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: ABSTRACT ﬁy
L ’ . B ‘ 3 ' . ’ > )
Female goldfish were held under conditions of 12°C and 12L/12D
photéperioq during three phases of the sexual,gycle. A pre-treatment
- ) - o : . ° -
blogdfg?mplé was taken after 2 weeks of acclimation. . Comparison of

pre-treatment levels of plasma lipids from the three experiments

revealed that the concentration of triglycerides (TG) increased and
, ' N

- total cholesterol (TC) decreased with increasing ovarian. size. Plasma

lipid phosphorus (LP) levels were slightly higher in sexually mature

fish than in sexually regressed-'fish. Two weeks-after tHe pre-

2 4l .
treatment blood sample, the fish were injected intraperitoneally with

salmon gonadotrophin (SG-G1CC) or control solutidn'gpr 3 days, after
which a post-treatment blood sample was taken. -Throughout‘the experi-
& . .

ments, the goldfish were fed .twice daily except for'a ZQIBour

starvation period prior to each blood.sample. 1In sexually regressed

5y

* and mat%;ing@fish injection of SG—G1db caﬁsed increased plaéma TG

=

levels (compared to pre-tredtment) in fish with sm%&l ovaries,

charnging to aecreased levels in fish with larger ovaries. A similar

effec; was also seen iﬁ.maturjng fish with piasma TC; these effects
were abolished by -castration or by Keepiné‘fish at 21°C. SG-G100 had

little:éffeq;;oh plasm; LP. The results sdggeét that gonadotrophin

causes a net mobilization of lipid in fish with small-ovaries

-(presumably via sex steroids).ahd accelerated ovarian uptake of lipid

" in fish with larger ovaries.

Using a similar protocol to that described aBbve, the effects of

‘sex steroids on plasma Ifpids in female gelidfish were studied in

1
A

iv ,
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sexually regressed and maturing fish at 120C, and in post~évulatory—

regressed fish dt 21°c. Intraperitoneal injection of Segtrone (El)’
. \

-t

but nof oestradiol (Ez), raised plasma TG copcentratiodsﬁinﬁregresseaﬂ
¥ .

fish, but neither oestrogen had an effect on pla3ma TG iﬁ%ﬁaturing

fish at 12°C or in post—ovuiEES;y—regressed fish’at ZlSC.; Progesterone
injection caused high levels of plasma TG in matur1ng flsh at 12° C.
Fish injected with E qr E had higher plasma TC levels\pnst treatment
combared to control fish in both experiments at 12° C, but El and E2

- were without effect on plasma TC at 21°%. Bbth El and E2 raised

plasma LP levels in all three experimeﬁts. Testosterone generally:.
had little effect on plasma lipids. These results support the(

N
hypothesis that oestrogen is invelved in '1p1d mobi ll”d ien in

teleosts, and it appears that this effect is sensitive to warm
‘temperaturc. There was no support for a mammalian—like: rrogesterone-
stimulated system for clearance of plasma TG in the'fema}e éoldfish.

Vo

Plasma free fatty acids (FFA) and hormonal effects thereon were’

found t~ be sensitive to the length of fasting period prior to blood

% sampling. Plasma FFA levels increased with length bf'fasting period
ﬂ s : ’

in goldfish maintained at 129c. A single injection of T caused
elevated plasma FFA levels in fish sampled after 3 days of faéting.
E whs without effect. Both hormone- and vehicle—injected fi;h had
high levels of plasma FFA after 3 1njectldns and 7 days of fasting,
compared to uninjected fish. These results are consistent with
androgen stimulatiﬁg mobilization of FFA in fasted fish but.the
importance of such a system in fed fish is unclear.

Preliminary investigations using electrophoresis and selective

v
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precipitation revealéd two major groupszof[plasma'lipoproteins in male

goldfish. Qestrogen treatment altered the precipitation characteristics

of the lighter group. ’ s o )

s .
[ .y *. s
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GENERAL INTRODUCTION

Temgerate zone teleost fishes -are seaéonally—breeding animals
which ﬁndergo annual cycles of gonad growth (recrudescence) in pre- )
paration for spawning. In females, at the conclusion of the spawning
season, the ovary may comprise as little as 1% of the total body

. ,
weight and, in preparation for the next spawning period, the ovéryi
can grow to as puch as 20% of the body weight or more. Metabolic

adaptation of these fishes to ovarian recrudescence must include

‘provision of material for deposition in the growing ovary where large

S
~—

quantities of nutrient are stored in the oocytes for subsequent
utilization by the developing embryos. In additicen, energy must bhe
provided to support both hypertrophy and hyperplasia of ovarian tissuc.
Studies on. the metabolic adaptation to‘ovarian growvth in tcleosts have
included both measurements of changes in tissue composition through
all or part of the sexual cycle, including blood composition, and alsa
experimental induction with hormones of specifiec metabolic alterationc
pertinent to recrudescence,

One postulate that has arisen from studies on changes in tissue
composition during the sexual cyele i< that lipid is {mportant 1in
‘ g@néd recrudescence, both ss an energy source and also as a vdnstitunnt.
deposited in the growing ovary. Depletion of stored lipid reserves
has been observed to accompany ovarian growth in the socrkeye salmon,
Oncorhynchus nerka (Idler and Bitners 1958, 1959, 1960), the cod,
Gadus morhua (Jangaard et ql. 1967; CG. movhua callarias, Shatunevskiy
197]), the scorpionfish, Scorpacna porcus (Shchepkin  1971), the

haddock, Melancarams aegelfinus (Sclievchenke 1972). the golden shiner,



Notemigonus erysoleucas (de Vlaming 1975) and in several species
studied by Shul'man (1974). These observations have led to the
hypothesis thatuéat is transferred from extra-ovarian stores to the
ovary for storage and oxidation. Lipid has been reported to comprise
between '10% and 40% of the dry weight of teleost ovaries (Lapin 1973;
Lizenko et al.1973; Medford and Mackay 1978).

In addition to the data on changing lipid content of various
tissues in teleosts during the reproductive cycle, changes in plasma
concentrations of various lipids through the sexual cycle have been
described in several speéies. De Vlaming et al. (l977b) found higﬁ/u
levels of total plasmd lipids in saline-injected (cont?ol) sexually
mature goldfish, Carassius auratus, in May, intermediate levels in
fish in the early stages of gonadal recrudescence in November, and
low levels in recrudescing fish in January. In the flounder,
Platichthys flesus, there are seasonal variations in total plasma
lipids with the lowest levels occurring at the end of the spawning
season (May) and also in November, and peak levels in August and
February (Petersen and Emmersen 1977); in these fish, plasma lipid

_phosphorus increases with increasing ovarian sige up to a gonado-
somatic index (GSI, defined as the weight of the gonad expressed as

a peréentage of total body weight) of 107 and declines at higher GSIs.
McCartney (1967) found that serum lipid phosphorys (a measure of
phospholipids) and cholesterol in brown trout were at minimal leveis‘
during the spawning season (September to November)g peak levels of
cholesterol were found in January and the highest levels of 1lipid

phosphorus occurred ‘immediately prior to the spawning season. Plasma

;‘2



cholesterol levels have been found'to decline as ovarian growth proceeds
in migrating 0. nerka (Idler and Tsuyuki 1958) and in the catfish,
Heteropneustes fossilis plasma cholesterol declines Between the
préparatory and prespawning phases of ovﬁrian development and in-
Creases again during the spawning éeaéon (Singh and Singh 1979).
Changes in the fractional composition of plasma lipids with gonadal
development have been described in G. morhua callarias (Shatunovskiy
1971) and P5 flesus bogdanovi (Lapin 1973). These studies suggest an
involvement of‘plasma lipids in the process of gonad growth in
teléosts. However, since most of the foregolng observations were

made on fish sampled under varying environmental conditions, effects
of factors other than reproductive sfggb, such as Ltewperature and
photgperiod cannot Re excluded. Studien conducted under standarized
envjronméntal conditions are nceded to clarify the relation between
plasma lipid concentrations and reproductive coﬁdition.

Iﬁ the area of endocrine control of gonad recrudescence in
telecost:., atténtjon has dwzl*® largely on hormonal induction of
synthesis in the liver, appearance in the blood and uptake by the
ovary of a specific phosbholipoprotein, the yolk precursor
vitellogenin (VG) (Aida et al. 1973a,b; Campbell 1978; Campbell and
Idler 1976; Emmersen and Petersen 16/76; Emmersen et’a?. 1979; Hori
et al. 1979). Less attention has been paid to hormonal gffects on
other metabolites, inciuding lipids, despite a presumption ofvthe
importance of lipids in the process of recrudescence. In general,
injection of oestrogens has been found to increase plasma copcentra-

tions of a varicty of lipids or lipoproteins in several teleosts

s



(Bailey 1957; Ho and Vénstone 1961;J%%i§t and Schjeide 1961; Plack
and Pritchard 1968; Tak@shim;‘et al. 1972; Aida et al. 1973a;

de Vlaming et al. 1977b; Korsgaard and Emmersen 1979). From these
data, it has been hypothesized that oestrogen acts to mobilize lipids

into the plasma for use by the growing ovary and inclusion in the
. \

3
W

oocytes. However, oestrogen alone cannot ;%bgort allxphases of
ovarian growth; in particular, it does not sti;;lape incorporation

" of VG into the ovarx_gypadhyay;l977; Campbell and léler 197%6;
Sundararaj and Goswami 1968) whereas gonadoﬁro;;ic prebarations have

this effect (Campbell and Idler 1976; Campbell 1978§$} Comprehensive

) ' »
studies on effects of a wider variety.of hormones on lipid metabolism

N
a

in rclation to reproduction and studies conducted at nore gﬁan one
temperature or reproductive state are generally lacking.

Acclimatién temperature should be an dmportant consideration in
studies of metabolic effects of reproduetive hormones because of theu
varying influences that temperature has been found to exert on
recrudescence in teleosts (for review see Peter and Crim 1979). In
the goldfish, some phases of ovarian development appear to be
inhibited at temperatures over 20°C (Yamazaki 1965; Gillet et al.
1978). ' '

One plasma lipid class that has largely been ignored in studics
on gonad recrudescence in teleqsté is free fatty acids (FFA). 1In
mammalian systems, when triglyceride (the lipid class which comprises
the bulk of labile stores) is mobilized for oxidation by other

tissues, FFA are released into the plasma. In teleosts, studies of

plasma FFA concentrations through the sexual, cycle are lacking.

5



However, if plasma FFA are utilized in the process of ovarian

recrudescence, it could be expected that appropriate hormonal
&
manipulation would affect their concentrations.

Plasma llpids are transported in association with protelns,
forming complexes known as lipoproteins. Isolation of plasma or
serum iipoproteins and partial characterization of the lipid moieties
has been performed for a number of teleost species. However, few

studies of effects of sex hormones or gtate of sexual maturity omn
lipoproteins in'teleosts are available. -

The present study was designed to test the effects of several
hormones on plasma lipid concentrations in the goldfish, the
majority of the work being cSnducted with females. The experimental
design used in the work reported in Chapters 1 and 2 allowed compari-
son of concentrations of three classes of plasma lipids, triglycerides'
(1G), total chdlesterol (TC) and lipid phosphorts (LP) in fish
maintained under standardized conditions at various stages of the
sexual cycle. The effects of §elmon gonedotrophin (SG-G100) and
several sex steroids on plasma TG, fC an] LP are reported in
Chapters 1 and 2, respectively. The study of plasma FFA required
modification of the protoco}\psed for the other 1lipids; experiments

on plasma FFA are reported in bhapter 3. Preliminary studies on

goldfish plasma llpoprotelns are\rhpprted in Chapter 4.

A

\ .



. Chapter 1. PLASMA TRIGLYCERIDES, CHOLESTEROL AND PHOSPHOLIPIDS
DURING THE SEXUAL CYCLE IN FEMALE GOLDFISH AND THE
EFFECTS OF SALMON GONADOTROPHIN.

L)

\ INTRODUCTION

Although several stpdies have indicated that oestrogen may effect
lipid mobilization in'teleosts, the possibility of a direct action of
gonadotrophin on lipid metabolism, that is independent of oestrogen,
has received little attcntion.\ By histologicai methods, Funk ¢t al.
(1973) demonstrated that partially purified salmon gonadotrophin
(86-G100) accelerzted development of‘late perinucleolar and early
‘yolk vecicle stage oocytés, with concomitant depesition of lipid in
the oocvytes in pink salmon,‘Oncorhynchus gorbuscha. Uphadyay (1977)
showed that injection of a glycoprotein gonadotrophin caused thg
accumulation of "lipid bodies'", but not vitellogeniq, in develeping
oocytes in rainbow trout, Salmo qoirdneri. These results suggest
that gonadotrophin may be the stimulus for the gonad to sequester
lipids. Information on effects of gonadotrophin on plasma lipids in
teleosts is lacking. In the amphibian, Xenopus Zaeuié, injection of
mammalian follicle stimulating hormcae causes‘lowering of plasma
lipid levels (Follett and Redshaw 1968).

The work presented in this chapter was undertaken to examine
tﬁe effects of a fish gonadotrophin (partially purified salmon
gonadotrophin, SGfGlOO) on the cPﬁcentragiéns of'éevefal plasma
_iipids %n<§exually’regrésséaﬁ maturiﬁg and matﬁre female goldfish

and castrate females acclimated to cold (12°C), and post-ovulatory



-fish acclimated to warm'(ZlOC) temperatures. The experiments also
P

allowed'comparison of plasma lipid concentrations in fish held under

standardized conditions at three different stages of the sexual cycle.



N

MATERTALS AND METHODS

I. Source and Maintenance of Fish

Common or comet variety goldfiéh were purchased from Crassyforks
Fisheries, Martiﬁsvillc, Indiana, U.S.A. and held in 4800 litre tanks
under simulated natural (Edmonton) photoperiods at 120C_— 15°C until
use. At the beginning of the experimental acclimation period, thg
fish were weighed ana tegged on tﬂé operculum with size 1 Monel tags
(National Band and Tag Co., Newport, Ky., U.S.A.) for individual
identification. Expériments 1.1 to 1.4 were conducted in 96 litre
flowQFhrough aquaria; Experiment 1.5 was conducted in standing water

A}

41 Titre azquaria.

I1. Experiments
Standard Experimental Protocol

Female goldf{ish were acclimated to conditions of either 12 % 1% dgap
21 lOC and a 12 hours light/12 hours dark (12L/12D) photoperiod for Yo
2 weeks. An initfal (pre—treatmént) blood sample was then taken. Two
weeks were allowed for recovery under the same environmental conditions
prior to commencemenﬁ of the experimental treatment. One group of

fish was injected with SG-G100, while the‘ihjocted controls received
%ovine serum albumin (BSA) and another control group was uninjected.
The fish were treated for 3 days, and on the fourth day the sccond
(post-treatment) blood sample was taken. Throughout the experiments

the fish were fed twice daily, ad libitwn, with Ewos Salmon Growerx

Extra pellets, size 5P (Ewos Aquaculture International) except for a



24 hou; starvation period prior to each blood sample. After the second
saﬁple, the fish were weighed, sacrificed and the ovaries were removed,
weighed and fixed. Any fish that ovulated during the experiments
(i.e. after SG-G100 treatient) were discarded. The ovary was processed
by standard histological procédures and ovary condition scored

according to Hontela and Peter (1978).
Specific Experimental Conditions

Experiment 1.1
In order to induce ovarian regression, female goldfish were

held at 28°C - 30°¢C for 28 days in June, 1977. They were then
» injected once with 100 IU human chorionic gonadotrophin (HCG)
(Ayerst)/fish and on the~next day with 80 IU HCG/fish. After the
first injection of HCG, ovuiafed eggs were stripped from 7 fish and,
after the second injection, a few eggs were stripped from 2 fish.
The fish were then considered to be regressed. The temperature was
" lowered to léOC over'a period of 3 days. After these manipulations,
tée fish weighed 26:8 g(S.D. = 5.4) and were subjected to the standard

protocol at 12 * 1°c. At the end of the experiment the mean GSI was

1.4% (S.D. = 0.8); these fish were designated as sexually "regressed".

