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ABSTRACT

The activity of the pituitary-interrenal axis in juvenile coho salmon
(Oncorhynchus kisutch) and the relationship of this activity to the numbers
of circulating leucocytes has been studied, using histological and histometric

techniques. To this end, the effects of injections of mammalian ACTH, of

cortisol acetate and of dexamethasone on the interrenal tissue, on the epsilon

cells in the pituitary gland, and on the differential leucocyte counts were
investigated. ‘In addition, the activity of the pituitary-interrenal axis and
the related changes in leucocyte counts were determined throughout their year
of stream residence. Further, the response of this axis, along with
corresponding hemato]ogica]-changes'to environmental alterations in the
laboratory, were studied. |

Injections of ACTH resulted in a dosage-related stimulation of the
interrenal tissue of coho salmon fry. On the other hand, injections. of
cortisoliacetate and of dexamethasone produced a mérked»atrophy of the inter-
renal tiésue; A11 dosages of either ACTH or Cortiso] acetate décrggsed the
mean nuclear diameters of epsijon cells, and resulted fn their degranulation.
In addition, a decrease in numbers of circulating small lymphocytes and
- thrombocytes resu]fed from administration of all dosages of ACTH, cortisol
acetate or dexaméthasone.' It is proposed that the interrenal tissue of coho
fry is capable of marked variations in activity, that this tisgue is under
pituitary control, and that a negative—féedback mechanism operates
between the interrena] and the pituitéry g]and[} Additionally, changes in
‘_pituitary—adrenocortica] activity are reflected in characteristic alterations
in numbers of certain circulating leucocytes.

The_pituitary—interrena1 axis of juvenile coho salmon in their
natural habitat is inactive, from the time of emergence in spring, and

through summer and early fall, compared with the winter and spring>samp1es

g



‘ﬁ..
of year]ing coho. In addition, numbers of circuiating smaii.iymphocytes
were decreased in the winter and spring samp]es of yearling coho compared with
. summer_and autumn samples. It is suggested that the 1ncreased activity of the
pituitary—interrena] axis a]ong_with changes in leucocyte counts observed in
" the winter sample of juvenile coho salmon are related toicold-temperature
acciimation. Furthermore, it is proposed that the increased pituitary-
adrenocortica1 activity noted in the.1atest of the three spring samples of
yearling coho salmon is as$ociated with the transformation from parr to smolt.
| ‘The interrenal tissue of juvenile coho sa]mon maintained in continuous
darkness, or exposed to a continuously flashing 1ight for varying numbers of
days, was genera]]y more active than that of corresponding control fish
subjected to a.twe]ve hour photoperiod. Additionally, small-Tymphocyte and
thrombocyte counts for darkness-maintained and flash- exposed fish were Tower
vthan values for corresponding control samp]es. On the other hand, no |
:consistent differencesiin activity of the interrena] tissue were_found when
' tish,maintained invcontinuous light for varying_numbers.of'days,anda
corresponding control fish were compared. It was observed.that the pituitary-
interrenal axis of Juvenile coho salmon was initially stimulated fo]iow1ng
transfer of the fish from ho]ding tanks to an a]tered env1ronment In |
" addition, the activity of the interrenal’tissue was increased by exposure of
. these fish to cold water temperatures; thiS'increasedvinterrena] activity.was
.accompanied by a lymphopenia. It is suggested that the pituitary-interrenal
axis of juvenile'coho salmon is invo1ved‘in co]d-temperature acclimation.

| It is conc1uded that the pituitary-interrenal axis ofvjuvenile
~ coho sa]mon undergOes marked f]uctuationsvinvactivity as a'result of
environmental alterations within the iaboratory.' Furthermore,'an increase in
pituitary—adrenocortica1'activity during acclimatization is characteristically

reflected in a decrease in number of.circulating small ]ymphocytes.
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GENERAL INTRODUCTION

In man and other mammals, increased secretory activity of the
‘adreha1lcortex'occurs in response to such diverse stimuli as sudden
temperature changes, strange environments, crowding, handling, restraint,
sound, intense light, oxygen deficiency, radiation,'ihfectious diseases
’-ahdnumerous dther adverse stimuli (Se]ye; 1950; Gorbman and Bern, 1962;
and Turner, 1966). The functional status of the adrenal cortex is
,regd]ated.by secretions of adrenocorticotrophin (ACTH) from cells located
“in the pars dista]is of the pituitary gland, and it is apparent that ACTH
secretion is affected by such st1mu11

| Although numerous studies with te]eost fish recent1y have involved
an exam1nat1on of 1nteract1ons between the 1nterrena1 (adrenocortical)
tissue and the pituitary gland, and several investigations have attempted
to ascertain the physiological role of the adrenal cortical secret1ons,
the activity of the p1tu1tary—1nterrena1.ax1s of 1ower vertebrates exposed
to varying environmental conditions has received little attention. It

is assumed that the pituitary-adrenal system of Tower vertebrates responds
to tissue damage or environmental.extremes_in much the eame manner as 1t-b
dqes in the mémma1s (Hoar, 1966), although little evidence is available to
substantiate this. Some support'for'this assumption is provided by. the
hresu1ts of exposure of fish to a variety of ebndttions:— the spawning
migration in Pacific salmon (Robertson and Wexler, 1959), tempehature |
extremes in the goldfish (Mahon, Hoar and Tabata, 1962), the transfer of
goldfish from one aquarium to anqther (Chavin, 1964), and holding hainbow
trout.in.an aquariuh with the water 1eve1 markedly 1owehede(Dona1dson and .

McBride, 1967).



The relationship between the activ{ty of the pituitary—»
adrenocortical axis and Teucocytes 1is intefest{ng. During stimulation
of the adrené] cortex of mammals, the numbers of circu]ating 1eucocyteslis
altered. Characteristically, increased adrenal cort{ca1 activity in -
mammals is accompanied by a decrease in numbers of circulating small
lymphocytes and eosinophi]s; along with 1nvo1ution of the thymus; spleen
and ]ympﬁ nodes (Dougherty and White, 1944; Selye, 1950). In teleost
fishes,.effects of injections of mammalian ACTH ana corticosteroids on
b]ood cell counts have been noted (Weinreb, 1958; Slicher, 1961; Slicher
and Ball, 1962); however, no studies correlating activity of'the‘pituitary—
interrenal axis of fish exposed to differing enVironmenta] conditions with
changes;in numbers of circulating b]bod cell types have been undertaken.
Therefore, it was thought that it.woy1d be worth-while to determine whether
or not a Tower vertebrate would show similar changes wheh exposed>to
environmental alterations. | |

The-expérimenta1.anima1 selected for this 1nvestigatf§n was the

juvenile coho salmon, Oncorhynchus kisutch. Th?s salmonid, considered a

primitive teleost, resides in local streams for a period of.one year from
time of emergence from the gravel; this is followed by seaward migration;
The juvehf]e coho salmon was chosen for its abuhdance in nearby streams,
}1ts éexua] immaturity, and also for its réported hardy éharacteristics when
maintained under laboratory conditions. | |
Withbthe afofehenfﬁoned:cbnsiderations in mind, the purposes of.
'this research were:- - |
1. To establish whether or not the pituitary—iﬁterrena] axis functions
(or is capable of functioning) in coho salmon fry, and the relation-

ship of this axis to the circulating blood cells. Injections of



ACTH, cortisol and dexamethasone were carried out to investigate

thevactivity of the system.

To determine the activity of this. axis and related hematological
- changes throughout the freshwater life of juvenile coho salmon,

by sampling fish seasonally from their natural environment.

To determine the sensitivity of thé pituifary-interrena1 axis and
related hematoTogica] changes to environmental alterations within _
the laboratory (continuous darkness, continuous Tight, flashing

- light and temperature varjations).



SECTION I: PRESENCE OF A PITUITARY INTERRENAL AXIS AND ITS RELATIONSHIP
- T0 THE CIRCULATING LEUCOCYTES

INTRODUCTION

The interrenal gland of teleost fish is, 1in host species, a soméwhat

- diffuse tissue Tying é]ong the posterforAcardina1 veins or their branches

within the anterior or "head" kidney.(van.Overbeeke, 1960; Nandi, 1962).

0On the basis of its embryology, histology and bidchemistry, numerous

studies have estabTished that the interrenal gland is homo]ogous to the

mammalian adrenal cortex_(chkford and Atz, 1957;'Chestér Jones and Phillips,

- 1960; Bern and Nandi, 1964}.  Va1uab]e evidencé favoring this homology
involves histochemical (Chavinfand,Kovacevic, 1961; Chavin, 1966) and fine-
structural (Yamamoto andFOnozato, 1965; Ogawa, 1967) studies of interrenal
tissUe; and in'vitro incubation studies with Tabelled precursors of steroid
synthesis (Phi11ip§ and Mulrow, 1959; Nandi ahd Bern,'1960;>But1er,‘1965;

VArai et al., 1969). Incubation of‘te1eostean head kidneys, as well as

direct extraction of this kidney region (Fontaine and Leloup-Hatey, 1959),
have demohstratéd that fhe poftion'of the kidney cohtaining interrenal

cells is a source of corticosteroids. Adrenotorticosteroids have beén

clearly identified in plasma of te]eosf fishes (Bondy et al., 1957; Chester
Jones and Phii]ips, 1960; Nandi and Bern, 1965; Chester Joneé.gg_gl:, 1970).
Cortiso] was shown to be a major corticosteroid in the plasma of salmonids
(Hane and Robertson, 1959; Schmidt and Idler, 1962; Donaldson et al., 1968),

‘and p]ésma cortisol levels have been‘detérmined as an index of interrenal

~activity (Fagerlund, 1967; Donaldson and McBride, 1967; Fagerlund et al., 1968;
vFager1und'and McBride, 1969). | |



A number of recent Tnvestigations provide evidence for a pituitary
‘regulation of the interrenal tissue in teleosts. Following hypophysectomy,

atrophy of interrenal tissue occurs in Anguilla anguilla (Fontaine and

Hatey, 1953; Carassius auratus (Chavin and Kovacevic, 1961); Tilapia

‘mossambica (Basu et al., 1965); Couesius plumbeus (van Overbeeke and Ahsan,

1966) and in Salmo gairdnerii (Donaldson and McBride, 1967). Résquin (1951)

first showed that mammalian ACTH elicits hypertrophy of the interrenal:

tissue in Astyanax mexicanus. This observation was later confirmed in

several other species: AnQui]Ta anguilla (Fontaine and Hatey, 1953),

Cdrassius auratus (Chavin, 1956), Umbra krameri (Krauter, 1958),"

~Tilapia mossambica (Basu et al., 1965) and in Oncorhynchus nerka (Fagerlund

t al., 1968). Evidence for the presence of a corticotrophic hormone in
the teleost pituitary-has been provided by observations of interrenal
hypertrophy following implantation of teleost pituitaries into intact or

hypophysectomized Astyanax mexicanus (Rasquin, 1951) and Carassius auratus

(Chavin, 1956). Similarly, van Overbeeke and Ahsan (1966) demonstrated

that 1njectionbof pituitary extracts of Pacific salmon (Oncorhynchus

kisutch and 0. tshawytscha) into hypophysectomized Couesius plumbeus

reversed the atrophy of interrenal tissue. Furthermore, a crude extract

of pituitary glands from the Pacific sa1mon‘0ncorhynchus keta has been shown
to deplete adrenal ascorbic acfd in the rat, sfmi]ar to mammalian ACTH |
-(Rinfret ana Héne, 1955).

Although it Has_been known for some‘time that the interréna1,g1and“
of teleosts is under pituitary control, the identification of fhe cell
responsible for the}secrétibn Qf a’cortiéofrophic hormone has been a U
matter of sbecu]étidn untj] very recently. A chromophobic, elongate cell, -

termed the epsilon cell (O]ivergau and Ball, 1964), which is specifita]]y b



stained with MécCQnai11's (1942) ]ead—hematdky]in (0livereau, 1964) has been
suggested.as the source of corticotrophic hormone (OTivereau and Ball, 1963,
1964, Bal1vand Olivereau, 1966;_Ba11 and Baker, 1969). vA_pa]isadeQTike
1ayer‘of 1ead—hematoxy11n—posi£ive cells in the rostral pars diéta1is
bordéring the neurohypophysis hés been described in the adu]t.sockeye

salmon (van Overbeeke &'McBride,1967)-and'rainbOw trout (Fagerlund et al.,1968).
These.cé11$ in sa]monid.pituitarﬁes have.been tentétive]y designated epsilon
.cells or corticotrops. |

| Injbrdef to ascertain the activity of teleostean ihterrena] tissue,
~many 1nvestﬁgatqrs have relied on subjective histqlogica1 observations of
interrenal fespbnse. Measurement of plasma cortisol levels haéﬂbeen
employed as a method for-quahtitative]y.aSsessing pituitary—interfena] A
activity in adult salmonids (Fager]und, 1967§:Dona1dsonvand McBride, 1967;
Fagerlund et al., 1968). However, preliminary studies indicated that this
method was impractical for determining the activity of the pituitary-
'1n£errena1 axis of juveni1eAcoho salmon in the present investigation, owing
to. the large anber of coho fry .required fbr a single detérmination.
NUmeron studies have shownAthat variations in the pituitary stimulation of
the adrenéi éortex of mammals are reflected in the width of the different
cortical zones, and in the size of cell nuclei andvnuc1eo1i.(Knobi1 et al.,
19545 Miller, 1954; Holley, 1965; Molne, 1969). In teleosts, sevefa]
investigators have utilized measurementsiof the size of interféna] nu¢1ei

to quantitative]ybassess interrenal activity (Krauter,_1958; van Overbeeke,
1960; Basu et al., 1965; Hanke and‘Chester Jones, 1966; Van Overbeeke and-
Ahéan, 1966; Donaldson and McBride, 1967; Fager1und and McBride, 1969). In
the present'fnyestigations; measurements of interrenal nuclear diameters

and estimates of interrenal cell sizes are utilized as indices of



interrenal g]éhd activity in'juvenile cbho salmon. It was also decided
to ascertain whether nuclear diameters of epsilon cells in the juvenile coho
‘salmon would reflect changes in.ce11u1ak activity.

Befoke investigating‘the'activity of the pituitary-interrenal axis
of juvenile coho salmon with related changes in peripheral blood cell
counts in response to environment alterations, it was felt necessary to
| firstldétefmine if this éxis is Capab1e of activity in yéung-coho fry.
- Therefore, in this investigation the histometric'responses df the interrenal
ée11s and epsilon cells to injections of ACTH, cortiéo] and dexamethasone‘
have been determined, and correlated with a]teratibns in numbers of |
periphéra] b]ood ce11‘types. In an attempt to detekmine maximal responses
of these variables, dosages édministered vere pharmacological rather than

'physio1bgica1.



MATERIAL AND METHODS

Experimental Animals

Seventy-five coho fry were captured from Bertrand Creek (Langley, -
B.C.) on June 22, 1968 by pole seine, and taken in buckets to the
Taboratory, where they were placed in holding tanks A, B and C. Twelve
fish weré put in each of A, B and C, remaining fry being placed in a
1argé fibre-glass stock tank. A]]Ifry were fed frozen brineshrimp 
(Artemia sp.) daily throughbut the experiments until sacrificed. Following
a six week period of acclimation, all fry in holding tank A (stock sample)
were sacrificed. Subsequently, twelve fry from holding tank B were
transferred to experimental compartments, one fish per compartment. Each
fish was lightly anaesthetized in 0.01% MS 222 (tricaine methane su]fonate;A-
.Kent Chemicals, Vancouver, B.C.) and weighed prior to transfer to
individual compartments. Empty holding tanks were re-stocked (twelve
fish per tank) with fry from the fibre—g]ass stock tank. A1l fish were
held for at least four weeks in holding tanks béfore weighfng and transfer

to experimental compartments. Photocells were used to provide fry in all

tanks and compartments with a natural photoperiod.

- Description of Ho]ding Tanks and Experimental Compartmenfs

(a) Ho]ding Tanks
The semi-circular fibre-glass stock tank, 111 cm. x 51 cm., had a
water depth of 35 cm. This 200 Tliter tank was illuminated with fluorescent

lighting providing an intensity of 1200 lux at the water SUrface{ L{ght

~



Figure 1: Holding-tank, equipped with a gravel bottom and
assorted pieces of Plexiglass sheetlng providing
a means of artificial cover.

Figures 2 & 3: Exper1menta1 tanks, each of which is partitioned
into three separate compartments with individual
lighting, aeration and water supply.

Figure 4: Experimenta1'compartment, showing gravel bottom
o and artificial cover. '

Figure 5: - Experimental compartment, as described in Section
' III. Note the size of the fish, relative to the
s1ze of the compartment '






1nfensities.were me$sured With a photovolt model 514M photométer. Holding
tanks A, B and C were constructed of stainless steel, 105 cm. x 35 cm. x 30
cm. high; with a water depth of 23 cm. (Fig. 1). Each tank was painted
with gray Rustoleum. These 85 liter tanks were i1luminated with‘overhead
f]uoréscent Tights, providing 1100 lux at the water surface. Both the
fibre-glass tanks and thé_ho]ding‘tahks were provided with'grave1vbottoms.
The stones fahged from 3 cm. to 7 cm. in dfameter. Assorted sizes of
PTéxiglass sheeting were placed in all tanks, bffering a means of :
artificia1rcover to the fry. TheAHolding tanks were covered with.sheets
of fine-mesh wire, to pfevent fry from escaping. The fibre-glass tank
was covered with sheets of transparent plastic. |

| Water supply for all tanks consistéd of dechlorinated water,
continuously aerated. 'Thevfibre—g1ass tank’feceived a flow rate of
approximately 2 1fters of water per mihdfe, while the holding tanks A, B

and C received 1 liter per minute.

(b) Experimental Compartments
~ Twelve large (80 cm. x 60 cm. x 45 cm.) Tight-tight compartments
were constructed to contain individual fish. Fourvtanks,»built with 3/4"
p]ywobd, wére each partitioned into three units, and painted with non-toxic

gray Rustoleum (Figs. 2 and 3).“Eéch compartment received a separate

dechlorinated water supply, maintained at a flow rate of 2 Titers of water

’z‘per minute throughout all experiments, and aerated within. Water was held |

.at a depth of 15 ¢m., providing a volume of 72 liters of water per compart-
ment. .. | |
- Individual compartments were provided with a gravel bottom, and

artificial cover in the form of two 12 x 10 cm. sheets of black Plexiglass

10



fused together at right angles (Fig. 4). A 40 W 1ncandescent bulb mounted

in the 1id of each compartment provided 165 Tux of illumination at the
water surface. These lights were regulated by a time box connected to a °
dimmer switch, which caused thé Tights to brighten or dim gradually over a

thirty minute period.

Experimenfs

Following transfer to individua1 GXpérimentaT compartments from a
holding tank, all fry were held for seven days prior to the initial
injection. The fish were netted Fapid1y and lightly anaesthetizéd in 0.01%
.MS 222 before injection. Injections were made 1ntfapér1tonea11y just
vanterior to the.c1oaca with a 0.25 ml. éyringe and No. 27-gauge needle
(van Overbeeke & Ahsan, 1966)- 'Sevefa] seconds wefe allowed béfore with-

drawing the needle from the body. This precaution, combined with the light

anaesthesia, ensured that little or no hormone was lost from the fish. In-

each experiment, fry were injected daily for seven consecutive days,
followed by autopsy on the eighth day. -
Injections of varying dosagés of ACTH (mammalian corticotropin),
'cortiso1.acetate (FA) and'Dexamethésoné were administered in sepafate
experimenfs tb coho fry (see Table I). Since experimeht i involved

twenty-four fry, and experiment 2 twenty-two fry, more fish were utilized

in each of these experiments than could be accommodated in the twelve

-compartments at one time. Therefore, experiments 1 and 2 were each performed

in two identical parts consecutively, and the results from the same treat-

ment pooled.

Autopsy Procedure

To terminate an experiment, a fish was removed rapidly from its

LL
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TABLE I
No. of No. of Hormone Duration, Daily Total Daily
exper- fish injected days dosage dosage vo lume-
iment . received recelved
- per gm. per gm, per gm.
wt. wt. wt.
1 4 uﬁinjected - - - -
control
4  *saline 7 — — 0.01 ml.
4 **ACTH 7 0.05 IU 0.35 IU 0.01 ml.
4 ACTH 7 0.1 11U 0.7 IU 0.01 ml.
4 ACTH 7 0.2 IU 1.4 1IU 0.01 ml.
4 ACTH 7 0.4 IU 2.8 1IU 0.01 ml.
2 4 uninjected - - - -
control
4 saline 7 - —- 0.01 ml.
5 'FA 7 2 ugm 0.014 ng. 0.01 ml.
4 FA 7. 20 ugm 0.14 mg. 0.01 ml.
5 - FA 7 200 ugm 1.4 mg. 0.01 ml.
3 4 saline - - 0.01 ml.
4 "Dexa. 1 ugm 0.007 mg. 0.01 ml.
4 Dexa. 10 ugm. 0.07 mg.. 0.01 ml.
* Cortland's Fresh Water Fish Saline (Prosser & Brown, 1965)

_diluted with fish saline

dissolved in fish saline

Porcine ACTH (Nutritional Biochemical Co. lots»No.4666 and No.7599)

Cortisol Acetate (Calbiochem.,lotYNo{387l) suspended in fish saline

Dexamethasone Sodium Phosphate (Merck Sharp & Dohme lot No.3211M)
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compartment by‘netting, and "damp-dried". Wet»weight’was measured to the
nearest tenth of a gram, and fork 1eng£ﬁ was measured.to the neafeét
‘millimeter. The cahda] peduncle was wiped clean withz95% a1coh01; dried

‘ aﬁd severed with‘surgical scissors. A b]ood smear was made, using glass
slides pre-cleaned in 95% alcohol. The'remaining biood from the caudal

, vesse]s was collected infb a heparinized microhematocrit tube.
Subsequeﬁt]y, the peritoneal cavity was opened and sex recorded. To avoid
tissue damage, the head kidney containing.the interrenal tissue:was removed
with the surrounding muscle mass, and fixed in Bouin's solution. Following
this; the fish was decapitated; lower jaw; gi]]ItiSSUe,opefc1es and éyes
were excised. Tb permjt rapid fixation of the brain and’pifuitary gland,
the dorsal surface of the skull was removed. The Yeméining brain and

surrounding structures, with the pituitary gland in situ, was fixed in

" Bouin-Hollande-sublimate. The entire autopsy procedure was performed in
- less than five mfnutes. The total handling time fr@m nettihg of the fish
"~ to the éomp]etion of the blood co]]eétion,was uéua11y less than one minute.
Water température was recorded at the time of dissection.

The blood samples in the heparinized tUbeS weré'centrifugéd at
12,500 rev./min. for 5 minutes in an Adams Microhematocrit Centrifuge

(Clay-Adams CT-2900), and hematocrit was determined.

Histological Techniques

(a) Blood Smears

In pre]fminary Siudfes; several b]bod-staining techniques were
aftempted, utilizing Jenner's, Giemsa's, Leishman's and Wright's stain. A
procedure involving a combination of Giemsa's and Leishman's stain (G.W.

Klontz, personal communication) was found to provide the most satisfactory
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ce]ld]ar discriminaiion and was subsequently used consistently. Detai1s of
this staining procedure are provided in_jab]e'I Appendix 1.

The cells in each blood smear were counted under oil immersion in
tWo separate manners. The first approéch involved a"routine differential
.white'b1ood cell count. One hundred leucocytes were counted, and the
percentage of each cell ﬁype recorded. The cells counted included small
and large 1ymphocytes; juvenile, band and:segmented neutrophils.
Neutrophils were counted as a single class. The_seéond approach entailed
a morenabSOIQte measure of the number of individual Teucocyte cell types
in the tofa] blood ce11 cant. Utilizing an ocular grid, éne thousand
b]ood.ce1ls of all types (excluding thrombocytes) were counted. The cells
counted included mature and immature red blood cells, large and small
lymphocytes, juvenile, band and segmented heterophi]s. Since thromboc&tés
are sometimes in the blebbed state, or clumped, it was decided to count the
number of thrombocytes observed within the area of the 1000 ce]]s.cpunted,_'
'réther thap al]bw the variability of thrombocyte counts to 1nQa11date the
counts of other cell types. | -

Blood counts were confined t§ a rectangular area-apbroximate]y
30 mm. by 10 mm. within the center of each smear in an attempt to reduce
the source of error due to a possible preferentia] adhesion of a‘specffic
ce]l type to‘a.particular region of the glass surface. Aﬁ eight-key

multiple counter‘was used for a]T‘counts.

(b) Head Kidneys and Pituitaries
Following fixation in Bouin's fluid for one week, head‘kidneys
were dfssected from surrounding tissues, dehydrated in ethanol and cleared

in benzene in the usual manner and embedded in wax'(Paraplast).' Serial



s

transyerse sections were cut at 5. ATternate s]ideé were than post-

chromed in 3% potassium dichromate overnight, followed by staining with

Mallory Heidenhain'é Azan (Humason, 1962). Remaining s1ides were used for
A.RNA staining. . |

Tissue containing‘the pituitary g]andAwas fixed in Bouin-Hollande-

sub]iméte-for'one week. After the usual procedures of dehydration and

c}eaking, the glands were vacuum-embedded in Paraplast. Serial 5.u sections
o were Cuf sagitally through the pituitary. Sections were.stained with Lead

Hematoxylin (MacConaill, 1947).

(c)‘ Stainihg of Interrenal Tissue for RNA

Transvérse 5 u sections of head kidneys from coho fry {njected
with either saline, ACTH or cbrtiso1 vere stained with methylene blue fof
RNA according to the method of Deitch (1964). Control sections from each
head kidney were treated with 1 N. HC1 at 60°C. for 10 mfn; to extract
tissue RNA, whiie nonfextraCted sections were placed in distilled wéter
at 60°C. Subsequently, all sections were acetylated in 100% acetié
anhydride at 60°C; for 18 hours, followed by stainjng‘with_ﬁethylene B]ue
chiloride (Deitch, 1964). A1l sections for fhe various treatments were

stained at the same time.

Kakxometrx

(a) YInterrena] Gland |

From each héad kidney, four sections were selected for méasufement
providing an aﬁterior to'posterior.cross—section.of the distribution of
interrenal cells. Under low power magnification, a cluster of interrenal
7ceT15 was chosen 1ndiscrfminate1y from each section for measurement-of 25

nuclei. Diameters of the interrenal cell nuclei wére meésured directly



with an ocular micrometer at 1000X maghification (011 immersion). .By
changing the focus of the microscope, a series of cross-sections through
the preparation are seen. The area of the largest optical cross-section
of each cell nucleus was measured. Since cbho interrenal nuc1éi are
elliptical, mutually perpendicu]ér diameters (1ongest'and shortest) of each
nucleus were measured. A total of 100 interrenal nuclei from the head
kidney of eaéh fish were measured. |
| To determine if changes in interrenal nuclear diameter were
correlated with changes in cell size, the number of interrenal nuclei
within an area of interrenal tissue were counted. The area was defined
arbitrarily as 16 squares of an ocular grid. At 1000X magnification, this
encompasses an area of interrenal tissue of 450.u2. The number of inter-
renal nuclei within 10 such areas were counted for each head kidney under
oil immérsion, and the mean and standard error determined.

(b): Pituitary Glands

.The diameters of 100 epsilon cell nuclei in the rostral pars
dista]is.of the pituitary g]dnd of each fish were measured direct]& at
1000X magnification with an ocular micrometer. Mutually perpendicular

diameters of each nucleus were measured.

Statistical Evaluation of Results

A

Means and standard errors of nuclear diameténs of interrenal and
epsilon cells for each treatment were determined; a computer program
~ provided a weignted mean, unbiased and Qf minimum variance (Brown]ee, 1965).
In each experiment, Scheffe's test for multiple cbmparisons with

unequal sample size (Brownlee, 1965) was used to compare mean values of

interrenal cell nuclear diameters, numbers of interrenal nuclei per
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defined aréa of interrenal tissue, and epsilon cell-nuclear diameters
from each treatment. Since Scheffe's test requires that variances be
homogeneous, homogeneity of variances of means was established utilizing
Bartlett's teét (Brownlee, 1965). Means were considered to be significantly
different if p« 0.05, and to be very significantly different if p< 0.01.
 Variances of means of b]ood‘ce11 counts for different treatments
were often nof homeogeneous according to Bartlett's test. Therefore,
Séheffe‘s test for multiple comparisons of means from each treatment could
not be applied. Instead, mean blood cell counts for identical cei]Itypes
from differing treatments Withih an experiment were compared by emp1oy1ng
Student's t test. A computer program was written which initially utilized
the F test to detefmine whéther or not the variances of the two means were
equal. If variances wére considered to be thebsame, the two-sample t test
was empfoyed (Brownlee, 1965); If variancés were considered to be unequal,
Welch's approximation to the effective number of degrees of_freedom
(Browniee, 1965) was uséd. Meéns were considered to be significant]y
dffferent if p« 0.05, and to be very significantly different if p:é.0.0];
Correlation éoefffcients reTating all measqked variables were
determined for each exberiment. The standard IBM Statistical system
(1130-CA-06X) computer program which provides a correlation matrix of
variables as well as summary statistics was employed. Variables were
considered tb be significantly correlated at the 95% level, and very

significantly correfated at the 99% Tevel.
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RESULTS

Structure of the Interrenal Gland of Control Fry

.The interrenal gland of coho fry is a diffuse organ, consisting of
~small clumps of cells distributed irregularly in the hematopoietic tissue
of the head kidney, either surrounding the Venous‘sinuses and small branches
of the posterior cardiné] vein, or as discrete islets (Fig. 6). ‘Clusters
of_interrénaT cells are surrounded by an extremely thin Tayer of connective
tissue. -Melanophores are sCattered‘throughoutIthe head kidney. Unlike
more highly evolved teleosts, no chromaffinice]]s are associatea witﬁ the
interrenal tissue.
| The nuclei of interrenal cells are round to e11iptjca1 ih cross-

section (Fig. 7), and contain one or two nué]eo1i. Chromatinvmaterial is
finely particulate and even]y'dispérsed. The cytop]asm coﬁtainé éVen1y
dispersed, very fine granules, which are sensitfve to both acidophilic
and basophilic dyes. Cell boundaries are diffiéuit to discern.

Interrenal cell nuclei appear to be similar in size from cluster
to cluster; however, a one-way analysis of variance'indicated that a
significanf difference in variance of interrenal nuclear diameters (I.N.D.'s)
between clusters existed in 50% of the non-injected and saline-injected |
controlis. No anterior—posteriar gradient was found when mean I.N.D.'s of
clusters meaéureﬁ from Varidus'kégions within the head kidney were compared.
No hiéto]ogica]'or cytological differences were-obsérved between the nonQ
injected and saline-injected controls for the various treatments. Likewise,
~no differences were observed between the interrenal glands of control fish

and the stock-tank sample. Mitotic figuresjwithin the interrenal tissue
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Figure 6:

Figure 7:

- Figure

Figure

Figure

Figure

10:

11:

Head kidney of a coho fry treéted with 0.01 ml. saline/.

~gm.wt./day for 7 days. Clusters of'interrena1 cells (IC)

are distributed irregularly throughout the hematopoietic
tissue (HT). Azan. X250. |

Higher magnification of interrenal cells shown in Figure
6. Cell nucleoli small or inconspicuous. Azan. X900.

Head kidney of a coho fry treated with 0.4 I.U. ACTH/gm.
. wt./day for 7 days. Note increased vacuolation (VAC) of

hematopoietic tissue. Interrenal cells (IC) often
associated with branches of the posterior cardinal vein
(V). Azan. X250. | |

Higher magnification of interrenal cé]]s shown-in I
Figure 8. Cells hypertrophied; also note prominent
nucleoli. Azan. X900.

Head kidney of a coho fry treated with 2 ugm. cortisol
acetate/gm.wt./day for 7 days. Note shrinkage of
interrenal cells (IC) and appearance'of intercellular
spaces within the cluster. Azan. X250. |

Highér magnification of interrenal cé]]s shown in Figure
- 10. Note vacuolated cytoplasm and irregularly-shaped
dense, closely-apposed nuclei. Azan. X900.
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 FIGURE 12:

A mfd-sagittaf section of the pituitary of a saline-
treated coho fry, showing the'fouf definéd regions:

Neurohypophysfs (NH); pars intermedia (PI); proximal
pars distalis (PPD) and rostral pars distalis (RPD).»

Note the follicles of eta cells (F) in the rostral pars

. distalis, and the palisade layer of lead-hematoxylin-

positive epsilon cells (arrows) separating the

rostral pars distalis from the neurohypophysis. _

SV: saccus vasculosus. Lead-hematoxylin. X275.
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Figure 13:

Figuré 14:

Figure 15:

' Figure 16:

Figure 17:

Figure 18:

- follicles (F) of Tead-hematoxylin-negative

A portion of the rostral pars distalis of the
pituitary of a coho fry injected with 0.01 ml.
saline/gm.wt./day for 7 days. Note the

eta
cells and the palisade layer of strongly lead-
hematoxylin-positive epsilon cells (arrows)
bordering the neurohypophysis (NH). Lead-
hematoxylin. X250.

Higher magnification of the cells of the palisade
layer shown in Figure 13. Note the intensity of
cytoplasmic staining. Lead-hematoxylin. XS00.

A portion of the rostral region of the pituitary
of a coho fry injected with 0.4 I.U. ACTH/gm.wt./
déy for 7 days. Note the lesser staining of
the cytoplasm of the palisade-like layer of
epsilon cells (arrows) compared with Figure 13.
Lead-hematoxylin. X250.

Higher magnification of the cells of the palisade
lTayer shown in Figure 15. F: Follicle of eta cells.
Lead-~hematoxylin. - X900.

A portion of the rostral pars distalis of a coho fry

injected with 1Augm.'dexamethasone/gm.wt./day for 7

- days. Note the lesser staining of the cytoplasm of
‘the palisade layer of cells (arrows). Lead-

hematoxylin. X250.

Higher magnification bf the lead-hematoxylin-
positive cells shown in Figure 17. . Lead-
hematoxylin. X900.






. of control fish were extremely rare.

Structure of the Rostral Pars Distalis of Control Fry

The pituftary gland of Ceho fry‘hes four defined regions: the
rostka1 pars distalis (pro—adenohypophysiS); proximal pars distalis
(meso—adenohypophysié), pars intermedia (meta-adenohypophysis) and the
"neurohypophysis (Fig. 12). . Mid-sagittal eections reveal a much greater
- .anterior-posterior e]ohgation of the g]and»when compared with simi]ar
sections of'pitu1taries frdm adult coho saTmon (van Overbeeke, personal
communication). The neurohypophys1s, a 1arge portion of the gland, consists
mainly of f1bres wh1ch 1nterd1g1tate most extensively with the pars
“intermedia. Strands of cells in the pars 1ntermed1a, separated by
ramifications of the neurohypophysis,»contain‘two columnar cell types;
one whose granular cytoplasm stains intensely with Tead hematoxy]in, the
other whose eyteplasm remains completely chromophobic. These two cell
types are random]y interspersed. The proximal pars distalis, a relatively
smaj] poftien of the gland, consists of a mass of apparently undifferentiated
..‘ cells, with small spherical nuclei, and very 1itt1e chromophobe cytop]ésh.
| Most of the ce]]syin the rostral pars distalis afe columnar, and
are arranged 1h follicles (Fig. 12 & 13). Follicular cell nuclei are
e111pt1ca1, contain small, indiscriminete nucleoli, and are situated
periphera]]y. Cytoplasm will not stain with lead hematoxylin. However,
preliminary studies showed a strong affinity'of the.perjphera] cytoplasmic:
granules for the acid fucﬁein of Masson's trichreme stain or azocarmine
(Ma110ry-He1denha1n’s azan; Humason, 1962). A cell fype with identical
-mdrpho]ogy and staining properties has been identified as the "eta" cell
in the rostra] pars distalis of the adu]t sockeye salmon p1tu1tary g]and

(van Overbeeke and McBride, 1967).
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Separat1ng the follicular eta cells of the rostra] pars d1sta11s
: from the neurohypophysis is a palisade-like layer of ce]]s, Tocated at the
'dorsa1 postero-medial edge of the rostral zone (Figs. 12 & 13). Th1s 1ayer
does not excéed three to four cells in thickness. Ce11 nuclei are
elliptical with inconspicuous nuc]éoli, and are mostly arraﬁged
perpendicularly to the axis of the ce1i"1ayer (Fig. 14). The cytoplasm
is packed with very fine granules, which stain intensely blue-black With
lead hematoxylin. In preliminary studies, the cytop]aém of these cells
assumed an“orange-brown color with Masson's technique, and qppeared
Tavender with Mallory-Heidenhain's technique. Cells of a simiTar
description, stainability and comparéb]e 1ocatfon have been described’
pkevious]& in the pituitary gland of adQ]t sockeye salmon (van OVerbeeke &
McBride, 1967; Fageriund, McBride & Dona1dson,‘]968), and are referred‘to
~as "epsilon" cells. | 4 o

‘A third type of Céﬁl is found in the rostral pars distaTisvin
‘re1atjvé1y small numbers, scattered amongst the eta cell follicles. This
cell, possessing a small spherical nucleus and sparse chromophobe cytoplasm,
appears identical to the cells of the proximal pars distélis..

