which had received one injection of gonad extract and CFA showed
similar reactions to those which had received follow-up injections. One of the largest
fish sampled, length 55.3 ¢cm, weight 1 650 gm, condition factor 0.98 had a highly active
testicular lesion.

Plates 3 and 4 show the effects on the ovary of injection of gonad and CFA with one
or two follow-up injections. Effects were only noted on immature ovaries. Surface gra-
nulomas (plate 3) were the most noticeable feature with cells penetrating inwards
between oocytes. An aggregation of leucocytes and a proliferation of fibrous tissue
around the pre-vitellogenic oocytes can be seen : it seems that more developed yolky
oocytes present an impenetrable barrier to invading tissue. Plate 4 shows the posterior
end of the ovary in transverse section : in a normal fish this appears as a lacuna and
fills with oocytes at a later stage, in this case it is occluded with granular, fibrous tissue.

Discussion.

The lesion in mammals produced by immunological damage has been described
by many authors including Delaunay and Voisin (1952), Freund ef al. (1953) and Bishop
and Carlson (1965). A recent review (Seichell 1978) concluded that « Immunological
aspermatogenesis apparently results when the immune system is exposed to testis
antigen and a granulomatous reaction : the latter may result from the adjuvant or
other causes ».

Salmonid testes differ markedly in position and structure from those of mammals.
In salmon they are paired organs positioned along the dorsal wall of the body cavity
below the kidney, with the ovaries in females being similarly positioned. The structure
of the testis in precociously mature male Atlantic salmon parr was described by Jones
and Orton (1940). Regions of the gonad are less clearly defined than in the mammal,
there are no accessory glands and there is no corresponding structure to the rete testis,
the region of the mammalian testis where the immunological reaction begins following
injection with testis homogenate and CFA.

The injections producing the response described in this paper were given inira-
peritoneally (IP) leaving 0.2 ml of injected material inside the peritoneal cavity. This
simple and convenient technique is the most commonly used method of injecting fish.
However, in mammals injection to produce autoimmune testicular damage has usually
been performed intracutaneously or intramuscularly.

The lesions described here differ from those described for mammals in that they
appear to progress into the gonad from a granvloma forming on the outer connective
tissue surface of the gonad rather than from the internal mature parts of the gonad. It is
probable that this granuloma is instituted by macrophages from the body cavity. A
further noticeable difference between the reaction in fish and that in mammais is that
fish testes are able to respond at an earlier stage of germ cell development : destruc-
tion proceeded in testes where the germ cells had only reached the primary spermato-
cyte stage of development.
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It has been shown that, as yet, no foolproof method exists for sterilisation of large
numbers of fish. The results obtained so far on induction of autoimmune gonad destruc-
tion are sufficiently encouraging to believe that a technique could be evolved by which
salmonids could be sterilised on farms. However, the lack of data on salmonid immune
systems in general and particularly on automimune reactions in fish means that much
more experimental work is necessary before the technique can be used commercially.

Conclusions.

1. Immune rejection of gonad can be induced in Atlantic salmon kept under farmed
conditions.

2. It was shown that female salmon are capable of a response to injected gonad mate-
rial 4- CFA.

3. Autoimmune rejection of gonad is only stimulated by injection of gonad extract

. with CFA.

4. Owing to failure of the marking technique it is not possible to distinguish between
fish which had two and three injections. However, all fish with two or more injec-
tions had reacted to the injection, suggesting that the third injection may have been
unnecessary.

5. Only small differences in growth rates were elicited by the treatment.

6. The reaction induced in this experiment is slow and two major improvements can
be suggested for practical applications :
a) Injections should be carried out at warmer water temperatures. The primary
immune response in teleosts is temperature dependent : being more rapid if initiated
at higher temperatures.

b) Injections should be carried out at an earlier stage of gonad development.
In both sexes the reaction appeared impeded by the size and, in the female, the struc-
ture of the gonad.

Taking these factors into account it is suggested that Atlantic salmon should be
treated at or near the time of smolt transfer to sea water.

Regu en décembre 1979
Accepté en mai 1980.
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Résumé. |l a été procédé a des essais de stérilisation de maéles et de femelles, par la
méthode d'immuno-réjection, chez le saumon atlantique élevé en pisciculture (cages en
mer). Les lésions dans les gonades ont été trouvées seulement chez les poissons ayant regu



1788 L. M. LAIRD et al.

lors de la premiére injection un mélange d’extrait de gonades et d’adjuvant de Freund
complet ; un traitement sans adjuvant ou utilisant I'adjuvant Carrageenan X52, ne donne
aucun résultat. A la fin de I’expérimentation, les différences dans les longueurs et les poids,
entre animaux traités ou non, sont faibles.

Les résultats suggérent que pour I'application pratique de cette technique il convient
d’effectuer I'injection dans les premiers stades de développement des gonades et a4 une tem-
pérature plus élevée que dans nos essais (> 10 °C) si on veut obtenir une augmentation
du nombre des réponses de réjection immunitaire.

Les lésions induites dans les testicules du saumon sont comparées & celles causées par
destruction auto-immunitaire dans les testicules de Mammiféres.
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