~Experiments 1.2 and 1.3
Female goldfish weighing 28.9 g (8.D. = 4.7) (Experiment 1.2,
January 1977) aﬁd 25.2 g (8.D. = 4:6) (Experiment 1.3, May 1977) were
subjected to the standard protocol at 12 +1%. At the\end of

Experiment 1.2 the mean GSIL was 5.6% (S.D. = 3.0); these fish were

‘undergoing ovarian recrudescence“and-were designated as sexually
"maturing". At the end of Exbéfiment 1.3 the mean GST was 12.9%

(S.D. = 2.9); these fish were designated as sexually “mature".



Emperimént 1.4
Female goldfish which had previously ovulated were kept at

21 + 1°C in May 1978, and injected with 100 IU HCG (Sigma)/fish on

2 consecutive days. The tempefature was raised to 28°C - 30°C over
a perigh of 2 days and the fish were held at that temperature for 10
days. The temperature was returned to 21 i 1°C and 3 more daily
injections of HCG (100 I1U/fish) were given. A few ovulated eggs were
stripped from 2 fish after tHe last injection. The fish were t%en
considered to be "post-ovulatory-regressed'. .Exberiment 1.4 was
carried out using the standard protocol at 21 * 1°c. The weight of
the {ish at the commencement of accl%mation to 21 + 1°C and 12L/12D

photoperiod was 34.2 g (S:D. = 8.2). At the end of the experiment

the mean GST was 2.17% (S.D. = 1.8).

Experiment 1.6

_Prior to ova;iectomy, female goldfiéh were held at 21 # 1°C on a
=éimu1%ted natural (Edmonton) photoporiod in April 1978, and iégected
on 2 consecutive afternoons with 100 LU HCG (Sigma)/fish after which
the temperature was raised go.ZSOC - 30% o&ef a 2 day period. After
6 da&s at 28°C - 3OOC, the temperature was lowered to 15°C over a 3
day period. This HCG/temperature fegimo effected partial regression
of the ovaries. After 2 days at lSOC, the fish were transferred to
41 litre standing water aquaria at 12 * 1%¢c for theJexperiment (3 eor
4 fish per aquarium). The water in each aquarium was filpered through
a 2 litr; glass wool and charcoal bed filter external to the tank.
The fish were Leld in dechlorinated tap water to which the following.
salts were added, to'aid in healing from the operation: NaCl,

3.93 g/i; K1, 0.17 g/1; MgSO,, 0.19 g/l: KH,PO,, 0.21 g/1; CaCly-2Hy0,
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0.25 g/1 and NaHCO5, 1.40 g/1. One half of the water in each aquafium
was changed about every three days, and in all tanks at two days prior
to each blood sampling. Salts were replenishediwhén the water was
changed.

After being held under these conditions for 3 days, twenty-nine
fish Qere)oya;iectomized over a period of 4 days. For the operationm,
the figh were énaesthetised with tricaine methanesulphonate (TMS)" and
a wet tissue was wrapped around the hoad'and operculum. The second
row of scales Below the lateral line on.the left side was removed,
starting with the second scale behind.the operculum and terminating
two- Scales tehind the vent. An incision along this line was then
made with a scalpel and the opening of the flank was completed with
scigsors, The entire ovary could then be exposed and removed along
with mosi of the oviduct. The wound was sutured with between 12 and
15 stitches of polyéster thread and the operation was then@repeated
on the right side. Stitchey were' removed starting from day 4 post-
operafively. Food, Tetra-Min (TetraWerke, Melle, W. Germany) mixed
with Terramycin (Pfizer Co. Ltd., Monfreal), was first offered on
Day 6 postoperatively.and by Day T? all fish had been observed to
feed. An acclimation period of 2 weeks at 12 + IOC and 12L/12D
photoperiod was begun at 12 days postoperatively. from that point,
the fish were handled according to the standard protocol except that
they were held in salt warer (described above) and fed once per day
on Tetra-Min mixed with Terramvein.. Twenty-one of ‘the fish survived
the length of the experiment. At théhrime of céstration; the mean

.

weight and GST were 31.7 g (S.D. = 5.5) and 9.4% (S.D. = 3.7), | ‘

respectively.



ITI. Solutions and Injections N

Salmon goradotrophin (SG-G100) was purchased from the Fisheries
and Marine Service, Environment Canaaa, Vancouver Laboratory, West
Vancouver, B.C. and was selected for the experiments because of its

demonstrated ability to support vitellegenesis and other reproductive

o

, . \
functions in goldfish (Yamazaki and Donaldson 19682 b, 1060). BSA was
. /
purchased from Sigma. The proteins were dicqo&ved in double distilled
oo

deionized water immediately prior to use. For Experiments 1.1, 1.2,
1.3 and 1.5,athe concentratiod of the protein solutions was 200 mg /m1
and the injected dosage was 2.0 ug/2z body weight of the fish. For
Experiment 1.4 the concentration of the protein soluticns wae SO0 v /w)

and the iniected dosage was 5.0 ug/2g. TFor injection, the Tish were -

removed from the aquaria into huckete containirg witer at the

experimental temperature. Iniections were given intraperstoneally,
AN
i Tesi \\Dxa i i
without, apaesthesia, Using A 77 gauge needle on a3 1 ce disposable ‘L

syringe At IS:BO - 17:00 hr. (lights on in the experimental photoperio!

at 08:00). The>aftrernonn feeding was dpproximntelv 1N minutes after

crmpletion of injectioney except on the dav «f the T~-t dej =t o - hon

/
no food was ~ffered in the afteveonn.

TV Rlood Sampling Procedure

Fish were removed from the aquaria between 99:30 1100 and
anaesthetized in TMS (0.03% w/v) Bload (approx. N.45 ml) was Adrawn
from the oaudg]ivéscv1ntnvm through a 23 gauge needle into a 1 cc
disposahle syringe containing approximately 4 mg athvlenediamine

tetra~atetic arid, disodium salt. Each fish was returved te 95 gguarium
.
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after bleeding. }hp blood was expelled into polystyrene tubes and
plasma was sepnrated by centrifuging at 4°c. one plasma aliquot,
usually 100 ul, was used for isolation of neutral lipids (se¢ belm@)
and the remainder was stored at -27°C. A record of bleeding time was

kept at the first sampling. and at the second sampling the fish were

bled within 2?0 minutes of the same time of day.

V. Analytical Procedures

Neutral lipids were extracted from the plasma using Lipo-Trax
columns and adsofbhent mamufactured by Analytical Products Tnc.,
Belmont, Ca., U.S.A. Frech plasma (usually 100 ul) was mixed with
5.0 mi isopropanol and the mixture wag poured onto the.column; neutrral
lipids were collected in the eluent. Triglycerides (TG) were menspreﬂ
by a meodification of the method of Moses ot al. (1975). Solutions
vevre prepared according to Meses of al, (1975) and the f(%]ﬂm.ujng
volumes were used: _oloent 0.2 ml: sodium methowide solution, 0.1 ml:
sodium perindate colutrion, 0.1 ml; aiwenium acefate-acetoacatone
solution, 0.5 m] The incubations wp%é;%arrivd}onf aceording to
Mosea et a7. (1975) and absorbance of the final p?pduct was moﬁsured
at 410 nm iv a . Uniecam STI800 dugl beam spectrophotométet. <To£éi
cholectaral (TY wae measured by a modification of the method of
kChiamnri and Henry (1959). Eluent from the Lipo~Frax column (0.5 m1)
was dried under pitrogen at 600C and redissolved in 2.5 ml of 0.037%
anhydrous ferric Ah}éride_in glacial acetic acid. Colour was
dévelob@d with the addition of 1.5 m1.of Céﬁcenfraféd sulbhu}ic‘acidz
Affofvcbo1ﬁnh: the abgorbance.of. the pfﬁducp was measnrod at 564 nﬁ.

Standarde were prev%*nﬂ bv mixing ‘100 pl of stock dsopropann?

-



solutions of trioctanoin (East or cholesterol (Sigma), 100 ul of

saline and 4.9 ml of isopropdnol and passing the mixture through
Lipo-Frax columns. The gener 1 suitability of the Lipo-Frax system
and similar assays has been geviewed (‘Moses et al. 1975). Plasma
phospholipids were estimated by measuring lipid phosphorus (LP) using
a modificarion of the method of Baginski et al. (1972). Solutions
were prepared according to those authors and used in thenfollowing
amounts: plasma, 10 pl; ethanol~ethep, 2.0 ml; nitric acid-calcium
nitrate, 2.0 ml: ascorbic acid-trichloroacetic acid, 2.0 ml; ammonium
molybdate, 1.0 ml and arsenite-citrate, 2.0 ml. It was found that
reproducibility was enhanced by prolonging the extraction time to 30
minutes with the use of a mechanical shaker and by allowing for a room
temperature incubation c¢f 22 - 25 minutes between the addition of
ammonium nolybdate and arsenite-citrate. The absorbance of the
productxﬁas measured at 700 nm and compared to a set of standards.
All assays were performed in duplicate and the samples from the first
and second bleeding of.each figh were normally assayed in the same

bateh,

e ~ e -

' VI. Statistical Analysis

Significance of reg;eséion coefficients compared to zero, and
comparisons between regression coefficients, were by * test (Steel
and Torrie 1960; Sokal and Rolf 1969). Other tests used were paired
and unpaired % tests, ane way analysis of variance followed by
Duncan's New Multiple Range test, and calculation of Pearson's
.éorfelatiqn'coeffjcient and tests of its significance (Steel and

‘Torrie 1960; Sokal and Rolf 1949).

14



VII. Glassware

Digestion tubes used in the LP assay were cleaned with boiling
aitric acid and rinsed with distilled water (Baginski et al. 1972).
All ofher glassware w&s cleaned in a sulphuric acid-sodium

dichromate bath followed by repeated washings with distilled water.

15



RESULTS

I. Pre-trcatment Plasma Lipid Concentrations

In Experiments 1.1, 1.2 and 1.3 analysis of plasma TG from the pre-
treatment (initial) sample (taken after 2 weeks of acclimation to
12 + 1°¢ and 121L/12D photoperiod and before hormone treatment) revealed
that the levels were significantly dependent on the GSI of the fish;
with increasing ovarian size, vlasma TG increased (Fig. 1). Plasma TC
in the pre-treatment samples from Experiments 1.1, 1.2 and 1.3 showed
a significant inverse dependeﬁce on GS1; TC levels decreased with
increasing GSI (Fig. 2). Plasma LP levels were ﬁeasured in Experiments
1.1 and 1.3 but not in Experiment 1.2. The mean Jevel in the pre-
‘treatment sample from Experiment 1.3 (sexually mature females) was
J39.5 4 O 8 (SEM) mg/d] nrd in Experiment 1.1 (sexually regrequd
females) it was 35.9 + 0.9 mg/dl. These means were different at the
p < 0.01 level (StudenL s t Lest) 1f LP is plotted against GST as
~in Eigs. 1 and 2, the y intercept fis 35.5 mg LP/dl the regression
coéfficienf is O.BOf and the standard error is 0.097 (p < 0.01).

Plasma lipid concentrations in the pre-treatment samples from
each fjsﬁ were also examined for significant correlations between
concentrations of pairs of liplds (Table 1). In sexually regressed,
mature and post—ovu]atorv-regressed fish, there was a significant.
.pqsifiyciﬁqrrgiatjon betwcien the pre-trecatment levels of TC and LP.
Pre-treatment concentrations of TG and LP were.also positively
correlzted in regressecd and post—ovulatory-regressed'fish, but not in
mature fish. Tre-treatment plasma TG and TC were significantly

correlated in regressed and maturing fish but not in mature, post-

16



Figure 1.

Regression of pre-treatment concentrations of plasma
triglyccrides on gonadosgmatic indéx in sexually
regressed goldfish (Experiment 1.1) (&), sexually
maturing goldfish (Experiment 1.2) (7&(}, and sexually
mature goldfish (Fxperiment 1.3) (H).

TG = y = plasma trigiycerides; GSI = x = gonadosomatic
index; SE = standard error of the regression
coefficient (slope); p = significance of difference of
regression coefficient frem zero; N = number of

goldfish,
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Figure 2.

Regression of pre-treatment concentrations of plasma

. : o
total cholesterol (TC) on GSI of sexually regressed

-

goldfish (Experiment 1.1) (AQQ, sexually maturing

'goldfish (Experiment 1.2) (7%7), and sexually mature

goldZizh (Experiment 1.3) (®).

'y = Total Chol. = plasma total cholestéfol. Uther

symbols as in Figure 1.
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TABLE 1. Correlation coefficients (r) for pre-treatment plasma

concentrations of pairs of lipids in Experiments 1.1,

1.2, 1.3, 1.4 and 1.5.

Experiment TC vs. LP TG vs. LP TC vs. TG
1.1
(Sexually’ =718 . . .= .653.. .. .voro= 4G
regressed) N=28 =28 N = 28
p'<0.001 - - p<0.001 p < 0.02
1.2
- (Sexually r = .519
maturing) - - N = 22
p < 0.02
1.3
(Sexually = 441 T p=.297 . r=.108
mature) = 31 =31 | N = 31
p< 0.02 n.s. n.s
1.4 :
(Post-ovulatory- = 445 . r = ,580 r = ;257
regressed) = 30 N = 30 N =30
p < 0.02 ' p < 0.001 n.s
)
1.5 :
(Castrate r = 422
females) - - f; N = 21
n.s

NOTE: p = signlficance

of regression coefficient;

* f s, = not stgnificant.
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ovulatory-regressed or castrate fish.

Ce

ITI. Effects of Salmon Gonadotrephin ' (SG-G100)

”

Plasma Mglycezndes |

The data on plasma TG {rom Experiments 1.1 and 1.2 ave pooled fbr
clarity of presenta;ionf In both sexually, regressed (Experiment 1.1)
ana sexgally\mgtpring (Experiment_l.Z).fiSh{at 12 ¢ l?C, comparison of
:poég;ﬁreatment with pré—treatment'plasma TG cOncenLrations réﬁeéled,that
SC—ClOO had an effectﬁoq pl;sma TG that was dependent on thevGSI in the‘

form of equatibn 1:

y = a - bx : ' @)

where "y'" is the change in plasmaxTC in the individnal fish between

samplings (post-treatment level minus pre-treatment level), "x" is the
GSI, "-b" is the slope of the line (regression coefficient) and "a" is
the "y" intercept (Fig. 3). The results indicate that plasma TG levels

_incrca&%d.iﬁ fish’ﬁitﬁ'smdii GVéfies and dccreased in tHo;e yifh lafger
ovaries following ﬁfgatﬁcﬁt Qitﬁ SC;GlOO." On the other hand;vinjéétion
of BSA had no effect (Fig. 4). In the uninjected controls, plasma TG
changed between samblings in a manney that was similar to the fish
injected with SG-G100 (Fig. 5). Hdweyer, the magnitude of the re~
gression coefficient in Fig. 5 is significantly less than that in

Fig. 3 (p ; 0.05). 1If Experiments 1.1 and 1.2 are considered
sepafately;~£he.change of'plasma TG between samplings‘in the SG-G1l00-
treated groups still remains significaﬁtiy dependent -on GSI; However,
there is no siganificent depéﬁdehcé‘o% éhgnge‘iu plasma TG on GSI in

the uninjected or the BSA-injected control groups in either Experiment



Figure 3.

Cad
Regression of  changes tu ,plasma TG between samp . ings

on GSI in sexually reuressed goldfish (Ixperimeat 1.1)
(7&(} and sexually muaturing goldfish {Experiment 1.2)
(€®) 1injected with partially purified salmon gonado-

trophin (SG-GL00). -

Z&TC = change -in plasma TG between samplings

(post-treatment level minus pre-treatment level).