No d1fferences in cyto]ogy or aff1n1ty for stain were observed
when the eta and epsilon cells of non-injected and sa11ne 1nJected contro]s

were compared.

Description of the Peripheral B]ood Cell-types of Coho Fry

The peripheral circulation of fishes, unlike that of mammals,
norma]]y contains not only fully-differentiated blood ce]]é, but é1so
numerous immature cell-types in various stages of maturation. A typical
~blood sﬁear of coho fry consists nearly exclusively of erythrocytes,

although small and large 1ymphocytes, neutrophils and thrombocytes are also
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Figure 19:

-Figure 20:

Figure 21:

- Figure 22:

Figure 23:

. Figure 24:

Figure 25:

Figure 26:

Peripheral blood smear of a coho fry, showing mature
erythrocytes (E) and two small lymphocytes (SL).

. Leishman-Giemsa. X1000.

Peripheral blood smear of a coho fry, shoWing three
immature thrombocytes (IT). Note extremely dense nuclei,
and traces of colorless cytoplasm. Leishman-Giemsa. X1000.

Peripheral b]odd smear of a coho fry, showing two small
lymphocytes, and two mature thrombocytes (MT). A rim of

~colorless cytoplasm surrounds the elongate nuclei of the

thrombocytes. Leishman-Giemsa. X1000.

Peripheral blood smear of a coho fny, showing a Targe
Tymphocyte (LL). Notice eccentric nucleus and extensive
bTue cytoplasm. Leishman-Geimsa. X1000. '

Peripheral blood smear of a coho fry, showing a band
neutrophil (BN). Note horseshoe~shaped nucleus and
granulated cytoplasm. Leishman-Giemsa. X1000.

Peripheral blood smear of a coho fry; showing a mature

~ segmented neutrophil (SN) and a mid-polychromatocyte

(MP). The segmented neutrophil has a trilobed nucleus,

~and a finely-granular grey cytoplasm. The mid-

polychromatocyte, with its blue-grey cytoplasm, has a
distinct, radially-arranged chromatin pattern. Leishman-
Giemsa. X1000. |

Peripheral blood smear of a coho fry, showing a segmented
neutrophil (SN) and two-late-polychromatocytes (LP).

‘Cytoplasm of the ovoid late polychromatocytes is grey.

Leishman-Giemsa. X1000.

| Peripheral blood smear of a coho fry suffering from tail

rot, showing a macrophage (M). Note the pale purple
nucleus with diffuse chromatin, and the vacuolated blue-
grey cytoplasm containing ingesfed material. Leishman-
Giemsa. X1000. |
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present. Since no suitable account of salmonid blood cells exists in the
literature, a description of the various blood cell types as they appear in
normal smears stained with Leishman-Giemsa follows.

The mature erythrocyte (E) is an elongated cell 12-16.u long by 7-9

M‘wide‘(Fig. 19). The nucleus, averaging 6.5 u X 4.4, stains purpTish-blue.
Chromafin particles are small, and form a tightly-meshed network, surrounded
by a very thﬁn'nuc1ear membrane. Cytop1asm stains salmori-pink, and is
usQa]]y clear, although small dots or short rods are sometimes present
‘throughout. Cells undergoing amitotic divisions have been observed; although
very rarely. Also, erythroplastids (anucleated red blood ce]]s):and

microcytes (sma]]}iso]ated nuclei) are found infrequently.

The late po]ychromatocyte (LP) appears normally in‘the circulation
in small numbers. This is an 6void cell 10-15u Tong and 7-10-w wide.  The
ovoid nucleus appears similar to thaf of mature erythrocytes. Cytoplasm
stains a homogeneous grey (Fig. 25).

The mid-polychromatocyte (MP), found infrequently in normal smears,

.is'a spheroid cell 7-11 au in diameter (Figi 24). The round nucleus,

| centrally located, has a distinct pattern.of chromatinvcompaéted into
thick, radially-arranged strands.' The nuclear membrane is obvious.
Cytoplasm stains ]ight blue-grey, and is more intense near the periphery.

" The ear1y polychromatocyte is a spheroid cell 7-11w in diameter,

with a round, centrally located ndc]eus surrounded by a fairly prominent
nuclear membrane. The cytoplasm.stains a deeper blue-grey than that of the
mid-polychromatocyte. These cells are very rarely found in smears of

periphera]lblood;

The small lymphocyte (SL) is the predominant Teucocyte 1in the

peripheral blood of coho fry. This is a spheroid cell 6.5-10 w in
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» diameter (Fig._19). " The reddish-purple round nucleus, occupying most of
vthe ce11; contains a distinct chromatin pattern of a]ternafing dark and
Tight areas. A narrow rim of b]ué cytoplasm is present, which often
.contains_azurophi1ic granules. Pseudopodia are sometimes evident.
Occasibna]]y, sha11 lymphocytes withiindented nuclei and a small area of

pink cytoplasm within the cleft are found.

The large lymphocyte (LL) is a more ovoid ce11; 10-15 W iﬁ diameter
(Fig. 22). The réddish-purple‘nucleus is éccentric, and often irregular
'br'kidney—bean shaped. Chromatin material conSists of coarse]y—meéhed
strands. Intra-nuclear vacuoles are sdmetimes observed. The b]ue;pytop1asm
is moré extensive than that of small Tymphocytes, and often contains
vacuoles. | o

The neutrophil is the representative cell of the granu]ocytic series.

Mature or segmented neutrophils (SN)'are spheroid cells 10-15.u in diameter

“(Figs. 24 & 25). The reddish-purple nucleus is Tobulated, with éach lobule
connected by éifhin fi]ament‘of'nuc1ear material. Chromatin consists of
~irregular patches of light and dark-staining material. Nuclei are found |
with from fwo to sfx Tobulations. Cytoplasm is grey and very fine1y
granular. |

Juvenile and band neutrophils are the immature forms of néutrophi]é
found in the circulation. The juvenile neutrophil is a spheroid to ovoid
cell, measuring 10-T4 u in diameter. The nucleus is markediy indented

and the chromatin material is quite compact. Cytoplasm is grey and finely

granular. The band neutrophil (BN) is a spheroid cell 10-14 u in diameter
(Fig. 23). The nucleus is more elongated than that of the juvenile
neutrophil, and is often horseshoe or S-shaped. Chromatin patterns

resemble those of segmented neutrophils. The grey cytoplasm is finely granular.
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Thrombocytes'are found in several stages of maturity, ranging from

immature spherical or slightly oval forms to elongated mature forms. The
jmmature thrombocyte (IT), measuring 5.5 x 4.5.u, contains an'extremely
denée, reddish-purple nucleus, exhibﬁting very little chromatin pattern
(Fig} 20). A small amount of colorless br paTe b]ue cytoplasm surrounds
the nucleus, or forms a pseudopbd at the pole. 1In slightly more mature
thrombocytes, measuring 7.5 x 3.5u, a sharp ipdentation in the nuc]eué
appears mid-way between the po1es. Mature, elongated thrombocytés (MT),
measuring 10.5 x 3.5u, contain a rod-shaped nucleus, rounded at both ends
which is surrounded by a rim of colorless cytoplasm (Fig. 21). This
nucleus often has a smooth indentation mid-way between the poles. The-
density of chromatin appears lighter With cell maturity, giving it an uneven
appearance. A few purple granules are-scattered randomly in the cytoplasm
of thromgoqyfes of all stages. Intermediate and mature thromboéytes are
sometimes fouﬁd in clumps with their c]ear.cytop1asm fused.

No basophils, eosinophils or monocytes aré present in the
circu]dtion'df coho fry. Also, no mabrophages are normally found. However,
numerous macrophages weré present in the ciréu]ation of coho fry suffering
from tail rot, an infection thought to be caused by bacteria (Davis, 1961).

The macrophage (M) is a speroid to ovoid cell, measuring 13-23 u

in diameter (Fig. 26). its pale purple nucleus has a diffuse chromatin
pattern. The nucleus is variable in shape, being eccentrically Tocated |
~ within the cell. The extensive blue-grey cytoplasm contains several

vacuoles, with frequent inclusions of ingested bacteria.

The Effect of ACTH. Injections on the Pituitary-interrenal Axis
- ACTH injections produce striking changes in the histology of the hegg kid-

ney. A noticeable increase in vascularization occurs, with the appearance of many
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blood sinuses. Also, spaces appear in the hematopoietic tissue (Fig. 8);
these are apparently associated with the atrophy and disappéérance of

the lymphocytes. Even with injection of Tow dosages of ACTH (0.05 IU.
ACTH./gm.wt.), an increased vacuolation of the heﬁatopoietic tissue is
observed; however, this effect is more pronounced with dosages of 0.2 and
0.4 TU. ACTH/gm.wt. A

A marked hyperp]aéia of the interrenal tissue within the head kidney
results from ACTH injections. Clusters of»interrenal cells are larger than
those of control fish. Much of the proliferated interrenal tissue becomes
associated with small branches of the posterior cardinal vein and the
- blood sinuses. Many interrenal cells become fo]]iéular]y arranged.

The tissue hyperplasia is accompanied by a striking hypertrophy‘of |
interréna] cells (Fig. 9). Interrenal nuclei appéar marked]& enlarged.
Chromatin material is finely particulate, evenly dispersed, and'sfains less
intensely than that of controls. Nucleoli are much more promihent than in
controls. Cytop]aém appears unaltered, a]thoUgh more extensive thah |
controls. Cell boundaries are readily discernible. Mitotic figures are
fnfrequent]y observed in interrenal tissue of fry injected with ACTH,
although mucﬁ more numerous than in contro]é. |

The hypertrophy of interrenal cells due to ACTH injectiéns
appeared to be uniform tHroughout the head kidney. No preferential
. response of cells wifhin a particular c]uster.was observed. A one-way
analysis of variance indicated that a significant differente‘in variance
“of interrenal nuclear diametersvbefweén ¢1ustersAexisted in only 35% of the
" head kidneys of fry injected with ACTH, compared.With a significant
difference in 50% of the contrd% fish. Therefore, the response of inter-

renal cells to exogenous ACTH is a uniform one.



The paTisade—1ike layer of epsilon cells in the rostrai pars
distalis of ACTH-treated fish_stains less 1ntensety with lead hematoxylin
when compared to controls (see Figures‘13, 14, 15 & 16). This 1ayer
ramains 3-4 cells in thickness.. Epsilon cell nuclei appear simi1ar in size
to contro1s, with inconspicuous nuc1eoli Of the other cell types present

in the pituitary, 1nc1ud1ng those of the pars 1ntermed1a, none show any
vvapparent change fo11ow1ng ACTH treatment |

The mean d1ameters‘of the interrenal ce]]'nuc1e1 forda11 ACTH-
treated and-control coho fry are summarized in Figure 27 and Table II.

Utilizing Scheffe's test for multiple comparisons, the mean interrenal

nuc]ear'diameters for the stOck—tank'samp1e, uninjected controls and saline-

v1n3ected controls did not d1ffer s1gn1f1cant1y However, nuclear diameters
were very s1gn1f1cant1y 1ncreased for all dosages of mammalian ACTH.
Furthermore, each higher dosage of ACTH produced a very significant
increase in mean diameter. . |

Interrena] cell size was est1mated by determining the mean number
of nuclei w1th1n a defined area of interrenal t1ssue Accordtng to
Scheffe's test the mean number of interrenal cell nuclei for the stock-
- tank sample was very s1gn1f1cant]y larger than that for either the non-
injected or saiinefinjeCted controls. Saline injections did not alter the
mean number of interrenal nuclei (No. Nu.) signtficantly from. that of
" uninjected controls (Fig. 30 and Table II). However, a]i dosages of ACTH
caused a very signﬁficant decrease in mean No. Nu. compared with saline-
injected controls, ref]ecting a signdficant.increase in 1nterrena1 cell
size. increasing dosages consistently resulted in an increased cell size,
‘although a difference in effect was only significant whenbmean No. Nu. of

fish receiving 0.05 I.U. and 0.1 I.U. ACTH/gm.wt./day were compared.’
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TABLE II

EFFECT OF ACTH-INJECTIONS ON INTERRENAL NUCLEAR DIAMETERS (I.N.D.), NUMBER
OF INTERRENAL NUCLEI PER DEFINED AREA OF INTERRENAL TISSUE (NO.NU.),
AND EPSILON CELL NUCLEAR DIAMETERS (E.N.D.) OF COHO FRY

Treatment/

Number I.N.D. (microns) NO.NU. E.N.D. (microns)
of Fish gm.wt./day
for 7 days Mean + S.E. Mean + S.E. Mean + S.E.
1 Stock 6.07 + 0.01 28.6 + 0.7 5.34 + 0.03
. sample ‘ _
4 Uninjected 6.12 + 0.02 21.4 + 0.3 5.63 + 0.04
control . ,
4 Saline 6.06 + 0.02 23.7 + 0.8 5.56 + 0.05
4 0.05 I.U. 6.52 + 0.02 17.3 + 0.5 5.12 + 0.03
ACTH _ _
4 0.1 I.U. 6.69 + 0.03 13.9 + 0.2 5.23 + 0.03
ACTH , , . ‘
4 0.2 I.U.  7.04 +0.03 - 12.4 + 0.6 5.37 + 0.03
, ACTH : : v
4 0.4 1.U. 11.3 + 0.6 5.29 + 0.04

ACTH

7.43 + 0.02




"~ TABLE III

EFFECT OF CORTISOL ACETATE (FA) AND DEXAMETHASONE (DEX) INJECTIONS ON
INTERRENAL NUCLEAR DIAMETERS (I.N.D.), NUMBER OF INTERRENAL NUCLEI
PER DEFINED AREA OF INTERRENAL TISSUE (NO.NU.), AND EPSILON CELL

NUCLEAR DIAMETERS (E.NY.D.) OF COHO FRY

Number Treatment/ I.N.D. (microns) - NO.NU. E.N.D. (microns)
. of Fish gm.wt./day ’ : -
' for 7 days Mean + S.E. - Mean + S.E. Mean + S.E.
4 Uninjected : | |
control 6.16 + 0.02 21.5 + 1.6 5.50 + 0.03
4 ‘Saline (FA)  6.24+0.02  20.5+1.0  5.41 +0.03
5 . 2ugm. FA - 6.06 + 0.02 29.5 + 0.4 5.12 + 0.03
4 20 ugm. FA 5.98 + 0.02 28.2 + 0.7 5.35 + 0.03
5 © 200 ugm. FA 6.10 + 0.03  * 28.9 + 0.7 5.12 + 0.03
. . . . . e
4 Saline (DEX)  6.28 + 0.02 24.5 + 0.7 5.33 + 0.03
4 1 ugm. DEX 6.12 + 0.02 26.8 + 1.0  5.34 + 0.03

4 10 ugm. DEX  6.14 + 0.02 29.3 + 1.0 5.30 + 0.04
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" FIGURE 27:

Effect of ACTH on nuclear diameters of interrenal

and epsilon cells, and on small-lymphocyte, thrombo-

cyte and neutrophil counts.
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FIGURE 28:

Effect of cortisol acetate on nuclear diameters of
interrenal and epsilon cells, and on small-lymphocyte,

thrombocyte and neutrophil counts.



MEAN (+ S.E.) INTERRENAL NUCLEAR DIAMETER IN MICRONS

7.5

7.0

6.0

5.5

uninjected
controls

saline-
injected
controls

number of small 1ym§.xocytes
per 1000 blood cells

number of thrombocytes
amongst 1000 blood cells

number of neutro 1s
e I g (R

interrenal cell

nuclear diameter

epsilon cell
nuclear diameter

2 ugm. 20 ugm. 200 ugm.

cortisol acetate/gm.wt./day
for 7 consecutive days

.F_25

20

15

10

(*a°s ¥ KvaW) SINNOD TIAD Q0078 TVIIHATIUE



3k

FIGURE 29: Effect of dexamethasone on nuclear diameters of
interrenal and epsilon cells, and on small-lymphocyte,

.thrombocyte and neutrophil counts.
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FIGURE 30: Effect of ACTH on interrenal cell size*.



CELL NUCLEI PER DEFINED AREA**

MEAN (+ S.E.) NUMBER OF INTERRENAL

w
o
|

iy

uninjected saline- 0.05 I.U. 0.1 I.U. 0.2 I.U. 0.4 I.U.
controls injected )
controls ACTH/gm.wt./day for 7 consecutive days

*Interrenal cell size is inversely related to the
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**Defined area is 450 m2 of interrenal tissue.



FIGURE 31: Effect of cortisol acetate (FA)

on interrenal cell size*.

'FIGURE 32: Effect of dexamethasone

- (DEX) on interrenal cell "

size*.
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Mean nuclear diameters of epsilon cells for control and ACTH-
treated fish are presented in Figure 27 and Tab1e II. The mean nuclear
diameters for uninjected and saline-injected controls did not differ
significant]y.' However, mean epsi]dn cell nuclear diameters were smaller
than nuclear diameters of controls for all dosages of ACTH. This decreased
nuclear.size compared to saline-injected fjsh was'signifiéant according to
Scheffe's test for fry receiving 0.05, 0.1 and 0.4 I.U. ACTH/gm.wt./day,
‘_but not‘for fry receiving 0.2 I.U. ACTH/gm.wt./day. However, this difference
was significant according to Student's t test. The mean epsilon Ce11
nuclear diameter of the stock-tank sample was very significantly smaller
fhan that of the uninjected controls, and signifitant]y smaller than that of
the sa]ine—injected controls. |

For the various treatments, no consistenf significant differences
in mean 1ﬁterrena1 nﬁc]eaf diameters, numbefs of 1nterrena1‘nuc1e1 per
defined area of interrena1 tissue or epsilon cell nuclear diameters'cou]d‘

be attributed to the sex of the fish.

| The Effects of Cortisol and Dexamethasone Injections on the Pituitary- -

~Interrenal Axis

In comparing the histological structuré}of the interrenal
tjssue of the cortisol-injected fish with the Eontro]s (Figé. 10 & 11), it
is apparent that the interrenal tissue of thé.former has undergope
considerab1e.afrophy{ Shrfnkage 6f the cells is obvious. Many sha]]
'interce1]u1ar spaces'appgar within a cluster. Nuclei are smaller and are
very irregular in shape. Chromatin stains more densely, and is somewhat
clumped. Nuclei are packéd'c1ose1y together. Nucleoli are variable in

size, but -are usually small or indistinct. Cytoplasm.stains:irregu]ar]y,



and is often vacuo1ated. Cell boundaries are very difficu]t to discern.
Clusters of interrenal cells ére often invaded wifﬁ blood cells. No
hjsto1ogica1 differeﬁces dUe'fo variation in dosage of cortisol acetate
wére observed. |

Dexamethasone treatment affects the histology of the interrenal
tissue simi]ar]y,-'shrinkage of thé cé11s, appearance of intercellular
'spaces; nuclear distorﬁién and shrinkage,'yacuo1atibn and variable Stainfng

-of the cytoplasm occur consistently. Nuc]eo]i are invariab1y sma]]er than
controls. Interrena] t1ssue appeared s1m11ar for both dosages of
dexamethasone. M1tot1c figures were never observed in 1nterrena] tissue of
fish treated’w1th either dexamethasone or cortisol.

The atrophy due to cortisol and dexamethasone of interrena1 tissue
appeared to be.consistent throughout the Head kidney, with no obvibus
différent1a1 response pf'ce1ls from cluster to c1us£er.- A one-way analysis
of variance 1ndfcated that a significaht difference in variance of inter-
renal nuclear diameters betweén clusters was present in 50% of the treated

’fish,'which is consistent with the normal variance of controls.
Hematopéietic tissue in the_head kidney of fry treated with‘

v>cortisoT or dexamethasone.is slightly more vacuolated than that of controls.
Most. ]ymphocytes w1th1n the hematopo1et1c tissue were atroph1c However,
the vacuo1at1on is far less extensive than that produced by ACTH injections.
No 1ncreased vascu]ar1zat10n of the head kidney due to cortisol or
dexamethasone administration was evident. | o |

| bv Although the epsilon cells of a]l'the controls staiﬁed moderately
to intensely with lead haematoxylin, those of the cortisol and dexamethasone
treated fish appeared only lightly granulated (Figs.‘13 & 14, 17 & 18). The

palisade layer of epsilon cells did not vary in thickness from'controlsﬁ

38



Cytological differénées in the epsilon cells other than that of granulation
were not aﬁparent. None of the other‘pituitany'cé11—types, including the
Tead .Hematoxy11n—posit1ve ce]is of the bars intermedia, showed ény‘
evidence of.change following corfisoJ or~dexamethasoneAinjections.

Mean nuclear diameters of the interrenal cells of fry injected with

vcdrtiso] and dexamethasoné are presentedvin Figures 28 and 29, and Table III.

Nuclear diameters of uninjected and saline-injected controls did hot
“differ significantly. However, mean diameters were significantly decreased
for all dosages of cortisol acetate compared to saline-injected controls.
LikeWise, injections of both 1 and 10 ugm.'dexamethasbne/gm.wt,/day very
significantly reduced mean interrenal nuclear diémeters from that of 'saline-
injeqted Eontrols. Low dosages of eithér cértiso1-or dexamethasone were

: equai1y as effective in reducing mean diameters.

 The effect of cortisol and dexamethasone injections on interrenal
cell size is represented in Figures 31'and_32, and Table III. All
‘doséges of cortisol acetate produced a very significant increase in meaﬁ
number of interrenal cell nuclei per defined area'of:interrena1 tissue v

(decrease in cell size) compared to that of saline-injected controls. The
meén interrenal cell size of fry receiving 2, 20 or 200 ugm; of cortisol
acetaté/gmfwt./day did not differ sﬁgnifiéant]y. Dexamethasone ﬁhjections
similar]& decreased mean interrenal cell size, although this decrease‘was

oﬁ]y significant for the higher dosage of dexémethasohe.

The mean epsi]oh cell ﬁucTear diameters for the cortisol and
dexamethasone injection experiments are presented in Figures 28 and 29, and
Tab]é III.. In the cortisol experiment, mean diameters for uninjected and |
sa]ihe—injected contko1s did not differ significant1yf However, mean

‘diameters were smaller than the mean diameters of controls for all dosages
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vof cortisol acetate.  This decreased ﬁuc]eaf size compared to saline-
-~ injected controls was very significant for fry tréated with 2 and 200 ugm.
corfiso1 écetate/gm.wt./day, but not for those receiving 20 ugm. cortisol
aéetate/gﬁ.wt./day. Dexamethasone injeétions did not alter mean nuclear
dfametérs of epsilon cells significantly.

’ - For the various fréatments; no consistent differences between males
or females régarding mean interrenal nuclear diameters, numberé of inter-.
renal nuclei per deffned area of interrenal tissue.or.epsi1on cell nuclear

diameters occurred.

Staining of Interrenal Cells of Saline, ACTH and Cortisol-injected Fry

for RNA | |
~ The cytoplasm of interrenal cells of all fry injected with saline

was faintly to moderately stained evenly with methylene blue. Nuclei and
nucleoli were also stained (Fig. 33).

| The Qytop1asm of interrenal cells of fry treated with ACTH was
intehse]y stained witﬁ methylene blue compared with interrenai cells of
saline-injected fish.(Fig; 35).'}A1] dosageé of ACTH increased cytoplasmic
basophilia, a1though‘higher dosages‘(O.Z and 0.4 I.U. ACTH/gm.Wt./day) Ted
to a more intense staining reaction than did 0.05 I.U. ACTH/gm.wt./day. The
prominent nuc]eo]iaof interrenal cells of ACTH-treated fish were also more
“inténsely stained than were the nucleoli of intérrenal cells from control -
~ fish. Furthermore, interrenal cell nuciear ﬁembranes of ACTH—treated‘fﬁsh__
stained more intensely. -

| Cytoplasm of .interrenal cells from cortisol-treated fish consistently

>

stained‘faint]y and often unevenly with:methy1ene blue (Fig. 37). Nuclei

.~ stained moderately; the small nucleoli stained faintly.

t
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Figure

Figure

Figure

Figure

‘, Figure

Figure

33:

34:

35:

36:

37:

38:

Interrenal cells from a coho fry treated with
0.01 ml. saline/gm.wt./day for 7 days, stained

for RNA. Note even staining of cytoplasm, and

basophilia of nucleoli. Methylene blue. X1000..

Interrenal cells from same fish as Figure 33.
Section was treated with 1 N. HC1 at 60°C. for

10 min. prior to staining for RNA. Methylene
~ blue. X1000.

Interrenal cells from a coho fky treated with 0.2

I.U. ACTH/gm;wt./day for 7 days, stained for RNA.

Note: intense basophilia of cytoplasm, prominent

nucjeo1i and nuclear membranes compared with
Figure 33. Methylene blue. X1000.

Interrenal cells from same fish as Figure 35.
Section was treated with 1T N. HC1 at 60°C. for 10
min. prior to staining for RNA. Methylene blue.
X1000. '

Interrenal cells from a coho fry treated with 2
ugm. cortisol acetate/gm.wt./day for 7 days,

stained for RNA. Notice faint, irregular staining
of cytoplasm. Methylene blue. X1000.

Ihtekrena]lce11s‘from same fish as FigUre 37.
Section was treated with 1 N. HC1 at 60°C. for 10
min. prior to staining for RNA. Methy1ene b]ue..
X1000. -






Since meth&]ene'biue specifica11y stains Both DNA and RNA (Deitch,
1964), control slides for all treatments were hydfo1yzed in 1T N. HC1 at
60°C. for 10 minutes to remove RNA. Following extraction procedureé witﬁ
1 N. HC1, interrenal cells from either saline, ACTH or cortiso]-freated
fish retained a comparable amount of residual basophilia (Figs. 34, 36 and
38).. In all treatments, cytob]asm was vény faintly blue. Nuclei and
nucleoli decreased in stainability following exffaCtionv Also, the intense
basophilia of nuclear membranes of interrenal cells from ACTH-treated fish

disappeared.

Effect of ACTH on Blood Cell Counts

: j
The effect of ACTH injections on mean blood ce11‘counts is

presented in Table IV. Mean numbers of small lymphocytes per 1000 b]ood
| cells (S.L.'s/1000) for uninjected control fry and sé]ine-ﬁnjectéd controls
did not differ significantly. However, all dosages of ACTH resu]ted in a
.marked and very significant decrease in S.L.'s/]OOOvcompared.to controls
(Tabie Iv and Fig. 27). - No significant differehcgs resulted from
variation in dosage of hormone; | | |
Mean numbersvof small 1ymhhocytes per 100 leucocytes (% S.L.'s)
'v‘were very similar fpr‘both non-injected and saline-injected controis. ATl
~ dosages of ACTH Causéd a fall in % S.L.'s from control va]ués. This
decrease was significant for all dosages except 0.1 I.U. ACTH/gm.wt./day.
Mean numbers of Targe Tymphocytes per 1000 blood cells were
neg1igib1e for both non-injected and saline-injected controis. Furthermore,
large lymphocyte counts were unaffecfed by a11.dosages of ACTH. On the
other haﬁd, mean numbers of large lymphocytes per 100 leucocytes (% L.L.'s)

~were increased from controls by all dosages of ACTH. This increase was

L2



TABLE IV
THE EFFECT OF ACTH-INJECTIONS ON BLOOD CELL COUNTS OF COHO FRY

No. Treatment/ Water Mat. ~Imm.

of  gm.wt./day Temp. -R.B.C.'s/ R.B.C.'s/ S.L.'s/ L.L.'s/ - Nt.'s/
Fish for 7 Days (°C.) 1000 1000~ 1000 % S.L.'s 1000 % L.L.'s 1000 % Nt.'s Throm. Hct.
B MEAN + S.E.—————— >.
4 Uninjected 13.0  770.3 199.0  32.5  88.8 0.3 1.0 0.0 9.8 21.3 22.5
- controls (25.4) (25.6) (4.3) -~ (8.4)  (0.3) (0.7) (7.2) (3.6) (2.3)
4 Saline-  13.0  857.8 - 97.5 43.3° 90.3 -~ 0.0 2.0 1.5 7.8  25.8 22.0
“injected (38.3) (34.1) . (5.0) (1.3) (0.4) ~ (0.9) (1.7)  (3.6) (1.9)
controls : : _ ,
4 0.051.u. 13.0 878.4 1M.2 4.2 47.0 1.0 . 20.0 3.2 28.2 9.6 26.5
~ ACTH . (20.7) (19.3) ~ (2.5)  (13.5)  (0.5) (5.3)  (0.8) (6.2) (3.7) (1.2)
4 0.1 1.0 13.0 677.3 315.9 4.0 77.0 0.5 7.8 2.3 14.5 9.8 21.5°
ACTH (47.7) (46.7) (1.1)  (8.0)  (0.3) (2.8)  (0.6) (5.4)  (3.8) (1.9)
4 0.2 1.U. 13.0 882.3 110.9 5.0  61.8 0.3 10.5 1.5 27.3 8.3 26.8
ACTH (24.4) (22.1) (2.1)  (5.8)  (0.3) (1.9)  (0.6): (4.1)  (1.3) (3.0)
4 0.4 1.U. 13.0  861.0 127.0 4.5 - 45.0 0.5 10.8 6.8 40.3  13.8 12.2
5) (48.1) - (1.4) (8.1) (0.3) (1.1) (1.3) (6.8) (6.1) (3.4)

ACTH (49.

e



significant for a]j'dosages except 0.7 I.U. ACTH/gm.wté/day. Means for
both controls did not differ ;ighificant]y.
Mean numbers of neutfophils per 1000 blood cells (Nt.'s/1000)
were small: 0 and 1.5 for non-fnjeéted‘and saline-injected controls
respéctive]y InJect1ons of O 05 O 1T or 0.2 I u. ACTH/gm wt. daily for
7 days did not affect mean Nt.'s/1000 s1gn1f1cant1y. However, the dosage
of 0.4 I.U. ACTH/gm.wt. significantly 1ncfeased meaﬁ Nt.'s/]OOO. Mean
'nuhbers of neutrophils pér 100 Teucocytes (% Nt.'s) also did hot différ
significantiy'between non-injected and saline-injected controls. However,
all dosages'of ACTH resulted in an increased mean %'Nt. count compared
with cohtro1é. _This-incréase was significant for dosages of 0.05, 0.2 and
.0.4 I.U; ACTH/gm.wt./day, bUt.not for 0.1 I.U. ACTH/gm.wt./day.
Numbers of 1mmathre efythrocytes pervTOOO blood cells were
_ extremeiy‘variéb1e'from fish to fish in all tréatments, as evidenced by
the high S.E.'s (Table IV). | |
| _Méan hematocrit values were similar for both non¥1njected and
saline- 1n3ected contro1s Hematocrits fbr fry recefving d{fferent
: dosages of ACTH were var1ab1e being larger for fry receiving 0.05 and
- 0.2 I.U. ACTH/gm.wt./day, but. very significant1y sma]]er for fry receiving
the highest dosage of ACTH. |
Mean numbers of thrombocytes amongst 1000_b100d cei]s.did’not
differ Significant]y‘between non-injected and saline-injected éontro]s;
However, a]] dosagés of ACTH produced a markéd detfease_in fhrombocyte

| counts (Fig. 27 and Table IV). This decrease was very significant for fry

_rece1v1ng 0.05, 0.1 and 0.2 I.U. ACTH/gm.wt./day, a1though not significant

for those rece1v1ng 0.4 I.U. ACTH/gm.wt./day.

Ly
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Effects of Cortisol and Dexamethasone oneB]ood Cell Counts

The effects of cortisol acetate and dexamethasone injections on
mean blood ceTi counts are presented in Tabie V.

In the cortisol experiment, mean numbers of small lymphocytes per
1000 blood cells (S.L.'s/1000) did not differ significantly betWeen_non—
injected and sa]ine—injected controls. However, all dosages of cortisol
resulted in a marked and significant decrease in hean S.L."'s/1000 (Fig; 28
and Table V). S.L.'s/1000 were hegTiéib]e-in fry receiving the highest
dosage'of cortiso].'v81m11ar1y, no S.L.'s/]OOO were found in smears of fry
treated with either 1 or 10 ugm.'s ef dexamethesone/gm.wt./dey (Fig. 29 ahdb
Table V), although smears of sa]ine;injected fry had a mean value of;7.8 '
S.L?'é/]ObO. Thefefore, both cortisol and dexamethasone injections very
marked]y decreased the numbers of circulating small 1ymphoeytes. 

Mean numbers of sma11 Tymphocytes per 100 leucocytes (% S.L.'s)
were s%mi]ar for%both sa]ine-injectedtand non—injected confro]s; v%VS.L.'é
for all doseges of cortisol were markedly and very significantly decreased
when compared w{th sa]ine—injected controls. Likewise,bdexamethasone
injections very sign{ficantly decreased mean % S.L.'s.

| ~ As was the case in the ACTH experiment, mean numbere of large

1ymphocyte§ per 1000 blood cells counted (L.L.'s/1000) were negligible for
all controls in both the cortisol and .dexamethasone experiments. Further-
more, L.L.'é/]OOO remained negligjb]e in all fry treated with either
cortisol or dexamethesone. On the other hand, although mean numbers of
large lymphocytes per 100 Teucocytes (% L.L.'s) were Tow (0.8 and 2.0)
for non-injected and saline-injected controls in the cortisol experiment,
% L.L.'s were increased for fry receiving all dosages of cortisol. This

increase was very significant for fish administered 2 and 200 ugm.'s



TABLE V

" “THE EFFECT OF, CORTISOL ACETATE-(FA) AND DEXAMETHASONE-(DEX) INJECTIONS ON BLOOD® CELL .
' S ' COUNTS OF COHO FRY

No. Treatment/ Watér Mat. Imm. ‘ .
of . gm.wt./day Temp. R.B.C.'s/ R.B.C.'s/ S.L.'s/ L.L.'s/ _ Nt.'s/ . :
Fish for 7 Days (°C.) 1000 1000 1000 % S.L.'s 1000 %L.L.'s 1000 % Nt.'s Throm. Hct.
’ - ' : 'MEAN + S.E.
4  Uninjected 10.0  850.8 131.0 . 15.5 . 87.5 0.0 - 0.8 0.3 11.5  11.0 26.4
?ongro]s (34.6) (34.3) (4.5) (5.8) i (0.5) (0.3) (5.8) (4.8) (0.9)
. FA a . »
4 Saline 10.0  920.0 66.8  12.3 83.3 0.0 . 2.0 1.0 14.8 11.8 25.3
© injected - (13.1) (10.8) (3.0) (7.3) (1.4) (0.4) - (5.9) (3.5) (1.8)
controls
(FA) 3 :
5 2ugm. FA 10.0 774.2 . 127.2 2.8 58.8 0.0 10.2 1.8 30.6 10.0 20.1
_ - (63.7) © (45.3) (1.2) (7.7) -~ (2.6) (0.9) (5.7) (3.8) (1.5)
4 20 ugm. FA 10.0 - 936.8 59.3 2.0 42.0 0.0  11.3 2.0 46.8 8.5 26.8
' (21.9) (21.3) (0.7) (6.4) , (4.3)  (1.4) (5.3)  (3.1) (1.4)
5 200 ugm. FA 10.0  814.0 185.0 0.2 40.4 - 0.0 10.6 0.6  47.6 7.2 26.2
. : (31.7) (31.4) - (0.2) (7.0) (2.9) (0.2)  (4.6) (1.3) -(1.9) .
4  Saline- ©  10.0 - 899.5  88.8 7.8 81.8 0.3 2.0 3.8 16:.3 - 17.8 20.5
. injected . (46.9) © (47.3) (1.2)  (2.1) (0.3) (0.8) (1.0) (2.6) (2.3) (1.5)
controls ' ' : :
(DEX) . . _
‘4 1 ugm. DEX 10.0 934.8 = 64.8 0.0  48.8 0.0 9.3 0.5 440 5.8 26.1
: : (14.7) (14.4) (4.2) (2.3)  (0.3) (3.0) - (2.3) (1.2)
4 10 ugn.  10.0  902.5 97.3 0.0 52.0 0.0 8.5 0.3 - 38.0 9.0 25.1
DEX - (22.9 1) (0.5) (0.3)  (4.3) (3.0) (2.6)

) (37.0) - (4.

o
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cort1501 aéetate/gm:wt./day, but not for those receiving 20 ugm.'s cortisol/
gm.wt./day. Similarly, dexamethasone injections resulted fn a significant
increase in mean % L.L.'s compared with saline-injected contf01sf

Mean numbers of neutrophils per 1000 blood cells (Nt.'s/1000) were |
éma11 and not significantly different for both non-injected and sa1ine—
injected controls in the cortisol experiment. No dosages of cortisol
sfgnificanfly'a1tered_mean neutrophil counts from controls. However, mean
.numberS»of neutrophi]s per 100_1eucocytes (% Nt.'s), although not |
'significantfy different between non-injected and saline-injected controls,
were marked1y 1ngreased for all dosages of cortisol. This increase was
very sfgnificant for fry treated with both 20 and 200 ugm.'s cortisol
acetate/gm.wt./day. | |

In both experiments, mean numbers of immature erythrocytes per
1000 blood cells varied extensively from fish to fish for all treatments,
jas shown by the high S.E.'s for each treatment mean (Table V). No
signifjcant'différences vere found between the various treatments in both
' thé cortisol and dexamethasone experiments.

| ‘In the cortisol experiment, meaﬁ hematocrit valuesvwére similar

for both non-injected and saline-injected controls. Hematocrits'were
unaltered for fry receiving either 2 or 200 ugm.'s cortisol acetaie/gm.wt./
day, although the mean hematocrif for those receiving 20 ugm.'s cortisol/
gm.wt./day was significantly decreased. vOn the other hand, hematocrits
Were higher for fry injected with dexamethdsoné when compared with saline-
injected controls. |

In the cort1§o1 experiment, the mean numbers of thrombocytes
amongst 1000 blood cells were similar for non-injected and saline-injected

~ controls. Nevertheless, all dosages of cortisol acetate produced a decrease
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(although not signfficant) in thrombocyte counts (Fig.'28 and Table V).
Similarly, both 1 and 10 ugm.'s of dexamethasone/gm.wt./day resulted in a
significant deC;ease in thrombocyte counts (Fig. 29 and Table V). These
results are comparable to the decrease 1n»tﬁrombocyte counts due to ACTH
injections. |

In all of the!injection experiments, no consistent differences in
mean bTobd cell counts were foundbwhen values for mé]es and fema]es]from '

‘each treatment were compared.