Other symbols as in Figure 1.
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Figure 4.

sexually maturing goldfish (Lxperinent 1.2) ( ®)

Changes in plasma TG between samplings versus GSI in

sexually. regressed goldfish (Experiment 1.1) (3&{) and

injected with bovine serum albumin (BSA). There was I
no significant dependence of changes in plasma TG on
GSI.

Symbols as in Figure 3.
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Figure 5. Regression of changes in plasma TG between samp lings
on GST in nexﬁally Feg;re§sed goldfish (Experiment
1.1) (‘i&;") and sexually maturing goldfish (Fxperiment
1.2) (&) thar were uninjected.

S\]rn!\r‘,](: e Fip‘\]v‘r\ ".
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1.1 or Experiment 1.2 when considered alone.

In addition, changes in plasma TG in the fish that received SG-
G100 in Experiments 1.1 and 1.2 were significan&ly correlated with a
fedﬁcti6n in'thé number of périndcleo]éf oocytes visible in a micro-
scope fiéld of 1.54 mm® (r = .479, p < 0.05) and the appearance of
segondary and tertiary yolk stage oocytes (r = -.604, p < 0.01). These
data confirm the relationship between changes in plasﬁé TG and GST.

In sexually mature fish at 12 % 1°¢ (Experiment 1.3), plasma TG
decreased significantly in the two control groups between S%Fplings,
but not in the $G-Gl00-treated fish (Fig. 6). 1In post-ovulatory-
regressed fish held at 21 * 1°¢ (Experiment 1.4), control or SG-G100
treatment had no effect on plasma TG (Fig. 7). hat SG-GL0C did have

-
biological effects in the mature fish and post-ovulatory-regressed
fish was demonstrated by the ovglation of three fish in each experiment
after SG-G100 treatment. In mature fish at 12 + 1% (Experimoht 1.3)
and in post-ovulatory-regressed iish at 21 + 1°C (Fxperiment 1.4),

&

there was no dependence of change in slasma TG between samplings on
)

GST. Also, in none of the experimcnts was there a difference between
groups in the mean pre-trcatment plasma TG concentrations or between

grodps in the mean post—treatment plasma TG concentrations (Duncan's

|
test).

'?1asma Total Cholesterol

.Injection of SG-G100 had no effect on plasma mean TC levels in

sexually mature fish at 12 % 1OC, or in post—ovulatory—regreSSéd fish

at 21 + 1°C (Table 2). In Experimeur 1.1, on sexually regressed fish,

plasma TCSdecréased significantly between samplings in both centrol

,



Figure 6. Plasma TG concentrations in pre-treatment and post-
treatment samples from sexually mature goldfish
(Ezperiment 1.3). Bars represent mean + SE for the -
pre-treatment, or initial (1) sample and post-

E treatment, or second (s) sample from each group.
Numbers of fish (N) and results of paired t test

s

(if sigrificant) appear above each pair of bars.

There were no sigﬁificant differences between groups
in mean plasma TG concentrations in either the pre-
treatment or post~treatment samples (Duncan's test).
Uninj. Cont. = Uninjected control goldfish; Inj.

=, .
Cont. = Control goldfish injected with BSA; SG-G100 =

goldfish injected with SG-G100. Other symbols as in

previous figures.
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Figure 7. P]nsmﬂ,TG concentrations in prthreatment and péét—
o ﬁréafmentrsampléé fromwpostfovulaﬁory—regressed
goldfish (Experiment 1.4). fhéré were no‘significant
2dif£erences bgtwegn groups in meén plasma TG concen-
tra;ions in either the pre-treatineiai OT posgﬁt;eatment
samplesr(Dqﬁcan;; Eest).

Symbols as in Figure 6.
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groups, but not in tﬁé‘éb—ClOO;tféaféalgféﬁé‘(igﬁié”éj; Ain ;hé ¢
maguriﬂg fish only, the injectioa of SG-G100 had an effect on plasma TC
that was dependent on GSI in the form of equation 1, similar to that
diécgssed above for plasma TG (Fig. 8). Injection of BSA had no effect
on plasma TC in thié expéﬁiment (Fig. é). Uninjected‘fish showe&
changes in pidsma TC that were similar to those.in the SG-G1l00-treated

"fish (Fig. 10) but the magnitude of the regression coefficient in

Fig. 10 is signjficantly less than that in Fig. 8 (o < 0.05).

Plasma Lipid Phosvhorus

“ In sexually regrgﬁsed fish at 12 % 10C>(Experiment 1.1), SG-G100 .
had no effect on pla;ma L?, a]though.the BSA-injected contrels showed
‘an incrcase between samplings (Table 3). In post-ovulatory-regressed
fish at 21 ¢ 1°C (Cxperiment 1.4), both the SG-G1CO- énd BSA-injected
groups had higher plasma LP levels in the post-treatment sémple, and in
mature fish at 12 i 1%¢ (Experiment‘l.j) there was a slight decrcage in
plasma LP betwgén samplings. in the SG—GlOO—trgated fish (Table 3). 1In ’
no experiment was there any significa:t difference between groups in
the mean pre-treatment plasma LP concentrations or between.groups in
the mean post—tréatment plasmé LP'concentrations (Duncan's test), ana
in no‘case were changes in plasma LP between samplings dependent -on

the GSI.

~

Castrate Fish ,

In casﬁrate fish at 12 # 1°¢ (Experim;nt 1.5), SG-G100 had no
effect én plasma TG or TC (Figs. 11 and 12). lowever, plasma TC
(Fig. 12) 1in bbth the pre-treatment and post-treatwent samples from
each group of castrate fish was lower then in the samples from the

unoperated controls.



Figure 8.

Regression of changes ' in plasma TC between samplings
on GSI in sexualiy maturing goldfish (Lxperiment 1.2)
injected with SG-G10O.

ZSATotal Chol. = change in plasma TC between samplings

(post—-treatment level minus pre-treatment level).

Other symbols as ia'Figure 3.
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Figure 9. Changes ian plasma TC between samplings versus
GST in sexually maturing goldfish (Experiment
1.2) injected with BSA. There was no signifi-

canr dependence of changes in plasma TC on GSI.

Symbols as in Figure 8.
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Fignre 10. Regression of changes in plasma TC between
samplings on GSI in sexually maturing goldfish
(Experiment 1.2) that wcre uninjected.

Symbols as in Figure 8.
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Figure 11.

»

4

Plasma TG in the pre-treatment and post-treatment
samples from Fxperiment 1.5.

Unop. Cont. = Unoperatea control goldfish; Uninjd. ~
Cast. = Uninjected castrate control goldfish;
Inj. Cast. = Castrated control goldfish injected
with BSA; SG-G100 = Castrate goldfish injected

wiih SG-G100. Othes symbols as in Tigure 6.
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Figure 12,

Plasma TC in the pre-treatment and post-treatment

samples from Experiment 1.5. Results of Duncan's

“test at p < 0.05 show that the unoperated controls

had higher levels of plasma TC than all other groups
in both initial (pre-treatment) and second (post-
treatment) samples.

Other symbols as in Figures 2 and 11l.
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DISCUSSION

In thé thre¢ experiments conducted with intact fish at lZOC, plasma
TG levels in the.pre—-treatment samples increased with increasing gonad
size., If plasma TG is a major source of fatty acids for oxidation by -
and/or for storage in the developing oélry, higher plasma concentrations
of TG in fish with larger ovaries would reflect increased availability
of fatty acids for uptake by the ovary. Whatever the metabolic fate of
TG, fhe cause gf the increased plasma TG concentrations as ovarian
development progresses is probabl; oestrogen. Iﬁ'support of- this,
oestrogen injection has been found to cause increased plasma levels of
neutral lipid in sockeye salmon, Onccrhynchius rnerka (Ho and Vanstone
1961) and TG in the bass, Paralabraxr clathratus (Urist and Schjeide
1961), S; gairdnerii irideus (Takashima et al, 1972) an@ goldfish
(this thesis, bhapter 2). Plasma oestrogen concentrations have been
fouﬁd to incrcase with increasing GSI in Pleuronectes platessa
(Wingfield and Grimm 1977), Tifapea curea (Yaron 2t al. 1977) and
Salmo trutt;z (Crim and TdTer 19783, but not in S. gai‘riineri‘ (Schreck
et al. 1973). I

It may be that ghe plasma fG levels in goldfish, as depicted in
Fig. 1, are dependent on GSi only up to intermediate values found in
maturing fish, and flateau at higher values aé the- fish reach maturity.
vaa break is arbitrarily made at GSI = 6 in Fig. 1 and regression
equations calcﬁlated for fish above and below that boundary,  the
respective'equationsiare: y = 2.07 + O.EAX, S.E. = 0.17, p < 0.001,

for fish with GSIs less than 6.0, and vy = 4.56 + 0.09x, S.E. = 0.08,

not significant, for fish with GSIs greater than 6.0 (synbols as
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above and in figures). Thus, the increa G with increasing gonad
size.may occur only in fish with sméller gvéfies;k A similar relation-
ship between plasma LP and GSI has been repdgged in Plaﬁichthys flesus
(Petersen and Emmersen 1977). |
Concentrations of plasma TC decfeased with increasing~GSI in the
pre—treatment‘samples in Experiments 1.1, 1.2 and 1.3. These results
have.peen confirmed in Chépter 2. ‘The relationship described here is
similar to, but not as dramatic as, that described by McCartney (1967)
in brown trout in which serum cholesterol levels were minimal during;
the spawning season and maximal one month after its coﬁpletion. The

cause of the decrease is not known and it is probably not mediated

through sex steroids (this thesis, Chapter 2). The effects of SG-G100

-

could contribute to the decline (see below).
Salmon gonadotrophin was foundhto increase plasma TG in fish with
sm;ll ovaries in two experiments (Fig. 3) and to increase plasma TC in
similar fish in one experiment (Fig. 8). These increases can probably
be attributed to stimulation of'oVarian oestrogen secretion by the
injected gonadotrophin and oestrogen has been found to increase pl;sma
lipid concentrations in teleosts (fér review, see thié‘thesis;
Sﬁigter 2). Injection of pituitary extract from vitellogenic sockeye

salmon has been shown to increase plasma oestradiol concentration in

S. trutta (Crim and Idler 1978) and injection of a salmotiid gonado-

trophin raises plasma oestradiol concentration in rainbow trout (Billard

et al. 1978). Truscott et al. (1978) demonstrated that ovine LH in-

creased plasma testosterone concentrations in gravid catfish,



Hetergpneustes fossilis. Other evidence for genadotrophin encha)rcl€nLv

ﬂgi;éier01d productlon in fish is indirect. After stimulation by a
glycoprotein gqnadotrpphin isolated from.chinook salmon, Oncorhynchus
.tsﬁdyyﬁgcha; éituitaries; the interstitial cells of the 5. gatrdneri
O?éf?“éﬁﬁﬁgit-ultrastructural features normally assocnated with steroid

\-W’,P"’V PR - ‘r
productlon (Upadhyay 1977) Sundararaj etvaz (19 §$|5 f”aﬁsociated

the prollferatlon of the f&l1ticular layey” of Lhe H fQ-
observed after SG- GlOO treatment, with increased oestrogen production.
Fish gonadetrorphins, including SG—G%bO,_have been found‘to stimulate
cyclic AMP production in.goldfish‘ovgiies (Fontaine et &Z. i972), énd
a chum salmon, Oncorhinchus keta, glycoprotein gonadotrophin has been
showm to ctimulate cyclic AMH productiorn in S. gairdner: ovaries
(Idiér et al. 1975). Cyclic AMP is_implicaifd as an intermadiary in
gonadotrophin—induced éteroid production (Marsh 1975; Catt and Dufau
1976). .

In. Experiments 1.1 and 1.2, there was a transition of ﬁhe'eéfeFt
of SG-G100 from raising plasma TG in ish with small ovaries‘tp

lowering plasma TG in fish with largér ovaries (Fig. 3). A similar
effect on plasma TC is apparent in Experiment 1.2 (Fig. 8). The

- effect of SG-G100 to lower plasma levels of neutral lipids appe;;s to
over-ride the oestrogen-mediated action to raise the levéls as ova.vian
growth proceeds. The stimulation by SG-G100 cf removal of lipid from
the plasma in fish with larger ovaries is likely due to uptake of
lipid i;?B\EEE_gyary. The transition of the SG-G100 effect on neatral
lipids described above could therefore be explained by an increasing

capacity of the ovary to take up lipid as ovarian growth proceeds. The

deposition of lipid, as judged by histological criteria, has been
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demonstrated to accompany accelerated oocyte development in O. gofbuscha
after SG-G100 injection (Funk et al. 1973).

In gdditio; to being dependent on GSI, the effects of SG-G1l00 on
plasma TG were cqrrelated with histological changes in the ovary. The
observation of a correlation between a reduction in the number of peri-
nucleolar oocytes and changes in plasma TG following SG-G100 treatment
is likely due télrecruitment of these oocytes into the.more advanced
stages of larger, vitellogenic oocytes which acgumulate‘lié}d. The
relation of %pangcs in plasma TG to increased numbers of secondary and
tertiary stage oocytes is consistent with the findings,of Lapin (1973)
who reported maximal incorporation of TG in the ovary during develop-
ment of similar stage oocytes in P. flesus bogdanovi.

The nature of the gonadotrophin exerting the effects on plasma
lipids in this study is‘ngb'knownvsince the SG-G100 preparation
consists of several fractions (Pierce-ct al. 1976). The number and
nature of fish gonadotrophins is currently under intensive investigation.
As‘discusscd above, glycoprotein genadotrophins have been implicat..d
in steroidogenesis in teleostyqvaries and oestrogen has beaﬁ shown to
taise plasma lipids. Upadhfay {1977) reported the accumulation of !
lipid bodies by 5. gairdneri oocytes after treatment in vivo with a
fish é;ycoprotein gonadotropﬂin; however, no accumulation of exogenous
yolk (VG) occurred unless a whole pituitary extract was administered.
On the other hand, non-glycoprotein gonadotrophins (not adsorbed on
concanavalin A-Sepharose) prepared from both the plaice,
Hippoglossoides platessoides (Campbell and Idler 1976; Bun Ng and
Idler 1978a) and‘O. keta (Bun Ng and Idler 1978b) have vitellogenic

activity in hypophysectomized winter flounder, Pscudopleuronectes
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ancricanus. Therefore, while there is support fox the involvement of g
a glycoprotein gonadotrophin in the responses to SG-G100 observed in

this study,'work with purikicd preparations of both glycoprotein and
noh—glycoprotein gonadotrophins is necessarytto resolve the issue.

Where SG-G100 had a CSI;dependent cffect on plasma lipids (Figs.
3, 8), the corresponding uninjected control fish showed similar changes
in lipid levels between samplings (Fig. 5, 10). However, magnitudes
of the regression cocfficicnts in Figu>bs\§_and'16 (uninjected fish)
.here>significantly less than those of regression coefficients in
Figures 3 aud 8 (SG-GlOO-injected fish), respoctiﬁ%ly. This suggests .
that processes occurring in the uninjected fish were magnified by

SG-0100 trecotment. No GST--dependent changes in plasma lipids were

wm

detected in the BSA-injected controls, possibly reflecting an effect
of injection stress.
) = ,
In the sexually regrcssed {ish at 12°¢ (Experiment 1.1), there
w .

was a significant decrease in plasma TC between samplings in the two
control groups but not in the SG-G100~treated fish. This probably docs
not represent a biological effect of the gonadotrophin since plasma TC
levels decreassd in 9 of 11-SQ—G100—treated {fish and there were no
differences between groups in post-treatment plasma TC concentration.
The reason for the lack of effect of $G-G100 on plasma TC in sexually
regressed fish when it affected TG in sexually regressed fish and both
PC and TG in sexually maturing fish (Experiment 1.2) is unclear.