Correlation Coefficients of Variables Measured in the ACTH-Injection

Experiments -

A correlation matrix of all variables measured from coho fry
invblved.in'the ACTH-injection experiments is presented in Table VI.
Summary statistics (low and high'measurements,.average, standérd deviation,

'Qarfancé) for each variable are presented in Table I of Appehdix IT.-

Interrenal nuclear diameters (I.N.D.'s) and—nUMbers of interrenal
-ﬁuc1e1 per defined_area of interrenal tissue (No. Nu.'s) were negatively
correlated. EbSi]on ce11_nuc]eaf diameters (E.N.D.is) were negatively |
corre]ated-(a]thqugh not significaht]y) with I.N.D.'s, and corré1ated
positi?e]y (and significant]y) with No. Nu.'s. I.N.D.'s wére negatively
éorre]ated with both numbers df small Tymphocytes per 1000 blood ceT]s'
(S.L."'s/1000) and numbers of sma]]jlymphocytes-pef 100 1eucocytes (% S.L.'s),
whereas No. Nu.'s were posﬁtive1y correlated with both variables. No

~ significant correlations existed between.I.N.D.'é and numbers of:1arge
‘Tymphocytes per 1OQO b1ood cells (LfL.'s/looO) or numbers of large
lymphocytes per 100 leucocytes (% L.L.'s),nor between either éf these

variables and No. Nu.'s. However, interrenal nuclear diameters were very



TABLE VI

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
IN ACTH EXPERIMENT (CONTROL + INJECTED FISH) '

_ Nt's/1000

**Significant at

% Nt's Imm. R.B.C.'s/ THROM. TI.N.D.  No.Nu.  E.N.D.
1000 L
Length (cm.) 0.494%  0.307 -—0.642** . 0.286  0.425 © =0.273  -0.085
Weight (gm.) 0.486%  0.272 -0.617%* 0.312  0.340 -0.198  -0.154
 Hematoerit ~0.541% . -0.063 -0.194 °  ~0.439 -0.321 0.177 0.010
S.L.'s/1000 ~0.296  -0.589%% -0.016 0.767%% -0.696%% . 0.725%%  0.636%%*
% S.L.'s . ~0.597%% —0.973%% " 0.393 0.470% -0.600%*%  0.564%%  0.457*
L.L.'s/1000 0.208  0.098 -0.126 0.206  0.101 -0.026 0.048
% L.L.'s 0.342 0.692%%  -0.309 ~0.520%  0.293 =0.375  -0.644**
Nt 's/1000 1.000 0.605%%  -0.237 0.082  0.562%% = -0.396 -0.339
% Nt's 1.000 ~0.401 ~0.405  0.612%% -0.511% -0.318
Tmm. R.B.C.'s/1000 1.000 -0.061 -0.108 ~0.025 0.057
Thrombocytes 1.000 -0.189 0.447%  0.372
I.N.D.’ . 1.000 -0.906%% -0.300
No.Nu. 1.000- 0.465%
E.N.D. 1.000
#Significant at the 95 per cent level - Critical Absolute Values: 5%: 0.444
1%: 0.561

the 99 per cent level

Nt's/1000: Neutrophils per 1000 blood cells THROM:  Thrombocytes amongst 1000 bloqd_cells
% Nt's: . Neutrophils per 100 Leucocytes I.N.D.:  Interrenal N9C1ear Diameter :
. No.Nu.: Number of Interrenal Nuclei per defined
Imn. R.B.C."s/ Area of Interrenal Tissue
1000: Immature Erythrocytes
per 1000 hland ralle E.N.D.: Epsilon Cell Nuclear Diameter



TABLE VI

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
IN ACTH EXPERIMENT (CONTROL + INJECTED FISH)

'S.L."'s/1000:

% S.L.'st
L.L."'s/1000:
% L.L.'s:

Small Lymphocytes per 1000 blood cells
Small Lymphocytes per 100 Leucocytes
Large Lymphocytes per 1000 blood cells

Large Lymphocytes per 100 Leucocytes

LENGTH ~ WEIGHT ~ HEMATOCRIT S.L.'s/1000 % S.L.'s L.L.'s/1000 % L.L.'s
Length (cm.)‘ 1.000 0.937** -0.174 -.=0.122 -0.273 - 0.124 0.122
Weight (gm.) 1.000 - -0.066 -0.173 -0.254 -0.009 0.140
Hematocrit ' 1.000 -0.129 ‘ 0.004 -0.537% 0.247
S.L."'s/1000 1.000 ~ 0.625%*  0.154 - =0.537%*
% S.L.'s | ~1.000 -0.037 -0.849%*
L.L.'s/7000 - 1.000 -0.1740
% L.L.'s 1.000
Nt's/1000
% Nt's
Imm. R.B.C.'s/1000
Thrombocytes
No.Nu.
‘I.N.D. (microns)
E.N.D. (microns)
*Significant at_the 95 per cent level Critical Absolute Values:- 5% 0.444
**Significant at the 99 per cent Teve] ' 1%‘ 0.561
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signifiéant]y positively correlated with both the number§ of neutrophils
per 1000 blood cells (Nt.'s/1000) and numbers of neutrophils per 100
1eucocytés (% Nt.'s). Numbers of thrombocytes amongst 1000 b]oéd cells
wefe negatively (but not signiffcant]y) correlated with_IlN.D.'s, but
bositfve]y and significantly correlated with No. Nu.'s. Neither‘I.N.D.‘s
nor No.'Nuf's were significantly corfelated with lengths, weights,
hematoérits}or'numbers of immature erythrocytes per 1000 blood ce11§,

 Nuc1eér diameters of’epsiIOn cells (E.N.D.'s) were posffive1y
-corre1ated with S.L.'s/1000 and % S.L.'s. However, E;N.D.'s wére.not
correlated significantly with either L.L.'s/1000 or Nt.'s/1000. E.N.D.'s
were éorré]ated positively with thrombocyte counts, although not
significant]y.' No significant correlations existed between E.N.D.'s and
~ either lengths or weights. |

As well as being negative]y’corre1ated with I.N.D:'s and positively
correlated with both No. Nu.'s and E.N.D.'s; numbers of sma11'1ymphqcytes |
per 1000 blood ée]]é were positively corré]ated with thrombocyté counts.
S.L.'s{]OOO were aiso positively corkeiated with % S.L.'s. However, S.L.;S/
1000 were not correlated W1th>e1ther.numbers of’]arge 1ymphocytés or'
~ numbers of~neutrophils per 1000 blood cells. "No signifjcaﬁt‘cbrre1at10ns
existed.bétween S.L.‘é/iOOO and either lengths or weights. | |

' Numberé of small 1ymphocytes/per_100 1euco¢ytesl(% S.L."'s) were

negatively correlated with % L.L.'s, % Nt.'s-and Nt.'s/1000, but not
correlated with L.L."'s/1000. % S,L.'s and thrombocyte counts were
_ positively corﬁe]ated.;uL.L.'s/1000 aﬁd % L.L.'s were not cofre]ated.
However, Nt.'s/1000 and % Nt.'s were positively correlated.

Hematoérits were unrelated to all yafiab]es except numbers.of_-

neutrophi]s per 1000 blood cells, td which_they exhibited a negative
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correlation. Numbers of immature erythrocytes per 1000 blood cells were
_negatively correlated with lengths and weights, but unrelated to all other

~variables.

" Correlation Coefficients of Variables Measured in the Cortiso] and

Dexamethasone Experiments
Correlation matrices fok all variables measured from coho fryl

involved in the cortisol and the dexamethasone injection experiments are
presented in Tables VII and VIII respectively. Summary statistjcé for each
variable are found in Tables II and III of Appendix II.
| -'Interrena1 nuclear diameters (I.N.D.'s) and numbers of intérrena1
nuclei per defined area of interrenal tissue (No. Nu.'s) were negatively
_ correlafedvfor fry from both cortho] and dexamethasone experiments. However,
correlation coefficients were not significant. Epsilon ée]] nuclear diameters
(E.N.D.'s) were positively correlated (although ndt significantly) with
I.N.D.'s, and Very.significantly negatively correlated with Nq. Nu.'s in
the cortisol experiment. On the other hand, correlation coefficients
" between E.N.D.'s and I}N.D.'s or No._Nu.'s were not significant in fish
from the dexamethasone experiment. |

" I.N.D.'s were correlated positively (but not significantly) with
_both numbers of small lymphocytes per 1000 blood cells (S.L.'s/1000) and
-numbers of small lymphocytes per 100 Teucocytes (% S.L.'s) in the cortisol
: experiment; and posiﬁive]y and significantly Qith both variables in the
dexamethasone experiment. No. Nu.'s from the cortisol experiment.were
’ négative]y correlated with both S.L.'s/1000 énd % S.L.'s. Likewise, No. Nu.'s
~ from thé dexamethasone exper{ment were negatively corre]ated>with S.L.'s/

1000 and % S.L.'s. Interrenal nuclear diameters were very significantly



TABLE VII.

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
IN CORTISOL EXPERIMENT (UNINJECTED CONTROLS +
INJECTED FISH) '

LENGTH WEIGHT _ HEMATOCRIT S.L.'s/1000 %S.L.'s L.L.'s/1000 % L.L.'s

Length (cm.) 1.000 0.933** 0,101 0.162 - 0.239 ' -0.106
Weight (gm.) 1.000 0.095 .  0.294 0.356 - -0.227
Hematocrit 1.000 0.135 0.110 | 0.003
S.L.'s/1000 . 1.000  0.737%* . ~0.496*
% S.L.'s ’ 1.000 -0.783%*
L."'s/1000 '
% L.L.'s 1.000
Nt's/1000 -
% Nt's
Imm. R.B.C.'s/1000
Thrombocytes
I.N.D. (microns)
No.Nu.
E.N.D. (microns)
*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.444
**Significant at the 99 per cent level ’ 1%: 0.561
L.'s/1000: Small Lymphocytes per 1000 blood cells  L.L.'s/1000: Large Lymphocytes per 1000 blood cells
% S.L.'s Small Lymphocytes per 100 Leucocytes % L.L.'s: Large Lymphocytes per 100 Leucocytes
TABLE VII

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
IN CORTISOL EXPERIMENT (UNINJECTED CONTROLS +
INJECTED FISH)

Nt's/1000 = % Nt's Imm. R.B.C.'s/  THROM. I.N.D. No.Nu. E.N.D.

1000
Length (cm.) -0.417 -0.261 -0.500* 0.164 -0.296 -0.245 0.154
Weight (gm.) -0.351  -0.362 -0.534* 0.177  -0.154  -0.361 0.218
Hematocrit -0.008 -0.131 -0.123 --0.035 -0.045 -0.176 ~ 0.111
L.'s/1000 -0.180 =0.744%* -0.072 ' 0.567** 0.188 -0.577**  0.400
% S.L.'s -0.110 ~0.974%* -0.455* 0.300 0.019 -0.565%*  0.467*
L."'s/1000 .
% L.L.'s -0.038  0.630** 0.340 -0.355 -0.025 0.471%  -0.189
Nt's/1000 1.000 0.195 -0.070 -0.032 0.242 0.183 -0.129
% Nt's 1.000 - 0.421 -0.202 -0.009 0.487*  -0.449*
Imm. R.B.C.'s/1000 . . 1.000 -0.106 0.130 0.268 -0.357
Thrombocytes ' 1.000 - 0.210 -0.345 0.043
I.N.D. 1.000 -0.370 0.180
- No.Nu. 1.000 -0.610%*
E.N.D. 1.000
*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.444
**Significant at the 99 per cent level . ' 1%: 0.561
- Nt's/1000: Neutrophils per 1000 blood cells , I.N.D.:  Interrenal Nuclear Diameter
% Nt's: Neutrophils per 100 Leucocytes No.Nu.: Number of Interrenal Nuclei per
Imm.R.B.C.'s/ Defined Area of Interrenal Tissue
THR&%OQ: Immature Erythrocytes per 1000 blood cells | E.N.D.: Epsilon Cell Nuclear Diameter

Thrombocytes amongst 1000 blood cells



TABLE VIII

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
IN DEXAMETHASONE EXPERIMENT '

LENGTH WEIGHT HEMATOCRIT _ S.L.'s/1000 % S.L.'s  L.L.'s/1000 % L.L.'s

Length (cm.) | 1.000 0.975%* 0.108 0.121 0.190 - -0.669* -0.112
Weight (gm.) : 1.000 0.150 0.162 0.306 -0.540 -0.235
Hematocrit - ‘ ' . 1.000 -0.637* -0.319 ~  -0.061 0.449
S.L.'s/1000 , ' 1.000 0.857%* 0.341 -0.732%*
% S.L.'s | ‘ 1.000  0.515 -0.668*%
L.L."'s/1000 ) o ‘ 1.000  -0.363
% L.L.'s | - | - | 1.000
Nt's/1000 ' ‘
% Nt's '
“Imm. R,B.C.'s/1000
Thrombocytes
I.N.D.
No.Nu.
E;N.Dﬂ
*Significanf at the 95 per cent level Critical Absolute Values: 5%: 0.576
**Significant at the 99 per cent level - | ' 1%: 0.708
S.L.'s/1000: Small Lymphocytes per 1000 blood cells | L.L."'s/1000: Large Lymphocytes per 1000 blood cells
% S.L."'s:  Small Lymphocytes per 100 Leucocytes % L.L.'s: Large Lymphocytes per 100 Leucocytes
~ TABLE VIII

CORRELATION MATRIX OF VARIABLES MEASURED FROM COHO FRY INVOLVED
"IN DEXAMETHASONE EXPERIMENT '

Nt.'s/1000 % Nt.'s Imm.R.B.C.'s/  THROM. “I.N.D. No.Nu. E.N.D.

1000
Length (cm.) ' 0.048 -0.212  -0.695* | 0.066 -0.054 -0.383 0.009
Weight (gm.) | 0.173 -0.271 . -0.668* 0.140  -0.694  -0.446 0.082
Hematocrit ' -0.327 0.185 - -0.097 -0.346 -0.153 . 0.083 0.041
S.L."'s/1000 ‘ 0.644* =0.736%*  -0.202 0.760**  0.655* -0.669*% 0.159
% S.L.'s - 0.777%% -0.919%*  -0.127 0.794**  0.691* -0.744** 0.248
L.L."'s/1000 : - -0.556 -0.398 0.572 0.438 0.458 0.202 0.044
% L.L.'s ~0.752%* 0.301 0.117 -0.363 -0.187 0.552 ~0.048
Nt.'s/1000 _ 1.000 = -0.643* -0.049 ' 0.570  0.333 -0.503  -0.075
% Nt.'s . | 1.000 0.190 | -0.801** -0.789** . (0.644* -0.216
Imm. R.B.C.'s/1000 S 1.000 -0.089 0.010 0.346  -0.357
Thrombocytes L ' : 1.000 0.662* -0.447  0.319
I.N.D. - 1.000 -0.434  0.116
No.Nu. | | | 1.000  -0.250
E.N.D. | . | 1.000
*Significant at the 95 per cent level . | Critical Absolute Values: 5% 0.576
**Significant at the 99 per cent Tevel o ' _ ~1%: 0.708
Nt.'s/1000: Neutrophils per 1000 blood cells - I.N.D.: Interrenal Nuclear Diameter
% Nt.'s: Neutrophils per 100 Leucocytes : No.Nu.: Number of Interrenal Nuclei per
Imm. R.B.C.'s/ Defined Area of Interrenal Tissue
1000: Immature Erythrocytes per 1000 blood cells . E.N.D.: Epsilon Cell Nuclear Diameter

THROM: Thrombocytes amongst 1000 blood cells



négative]y corre1a£ed with % Nt.'s in the dexamethasone experiment,_a1though
these variables were not significantly re1ated.fh the portiso] experiment.
Thrombocyte counts were positively correlated with I.N.D.'s and negativeTy
(although not significantly) correlated with No. Nu.'s; Neither I.N.D.'s

" nor No. Nu.'s weré significantlyvcokre1ated with lengths, wéights,.b
'hematocrits or humbers of immature érythrocytesAper TOOO\b]ood cells.

Epsilon cell nuclear diameters (E.N.D.'s) were positively (although.

not significantly) correlated with S.L.'s/1000,.and significantly positively

correlated with % S.L.'s in the cortisol experiment. A]So; E.N.D.'s were
negafive]y éorrelated with % Nt.'s. - On the other hénd, E.N.D.'s were not -
correlated significantly with L.L.'s/1000, % L.L.'s or Nt.'s/1000 in ‘the
cortisol éxperiment. Furthermore, né sfgnificant éorre]atidns existed
between E,N.D.'s and thrombocyte counts, jengths or weights. In the |

~ dexamethasone experiment, nuclear diameters of epsilon ce11$ wcre not
significaht1y correlated with any variab]es.

Numbers of small lymphocytes per 1000 blood cells werefpositive1y
correlated with both % S.L.'s and numbérs of thrbmboéytes amongst 1000
51ood cé11s in the cortisol and dexamethasone experimenfs. However, S.L.'s/
1000 were not significant]y,corre]ated with L.Ll's/1000, or with Nt.'s/
1000 for the cortisol experiment, although S.L.'s/1000 and Nt.'s/1000 were
positively correlated in the dexamethasone experiment. No significanf
éorrelations existed between S.L.'s/1000 and either 1éngths or.weights.

| Hematocrits were nof’signifﬁcaht]y'corre]ated with any variéb]es

in the cortjéo] or dexamethasone experiments. Numbers of immature |
erythrocytes”per 1000 blood cells (Imm.'s/7000) were negatively corré1ated
with‘lengths and weights in both the cortisol and. dexamethasone experiments.

Notwithstanding a significant negative correlation between Imm.'s/1000

5



and % S.L.'s in the cortisol experiment, Imm.'s/1000 were not correlated
significantly with other variables in the cortisol or dexamethasone

experiments.
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 DISCUSSION

It is well estab11shed that the pituitary- adrenocort1ca1 axis of

mammals is st1mu1ated by numerous d1verse environmental conditions
referred to as "stressful" (Selye, 1950; Gorbman and Bern, 1962). Bush
(1962) suggests that psychological "stresses” appear to‘be'even more potent
in activating the pituitary-adrenal axis of mammals than physieal stfmu]i.
- Numerous mammalian species showeincreased mean edrena] size when subjected
to increased popy1ation pressure, or ”crowding“(Gofbman'&:Behn;1962;~Chwistian
and Davis, 1964). Furthermore, several studieé report a distinct relation
‘between bosition in a dominance hierarthy énd adrenocortical activity (Louch
- and Higginbotham, 1967). In addition, it has been observed that-mere1y

’trensferring rats from one cage to another resulted in a Signif{cant rise
“in plasna corticosteroid Tevels (Friedman and Ader, 1967); These and other
| reports indicate the sensitive response of the,pfteitéry-adrenocortica]

axis of memma1s to ehvironmehta] alterations. _ |

According to W.S. Hoar (1966), "....although the 1iteratufe is still

meagre, it is probab]e that the pituitary-adrenal system of the Tower
‘vertebrate is activated by 'stress' and that differences between the f1shes
or the amphibians and the mammals are differences in degree rather than
kind”. Effects which might be interpreted in terms of the "stress concept“
have been noted among fishes under a variety of conditions. Marked
hyperplasia of the interrenal tissue in Pacific salmon accompanying the
spawning migration has been reported by Robertson and Wexier (1959). Chavin
and Kovacevik (1961) have demonstrated histochemically rapid depletion with

handling of ascorbic acid and cholesterol from the goldfish adrenoeortica1



céi}s. Furthermore; Chavin (1964) demonstratedvthat simply transferring

‘ go1dfish from a given équarium tb another simi1ar_in a]]irespects produced
a hypergiyqemia,'requiring a four-~day period of adjustment for the réturn‘
to normal levels of serum g]ucbée. Erickson (1967) reported a significant
inverée corre1ation.betWeen fhe quantity of interrenal tissue and the

number of aggressive actions of the sunfish, Lepomis gibosus in a dominance

hierarchy study. Donaldson and McBride (1967) found that holding adult ..
_rafnbow'trout in an aquarium With'the water level 1owered to 2 - 3 cm.
resulted in a sighificant 1ntreaée in plasma cortisol levels in sham-hypophy-
sectomized fish. Fagerlund (1967), after sthying the effects of handling
' adQ]t sockeye salmon on plasma cortisol Tevels, stafedj "The results show
that the pituifaryQadrena] system of adult salmon is hjgh]y sensitive to |
~ various stressors and feacts with a manifold increase in the concentration
of cortiéo] in périphefa] plasma".

w1£h‘the aforementioned considerations in mind, seVeraj precautions
were taken‘in the presenf expefﬁments to minimize a possible stimulation
due to various conditions considered as potentially “stressfq1“ of the
pituitary-interrenal axis of juveniTe coho salmon. In an-attempt to simulate
a.more natura] environment, both the'holding tanks and exberimehta]
' éohparthehts were proVided with gravel bottoms and artificiéj cover. Photo-
cells enabled all tanks and compartments to receive a natural photoperiod.
Iﬁ all experiments, Juvenile cohoAsa]mon trahsferred from Bertrand Creek to.
the 1éboratory were allowed several weeks'for-acclimétization to thé Stock
tanks prior to treatment. Since juvenile coho salmon are extremely
territorial fish which establish social hierarchies and display extensive
aggfessive behavior‘in both natural and ]aboratohy.environmenfs (Chapman,

1962; Hartman, 1965; Mason and Chapman, 1965; Fraser, 1968), it was

o7
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consideked necessary in all experiments reported here to p]acé fisﬁ_in
1ndividuaa experimental compartments; thus eliminating any interactions

as reported 1n‘the study by Erickson (1967) with sunfish which could
possibly stihu]ate the .interrenal gland. In addition, experimental

_ compartmenfs were designed to provide fish with as large a ﬁerritory as was .
ecoﬁdmica]}y feasible. Furthermore, in consideration of Chavfn's (1964)
study, all fish were held for seven days foT]owing'transfer to experimental
compartmeﬁts prior to treatment. It is hot known whether or not these |
precéutions were sufficient or over]y»pretentious. However, it}is interesting
to note that the mean size of interrenal ce]]s‘and the mean diémeter of
epsilon ce]] nuclei for the stock sahpje were significantly smaller than
values fo?beithef'the non-injected or saline-injected control samples in

the ACTH experiment. Possibly the effect of transfer from stock tanks to
experfmenta]_compartments stimulated the pituitary;interreha]'axis of\
_cohtro1 fish somewhat. |

Numerous investigations (Knobil g;_gl,;.1954; Mi]]er,x1954;

Toﬁufti»g;_gl,, 1954, Ho11ey,‘1965) with mammalian species Have demonstrated
that administration of exogenous ACTH to intact or hypophysectomized

anima1s results in hypertrophy and hyperplasia of cells of the fascicd]ar
and retibuiar.zones of the adrenal cortex. This stimulation of the adrenal"
cortex is accompanied by an increase in adrenal blood f]dw (Sapirstein and
Goldman, 1959; Staehe]ih et al., J965; Maier and Staéhe]in, 1968).’ Further-
more, it is We11;established that ACTH administration to intact or
hypophysectomized'(but not adrenalectomized) mammals prbduces a marked
pyénosis and decrease in numbers of Tymphocytes in all lymphoid tissues
(spleen, thymus, lymph nodes, Peyer's patches, etc.), concurrent with the

“appearance of numerous edematous spaces within these structures (Dougherty
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and White, 1945; Selye, 1950).
Rasquin (1951) first observed changes due to injections of
mammalian ACTH in the histology of the head kidney and interrenal tissue of .

a teleost. She reported an increased vascularization of the head kidney of

Astyanax mexicanus along with the appearanCe of numerous edematous spaces
and a marked decreasebin numbers of small Tymphocytes two héuks after ACTH
édministration. A marked hypertrophy and hyperplasia of the interrenal
tissue, and an intimate association of the~1nterréna1 cells with the
rémifications of the posterior cardinal vein were noted four hours after
ACTH treatment. Krauter (1958)‘also'reported an .increased vascularization

associated‘with hyperpTastic'interrena] tissue, and a marked decrease in

nuhbers ofilymphocytes in the head kidneys'of Umbra krameri and Apomotis
cyanellus following ACTH administration. Similar reéu]ts were observed in
:this study for all dosades of ACTH, although vacuolation of the |
hematopdietic tissue was most pronounced with higher dosages. Whether
this vacud1ation or appearance of "edematous spaces” thrdughouf the
.hematopoietic tissue can be attributed entirely to a pycnosis and decrease
*in number Qf ]yhphocytes’within the head kidney is difficult to .determine.
"~ According to G.W. Klontz (pefsbna] communication), urinary output of
salmonids is gfedt]y diminished by ACTH administration. The very significant
decrease in hematocrif»for coho fry receiving 0.4 .1.U. ACTH/Qm.wt./day may
ref1ect.a true edema of the hematopoietic tissue of fhese fish.

Several mammalian studies have utilized meésurements of nuclear
size as a criterion for asseséing activity of adrenocortical cells. Miller
(1954) and Tonutti gi__l, (1954) reported a significant increase in nuclear

and nucleolar size of zona fasciculata cells following administration of

ACTH to intact or hypophysectomized mice or rats. However, hypophysectomy
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or administration of corficosteroidé resulted in‘decreased nucleolar and
nuclear size of these cells. Simi]ar-karyometric‘a1terations were described
for Rhesus mohkeys (Knobil et al., 1954) and humans (HQ11ey, 1965).

A limited number of studies. using measurements of interrenal
nuc]ear:size as an index for quantitatively assessing interrenal activity
have'beenlmade with Severa]_species of teleost fishes. Mammalian ACTH has
been shown to produce a significant increasé in siée of interrenal cell
nuclei when administered to intact or hypophysectomized fish (Kréuter, 1958;
Basu; Nandi and Bern, 1965; Hanke and Chester Jones, 1966; Hanke, 1966).
Fagerlund, McBride and Donaldson (1968) demonstrated'a very significaht
increase in mean interrenal nuclear diameters of adult sockeye salmon
freated w;th mammalian ACTH. This increased nuclear diameter was
associatéd with a marked increase in plasma.cortisol concentratidn. Contrar&

to these findings, van Overbeeke and Ahsan (1966) noted that the interrena1 )

~cells of hypophysectomized Céuesius plumbeus, a]though stimu]atéd by salmon
pituitary extracts, were unresponsive to injections of mammalian ACTH. |
The findings reported here confirm the ﬁfimulatohy_effect of
mammalian ACTH on teTéosteén interrenal cells. In addition to the extensive
hypérp}asia'reported,'both nuc]ear’diameters of 1ntérrena1 cells and
1nterrena1“ce11 sizes were unifbrm]y and significantly increased by ACTH
administration. Moreover, the response was dQsefre1ated. No previous
reports have appeared on the dosefresponse re]atibnship of interrenal cells
to mamma1ian.ACTH; Thehvery:signfficant positive correlation between
interrenal nuc1ear diameter and cell size (measured as number of interrenal
nuclei per defined area of interrené1 tissue) firmly establishes that the
:entire interrenal cell hypertrophies under fhe influence of ACTH, réther than

that the nucleus simply enlarges. Furthermore, although the indirect



measurement of interrenal ce]]_Size ufi]ized in fhis investigation has not
been previoUs]y explored as a method for assessing increased interrenal cell
activity, cell size appears to provide a useful index of activity. In
éddition, values representing cell size are far easier to determine than

the tedious measurements of,nuc]éar diameters. As the very marked response’
of the 1nferrena1 tiésue reported herein is observed in intact rather than
hypophysectomized fish, the possibility that endogénous corticotropin

might play a rd1e in the appearance of changes in the interrenal tissue
afterAadministratibn of hamma11an ACTH canhot be ignored.

In addition to the hypertrobhy and hyherp1aéia of interrenal cells

ih response to ACTH administration, a marked hypertrophy of the nuc1egli

was observed in the present invesfigation. Also, the frequency of mitotic
figureé increased considerab]y} Furthermore, both the cytoplaSm énd nuc1e§11
of interrenal ce11s'of coho fry treated with ACTH demonstrated more tissue
,baéophi]ia due‘to RNA than those of control f{sh.; Moreover, thfs fnéreaséd
basophilia due to RNA of interrenal cells was mbre pronounced with higher.
dosages of ACTH. SUppoft for these observations %s found inbthe literature.
Hanke and Chester Johes (1966} report that the interrenal cells of European
ee]sbtreated with ACTH have larger nuclei with very prominent nucleoli, and’_
increased tissue basophilia due to RNA. Fagerlund et al. (1968) observed
-prominent nucleoli associated with increased interrenal nuclear diameters

and elevated plasma cortisol concentrations'in adult sockeye salmon treated

with ACTH. Mitotic figures were detected more frequently {n the interrenal

tissuerf Umbra krameri (Krauter, 1958) and Carassius auratus (Krauter, 1958;

Oguri and Nace, 1966) treated with mammalian ACTH than in controls.
Since the experiments of Selye (1936) and those of Dougherty and

White (1943, 1945), the destructive effect of certain adrenocortical steroids
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on lymphoid tissues of mammals has been. generally recognized. However, little
“attention has been paid to the effect of corticosteroids on hematopoietic
_tissues of Jlower vertebrates. Krauter (1958) observed a marked vacuolation

of fhe head kidney hematopoietic tissue of Umbra krameri when fish were

injected with desoxycorticostéroné acetate. Robertson et al. (1963) reported
a moderaté'tb'marked feduttion in lymphocyte numbers in the spleen and

thymus éf immature rainbew trout that received intraperitoneal implants of
cortisol. In.addition, O11véreau (T966) noted a depletion of cells of the

lymphoid head kidney of Anguilla anguilla following cortisol administration.

In the present investigation, hematopoietic tissue of head kidneys
from corfiso1; of dexamethasone-treated coho fry was more disaggregated
. fhan that of controls, aithough the 1ncreééed vacuolation was far less
extreme than that obseryed in Head kidneys of fiéh receiving_ACTH. “In
addition, pycnosis and shrinkage of lymphocytes within the hematopoietic
tissue was observed. Thus, the data reborted here, as well as the meagre
data availab]e in the Titerature indicate that the lymphoid tissue of Tower
vertebrates resembles that of mammals in its kesbonse to adhinistered
'adrenocorticosferoids and to.ACTH. It is interesting to note that‘the
~increased vascularization associated with ACTH injections of head kidneys of
coho fry was nbt observed following cortiso]’or dexamethasone administration;
It has been postulated by Maier ahd Staehelin (1968) that the increase in
adrenal blood flow induced by ACTH in mamma1s might be due to brostag]andins
~which could be formed from unsaturated fatty acids released by the cleavage
,Of cholesterol estefs. Whether the increase in vascu]arizétion of head
kidheys observéd is an ihdependent effect of ACTH on the vascular system or,

alternatively, results from increased steroidogenesis is not known. However,

the possible advantages achieved by an increase in blood supply (more
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extensive oxygen‘supp1y for increased energy demands, rapid means of
conveying hormones synthesized) to a stimulated interrenal tissue are
obvious. Conversely, cortisol or dexamethasone administration, résu]ting
“in interrenal atrophy, does not necessitate an increased blood supply to
the head'kidneys. | |

| In the present.experiments with coho fry, cortisol acetate, at
all doses uséd, caused a very marked interrenal atrophy after 7 days
&dministration. A significant reduction in mean interrenal nuclear diameter,
~and a very significant decrease 1ﬁ mean ce]J size occurred for all dosages
" when compared with controls. Accompanying these histometric indices of
atrophy were observations of irregularly shéped, closely apposed interrenal .
nuclei with shrunken nuc]éo]i,,and an irregularly stained, vacuolated cell
cytoplasm. In additign, numberous intercellular spaces within clusters
. of intérrena] cells appeated, which were often invaded by blood cells.
Interrenal résponse;was similar for all dosagesvadministeréd. This is
- not surprising in view-of the‘fact that all doses of cortisol were well
ébove the physiological plasma cortisol levels of salmonids (Fager]und,
1967; Donaldson and McBride, 1967); |

‘A]thOUQh similar investigations afe'few, prévious reports concern-

ing the effects of exogenous corticosteroids on the interrenal tissue of
teleost fishes concur with findings reported here. Spalding (cited in Chester
.Jones, 1957) reported cellular degenératioh‘in the interrenal of brown
trout following cortisone treatment. Krauter (1958) observed a sighificént

decrease in interrenal nuclear volume in Carassius auratus following

deoxycorticosterone acetate administration. In addition, Robertson et al.

(1963) reportéd a general atrophy of adrenocortical cells when immature



rainbow froutvwere administered.cortiso]Jpe]]ets. Furthermore, Basu et 1.

(1965) found that treatment of Tilapia mossambica W1th cortisol acetate

caused a significant decrease in interrenal nuclear diameters. vOliVéreau
(1966) observed that the nucleoli of interrenal cells bf the European eel

" tended to disappear following cortisol treatment, and the méan nuc]éar diameter
of interrenal cells wés significantly reduced. )
Dékamethasone, a synthetic cérticoSterofd'which is more potént than
: natural steroids in suppressing adrenal function in mammals, has' been used
extensively to study pituitary-adrenal interrelationships. Administration.
" of dexamethasone to mammals has been’shown.to suppre§s endogencus cortico-
trophin secretion (Beaven et al., i964; Purves and Sirett, 1965). Only two
studies (bona1dson and McBride, 1967; Fager1und'and McBride, 1969) have
reported utilizing dekamethésone in 1nvest19atﬁons concerning the pituitary-
interrenal axis of fishes. In the present study; dexémethésohe administered
to coho salmon fry résu1ted in a very marked atrophy of interrenal tissue;
‘STM11ar to that due to cortisol injection. Mean'interrenal nuclear
diameters were very significanf]y.decreased for fish receiving both doses

of dexamethasone compared with saline-injected contro]s; Fagerlund and
McBride (1969) demonstrated a similar decrease in mean nuclear diameters

of 1ntérreha1_ce]1s of dexamethasonthreated adult sockeye salmon compared
with peanut oil-injected controls. Furthermore, dexamethasone supbreésed
'én elevation of p]asma cortisol levels which was observed in uninjected
controls following repeéted,b]oddvcb]]éction. Donaldson and McBride (1967)
reported that the injection of dexamethasbne into sham—hypophysectomized
rainbow trouf resulted in a plasma cortisol level which was identica] to
thaf found in hypophysectomfzed fish.

Several investigations with various species of teleost fishes have
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described a consisfent atrophy of interrené] tiésﬁé following hypophysecfomy
(Chavin, 1956; Basu et al., 1965; van‘0verbeekexand Ahsan, 1966; Doﬁa]dson
and McBride, 1967). This interrenal atrophy is prevenfed or reversed by
-administratibn of mammalian ACTH or teleost pituitary implants to

hypophysectomized fish. Van Overbeeke and Ahsan's (1966) description of

the interrenal tissue of hypophysectomized Couesius plumbeus (shrunken,
1rregu1ar1y-shaped nﬁc1e1, inconspicuous nuc1e01f,‘non-homoggneous cytoplasm,
1ntérce]1u1ar spacés) closely resembles that described for coho fry in this
investigation following either cortisol or dexamethasone administration.
Ajthough the resujts reported herein- are consistentlwith-the‘hypothesis

that the administration of exogenous'corticosférbids results in an |
inhibitioﬁ of endogénoué corticotrdphih're1ease from the pifuitary,,which.
leads to a supséquent atrophy of the fnterrena] tissue, the possibility that
this degeneration might be due to a direct 1nhfb1tory‘effett of cortisol or
dexamethasone on the interreﬁa1 tissue cannot belignored. However, evfdence
“from other investigations tends tQ'negate this possib11ity. In
hypophysectomized eels, cortisol had no further effect upon the regressed
interrenal tissue (Chan et al., 1969). Furthermore, Donaldson and McBride
(1967) showed that a dosage of 1 ugm./gm.wt. of dexamethasone reduced the
circulating cortisol level in the rainbow trout; however, since exogenous
 ACTH could still stimulate the éecretion of cortiso1, this acfion was.not a
'résu]t of a direct action of the drug on the interrenal tissue. It is
noteworthy that this dosage of dexamethasone was the Tesser dosage Uéed in
this study. It would be interesting to determine whether atrophy of
interrenal tissue would occur if fish were administered both cortfso] or

dexamethasone and ACTH simultaneously. Additional evidence for the

‘postulated activity of cortisol on the pituitary of fish is provided by Purrot
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and Sage (1967). Cortisol when added to the‘culture medium inhibited the
re]ea§e of ACTH from cultured goldfish pituitaries.

The epsilon cells, characteristically disposed in a sheet at the
interface between the rostral pars distalis and the neurohypophysis, have
been récognized morphologically in pituitaries'of teleosts for many years

(Ball and Baker, 1969); however, only recently has the role of ACTH-secretion
| been a]1ocated'to these cells. Identification of the epsilon cells has been
aidéd by Olivereau's (1964) observation that these cells, normally |
chromophobic, are specifically stained with MacConaill's (1947) 1ead- 
hematoxylin. Identification of the corticotropin-producing cells in the
pituitaries of mammals has depended to a large extent on the use of the anti-
adrenal drug metopirone (SU 4885, Ciba). Lidd1e~g§__1, (1959) found that
'metopirone inhibits i]B;hydroxylation of adréna] steroids and, via a
negative-feedback mechanism, stimulates ACTH-release. This drug has also

been used to identify the corticotrops in the European eel (Olivereau and Ball,

1963; Ball and Olivereau, 1966), Poecilia latipinna (Ball and Olivereau, 1966),
sockeye salmon and rainbow trout (Fagerlund et al., 1968). In Poecilia and |
the eel, treatmeﬁt with meiopirone results in hypertrophy and hyperplasia of
'the_interrena] ée]1s, as well as a specific activation (hypertrophy of nuc1e01i,'
increased cytoplasmic RNA, degranulation of cytoplasm, appearance of mitotic
figures) of only the epsilon cells in the pituitary (Ball and Olivereau, 1966).
Métopirone treatment was characterized in both trout and.salmon by a
degranulation of the'1ead4hematoxy1in-positiverepsi]on cells, and an ihcrease

in thickness of-the palisade-like layer of epsf]on cells together with
hypertrophy of the interrenal cell nuclei and decreased p1ashé cortisol levels

(Fagerlund et al., 1968). Olivereau and Olivereau (1968) further confirmed

the role of the epsilon cell, by démonstratingAthat surgita1 removd] of the
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interrenal in Anguilla resulted'ih a specific acfivation of the epsilon cells
(hypertrophy of nuclei, degrénu]étion of cytoplasm). In addition, McKeown and
~van Overbeeke (1969) recently further identified the epsilon ce]]é as the
source of ACTH in the pituitaryvgiand of the adult sockeye salmon by the
v.app1ication of 1mmunohistochemica1 techniqUes | |
| In th1s 1nvest1gat1on, a palisade- 11ke ]ayer of lead- hematoxy]1n pos1t1ve
eps1]on ce]]s resembling those descr1bed for other salmonid species (0livereau,
1964, van Overbeeke and McBride, 1967 Fager]und et al., 1968) was observed
in the rostral pars distalis of coho fry, bqrdering the neurohypoﬁhys{s. A1]
dosages of ACTH or cortisol acetate reduced mean nuclear diameters.of epsilon
¢e11s compared with non-injected or sa]ihe—injected controls. No previous
reporté have appeared on the effects of ACTH or cortisol on mean nuclear
diameters of epéi]on cells. However, unbubiished work by Olivereau (quoted
in O11vefeau; 1967) has shown that the epsi1oﬁ cells of the ee] are
inactivated by ACTH administfation. Furthermore, 0]1vereau>(1966) noted a
regression of the epsﬁ]on cells of the eel following cortisol treatment.
FaQer]und et al. (1968) was unable to observe any histo]ogica] changes in
~ the epsilon cells of ACTH-treated soekeye salmon; howeQer nuclear measure-
" ments for each sample were not determined ahd}compared. |

Fagerlund and McBride (1969) reported a degranu]afion of the epsilon
ce]]s of adu]f sockeye safmon fo]}owing dexamethasone treatment. Similarly,
a degranulation of epsi]on cells following ACTH, cortisol acetate or
dexamethasone 1n3ect1ons was observed in this study. This d1m1n1shed
granulation suggests that these treatments 1nh1b1ted the product1on rather
than the release of ACTH, since one would expect that an 1nh1b1t1on of
ACTH release would result in an increased granulation. Indeed, a decreased

granulation could represent an increased secretory activity of the epsilon
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ce1]s;‘however,'the cytology of thg epsilon cells or interrena] ce1ls in
this and previous studies do not substantiaﬁe tﬁfs.

A]thbuéh one wou]d éxpect the epsilon cells to respond $1m11ar1yv
to either cortiso]lor dexamethasone injections, no sighificant decrease in
mean diameters of epsilon cé11svwas observed in dexamethasone-treated fish
compared with sa]iné-injected controls.  This apparent lack of response |
might be accounted for by assuming a basal Tevel of activity of epsilon cells
in the saline-injected controls. The mean interrenal §e11 size.Of this |
sampTe was small, and 1nterrena1.tissue appeared.qujescent. The degranulation
of eﬁsi]on cells and atrophy of 1ntekrena1 tissue observed in theAdexamethasone—.
administered fry and nbt in saline-injected fish dQes support the hypothesis
that dexaﬁethasohe treatment inhibited'the production of ACTH by the epsilon
cells. It would be worth-while to study the inhibitory effects of
" deXamethasone or cortisol on the epsilon cells andtinterreha1 tissue of fry
displaying a marked stimulation of the pituitary-interrenal axis.
| Several investigators have reported d1terations in the Histo}ogy of
the head kidney (Chavin, 1956) or cytology of 1nférrena1 cells (Mahon et al.,
1962; Chavin, 1964; Basu et al., 1965) of teleosts, indicatiVe of stimulation,
following saline 1njections. Therefore, both sa]ine—injectéd and non-
1njectéd cdntro1s were utilized in the ACTH- and cortisol-injection
experiments. However, no histological or histometric differences in the
epsilon ce11s,_hematépoietic head kidney tisshe or inferrena] tissue were
found between saTine—injééted or:noh—injected-éontro1s in either experiment.
- Thus, it is concluded that qnaesthetizing.fish followed by injection of
small amounté of physiological saline daily for seven days does not
noticeably stimulate the pifuitary—interrena] axis_of coho fry.

In addition to the well established lymphocytolytic action of



corticosteroids on the lymphoid tissue of memma1s (Dougherty and White,
1943, 1945; Se]ye; 1950; Burton et al., 1967), administration of cortico-
steroids or ACTH to mammals results in characteristic alterations in
numbers of the different b]ood'ce11'types in the‘peripheral circulation.
A marked 1ymphopenie (decrease in numbers of circulating lymphocytes) 1is
observed in mﬁce, rabbits, rdts and. humans (Dougherty ahd White, 1944;
| CHills et al., 1948; Palmer et al., 1951) fo]]owing'treatment of intact

, anima1s witthCTH or corticosteroids (pr1nc1pa11y 11- oxycort1costero1ds)
Furthermore ACTH or corticosteroid adm1n1strat1on produces a character1st1c
eosinopenia (Hills et al., 1948; Speirs and Meyer, 1949; Palmer et al.,
1951); -and Se]ye‘(1950) has included changes in circulating_eosinoph11s |
~ among the.manifestatiohs of the "general adaptation syndrome”. In addition,
ACTH administration results in.a neutrophilia (1ncrease:1n circulating |
neutrophils) 1in these animals; however, corticosteroid treatment is not
foT]owed by nedtrophi]ia. Treatment_df‘adrenalectomized mammals with.ACTH
_produces'a similar neutrophitia; however, no ]ymphopenia_or eosinopenia
results. Therefore it is concluded that, in mammals, the decrease in
circulating 1ymphocytes.or eosinophils is contingent upon the stimu1ation
of a fdncttona]]y competent adrena1 cortex, whereas levels of circulating
neutrophils, a]though a1tered by ACTH administration, are- not affected
by adrenocortical activity d1rect1y |
o ‘The ]eucocyte response of coho fry demonstrated in this study by
1nject1ons of ACTH, cortisol or dexamethasone is comparab]e to that
notedAin'mammals. A very marked decrease in circulating small Tymphocytes
due to administration of all dosages of either ACfH, cortisol acetate or

- dexamethasone resulted. This lymphopenic response, although consistent

for all dosages of ACTH, was more pronounced with higher dosages of

69



70
cortisol acetafe,,whi]e dexamethasone injections at either dosage almost
completely removed all 1ymphpcytes from the peripheral circulation: To
the best of-my knowledge, no previous reports have appeared on the 1ymphopen1¢
effect of dexamethasone. Howéver, since the potency of this synthetic
steroid ié bé]ieved to be 20-35 times that of cortisol, the response noted
hére is not surprisihg.' In additioh to thé Tymphopenia observed, a marked
Athrombbéytopenia (decrease in ciréu1atingrthromppcytes) resulted from
ACTH, cortisol acetate or dexamethésone administration. As in mammalian
étudies, numbers of circulating neutrophils Were unaffected by cortisol
or dexamethésone treatment; however, a definite neutrophilia was observed
' with-maximaT doéages of ACTH. Since eosinophils are not present in the
| circulation of coho fry, a cdmparisoh with the eosinopenic response of
mamma1s could not be made. |

vThere is a surprising absence of comparative Titerature available
concerning aitefations in numbers of'éircu]ating blood cell typés of jower
'Vertebrates related to variations in the activity of.thévpituitary—
interrenal axis. The oh]y comparable Study ava11éb1e is tﬁat of Weinreb
(1958){ who ihVestigated thé effects of single injeétions of ACTH;
cortisbne‘or.turpentine on circﬁlating leucocyte counts of the rainbow
trout. LympHopenia and‘thrombocytopenia resulted fromv"streSSW (turpentine
injection), cortisone and ACTH injection, while neutrophilia followed
stress and ACTH injection, but*nof cortisone injection; Un11ke these and
the present obserVations, Sticher (1961) reported that.high doses of ACTH

.or cortisol caused 1ymphocytosis (increase in circulating lymphocytes) in

~intact Fundulus heteroc]itus, two hours after injection. Similarly, sudden

immersion of Fundulus heteroclitus or Poecilia latipinna in ice water

caused a marked Teucocytosis after two or four hours, which was pituitary-



dependent (STicher g___l_, 1962; S]icher and Ball, 1962); This apparent‘
1ncons1stency in lymphocytic response is probably due to the d1screpanc1cs
in time involved between injection and aqtopsy. Thus, the 1ymphocyto]yt1c
effect of corticosteroids observed in 1ymphatic tissue of fish could result
'fn a short-term lymphocytosis, followed by a Tymphopenia with pho1onged
exposure to corticosteroids. Additional support for the lymphopenic effect
of exogenoué corticosteroids in lower vertebrates is provided by fhe_work
of Bennett and Harbottle (1968). They fand a significant 1ymphopenfa in

.tadpo1es and adults of Rana catesbeiana 48 hours after the injection of

cortisol acetate, and in mature Rana pipiéns 12-144 hours after cortisol

acetafe—treatment.

The'thfombocyte has been identified as a discrete blood cell type in
the circulation of fishes for méhy yéars (Jordan and Speidel, 1924; Jordan,
1938). Due to the cohesive nafure of these cells (Jordan, 1938), and their
ability to radiate long cytoplasmic pseudopods which Tink with othe( thromb&-
cytes to‘form»ihtriéate thrombotytié networks (Gardner and Yeviéh, 1969), the
thrombocyte is believed to function fn the blood clotting process. The |
- mammalian platelet, although functionally similar to the thrombocyte, is
~ derived from a cytoplasmic fragmentation of megakaryocytes; and is therefore
not homo1bgous with the thrombocyte of fishes. In rats and humané,p]ate]et
- counts are apparently unaffected by ACTH administratien (Greer and Brown,
]948), whereas a marked decrease in numbers of circu]ating thrombocytes
fo]]owing ACTH or corticosteroid administratidn was observed here.and in
rainbow trout>(We1nreb, 1958). .Additiona]1y}'numbers of thrombocytes
and numbers of small lymphocytes per thousand blood cells of all types
were very s1gn1f1cant1y pos1t1ve1y correlated for all 1nJect1on

experiments with coho fry. The site of thrombocyte product1on a]though
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not é]ear]y estab1i§hed, is Tikely the hematopoietic head kidney tissue in
salmonids (G.W. Klontz, personal communication).‘ The simi]arities of
sma11.1yhphocytes.and immature thrombocytes'suggests to some (Jordan,
1938; Catton; 1951) but not to.others (Jakowska, 1956) that small Tymphocytes
are pfecursors of thrombocytes. Whatever their hematopoietic interrelation--
ships, the'responses of circu1ating.éma11 lymphocytes or thrombocytes to
ACTH, cortiéoT or dexamethasone administration are similar, although
| _1yhphopénia.is far more pronounced.

In this study, blood cells were counted in two ways:A both- routine
'differential white blood cell counts were performed, and one thousand
blood cells (both erythrocytes and 1éucocytes) were counted and c]assified
for all blood smeaks.‘ The second”approach provides a more "absolute"
determination of the nﬁmbers of 1eu;ocyte cell types. However, the
vé]iditonf thfs approach requires a relative constancy of numbers of
' éhythrocytes.: Sincé the leucocytes normally comprise only 1-3% of the total

blood Ce]] counts of juVenile éoho salmon (calculated from dafé.of Katz,

| 1949), a large variation in erythrocyte numbers is required to affect
significantly the leucocyte counts. Furthermore, a variation of less than
20% was found when the 1arges£ and smallest mean red blood cell counts for
monthly stream samples of queni]e coho salmon (Katz, 1949) were compared.
Weinreb (1958) determined total red and white cell counts er rainbow
. trout under normé1 and experimenfa] cbnditions. Since the erythrocyte‘
count did not exhibit significant change, 1£ was used as the basis for the
v differentia1v]éucocyte counts in a manner similar to the present
invesﬁigafion. |

Glader gz'gl:_(1968) reported that.pharmacologicaT doses of cortisol

acetate administered to intact rats depressed erythropoiesis somewhat,
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whereas physio]ogiCaT dosesvwere’Without effect. No consistent differences'
in mean numbers of jmmature erythrocytes per thousand blood cells was found
in this‘study as a result of ACTH, cortisol or dexamethasone administration;
thus this “absolute" method as a means for comparing differentia]

leucocyte counts appeafs to be acceptab1e._.A1though differential counts
“made from a hemocytometer would be mbre ébso1ute 1h.régérds to numbers. of
cells per cc. ofvb1ood, pre1im1nary_studieé indicated the lack of |
feasibility of this approach, due to the .fragile nature of thrombocytes

and neutorophils, and the'inability of properly differentiating blood cell
types with the standard blood di]utfng solutions emp]oyéd (Katz, 1949;
.Hesser, 1960; Slicher, 1961)..vGardner and Yevich (1969) reported similar.

' 'difficu1ties with the blood of»cyprinodont fishes. :

According to the differential white.blood cell counts, injections of
”‘either ACTH, cortisol acétate or dexamethasone resulted in significant
1n¢réases 1n‘nUmbers of large-lymphocytes and numbers.of neutrophils per
hundred‘1eUCocytes. However, these were only relative 1ncreasesndue to

the decreases in pércentages of lymphocytes. This is evident since numbers
©of ]argé lymphocytes or heutrophils per thousand blood cells did not
increase significant]y‘due to these treatments; fhe only exception being

the neutrophilia observed due to high dbsages>of ACTH. Fufthermore,
S.L.'s/1000 and % S.L.'s were very significantly positively correiated in
all treétments, whereas L.L.'s/1000 and % L.L.'s were never correlated,

and Nt.'s/1000 and % Nt.'s were not posftiveiy correlated  in the cortisol

- and dexamethasone experiments, aTthéugh Nt.'s/1000 and % Nt.'s were very

~significantly positively correlated in the ACTH experiment.



In conclusion, from the preceding data it is appérent that the
interrenal tissue of coho fry is under pituitary control, and that a
negatiVe—feedbaék mechanism operates between-the .interrenal. and
the pituitary. Specific cytological and histometric alterations in the
epsilon cells of the rostral pars dista]js,.COfre1ated w1th modificatibns
~in activity of the interrenal cells, éupport the hypothesis that the‘

7 epsi]oh cé]] is the source of ACTH. Furthermore, it is clearly evident
‘that the pituitary-interrenal axis of juvehi]e éoho‘saTmon is-capdble of
marked variations in attivity; as disp1ayéd by the alterations observed in
thebhisto1ogy and cytology of the head kidney, interrené1 tissue and
~epsilon cells following administration of mammalian ACTH, cortisol acetate
and dexamethasone to intact fry. 'In addition, the results reported herein
indicate thét measurements of interrenal and epsilon cell nuclei and
estimates of interrenal cell size, togéther with observations of nucleolar
prominence and mitotic figures ére useful indices of pituitaky-interrena]
activityvih juvenile coho salmon. As in mammals, changes in pituitary-
adfenocorticai'activity‘of coho‘fry are reflected in characteristic
alterations in numbers Qf specific'cifcu1at1ng leucocytes. This inter-
re1ationsh1p.bétween activity of the pituitéry—interrena]:axis and thé‘
numbers of specific leucocytes within the peripheral blood of'juyenilé
coho salmon is supported by the many éignifiéantbcorre1ation coefficients
presént when variables sérving és indices for pituitary~-interrenal activity

and differential leucocyte counts are compared.



SECTION II: THE ACTIVITY OF THE PITUITARY-INTERRENAL AXIS AND RELATED
HEMATOLOGICAL CHANGES IN JUVENILE COHO CAPTURED SEASONALLY
FROM BERTRAND CREEK

INTRODUCTION

‘The endocrine system in te]eoét fishes, as in other vertebrates,
acts as a chémica] Tink between the organism and\its environmént (Hoar,
1965). Variations in activity of the thyroid gland (Eales, 1965), gonads
‘(Hdar, 1962) and pituitary gland (Hoar, 1966) occur 1in te]eosts.in
association with seasonal changes in temperature or phétoperiod.
Alterations in activity of interrenal tissue of fishes have been associated
with experimental modifications of environments (Mahonrgg_éls, 1962; Hane

t al., 1966; Fager]und; 1967); however, the response of the interrenal

tissue of teleosts to seasonal variations in their natural environment has -

not been investigated.

The anadromous coho salmon, Oncorhynchus kisutch, occupies many

of the coastal streams of British Columbia during the freshwater stage of>
its 11fe>Cyé1e. Each fall, fertilized eggs are deposited in the gravel
redds by spawning adults. YoUng coho emerge from the gravel in the spring,
anq take up a Stréam residencé, occupying and defending territories. |
(Chapmén, ]962;.Mason and Chapman, 1965; Hartman, 1965). Juvenile coho
normally remain in streams for a beriod of approximate]y fourteen months,
followed by seaward migration in May (Hartman, 1965; 1968). These sea-run
'salmon usually commence sexual maturation in their third summer of 1ife,
enter freshwater that fall, migrate to the approximate spawning site from
which they emerged, spawn and die. Juvenile coho salmon are referred to

as fry or "parr" during their year of stream residence. The term "parr"

[



distinguishes them from the "smolt" stage, which they usually enter in the

- first year of Tife just before emigration.

- Coho fry are exposed to numerous environmental fluctuations
(seasoné] changes in water temperature, velocity, turbidity and dissolved
oxygen content; variations in photoperiod; avai]abi]ity of food supply;
. intraspecific and interépecific competifion) during their year of sfream
residence. It waé therefore decided to ascertain whether or not the |
"activity of the pituitaryeinterrena1 axis -of juvéni]e.coho salmon varies
seasonally, and whether this in turn leads to variations in differential
Teucocyte counts in association wifh possible variations in the
‘ pituitény—interrena] actiViny In this manner, it was hoped that some
1ﬁsight_m1ght be provided fnto the normal role of the pituitary-interrenal
axis of coho salmon during their first year of 1ife within a'stream

environment.
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MATERIAL AND METHODS

Juvenile coho were samﬁ]ed seasonally %rom Bertrand Creek -
(LanQ]ey, B.C.). The popu]ationiof fry emerging from thé gfave] in the
'spring'of 1968 was sémp1ed in Apri],AJuné, September énd December of 1968,
“and in March and Aprf1 of 1969 prior to éeaward migration. Yearling coho
were also sampled in April 1968, concurrent]y with the sampling of newly-
~ emerged coho. Likewise, bbth recently-emerged and yeér11ng coho were
sampled in April of 1969. An additional summer sample of coho fry was
obtained from Bertrand Creek in July, 1969. All fish‘were captured by
pole-seine. 7 | |
The autopsy procedure performed at the Creek immediately after

capture of individual fish was identical to that described in Section I.
Histological techniques performed on b1ood smears, head kidneys and
pituitary glands in the laboratory are given in Section I. Techniques of

karyometry and statistical evaluation of results are also described in

Material and Methods of Section I.

T



RESULTS

Seasonal Histology of the Head Kidney and Interrenal Gland

A1l head kidneys of recently-emerged coho sampled on April 12, 1968
contained bronephric kidney tubules (KT) and glomeruli amongst the densely-
packed hemafopoietic tissue (Fig. 39). Small branches of the posterior

cafdina] yein and venous sinuses were scattered randomly throughout-the
head kidney. Sevefal very small clusters of interrenal cells (IC) wéfe
obseryed within ﬁhe hehatopoietic tissue. These clusters were usué11y
unassociated with venous branches. Interrenal cell nuclei were small and
closely apposed to one another. Nucleoli were sma]],)but obvious.
Occasional clusters wefe observed.with Hypektrophied nuclei and prominent
nucleoli. Cytoplasm of all 1nferrena1 cells was finely granu1ar, and non-
vacuo]ated.(Fi_gf 40). Mitotic figurés were observed infrequént]y.
Coho recently emérged ffom the gravel were also sampled on April
26, 1969. Pronephr@c tubules andvg1omeru11 were present in all head
kidneys. The hematopoietic tissue was much more vascularized than that of
the,Apri] 19, 1968 sample of newly-emerged fish. Clusters of interrenal
cells appeared larger than those of the April 19, 1968 sample, and were
sometimes associated with venous sinuses. Occasional clusters with very
hypertrophied'nuclei were evident; Mitotic figures were observed
infrequently. | o
Remnants of pronephric tubules were found in some head kidneys in.

the June 22, 1968 Bertrand Creek sample. Hematopoietic tissue was not

excessively vascularized. The interrenal tissue consisted of small clusters

of cells as discrete islets, or associated with small branches of the
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Figure

_Figure

Figure

Figure

"Figure

Figure

39:

40:

4T:

42

43:

44

Head kidney of a recently-emerged coho fry, captured-
from Bertrand Creek in April 1968. Note sections of
kidney tubules (KT) and small clusters of interrenal
ce1ls‘(IC)’with1n the hematopoietic tissue (HT). Azan.
X250. '

Higher magnification of a cluster of interrenal cells

.shown 1in Figure 39. Azan. X900.

Head kidney of a éoho fry captured from Bertrand Creek

~in June 1968, éhowing a cluster of interrenal cells

(IC) within the hematopoietic tissue (HT). V: venous
sinous. Azan. X250.

Highef magnification of interrenal cells shown in Figure
41. Note small, closely apposed nuclei with small or
inconspicuous nucleoli.  Azan. X900. '

Head kidney of a coho fry captured from Bertrand Creek
in September 1968. . Note cluster of interrena1 cells
(IC) surrounding a venous sinous. Azan. X250.

'Higher magnification of interrenal cells shown in
~Figure 43. Azan. X900. '
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Figure

. Figure

Figure

Figure

Figure

Figure

45:

46:

47

48:

49:

50:

Head kidney of a coho fry captured from Bertrand Creek
in December 1968. Extensive hyperplasia of interrenal
tissue has occurred compared with previous samples.’
Many interrenal cells associated with branches of the
ﬁosterior cardinal vein (V). Azan. X250.

~ Higher magnification of interrenal tissue shown in

Figure 45. Note marked hypertrophy of interrenal
célls. Nucleoli very prominent in all cells. Azan.
X900. ‘ | |

Head kidney of a yearling coho captured from Bertrand

‘Creek in March 1969. HNote interrena] tissue, with

frequent 1nterce11u1ar spaces, and invasion of
cluster of interrenal cells with blood cells. Azan.
X250.

Higher maghificatfon of interrenal cells shown ih

 Figure 47. Nuclei are often irregular in shape, with

small or inconspicuous nucleoli. Azan. X900.

Head kidney of a yearling coho caught from Bertrand
Creek in April 1969. Note extensive hyperp]asia of
interrenal tissue. Azan. X250.

Higher magnification of interrenal cells shown in
Figure 49. All cells are hypertrophied, with
enlarged nuclei and very prominent nucleoli. Azan.

. X900.
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postérior cardinal vein .or venous sinuses (F1g134T)."Intérrena] nuclei
were small and closely ébposed to each other. Nucleoli were quite small,
and often inconspicuous (Fig. 42). Cytoplasm of all cells was finely
granular, and non-vacuolated. No clusters with hypertrophied nuclei were
observed, and no mitotic‘figures were noticed within the intérrenal tissue.

No pronephric tubules or glomeruli were present within the head
kidneys of the July 26, 1969 or September 7, 1968 samples. Notwithstanding.
this, no differences were observed in the histology of the head kidney and
interrenal tissue compared with the June 1968 samp]é (see Figs. 43 & 44).

The inferrena] tissue of fry from the December 7, 1968 Bertrand
Creek sample ethbited a marked hyperplasia compared with previous samples.
-Clusters of interrenal cells were much larger, and were very often
associaFed with venous sinuses or small branches of the posterior cardinal
vein (Fig. 45). 1Interrenal nuclei were hypertrophied, and contained very
prominent nucleoli (Fig. 46). Mitbtic figures were observed infrequently.
A sTight increase in vascularization of the head kidney exfstedIWhéﬁ
comparedlwith pfevious stream'samples.

Attémpts were made to obtain samples from Bertrand Creek on
'February 15, 1969 (water temp. 4.5°C.), and on March 8, 1969 (water temp.
3.5°C.). However, no fish could be captured by pole seine dufing eifher
attembt. | . |
On March 29, 1969, a sample of yearling coho was obtained; Fish
captured~ethbited only a slight si]véring indicative of smolting. Parr
marks were still evident. |

Head kidneys of the March, 1969 sample were more Vascu]arizéd than
~ those from.the.December 1968 sample. Hyperplasia of interrenal tissue was

still very marked compared with summer or fall samples. However, the



cytology of intérrena] cells from cluster to chster varied considerably.
Many clusters were observed with irregularly shaped, closely apposed
nUc1e1, contafning smé]] nucleoli (Figs. 47 & 48). Cytoplasm of these cé115
' wés unevenly stained, and often vacuolated. F}equent intercellular
spaces were observed. Blood cells freduent1y.appeared to invade these
clusters. In other clusters, nuclei were hypertfophied, and contained
prominent nucleoli. Mitotic figures were Very 1nfrequent1y observed.
Yearling coho sampled on April 26, 1969 were very silver, unlike
the:ear1ier yearling sample. Parr marks~were absent altogether, or only
slightly discernible.. Head kidneys'of thié sémp]e were very highly
vascularized. Interrenal tissue disp]ayed extensiyé hyberpiasia combared _ 
bwith sumﬁer and fall samples (Fig. 49). Nuclei of interrenal cells within
all c1usfers were hypertrophiedgAwith prominent nuﬁ]eo]i (Fig. 50).
Cytoplasm was finely granular, evenly stained and not vacuo]afed. Mitotic
- figures were}obsered infrequently. Un1ike fhevMarch 1969 sample; no signs
of interrenal atrophy existed. | |
Yearling coho sampled on April 12, 1968.Were querate1y to very
silver. Parr markSZWere faint, but still visible. Head kidneys of these
fish were very well vascularized. Interrenal tissue was hyperplastic in
call fish.A The cytology of jhterrena] cells resembled that of the March
1969 sample for some fish, and that of the April 1969 sahp]e for others.,
In several fish, interrenal nuc]ei were consistently small with inconspicuous
nucleoli. Intefrena] histd]ogy'waé extréme1y variable from fish to fish.
- The mean diameters of the interrenal cell nuclei for all Bertrand
Creek samples are presented in Figure 51 and Table IX. ‘Using Scheffe's
test for multiple comparisons, mean intérrena] nuclear diameters for the

»Apri1 1968 sample of coho recently-emerged from the gravel, the June 1968
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TABLE IX

MEAN INTERRENAL NUCLEAR DIAMETERS (I.N.D.), NUMBER OF INTERRENAL NUCLEI
PER DEFINED AREA OF INTERRENAL TISSUE (NO.NU.), AND EPSILON CELL
NUCLEAR DIAMETERS (E.N.D.-) OF JUVENILE COHO SALMON SAMPLED
SEASONALLY FROM BERTRAND CREEK '

Number : Water I.N.D. NO.NU. E.N.D.
of Fish Sample Temp. (°C.)  (microns). (microns)
: : Mean + S.E. Mean + S.E. Mean + S.E.

6 April 12/68
- Newly-emerged 8.

(82
[S]

.84 + 0.02 33.0 + 1.0 -

6  April 26/69
Newly-emerged 8.

(&3]
()]

.09 +0.02 31.6 + 0.7 -

12 June 22/68
- Fry 14.5 - 5.82

|+
o .

.01 31.9+0.8 5.00+0.03

| *(6)
6 July 26/69 -
Fry | 17.5 5.67 + 0.02 27.4 + 0.7 -
6  September 7/68 10.5 - 5.76 + 0.02 27.0 + 0.6 5.19 + 0.03
| Fry - *(6)
6 December 7/68 4.0 6.31 + 0.02 23.6 + 1.1 5.55 + 0.03
Fry | : | . *(6)
7 March 29/69 10.0 6.37 + 0.02 27.4 + 0.6 -
Yearlings .
6 April 26/69 10.0 6.41 + 0.02 26.5 + 1.4 -
Yearlings
12 April 12/68 8.5 6.15+0.02 25.1+0.5 5.56 + 0.03

Yearlings S . *(6)

*Sample size for Epsilon cell nuclear diameters
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FIGURE 51:

Nuclear diameters of interrenal and epsilon cells, and
small-Tymphocyte, thrombocyte'and neutrophil counts in
juvenile coho salmon captured seasonally from Bertrand

Creek.
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FIGURE 52:  Interrenal cell sizef1n7juven11e coho salmon captured

seasonally from Bertrand Creek.
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and the September j968 sahp1es did not differ significantly from one another.
A1l mean diameters for these samples were eXtreﬁe]y small. However, the
‘mean interréné] nuclear diameter for the December 1968 sample was Very
significantly increased. Although the mean f.N.D. of the March 1969 sample
'of'year1ing cohq did not diffef significantly from this sample, thaf of

the April 1969 yearling sample was further increased significantly.

The mean I.N.D. of the April 1969 sample of new1y—émerged coho was
significantly increased over that of the April 1968 sample of newly-emerged
fry. However, the mean diameter bf the July 1969 sample did not differ |
éignificant1y from that of the September 1968 sampje; Mean I.N.D. of the
April 1968 yearling coho sample was significantly less than both the
December‘1968 and yearTing samples fof.the.spring of f969.

The mean interrenal cell size is represented invFigure 52 and.Table
IX. Mean interrenal cell sizes of the April 1968 and'April 1969 newly-
emerged samples and the June.1968 sample were similarly very small (large
\ numbers of interrenal nuclei per defined area). Both July 1969 and
September 1968 samples showed a comparable (but not significant) decrease
iﬁ mean number of interrenal cell nuclei per defined aréa of interrenal
tissue (increase in cell size). The December 1968 sample showed a further
increase in meah interrenal cell size. Mean interrenal cell size of this -.
wintek sample was significantly Tlarger than those of both the spring‘
éamp]es of recently-emerged fry and the June 1968 samp1e. Mean interrenal
cell size of the December 1968 sample was ‘also greater than mean cell sizes
for all spring samples of yearling coho (a]though not significantly
according to Scheffe's test); The April 1969 yearling sample had a
slightly larger mean cell size when compared with that of the March 1969

~ sample.



‘Seasonal Histology bf the Epsi]dh Cells in thé Rostral Pars Dista1is

The pa1isadé—1ike layer of epsilon .cells 1in the’fostral pars
distalis of the June 1968 sample was 2-3 cells in thickness. Elliptical
huclei wereAsmall and rather closely apposed, with inconspicuous nucleoli’
(Fig..53). Cytoplasm was finely granular, and stainéd intensely,wfth lead
haematdxy]in. |

| The pé]isade layer of epsilon cells in‘the September 1968 sample
. Wés also 2-3 cells thick. vCe11 nué]ei were elliptical with inconspicuous
- nucleoli (Fig. 54). Cytoplasm was very finely granular, and moderately
‘pqsitjve to Tead hematoxylin. |

| The epsilon cells of the Deéember 1968 Bertrénd Creek sample
~appeared larger thén those of the previous sample, with enlarged nuclei
(Fjg; 55). Nucleoli wére obvious 1in many nUc]ei.' Cytoplasm was very
fine1y’gfanu1ar, and stained moderate1y. The palisade layer was 2-4 cells .
thick. | -

In the April 1968 sampfe of yearling cohb; the epsi16n cells
uSua]]y resembled those of the December 1968 sample, with eniarged nuclei,
and nucleoli evident (Fig. 56). Howéver, in a few yearlings, nucleoli were
always inconspicuous, and nﬁc]éi appeared somewhat smaller.

Mean epsilon &e]] nuclear diameters for the June 1968, September |
1968, December 1968 and April 1968 samples are presented in Figure 51 and
» Tab]e IX. The méan diameter for the June 1968 fry sample was very small
(5.00 microns). HoWever, the’ mean diametér‘df epsilton cell nuc]éivfof the
Séptember 1968-samp1e was significantly increased. A further and very
significant increase in mean epsilon ce]] nuclear diameters compared with

June or September 1968 samples occurred in both the winter and the spring

sample of yearling coho. Mean epsilon cell nuclear diaméfers for December
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Figure 53:

Figure 54:

Figure 55:

Figure 56:

The palisade layer of the’epsilon cells in the
rostral pars distalis of a pituitary from a coho
fry caught in June 1968. Nuclei are small, with
inconspicuous nucleoli. Note the intensive

- staining of the cytop]asm_of-these cells. NH:

neurchypophysis. Lead hematoxylin. X900.