The lack of an effect of SG-G100 on plasma lipids in mature
females at 1;?c (Experiment 1.3) may be due to the deposition of yolk,

hence oocytc growth, being largely complete in these fish. There was

a significant decrease between samplings in plasma G in the two

51
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control groups buc not in the S$G- GlOO-trcated flbh in this experlment
However, no biologlcal significance should be attributed to this
apparent effect of SG-G100 because there was no difference between
groups In mean pPost-treatment plasma TG concentrations, and 7 of 9 fish
in the SG-G100 group showed lower levels of plasma TG post-treatment
oompared'to-pfe;treatment. SG-G100 did have biological effects in
mature fish lat'lzoC since three fish ovulated and germinal vesjcle

migration to the Periphery of the bo0cyte was:seen in most of the other

S

S6G-G100-treated fish.

That the ovaries are rcquireé’for the responsc of piaema lipids to
SG-G100 treatment at 12°% is supported by the resulits of Fxperiment 1.5
in which SC G1C0 had no effects on plasma TG or IC in ctastrate fish.
The difference in TC levels between unoperated fish and the 3 groups of

astrates may be due to the laék of oestrogen, which has gécn shown to
increase plasma cholesterol levels in teleosts (Ho and Vanvtone 1961
this thesis, Chapter 2),

The findiﬁg that SG-G100 had no wifects on plasma iipids at 21°%¢
(Experiment 1.4), despite a 2.5 fold increase in dose, is in keeping
with the opinions of Yamazaki (1965) and Gillet et aql. (1978)Jthat
oocyte development is sensitive to warm temperature in goldfish
Impairment of metabolic responses to sex hormones may be one facior in
this sensitivivy, That SGC-G100 has somo biological pPotency at this
temperature was demonstrated by the observation that 3 figsh receiving
this treatment cvulated.,

The slight difference in plasma ILP concentrations beLwce
sexually regresséd and sexually matuve fish at 12° C in the pre-

treatment sasples is in marked contrast to the case in P. fleusus

52
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where the concentration of plasma LP in fish at the commencement of
: ]
the spawning season is approximately 2.5 times that in the post-

spawning season (Petersen and Fiumersen 1977).

el
Bl

In sexually"mature fish at lZOC (Experiment 1.3, Table 3), there
were no differences between groups in the post-treatment plasma LP
éoncentrations. In aadition, the magnitudes. of the decreases in plasma
LP between samplings were similar in the SG~G100- and BSA-treated
groups. Therefore, it is difficult to attribute biological signifi-
cance to the statistically significant decreasc in plasma LP between
samplings in the SG-Gl00-treated sexgéily mfﬁure fish. “

In summary, this study provides data descriﬁing the dependence of
piasma lipid concentrations in the femile goldfish gﬁ the réproduct%&c
state. Gonadotrophin injection had effects on plasma lipids co%éisfent

with induction of both oestrogen-mediated lipid mobilization and with

a hormone mediated uptake of lipid by theé ovary.

v
v

\ .

ke

™
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Chapter 2. LEFFECTS OF SEX STEROIDS ON PLASMA TRIGLYCERIDES,

CHOLESTEROL AND PHOSPHOLIPIDS IN FEMALE GOLDFISH.
INTRODUCTION &

In earlier studies it has been found that nestrogens inducg
increased leveis of several ?lasmn lipids. Specifically, inject ion
of oestrogen increases plasma concentrations of total lipide and a
lipbprotoin gée Vlaming et . 1977b) nnd‘lipﬁd phosplhicrus (Bailev
1957) "in the goldfich, Carassiue auratus; phospholipids in rhe cod,

Gadus merhua (Plack and Pritchard 1968): total and neutral lipids,

L

free cholesternl and lipid phosphorus in the caclaye galmen,
Oncorkynchtus nerka (o and Vanstone 1961); triglycerides, sterols and
phospholipids in the bass, Paralchprar elativatus (Urist and Sehio {de
1961); lipoprotéins in the a?u, ﬁlccoglossus altervelia (Adda et AT.
1973a), and a vafioty.gf lipids in the trott, Salmo gairdi rii 7r7der e

(Takashima ot

al. 1972). Oestrogen has also been shown to influence
body 1ipid reserves in the geolden shiner, Votemigonus cruenlenas,
depending on photoperiod ropgime and treatment dose (de Viaming ~f =
1977a). MNHowever, in moet of the ahove atudiea, only one experim-nt
was perfarmed and in ne case were torper ot effects coreilear o oo
mave than one oestropen teated.

The work precsented in this chaptor wag vmidertaker tn determine
the effrcte of seyeral sex stervaids, including two oestrageng, on
\ ]

three major classes of plaema Tipide in fem 1o goldfiah ar i fc,.

stapgee of tha reprodurtive evelo and st tempersti an
1

)



MATERIALS AND METHODS

I. General Procedures

General procedures for maintenance, injection and blood sampling
of fish, lipid analyses and cleaning of glassware were as reported in

Chapter i.

TT. Experiments

Standard Experimental Protocol |

Female goldfish were acclimated to conditiéns of either 12 # 1°¢
or 21 + 1°C and a 12 hours light/12 hours dark (12L/12D) photoperiod.
for ? weeks. An initi%i (pre-treatment) blood sample was then éaken.
Two weeks 'ere allowed for rccovery under the same envirommental

conditicrs prior to commencement of hormone or control treatmenf. n
each exreriment, one control group was uﬁ{njeéted and another received
the dinjection vehicle. Experimental groups were treated with either
ceatrane (El), oestradiol-178 (Ez), or testosterone (T) and in 2
experiments a progesterone (P)-treated group was included. The fish
were given 5 injections on alternate da?s (total, 9 days) and on the
tenth dny, the second (post—tfeatment) blood sample was taken. ’
Throughout the experiments, the fish were fed.twice daily ad Zibitum~
‘with Fwos Salmon Crower Extra pellets, size 5P (Ewos Aguaculture
Tnternational) except for a 24 hour starvation period prior to each

blood saﬁp]ing. After the second sample, the fish were weighed,

sacrificed and the ovaries were removed and weighed.
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Spectfic Experimentdl Conditions

Experiment 2.1 4 -

. Female goldfish were held at 28°¢C - 3OOC'under simulated natural
(Edmonton)iphotopErjod for 105 days during the summer of 1977, ﬁo effect
gonadal regression and prevent the onset of recrudescence. The fish
were.then injected with 100 TU human chorionic gonadotrophin -
(HCG-Ayerst)/fish on two successive afternoons to cause ovulation of
any remaining mature cocytes. However, no ovulated eggs could be
stripped from any of the fish on the mornings following HCG injéétion,
indicating that mafure oocytes were absent.. The fish were kept at
28°C - 30°C for another 8 days after which the temperature was lowered
to 12 + 1°C over a period of 3 days and the fish were then subjected
to the standard protorol) at 12 4 1°C and 121./12D. At thi§ time, the
fish weighed 43.8 ¢ (S.D,‘= 10.2). Upon sacrifice, the mean GSI was

1.1% (S.D. = 0.7). These fish were designated as "sexually regressed".

Fxperiment &.2

Coldfiéhm(mean weight = 27.1 g, §.D. = 5:6) were subjectéd to
thé standard protocol at 12 + 1°¢ in January, 1978% Fish that showed
signs of illness (N = 12) were discarded from the experiment. Sacri-
fice of the remainder of the fish (N = 42) in the experiment was
dclaygd until 3 days after the second bleeding to examine fish for
symptoms of illness that may have been accelerated by the stress of
J”‘;leeding. Only fish that appeared healthy at this time (N = 38) were
used“in the assessment of data. In addition, six other fish were dis-—
carded because of sexing error or inability to obtain‘a suffiéientiy

large blood sample. Upon sacrifice at the end of the experiment, the



N

mean GSI was 5.82‘(S.D. = 3.4); these fish were designated as "sexually

-

maturing'.

¢ Experiment 2.3 ' q—\

"Female goldfish which had previously ovulated were‘kept at 21 % 1%¢

on a simulaﬁed natural (Edmonton) photoperi;d in June, 1978. On two
successive afternoons, the fish were injected™with 100 IU HCG
(Sigma)/fish and on the subseduent mornings were stripped of ovulated
eggs. The temperature was raised to 28°¢C - 30°C for 2 weeks and the fish
were again injected with 100 IU HCG/fish. However, no ovulated eggs
could be stripred from the fish on this occasion. The temperature was
lowered to 21°C over a period of 2 days. At this time the fish weiéhed
31.8 g (S.D. = 5.9} and were subjectéd to the standard protocol at

21 + 1°¢. Upon sacrifice, the mean GSI of ihe fish’was 1.5% (S.D. = 1.1)

and they werée designated as '"post-ovulatory-regressed'.

ITI. Steroid Suspensions

Steroids, purchased from Sigma, were dissolved in a minimal amount
4

of 957 ethanol at 60°C and diluted ﬁo\volume with the injection vehicle.
The vehicle was prepared by dissolving gelatin in double distilled
deionized water (DDW). Stock solutions (10:1) of freshwater teleost
physiological saline (PS) were then addeé dnd the suspensions diluted
with DDW to 0.5% gelatin and normal PS. fn Experiments 2.1 and 2.2,

the concentration of the El’ Ez,and T stspensiaons was ,200 ug/ml, and
the injection dose was 2.0 vg/2g body weight. In Experiment 2.3, the

concentration of El’ EZ’ and T suspensions was 500 ug/ml, and the

.
o

injection dose was 5.0 ug/2g body weight. In Ewperiments 2.2 and 2.3,

r
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.

the concentration of the P suspension was 2000 pg/ml, and the injection
dose was 20 ng/2g body weight. The suspensions were mixed with a vortex
mixer prior to injection.

v

IV. Statistical Analysis

Analysis of variance and Duncan's multiple range test at either
p < .05 or p < .0l were used éo‘detefmine.the differences between groups
in the initial (pre-treatment) or the second.(postrtreatment) sample
(Steel and forrie 1960). Paired ¢ tests were used to compare plasma @
lipid concentrations of the pre- and post-treatment samples from
individual fish within experimental groups. Unpaired student's t tests
were used for comparison of mean plasma lipid concentrations between
experiments. Pearson's correlation coefficiehts and tests of their
significance were calculated for pairs of plasmg lipids in the pre-

treatment ééﬁples fSteel and Torrie 1960; Sokal and Rolfe 1969).



" RESULTS

I. Effects of Sex Sterolds

Plasma Triglycerides (1G)

In sexually regressed fish (Experiment 2.1, Fig. 13) there were no
significant differences in plasma TG levels between groups at pre-
treatment (initial samples). Post-tregtment (éecond samples), all three
groups ofvsferbid—treated fish had higher levels (p < 0.05) of plasma
TG tﬁan the vehicle-injected controls, and the Ei—treated group had
higher (p < 0.0li leve%s of TG than both‘control groups. The
uninjected control group showved a significant decrease in p]égpa TG
levi}é betweeh samplings, Qnd the El—treated group had a significant inj
creaée ;n plasma TG botween samplings.

In sexually maturing fish (Experiwment 2.2, Fig. 14), there wefé ro
‘signifiqant differegces in plasma TG levels betwecen groups at pre-
treatment. Post—treatﬁenf, the P-treated group had significantly
higher (p <-0.05) pla§ma‘TG concentrations than either the vehicle-
or T-treated fish."TKg T-treated fish showed a significant decrease in

.plasma TG between samplings.

In the post—ovulatory—rcgressed fish (Experiment 2.3, fig. 15),

there were no significant differences between groups in either the

pre— or post-treatment samples. Plasma TG levels increased in both

the T- and P-injected fish between samplings.

Plasma Total Cholesterol (TC)
In the sexually regressed fish (Fig. 16), the pre—treétmeut level

+0f TC in the vehicle-injected fish was significantly lower than in the

59



'Figure 13.

A

Plasma triglycerides (TG) of sexually regressed
goldfish (Experiment 2.1). Bars represent mean + SE
for the pre-treatment, OT initial (i) sample, and
post-treatment OT second (s) sample from each group.
Numbers of flsh N) apd results of paired t test, if
significant, appear above eth pair of bars. Results
of Duncan's new multiple rénge test on post-treatment

(second) samples are inset, if significant; groups

‘gaderlined by the same 1ine are not different at the

indicated level of gignificance.
Un = Uninjected control goldfish; V = Goldfish inject-
ed with vehicle; T, E1, E2 = goldfish injected with

testostergne, oestrone and oestradiol-178, respectively.
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Figure 14, Plasma TG of sexually‘ﬁaturing goldfish
(Experiment 2.2).
P = goldfish injccted with progesterone.

Other symbols and details as in Figure 13.
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Figure 15. Plasma TG of post-ovulatory regressed goldfish
(Experiment 2.3).

Symbols and other details as in Figures 13 and

— 14,
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Figure 16. Plasma total cholesterol (IC) of sexually regressed

goldfish (Experiment 2.1). *pre-treatment levels in
the V group were less than in the E1 group (Duncan's

test, p < 0.05)..

\\\_ Total Chol. = Plasma T€. Other symbols and details
: i

as in Figure 13.
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El~injected fish (p < 0.05). 1In the Post-treatment samples, the El~
treated fish had highet concentrations of plagma TC than the twe contrnal

groups (P < 0.01) and the T-treated figh (r - 0.05), and the E7~troated

fish had higher plasma TC levels than the twe contrel groups (r < 0.0SYT\_
. ) N \
Between samplings, -there were significant decreases §hn rlacma 7 4, the

A
Uninjected and the vehicle- and T-injected finp.)
. ot

'

Tn the sexually Maturing fish (0 e 7). there vare i chpeifioang

differenceg between groups’ in plasms TC Jevyaja at Pre-trontmet Ty

. A
treatment, the Flwtroated fish had higher Plasma 77 Tevela than the

vehicle-injected control gproup (r 0.05), and ¢he o trentod and oo
Injected control groups (; - n.01) Levels of 10 in the unin15>r¢4
_ . - \

A
control oroup were also Jec- than dn the 7 orrengea Tieb (- 0 05Y ana

the Fz«tregted fish‘(p < 0.01). Plaama 70 Tevels ivercacd cooir:
ly'in the P .| F]- and V2~trenfvd Fiel botuoan camplinga.

Tn the Post—ovnlatory.yagreaan fish (Fig, TRY ., tliy o were o
significant difforences in plasma T0 betoen FYOoups at cibay o,
Post treatment . Plaema T TNCTaNead ot samp ' e

vehiole  ang F] 'reated groupa

T738ma 1ipid Thocphesue (10)

Tn the sexually repreeccad fish (Tip. 10) | tphe PTG *rentment
concentration of plasma 11 in the F] treated prowp wan cianificantiy
higher than in ;he vehiclo- (p - 0.01) ;nd the F2 (r - 0 nsy treated
figh. Post~rrearmenr, placma LF wasg cignificanilv higher 4n hath
El— and Fo-treated groups than in the other 3 gproupe 4 < 0 07y The
El—treatod fish also had higher Plasma LP levels than th~ F7-treated‘
fish, and plasma 1.p was higher in thé‘T— than in the vehirle-iniactad
fish ® < 0.05). Plaawa Ip 1ncr0pgé€ STanITicantlv barpann Samp T Aoy

£
N



Figure 17.. Plasma TC of sexually maturing goldfish (Experiment

2.2).

Symbols and other details as in Figures 13 and 14.

o
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Figure 18. Plasma TC of post-ovulatory regressed goldfish
(Experiment 2.3).

Symbols and other details as in Figures 13 and 14.
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Figure 19.

\

Plasma lipid phosphorus (LP) of sexually regressed

‘goldfish (Experiment 2.1). *Pre-treatment levels of

LP in the El group were significantly higher than

in the V group (Duncan's test, p < 0.01) and E2

group (Duncan's test, p < 0@05). : !

Lipid P = Plasma LP. Other symbols and details
N g? .

.as in Figure 13.
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in both oestrogen—-treated groups and decreased in uninjected fish.

In the sexually maturing fish (Fig. 20), there wefe no significant
differences in plasma LP levels between groups at pre-treatment. Po;t—
treatment, the concentrations of plasma LP in bofh groups of oestrogen-
treqted fish were greater than in all the other groups (p < 0.01). Both
oes;rogen~treated groups showed increased levels of LP at post-treatment
compared to pre-treatment.