‘The palisade layer of Tead hematoxylin-positive

cells in the rostral pars distalis of a coho fry

: caught in September 1968. Nuclei are small, with

inconspicuous nucleoli. Cytoplasm stains moderately.
NH: neurohypdphysis. Lead hematoxylin. X900.

The epsilon cell layer in the rostral pars distalis
of a coho fry Captured from Bertrand Creek in
December 1968. Epsi]on.ée1]'nuc1ei are enlarged,
with nucleoli often readily discernible.

NH: neurohypophysis. Lead hematoxylin. X300.

~ The pa]isading'iayer of lead hematoxyTin—positive

cells in the rostra1'region of a pituitary from a
yeak]ing coho caught in April 1968. Nuclei appear

~enlarged compared with summer or fall samples, with

‘nuc1éo11'ev1dent. NH: neurchypophysis. Lead
hematoxylin. X900. - R
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1968 and ApriT'1968 yearling samples did not differ significantly.

Mean Blood Cell Counts for Seasonal Samples

| The mean blood cell counts forAseasond1 saﬁp1es of juvenile coho

from Bertrand Creek are presented in Table X. Mean numbers of small
lymphocytes per 1000 blood cells (S.L.'s/1000) were highest for summer
'_vand fall sampleé. However, a marked and very significant deérease in

S.L.;s/1000 occurred in the Decembef 1968 sample (Table X and Fig. 51)
'compared with the June 1968 sample. This decrease 1n'num5ers of circulating
small lymphocytes perSisfed 1n‘thé March 1969 yearling sample, wifh a further
(although not significqht)_decrease in S.L.'s/1000 in the April 1969
- sample of:year1ing coho. Mean SfL.'s/iOOO for the April 1968 yearling
sample was very similar to that fbr the March 1969 yearling sampTeLA The
mean number of small lymphocytes per JOOO blood cells for the April 1969
sample of fry recenf1y emerged from the gravel Was'extreme1y Tow compared.
with all othef samples. v
- Mean numbers of small Tymphocytes perIYOO 1éucocytes (% S.L.'s)
weké highést for both summer'samp1es compared with other seésonaT samples.
% S.L.'s were é]ight]y (a]thoﬁgh not significantly) decreased in the
September 1968 sample. % S.L.'s for the December 1968 sample were
sfgnfficant]y decreased from summer values. % S.L."'s of March 1969'and
April 1969 samples of year]ing»coho wérevagain 1hcfeased (a]though not |
significant]y) compared with % S.L.'s for the winter sample. The mean
number of small lymphocytes per 100(1eu¢ocytes for the April 1969 sample
of newiy—émerged fry was significant1y Tower than'the % S.L.'s for all
~ other Samﬁles. |
Mean numbers of large 1ymphdcytes‘per 1000 blood cells (L.L.'s/

1000) were negligible for all stream sémp]és. Mean numbers of large



© TABLE X

BLOOD CELL COUNTS OF JUVENILE CCHO SALMON SAMPLED

SEASONALLY FROM BERTRAND CREEK

No. Treatment/ Water  Mat. Imm. : .

of gm.wt./day Temp. R.B.C.'s/ R.B.C.'s/ S.L.'s/ L.L.'s/ Nt.'s/ .

"Fish for 7 Days (°C.) 1000 1000 1000 % S.L.'s 1000 % L.L. - 1000 % Nt.'s Throm. -
' ' MEAN + S.E. - -

6 Apr. 26/69 8.5 926.0 73.8 1.5 68.7 - 0.2 3.0 0.2 28.5 2.0
Bert. Cr. (10.9) (10.9) (0.6) (5.1) (0.2) (1.3) (0.2) - (4.3) (1.3)
Newly- : : | | _ '
Emerged

12 June 22/68 14.5 841.5 17.0 38.9 95.8 0.4 1.1 0.6 2.6 16.0
Bert. Cr. (7.7) (4.9) (4.5) (0.9) (0.2) (0.5) (0.2) (0.7) (2.5)
Fry : _ :

6 July 26/69 17.5 944.2 35.8 ,,19.0 ‘ 95.5 0.0 0.2 1.0 4.3 14.5
Bert. Cr. (20.2) (18.4) (2.7) (1.1) (0.2) (0.3) (1.0) (0.8)
Fry ' .

6 Sept. 7/68 10.5 959.2 17.5 22.7 90.8 0.2 2.0 0.5 7.2 10.3
Bert. Cr. (3.9) (4.2) (5.0) (2.8)  (0.2)  (0.9) (0.2) (2.2) - (3.6)
Fry : . _ S |

6 Dec. 7/68 4.0 943.7 . 42.2 13.3 83.7 0.3 5.0 2.0 11.3 6.0
Bert. Cr. (17.1) (16.0) (2.0) (3.4) (0.2) (1.0) (0.7) (3.0) (2.3)
Fry » , ' .

12 Apr. 12/68 8.5 ~ 840.8 144.4 13.3 85.3 0.3 5.2 1.2 8.8 5.5

: Bert. Cr. - (17.9) (16.6) (3.0) (3.5) (0.1) (1.7) (0.3) (2.8) (2.1)
Yearlings , : :

7 March 29/69 10.0 913.6 72.6 13.1 92.0 0.1 0.6 0.6 7.4 9.7
Bert. Cr. (10.2) (11.5) (2.8) (1.5) (0.1) (0.4) (0.2) (1.5) (1.9)
Yearlings : )

6 Apr. 26/69  10.0 957.0 - 31.7 10.2 89.8 0.2 2.0 1.0 8.2 10.5
Bert. Cr. (7.4) (7.4) (0.5) (1.1) (0.2) (0.5) (0.5) (1.1) (2.0)
Yearlings ' :

06
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Tymphocytes per 100 Teucocytes (% LfL.'s) were‘yery.1ow for summer,samp]es'
~and for the September 1968 samples.  The mean number of large 1ymphocyte§
per 100 1euco§ytes for the December 1968 sample was s)ight]y but |

~ significantly increased compared with the % L.L.'s of summer samples.

% L.L.'s for the March 1969 sample of yearling coho were significantly
decrreased from the December 1968 value. The mean number bf large
Tymphocytes per 100 leucocytes for the Aprf] 1969 sample of newly-emerged
fry did not differ significantly from other samples.

The mean numbers of neutrophils per 1000 ‘blood cei1s (Nt."'s/1000)
were small for all samples, and did not differ significant1y for any
comparison. However, the December 1968 winter sample had the highe§t mean
value. Méan numbers of neutrophils per 100 1eucocyte§ (% Nt.'s) were Towest
for summér samp1es._ % Nt.'s increased slightly in the Septembef 1968
sample compared with summer samples. A furtherb(a1though not significant)
increase in %VNé.'s was fQund in the December 1968 samb]é. VaTueé for
spring samples of yearling coho decreased again compared with the winﬁer 
sample. The mean number of neutrophils per:100>jeucocytes for the April
1969 sample of new]j—emerged fry was very significantly greater than
% Nt.fs for all other samples. |

A§ was-obserVed in the injection experiments, numbers of immature
erythrocytes per'1000 blood cells (Imm.'s/]OOO) were extremely variable from
fish to fish in all samples, as~evidenced by.the high S.E.'s. Imm.'s/1000
for summer énd fa11 samp1e§ weré felafive1y 1ow‘compared with the December
1968 samp]e} and the March 1969 and April 1968 samples of yeaf]ing coho. |
The mean number of immature erythrocytes per 1000 blood cells was high for
the April 1969 sample of recently-emerged coho fry compared with summer and

fall samples.



Mean numbers of thrombocytes amdngst 1000 b]ood cells were'highest

for summer-samples.' Thrombocyte counts were décreased (although not
significant1y) in the September 1968 sampje, and significantly deéreased

| 1h the December 1968 sample compared with values for summer samples.
Thrombocyte counts for the March 1969 and April 1969 samples of yearling
cohd again increased relative to the winter sample (TabTe X and Fig. 51).
The mean number of thrombocytes for thé April 1969 saﬁp1e of reCently-
emerged coho was extréme]y low compared with a]] other stream sémpTes.

‘No consistent differences 1n mean blood cell counts, I.N.D.'s,
No. Nu.'s or E.N.D.'s due to sex were found when values for males and

!

females from each sample were compared: ‘ o

Correlation Coefficients of Variables Measured in the Seaséna] Samples

A correlation matrix for all variables measured from juvenile coho

~ salmon samp]ed'seasona11y from Bertrand Creek.is:presented in Tabie XI.

Summary statistics (low and high measurements,:average, standard deviation,

variance) for each variable are presented in TabiéIV of Appendix II.
Interrenal nuclear diameters (I.N.D.'s) and numbers of interrenal

nuclei per-defined area of interrenal tissue (No. Nu.'s)‘wére negatively

. corre]ated. Epsi]on.ce11 nuclear diameters (E.N.D.'s) were positively

correlated with I.N.D.'s and negatively correlated with No. Nu.'s. On

the other hand, I.N.D.?s were negativejy correlated with numbers of small

1ymphocytes ber 1000 blood éelis-(S.L.'s/1000) whereas No. Nu.'s were

positively correlated with S.L.'s/1000. However, neither I.N.D.'s nor

No. Nu.'s were significantly correlated with numbers bf large Tymphocytes

- per 1000 blood cells (L.L.'s/1000) or numbers of neutrophils per 1000 blood

cells (Nt.'s/1000). Interrenal nuclear diameters were negatively (a]though



TABLE XI

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
SAMPLED SEASONALLY FROM BERTRAND CREEK

Nt.'s/1000 % Nt.'s  Imm. R.B.C.'s/ THROM. ~ I.N.D.  No.Nu. **E.N.D.
1000 : v - ‘
Length (cm.) 0.221  -0.355% 0.243 0.164 0.532%% -0.571%%  (.497*
Weight (gm.) 0.182 -0.258 ~0.267 0.143 0.591** -0.508**  0.46]
Temperature -0.240 ~0.418%% -0.394#*%* 0.491%* -0.544%%  (.50T#% -0.708%*
S.L."'s/1000 -0.028 -0.527%* -0.275 0.480%* -0.477** 0.336* = -0.507*
% S.L.'s '0.131 -0.951%* -0.325% 10.489%* -0.186 0.700 . -0.609%*
L.L.'s/1000 - 0.001 -0.173 -0.070 0.151  -0.007  -0.034  -0.304
% LLs ~0.010 0.284 0.328%  -0.313%  0.312% -0.323% . 0.401
Nt.'s/1000 ~1.000 0.038 -0.079 0.165 0.090 - -0.112  0.29
% Nt.'s . | - °1.000 - 0.237 ~0.458** 0,128 . 0.006 0.577%*
Imi. R.B.C.'s/1000 | | 1.000° -0.190  0.304* -0.343%*  0.507*
Thrombocytes | 1.000  -0.174 0.089  -0.376
I.N.D. - S v 1.000  -0.538%%  (.658%*
No.Nu. ' I | 1.000  -0.721%%*
E.N.D. o 4 | | | 1.000
*Significant at the 95 per cent level . Critical Absolute Values: 5%: 0.288
**Significant at the 99 per cent level ' 1%: .0.372

Nt.'s/1000: Neutrophils per 1000 blood cells

I.N.D.: Interrenal Nuclear Diameter
% Nt.'s: Neutrophils per 100 Leucocytes No.Nu.: Number of Interrenal Nuclei per
Imm. R.B.C.'s/ Defined Area of Interrenal Tissue
1000: Immature Evythrocytes per 1000 blood cells E.N.D.: Epsilon Cell Nuclear Diameter - . .
THROM: Thrombocytes amongst 1000 blood cells ' 5%: 0.413 .

*¥%¥ Critical Absolute Values for E.N.D.'s:
o ‘ 1%: 0.526



TABLE XI X
~ CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
' SAMPLED SEASONALLY FROM BERTRAND CREEK

LENGTH WEIGHT  TEMPERATURE - S.L.'s/1000 ZS.L.'s L.L.'s/1000 b L.L.'s

‘Length (cm.) 1.000 0.961** -0.042 -0.043 .294* ' V-O.O]Z_ 0.038

0

Weight (gm.) 1.000 -0.085 . =0.117 0.209 - -0.017 - 0.045
Temperature ' ” _ 1.000 . 0.674%% . (0.477*%* 0.064 ~-0.453%*%
S.L.'s/1000 - | 1.000 0.518%* 0.243 ~0.263
% S.L.'s " | 1.000 0:108 -0.556%*
L.L."'s/1000 , _ | | _ 1.000 0.130
% L.L.'s S o o | | ~1.000
Nt.'s/1000 | | |

% Nt.'s

Imm. R.B.C.'s/1000

Thrombbcyteé

I.N.D. ‘

No.Nu.

E.N.D.

*Significant at the 95 per cent level - Critical Absolute Values: 5%: 0.288
*xSignificant at the 99 per cent level . ) 1%: 0.372

S.L.'s/1000: Small Lymphocyteé per 1000_b106d cells | L.L."'s/1000: Large-Lymphocytes per 1000 blood cells
% S.L.'s: Small Lymphocytes per 100 Leucocytes % L.L.'s: Large Lymphocytes per 100 Leucocytes

Temperature = Water Temperature at Time of Autopsy
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‘not significantly) correlated with numbers of small lymphocytes per 100
‘1eucocytés (% S.L.'s) and sjgnifiéant1y positively correlated with numbers
of large lymphocytes per 100 Teucocytes (% L.L.'s), whereas No. Nu.'s were
positively correlated with % S.L.'s, and negatively correlated with % L.L.'s
Numbers of thrombocytes were négative]y (but not sighificantly) correlated
~ with I.N.D.'s and unrelated to No.‘Nu.'s; Unlike the injection experiments,
lengths and weights were positively corre1ated»wjth IfN.D.'s, and
'négatﬁve1y correlated with No. Nu.'s. Numbers of immature erythrotytes pe?
1000 blood cells were poéitive]y correlated with I.N.D.'s and No. Nu.'s

_ Nuc1ear,d1ametérs of epsilon cells (E.N.D.'s) were negatively
- correlated with’S.L.'s/]OOQ and % S.L.'s. On the other hand, E.N.D.'s were
not correlated significantly with either L.L.'s/1000 or Nt.'s/1000. However,
E.N.D.'s were positively (bui,not,significant1y)‘corre]ated-with % L.L.'s
and very s1gn1f1cant]y positively correlated with % Nt.'s. E.N.D. 'é were
correlated negat1ve1y with thrombocyte counts, although not significantly..
vNuc1ear diameters of epsilon cells were significantly positively correlated
with lengths and weights of.fish, a?d with numbers’df immature erythrocytes
per 1000 blood cells. | |

._As weJ]las being hegative1yAcorre1ated with I.N.D;'s and E.N.D.'s
- and positive1y correlated with No. Nu.;s, numbers of small lymphocytes per
1000 blood cells were positively correlated with % S.L.'s and with
_thrombocyte counts. However, é.L.'s/]OOO were not correlated significantly
wifh either numbers of large 1ymphqcyte$ or numbers of neutrophils per
11000 blood cells. No significant correlation existed between S.L.'s/1000
. and either lengths or weights. o | |
NUmbérs of small lymphocytes per 100 leucocytes (% S.L.'s) were

negafive]y correlated with % L.L.'s and % Nt.'s, but were not correlated



- 95

lisfénificant1y with L.L.'s/]OOQ or Nt.'s/1000. -A]fhough % S.L.'s and
-S.L.'s/1000 were very significantly positively correlated, % L.L.'s and.

LiL.'s/]OOO were not correlated. Neither were % Nt.'s and Nt.'s/1000
| significant]y'corré1ated. | |

| The water temperature of Bertrand.Cregk at the time of sampling

wés.veryvsignificantly corré1ated with several samp]e'vérfab1es. Temperatures'
_ahd interrenal nuclear diaméters were hegatiVe]y correlated, whereas
temperétures and numbers of interrenal nuclei per defined area Weré
positively correlated. Temperaturés and epsi]oh cell nuclear diameters
were also negatively correlated. A highly significant positiyé corﬁe1ation
vexistedibetween numbers of small lymphocytes per 1000 blood cells or
% S.L.'s and watér temperatures, whereas % L.L.'s and % Nt.'s were‘
‘negative1y correlated with temperatures. Temperatures and’Nt.'é/]OOO or
L.L.'s/1000 were not significantly correlated. Thrombocyte counts were
positively correlated with water temperatures. Numbers of immature
erythrocytes per TOOO blood cells, on the othef hand, were negatively

correlated with water temperatures.



DISCUSSION

It is evident that the pituitary;interrena] axis of juvenile |
coho salmon in fheir natural'habitat undergoes a marked variation in
activity during the year of stream residence. The criteria utilized
to investigate the pituitary-interrenal axis of cého fry in the_injection
experiments (differences in interrenal and epsiion cell nuclear diameters,
nucieo]ar prominence, interrenal cell size, hyperplasia of interrenal
tissue, frequency of mitotic figureé, degree of vascularization of head
kidney) indicated functional alterations in the activity of the inte}renal
.iissue aﬁd epsiioh cells seasonally. According to.thesé criterié; the
pituitary—interrehai axis of juvenile cbho salmon is inactive frbm the
time of emergence in spring, through summer and early faii,.cdmpared with
- the winter sampié and épring samples of yearling .coho. Tﬁe heéd kidneys '
and interrenal tissue of these Tater stream sampies displayed |
histo]ogicai and histometric alterations simiiaf.to those observed in coho
- fry injected with mémmaiian ACTH, although the response was less |
pronounced‘than that'foiiowing highér dosages (0.2‘or 0.4 IiU.) of ACTH.
It is noteworthy that the significant increase in hean interrenal nUciear
diameters for the Winter and spring samples of yeariing coho were

accompanied by significant increases in mean diameters of epsilon cell
'4nuciei. Furihefmore, epsiibn cell nucieaf diameters were positively
‘correiated with both interrenal nuclear diameters and estimates for
| interrenal cell size. These data, then, provide further support for the
hypothesis that the epsilon cells are the corticotrops in the pituitary

gland of coho salmon.
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In this study, numbers of ciréu]ating small Tymphocytes and

| thrombocytes were highest in the summer samples. The increased activity
of the pituitary-interrenal axis observed in winter or spring samples of
yearling coho saimon cOmparéd with summer or fall samples was accompanied
by a significant Tymphopenia. In addition, numbers of circulating
thrombdcytes were significantly décreaéed.in.the December 1968 sample
compared withvsummer samples, although thrombocyte counts increased again
iﬁ the spring samples of yearling coho, associated with rising water
temperatures. Fufthermore, numbers of small Tymphocytes were significantly
negatively correlated with estimates of interrenal cell size, nuclear
diameters of interrenal cells and nuclear diameters of epsilon cells.
Similar corre]atioﬁs betweén small 1ymphocyte counts and interrenal cell
measurements were found when coho fry were injected with ACTH. Although
corre]aﬁion of variables does not prove a cause-effect relationship, the
inter-relationships of variables measured in seasonal sémpTeslof juvenile
coho are at least in acéofd wifh the hypothesis that the increased
aétivity of the pituitary~-interrenal axis participates in the seasonal
variations in leucocyte counts observed.

A review of the Titerature reveals a limited know]edge of the
effects of changing environmental conditions on blood cell counts of
teleost fishes. Schlicher (1927), in an investigation of seasonal
variations ih blood cell counts of se?era1 species, reported that
Teucocyte counts in”the carp, tench and go]dfish were high in the sﬁmmer,:
and decreased during the fall to a minimum_in December. Low leucocyte

counts were also observed in Salmo fario and Salmo irideus during winter

months. Schlicher attributed this decrease in circulating leucocytes to

Tow water temperatures, and demonstrated experimentally that a rise in



" water temperature caused an increase in numbers of leucocytes in perch and

goldfish. AYokoyama'(1947) found a marked increase in thrombocyte counts of

the perch, Perca flavescens during the summer, associated with a more

‘\rapid blood clotting time. Similarly, McKnight (1966) noted slightly
Tower thrombocyte counts in mountain whitefish during the months of
.,Januaryﬂﬁo March. In addition, Gardner and Yevich (1969) Feported that

the numbers cf circulating mature thrombocytes and small Tymphocytes in

Fundulus heteroclitus were lowest during the winter months. Thds,'these

previous reports concur with the findings of this study. The‘present
study further indicates that the seéson of capture must be considered in
_the blood cell analysis of fishes. L :
The striking?y Tow lymphocyte and thrombocyte counts of the April
1969 éamp1exof newly-emerged coho fry are apparently inconsistent with the
hypothesis that a lymphopenia and thrombocytopenia reflect increased
: pituitary—interreha] activity, since the interrenal tissue of fhié samp1é
was relatively inactive éccording to the crite?ia for activity employed fn
this study. However, Katz (1949), while 1nvest1§ating'the hematology of
this same species during different stages of development, noted that the
blood of alevins had.low erythrocyté counts and waé a]most}devoid'of
1eu;ocytes. Furthermore, the blood of newly-emerged coho fry was still
nearly devoid of leucocytes, while the erythrocytes, although more numerous
than beforé, were approximately 20% immature cells. Thus, the leucopenia
of newly-emerged coho feported in the present study is probably a normal
developmental phenomenon, and’shou]d not be considered as a discrepancy
in the hypbthesis.

Thrombocyte counts of juvenile coho are influenced by the activity

of the pituitary-interrenal axis, as shown by the thrombocytopenia observed
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-following ACTH,.dexamethasone or cortisol injections. In this study,
numbers of thrombocytes were negatively correlated wifh nuclear diameters
of epsilon and interrenal cells, a]though these correlations were not
stétjstica11y significant. On the other hand, thrombocyte counts were
positively correlated with water temperatures. Therefore, it appears that
the thrombocytes are more directly influenced by water tempefature than
by activity of the pituitary—iﬁtérreha] axis. However, fhis supposition -
is far from substantiated, and requires further investigation.
Adreﬁocortica] hormones are known to influence mammalian 1n£er—
mediary metabolism, stimulating protein catabo]ism.in extrahepatic tissues,
| particﬁ]ar]y ské]eta] musc1é%,and promoting gluconeogenesis, with a
résu]ting increase in blood g1ucose_and 1iver glycogen Tevels (Long et al.,

al., 1956; Bellamy and Leonard, 1964). Evidence for the

1940; Cannon et
metabolic role of corticosteroids 1ﬁ fishes, although still scarce, 15
graduaTTy emerging. Except for minor modifications, éorticosteroids have
“a similar action in both teleost fishes and in mamma s (B1ack et al., 1961,
Storer, 1967; Chester Jonéslgﬁ_gl,, 1969). In various teleosts, én
increase jn biodd glucose or liver glycogen levels follows administration

of ACTH or corticosteroids (Nace, 1955; Falkmer, 1961; Robertson et al.,
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1963; Kumar et al., 1966; Oguri and Nace, 1966; Butler, 1968). Butler (1968)

reported that hypophysectomy or administration of a metabolic inhibitor of ,

corticbsteroid synthesis tb Anguilla rostrata caused a significant decrease
in liver glycogen levels. Storer (1967) found that administration of
-cortisol to intact go]dfish producéd a decrease in body weight, and an
1n¢rease in ammonié exbretion and liver GPT activity. These findings
demonstrate.that cortiso]—type steroids in teleosts, as in mammals, promote

gluconeogenesis.
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It is-well established that the plasma corticosteroid.1eve1s of
salmonids are markedly e]evated during their spawning.migration (Hane and
Robertson, 1959; Robertson.gg_gl,, 1961, Schhidt and Idler, 1962), and
aré_accompanied by an obvioué hypertrophy and hyperplasia of the interrenal
tissue (Robe}tson and Wexler, 1959).‘ These changes are associated with a
substantial catabd]fsm of parietal musc1e'profe1n (IdTer and Clemens, 1959;
| Roberféon t al., 1961),; marked dep]etion of Tymphbcytes“from the spleen and

t al., 1961), hyperglycemia

~ thymus (Robertson and Wexler, 1960§ Robertson
(Robertson et al., 1961) and.an elevation of liver glycogen (Chang and
Idler, ]960). Similar changes were observed when immature rainbow trout

were administeréd cortisol acetate pellets (Robertson et al., 1963). Thus,
this increase of adrenocortical activity in salmonids during their spawning
migrétibn, coupled with a substantial conversfdn of muscle protein to
carbohydrate, provides fasting fish with energy for normal metabolism, for
the development of gonads and for increased muscular éctivity. It seems
Tikely, therefore, that in the salmonids, as in other teleosts,
glucocorticoids are potentially-available to sfimu]ate utf]ization of muscle
prbtein for the provision of metabolic energy.

In tﬁe present investigation, ambient water temperatures at thé

time of'autoﬁsy of juvéni]e coho salmon were very significantly negatively
correlated with nuclear diameters of interrenal ce]]s,and epsilon cells
and wifh-estimates-of interrenal cell size, and were very siénificant]y
positively correTated with thrombocyte'counts and small lymphocyte counts.
. Furthermore, according to fhe other histological criteria uséd in this
sfudy for assessing interrenal activity, the interrenal t%ssue of the
December 1968 sample (wﬁter témp. 4°C.) was far more active than that of

preceding samples from warmer waters, and was more active than the
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~“interrenal tissde of the ApriT 1968 or March 1969‘samp1es of yearling coho
(water temperatures 8.5°C. and 10°C. respectively). Therefore, if‘these
criteria are éccepted as indicative of interrenal activity,‘the activitj of
~ the pituitary-interrenal axis of juvenile coho salmon sampled seasonally
~ from Bertrand Creek is inversely related to ambient water temperatures.
Further evidence for an inverse relationship between'watef éémperatures
and increased activity of the interrenal tfssue of ccho salmon is provided
in Section III.

| A1thougﬁ no previous reports have appeared on fhe activity of thé
pituitary-interrenal axis of teleost fishes in relation to variations in
ambient water temperatures, some circymsfantial evidence is_avai]ab]@
.which doés imply a relationship. Several accounts of lymphopenia or
thrombocytopenia in winter samples of té]eosts have been previously cited.
Schuh and Nace (1961) reported a seasonal increase in blood giucose levels
‘ in toadfish as water temperatures declined in winter. Fufthermoré, fish
kept at Tow temperatures in early summer showed a hyperglycemia appropriate
to the season of corresponding low envirohmenta]”températures (Nace and
Schuh, 1961).

During temperature aéc]imation, the metabo1ism.6f fhe organism is
fundamentally reorganized (Hochachka, 1967). It is interesting that Fry
and Hochachka (1970) have proposed a model attempting to account for the
metabolic adjustments observed jn teleost fishes durfng cold acclimation
that requires active pafticﬁpatibn of both glucocorticoids and insulin.
Th%s mode] is based on the observation that, in tissue of cold acclimated
fish, compared with tissue of warm acclimated ones, the glycogen synthesis
rate is increased, glycolysis rate is increased up to five-fold, lipogenesis

is activated, and the synthesis of proteins and nucleic acids in the Tiver
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“is 1ncreased.: According to the'modé1,_g]u;dcorticoids release amino acids
from the peripheral tissues into the general circulation. These amino acids
activate pre-existing gluconeogenic enzymes in the 1iyer. Secondly,

- glucocorticoids induce de novo synthesis of key gluconeogenic enzymes
(thought to be isozymic variants of those present in warm acclimation).

The resulting increéﬁed glucose produCtion causes the release of insulin
from panéfeatic beta cells. Insulin s]owsbup g]ﬁconeogenic flux, activates
certain enzymes that channel glucose into glycolysis and g]ycogén,'and
actfvates malic enzyme (which generates TPNH for fat synthesis). Thus
this mode]Aproposes that the adjustments seen.in fish Tiver-during cold
acclimation are those which would be predicted on the assumption thét

‘glucqneégenesis is activated by glucocorticoids, and glycolysis and
11pogene§is by insulin. A marked hypertrophy and hyperplasia of the
pancreatic beta cells of spawning Pacific sa1mén or steelhead trout have
been previously reported (Robertéon and Nex]ér, 1960;.Robértsbh _ﬁ__l.,
1961). Therefore, pancreatic beta cell stimulation observed in these
studies and postulated in the model of Fry and Héchachka (1970) may be
a normal conseduencé of adrenocorticoid-induced hyperglycemia in tefeost
fishes. - I

Iﬁ is temptihg'to suggest‘that the increased activity of the
pituitary-interrenal axis observed in the winter sample of juvenile coho

is the result of cold acc]imation. However, other séasbna1 environmental
a1terations‘cou1d conceﬁvab]y'account for this stimulation. The
avai]abi]ity of food supply, interactions of fish, alterations in stream
f]ow and photoperiod must all be considered as alternative hypotheses.

Examination of gut contents on autopsy revealed no decrease in amount of

food consumed by the winter sample of coho fry compared with previous
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samp1es;:howeyer, the increésed effort required to obtain adequate food
supply is unknown. Stream velocity and turbidity during capture of fhe
winter’samp]e were far.Tess than observed when the autumn sample was
obtained. No critical observations ofIBehaVior of juveniTe coho were
made in this stUdy, although Chapman (1962) and Hartman (1965) reported very
- -low levels of aggressivéness of ;oho fr&\fn streams dufing ﬁhe winter.
Although seésonaT variation in photoperiod is known to be involved in
"several endocrinological responses of teleost fishes .(Hoar, 1965), ho
studies have investigated the interrenal reéponse to alterations in
photoperiod. Therefore, spch]atidn as to the involvement of photoperfod
in this study awaits experfménta1 manipulation. The effecf of an altered
photoperfod on the pituitary-interrenal axis of juvenile coho salmon is -
considered in Section III.
| The interrenal tissue of the March 1969 and April 12, 1968 N

samp]es; although still hyperplastic, was variable in appearanée, displaying
“-considerab1e signs of atrophy. Interrenal tissue of the April 26,'1969 sample,
on thé other hand, aﬁpeared very active, with no atrophy evident. These
samp]eé of fish also differed in appearance. In the earlier’spring
samples withAsomewhét atrophic interrenals, park marks were'st111 eVident,
whereas these were obséured owing to fncreased si1vering in the April 1969
samp]g. This silvering, due to guanine énd hypoxanthine deposition in
the skin and scales (Johnston and Eales, 1967), typifies the parr-smd]t
trans%ormatfoh of'certain species of salmon, including the coho.

The parr—smo]t transformation of young salmon prior to seaward
migration is accompanied by numerous biochemical, Histo]ogica],
_physio]ogica] and behavioral changes (Baggerman, 1960a,b; Barringtoﬁ, 1961;

’Hoar, 1965; Conte et al., 1966; Vanstone and Markert, 1968). The



‘biochemical changes are profound, probably involving many enzyme changes,
and the nature of the huc]eotides‘and body lipids (Hoar, 1965; Vanstone
and Markert, 1968). The endocrine system has also been imp11§ated:in'the
_fegu]ation of these changes. The thyroid gland is more active in smolts
of the Atlantic salmon (Hoar, 1939) and of several species of the Pacific
sa]mon'(Hoar and Bell, 1950; Eales, 1963) than in parr of these species.
The increased-activity of the interrenal tissue during the park-smo1t

_ tfansfofmation observed in this investigation has been previously reported
for the Atlantic salmon (Salmo salar). Fontaine and 0livereau (1957)
observed hypertrophy of nuclei and nucleoli and increased mitotic.activity
of the 1nterrena1lce11s of the At]antic‘sa1mon smolts compared with parr.
Furthermore, the cohcentration of corticosteroids was muchhigher in the
plasma of Atléntic sa1hon smolts than in parr (Fontaine and Hatey, 1954).
Thereforé; the data reﬁorted here, as well as those available in the
Titerature, brbvide support for the hypothesis ﬁhat the pithitar/-'
interrenal axis of certéin_sa1monids is activated during the parr—émth
tfansformation, and that this activation is necessary to provide increased
metabolic energy for the numerous histological, biochemica]_and_
physiological alterations associated with this transformation. It would

be worth-while to determine whether or not hypophysectomized fish, or fish

treated with a metabolic inhibitor of cortisol synthesis such as metopirone,

could undergo this transformatiénvfromtparr to smolt.

| 10k
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-SECTION ITI: VARIATIONS IN INTERRENAL ACTIVITY AND RELATED HEMATOLOGICAL
CHANGES IN JUVENILE COHO SALMON EXPOSED TO DISSIMILAR
ENVIRONMENTS WITHIN THE LABORATORY

INTRODUCTION

~In Section II, séasona] variétioﬁé in the‘activity\of the pituitary-
interrenal axis of juvenile coho salmon were reported. The increased
activity of this axis in the winter sample of coho fry was tentativefy
attributed to the marked decrease in water temperature. However, the
changing.]ength of daily photoperiod‘is responsible for seasonal cycles in
,actjvity of several endocrihé_brgans of fishes (Hoar, 1958, 1965). Since
séésona]]y.changing photoperiods also might influence the activity of the
pituitary-interrenal axis of fish, it was decided to study the effect of
" changes in this variable within the 1ab5ratohy on the interrena]vactivity
of juvenile coho salmon. Therefore, this section reports on the effects of
Vérying periods of continuous darkness or continuous light on the interrenal
activity of juvenile coho salmon. The response of the 1ntefrena1 tissue of
" fish exposed to varying periods of a continuously flashing Tight also is
1nvestiga£ed in order to ascertain if (or to what extent) an atypical
- environment stimulates the pituitary—inferrena] axis, and if this
activation is perpetuated while the altered envirOnment is maintafned. In
addition, the relationship of tHe numbers of. circulating leucocytes to the_
activity of the interrenal tjssue_in.each of these experiments is discussed.
Varjatfons in ambient water temperatures in these experiment; are correlated
‘with alterations in leucocyte coUnté and histometric estimations of interrenal

cell activity to determine if, in fact, these variables are affected by

environmental temperature. Finally, the interrelationships between
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variables measured in all the laboratory experiments and from seasonal

stream samples are described and discussed.
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MATERIAL AND METHODS

Continuous-Darkness Experiments

Approximately three hundred coho fry were captured from Bertrand
Creek between Ndvember 4th and November 17th, 1967 by pole seine, and taken
in buckets to the laboratory, where they were placed in holding tanks A and
B (Material & Methods Section I), 150 fish per tank. A1l fish were
1nit1a1]y maintained under a natural photoperiod: this was followed by
adjustment of the photeperiod by smaj] daily increments, until by December
29, 1967 fish were receiving a twelve hour 1jght - twelve hour dark photo-
period. After this period of acclimation, experiments in cbntinuous darkness
were commehced.

. The,prbcedufe for each experiment involving continuous darkness was
‘the same. Twelve fish were removed from the'stock tanks (six per tank) by
netting, and one fish was placed in each of the experimental compqrtments,
Compartments were illuminated with the samé.twe1ve hour photoperiod as
- holding tanks. These compartments are described in Material & Methods Section
I. vHowever,vneither compartments nor holding tanks were provided with Qrave]
bottoms or artificial cover (Fig. 5). Also, lids of compartments were
equipped with black flexible tubing. Since brineshrimp could be passed down
thié tubing without opening the Tids, fish could be fed without exposure to
Tight. B |

-Fdi]owfng transfer of fish to identical experimental compartments,
lids were sealed with opaque tape to'ensure_iight—tight conditions. Each
fish was fed brineshrimp daily through the flexible tubing until termination
of the experiment. In each experiment, all twelve fish Were maintained in

identical environmental conditions for 7 days.- Following this, the power
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source to six compértments was disconnected dufing,the dark cycle of tﬁe
photoperiod. -Fish in these compartments.were cdnsidered as eXperiménta1,
while those in compartments with functional lights weré controls. ,Thus the
--contrd1 fish continued to receive a twelve hour photopériod, while the
experimental fish were maintained in comb]ete darkness for a certain number
of days in each experiment. Five separate experiments were performed, each
inyo1ving a different length of darkness for the'eXperimental_group‘of Six
fish. Fish were exposed to 4, 8, 12, 16 or 20 days of total darkness, while
the control group of six ffsh iﬁ each Case received a twelve hour photoperiod.

To termingte each experiment, fish were rembved fromAchpartments-
in two manners: aﬁesthetizing with 0.005% MS222 (utilizing feeding tubes
in Tids) followed by rapid removal and dissection, br simply by netting
quickly. A1l twelve fish were sacrificed during the dark phase of the
' photoperiod, so that both control and experimental fish would receive the
same unavoidable exposure fo Tight immediately prior to sacrifice. Six
fish were sampled by netting from each of holding tanks A and B at the
time of termination of theAfina1 continuous darkness experimenf.

The autopsy procedure and histological techniqués utilized are
described in Section I. Techniques of karyometry and statistical evaluation
of results are also given‘ih Section I. For each experimenta] treatment,
mean interrenal nuclear diameters, numbers of interrenal nuc]éi per défined
area of interrenal tissue and mean blood cell counts of fish sacrificed

with or without anesthesia were determined and compared.

Continuous-Light Experiments

On November 9, 1968, approximate]y one hundred coho fry were
captured from Bertrand Creek by pole seine, and transported to the laboratory,

where they were placed in holding tank C. Fish were initially maintained
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under a natural photoperiod, followed by-adjustment by small increments daily,
until by January 10, 1969 fish were receiving a twelve hour light - twelve
" hour dark photbperiod. AT fish were fed frozen brineshrimp daily throughout
“the experiments. |

| Contfnuous—}ight experiments were commenced on January 27, 1969.
Twelve fish were removed from the holding tank by nettihg, and placed in
individual ekperimenta1 compartments. Eachvcompariment was illuminated with
the same twelve hour photoperiod as holding tanks. Neither compértments nor
holding tanks were provided with graVe] bottoms or artificial cover. control
samples of four fish each were obtaihed after 1, 2 and 4 days fesidehce in
compartments. i

iﬁ each continﬁous—]ight experiment, all fish transferred to
compartmehts were éxposed to a twelve hour photoperiod fOr‘sevén days. After this
period of acclimatization the power supply to half of the compartments
was fixed to a permanent source, th]e conditions for the remaihing
compartments were unaltered. Therefore, the control fish continued to
réceive a twelve hour bﬁotoperiod; while the expe%imenta] fish were exposed
to continuous i11uminétion for a cértain number of days in each experiment.
Samples of four fish.each received continuous illumination for periods of
Ty 2,'4, 8 énd 14 days, while the_contro] group of four fjsh in each
experiment were exposed to a twelve hour photoperiod for the same number of |
days. Stock éamp]es were obtained from the holding tahk at the beginning
and termination df'this Seriés ofbexperimehts. A further stock sample was
obtained during these experiments.
To terminate each experiment, all fish were netted and sacrificed

quickly, wifhout prior anesthetizing. The procedures for autopsy, histological

techniques utilized, karyometric techniques and statistical evaluation of
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results are destribed in Material & Methods of Section I.

Flashing-Light Experiments

Approximately one hundréd coho fry were captured from Bertrand Creek
by pd1e seine on November 16, 1968. These fish were transported to the laboratory,
where they were_p]acéd in a large fibré—g1ass stock tank (described ﬁn
"Sectioh 1), and maintained under a natural photopebiod. A1l fish were fed
brineshrimp déi]y throughout these experiments until sacrificed.

On Marth ]O,_1969, thirtyffive fisﬁ were tfansferred to each of

holding tanks A and B in preparation for the flashing-Tight experiments.
These fish réceiVed a twelve hour photoperiod. Nefther holding tanks nor:
‘experimental cohpartments weré‘provided with a érave1 bottom or artificial
~cover. Following a four week'peridd of acc]imétizatfon to holding tanks,
flashing-Tight experiménts were commenced. | |

On Apfij 7, 1969, twelve fish (six from-each holding tahk) wefé
netted and transferred to indfvidua] experiménta] compartments (described |
in Section I). Thésé'compartments were regulated with the same twelve hour
photoperiod as holding tanks. Fish were sampled from these compartments
in the usual manner after 1, 2 and 4 days residence. In each experiment‘
invb]ving contfnuou$1y flashing Tights, all fish'transferred'tq 1ndiv1dua1
. compartments were exposed to a twe1vé hoUr Tight fvtwe1ve hour dark photo—.
period for seven days. Fql1ow1ng this acclimétization period, the . power supply
to ha]f of the compartments was relayed throUgh a Noma A.C. Flasher (Cat.
#558),»whfch caused the lights withfn these compartments to.flash oh and
off every two to five seconds continuously. Hence the control fish continued_
“to receive a twelve hour photoperiod, while the experimenta1 fish were

exposed to a continuously flashing light for a certain number of days in
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each experiment} Samples of four fish each were exposed to a flashing light
for periods of 12 hours, 1, 2; 4, 8 and 16 days, while the control group
of four fish in each experiment received a twelve hour photoperiod be the
SaMe number of days. Holding tanks were sampled at the beginning of and
a]sovduring this series of experiments.

To terminate experiments, each fish was netted ahd sacrificed
quickly, withodt prior aneéthetizing. Procedures for autopsy, histological
techniqdés utilized, karyometric techniques and statistica] evaluation of

results are presented in Section I.

Correlation Matrix of Variables Measured from all Experfments

Correlafion coefficients relating variables measured in fish involved
“in all experiments (1ncTuding seasonal samples from Bertrand Creek) were |
determined as described in Section I of Material and Methods. However,
variables measured in fish receiving injections (saline, ACTH, cortisol

acetate or dexamethasone) were not included.
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RESULTS

A. CONTINUOUS-DARKNESS EXPERIMENTS

Histology of the Head Kidney and Interrenal Gland

Head kidneys.of the stock-tank samp]g of fish were moderately
vascularized. Interrenal tissue was moderately to very.hyperp1a§fic.
Interrenal cells within Many clusters appeared somewhat atrophic,'with
~irregularly shaped nuclei and unevenly stafned, vacuolated cytop]asm.» No
mitotic figures were observed Within the interrenal tissue.

| Head kidneys of fish maintained in total continuous darkness for 4
days Were extremeﬁy well vascularized. interrena1 tissﬁe for all fish was
markedly hyperplastic. Interrenal cells were very hypertrophied, with
- enlarged nuclei and prominent nucleoli. Cytoplasm of these cells was
evenly stained and non-vacuolated. A few clusters of somewhat atrophic
interrenal cells were observed also. Mitotic figures were observed
occasionally. Head kidneys and interrenal tissue of corresponding cbntro]
fish were similar in appearance to those of experimental fish.

" The interrenal tissue of fry maintained in darkness for 8 days wés
extremely hyperplastic. Cells were markedly hypertrophied, with enlarged
nuclei and prominent nucleoli. Cytoplasm was evenly stained and non- '
vacuolated. Mitotic figures were infrequently observed. No atrophic cells
Weré seen. Head kidneys were very well vacularized. Head kidneys and
interrenal tissﬁe of - corresponding control fish were similar to those of the
8 day darkness fish.

_Extensive hyperpTasia of interrenal tissue occurred within the head
kidneys of fish exposed to total continuous darkness for 12 days. However,v

many clusters of interrenal cells appeared atrophic. Interrenal tissue of
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control fish for-this experiment was similar, although somewhat more atrophic.

Mitotic'figukes were observed very infrequently within the interrenal tissue

of fish exposed to darkness, buﬁ were not observed in interrenal tissue of
control fish. |

Head kidneys of fish maintained in darkness for 16 days were not
~as well vascularized as were those of préVfous samp1es.> Very.extensive
hyperplasia of interrenal tissue was observed. However, considerable atrophy
"of interrenal cells was present, although a few ciusters of cells appeared
to be stimulated. Occasional mitotic figures were seen. Interrenal tissue
of controls a1so_exh1bited extensivé hyperplasia. Interrenal cells weré
even mofe atrophic than those of fish exﬁosed to ‘16 days of darkness. Nuclei were
irkegu1ar1y shaped and closely apposed to bne another, with inconspicuous.
'nﬁc1eo1i. Cytoplasm was unevenly stained and‘vacuo1ated; Mitotic figures
were not observed. |

Head kidneys from both controis and fish exposed»to éontinuous
dérkness for 20 days were moderéte]y to well vasculariéed. ~In both samples,
interrenal tissue was hoderate1y to extensively hyperplastic. However, |
~ extensive atrophy of the interrenal cells was evident, similar to the
~ previous control samb]e} No differences were bbéerved between controls and
fish maintained in darkness for 20 days. |

The mean diameters of the interrenal cej1'nuc1ei for é]1 Samp]es of
fish in?o]ved 1ﬁ the continuous darkness experiments are presented in
Figure 57vand‘Tab1e'XII. Using Scheffe's test for multiple comparisons,
~mean interrenal nuclear diameters (f.N.D.'s) for fish expoéed to continuous
- darkness for 4 days and correspohdihg controls were Very significantly']arger-
‘than the mean nuclear diameter of fish sampled from the holding tanks at the

same time. Mean I.N.D.'s Qf 4 day darkness' and control fish were also



TABLE XII

'11u‘

MEAN INTERRENAL NUCLEAR DIAMETERS (I.N.D.), NUMBER OF INTERRENAL NUCLEI PER
DEFINED AREA OF INTERRENAL TISSUE (NO.NU.), AND EPSILON CELL NUCLEAR

DIAMETERS (E.N.D.) OF JUVENILE COHO SALMON INVOLVED IN THE

CONTINUOUS-DARKNESS EXPERIMENTS

Number Water I.N.D. NO.NU. ~ E.N.D.
of Fish - Sample Temp. (microns) (microns)
) (°c.) Mean + S.E. Mean + S.E. Mean + S.E.
12 May 15/68 9.5 6.42 + 0.01  24.0 + 0.7 . 5.32 + 0.03
. Stock _ A - *(6)
6 May 15/68 9.5 6.75 + 0.02 21.2 + 1. 5.51 + 0.03
- Dark 4 Days _ - *(6)
6  May 15/68 9.5 6.69 + 0.02  22.6 + 0. 5.47 + 0.03
, 11 Day Control § *(6)
6  February 3/68 5.0 6.56 + 0.02 - -
_ Dark 8 Days
6 . February 3/68 5.0 6.50 + 0.02 - -
15 Day Control
6 April 29/68 9.0 6.53 + 0.02  23.4 + 1 -
Dark 12 Days : .
6  April 29/68 9.0 6.42 + 0.02  24.9 + 0. -
_ 19 Day Control : '
6 - April 5/68 8.0 6.44 + 0.02 24.8 + 0. -
Dark 16 Days : 3 :
6  April 5/68 8.0 6.44 + 0.02  26.0 + 0. -
23 Day Control
6  March 7/68 12.5 6.34 + 0.02  27.0 + 1. -
Dark 20 Days
.6 March 7/68 12.5 6.41 + 0.02 27.0 + 1. -

27 Day Control

*Sample size for Epsilon cell nuclear diameters
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FIGURE 57: ' Effect of continuous darkness on nuclear diameters of
-intefrena] cells, and on small-lymphocyte, thrombocyte .

and neutrophil counts in juvenile coho salmon.
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FIGURE 58: Interrenal cell size* in juveni]é coho salmon from

the continuous-darkness experiments.



CELL NUCLEI PER DEFINED AREA#¥

MEAN (+ S.E.) NUMBER OF INTERRENAL

uolJ
I p

10|
0

Stock 4Day llDay 12Day 19Day 1l6éDay 23Day 20Day 27Day
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Water ;
Temp. 9.5 9.5 9.5 9.0 9.0 8.0 8.0 12.5 12.5

*Interrenal cell size is inversely related to the
number of interrenal cell nuclei per defined area.

##*Defined area is 450 u2 of interrenal tissue.
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significantiy larger than means for darkness or control fish in all other
experiments. In each experiment, the mean I.N.D. of fish erposed to
continuous darkness did not differ significantiy from that of corresponding
controls. However, mean I.N.D.'s of darkness-maintained fish were larger
than respective controls in the 4, 8 and 12 day experiments. Also, the
mean diameters of interrenal cell nuclei decreased oonsistentiy with
'increaSing periods of exposure of fish to continuous darkness.

The mean interrenal ceii size for each sampie is represented in
Figure 58 and Table XII. Unfortunateiy, interrenal cell size was not
determined for fish involved in the 8 day-darkness experiment. Samples of
fish exposed to total darkness for four days and corresponding controls
both exhibited a decrease in mean numbers of interrenal nuclei per defined
~area of interrenal tissue (increase in cell size) when compared with the
stock sampie. However, this decrease was not significant according to
~ Scheffe's test._vMean numbers of interrenal cell nuclei per defined area
(No. Nu.'s) consistentiylincreased'for both dark-maintained fish and
corresponding controls with increasing periods of holding in compartments
prior to sacrifice. No. Nu.'s for the darkness-maintained fish and
-~ corresponding contro]s in the 20 day darkness experiment were significantly
1argerbthan corresponding samoies from the 4 day-darkness experimenf. Furfher-
more, mean interrenal cell size of fish maintained in continuous darkness
was larger (smaller No. Nu.'s) than values for corresponding controls in eaeh
of the 4, 12 and 16 day experiments, although means did not differ significantly.

Mean nuclear diameters of epsilon ceiis in the rostral pars distalis
were determined for the stock-tank sample, and for fish exposed to continuous
darkness for 4 days and for the corresponding controls. Values are

presented 1in Tabie XII. Mean epSiion cell nuc]ear diameters for both 4 day-
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. darkness fish and controls were very significantly (p <« 0.01) larger than the
mean nuclear diameter of the stock sample.. However, mean nuclear diameters
for the 4 day—darkness-samp1e and corresponding control sample did not differ

significantly.

Méan Blood Cell Counts

The mean blood cell counts for samples of juvenile coho involved in
' the'continuous—darknegs experiments are presented in Table XIII. Mean
numbers of small lymphocytes per thousand blood cells (S.L.'s/1000) for
fish exposea to continubus total darkness were smaller than mean values for
corresbonding controls in each of the 4, .12, 16 and 20 day-darkness
experiments (Fig. 57 and Table XIII). However, according to Student's t
test, these differences were not significant (p >~ 0.05). In the 8 day-
darkness éXperiment (water temp. 5°C.), S.L.'s/1000 for both fish exposed
to continuous darkness and control fish were significantly Tower than values
for all other sahp]es. -
Mean numbers of small lymphocytes per hundred 1eucocytes (% S.L.'s)

‘were lowest for both controls and'experimental fish in the -8 day~darkness
experiment compared with values for all other samples. The mean percentage
of small lymphocytes for controls from the 8 day~darkness experimeﬁt was |
very significanf]y smaller than means for controls from the 4 of 12 day-
darkness experiments. In all experiments, % S.L.'s did not differ
sfgnificantly between fish exposed to continuoUs'darkness and correspohding
controls, although mean of fish maintained in darkness for 4, 12 or 16 days
were lower than controls. |

. Mean numbers of large lymphocytes per thousand blood cells were

negligible for all samples. The mean numbers of large lymphocytes per



TABLE XIII

BLOOD CELL COUNTS -OF JUVENILE COHO SALMON INVOLVED IN.THE
~ CONTINUOUS-DARKNESS EXPERIMENTS

No. Treatment/ Water Mat. -Imm.

of  gm.wt./day Temp. R.B.C.'s/ R.B.C.'s/ S.L.'s/ LL.'s/ CONt.'s/
Fish for 7 Days (°C.) 1000 1000 1000 ~ % S.L.'s 1000 % L.L.'s 1000 % Nt.'s Throm. Hct.
' . . : MEAN + S.E. — _ _
6  Stock 9.5 922.8 57.8  18.5 - 94.9 0.2 0.7 0.7 4.3 17.4 31.5
: (7.8). (7.2) (2.6) (1.1)  (0.1) (0:2)  (0:2) (1.0)  (2.7) (0.6)
6  Dark 9.5 951.0 30.0 17.3  85.3 0.8 3.5 0.8 9.8 18.7  34.0
4 Days : . _(12.1) (10.8)  (3.2) (4.0) (0.5) (1.5) (0.4) (2.6) (1.3) (2.1)
6 11 Day 9.5 938.7 28.5 32.0  95.5 0.3 0.5 0.5 2.5 26.2 32.8
“Control (6.0) (6.7) - (4.7) (1.2) (0.2) (0.3)  (0.2) (0.3)  (4.8) (2.9)
6  Dark 5.0 924.8 68.8 -~ 5.8  73.2 0.0 4.7 0.5 20.8 4.0 -
8 Days (7.6) (7.7) (1.9) (4.1) ' (0.7) (0. )'>(3.0) (1.9)
6 15 Day 5.0 962.5 32.0 5.2 73.2 0.0 7 0.3 17.8 6.3 -
' Control (10.3) (9.9) (1.8) (5.4) (1.8) (0.2) (4.1) (2.1)
6  Dark 9.0 928.5 52.0  18.2  86.7 0.0 1.5 1 11.2 11.0  32.6
12 Days- (4.9) (2.4) (3.4) (4.5) (0.7) (0.5) (3.5) (2.4) (2.3)
6 19 Day 9.0  888.8 85.2 24.7  95.8 0.3 0.8 1 3.0 23.8 25.1
A Control (7.8) (7.4) (6.1) (0.9) (0.2) (0.4) (0.3) (0.6) (3.2) (2.5)
6 - Dark 8.0 958.0  24.5 15.7. 84.3 0.3 2.7 1.5 11.5  12.2 29.8
16 Days (8.7) (6.6) (3.0)  (4.7) (0.2) (1.2)  (0.8) -(3.8)  -(3.6) (2.1)
6 23 Day 8.0 933.2  42.6 23.4  92.8 0.0 1.4 0.8 5.4 15.0  30.1
Control o (12.2)  (7.9) - (6.9) (2.2) (0.2)  (0.4) (2.3)  (3.8) (2.6)
6  Dark 12.5 944.7 43.0 .2 92.2 0.7 .3 0.5 5.7 5.8 38.6
20 Days o (9.4)  (9.0) (1.6) (0.7) (0.3)  (0.7)  (0.3) (0.3) (1.1) (4.6)
6 27 Day 12.5 910.6 70.4 17.6  90.0 0 3.2 0. 5.6 9.0 38.4
Control (12.0)  (11.8) (2.3)  (1.5)  (0.2) (1.1)  (0.2) (1.1) (0.6) - (2.9

S

6TT
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hundred Teucocytes - (% L.L.'s) Weré largest for both experimental fish and
controls in the 8 day-darkness experiment éompared with other samp]es;

‘The mean-numberé of neutrophils pef thousand blood cells (Nt;‘s/
1000) were small for atll samp]es_(Tab]e‘XIII and Fig. 57), and did not differ
significantly in any comparisons. Mean numbers of neutrophils per hundred
. Teucocytes (% Nt.'s) weré highest fof bofhvexpefimenta1 and cbntro] samples
in the 8 day-darkness experiment compared with all other samples. The mean
‘percentage of neutrophils for controls from the 8 day-darkness experiment
was significaht1y larger than means for controls from the 4 or 12 day-
darkness experiments.

Numbers of 1mmature'érythrocytes varied greatly frem fish to fish
1n.a11 samb]es, as evidenced by the high S;E.'s. No significant differences
were found when mean immature erythrocyte counts for different samples were
-Compafed. Mean hematocrit values for each sample also did not differ
significant]y.: | |

| Mean numbers of thrombocytes amongst one thousand blood cells for
- fish maintained in continuous darkness were smaller than mean values for
- corresponding controls in each of the 4, 8, 12, 16 and 20 day-darkness
 experiments (Fig; 57 and Table XIII); According to Student's t test, these
differences were significant (p<0.05) for the 4, 12, and ZO day-darkness
exberiments, but not for the 8 or 16 day-darkness experiments. THrombocyte
counts Qere lower for both experimental and control samples in the 8 and 20
day-darkness éxperiments compared with the 4, 12 or 16 day-darkness experiﬁents!
. In the 8 day-darkness experiment, the mean thrombocyté count for controls |
was very significantly smaller than mean values for controls from the 4 or
'l]2 day-darkness experiments. The mean count for fish maintained in darkness

for 8 days was significantly lower than the mean count for fish maintained
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in darkness for>0n1y 4 days. MWater temperature atvtime of sacrifice was
5°C. for the 8 day expefiment, and 12.5°C. for the 20 day experiment,
However, fish involved in the 20 day-darkness ekperfment had been méintafned
in 5°C. water for a considerable length of time up until two weeks prior
to sacrifice. At this time, water temperatures climbed sharply to 12.5°C.
due to a malfunctioning water supply system. |

In order to ascertain whether'or not thé method of captuke prior
to sacrifice affected thé variables measured, mean interrenal nuclear
diaheters, numbers of interrenal nuclei per defined area and mean blood cé]i
counts of fish sacrificed with or without prior anesthesia were determined
and compared for each experimental treatment. No consistent differences due
to method of capture were found in meah‘b1ood cell Eounts, ihterrena] nuclear
diameters'of numbers of interrenal nuclei per defined area of 1nterrenél‘
tissue when values for anesthetized or non—anesthefized fish from each

sample were compared.

Correlation Coefficients of Variables Measured in the Continuous-Darkness
Experiments

A correlation matrix for all variabTes measured in juvenile coho
salmon involved in the continuous—dérkness experiments is'presented in
. Table XIV. Summary sfatistics for each variable are preséntéd ih Table V
of Appendix II.

Interrenal nuclear diameters (I.N.D.'s) and numbers of interrena]
ch]ei per defined area bf interrenal tissde (No. Nu.'s) were negatively
cofre]ated, Neithér I[.N.D.'s nor No. Nu.'s were corfe]ated signhificantly
with numbers of small lymphocytes, large lymphocytes or neutrophils per
thousand blood cells. Furthermore, diémeters of interrenal cell nuclei

were not correlated with the numbers of small 1ymphocytes; large



TABLE XIV

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON .
INVOLVED IN THE CONTINUOUS-DARKNESS EXPERIMENTS

Nt. s/1000 % Nt.'s Imm. R.B.C.'s/ THROM. T.N.D. %No.Nu.

' 1000 :
Length (cm.) _ 0.228 . =0.390** 0.029 0.4471%* 0.264% -0.270
Weight (gm.) | 0.206 -0.380** 0.011 - 0.433*%* 0.209 -0.242
Hematocrit -0.283* 0.123 -0.049 , -0.416*%* -0.044 -0.023
Temperature : 0.046 -0.486%* 0.193 0.119  0.072 0.259
S.L."'s/1000 ~ 0.288* -0.477%* 0.004 0.700%*  0.180 -0.111

% S.L.'s 0.059. -0.962%* 0.275% 0.429%* 0.088 - 0.206
L.L.'s/1000° . 0.160 0.085 _ -0.237 - -0.700 -0.098 - -0.128
% L.L.'s . -0.056 0.656** -0.218 = -0.277* -0.004 -0.137
Nt.'s/1000 : 1.000- - -0.033 © -0.085 - 0.216 -0.001 -0.036
% Nt.'s " 1.000 -0.259* -0.447%*  -0.117 -0.155
Imm. R.B.C.'s/1000 o 1.000 0.055  -0.183 10.283%
Thrombocytes [ : | | | 1.000 ~  0.227 -0.095
I.N.D. | | 1.000° -0.440%*
No.Nu. - _ ‘ ‘ _ S ~1.000

*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.250

**Significant at the 99 per cent level 1%: 0.325
Nt.'s/1000: - Neutrophils per 1000 blood cells L - T.N.D.: [Interrenal Nuclear Diameter .

~ % Nt.'s: Neutropnhils per 100 Leucocytes N No.Nu.: Number of Interrenal Nuclei per
Imm. R.B.C.'s/ . ' _ Defined Area of Interrenal Tissue
THROM.:]OOO.' %ﬁ?géggiy52§t2£gﬁgzisl885 ggggdblg?ﬁscells ** Critical Absolute Va]ugs for No.Nu.'s: 5%: 0.273

1%: 0.354



. TABLE XIV

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
INVOLVED IN THE CONTINUOUS -DARKNESS EXPERIMENTS

LENGTH . WEIGHT HEMATOCRIT TEMPERATURE. S.L.'s/1000 % S.L.'s L.L.'s/1000 % L.L.'s

Length_(cm.)A - 1.000 0.966*%* 0.043 0.228 0.457** ' 0.454** 0.019 -0.433**
Weight (gm.) 1.000 ~ 0.092 - - 0.254* - - 0.477*%* 0.441%* 0.020 -0.443%*
Hématocrit - _ _ 1.000 0.479*%* . . -0.307* -0.162 0.187 0.192

' Temperature - ‘ . 1.000 o 0.221 0.491?*,' - 0.324*  -0.396**
S.L.'s/1000 | - ' " o 1.000 0.492** = -0.099 -0.365%*
% S.L.'s - o | o 1.000  -0.108 ~ -0.809%*
L.L."'s/1000 . o ~1.000  0.178
% L.L.'s : _ - 1.000

“Nt.'s/1000 | | o |
% Nt.'s
Imm. R.B.C.'s/1000
Thrombocytes

 I.N.D.
No.Nu.
E.N.D.
*Significant at the 95 per cent level - Critical Absolute Values: 5%: 0.250
**Significant at the 99 per cent level : ' 1%: 0.325

S.L."'s/1000: Small Lymphocytes per 1000 blood cells L.L.'s/1000: Large Lymphocytes.per 1000 blood cells
% S.L.'s: ~ Small Lymphocytes per 100 Leucocytes % L.L.'s: Large Lymphocytes per 100 Leucocytes

Temperature = Water Temperature at time of Autopsy
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lymphocytes or neutrophils per hundred leucocytes. Thrombocyte counts were
" hot corre]atéd with either interrenal huc]ear diameters Qr numbers of
1nterrena1 ‘nuclei per def1ned area.

Numbers of small lymphocytes per thousand b]ood cells (S.L.'s/1000)
were positively correlated with both.numbers,of small 1ymphocytes per
- hundred Teucocytes and thrombocyte Cﬁuntg. Thrdmbocyte.COUhts were also
positively correlated wifh the percentage of small 1ymphbtyte$;”fS.L.‘s/1000
‘Were ndt correlated with numbers of large lymphocytes per thousand blood
\Ce1ls, but were significahtly posftive]y correlated with numbers of
neutrqphi1s per thousand blood ce]]é;. Neither large 1ymphocytes per thousand-
vcejls and 1arge‘]ymphocyfé§ pef hundred leucocytes nor neutrophils pér
thousand.ce115 and neutrophils per"huhdred 1eUcocytes were significantly
correlated. ' “ | |

Water temperaturé'at the'time Qf autopsy was .not correlated with
qiameters of‘ihterrena] cell nuc]éi,-but was corre]ated:positive1y (but not
yéfgnific5nt1y) with humbérs of interrenal nuclei per defined area}
Tehperatufes and small 1ymphocytés per thousand blood ce11$ were not
correiated, 'However; numbers of small 1ymphocytes per hundred leucocytes
were stitive]y'chré]ated with temﬁératures.' Conver§e1y,‘pércéntages of
large 1ymph6bytes and neutrophils weré hegafive]y correlated with temperatures.-
Thfombo;yté counts were'not significant]y correlated with water témberatures.

A positivé correlation existed between water temperatures and hematocrits.

" B. CONTINUOUS-LIGHT EXPERIMENTS

H1sto]ogy of the Head K1dney and Interrena1 Gland

Head k1dneys of the January 27, 1969 stock tank samp]e (water temp

| _ 9°C.) were moderately vascularized. Interrenal tissue was moderate]yvto



very hyperp]astﬁc. “Interrenal celis within many clusters were somewhat
atrophic, with unevenly stained, vacuo]ated cytoplasm. Nucleoli were
obvious,'but not prominent. No mitotic figures were observed.

‘Head ‘kidneys of both the March 15, 1969 stock sample (water temp.
4.5°C.) and the April 5, 1969 stock sample (water temp; 5°C.) were extensively
-vascularized. Interreha]Itissue was Verynhyperplastic. In both samples, a
general hypertrophy of interrenal cells compared with theifﬁrst stock
éamp1e was evident. Nucleoli were very prominent. Cytop]asm:appeared eVen]y
stained and noh-vacuo]ated}. Mitotfc.figures within the interrenal tissue |
were observed_infrequent1y. |

Head kidneys of the.T,fZ and 4 day}contr01 samples were moderately
' vach]arizéd. Interrenal tissue was only moderately hyperplastic. As in
the January 27, 1969 stock sample interrenal cells were frequént]y atrophic.
" 'Mitotic figures were not observed. |

Head kfdneys and interrenal tiésue of fish maintained in continuous
1%ght for 1 'day and corresponding controls were similar to the 1, 2 or 4
dayfcontrol'samples. However, mitotic figures within the interrenal tissue
of both samp]es‘were obsefved 1hfrequent1y.

interren&] tissue of fish mafntained in continuous light for 2 days
and cofrésponding controls was moderate1y to very hyperplastic. Interrenal
cells were generally hypertrophied; no signs of atrophy were evident. In
both samples, mitotic figﬁres were. observed infrequently.

Head kidneys of fish exposed to continuous light for 4 or 8 days
and‘corkesponding controls were modefate1y to well vascularized. Interrenal
 ce11s were even more hypertrophiéd fhan thé previous sample, and without
signs of atfophy. Nucleoli were prominent. In all samples, mitotic figures

were observed infrequently.
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In the 14 day—continuoUs-Iight experiment, head kidneys and interrenal
tissue of control fish resembTed that of the previous samples. However,'
interrenal tissue of fish exposedAtb 14 days of continuous light, although
'hyperplastic, displayed some signs of atrophy. Interrenal cells were less
hypertrophied than controls. In several c]uéters, cytoplasm of cells
stained Qneven]y and was vacuolated. |

Mean diameters of the interrenal cell nucfei for all samples of
fish involved in the continuous-light experiments are presented fn Figure
59 aﬁd Table XV. According to Scheffe's test, mean interrenal nuclear |
diameters (I.N.D.'s) for both the Mdrch 15, 1969 andhApri1 5, 1969 stock sémp]es

- were very significantly = (p« 0.01) larger than the mean nuclear diémeter
_for the Jénuary stock sample. However, mean diameters for the March 15, 1969
and April 5, 1969 stock samples did not differ significantly. |

I.N.D.'s for the 1, 2, 4 and 8 day-control or 1 day-1ight samples

~did not differ significantly from the mean nuc]eaf diameter of_fhe.January
stock sample. The mean diameter for the 2 day ControI'fish was slightly But
1nsignif1cant1y larger than that for the 1 day—coﬁtrol sample, while the

mean interrenal nuclear diameter of the 4 day-control sample was significantly
larger than that for the 2 day-control sample.

When results for the éontinuous-1ight experiments_were compared, no
consistent differences in mean interrenal nuclear diameters between fish
maintained in continuous Tight and corresponding controls was found. I.N.D.'s
for fish maintained in contihuoué light for 2 or 4 days did not differ
significant]y‘from corresponding cbntro]s, whereas nuclear diameters of
eXperimenta1 fish in the 1 and 8 day-continuous-Tight experiments weré

’significantly larger than respectfve controls, while the mean nuclear

diameter of experimental fish in the 14 day-light experiment was sighifjcaht1y



MEAN INTERRENAL NUCLEAR DIAMETERS (I.N.D.) AND NUMBER OF INTERRENAL NUCLEI
 PER DEFINED AREA OF INTERRENAL TISSUE (NO.NU.) OF JUVENILE COHO SALMON
INVOLVED IN THE CONTINUOUS-LIGHT EXPERIMENTS

TABLE XV

- Number ' Water I.N.D. (microns) NO.NU.
of fish ~Sample Temp.
(°c.) Mean + S.E. Mean + S.
6 Jan: 27/69 9.0 6.40 + 0.02 27.2 + 0
Stock B
6 March 15/69 4.5 6.72 + 0.02 22.8 + 1
, Stock _
6 April 5/69 5.0 6.68 + 0.02 23.9 +°0
Stock
4 Jan. 28/69 9.0 6.24 + 0.02 25.3 +0
1 Day Control : : _
4 Jan. 29/69 9.0 6.35 + 0.02 26.8 + 0
2 Day Control '
4 Jan. 31/69 9.5 6.53 + 0.02 25.3 +1
~ 4 Day Control _ _
4 Feb. 8/69 9.5 6.48 + 0.02 26.6 + 1
: 1 Day Contin. : ,
Light _ _ .
4 . Feb. 8/69 ) 9.5 6.24 + 0.02 25.1+0
A 8 Day Control _ '
4 Feb. 17/69 4.0 6.59 + 0.02 23.1 +0
2 Days Contin. _
o Light
4 Feb. 17/69 4.0 6.61 + 0.02 24.6 + 0
9 Day Control : ' »
4 Feb. 28/69 7.5 6.70 + 0.02 22.3+0
4 Days Contin. ,
Light .
4 Feb. 28/69 7.5 6.82 + 0.03 20.5 + 0
- 11 Day Control . ‘ ,
4 March 15/69 4.5 6.95 + 0.03 22.1 + 0
) 8 Days Contin. ' :
Light .
4 March 15/69 4.5 6.74 + 0.03 23.5+0
15 Day Control
4 April 5/69 5.0 6.56 + 0.02 24.6 + 0
: 14 Days Contin. . :
Light _
4 April 5/69 5.0 6.75 + 0.03 22.6 + 1

21 Day Control

- 126
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FIGURE 59: Effect'of continuous- light on nuclear diameters of
| “interrenal ce11s,'ahd on small-Tymphocyte, thrombocyte

and neutrophil counts in juvenile coho salmon.
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FIGURE 60: Interrenal cell size* in juvenile coho salmon from the

cdntinuous—]ight experiments.
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smaller than'the confro] va]ue. Mean diameters of interrenal cell nuclei fof
fish samp]ed from warmer waters (9.0-9.5°C.) were consistent]y smaller than
nuclear dfameters for fish sampled from colder waters.

| The mean interrenal cell size for each sample is fepresented in
‘Figure.GO and Table XV. Mean numbers of interrenal cell nuclei per defined
area for fish exposed to varyihg peridds of continuoué_]ight.never differed
significantly frem values for corresponding controls according to Scheffe's
teét for multiple comparisohs; Fish sampled from warmer.waters (9.0-9.5°C)
consistently exhibited an increase: in mean numbefs of interrenal nuclei per
}defihed area of interrenal tissue (decrease in cell size) when compared with
samples frdm cooler waters. -

Mean nuclear dijameters of epsi]qn cells in the rostre] pars distalis
~of the pituitary gland were determined.only for the 4 day-continuous Tight
sample and for the corresponding control sample.  Mean va]ues were 5.92 +
0.94 for the experimental fish, and 5.95 + 0.04 u for the control sample.
.These.va1ues are very sidnificaht]y Targer than mean diameters of epsilon

cells for all other samples from previous experiments.