> The results Vith the post—ovulétory—regressedpfish at 21 + 1°C for
plasma LP (Fig. 21) were similar to those in the expefiment with the
maturing fish at 12 = 1% (%ig. 20). The post-freatment levels of
bldsma LP in the oestrog?n—treated fish Qere hiéher than in all the
other groups (¢ < 0.01) and significantly increased over pre-treatment

levels (p < 0.001).

.
3

I1. . Pre-treatment Plasma Lipid ‘Concentrations

Comparison of the pre-treatment concentrations of plasma lipids \\
in the two experi@enté condUcted at 12 * 1%C showed that the levels of ;
plasma TG from the sexually regressed fiéh (Experiment 2°1) ¢ere

"E?significantly lower than in the sexually maturing fish (Experiment 2.2)
(4.27'mM + 0417 [SEM] vs. 5.61 + 0.16 mM, p < 0.001) and éhat the pre-
treatment levels_of TC in the sexually regressed fish were higher than
;n the maturing fish (329 + 10 mg/dl vs. 208 * 6 mg/dl; p < 0.001).
Pre-treatment levels of TG in the sémually maturiﬁg fish (ExperimenE
2.2) were higher than the post—treatmentllevels of TG in the El—treated
group from.Experiment 1 (< 0.02) and pre-treatﬁent levels of TC in

+  the sexﬁally maturiﬁg fish were lower than post—freétment levels iﬂ con-

trol fish from Experimént 2.1 ( < 0.001). There were no differences

Y



AN
Figure 20. Plasma LF of sexually mgturing goldfish (Experiment

2.2).

’

Symbols and other details as in Figures 13, 14 and 19.

‘
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Figure 21, Plasma LP of post-ovulatory regréssed goldfish

(Expgriment 2.3).

Symbols and other details as in Figures 13, 14 and 19.

b .
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batween the pre-treatment concentrations of piésmé LP in the two

experiments. A

Comparison of the pre—tifatmenﬁ plasma lipid concentrations in
Experiments 2.1 and 2.3, in which the fish had similar GSIs, revealed
that the pre}treatﬁent plasma. TG levels were significantly higher in theq
po§t~ovulatory—reéressed'fish at 21 + 1% (5.50 + 0.11 mM) than in.the
sexually regressed fish at 12 + lOC/Qd(;;\E 0.17 ﬁM) (p < 0.001). .Pre—
treatment plasma LP levels were glso signif&cantly higher in the post-
ovulatory—rogressed fish at 21 + 1°C than in the regressed fish at 12°¢
(37.8 £ 0.5 mg/dl @s. 32.1 + 0.8 mg/dl, p$< 0.001), but pre-treatment .
plasma TC concentratioés were lower in the post—dvulatory*regressed figﬁ
alt 21 % 1°C than in the regressed fish at 12 + 1% (282 = 6 mg/dl vs.

329 + 10 'mg/dl, p < 0.001).

Pairs of plasma lipids from the pre-treatment samples were
assessed for significant cotrelations (Table 4). In all three experi-
ments, there was a highly signifigant correlation between pre-treatment

levgls of LP and TC. Pre~treatment levels of plasma TG significantliy

; .
correlated with levels of LP in all three experiments but with TC only

in maturing fish. - . : . )
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TABLE 4, Correlation coefficients (r) for pre-treatment plasma

concentrations of pairs of lipids in Experiments 2.1,

© 2.2 and 2.3.
Experiment TC vs. LP . TG vs. LP TG vs. TC
2.1
(Sexually  r=.780 - r o= .366 r = .102
regressed) N = 38 N 38 N = 38
{
p < 0.001 p 0.05 n.s
2.2
(Sexually r = _645 r = ,627 r = 405
maturing) N = 36 N =36 N = 38
. p < 0.001. - p < 0.001 p < 0.02
2.3 ¢
(Post—ovulat?ry— ( r = 444 r .580 r = —.-109 P &
regréssed) N=56 N = 56 N = 56
P. < 0.00? o 0.;?)01 n.s.




DISCUSSION

The resplts of this study provide support for the hypothesis that
oestrogen is involved in lipid mobilization in teleosts. Injection of
El’ but not EZ’ caused a sdignificant increase‘in plasma TG levels in
sexually regressed fish at 12°% (Experiment 2.1). The increase in
plasma TG aftgr El Injection is possibly due to increased liver release
of this 1iﬁid. Theﬁliver of W. cfysolcucan has been shown to release
TG ¢n vitro (Pardo and de Vlaming 1976). An effect of E, on release of
TG by the liver of a teleqst has not bheen reported, to my knowledge.

De Vlaming et al.(1977a) could not demonstrate an effect of E. treatment

2

of N. crusoleucas liver slices tc increase medium TG cencentrations,

even when the fish had been primed with Ez. This is consistent with
the lack of)effega"bmeé on plasma TG in the goldfish in the present
A PaRs-to it ' ’

o

;n'%’é méaﬁ‘pﬁt—treatment conceq&ration of plasma TG in sexuvally mg;
vturing fishiﬁt 12% (Experiment 2.2) was higher than that in the

N sééﬁallyhregfﬁgﬁed fishqat 12°% (Fxperiment 2.1), and was algo higher
than the posﬁ*treatment concenfration of plasma TCgﬁ& the El—tregted

L:. N
fish from Experiment 2.1. The higher pre-treatment levels in the

\ -

-

maturir3 fish are likely due to higher endogenous oestrogen levels as

* compared to the regressed fish (see fgis thesis, Chapter 1 for review).

1

@

That é', but not EZ’ raised plasma TG in sexually regressed fish
at 12°C is of particular interest. 1In a pilot experiment leading to

.the‘present work, female goldfish were implanted iqtraberitoneally with

w3

y



SilasticR capsules containing oéstrogenl and%lt was also found that

’

fish implanted with El’ but not those implanted with E,, had higher

plasma TG levels than those with control implants. In Xenopus laevis,

’

it was found that the relative potencies of oestrogens in E%é?raising of
plasma levels of a numbher of lipitl and protein parameters were
E2 > E] > oestriol (EB) (Redshaw et al. 1969). 1In Tilapia aurea, E

3

was found to be more potent than either Ei or E2 in the raising of plés—

3

ma calecium and total protein concentrations (Terkatin—Shimony gnd Yaron
1979). Although rheée;studiﬂs contrad%ct the present !findings, they are -
not directly comparahle to the present study in terms of specics or
parameters,

Treatment of sexually maturing fish at 1206 with P caused a mean
post—treatuent concentration of plasma TG that was higher than in the
thir1p~injected controls, ;]though the change hetweey samplings in the
P-treated group was not significant (paired ¢ teet). 1In rats, P has
been found to activate lipoprotein lipase (LPL), an important enzyme in
the process of removal of TG from the plasma (Kim and Kalkhoff 1975;
Valette e+ 7. 1978) and to pr@ﬁent the cestrogen- induced increase in
plasma TG (Valette et al. 1978), Tn hyperlipoproteinaemic women,
administration of a progestational analogue reduced plasma TG and in-
creased plasma LPT. activity (Glueck ef al. 1969). Tf a mammalian—1ike
System were operative in goldfish, P treatment of sexually maturing fich

N\
\

1 Capsules were made with Silastic Medical-Grade Tubing (Dow
*

Corning) which {s permeable to steroids.
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<

might be expected to lower plasma TG since these fish had elevated levels

[

of plasma TG in the pre-treatment safiple. ,The results of Experiment 2.2
are not consistent with such a mechanysm.
AR .

Whether or not the high level of nduced by P is due to gubse-

’

quent conversion of P to other steroids is no known. Conversion of P

to T (Colombonand‘Belvedere 1976) and T to % (Lambert et g7. 1971) have
" been repdrted in teleost ovarian preparations. Howgver, in the catfish,
Heteropneustes fbssilis, P has been shown to.havé a. slightly androgenié
effect (Sundararaj and Goswami 1968). 1In this éxperiment, the effect
of P was opposite to that of T, making its action by convgpsion to T
unlikely,

Treatment with T lowered plasma TG in sexually maturing fisl ar

lZOC, although post-treatment levels were not different from those in

the vehicle-injected controls. This result is consistent with (he re-
port of Schjeide and Lai (1970) that T reduces the release of lipids from
the liver of chickens in the presence of oestrogens.

Ir sexually régressed fish at 12% (Experim@nt 2.1), injection of~
either El or E2 prevented the significant décline in plasma TC that
occurred hetween samplings in the other three groups. The reason for
this deecline ig unknown, although it sheuld be noted that the post.-
treatment levels in the control fisl. in Experiment 2.1 were sgill
higher than the Pre-treatment lavels in the sexualiy mafuring fish at
12% (Experiment 2.2). 1In Experiment 2.2, treatment with El, E2 or
P caused a significant increase in plasma TC, and El caused post-
treatment levels that were higher than those in the vehic]o«injeCEed

¥
controls, El.was thegefore marginally more effective than Ezu These

<

results support the findings of other workers that oestrogen is

s\
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involved with the mobiliziﬂg”of'chblgsterol in teleosts (Ho and

Vanstone 1961; Urist and Schjeide 1961). The effect of Ry
S T hing

pzfviously been reported, to ny ﬁﬁpyledéﬁ.

" The action of steroids to mobilizg cﬁolesterol would‘enhanée
availability of choiegtETQl to the ovafy‘for up;ake. The effects of
steroids on plasma TC do not offer an explangtion for the decline.of
plasma TC that has‘been ob;erved té accompany ovarian growth in brown,
trout (McCartney 1967), 0. nerka (Idler and Tsuyuki l9§8), catfish,
Hcteropneusi@s fossilis (Singh and Singh 1979) or goldfish (this
'thesis, Chapter 1 and above). However,'gonadotrophin has been.impli—
‘cated in the uptake of cholesterol and other lipid from Lhe plasma\gy
éhe ovary (this thesis, Chapter 1).

‘In the sexually fegressed and sexually maturing fish at 12% énd
in po$t~ovulntory fish at 2100, injection of either Ei or E2 elevated
plasma LP concentrations, producing post-treatment levels that were
higher thén in the controls. Both T and P were without effect. Thege
results support the hypgthesis that cestrogen is involved in phospho-
lipid mobilization in teiénsts (Bailey 1957; Ho‘and Vanstone 1961;

Urist and*Schjeide 1961). Post-treatment plasma LP concentrations in

. o} X
the oestrogen-treated post-ovulatory-regressed fish at 21°C were

approximately double those in the corresponding fish 'in two experiments

at JZOC. \Whother or not this represents a potentiation of this re-
spon¥e to ocstrogen at higher temperatures is not known since the
hormone dose was Wigher in the 210C,experiment by a factor of 2.5.
Injection of oestrogens ingo post-ovulatory-regressed fish at
210C_(Experjment 2.3) had no effect on plasma TC or TG, but bhoth

oestrogens raised plasma LP concentrations. Therefore some, bhut not

85
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all, metabolic effects of'oestrogeh Were’abolished at higher,tempera-

ture, despite a 2.5- fold increase in oestrogen doée As suggested in

l?&l’

the previous chapter, }t is possible thst higher temperatures are

inhibltory to the metabollc processes stimulated by sex hormones.\

« 3

‘Yamazaki (1965) and Gillet et ﬁ; (1978) have suggested that oocyte

development is sensitive to high temperature in this specieés.
. ) e
In summary, the data presented in this chapter support the.
0

‘.
hypothesis that oestrogen is involved in lipid mqbiiizétioﬁ in teleosts.
oo N ' %

El was shown to be equ&potent to, or more poteut than E2 in thewraising

of plasma concentrations of lipids. There was no support for ﬁammalian—

like stlmulatlon by P of removal of TG from the plafma The effects of

uoestrogen on plasma TC and TG were abolished at 21% C but the effect .on

plasma LP was not.
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* Chapter 3. EFFECTS OF SEX STEROIDS -AND STARVATasy ON

t

PLASMA FREE FATTY ACIDS IN THE GOLDFISH.

INTRODUCTION

— L |
_ : & :
The debletion_of,body fat reserves'has been associated with the
pfovieion of energy for gonad gtowt@ in a humber of teleost species
'(fo; review, see General Introduction). Trlglyceride (TG) disithe
stored lipid,most extensively depleted durlng gametogenesis in the cod,
Gadus morn&a caZZartas (Shatunovskiy 1971) and.the scorplonflsh
Scorpaena porcus (Shchepkin 1971). When stored TG 1s mobilized for
oxidation by other tissues in mammalian systems,‘free fatty ;cids‘(FFA)
are releaéed into the plasme (Newsholme and Start 19733.2 The impor—d
tence of.%lesma FFA to gpnad recrudescence in te]eostefis unﬂnown but,
if plasma FFA are utilized ihzébnéd growth, it éeuldrbe‘egpected that
sex steroids wogfd dhtlueneeitheit'ieveie. : AAE
Oestrogen tas been’éhewn'co.raise plasma FFA cod@entrations in the
amphibian, Xenopus laevis (Follett aﬁd Redshaw 1968), thevreptile,
Anoli; carolinensis:(Gistuand Rainey 1975),¢doméstic fowl (Heald and
ﬁookledge 1964), 12~hour fasted rats (Kim and Kalkhoff 1975) and the
/\_eleost, Plattchthys flesus (Petersen and Korsgaard 1978). Preliminary
| _studies on the goldfish indicated that 1n3ect10n of either oestradiol-
178 (EZ) or‘testdsterone (T) caused elevated'?]asma FFA levels but
that such effects wepevsehsitive to the length of’ fast prior to blood
sampling. “

/

The mechaniqm by which sex steroids could act to raise plasma FFA
txJ

levels is not known. E2 mobilizes FFA in the fat body of the reptile,

87



Al

Uta stansburiana but doés no
applied directly to the “fat
ble that sex gteroids copld
at the hypothalamus to influ

¥ .
Uptake of sex steroids by th

( Kim et al. 1978; Morrelf‘?i"J

pltuitary hormones or hormon
been shown to enhance lipoly
Lafontan and Agid 1978) Al
demonstrated to influence fa
mammals (Kumom et aZ.ll976;
hypothalamié lesicns cause e
Anas plotyrhynchos (Hawkes a
Effects of stgrvation o

the trout,Salmo gairdner: pl

g R R
t have direct llpolytic activ1ty when
body (Hahn 1967). It was c6n31dered pOSSI—
cause elevated plasma FIA levéls by actlng

ence the secretion of pifuitary hormones.

5 am

é teleost hypothaigmus haswgéen reported

nd Pfaff 1978) andfsevergl‘mammalian

es secreted from thelr Larget gldnds have
sis (Goodman J97o Kastm\ff/az 1975;
ternatively, the hypothalamus has also been
t mobilizatioﬂuthrough neural pathways in
Bray and Nishizawa<l978)3 ana specific
levaﬁed plasma FFA levclsiin the dack{

nd George 1975).

n plasma FFA levels gﬁ teleosts vary.  In

asma FFA levels increase significantly

hy

after 5 days of fasting but are not consistently maintatned over a 70™

day period (Bilinski and Gar
Anguilla anguilla are signif
compared to 8 (Larsson and L
/h‘ﬁé)

tion in the toadfish. »Opsanus
ly in the plke,bsox Lucius p
dur&gg fasts oF 1 to 7 days
(Ince and Thorpe 1976,

The ;resent study was u
EZ and T on plasma FFA\in th

action to raise plasma FFA 1

thalamus. In addition, data

dner 1968\ - Plasma FFA in the eel,
icantly higher aféer 145 days of starvation
evander 1973) but decreaoc during qtarva—

tau (Tashima and Cahill 1955). Alternative-
lasma FFA concentrations remain uncharged
(Ince and Thorpe 197J) Or up to 3 months
ndertaken to further examine effegts of
2 goldfish and to determine whether any

evels could he mediated through the hypo-

from uninjected control fish in 3

88



Lwe

expefiéents are cg&parcd,“indiéatidg plasma EfA‘levels"in goldfish after

various periods of starvation.