Mean Blood Cell Counts

The mean blood cell counts fof samples of juvenile coho involved in
the continuous-Tight experiments are presented in Table XVI. Mean numbers
of ema]T lymphocytes per thousand blood cells (S.L.'s/]OOO) were Tow for
all samples (see Fig. 59 and Table XVI) compared with samples from the
continuous-darkness experiments and from Bertrand Creek. The mean number of
small lymphocytes per thousand blood cells for the first stock-tank sample
(water temp. 9.0°C.) was larger than va]ueé for the following two stock

~ samples (water temps.'4.5°C. and 5.0°C. respectively). However, these
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TABLE XVI

BLOOD CELL COUNTS OF JUVENILE COHO SALMON INVOLVED IN THE
CONTINUOUS LIGHT EXPERIMENTS

No. Treatment/ Water Mat. Imm.

of  gm.wt./day Temp. R.B.C.'s/ R.B.C.'s/ S.L.'s/ = L.L.'s/ - Nt.'s/ '
Fish for 7 Days (°C.) 1000 1000 1000 % S.L.‘s 1000 - % L.L.'s 1000 % Nt.'s Throm. Hct.
| ‘ ‘ MEAN + S.E. _
6 Stock 9.0 952.5 36.5 9.7 77.2 0 0.2 2.0 1.2 20.8 9.8  21.9
| - (20.2)  (19.4) (1.5) (3.2) ~(0.2) (0.5)  (0.5) (3.3) (3.5) (0.9)
6 Stock 2 4.5  907.3 85.7 " 6.5  85.7 0.0 0.7 0.5  13.3 9.0  25.2
: (9.0) (9.6) (1.6) (3.7) (0.3)- (0.3) (3.4) (2.1) (0.8)
6  Stock 3 5.0 914.5 81.0 4.7 74.7 0.0 2.2 1.5 22.8 12.2 22.9
(24.2) (22.8) (2.0) . (4.2) (0.8) - (1.0) '(4.1) (3,3) (1.4)
4- 1 Day 9.0 933.8 55.5 8.8 74.5 0.0 3.3 2.0 22.3 10.3 20.6
- Control (11.0) (10.6) (7.4) . (7.2) (1.8) (0.6) (6.2) (5.5) (2.6)
4 2 Day 9.0  915.8 72.5 . 10.0 73.8 . 0.0 3.0 1.8 23.3 9.0  20.6
Control (51.2) (52.5) (5.5)  (7.1) - (1.5) (1.1)  (6.1) (4.7) (1.1)
4 4 Day 9.5 945.3 41.8 10.0 73.0 0.0 2.5 3.0 24.3 10.3  22.4
- Control (27.1) (23.4) (4.1) . (9.9) (1.3) (0.4) -(8.6) (3.0) (0.4)
4 1Day - 9.5  918.0 69.3 1.8 92.0 0.3 0.8 ..0.8 7.3 6.8 -
Continuous (14.8) (18.4) (5.1) (2.4)  (0.3) (0.5) (0.5) (2.1) (2.6)
| Light
4 8 Day 9.5 - 908.5 79.8 9.5  76.3 0.5 2.8 1.8 20.8 9.8 -
3) (9.0) (3.2)  (8.7)  (0.3) (1.5) (0.9)  (7.4) (4.5)

Control (9.
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differences were not significént (p>0.05) according to Student's t test.
S.L.'s/1000 for the 1, 2 and 4 day;contro1 samples (water temp. 9.0-9.5°C.)
and for fish receiving 1 day of continuous Tight and corresponding cqntro1s
(wafer temp. 9.5°C.) were simi]ar to the value for the first stock sample.
'w1thin these samples, counts between individual fish were extremely variable
, (high SﬂE.'s). Mean numbers of.sma11 1yﬁphocytes per thousand blood cells
were very low for fish maintained in continuous light for 2, 4, 8 and 14
’days} and for corresponding control samples (water temperatures 4.0-7.5°C.
at time of sacrifice). . No differences between samples were significant
according to Student's t.test. However, S.L.'s/1000 were slightly larger for .
‘fish maintained in continuous light for 1, 2, 8 or 14 days compared with
cofresponding control va1ue§.‘ _»

Thrombocyte counts for samples involved in the continuous-light
experiments did not differ significantly. Mean numbers of.thromboéytes
amongst one thousand blood cells were'sfm11ar‘for 1, 2, 4 and 8 day-controls,
and for the first stock sample (water temps. 9.0-9.5°C.).- However,
thrombocyte counts between individual fish within these samples were
- extremely variabie (high S.E.'s). Mean thrombocyte counts for both controls
and experimenta] fish from the 2, 4 and 8 day-light experiments (water temps.
4.0-7.5°C.) were low, although mean counts for the 14 day-light experiment
increased. | |

.Mean numbers of large 1ymphocytes per thousand blood cells were
negligible for 811 samples. Mean numbers of neutrophils per thousand b]ood
~cells were small for all samb]es (Tdb]e XVI and Fig. 59), and did not
dif%er significant1y for any comparisons. Mean hematocrits for each sample

also did not differ significantly.
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Correlation Coefficients of Variables Measured in the Continuous-Light
Experiments '

Correlation coefficients for all variables measured from juveni1é
"coho involved in the continuous-1ight experiments are bresented in Table
XVII. Summary statistics for each variable are presented in Table VI of
Appendix II.

As in previous experimenté, interreha] nuclear diameters (I.N.D.'s)
and numbers of interrenal nuc]ei per defihed area of interrenal tissue
(No. Nu.'s) were negatively correlated. I.N.D.'s were negative1y correlated
with.numbers of small Tymphocytes per thousand blood cells (S.L.'s/1000),
while No. Nu.'s were positively correlated with S.L.'s/]OOO. Thrombdcyte
counts were not correlated with either interrenal nuclear diameters or
numbers of interrenal nuclei pek defined area Qf interrenal tissue.

Numbers of small jymphocytes per thousand blood cei]s‘were
positively correlated with both nUmbers_of,sma]1 lymphocytes pef hundred
]eucécytes and thrombocyte counts. Thrombocyte counts were also pdsitiveiy
correlated with numbefs of neutrophils per thouséhd bﬁoqd cells and numbers
of small 1ymphocytes‘per hundred Teucocytes. S.L.'s/1000 wefe not correlated
significantly with either numbers of Targe 1ymphocytes per thousand blood
cells or numbers of neutrophils per thousand blood cells. Large ]ymphocytes
per thousand cells and large lymphocytes per hundred 1eu§ocytes were not
corre]ated.‘ However, numbers .of neutrophils per thodsand blood cells and
numbers of néutrbphi]s per hundréd Teucocytes were posftive]y correlated. .

Water temperature at the time of autopsy was negétive]y correlated
with nuclear diameters of interrenal cells, and positively correlated with
numbers. of interrenal nuclei per defined area of interrenal tissue.

Temperatures and numbers of small lymphocytes per thousand blood cells were



TABLE XVII

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON

INVOLVED IN THE CONTINUOUS-LIGHT EXPERIMENTS

% Nt.'s: . Neutrophils per 100 Leucocytes

Imm. R.B.C.'s/

1000:  Immature Erythrocytes per 1000 Blood Cells

THROM. : Thromchytes amongst 1000 blood cells

Nt.'s/1000 % Nt.'s Imm. R.B.C.'s/ THROM. I.N.D. No.Nu.
- 1000 . |

Length (cm.) -0.089  -0.293% - -0.018 0.036 0.158 -0.181
Weight (gm.) -0.032 o -0.261% 0.064 . -0.007 0.155 -0.162
Hematocrit ~0.071 -0.224  -0.034 0.019 0.512%%  -0.320%
Temperature 0.239 0.087 -0.096 - | 0.021 - =0.607%* 0.326%*
S.L.'s/1000 0.135 -0.459%* - -0.078 0.505%*  -0.275% 0.272% .
%°S.L.'s 20.427%* -0.992%*  0.009 . 0.284* -0.025 0.002
L.L."s/1000 -0.038  -0.101 0.134 -0.044 -0.198 1 0.163

% L.L.'s 0.201 0.615+«  0.017 = -0.319%  -0.094 0.056
Nt. 's/1000 +1.000 . 0.448%x -0.090 - 0.287* -0.149 0.186

% Nt.'s ©1.000 - ¢ -0.016 . -0.260% 0.044 ~0.009
Imm. R.B.C.'s/1000 1.000  -0.045. 0.018 - -0.008
Thrombocytes | ©1.000 - 0.022 0.041
I.N.D. | 1.000 ~0.691%*
No.Nu. 1.000

*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.250
**Significant at the 99 per cent Tevel , 1%: 0.325
Nt.'s/1000: Neutrophils per 1000 blood cells | I.N.D.: Interrenal Nuclear Diameter

 No.Nu.: Number of Interrenal Nuclei per
E Defined Area of Interrenal Tissue



TABLE XVII

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
INVOLVED IN THE CONTINUQOUS-LIGHT EXPERIMENTS

LENGTH  WEIGHT  HEMATOCRIT TEMPERATURE S.L.'s/]OOO _%S.L.'s L.L.'s/1000 % L.L.'s

Length (cm.) ' 1.000 0.918%* 0.345** -0.138 0.089 0.301* -0.139 . =0.252*
Weight (gm.) - 11.000 0.364**  -0.185 0.037 - 0.273*  -0.057 -0.253*
Hematocrit B ©1.000 -0.429%%  0.030 0.268 0.002 ~0.423%%
Temperature o | - 1.000 0.299*% -0.700 0.185 0.127
©S.L.'s/1000 | | o | .- 1.000 0.464%%  0.024  -0.337%*
4 S.L's oo | : | | 1.000 0.107 ~0.710%*
L.L.'s/1000 | | | o 1.000  -0.090
4 L.L.'s SRR S o - - B 1.000

Nt.'s/1000 | B ‘ - | '
% Nt.'s A
Imm. R.B.C.'s/1000
Thrombocytes
I.N.D.
No.Nu. v ‘
*Significant at the 95 per cent level - Critical Absolute Values: 5%: 0.250
**Significant at the 99 per cent Tevel - | - ‘ 1%: 0.325
S.L.'s/1000: Small Lymphocytes per 1000 blood cells | L.L."'s/1000: Large Lymphocytes per 1000 blood cells

% S.L.'s: - Small Lymphocytes per 100 Leucocytes %.LfL.'s: - Large Lymphocytes per 100 Leucocytes
- Temperature = Water Temperature at time of Autopsy ' ' '
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positive]y‘cbrre1at¢d; HoweQer; temperaturés were not corke1ated significantly
with e{ther the percentages of small lymphocytes, Targe Tymphocytes or
neutrophiis per hundred-leucocytes. Thrombocyte counts were not correlated
with water temperatures. A negative correlation existed between water

temperatures and hematocrits.

C. FLASHING-LIGHT EXPERIMENTS

Histology of the Head Kidney.and Interrenal Gland -

Head kidneys of both fhe April 7, 1969 stock-tank samp]é (water temp.
5°C.) and May 31, 1969 stock.samp1e (water temp. 9°C.) were moderately to
well vascu]arized. In both samples, interrenal tissue was moderately to
very hyperp1astic. Interrenal cells of fish from the first stock sample
- were hypertrophied, with enlarged nuclei and prominent‘nuc1eoli. Cytoplasm
waé evenly stained and non-vacuolated. However, in the second stock sample,
considerable atrophy of the 1nterrena1.tissue was apparent. Nuclei were
virregu]ar1y shaped, and Close]y apposed to each other. Nué]eo1f were not as
prominent as in the preceding stock sample. Cytoplasm of interrenal cells
often stained uﬁeven1y. Intercellular spaces within clusters of interrenal
cells were frequently observed. Mitotic figures were infrequentfy seen within
the interrenal tissue of the April 7, 1969 stock samp]e,‘but were never
observed in interrenal tissue from the May 31, 1969 stock sample.

Interrenal tissues of the'J, 2, 4, 7'and 8 day control samples and
fhé samples of fish exposed to continuously flashing 1light for twelve hours

or 1 day all appeared similar to the interrenal tissues of fish from the first
_-Stock tank.sample. Interrenal cells were hypertrophied, with no signs of
atrophy evident. Interrenal tissue from fish exposed to flashing lights for

2 days and from corresponding controls appeared to be somewhat atrophic.
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Within each head kidney, clusters Qf intgrrgna] ce]]s with irregularly shaped,
closely apposed nuclei ‘and unevenly stained cytoplasm were obser?ed. Inter-
renal cells within other ﬁ]usters were hypertrophied and healthy in appear-
ance. | |

Interrenalltissue from fish exposed to continuously flashing Tights
- for 4 days appeared to bé-generaIIy stimd1éted, with very few clusters of
somewhat atrophic interrenal cells. -On the other hand, interrenal cells.
from corresponding control fish were generally atkophic. Mitotic figures
were quite frequently obsérved within the interrenal tissue of experimental
fish, whereas mitotic figures were rarely observed within interrenal tissue
.of controls. - '

| :Ihterrenal cells wifhin head kidneys from fish expdsed to 8 days of

flashing Tights appeared to be less hypertrophied than previous samples,
~although interrenal tissue was still hypérp1ast1c. Many clusters of cells
appeared to be somewhat atrophic, although nucleoli were still prominent.
Mitotic figures were 1nfrequent1y.observed; Interrenal tissue from the
corresponding‘contro1 Samp]e was more atrophic, with considerable shrinkage
of ce]]s,_disp}aying 1ncbnspicuous nucleoli and unevenly stained cytoplasm.
No mitotic figurésAwere ohserved.

Head kidneys frém fish exposed to a continuously flashing 1ight for
16 daysiand from corresponding controls were not as extensively véscu]drized
as head kidneys from previous samples. Interrenal tissue of both experimental
and.control ffsh was extremely atrophic. A1l interrenal cells were shrunken.
: Within'a cluster of_ce11s, the very‘c1ose1y apposed nuclei were irregularly
shaped and densely stained, with véry inconspicuous nucleoli. Unlike
previous samples, the interrenal tissue was not hyperplastic. No mitotic

figures were found within the interrenal tissue of either experimental or



MEAN INTERRENAL NUCLEAR DIAMETERS (I.N.D.) AND NUMBER OF INTERRENAL NUCLEI
- PER DEFINED AREA OF INTERRENAL TISSUE (NO.NU.) OF JUVENILE COHO SALMON
INVOLVED IN THE FLASHING LIGHT-EXPERIMENTS

TABLE XVIII

23 Day Control

© Number ' Water I.N.D. (microns) NO.NU.
of Fish Sample Temp.
(°C.) Mean + S.E. Mean + S.E.
4 April 7/69 5.0 6.61 + 0.02 22.3 + 0.
Stock
A4 May 31/69 9.0 . 6.33 +0.03 25.3 + 0.
| Stock - .
4 April 8/69 5.5 6.62 + 0.02 21.7 + 0.
: 1 Day Control , '
4 April 9/69 5.5 6.54 + 0.02 23.9+0
' ~ 2 Day Control
4 April 11/69 5.5 - 6.60 + 0.02 22.5 + 1.
. 4 Day Control -
4 April 16/69 6.5 6.58 + 0.02 21.8 + 0.
12 Hour Flash '
4 . April 16/69 6.5 6.82 + 0.03 18.8 + 0
v 7% Day Control :
4 April 25/69 6.5 6.75 + 0.03 20.2 + 0.
1 Day Flash S :
4 April 25/69 6.5 6.56 + 0.03 .22.8 + 0.
: 8 Day Control _ :
4 May 5/69 7.5 6.49 + 0.02 21.6 + 0.
2 Day Flash ,
4 May 5/69 7.5 6.54 + 0.02 20.1 + 1.
: 9 Day Control
4 May 16/69 8.0 6.53 + 0.02 22.6 + 0.
4 Day Flash
A May 16/69 8.0 6.43 + 0.02 24.5 + 0
11 Day Control
4 May 31/69 9.0 6.33 + 0.03 23.0 + 1
8 Day Flash : _ _ :
4 May 31/69 9.0 6.19 + 0.02 24,6 + 0.
' 15 Day Control : - :
4 June 23/69 9.5 6.01 + 0.02 28.9 + 1.
16 Day Flash A
4 June 23/69 9.5 5.95 + 0.02 30.5 + 0.

136
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FIGURE 61: Effect of continuously flashing lights on nuclear
diametefs’of interrenal cells, and on hematocrits

and small-Tymphocyte counts in juvenile coho salmon.
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FIGURE 62: Effect of continuously fTashing lights on nuclear
| diameters of interrenal cells, and on thrombocyte and

neutrophil counts in juvenile coho salmon.
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FIGURE 63: Interrend] cell size* in juveni]é coho salmon from the

continuously f]ashing—]ight experiments.



- B
2 x
§;§,3Q__ f;
]
Eé X, n -
- X <
Ok 20 1
.43 =
K
EL:
gt&
oH
nig 10__
i’
+
3
g oLl .
StockStock 1lDay 2Day 4Day Day 7%Day lDay 8Day 2Day 9Day 4Day llDay 8Day 15Day l6Day 23Day
1 2 cntl.Cntl.Cntl.Flash Cntl.Flash Cntl.Flash Cntl.Flash Cntl.Flash Cntl. Flash Cntl.
Water

Temp (c): 5.0 9.0 5.5 5.5 5.5 6.5 6.5 6.5 6.5 7.5 7.5 8.0 8.0 9.0 9.0 9.5 9.5

*Interrenal cell size is inversely related to the
number of interrenal cell nuclei per defined area.

**Defined area is 450 m2 of interrenal tissue.



140

control head kidneys.

| The mean diameters of interrenal éeW] nuclei for all samp1és‘of fish
“involved iﬁ.ﬁhe f?ashing~}ight experiments are presented in Figures 61 and
62 and Table XVIII. The mean interrenal nuclear diameter for the April 7,
1969 stock sample was very»significént1yb(pc:0.0]) larger than the mean
va1ue‘fpr the May 31, 1969 stock sahp]e according to Scheffe‘f test. Mean
interrenal nuclear diameters (I.N.D.'s) for the‘T, 2, 4, 8, 9 or 11 day
cohtro]s did not differ significantly from the meaﬁ diameter oflinterrenal
nuclei for the April 7, 1969 stock sample, a]though the meén diameter for
~ the 7 day.contrOT sample was very significantly 1arger. I.N.D.'s for samples
of fish exposed to flashing Tights for twe?ve.hours, 1, 2 or 4 days did not
differ significantly from the mean nuclear diametef for the April 7, 1969
stock sample. .However, mean diameters of interrenal cell nuclei for fﬁsh
exposed to continuous]yrf1ashing'1ights for 8 and 16 days, and for
corrésponding controls were very significantly smaller than the I.N.D. for
‘the first stock sample.

Mean diameters of interrenal cell nuclei for the 1, 2, 4, 7,'8 and
9 day-control samples and for the twelve hour, 1, 2 énd.4 day?flash samples
a11-were very significantly Tlarger than tHe mean diameter for the May 31,
' ]96§ stock samp}e. Héwever, mean I.N.D.'s for the 11 day control sample
" and for both the 8 day-flash and control fish sampled on May 31, 1969 did
not differ significantly from the value for this stock sample. Nuclear
diameters for fish exposed to continuously flashing lights for 16 days and
for corresponding controils were very significantly smaller than the mean
interrenal nuclear diameter fof the second stock sample. |
The mean interrenal nuclear diameter for the fish exposed to

flashing lights for twelve hours was significantly smaller than the
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_Corrésponding control value, whereas the mean nuclear diameter for fish from
the 1 day-flash experimént was significantly larger than the I.N.D. for
contro1s.b In the other eXperiments; mean diameters of interrenal cell nuclei
for fish'eprsed to varyfng periods of f]ashing lights did not differ
éignificantly from va]ues_for corresponding controls. However, meén nuclear
diameters for_fish exposed;to 4, 8 or’16.déys of continuously flashing lights
were 1afger thén nuclear diameters for corresponding control samples.

- The mean interrenal cell size for each sample is fepresented in
 F1gure 63 and Table XVIII. The mean number of interrenal cell nuclei per
defined area of jnterrena1 tissue (No. Nu.) for the first stoék samp1e did
not differ signjficant]y from the mean value for the second stock sample
according to Scheffe's test. However,_intérrena] cells for the first stock
“sample were larger (smaT]er No. Nu.). The mean number of 1nterrena]‘nuc1e1
per defined area fér the first stock sample was vefy significantly smaller
than mean values for fish exposed to flashing lights for 16 days and. for
corrésponding contro]é, but did'not differ signifiéant1y from other samples.
No. Nu's for the 16 day-flash and corresponding control samp]esvwere very
significantly larger than mean values for all previous samples excluding the
second stock sample. In each experiment, mean numbers of interrenal nuclei
per defined area for fish exposed to flashing Tights never differed
significantly from corresponding control values. However, interrenal cells
of fish exposed td 4, 8 or 16 days‘of Continubusly flashing lights were

larger (smaller No. Nu.'s) than values for cor?esponding controls.

Mean Blood Cell Counts

Mean blood cell counts for samples of juvenile coho involved in the

flashing-1light experiments are presented in Table XIX. The mean number of
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small lymphocytes per thousand b1oqd cel]s for the first stock-tank sample
(water temp. 5.0°C.) was smaller than the mean value for the second stock
sample (water temp. 9.0°C.). However, this difference was not signfficant
éccording to Sfudent}s t test. Va1ues'for 1, 2 and 4 day-control samples
were similar to the first stock sample (see Fig. 61 and Table XIX). S.L.'s/
1000 for succeeding control samples genera]Ty increased with warmer water
temperatures. - S.L.'s/1000 for the 1, 2 and 4 day-control samples and for
-the firﬁt stock sample were-very significantly smaller than the mean value
for the 23 day control sample. Mean small-lymphocyte counts for Samples of
fish exposed to varying periods of flashing lights were smaller than
corresponding control values for all expériments. However, these differences
~ were onfy éignificant for the 2 and 8 day-flash experiments.

Mean thrombocyte counts for control samples did not differ significantly
from one another. However, mean values for samples of fish’exposed to vary-
ing periods of flashing ]ights were extremely variable (Fig. 62 and Table
XIX). Furthermore, mean thrombocyte counts for samples of fish exposed to
‘continuously flashing Tights for twelve hours, 1, 2, 4 and 8 days were
smaller than values for corresponding controls. HoWever,.differences were
on]y'significanf for the 2 and 8 day-flashing light experiments.

Mean numbers of Targe lymphocytes per thousand blood cells were
negligible for all samples. Mean numbers of neutrophils per thousand blood
cells were Tow for all samples (Fig. 62-and.fab1e XIX).

Mean hematocrit va1ue$ for each sample are presented in Figure 61
and Table XIX. Hematocrits for samples of fish exposed to twelve hours, 2,
4, 8 and 16 days of continuously-flashing Tights were Tower than values for
corresponding.contro1s. However, these differences were not significant

according to Student's t test.
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Correlation Coefficients of Variables Measured in the Flashing-Light
Experiments | ‘

A correlation matrix for all variables measured from juvenile coho
salmon involved in the continuously f1a§hing-1ight ekperiments is presented
in Table XX. Summary statistics for each variable aré.presented in Table
S VIDY of Appendix II. | - |

“As in all previous experiments, interrenal nuclear diameters (I.N.D.'s)
‘and numbers of interrenal nuclei per defined area of interrenal tissue
(No. Nu.'s) Wérevnegative1y correlated. I.N.D.'s were negatively corre1ated
with numbers of small lymphocytes per thousand biood cells, whereas No. Nu.'s:
‘were very positively correTéted with this yariab]e; Neither I.MN.D.'s nor
No. Nu;'sbwere significantly correlated with either numbers of large
Tymphocytes or numbers of neutrophils per thousand blood cells. Furthermore,
- diameters of interrenal cell nuclei or numbers of interrenal nuclei per.
defined érea were not significantly correlated with numbers of small
1ymphocytes, iarge Tymphocytes or neutrophils per hundred leucocytes, or with
thrombocyte cbunts.v

| As in all previous experiments, numbers of small Tymphocytes per
" thousand blood cells (S.L.'s/1000) were positively corre]afed with numbers
of small lymphocytes pef hundred ]eucocytes, and with numbers of thrombocytes
amongst one thousand blood cells. Thrombocyte counts were also pdsitive]y
corre1afed with numbers df large ]ymphocytes and neutrophils per thousand
blood cells. vS.L.'s/]OOO were nof correlated with numbers of large
_ lymphocytes per thousand blood ce11§, but were positively correlated with
numbers of neutrophils per thoqsand blood cells. Numbers of large lymphocytes
per thousand blood cells and numbers of large 1ymphbcytes per hundred

Teucocytes were positively correlated. ‘Neutrophils per thousand blood cells



TABLE XX

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON 
~ INVOLVED IN THE FLASHING-LIGHT EXPERIMENTS

NT. 571000 % Nt.'s Imm. R.B.C.'s/ __ THROM ___ I.N.D. No.Nu.
_ - 1000 -
Length (cm.) . o -0.7194 - -0.798 : -0.104 - -0.048 -0.302* 0.285*
Weight (gm.) A -0.189 -0.205 . -0.104 ‘ -0.039 -0.323* 0.366%*
Hematocrit | 0.028 -0.047 -0.237 - 0.056  -0.027 0.174
Temperature " 0.164  0.027  -0.069 S -0.111 -0.707%%  0.581%*
S.L.'s/1000 ' | 0.346**  -0.353** -0.173 0.503**  -0.350** 0.405%**
% S.L.'s o ©-0.234%%  -0:971%*  0.230 . 0.104 -0.098 0.233
L.L.'s/1000 - ° o 0.147 0.211 0.076 0.272*  -0.058 0.014
% L.L.'s . , - 0.071 - 0.3971%* -0.031 -0.114 -0.025 -0.183
Nt.'s/1000 1.000 0.237 . =0.131 . 0.302* -0.050 0.039 -
% Nt.'s | 1.000 - -0.267* -0.075  0.088 = -0.19]1
Imm. R.B.C.'s/1000 , _ 1.000 0.016 0.139 -0.151
Thrombocytes , ' . 1.000 0.044 -0.010
L.N.D. | 1.000.  -0.775%*
No.Nu. . : . 1.000
*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.250

**Significant at the 99 per cent Tevel ' 1%: 0.325
Nt.'s/1000: Neutrophils per 1000 blood cells - I.N.D.: Interrenal Nuclear Diameter
% Nt.'s: Neutrophils per 100 Leucocytes | No.Nu.: Number of Interrenal Nuclei pér

Imm. R.B.C.'s/
1000: - Immature Erythrocytes per 1000 blood cells
THROM. : . Thrombocytes amongst 1000 blood cells -

Defined Area of Interrenal Tissue



TABLE XX

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
INVOLVED IN THE FLASHING-LIGHT EXPERIMENTS

LENGTH  WEIGHT HEMATOCRIT TEMPERATURE S.L.'s/1000 % S.L.'s L.L.'s/1000

% S.L.'s:

Temperature = Water Temperature at time of_Autopsy

% L.L.'s
Length (cm.) 1.000 0.947**  (.347%* 0.258* 0197 0.179 -0.103 0.013
Weight (gm.) 1.000 0.4471%%* 0.331** 0.218 © 0.175 -0.067 0.065
Hematocrit 1.000  -0.053  0.123 0.078 . 0.010  -0.093
- Temperature 1.000 0.267* -0.028 0.024 - 0.097
S.L.'s/1000 1.000 0.346%* 0.082 -0.181
% S.L.'s 1.000 -0.257%  -0.575%*
L.L.'s/1000 ‘ 1.000 - 0.281*
% L.L.'s 1.000
Nt.'s/1000 -
% Nt.'s :
Imm. R.B.C.'s/1000
Thrombocytes
I1.N.D.
No.Nu.
*Significant at the 95 per cent level  Critical Absolute Values:  5%: 10.250
#*Significant at the 99 per cent level . | 1%:  0.325
S.L.'s/1000: Small Lymphocytes per 1000 blood cells L.L."'s/1000: Large Lymphocytes per 1000 blood cells

Small Lymphocytes per 100 Leucocytes 9 L.L.'s: ’ Large Lymphocytes per 100:Leucocytes
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and neutrobhiTs per hundred 1eﬁcocyt¢s were also positively (although not
significantly) correlated. |

As in the continuous-1ight experiments and in ekperiments where fish
‘were autopsied seasonally at Bertrand Creek, water temperatures dt thg time
of autopsy were negatively correlated with diameters of interrenal ée]i
nuclei, and positively correlated with the numbers of interrenal nuclei per
defined area. Temperatures were also positive]y'COrreTatéd with numbers of
small Tymphocytes per thousand blood cells. However, water temperatures
were not significantly correlated with numbers of small lymphocytes, large
lymphocytes or neutrophils per hundred lehcocytes, or with thrbmbocyte counts

or hematocrits. ' ‘

Correlation Coefficients of Variables Measured from all EXDeriments

A corfe]ation matrix for variabTes measured in juvenile coho salmon
_ invo1ved.in all experiments (excluding injectionAexperiments) is presented
in Tab]e XXI. Summary statistics for each variabje are found in Table VIII
of Appendix II.

Interreﬁa] nuclear diameters (I.N.D.'s) were‘pOSitivéiy correlated’
with Tengths and weights of fish. Numbers of interrenal nuclei per defined
area of interrenal tissue (No. Nu.fs) were negatively correlated with lengthé,
but were not significant]y related to weights. I.N.D.'s'and No. Nu.'s were
negatively correlated. Both numbers of small lymphocytes per thousand
blood ceT]svand numbers of small Tymphocytes per hundred Teucocytes were
negatively ;orre]ated with diameters of interrenal nuclei, and positively
correlated with numbers of interrenal nuclei per defined érea. Neither
large lymphocytes per thousand blood cells, neutrophils per thousand blecod

- cells nor thrombocytes amongst one thousand blood cells were significantly



TABLE

XXI

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON .
- FROM ALL EXPERIMENTS

Tmm. R.B.C.'s/ _ THROM. _ I[.N.D. _ No.Nu.  ZXXE.N.D.

% Nt.'s:” ~ Neutrophils per 100 Leucocytes
Imm. R.B.C.'s/ :
1000: Immature Erythrocytes per 1000 blood cells

THROM. : Thrombocytes amongst 1000 blood cells

Nt.'s/1000 % Nt.'s

4 , 1000 |
Length (cm.) 0.160* 0.107 0.173* 0.077 0.422%* - -0.274%* 0.365%*
Weight (gm.) 0.146 0.054 0.165* ©0.055 0.277*%  -0.108 0.308*
Hematocrit -0.097 -0.291** -0.162* -0.029 -0.187%* 0.099 -0.088

" Temperature -0.139* -0.374** -0.185%* 0.200%* -0.655**  0.416**  -0.524**
S.L.'s/1000 -0.035 -0.505**  -0.007 0.579%* -0.265%%  0,198%*  -0,357%*
% S.L.'s -0.249**  -0.980** -0.013 0.323%% -0,273*%*%  0.194**  -0.527**
L.L."'s/1000 -0.006- = -0.082 -0.058 0.043 -0.051 - = -0.020 0.011
% L.L.'s 0.047 0.456** 0.005 -0.289%*  0.133 -0.048 0.176
Nt.'s/1000 1.000 0.277%* -0.023 0.136  0.101 -+ 0.002 0.275*
% Nt.'s | 1.000 0.013. -0.297%%  0.271%*  -0.195** 0.551**
Imm. R.B.C.'s/1000 1.000 0.045 0.182**  -0.092 0.253
Thrombocytes 1.000 -0.024 -0.068 - -0.245

C1.N.D. 1.000 - -0.640%*  (0.556%*
No.Nu. 1.000 -0.624%%
E.N.D. 1.000
*Significant at the 95 per cent level Critical Absolute Values: 5%: 0.138
**Significant at the 99 per cent level ‘ - 1% 0.181
Nt.'s/1000: Neutrophils per 1000 blood cells I.N.D.: Interrenal Nuclear Diameter

No.Nu.: Number of Interrenal Nuclei per Defined
Area of Interrenal Tissue
E.N.D.: Epsilon Cell Nuclear Diameter
%% Critical Absolute Values for E.N.D.'s: 5%: 0.273
: 1%: 0.354



TABLE XXI

CORRELATION MATRIX OF VARIABLES MEASURED FROM JUVENILE COHO SALMON
FROM ALL EXPERIMENTS

LENGTH _ WEIGHT HEMATOCRIT TEMPERATURE S.L.'s/1000 % S.L.'s L.L.'s/1000 % L.L.'s

Length (cm.) 1.000 0.941%* -0,188** -0.374**  -0.064 = -0.067 -0.013 -0.068
Weight (gm.) 1.000 -0.176* -0.257**  -0.043 -0.020 _ - -0.004 -0.071
Hematocrit ‘ » 1.000 0.455%% 0.182%* 0.252%* -0.077 -0.006
Temperature - ‘ -+ 1,000 0.460** 0.381%% 0.107 -0.238**
S.L."'s/1000 _ ' 1.000 0.513%* . 0.123 -0.3171**
% S.L.'s B : | 1.000 ~0.064 -0.612%*
L.L.'s/1000 | | | . 1.000  0.049

% L.L.'s S | | o | . 1.000
Nt.'s/1000" | | .

% Nt.'s _

Imm. R.B.C.'s/1000

Thrombeccytes

I.N.D.

No.Nu.

E.N.D. | |

*Significant at the 95 per cent Tevel : | Critical Absolute Values: 5%: 0.138
**Significant at the 99 per cent level - L - - 1%: 0.181
S.L."'s/1000: Small Lymphocytes per 1000 blood cells L.L.'s/1000: Large Lymphocytes per 1000 blood cells
% S.L.'s: Small Lymphocytes per 100 Leucocytes | % L.L.'s: Large Lymphocytes per 100 Leucocytes

Temperature = Water Temperature at time of Autopsy ‘
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correlated with inte%rena] nuc]ear;diameters or No. Nu.'s.vaowever, numbers
6f neutrophils per huﬁdred<1eucocytes (% Nt.'s) were positively correlated
with intefrena] nuclear diameters, and negatively correlated with numbers of
interrenal nuclei per defined area. Numbers of immature érythcocytes per
thousahd blood cells were positively correlated with I.N.D.'s, although not
sjgnifiéant]y correlated with No. Nu;}s.

Epsijoh cell nuclear diameters (E.N;D.‘s) were‘positive1y correlated
wifh lengths and weights. E.N.D.'s were very significant1y positively
correlated with interrenal cell nuc]ear'diameters, while being very
signifjcant]y negative1y~corre1ated with numbers of interrenal nuclei per
defined area of interrenal tissue. Both §.L.'s/1000 and.% S.L.'s were
negatively corre1aﬁed with epsilon cell nuclear diameters. L.L;'s/1000 and
% L.L.'s weré not significant]y correlated with E.N.D.'s, whereas Nt.'s/1000
and % Nt.'s were positively ;orreTated with E.N.D.'s.

Both numbers of small Tymphocytes pef thousand b1ood cells and
numbers of small 1ymphocytes péf hundred Teucocytes were positively
correlated witﬁﬁihrombOCyte counts from all expériments. S.L.'s/TOOO and
% S.L.'s were a1$o positively correlated, as were Nt.'s/1000 and % Nt.'s.
waever, L.L.'s/1000 and % L.L.'s were not significantly corre]afed.

Values for hematocrits from all experiments were positively correlated
with S.L.'s/70C0 and % S.L.'s, .and negatively correlated with % Nt.'s.
Hematocrits were also negatively éorre]ated with interrenal nuclear diametefs
and numbers of immature erythrocytes.

Some very interesting correlations were found when variables
measured from fish were compared with water temperatures at the time of
autopsy. Both intefrena] cell nuclear diameters and epsilon cell nuclear

diameters were very significantly negatively correlated with temperatures.
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Numbers of interrenal cell nuclei per defined afea; on the other hand,

were positively correlated with water temperatures.  Temperatures were also
positively correlated with numbers of small lymphocytes per thousand blood
cells, numbers of small lymphocytes per hundred leucocytes and with
thrombocyte counts. Numbers of Targe lymphocytes per thousand blood cells
were positively (a]though not significantly) correlated with temperatures,
whereas numbers of neutrophils pér thousand b1ood‘ce11s were significantly
negatively correlated with temperatures. Numbers of immature erythrocytes
were negatively correlated with temperatures. Finally, hematocrits were

positively correlated with water temperatures at the fime of "autopsy.
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_DISCUSSION

Many investigators have noticed an éffect in higher vertebrates of
dUration of exbosure to varying periodé of light and darkness on their |
endocrine functions. The single environmental factor generally believed
to be mést critﬁcaliin regulating the devé]opment and periodicity of
reproductive activity isvlight (Gorbman and Bern, 1962). Experimental
_manipuiaiion of daily photoperibd affects the release of pituitary
gonadotropin in rats (Negro-Vilar g;_gl,, 1968). Several studies Eave
reported circadian rhythms in adrenocortical secretion in mammals
(Guilleman et al., 1959; Mills, 1966). These rhythms are altered by

exposure fo constant light (Halberg et al., 1953; Cheifetz et al., 1968).
| In te]eost‘fishes, experimenfa1 manipulation of daily photoperiodii;q
causes behavioral changes (Northcote, 1958; Baggerman, 1960b; McCrimmon
~ and Kwain, 1966; Chaston,_1968), Photoperiod affects thyroid actiVity (Eales,
1965) and the degree of silvering (Hoar, 1965; Johnston and Eales, 1968) of
salmonids undergoing the transformation from parr to smolt. Gonadal |
maturation and reproductive activities of the stickleback ére dependent on
the photoperiod (Baggerman, 1957; Hoar, 1962) as is prolactin secretion
(Lam, 1965). Thus it appears that in teleosts, as in higher vertebrates,‘
the activity of several endocrine organs is regulated or modified through
the changing length of the photoperiodbthroughout the season.

Only one previous report has appeared on the effect of a marked

change in daily photoperiod on the interrenal activity'of a teleost fish.

Rasquin’and Rosenbloom (1954) submitted Astyanax mexicanus to prolonged

periods of continuous darkness. Hypertrophy and hypérp]asia of the
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1ntérrena1 tissue was observed after two weeks of darkness, accompanied by a
loss of Tymphoid elements from the head kidney, thymus and spleen. This
stimulation of the interrenal tissue, as well as other endocrinological
alterations, was observed in fish maintainea.in darkness for several months.
Rasquin and Rosenbloom considered raising fish in darkness as equivalent to
subjecting them to 1ong-¢ontinued_stfess:

According to criteria used in the present study to assess interrenal
Aactivity (degree of hyberp]asia, nuclear and cell size, nucleolar prominence,
appearance of.cytoplasm, Frequency of mitotic Fig&res, degree of vascularization
of head’kidney),_the interrenal fiséue of fish maintained in continuous
_darknes§ for varying numbefs of days was generally more active than that of
corresponding controls subjected to a twelve hour photoperiod. In addition,
mean small~lymphocyte and-thrombocyﬁe counts for darkness-maintained fish
“were generally lower than values for corresponding contro] samples. Thus,
as in the study by Rasquin and Rosenbjoom (1954), exposure of fish to
éontinuous darkness stimulated the interreha] tissue of juvenile coho
salmon. This stimulation was reflected in characteristic alterations of the
 numbers of.circulatjng 1eucocytes. However, unlike the previous study, the
initial increased activity of the interrenal tissue of juvenile coho salmon
exposed to continuous total darkness waé not maintained wifh prolonged
periods of darkness. The interrenal tissue of both dark-maintainéd and
“corresponding control fish appeéred to be initially stimulated following
transfer of fish from stock tanks to individua] compartments, as evidenced
by the'mérked differences in interrenal tfssue when these samples and the
_stpck—tank sample were compared; Additiona]]y, mean nuclear diameters of
epsilon cells in the rostral pars distalis of the initial control and

experimental samples were very significantly larger than the mean epsilon
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nuclear diameter of the stock;tank sample. However, interrenal activity of
both experimental fish and of corresponding controls decreased with _
increasing numbers of days that fish were maihtained in compartments prior
to sacrifiée. Thus, evidence is providéd for an involvement of the pituitary-
interrenal axis of juvenile coho sé]mon during the acclimatization of
- these fish to an altered environment. Ansimi1ar difference in activity
of the pituitary-interrenal axis was observed whenvthe uninjected control -
'samp1e of fish maintained in compartments for two weeké was compéred with
the stock-tankvsamp1e in the ACTH-injection experiment. Chavin's (1964)
observation of increased blood glucose levels in goldfish transferred from
one aquérium to another fuftﬁef supports the present evidence for a
pafticfpafion of the pituitary-interrenal axis of fish in the acclimatory
response to(environmenta1 alterations. Exposure of fish to continuous
- darkness in the present study cou1d be considered an additional environmental
alteration; requiring further . interrenal activity for the fish to acclimatize
to its surroundings.l

Examination of gut contents on autopsy revealed ho decrease in
- amount of food consumed by dark-maintained fish compared with Corresponding
controls. Theréfore the increased interrenal activity observed in dark-
maintained fish cannot be attributed toistatvation. Likewfse, it is unlikely
that this difference is due to a possible diurnal variation in secretory
-activity of the interrenal tissue, since all fish were sacrificed during the
dark phase of the daily photoperiod. It has been observed by myself and by
Hoar (1951) that coho fry in their ﬁatura] habitat remain quiescent at
night. Unfortunately, the activity of coho fry maintained in continuous
.toga] darkness for varying numbers of days 1$ unknown.

Unlike the continuous-darkness experiments, no consistent
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differences in actiQity of the interrenal tissue of juvenile coho salmon
were found when fish maintainéd in continuous Tight for varying numbers of
days and Eorresponding control fish receivingla twelve hour photoperiod
were compared. - Furthermore, the interrenal tissue of fish maintained in
continhous 1ight for 2, 4 or 8 days was very active aécording to criteria
used to assess interrenal activity in:these studies. Therefore, éxposure
of fish to pfoionged periods of continuous light does not inhibit increased
acﬁivity'of the pituitary-ihterrena] axis in this study. This observation
tends to negate the possibility that the inactivity of the interrenal tissue
found in Bertrand Creek samples of coho during the Tate spring, summer and
early fall was due to the inhibitory effect of a iong photoperiod.

| The interrenal tissue df juvenile coho sé]mon exposed to
' continqous]y flashing 1fghts for varying numbers of days was generally more.
active according to criteria used in this study than was the interrenal tissue
of corresponding control fish receiving a twelve hour photoperiod. In
addition, both sma11—1ymphocyte'and thrombocyte counts were Tower for fish
exposed to varying periods of flashing Tight than for cofresponding controls.
Furtherﬁore, interrenal activity of both flash-exposed fish and corresponding .
controls decreased Qith increasing numbers of days that fish were_maintained
in individual cbmpartments prior to sacrifice. This decreased interrenal
activity with time was accompanied by a general increase in the small-
lymphocyte count. From these obsefvations it appears that a continuously
flashing Tight is an abnormal environmental stimulus to Juvenile cohb $a1m6h,
evoking an.incréased activity of the interrenal tissue with concomitant
alterations in numbers of circulating leucocytes. However, the decreased
interrenal activity of both f]ash—exposed fish and corresponding controls

~with increasing numbers of days of residence in compartments might
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represent aﬁ acclimatization of these fish to an altered environment,
similar to that discussed in thé continuous-darkness experﬁments.

It was noted in fhe flashing 1ight experiments that hematocri ts
were consistently (although not significantly) lower for fish exposed to
varyiné periods of flashing lights than corresponding control values.

| Randall et al. (1967) reported that during moderate exercise in trout the

oxygen transfer factor increased almost fivefold, and suggested that factors
augmentihg gas exchange at the gills during exercise should also augment
wéter exchange. An uptake of water during exercise of trout has also been
reported (Stevens, 1968). Although variations in activity of f]ash-exposed
fish compared with cdntro1s were not observed in the present study, it is
possible that exposure of juvenile cqho salmon to a continuously flashing
'Tight caused an increasé in activity, resulting in a slight but consistent
decrease in hematocrit.

Several fepofts have appeared on variations in the adrenocortical
function of mammals exposéd to énvironmenta1 temperature extremes. Kotby
_E_él, (1967) found a highly significant elevation of plasma corticosterone
levels in rats exposed to a high ambient temperature. The adrenal cortex
of mammals also is activated during cold acclimation (Heroux and Hart, 1954;
Heroux, 1960). Howevef, increasing evidence indicates that hyperactivity of
the .adrenal cortex is essential only during the initial acclimatory response
to cold (Bou]duard, 1963; Straw and Fregly, 1967). It is speculated that
the enhanced adrena]Qbituitary function is re]éted to the increased metabolic
demands for heat production which may be met initially by an increased
utilization of body protein, under the influence of adrenocortical hormones,

but later by an increased caloric intake.

The onTy published report of the response of the adrenocortical



155

(interrenal) tfssue of teleost fishes to temperature extremes is that of
Mahon et al. (1962). Goldfish were exposed to high and Tow lethal
temperatures, and the histo1egy of the interrenal tissue examined. High
temperature produced an exhauétfon of Targe areas of the interrenal cells,
whi1e chilling temperatures caused‘a mild stimulation of the interrenal
tissue. UnfortunateTy, since temperature extremes used in this study were
.'1etha1, no evidence Qas provided as to the particiﬁation of the pituitary-
“interrenal axis of fishes during temperature acc]imatipn.
| In Section II, an increased activity of the interrenal tissue was
reported for juvenile cono salmon taken from Bertrand Creek during the
winter. This inereased interrenal activity was tentatively attributed to
the decreased ambient water temperature, a?though other seasonal alterations -
whfch might account for this Variation in activity were considered., In this
Section, considerab]e evidence is provided which ihdicates that the activity
of the interrenal tissue of queni1e ceho salmon is increased by exposure
of these fish to cold water temperatures in the laboratory, and that this
incredsed interrena1 activity is reflected in characteristic alterations
~in numbers of circulating Teﬁcocytes. In the continQous—darkness
: experimente, a‘marked'iymphopenia and thrombocytopenia was observed in fish
from the eight day experiment (water temp. 5°C.) compared with other
samples obtained when ambient temperatures were warmer. The interrenal tissue
of these fish was very active according fo hjsto]ogica] criteria. A
‘ comperison of stock—tank samples in both the continuous—1ight.experiments
Qand the flashing-light experiments provides further evidence for an
inverse re]ationship-between ambient water temperatures at the time of
‘autopsy and the activity of the 1nterrena] tissue. In addition, in the

Continuous-]ight experiments, the interrenal tissue of both experimental and
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control sampies of ffsh maintained in compartments for considerable periods
of.time was more active than that of previous samples. This variation in
1nterrenaf activity, along with characteristic alterations in small-
]ymphocyte counts, could be attributed to a sharp decrease‘in water
temperétures in the latter experiments. Contrary to this, water temperatures
rose in the Tatter flashing-light éxpériments. Correspondingly, the activity
of the interfeha] tissue of both flash-exposed fish and céntro]s decreased
with increasing water temperatures, while mean small-Tymphocyte counts
increased._

- Further support for the hypothesis that there is an interreTationship
between water temperature and interreﬁa1‘activity 1§ provided by correlation
coefficients. In bbth the éontinuous—1jght.andvflashing~light experiments,
“ambient water temperatufes at the time of autopsy were very significantly
negativeTy correlated with nuclear diameters of 1nte%rena] cells and with
estimates of 1nterrenai cell size, and were positively corréTated with small-
lymphocyte counts. Thus, it appears from these studies that the pituitary-
interrenal axis of juvenile coho salmon is stimulated by exposure of fish
to low ambient water temperatures, and that this stimulation is accompanied
by a cﬁaracteristicl1ymphopeh1a. These findings are consistent wiﬁh Fry and
Hochachka's (1970) model, proposing active participation of glucocorticoids
in teleost fishes during cold acclimation. Since temperatures along with
other environmenté] variables f]uc{uated markedly throughout these studies,
it s impossible in this investigation to ascértain whether or not thé
increased activity of the interrenal tissue is essential only during the
initial acclimatory response to cold.

In Section I, it was found that variations in the activity of the

pituitary-interrenal axis of coho fry are reflected in characteristic changes
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in the numbers of c1rcu1ating 1eucqcytes. ’Simi]ar_a]terations in circu]atihg
leucocyte counts associated with increased interrenal activity were found in
juvenile coho salmon exposed to low ambient water temperatures in their
natural hebitat or in the laboratory. However, these studies do not
establish that the alterations in Teucocyte counts wifh temperature are in
- reality a reflection df the activity of tﬁe pituitary—interrenal axis, rather
than a direct effect of temperature on the hematopoietic tissue or on the
circulating leucocytes. To clarify this relationship, it would be wortﬁ-
while to expose both hypophysectomized and sham-hypophysectomized fish

(or fish injected‘with metopjrone, an inhibitor of adrehocorticosteroid
.synthesfs)‘to temperature extremeé, and.to_determine the effect on counts of
' .cireu1ating 1euéocytes. |

A marked seasonal difference in thermal resistance has been reported

in sfudies of goldfish. Fish were more resistant to heat during the summer
. and more resisfant to cold fnethe winfer (Hoar, 1955)ﬂ‘ This difference in

thermal resistance is attributed to seasonal variations 1h-phofoperiod,
-sincelong photoperiods - like summer conditions - increase resistance_to heat
while short photoperiods - 1ike winter cqnditions - iﬁcrease resistance to
cold temperature‘(Hoar; 1956; Hoar and Robertson; 1955). Thus seasonally
changfng photoperiods adjust the metaboiism-of the fish to anticipate abrupt
seasonal temperature changes. In the present'study it has been concluded
that the pituitary-interrena] axis of juvenile coho salmon is activated
during'co1d temperature acclimation. Fufthermore, evidence is presented
- which indicates that the interrenal tissue is ‘more active Qhen these fish
- are maintained in the absence of light, as compared with interrenal t{ssue
of eorrespOnding.contFOTS receiving a twelve hour photoperiod. From _ |

these findings, it is possible to speculate that adjustments in the activity -
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of the pituitary-interrenal axis of fish,are involved in the temperature
comﬁensations that depend on photoéeriod. Decreasing photoperiods in the
autumn possib1y might activate the pituitary-interrenal axfs of fish in
order to facilitate the metabolic adjustments observed in teleost fishes
during cold temperature acclimation. Thus the metaboiism of the fish would
be adjusted to anticipate an abrupt decline in temperature, which_might
otherwise be Tethal. This hypothesis is spécu]atfve, and requires a careful
éxamination of the activity of the pituitary-interrenal axis of fish
maintained under differing controlled conditions: of photoperiod and
temperature for confirmation or rejéction.

“Correlation coefficients were determined for variables measured in
vjuven11e tho’saTmon involved in all experiments (exc]uding 1nje¢tion
‘experimenfs), 'These correlations were based on daté measured in 270 fish.

It Was felt that this large sample size would make it possib1é to clarify the
interrelationships of the variables measured. o

The very significant negative correlation between .N.D.'s and
No. Nu.'s estab]fshes that the nuclear hypertropﬁy 1s'agcompanied by a
corresponding increase in cell size. The very significant positive‘corre1ation :
betwéen’I.N.D.‘s and E.N.D."s and the very significant negafiye correlation
between E.N.D.'s and No. Nu.'s are consistent with the hypothesfs that the
epsilon cells are the ACTH-producing cells of_juveni]e coho sa]mon. These
correlations also indicate that variations 1ﬁ nuc1ear.diameters of epsi]on_
cells ref]ecé a?feratiohsvih»activify of these cells.

Severa1 significant correlations were found betwgen'differentia1
]eucpcyte counts and the variables measured to assess the activity of the

interrenal cells and epsilon cells. Both S.L.'s/1000 and % S.L.'s were

very significantly negatively correlated with I.N.D.'s and E.N.D.'s, while
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sma11—1ymphoﬁyte counts were very significantly positive1y correlated with
No. NQ.'sf It is concluded from thesé correlations and from other data
previously dichssed that a decrease in numbers of circulating small 1ympho-
cytes in juvenile coho salmon ref]ects'an increase fn activity of the
pituitary-interrenal axis. On the other hand, thrombocyte counts were not
signifiéant]y correlated with I.N.D."'s, No. Nu;'s or E.N.D.'s, although
numbers of ciréuTatjng thrombocytes were very significantly positivé1y
_cofre]atéd with small-lymphocyte counts. Since injections of ACTH, cortisol
acetate or dexamethasone caused a thrombocytopenia, it is thought that the
number of circulating thrombocytes is related to the activity of the
pituitary-interrenal axis of juvenile coho salmon; the absence of significant
correlations found here might reflect a difference in sensitivity of these
cells to endogenous p1a§ma cortisol levels éompared with the sensitivity of
small 1yﬁphocytes.

In the various experimehts, no obvious differences due to
environmental aTteration§ in thé 'absolute’ numbers of circulating
neﬁtrophi]s was detected. However, this apparent lack of variation in
neutrophil counts cpu1d be a consequénce.of the exfreme]y Tow numbers of
“heutroph11s relative. to .the thousand blood cells counted in each smear.

When correlations were determined for variables measured from fish from all
experiments, Nt.'s/1000 were significantly positively correlated with E7N.D.‘s.
Furthermore, Nt.'s/1000 and % Nt.'s were very significant]y»positiVe1y
correlated. Therefofe, as in manmals, a neutfophi]ia following 1ncfeésed
activity of the‘pﬁtuitary-adrenocortica1 axis might conceivably occur in
teleost fishes. However, this response, if present, is not readily detected
by the methods employed in this study. |

The many significant correlations between water ‘temperature at the
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time of autobsy and variables measured to assess activity of the interrenal
and epsilon cells, as well as between temperature and differential leucocyte
counts, again emphasize the negative correlation between this variable and
the activity of the pituitary-interrenal axis. |

From the foregoing experiments, it is apparentbthat the pituitary-
1ntérrené] axis of juvenile coho salmon is capable of marked fluctuations
in activity under ]abératory conditioné. It is noteworthy that the interrenal
‘tigéue of fish transported from their natural environment and maintained |
under vafying environmeﬁtaT conditions in the Taboratory is often far'more
active according to the criteria used in these studies than the interrénaT
tissue of fish sampled seasonally from Bertrand Creek. Small-Tymphocyte and
thrombocyte counts also are often much lower for laboratory-maintained fish
than values from stream.samp1es of juvenile coho salmon. It is difficult
to attrib@te a specific envfronmenté] variable to these differences, since
under laboratory conditions the fish are exposed to a variety of stimuli -
including sound, vibratidns, unﬁaturaT Tighting conditions, marked temperature
f]Qctuations and abnormal surroundings - which are not:experienced by fish
1n their natural habitat. Probably the increased interreha] activity |
observed in juvenile coho salmon under Taboratory conditions is induced by
numerous stimuli acting simultaneously, and is thus non-specific.

In conclusion, these studies aptly illustrate the necessity for
carefully standardized Taboratory conditions if one wishes to study the
cactivity of the pituftary-interrenal axis of fish. .In faét, since véfiatiéﬁs
~in activity of 6ne endocrine organ often_affect the function of other'
endocrine systems, a cafefully controlled environment should be a
preréquisite to all endocrino]ogica1 investigations with fishes. Furthermore,

fish transferred from their natural environment to the Taboratory, or from



oné environment to another within the 1aboratofy, should be allowed a
considerable period of time for acclimatization to the altered environment
prior to experjmentation.

In the present 1nvestigat10ns, indivfdua1vvariaf16ns in differentié]
Teucocyte counts were so great that there is a considerable degree of
statistical uncertainty as to the significance of these variations. Also,
measurements within a sample of nuclear diameters of interrenal cells vafied
‘considerably from cluster to cluster and from fish to fish. Therefore,.
further studies utijizing these cfiteria for assessing the activify'of the
pituitdry—interrena] axis of fishes shou]dAemp10y a 1afger sample Sizé.

The development of‘a miérotechnique for‘determining cortisol levels in

_microliter quantities of plasma would greatly assist studies of this sort.
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 SUMMARIES

CSECTION I

1. Injectidns of ACTH resulted in‘a stimulation of the interrenal tissue of
coho salmon fry. The stimu]ated'tissué’was characterized by a marked
hyperfrophy of.the inferrena] cells, by very prominent nuc]eo11,.by fncreased
nucleolar and cytoplasmic basophilia (RNA), by increased numbers of mitotic

- figures, by increased vascu1arizafioh of the head kidney, and by hyperp]asia
of the interrenal tissue.

2.> ACTH caused a dosage-related inérease in mean diémeters Of'interrena1v
cell nuclei and in mean ce11 size. Measurements of interrenal nuc]eaé
diameters were very significantly negatively correlated with numbersvof inter-
renal huc1e1 per defined area of interrenal tissue.

3. Injections of bdth cortiso] acetate and dexamethasone caused a marked
atrophy of interrenal cells, characterized by a deﬁréase in interrenal nucieaf
diameters and cell éizes,by'irregu1ar1y shaped nﬁCJei, by an unevenly stained,
vacuolated cytoplasm, by intercellular spaces with1n c]usters_of interrenal
cells, and by an abseﬁce of mitotic figures. Neither cortisol nor
dexamethasone jnéreased the vascularization of the head kidney. |

.4, A1l dosages of ACTH and cortisol aéetate caused a decrease in the mean
nuclear diameters of epsilon cells in the rostral pars distalis. in addition,
a degranulation of epsilon cells following ACTH-, cortisol acetate- or
dexamethasone—injections'was‘obsefved; Dexamethasone—injections did not
décrease nuclear diameters of epsilon cells significént1y. |

5.  Pycnosis and shrinkage of lymphocytes within the hematopoietic tissue of
the head kidney occurred following injections of either ACTH, cortisol acetate

or dexamethasone. Numerous spaces or vacuolations were observed in the
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hematopoietié tissue.

6. A véry‘marked decrease in circu]ating small lymphocytes fo]]owingA
administréiion of all dosages of ACTH; cortisol acetate and dexamethasone was
found. |

7. A thrombocytopenia resulted from ACTH-, cortisol acetate- or
dexamethasone-administration. |

8.  Numbers of'circu1ating neutrophils Were unaffected by cortisol or
dexamethasone; however the maximal dosage of ACTH caused a definite neutrophilia.
'9; No histo]ogica] orvhistometric differences 1in the épsi]on cells, inter-
renal tissué or'hqad kidney tissue were found between saline-injected and non-
'ihjeéted contro]s in either the ACTH- br cortisol-injection experiments. In
addition, differential b]bod cell counts were similar.

'10?' It 1sbconc1uded that the interrenal tissue of coho fry is capable of
makked variations in activity, that this tissue is uﬁder pituitary Contro],
and that a negative—feedback mechanism pfobab]y operates between the inter-
renal and the pituitary gland. Additiona11y, changes in pitUitary—adreno-
cortical activity are reflected in characteristic alterations in numbers of

specific circulating leucocytes.

SECTION II
1; According to the criteria used in this study to assess pituitary-adreno-
cbrt%ca] activity, the pituitary-interrenal axis of juvenile coho salmon in
their natural habitat-is inactive, from the time of emergence in spring, and
through summer and early autumn, compared with the Winter and sbring samples
of yearling coho. Hyperplasia of interrenal tissue, and increases in
diameters of interrenal cell nuclei and epsilon ée]] nuc1ei; in interrenal

‘cell size, in nucleolar prominence, in numbers of mitotic figures in
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interrenal t{ssue énd in fhe degreg of vascularization of head kidney were
found in the winter and spring samp]eg of yearling coho compared with previous
samples. |

2. Numbers of circulating small 1ympho§ytes were decreaséd‘in the winter and
spring Samp]es of year1ing'coho compared with summer and fall samp]eé.
Additioné]]y, numbers of small 1ymbhocytes were negatively correlated with
nuclear diamefeks of interrenal ce]1$ and epsi]on.ce]]s, and positively
‘correlated with numbers of ihterrena] nuclei per defined area.

3. ‘Thrombocyte counts were highest in summer samples and decreased in the
winter sample, although countstrose again in the spring with increasing water
temperatukes. Numbers of circulating heutrophi]s were low in all samples,
although highest for the winter sample.

4.  Small-lymphocyte and thrombocyte counts were very low in the new1y—
emerged coho fry. It is suggested that this 1eucopénia is a developmental
phenomenon rather than é reflection of increased activity of the pituitary-
interrenal axis. | | |

5. Water températures at the time of autopsy were negatively correlated
with nuclear diameters of interrena] cells and epsilon cells, and were
poéitive]y correlated with numbers of interrenal nuclei per defined area,
with small lymphocyte counts and with thrombocyte counts. It is'suggestéd
that the 1ncreased activity of the pituitafy—interrena] axis Qbserved in the
winter sémp1e”0f Jjuvenile coho sa]hon fé related to cold-temperature |
aéc]imation. |

6. The interrenal tissue of the later spring sample of yeér]ing coho salmon
was more active than that of eér]ier spring samples. This increased interrenal
actiyity was associated with”a silvering and loss of parr marks in these fish.

It is suggested that the pituitary-interrenal axis of juvenile coho salmon is
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activated during the transformation of fish from parr to smolt.

SECTION III
1. According to histological observations.and histometric criterfa, the
interrenal tissue of juvenile coho salmon maintained in continuous darkness
for varying numbers of days was more active than that of corresponding
contrb]s subjected to a twelve hour photoperiod. Additionally, small-
1ymphocyte and thrombocyte counts for darkness-maintained fish generally
were lower than values for corresponding control samples.
2. The interrenal tissue and epsilon cells of both dark—maihtained and
- corresponding control fish initially were stimulated fo11owing fransfgr of
fish from stock-tanks to individual compartments. However, interrenal activity
- of both dark-maintained fish and of corresponding controls decreased with
increasing numbers of days that fish were maintained in compartmehts prior to
sacrifice. | |
3. No consistent differences in activity of thg interrenal tissueiwere found
when fish maintained in continuous light for varying numbers of days and
correspondiﬁg control fish were compared. o |
4, Iﬁterrena] tissue of fish exposed to continuously flashing lights for
varying numbers of days generally was more active than thaf of corfesponding
“control fish. In addftion, both small-lymphocyte and thrombécyte counts were
Tower for fish exposed to varying periods of.f1ash1ng 1jght than for
corresponding controls.
5. Interrenal activity of both flash-exposed fish and corresponding cqntko]s
decreased with increasing numbers of days that fiéh were maintained fn
compartments prior to sacrifice. Resd]ts from these'exper{ments and from

the continuous-darkness experiments suggest that the pituitary-interrenal axis
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is involved in fhe écc1imatization of.juveni]e éoho salmon to an altered
environment. | | |

6. Considérab1e evidence in this Section indicates that the activ{ty of
-the interrenal tissue of juveni]e‘coho salmon is increésed by exposure of
theselfish to cold water temperatures in the Tlaboratory, and that this
increased interrenal activity is accompanied by a characteristic lymphopenia.
7._ In the various experiments, no obvious'différences in the 'absolute'
numbers of circulating neutrophils were detected fo]]pwing envifonmenta]
changes. | |

8.  When correlation coefficients were determined for variables measured
“in all experiments, nuclear diametérs of epsiion cells were very significantly
posit%veiy correlated with interrenal téJT.nuc1ear.diameter§ and very
éignificant]y_negative]y corrg]ated with numbers of interrenal cell nut1e1
per defined area. These correlationS'are'consistent with the hypothesis
that the epsilon cells are the ACTH-producing ée]]s,of these fish, and that ‘
_>var1ationsldue to environmental alterations in éctivity of the‘interrehé1‘
tissue .are mediated by the pituitary gland.

9.  According to correlation coefficients of variab]es.measQred in all
experiments, small-lymphocyte counts were very significantly negatively
correlated with nuc]eaf diaméters of'interrenal'cellé and epsilton cells, and.
were very signfficant1y positively correlated with numbers.of.interrehal

. ngclei per defined afea of fnterreha] tissue. It is concluded from these
corre]ations'and'from‘otheridata;that a decrease in numbers of ciréulating
small 1ymphocytes in juvenile coho salmon reflects an increase in'activity
of the pituitary—interrenal axis. |

10. 'The pituitary~interrenal axis of juvenile coho salmon maintained under

laboratory conditions is capable of marked fluctuations in activity as a
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result of environmental alterations. Furthermore, the activity of this axis
in laboratory-maintained fish is often far greater than that of fish in their

natural habitat.



TABLE I - APPENDIX I

Leishman-Giemsa Staining Technique

Air-dry blood smears
- Flood smear with Leishman stain (stock sol'n., Harleco):

- Add equé] amount of Giemsa (3.5 ml.Allied Chem. stock sol'n.
- in 50 -m1. of pH 6.4 phosphate buffer)

Rinse with pH 6.4 phosphate buffer | ' .

Rinse in runnfng tap water
Air-dry slide in a vertical position

Coverslip with Permount (Fisher)

6 - 12 hours

5 minutes

3 - 4 minutes

minimum 1 hour

891



TABLE I - APPENDIX II
SUMMARY STATISTICS: ACTH-INJECTION EXPERIMENTS

VARIABLE - LOW HIGH AVERAGE STD. DEV. ) VARIANCE

Length (cm.) 6 8.5 7.6 0.5 0.3
Weight (gm.) 25 6.0 4.1 0.02 0.8
 Hematocrit | 8.5 32.5 22,2 6.19 38.35
s.L.'s/1000 . . 0.0 530 13 - 16.50  272.26
%S.L.'s - 27.0 99.0 65.7 _ | 24.38 o 594.44
L.L."s/1000 | 0.0 1.0 0.1 0.31 0.0
BLls 0.0 33,0 103 AT 83.78
Nt.'s/1000 0.0 10.0 2.6 3.20 10.26
% Nt.'s 1.0 53.0 22.4 1627 264.76

Tmm. R.B.C.'s/1000 51.0 143.0 180.0 98.77 9755.30
Thrombocytes 2.0 30.0 2.2 8.79 77.22
No. Nu B 10.1 o 25.6 16.3 4.41 - 19.52
I.N.D. (microns) | 5.8 7.60 6.68 0.48  0.23
' 0.21  0.08

E.N.D. (microns) , - 4.97 " 5.74 o 5.34

691



TABLE II - APPENDIX II
SUMMARY STATISTICS: CORTISOL-INJECTION EXPERIMENTS

VARTABLE LOW HIGH ~ AVERAGE STD. DEV. ~ VARIANCE

Length (cm.) - 7.0 9.1 8.0 0.51 ' 0.26
Weight (gm.) T 6.6 4.7 0.94 | 0.89
Hematocrit - 16.0 33.5 25.1 3.00 - 15.23
S.L."s/1000 0.0 23.0 6.0 8.0 - 65.37
% S.L.'s , 1400 97.0 63.7 23,92 572.34
L.L."s/1000 0.0 0.0 0.0 0.00 0.00
% L.L.'s 0.0 20.0 6.2 667 44 .56
Nt.'s/1000 0.0 6.0 0.9 1.37 ~1.88
% Nt's » 3.0 65.0 29.7 18.58 3529
I, R.B.C."s/1000 6.0 233.0 115.2 75.17 . 5650.50
Thrombocytes | S 0.00 200 8.9 6.28 - . 39.46
No.Nu. " 17.7 305 25.6 4.31 18.59
I.N.D. (microns) 536 6.2 6.07 0.28 - 0.08
E.N.D. (microns) 4.8 - 5.77 5.30 0.24 - 0.06

04T



- SUMMARY STATISTICS: DEXAMETHASONE-INJECTION- EXPERIMENTS

TABLE III

_VARIABLE. LOW
Length (cm.) - ' | 7.5
Weight (gm.) 3.7
Hematocrit ' - 17.0
S.L."'s/1000 o 0.0
%S.L.'s o | 39.0
L.L.'s/1000 o : 0.0
% L.L.'s 0.0
Nt.'s/1000 o0
% Nt.'s e P

| Imm. R.B;C.'S/]OOO ' 6.0
Thrombocytes | g - 0.0

'.NO.Nu._ | | 24.5
I.N.D. (microns) | - 5.94
E.N.D. (microns) c s,

11

- 29.

- APPENDIX II

CHIGH

11.
82.

(an] o (en] o o

16.

49,
192.
23.
31.2

o o o o o

AVERAGE

8.
5.
24,
2.
58.

- 32.
77.
10.
27:

6

7

.16
.33

STD. DEV.

0.

1

4.

15.

12.
66.

56

.24

17

81
22
.30
140
11
34

12

.23
.37
18
.19

"VARIANCE

0.31°
1.55
17.42
14.49
231.65

19.36

- 152.36

4371.80
52.27

LT



TABLE IV - APPENDIX II-

SUMMARY STATISTICS: BERTRAND CREEK SAMPLES

VARIABLE o LOW © HIGH - AVERAGE STD. DEV.  VARIANCE
Length (cm.) ’ 44 115 8.3 162 o | 2.62
* Meight (gm.) E 1.1 4.5 6.6 . 3.6 ' 11.97
Temperature (%.) 4.0 18.5 10.5 ez 1708
S.L.'s/1000 0.0 64.0 18.4 1526 233.00
gsLs 50 9.0 88.2 10446 ©109.30
L.L.'s/1000 0.0 2.0 0 0.46 0.21
% L.L.'s 0.0 12.0 2.6 s 968
Nt.'s/1000 0.0 5.0 0.7 100 1.00
% Nt.'s ; 1.0 38.0 8.9 8.79 | 77.31
*Imm. R.B.C.'s/1000 0.0 . 238.0 58.4 57.30 . 3283.30
Thrombocytes | 0.0 35.0 9.4 8.54 ~ 72.88
No.Nu. o 20.4 . 35.2 27.7 C o366 BERTWY
I.N.D. (microns) o ‘5.52 | 6.61-  6.10 . - 0.30 _' | - ’0{09
E.N.D. (microns) o an 5.77 5.3 0.29 009

2Lt



VARIABLE

Length (cm.)
Wéight (gm.)
:Hematocrit
Temperature (°C.)
S.L."s/1000

% S.L.'s
L.L."s/1000

% L.L.'s
Nt.'s/1000

% Nt.'s

Imm. R.B.C.'s/1000

Thrombocytes
No.Nu.

" I.N.D. (microns)

TABLE V - APPENDIX II

SUMMARY STATISTICS:

LOW

5.6

.O o O o

15.9

CONT INUOUS-DARKNESS EXPERIMENTS

HIGH

9.9

9.1
45,
13.
52.
100.

12.

35.

183.0

49.0

30.5 -

7.08

o o o o o o ©o o

AVERAGE ~sTD.

7.8 .
4.7 f 1
32 5.
9.0 Y
17.4 1
88.6 10
0.3 0
2.2 2
0.7 0
8.2 7
49.7 30
13.7 9
24.4 2
6.48 0.

DEV.

98

.68

9
14

A7
45
57
a7
.92
.68
.98

55
.74

20

VARIANCE

0.97
2.84

35.54

4.57 :

124.80
109.13

0.32

7.67
0.84
59.03
960.00
91.24

7.54 -

©0.04

€LT



TABLE VI - APPENDIX II

SUMMARY STATISTICS: CONTINUQUS-LIGHT EXPERIMENTS

VARIABLE LW HIGH CAVERAGE STD. DEV. VARIANCE
Length (cm.) , 7.8 10.0 . 8.7 0.51 "_' 0.26
Weight (gm.) 43 8.9 63 v 1.14
.Hﬁmatocrit . | 13.5 29.0 22.7 291 .8
Temperature (C.) -~ 4.0 9.5 - 6.4 Coam | 4.45
S.L.'s/1000 0w -31.0 6.5 619 - | 3834
4s.L's . 39.0 98.0 76.6 13.66 18654
L.L."'s/1000 0.0 1.0 01 - 02 0.08
% L.L.'s | : 00 10.0 2.3 2.21 S 57

© Nt.'s/1000 | 0.0 6.0 1.3 1.35 1.8
% Nt.'s | 2.0 51.0 21.0 ©l2.08 0 145.95
Imm.vﬁ;B.C.'s/]OOO.' - 0.0 227.0 69.4 | 39.87 . 1589.70
Thrombocytes | 0.0 25.0 8.2 6.69 44.74
No.Nu. | | 18 29.5 2.2 . 2.34 o 5.49
I.N.D. (microns) : 5.9 7.1 eS8 0.23 ~0.05

LT



TABLE VIT - APPENDIX II
SUMMARY STATISTICS: FLASHING-LIGHT EXPERIMENTS

VARIABLE | '. . LOW : HIGH AVERAGE | STD. DEV. o VARIANCE

" length (em.) . 8.0 1.8 9.3 062 0.39
Weight (gm.) | 4.8 16.0 73 178 3.18
Hematocrit R - 32.5 22.6 430 18.52
Temperature (¢.) .+ 5.0 9.5 7.3 149 N - 2.21
S.L.'s/1000 o 0.0 . 26.0 6.8 S50 25.48
ys.lis 430 198.0 gl.e 1148 13175
L.L.'s/1000 0.0 1.0 0.1 0.31 - 0.09
% L.L.'s 0.0 20.0 .5 2.74 - 7.51
Nt. 's/1000 0.0 4.0 1.0 1.10 . 1.21
Nt's ; 2.0 47.0 17.0 10.26 105.20

Imm. R.B.C.'s/1000 0.0 94.0 32 - 23.67 -~ 560.40
Thrombocytes | 0.0 27.0 10.2° | o '>. 6.16 | 37.88
NoNu. . - 17.4 3.4 S 23.2 ©3.16 1000
I.N.D. (microns) . . 5.59 - 6.89 6

47 0.26 ’ 0.07

GLT



TABLE VIII - APPENDIX II

SUMMARY STATISTICS: ALL EXPERIMENTS

VARIABLE | LOW HIGH AVERAGE STD. DEV. . VARIANCE -
Length (cn.) | 1.4 1.8 8.5 106 1.12
Weight (gm.) 1.1 - 16.0 - 6.2 2.19 | - 4.80
Hematocrit 1.5 45.0 253 6.05 . 36.59
Temperature (€.) 4.0 18.5 8.6 2.84 8.05
S.L."'s/1000 | 0.0 55.0 11.5 | 10.33 106.67
% S.L.'s | 39.0 100.0 83.8° 12.47 ~ 155.42
L.L."s/1000 0.0 3.0 0.2 0.43 0.18
% L.L.'s 0.0 20.0 1.8 2.41 | 5.8
Nt.'s/1000 0.0 6.0 0.9 1.08 | 1.18

% Nt's 0.0 51.0 14.3 - 11.37 - 129.37
Tnm. R.B.C.'s/1000 0.0 238.0 52.2 44,99 2023.70
~ Thrombocytes 0.0 49.0 10.6 7.83 | 61.34
No.Nu. - o590 3522 247 3.28 1077
CL.N.D. (microns) 535 7 6.42 0.30 0.09
CE.N.D. (microns) 472 6.09 546 0.3 0.09
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