" i1
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MATERIALS*® AND METHOQDS

L. General Procedures and Standard Maintenance Conditions

\

General procedures for maintenance, int;épefitoneal (Ip) injection
and blood sampling of géldfish and preparation of éteroid.suspengioms
were as reported iﬁ_previous\chaptefs. The'experimeﬁt§ were conducted
in 96 lltre flow—thlough aquarla under CODdlthﬂo ot 12 + 1°% and 12

hours light/lZ hours dark photoperiod.

II. Experiments
Steroid Injection Experiments =~ - .
Experiment 3.1

Female goldfish weighing 31.8 g (S.D. = 9.4) were acclimated to
the standard conditions foF 15 days in Ségtember 1977 priof to
commencement of hormone and control treatmeunt. The fish were fed
twice daily ad I1<bitwm with Ewos Salmon Grower Lxtra pellets, size

v

5P, (Ewos Aquaculture International) thfoughout the experiment until
”they were starved for 24 hours prion<g2 blood sampling. One control
group was uninjected and ﬁhe other was injected with vehicle. Experi-
mental groups were treated with oestr;ne (El), oestradiol-178 (E2) orw
testosterone (T). The fisli were éiven'S injections on alternate daysr
(toEal 9 days) and were sampled 2 days after the final injection. The

concentration of the El, E2 and T suspensions was 100 jig/ml and the

hormones were injected at a dose of 1.0 ug/2g body weight.

Experiment 3.2 >

Goldfish of both sexes weighing 25.9 g (5.D. = 5.1), were

e
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acclimated to the standard conditions and fed twice daily as above for

17 days in October 1978. The next day was designated Day 0 and the fish
were fed only once, at 09:30, after which food was withheld for the
duration of phe experiment: On Day 1, 7 fish were sampied and sacrificed
~as’initial co&trols and on Day 2, hormonal and control treatment of the
remééning fish commenced. The concenterion of the E2 and T suspensions
was 200 pg/ml and the hormones were injected at a dose of 2 0 ug/Zg body
weight. One control group was injected Ip with vehicle and the other
control group was uninjected. Fish from each of the 4 groups were

. ‘ !

sampled and sacrificed on Day 3. The remaining fish were treated again

as before on Days 4 and 6 and were sampled ‘and sacrificed on Day 7.

Hypothalanic Implant bxperiments
Expertment 3.3

Male goldfish weighing 29.2 g (S,a. = 4.2) were acclimated to the
standard conditions and fed twice daily as above for 8'days in March
1978 after which food‘was‘withheld for the duration of the experiment.
On the 16th day of starvation, the fish were tréated as described below.
The fish were sampled 2 and 6 days post-treatment after which'they were
sacrificed,;

.Pellefs weighing approximately 19 yug, containing approximately
1.3 pg 6% T with the balance consisting of cocoa butter, were prepared
according to the procedure described by Billard and Peter (1977) and
were implanted in the nucleus lateral tuberis (NLT) region of the
hypothalamus employing tle stereotaxic procedures déscrlbed by Peter
(1970) as modified by Peter and Gill (1975). Coordinates for im-
plantation of pellets containing T or control pellets (cocoa butter

only) wefre: 0.5, M, D 3.2 (Petér and Gill 1975). One additional
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control group was implanted Ip with similar pellets containing.T in

»

'Y

~ £ . - .
the same quantity as implanted in the.brain; another group was a normal

(unimplanted) controlr.
Experiment 3.4
Female goldfish weighing 29.9 g {8.D. = 6.7) were acclimated to

the standard conditions for 19 days in May 1979 and fea twice daily.

The following day was deéignétqd Day 0 and the fish were fed only once,

The fish were treated, as described below, on Day 2, and
sampled and sacrificed on Day 3. Fish that showed siggs of 1l11-
ness were aiscarded from the experiment. Cocoa butter pellets weighing
approximately 19 Hg containing approximately 2.5 ug of E2 or T a”&;.»~/"
control pellets were prepared and implant?d in the NLTvas described for
Experiment 3.3. Two additional control groups were implanted Ip with

similar pellets containing E2 or T in the same quantity as implanted

in the brain.

ITI. Y¥ree Fatty Acids (FFA) Assay

Plasma FFA were determined using an adaptation of the method of
Noma et al. (1973) and solutions were prepared according to those

authors. Extraction solvent, 1.35 ml, copper reagent, 0.5 ml, and

"ﬁlﬁéﬁﬁ;rgﬁ—ﬂij-glong with glass beads (added to prevent the formation
of a stable emulsion) were shaken” with a vortex mixer for 2 ninutes
after which 1.0 ml of upper, organic, phase was transferred to a

second tube containing 0.2 ml of 2-(thiozolylazo)-p~cresol solution.

Iv. Statistical Analysis

Mean levels of plasma FFA in groups of uninjected control fish
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starved for varying periods of time were compared by Duncan's New
) ‘ ‘ .

4

7

Multiple Range test after preliminary analysis- of variance (Steel and
Torrie 1960). Mecan plasma‘FFA levels of different groups in -.

Experiments 3.1 through 3.4 were compared using the student's ¢ test.



RESULTS

I. Effects of Starvation in Uninjected Figh

Plasma FFA levels'from'uninjected (normal) control groups in
Experiments 3.1 (1 day of starvation)‘énd 3.3 (17 aq% 21 days of
starvation) and tﬁe initial (1 day of starvation) and uninjected control
fish (3 aqd 7 da;s of starvation) from Experiméqt 3.2 are presented in

Table 5. Plasma FFA levels Increased with length of starvation.

II. Fffects of Steroid Injection

Experiment 3.1

Fish injeéted with E2 or T had higher plasma FFA ngels than the
uninjected control fish in Experiment 1 but therc were no S]gnlflpauu
differences between plasma FFA levels in the vehlcle injected fish and

any/other group (Table 6) .
///}’ Experiment 3.2
On Day 3, after 1 hormone injection, plasma FFA levels in the
T-injected fish were significantly higher than in the other 3 groups,
and also higher than the levels in the 1n1;Jal controls (Fig. 22). On

Day 7, after 3 injections, the T-, Ez— and vehicle-injected fish had
higher plasma FFA levels than both the unlnjected fish and the initial
controls. The F2— and vehicle- 1nJected flsh on Day 7 had hlgher

plasma FFA levels than the corresponding fish on Day 3. -There were no

dlffererce% in plasmz TFFA levels between sexes in any group.
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" TABLE 5. Plasma free fatty acids (FFA) in uninjected goldfish

starved for varying lengths of time.

3
Group " Source Length of Fast Sex - FFA
. g (Days) S (m)
a Experiment 3.1 ‘ 1 F 0.058%0.016 (6)
(Uninjected controls) y
b Experiment 3.2 1 M,F  0.096%0.020 (7)
(Initial controls) ' ' :
&
c Experiment 3.2 0 © M,F 0.1430.008. (5)
(Uninjected controls) oS
d Experiment 3.2 7 M, T 0.144%0.020 (7)
(Uninjgcted controls) ) :
§ . N “
é Experiment 3.3 o217 ¢t M 0.24540.027 (10)
' (Normal controls) o - E
f Experiment 3.3 21 " M 0.270%t0.030 (10)
NOTE: TFFA levels are mean R,
Numbers of goldfish ip“parentheses,
Results of Dun¢an's New Multiple at p < 0.05 abcd e [

Range test at indicated levels of" -
significance. GCroups underlined by . T

the same line are not different at at p < 0.01 abcdef
che indiiited level of significance. ' -
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TABLE 6. Effects of injection of ocestrone (Fl),
oestradiol-178 (E,) or testosterone (T)
on plasma FFA in female goldfish

(Experiment 3.1).

Treatment Plasma FFA

(mM)

T T e
Uninjected

Controls 0.058+0.016 (k)
Vehicle 0.096+0.026 (7)

. -

Ry : 0.07940.025 (7)

E, ©0.127:0.024  (7)*

T ?0.159+0.033 (7)*

NOT¥E: FFA levcls are mean * S.F.
Numbers of goldfish ino parenthrses.

* Significantly different from lininjected
Controls p < 0.05.



Figure 22.

Plasma FFA concenrkrations (mean * SE) in Initial Con—

trol fish (ITnit.), fish injected with testosterorne (T)

?

oestradinal-17R (R?)_qnd Vehicle (V) and Uninjected
Qontr51 fish (Un).

On Day 3, T group (N=5) had higher plasma FFA levels
than Un (N=5) and E2 (N=6), p < C.05; V (N=6), p <
0.02 and Tnit. (N=7), » < 0.01.

On Day 7, Un group (N=7) had.1ower plasﬁa FFA levels
than T (N=7) or V (N=7), p < 0.02, and E2 (N=7),

p < 0.01. E2 on Day 7 had higher plasma FFA than E2
on Day 3, p < 0.01 or Init., p < 0.001. V on Day 7
had higher plasma FFA than V on Day 3,00 2 0.01 or

nit., p < 0.01. T on Day 7 had higher plasma FFA

than Tnit., p < .01,

= The time of Tasr feoding. Nay 0.

%:- The time of injections, Days 2, 4, and 6.
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III. Effects of Hypothalamic Implants

Experiment 3.3

There were no significant differences in plasma FFA levels between
any 2 groups in the first sample (Table 7). In the second sample, fish
implanted Ip with T had higher plasma FFA levels than the normal con-
trols. Implantation of cocoa butter pellets containing T in the NLT

had no effect on plasma FFA.

Experimont 3.4
Implantation of cocoa butter pellets containing E2 or T in the

NLT bad no effect on plasma FFA (Table 8). There were no significanqu

differences in plasma TFA levels between any of the groups.

/



TABLE 7. Plasma FFA after implantation of testosterone in the

nucleus lateral tuberis (NLT) (Experiment 3.3).

Plasma YTFA

(md)

Treatment Sample 1 Sagple 2
Normal Control 0.245+0.027 (10) 0.270+0.030 (i0)
Sham (Control 0.313+0.041 (10) 0.34620.034 (10)

o . -
NLT Implant) - L
T-NLT 0.254+£0.021 (13) 0.29440.026 (13)
T-1p 0.283+0.030 (10) 0.353+0.025 (10)* ~
NOTE: FFA levels are mean + S.E.

Numbers of goldfish in parentheses.

T-NLT, T-Ip = T pellets implanted in the NLT or
intraperitoneally, respectively.

* Significantly different from Normal Controls
(Sample 2) p < 0.05.
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TABLE 8. Plasma FFA after implantation of testosterone

or cestradiol-178 in the NLT.

G
Treatment Plasma FFA
(mM)
»
. R
E_-NLT 0.178+0.033 (6)

i
Z
o
=
(@)

.213+0.022 (8gm)

E,~Ip _ 0.274+0.048  (7) p
T-Tp - 0.213#0.047  (7)

S
Sham (Control 0.20410.027 (12)

NLT Iwplant)

NOTE: FFA levels are mean + S.E.
Numbers of ‘goldfish in parentheses.
Abbreviations as in previous Tables.

There were no significant differences in plasma
FFA between any groups.
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DISCUSSION

Plasma ZFA levels were found to rise withlincreasing length of the
fasting period in goldfish (fable 1). 1Increasing plasma FFA levels
during fasting in mammals are associated with greater wusage of FFA as
an encrgy source (Newsholme and Start 1973). If the rate of utilization
of plasma FFA in goldfish is proportional to the plasma levels, thé
present results suégest that lipid increases in importance as an energy
source during fasting in the goldfish. This is consistent with\the
findings of Stimpson (1965) who reported depletion of.liver lipid dur-

ing fasting of goldfish maintained at ZQOC, and the findings of Larsson

"and Lewvander (1973) who reported depletion of liver and muscle TG

concomitant with elevation of plasma FFA in A. anguilla during fasting.
In Exp;;imont 3.2, where both sexes were used, there weve no
differences lLetween sexes in plasma FFA levels iniény one group.
Whether or not sex or.state of sexual maturity has any effect on plasma
FFA in longer term fasting, repog;ed here fbr males only, remains to.
be iﬁvestigated. Sex distribution was not reported in the study of
Tashima and Cahill (1965), and Larsson and Lewander (1973) worked with
presumably immature fish ("yeIlow eels'). Bilinski and Gardner (1968)
a9
and Ince and Thorpe (1975, 1976) rfported that both sexes were used
in their studies but .did not report\&sz\sex differences in FFA levels.
Plasma FFA levels in the EZ— and T-treated fish iq Eﬁperiment 3.1
w;?e higher than in the uninjected‘contr&} group but not significantl:yc
differenf from the‘vehicle—injgctéd.coﬁtrofR{ Alth?ugh thésé resuitg

"

dre suggest

ive of an effect of. E, aid'T to raise-plasmg FFA,, they are .. -

not definitive.
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In Experiment 3.2, fish tieated with T had significantly elévated
.concentrations of plasma FFA after 1 injection and .3 days of staévation
but not after 3 injections and 7 days of starvation. This experiment
failed to confirm ;he suggestion that injection of Ez could raise.plasma
FFA levels in goldfish, or to extend that hypothesis to goLdfish from

N

the other vertebrates discussed above. The effect of T is particularly
1ntere§t1ng in light of the observation that it has-littie effect on
other plasma lipids in the dose used in the present study (Chapter 2),
and induces v1tellogen1u synthesis in goldfish only after administra-
tion of massive doses (Hori et al. 1979).

flagma androgen levels have been reported to increase with
ovarian grqwﬁﬂ'in the flounder,Pseudoplcuronactes anericanus (Campbell
et al. 197¢) and the plaice, Pleuroncctes platessa (Wingfield and
Grimm 1977) and also after injection of a mammalian gonadotrophin in
female catfish, Heteropneustes foseilic (Truscott et qi. 1978).
However, the role cf plasma androgens in female teleosts is not fully
understood. The present results supgest that furthgr study of metea-
bolic effects of T, especially on plasma FFA, are warranted. The
pPresent findings are in contrast with those of Heald and Rookledge
(1964) who feported decreased plasma FFA levels in domestic fowl after
T‘injection. |

The increased pPlasma FFA levels in the vehicle-injected controls:
én Day 7 of Experiment 3.2 is possibly a re%lection of stress due to
injection. This result contrasts with the data of Minmick and Chavin
(1972) who reported that sham or saline injcution decreases plasma FFA
levels in goldfish from 15 mlnutus to. 12 hourb post injection. The

plasma FFA response . to vehiclcclnjectlon in this study is over a

103



104

longer term than that réparted by Minick and Chavin (1972).

Plasma FYA were higher in Experiment 3.4 on Day 3 than in the
vehicle-injected fish on Pay 3 in Experiment 3.2 (p < .01). This may
be ahother minifestation of a stress resﬁonse, evokeq in this casc by
anaesthesia, A1 fish in Experiment 3.4 were anaestheéized for pellet
implantation, ejther Ip or in the NLT, whcrgas in Expefimené 3.2, fish

.were injected 1, on Day 2 without anaesthesia. o

In Experifiynt 3.2, both the T-induced rise in plasma FFA on Day 3
and the jncrgéRQ in FFA in the vehicle~iﬁjected fish on Day 7 that was
Iikely due to Stress occurred after the fish had been starved for 3 days
or more, On"ﬁhQ other hand, there was no significant difference in
plasma FlAvlcV@ls between I-treated fish and vehicle-injecied controls:
or b%tw§en Vchine—injccted controls and nmninjected Pontrolé in‘
Experimsﬁ: 3.1 where the fish were fasted‘for oﬁli 24 hours and the
levels weve genarzlivy 10¥ compared to Ehose in the starved fish.

These obscrvatians suggest that feéponses of plasma FFA to various

stimuli ave depaadent on the time of the last feeding.

1

The depression of plasma FFA . in both control and hormone-treated®
figk fastod only 24 hours may be mediated through insulin which lowers
plasma ¥ra Jevell in goldfish (Minick anl Chavin, 1972) and k. lucius
(Tnce and Thoope 1975). A single fﬂcrn;artcrjal admjnisrr@cion of

By : \
glucese and irplpyine causes elevared plasma ilasuiin lcvels which pey-4
sist 2t neaw ma¥ymad lovels for at least 6 hours ip A, ariovillc
(Ince and Thorpe 1977). TInsulin kinetics altor leeding ia the gold~
fish rem;ju to by ivasligatcd. In prolonged fasting, insulin

depressign of plysma Fra would presumably be reduced oy abalished.
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In the present study, implayration of pellets congaining E2 or T
in the hypothalamus had no.effect oM plasma FFA, and the results are
not consistent with an action of se? steroids to raise plasma FFA being
mediated through the hypothalamis, An alternative poSgibility is that
Sex steroids may have perpmisgive actlons on lipolysis that enhance the
effects of othér lipolytic agents; Corticosteroids have such an effect
in mammals (Goodman 1970), Atpempt9 to elucidate lipolytic agents in
teleosts have not proven fruigful, the in vétro studiey of Farkas
(1967, 1969) have indicated that weiMones that are lipalytic in

mammals antagonize lipolysis in telelsts.



Chapter 4. PLASMA LIPOPROTEINS IN MALE GOLDFISH: A PRELIMINARY STUDY.
INTRODUCTION

Because lipids are insoluble in physiological media, they are
transported in animal plasma in association with Proteins. The various
lipid classes are usually distributed in different proportions on the
several lipid trénspofting pProteins in plasma, giving rise to lipo-

- protein classes of varying density. 1In the teleosts, lipid has been
found to be associated with more than one serum or plasma lipoprotein
in the sardine, S&sznops caerula (l.ee and Pupplone 1972), carp,
Cyprinus carpio (Nakagawa 1979 Nakagawa et al. 1976), rainbow trout
(Chapman et ql. 1977; Perrierxet al. 1979), coho salmon, Oncorhynchus
kisutch (Vanstone and Ho 1961), and the flounder, Platichthys flesus
(Emmersen and Petersen 1976). 1In addition to the normal circulating
lipoproteins, the specific yolk precursor phospholipoprotein,
Viteilogenin (VG), is induced by oestrogen in female teleost;_under—
going recrudescence (for review see this thesis, General Introductlon)
De Vlaming et al. ( 1977b)have reported a VG-like lipoprotein in
goldfish. 1In orgg: to more fully understand the relationships between
plasqf lipid levels and—VG, it is necessary to study plasma lipoproteins
during the sexual cycle and after hOﬁmonal'treatment.

Recently, Pefriér et al. (1979) described a micro—modification of
the lipoprotein separation procedure of Beinstein,aﬂd Scholnick (1973)
for use in Saglmo gairdneri. Very low demsity lipoproteins (VLDL) and
) then low density lipoproteins (LDL) are gelective]y precipitated,

ultimately leaving highvdenslty llpoproteins‘(HDL) still in solution.
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The present study was designed to examine the suitability of the
system of Perrier c¢ al. (1979) for thg stﬁdy of plasma lipoproteins in
vehicle- and oestrogen~treated goldfish, and to determine the 1lipid
compoéition of the various ffactions separated. 1In addition,
electrophoretic separation of - lipoproteins from whole plasma and from
supernatants remaining after prccipitatio%s was performgd‘in.order to
determine whether material beding precipitqted could be qualitatively

identified.
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‘MATERIALS AND METHODS

L. General Procedures and Maintenance Conditiong

»

General procedures for maintenance, intraperitoneal (Ip) injection,
blood sampling, preparation of steroid suspensions and plasma lipid
analyses were .as reported in previous chapters. The experiment was
Al
O

¢
conducted in 96 litre flow-through aquaria under conditions of 12 + 1°C

and 12 hours light/12 hours dark photoperiod.

IT. Experimental Protocol

‘Male goldfish weighing 29.9 g (S.D. = 6.7) were éccTimated to the
above conditions foy 17 days in July 1979 prior to commencement of
hormone or céntro] injectionr‘ Throughout the experiment, the goldfish
Qore fcdttwicc daily with Evos Salmon Gfowor Extra pellets, size 57,
except for a 24 hour fast prior to>blood sampling, H&rmonp~rronted
fish were injected with a euspansion cnmtniﬁing 200 yg¢ ocestrone (VI)
and 200 yg oestradiol-178 (EZ)/ml. The injection dose was 4.0 ug totra)l
oestrogen/2g body weight. The {1eh vere injerted with hormone or

control (vehicle) solution 7 times over a 14 day reviod. Bloond was

sampled the morving after the last injection.

T1T. Lipoprotein Precipitarion . \

Fools of hacmalysis-frea plasma were prepared from each treatment
group and aliquote vere <et agide “for lipid analysis and electro-
phoresis. THpoprotein precipitation was performed according to the

procedure described by Perrier ¢t ol. (1979). Plasma (iTS ml) was
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added to 0.04 ml of 1.8% dextran gulphate (DS~ molecular weight
40,000) and 0.04 ml of 1M Mnélz. The mixture was incubated for 80
minutes at room temperaturc and then,centrifuged at 40,000 g for 15

minutes. After 0.7 ml of the supernatant (S1) was removed, a further

i

0.04 ml of ps and 0.04 m1 MnC12 solutions were added to the remainder.
THe mixture was incubated for a further 20 minu{:q at room temperature,
centrifuged at 40,000 ¢ for 15 minutes and a poreion Of cupernarant

(S2) was removed. Whole plasma, S1 and g2 were assayed for triglycer-

ides (TG), tdta1 cholesterol (TC) and Tipid phosphorus (LP).

TV. Flectrophoresis

Flectrophoresis Qsing 1 inch wiak “trips of Whatman No. ] Filter
paper was porfofmedbfor 2] hours on 10 11 samples of whole plasma and

Supernatants at a _eurxcent of (.5 MA per strip. The buffer was 0.05 M a1
) . 1/ ~ - ) . .
sodivm barbital gn 20% methanol containing 0.1% bovine serum albumin
’ '<
and titrated to PQ 8.6 with phasphorie acid. Lipoprefreins wore

stained with saturatoed hil_ﬂﬁd 0 in 67 athanel and metilition rom
. .

\
rared tao bromthyvv”\‘]\ blue, v

\
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RESULTS

Concentrations of TG, TC and LP inAthe pooled plasma from
oestrogen— and vehiéle—injggted fish appear in Table 9. The proRer
tional lipid content of the precipitates, designated P1 and P2, formed
after each ceﬁtrifqgation was caiculated by difference (Perrier et qgl.
1979). The*femaining lipidxwas in solution after the second centri-
fugation (S52).

Qualitative observations of the precipitates indicated that in
both groups, little precipitation occurred a}ter one addition of DS and
MnClZ SOlUthﬂ?, a]though a white substance appeared after addltlon of
MnC12 to the plésmg from cestrogen-treated fish. A heavy precipitation
occurred after thg second addition of DS and MnCl2 solutions in the
plasma from the vehicle--injected fish but not in ﬁhat from the
oestrrogen-treated fish. After the second centrifugation, a white iayer
was present on the surface of the plasma from the oestrogen—treated
fish hnF/nor on that from the vehicle-injected fish. The white mater-
ial in p1a;ma from oestrngen-treared figh 1s likely manganese axide
(Burpetein and Scholnick 1973).

Levels of TG and TC were similar {6 the two plasma pools but the
LP concentratioﬁ was much higher in the plasma pool f%bm‘bestrégenQﬂ'
t}eated fish. A higher proéorfion of all three lipid classes was”
precipitated after two additions of DS and MnC12 in the vehicle-
injeqted fish. This was especially true for TG.

Paper electrophoresis of whole plasma from vehicle~-injected fish

revealed two broad l1poprnte1n bands, one wlrh a mobillty relatfbe to

thp tracer (RM) of 0.0 -.0.26 (Band 1) and rhe second with RM of
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TABLE 9. Plasma lipid concentrations and lipid distribution among plasma
fractions in control and oestrogen;trcatvd male goldfish.

.
. —

Fraction Treatment
Vehicle Oestrogen
TG TC LP TG TC Lr
(mM) (mg/d1) (mg/d1) (m) (mg/d1) (mg/d1)
Whole Plasma 6.00 239 28.5 5.91 262 56.2

Proportion of each of the above lipids in each fraction

Pl 19.67 * 6.62 07 13.0% 13.1% 7.0%

F2 44 .87 39.5% 29.9% 28.7% 22.7% 7.8%
Total Precipitate 64.4% 46 .17 29.9% 41.7% 35.8% 14.8%
(P14 p2)

S2 35.6% 51.9% 70.17% 58.2% 64.2% 85.1%

NOTE: Pl and P2, lipid removed from plasma in first and second
precipitation, respectively,

S2 = lipid in §2 supernatant. .

* For example, 19.6% ofwb}asma“TC fpbm"véhicle—ihjected fisﬁiwas o
in Pl. . .



0.34 ~ 0.54 (Band 2). 1n the S1 fraction, Band 1 was resolved igto a
distinct band 1la, RN = 0.04 and a broad BRand l'b,,RM = 0.04 - 0.26.

Band 2 remained unchanged. TIn the $2 fraction, Band la waé sharply re-
duced .and Band 1b was eliminated. Band 2 was resolved into 2 components,
2a, RM‘= 0.34 and 2b, RN = 0.41 - 0.53.

Paper electrophoresis of whole plasma from the oestrogen-treated
fish revealed a similar lipoprotein distribution to whole plasma from
vehicle-injected fish with the exception of a third band (Band 3) at
RM = 0.30. Unlike the case with plasma {rom the vehicle-injected fish,
resalution was not improved and no band was eliminated in the S1 and

S2 fraction.

a
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DISCUSSION

The combination of the lipoprotein precipitation technique of
Pervier et «l. (1979) applied to goldfish plasma and electrophoresis
as described above did not demonstrate separation of VLDL from LDL.
The first precipitation, which removes VIDL from trout plasma
(Perricr ot aql. 1979) did remove some lipid from plasma of control
fish (Table S) but no resolved lipoprotein band present in the whole
plasma electropherogram was absent from the S1 electropherogram.
Therefore, no definable fraction was removed by the first precipita-
tion. Tt may be that the pPrecipitation conditions developed for trout
require modification for adaptation to goldfish material or that better
electrophoretic resolution of lipoproteins, or a combination of both,
is necessary to demonstrate VLDL separation from LDL. Burnstein and
Scholnick (1973) also reported coprecipitation of VI.DL and HDL with a
HDSrMﬁCié-system. Whgtﬁer or n0§.the-mo]ecular weight of DS used has
an effect on precipitation character.stics is unclear. Nedther
Perricer et ai. (1979) ndr Burnstein and Scholnick (1973) reported the
molychlér weight of their DS preparation.

Despite.the abéve'difficulty, some pertinegt information can‘be
gleaned from this preliminary study.s After two additions of DS awnd
MnC12 solutions,‘a large precipitate was obtained from the control
plasma which was likely VLDI plus LDL (Perrier et al. 1979).
Electropherograms of the remaining supernatant, S2, from the preseﬁﬁ
study prealed;éimosf tpfal elimination of the slow moving Baﬁd 1.

In pilot studics.on control plasma, Band 1 was absént in S2. The high
proportion of "total plasma phospholipids that remained in supernatant

.
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S2 and the comparatively high electrophoretic-mobility of these
lipoproteins support the contention that S?2 contains HDL (Lee and
Puppione 1972; Perrier et ql. 1979). )

The other important finding was the difference in brecipitation
characteristics in plasma between control and oestrogen-treated fish
in the DS—MnC12 system. Unlike control plasma two additions of DS and
MnCl2 solutions did not cause formation of a large visible precipitate
from plasma of oestrogen-tre~ted fish and no elimination of-electro—
phoretic bands occurred. The reduction in lipid content in the
supernatants after'each‘addition of DS and MnC12 indicates- that
lipoproteins were precipitated but that selective 'precipitation of
major classes did not occur. uTherefofe,ldespite the similar concen-
trations of plasma TG and TC in control and oestrogen—treated fish in
this experiment, somc characteristic of the lower density lipoproteins
wash%tegﬁﬂl The nature of this alteration is unknown.
/ﬁig;trophoresis of whole plasma from oestrogen-treated fish
revegaled a third band (Band 3) with RM between those of Bands 1 and 2.
However, since resclution of Band 2 from control plasma reveals a band
of similar RM to Band 3, it is unclear whether Band 3 is uniqﬁe to
oastrogen—-treated fish.

Plasma concentrations of TC‘and TG were similar in the plasma
-pools from oestrogen-treated and control fish, suggesting that unlike
the case with females, oestrogen had little effect oﬂfzﬂése lipids.
However, the TG concentration in the control fish vas similar to that
of maturing females in which oestrogen injection had no effect and the

TC concentration in the pool from oestrogen-treated fish was similar

to those in maturing fish after oestrogen treatment (this thesis,

-
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Chapter 2). Studies on plasma lipids in malergoldfish during the
sexual cycle are lacking. A
The pho;pholipid concentration in the plasma pool from oestrdgen—
treated fish was approximately double that in the control pool. Thé
extra phoépholipid was contained entirely in the S2 (ﬁDL) fraction
(Table 9), Py
The present study has demonstrated that goldfish lipoproteins may
_be separated into at least two fracpions but that modifications of the
' system used must be undertaken in order to allow sepa;ation of the
~—three major classes of lipoproteins that have been found in some other
teleosts. Oestrogen treatment of male goldfish had little influence on
the plasma concentration of neutral lipids but the lighter lipoproteins,
thch consist largely of neutral lipids, were altered in a manner

which remains to be investigated.



GENERAL DISCUSSION

‘ Thé"foregoing chapters haVeggroylded'evidenca_ldr phéédeacndenéé“
ofvﬁhefplasma'éonccntrations“oﬁ‘three_major.classesAof lipids on the

-reﬁrdddctive‘state of the femalélgpldfish, and descriptions of the

effaaLs‘of SG-G100 and sex steroids on plasma concentratians of these
lipids. 1In addition, data Loncgrnlng the relation of plasma FFA to
vdﬁratiaﬁ df'fhétlﬁgfﬁbriod, effacLﬂ,of sea steralda o;vbla maJPFA and
distributions of plasma'liﬁlds bp:llpopfotejnsfin_the'gqldfishAare
presented. This section ppqgressesvfrom.the more slrict lnterpratafion
of experimental results preseaﬁed in the chapters above to a considera-
' (0]
tion of the broader implications of these findings.

Plasma triglyaeriée (TG) concentraﬁion@ were found to increase
with juncreasing ovarian size in goldfish maintained under standardized
conditjors at 12°C for 2 waeks. This increase was attributed to the
rising plasma oestrogen levels associated with progression of ovarian
developmznt. Injectjon of SG-Gl00 caused lncreased plasma TG concen-
trations in {ish with small ovaries and this response was also attri-
buted to oestrogen. The effect of injected oestrone (El) to increase
plasma TG concentrations in sexually regressed fish supports the
involvement of oestrogen in the raising of plasma TG levels, thus in-
creasing the availability of‘&hat lipid to poteatial sites of
utilization, sucﬁyasftﬁé‘Dvaryﬂj,lf'QaéﬁéuggéStédffﬁfChaptérll-lhatvthe‘»i

: increase 1n plasma lC w1th 1ncrea$ing G@I 1n flsh held. at 12 G'can—be

‘~.;arbitrarlly lelded at GSI 6 plasma TG levels 1ncrqased with in~

‘xcrea51ng GSI in thoqe fish w1th GSI less than 6 and plateaued above .

T {2



Y tesL this hypothe31s..:”” T

;hat boundary. The TG releasiﬁg méchanisms may therefore be opcfating

near maximal capacity in'sexuaily matur;no female goldfish that have
reached a GSI 1ntermed1atc between the regressed and mature states,

which would explain why 1njection‘of oestrogen did not affect the

plasma TG levels of sexually maturing fl;h (Experiment 2.2, Fig. 14)

The ultimate fate of plasma TG in the female goldfish is unknown,
a]thougn the re sults of this and other qtudles (Urist and SChJCLde
'  1961; - “kQQhLma ”t aZ 1972) are consstent w1th a maJor role of TG in

the prov1s'on of fatty acids for ox1dutlon, especially by the ovary,

2s well as for storage directly in the ovary. Such a roie would b2 in

Coutrast to the mammalian situation where free fatty acids (FFA) instead

of TC are the majof Plasma source of 1ipid energy (Newéholme and Start
. )
1o73y Furthermorc, important differences between teleosts and mammalsg
ip TIA netabolism, in terms of response to catecholamines, have been
demcnatrarod,in Studies on goldfish (Minick and Chavin 1973j, pike,
Esoxr lucius (Ince and Thorpe 1975) and carp, Cyrrinus carpio, bream,
Abrainis brama, and pikeperch, Luciopercq lucioperca (Farkas 1969). An
important role for plasma TG as an energy source for migrating salmon
has been postulated by Patton et ql. (1970, 1975).

Tn man, removal of TG from the plasma is concentration dependent
and follows Michaelis-Menten klnetics (Reaven et al. 1965; Steiner and
Murase 1975). If a 51mllar 91tuation exists in goldflqh higher plasma
'::concentratlcns of TG would be dccompanléd by a hlgher rate of removal

"of TG frOm the plaoma and presumably hlgher rates of utlllzatlon.

N -

Studles -on. Lhe klnetlcs and fagre of plasma TG in goldflsh are necessary

SU T R N -
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Mature teleost ovaries may consist of approximately 10 - 402 (of}
dry weight) lipid (Lapin 1973; Lizenko et «l. 1973; Medford and Mackay .
1978) of which’between 10%Z and 35% may be TG (Shatunqukiy 1971; Lapin
1973; Lizenko et al. 1973). Altﬁough there are few studies on lipo-
genesis in fish tissues, the liver: has bﬂén found to be the major
llpogenlc organ in sevefal species (K7utyr=na und /aqdée 1974; AQLCé
:and Moon 19775 Lin et al. 1977) with compxrcflvely lgigiévagtg;i;;.iﬁ
 the Oley (kluLymans and Zandoe 1974) "If a similar situatign prevails’
vln golrflsl 45: is probable thnt the doveloplng oocyte takes up. TG. -
s nd other llpldq) from the plasma. Extensive studies on the chicken
shoew that most egg yolk lipids.and lipoprotecins are derived from the
plasma (Schjeide et al. 1963; Gornall ot al. 1972; Hillyérd et al.
1972; Garnall énd Kuksis 1973).
Lipid accumulation has been described in ultrastructural studies
of oogencsis in a number of species (for general review, see Norrevang
©1968; *or te]eocts, see Droller and Roth 1966 Upadhyay 1977) :Lipid
drop]ets appear in developlng oocytés prlor to p1n0cytoLLc accumulatioh
of vitellogenin. These droplets subsequently disappear, presumably
by inclusion igto other yolk maLe;ials. The lipid droplets in teleost
oocytes have been found in association with various organelles which
were thought to be involved with théir synthesis. However, the
present results (Chapter 1) tend to support the contention of Raven
(1961) thaL such globules arise from material previously accumulated
in the cytoplasa.
Plasma TC concentrations were found fg decline with increasing
ovarian sizemin-goldfish held under standardized conditions at 12°C.

v
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InJection of SG GlOO in sexually maturing fish with small ovaries
‘resulted in- elevated plasma TC levels as did oestrogen injection in

both sexually regressed and maturing fish.‘ The Tesponse to SG- GlOO N
was, as with the case of plasmafTG, attributed to oestrogen. This
action of oestrogen would increase availability of cholesterol to the

~

ovary for uptake. .,
.- Total;chglesterolicbmofises vainng'oottioneiof the ovarian lipid; .

rin_teleo;ts:‘ ca. 20% in the cisco,lcoregonus albula (Lizenko et gl.

1973), ca. 25% in the cod, Gadus mownua caZZaplas (Shatunovskiy 1971)

and ca. 357 in the flounder, JPZat “chthys fiesus bogdbnovi (Lapin 1973).

Ecketein_(1970) demonstrated the synthesis of cholesterol from-acetate

’ih ovariar homogenates of Tilapia aurea. However, Klutymans and Zandee

x(l974)vprovided data that suggest that lipid synthesis in the ovary of

E. lueius, is minimal compared to that in other tissues (eg. liver),

and that the rate of synthesis of cholesterol and cholesteryl esters

is very low.compared to that for. other lipids. The rate of eholesterol

isynthe31s has also been rep01ted to be low in the Atlantic striped

bass Rocous saxtLZzs (Blondin et al. 1966) “and the carp, Scardinius

eryfhropthalmus (Saxena and Zandee 1969). Thus, it seems likely that

a major portion of the ovarian cnolesterol comes from exogenous

sources; via the plasma. As ovarian development proceeds, uptake of

Vplasma cholesterol by the ovary may slightly exceed outout from the

Sodrce(s), resulting in declining plasmaieoncentrations with pro-

.étession of ovarian growth. Alestihg this hypothesis requires

° measurement of turnover of plasma TC in;goldfish under a variety of

sexual conditions and the demonstration of some factor capable of
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stimulating cholcégerol uptake by oocytes. Results presented in
vCh;bter»ihgugnGSC that’gonadotrophin’may b€%ihv9}ved &nnsuch-an upéake;
'VI£ is also-poégible that th&fofﬁ horﬁones are involved with cholesterol
uptake since~they'ha;e béeﬁ found to iowef plasma TC in the trout,
Salmo gairdnorii iridcus‘(Takashima et al. 1972) and to synergise with
ganadotfophin in.vitellégenesis in the goldfish (Hurlbﬁrt 19775.
Phospholipids have been.found to comprisevbétween 252 and 607 of
the total ovarian lipids ;n the species studicd by Shatunov skiy (1971),
Lapln (Jq73) and Ll/enbo et al. (1973). 'Becausec the liver has been
shown 10 be the main lipogenic organ in teleosts (see abové;, it is
likely that mach of the ovariaﬁ phospholipid is Lnkeﬁ up from the
plasma. The action of injected oestrogen to raise plasma LP that was
demanstrated in this study (Chapter 2), would make phospholipids
'”availab1$ﬂto the ovary for uptake. In contrast to P fieéusv(Petersen
and Emmersen 1977), there is only a small dlfferonce in pre- treatment
: plaqma Lf lévc]s between sexually regressed and sexually ﬁJLure
goldflsl at 12°¢ (Chapter 1) and no differenco‘bétween pre-treatment
LP levels in sexually regressed ahdbsexually maturing goldfish at
12°¢ (Chapter 2). Thesé findings suggest th&t phospholipids destined

\

for ovarian uptake in maturing female goldfish do not accumulate in

the plasma o:lthat sucﬂ'accumulation ié masked by a corresponding
decrease in plasma concentrations of other species of phosbholipzas.
o |
At present, a factor capable of spimulati%g uptake of phospho-
"~ 1ipid from the plasma by a teleost ovary has not béen identified.

However, gonadotrophic preparations have been demonstrated to cause

" uptake oi volk protein by the ov;ry‘of the flounder, Pscudupleuroncétcs
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amePiéanun»(Campbell and Id1er 19]6) and S. ? rirdnert. (Campbcll 1978),
- and to lower plasma LP in X@nopu“ laecvis (Follett and qu§haw 1968).
In this study, SG-G100 had litfle effect on plasma LP in:thc goldfish,
but was iﬁplicated in the uptake of TG and IC by the ovary.

While the effects of SG-G100 on.plasma-TC and TC are hoﬁéiséent:
with gonadotrophin exerting a role in uptake of lipid from the plasma
by the ovary in a GSI-dependent manner, the wechanism by which lipid
uptake would gccur reaains to be investigated. The existence of a
mammalian-like, progesterone-stimulated system for removal of TG from
the plasma has not been supported in goldfish (CHapter 2). 1t may be
that stimulation of uptake of plasma lipid by ‘the ovary is a St?tQiq_,,»
. il,lde»{-v):,t":i‘ldent rattion” of--gnadottophin. Oestrnc’riol lq vIWJ'.t};A(‘)ut;;. Offect, R
and proﬂhctero'v inhibirs, the incorporation of vireliogeﬁin (VG) by
growing jkmo £ oocytes wn vitro (Wal1ace and Ho 1972); sgggégting

lat éo;a\ohrophlﬁ—lnduéed VG 1ncorpofat10n mdy‘be indépendent of
'sﬁeroids in that SpOCleS (Wiloy and Dumont 1978

Results presented in Chqpters 1l and 2 indicate'that pre-treatnent
levels of plasma LP were consistently correlated with TC, and. also
witih TG in ail but one.case. On the other hand, pPre-trcatment levels
of TC and 7% were correlated in only 3 of 8 experiments. This latter
observafion, ccupled with the different patterns of plasma TG and TC
concentr.:tions as gonad development proceeds (Plgs 1 and 2) suggests
that, dcsplte slm11a1 1nfluences of sex hormpnes on TG and TC, other
aspects of the control of their plasma levels are different.

it was found that the metabolic effects of SG~G100 and oestrogens

on plaéma TG and TC that were emonstrated in female goldfish main-
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tained at 12°C were abolished in post-ovulatory fish at ZIOC, despite
a 2.5-fold increase in hormone dose. Yamazaki (1965) suggested that
yolk formation is impaired in goldfish maintained at temperatures over
ZOOC.' Despite high plasma concentrations of gonadotrophin, earlicr
stages of ovarian recrudescence in goldfish are inhibited at tempera-
tures of 20°C or-higher, indicating that ovarian resbonsivenesé to
gonadotrophin may be dependent on temperature (Gillet et al. 1978).
Impairment of metabolic responséﬁ to gonadotrophin and sex stérnids
coulﬂ be a factoy in the sensitivity of recrudescence to high
temperature. Iﬁ"this‘study, not all hormonal effects observe@ at
129C were “atolislicd ot ZIOC; 5G-G100 iﬁducéd‘éﬁﬁlatiou in some fish
(Expcrjw9nt 1.4)‘and both El and E2 stimulated inciggses_ip plaéma Lr JH”
levels (axveriment 2.3. Tig. 18). 'The.mechanism by which warm
temperatﬁre,could impair some cof the animal's responscs to gonadotrophin
and steroids remains to be investigated.

Studies on the felation of plasma FFA levels to the oQarian cyc1é
in teleosts are lacking. Shatunovskiy (1971) and Lapin (1973) re-
porged the season:l fluctuations in FFA levels as a percentage of total
plasma Jipids in G. méﬁhua ¢allarias and P. flesus Pﬁgdan5vi
respectively, but did not report actual plasma gogcpntratidns. In
prelimirary cxperiments in this study, it was found, that plasma FFA

<

levels were very low or undctectable in goldfish fasted only 24 hours,

—

as in the standard experimental protocols described in Chapters 1 and
2. Tn this study, length of the fasting period prior to blood sampling
has been found to influence plasma FTA levels in gotdfish and responses

of plasma FFA lcvels to hormonal challenge were also sensitive to the

S

[B%]
ro



length of the fast. The possible intervention of insulin in this
process was discusscd in.Chapter 3. 1In addition to fasting, other
factors, %ncluding both hormones and metabolites, Influencé plasma FTA
levels in teleosts (Farkas, 1969; Minick and Chavin 1972, 1973; IHL?
‘and Thorpo 1975) . The mulriplicity of influenccs on plasma FFA
obviously complic~te the study of this lipid.

The role of 1TA, if any, in gonad rocrude5céﬁ$c is unclear. 7Tn
addition to a péusiblo use directlv by the oﬁary, éﬁb%&izod plasma FFA
could serve as precursors for other lipids. Tn teleosts, plasma FFA of
dictary origin have been demonstrated to be precursors of both plasma

. A ,

TG nnﬁ phospholipids (Rnﬁinson and Mead 1973; Kayama and Tijima 197¢).
The present resultd are consistent with action“ﬁ androgens stimulzting
mobilis~tics ot VoA - ;"qrpﬂ sninals for use either as precursors for
other’ Lipide or dircet npraia by the gonad. The inporuzuce of such a
process in fod figh vemains uncertain as does the mechaniem by which
such nekilization dondd neear. Attempts to identifyv lipolytic factors
vhich couvld medinte mahilization of FFA in toleaate h:')\].‘- proaven

rmsucceassfel (Farlgs 1067, 1060) .

There is 149tt1o dnformation concerning the relation of incrense
-
’

in concentration of plasma lipids after nnm}rrgon treatmant to the
oosrrog0n~inducpd syntuesis of the yolk precursor, VG, in the goldfish.
Auerentation in the plasma ofi a light lipoprotein, consisting laréo]y
of TG, in addition to the appearance of h;avier yolk proteins in
ocstrogen-treated chickéns was discussed by Schijeide 7 aql. (1963).

Redshaw and Follett (1971) demonstrated that Xenopus serum VG consisted

of a high proportion of phospholipid, but that ococvte yalk platelets

£
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had a higher content of neutral lipid, indicating that additional 1lipid
incorporation into yolk must occur from a non—vG source. In the
elasmobranch, Scyliorhinus canicula, oestrogen mobilizes lipid into the
ﬁlasma in excess of that associated with VG (Craik, 1978b).

dne means of assessing the relation of plasma lipids to VG is the
study of plasma or serum lipoproteins. Uitimatcly, the composition
and endocrine effects on the various lipoproteins, including VG, can be
determined throughout the sexual cycle. Lipid has been found to be
associated with more than one, serum or plasma lipoprotein in a number
of,teleosts, including goldfish (for review see Chapter 4), and
enhancement of 2 plasma lipoproteins by oestrogen treatment has been
reported in S. gairdnerii irideus (Takashima et al. 1972) 'and the ayu,
Plecogloscus altivelis (Aida et al. 1973a). 3ailey (1957) concluded
that increascs in plasﬁa LP concentrations in the goldfish after
oestradiol benzoate injection were independent of those of other
parameters assnciated with yolk protein production, such as protein
phosphorus, which is a commonly used index of VG (Wallace and Jared
1068; Fmmersen and Tetcersen 197¢: Craik 1978a). These ohservations
suggest that the transport and hence mobilization of lipid in tglooate
are distinct from rranspoEE and mobilj;arion of VC} This hypothesis is
supported by the observations that phospholipids comprise approximately
85% - 90% of the lipid content of goldfish VG (Hori et aZ; 1979) but a

much lower proportion of teleost ovarian lipids (see abave) indicatine
) ) ‘-’A &
that, as in Xenopus, other plasma lipids must be gegricatered by the

teleost ovary. The work reported in Chapter 4 comprises a

-«

1)relirflinafyc'sti1df o? Blaa\a lipoproteins in rhe‘qéol;dfish

PN

¥
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Electrophoretic analysis of control goldfish plasma revealed the
piesenge of two major lipoprotein claéses_which could be separated with
a8 polyanion-divalent metal precipitation system. The phospholipid
content of.thenhigh densit*wlipoprotein fraction of the pool from the

g

oestrogen-treated fish in Chapter 4 was higher than in that from the

control pool. Some Qf the ddditional phospholipid is likely due to the
presence of VG in the high density fraction. Goldfish VG eontains
phospholipids (Hori ¢t al. 1979), and VG from other vertcbrates is a
high density lipoprotein (Schjeide et al. 1963). However, as stated
above, Bailcy (1957) found thaﬁ oestrogen-induced increcases in serum
lipid phosphorus levels in goldfish were independent of VG. 1In
additicn, Craik (1978a) found sex differences in plasmg lipid
phosphorus levels in S. canicula‘that were independent of VG. It is
apparent, therefore, that changes in VG may not account for the entire
difference in HDL puosphelipid levels between oestrogen—trgated and
control fish. Further research is obviously necessary to clarify the

relationships between lipid and VG metabolism in teleosts.
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